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1 (i) (a) True                    B0 for 0,1 correct,  

(b) False                                B1 for 2 correct, 
  (c ) True      B2   2           B2 for 3 correct.  
----------------------------------------------------------------------------------------------------------------- 

(ii) Var(2X-Y)=    M1       Using formula 
4Var(X)+Var(Y)-4Cov(X,Y)  A1    
6=11-4Cov(X,Y)    M1     Obtain cov 

  Cov(X,Y)=5/4    A1 4   cao 
   

2  EITHER: sample is random OR twin pairs  
   chosen independently   B1 
 

H0:mF=mS , H1:mF > mS   B1                     For both using medians 
  Use of B(60,0.5)    M1   

 Normal approx with =30, 2=15  A1  Both   

 EITHER: z=(36.5-30)/ 15   M1        Standardising 
=1.678                                           A2               A1 if correct apart   from 
                                                                                   missing or wrong cc 

 OR:CR is (X-30-0.5)/ 15  >1.645   M1         Setting up inequality 
X≥37                                  A2      A1 if correct apart  from         

missing or wrong c.c. 
 EITHER: 1.678> 1.645 
 OR: Sample value 37 in CR  M1       Correct comparison  
 There is evidence that the first-born  

male twins are taller than the second 
-born twin in a majority of cases.  A1        Conclusion in context 
OR: p-value: 0.0467 > 1.645  M1 
Completion    A1 9 
NB: Exact Bin (60,0.5) p-value is 0.04623 from graphical calculator: full credit 

  
 ___________________________________________________________________________________           
3 (i) P( C)=P(C│F)P(F)+P(C│F′ )P(F′)  M1     Use of formula 

 =0.980.05 + 0.040.95   A1                        
0.087 AG    A1    3    

 ----------------------------------------------------------------------------------------------------------------- 

(ii)  P(F│C)=
0.05 0.98

0.05 0.98 0.95 0.04


  

 M1A1 

 =0.5632     A1 3 art 0.563 or  49/87 
 ----------------------------------------------------------------------------------------------------------------- 

(iii) P(F│C′)=P(C′│F)P(F) / P(C′)  M1     Conditional prob.                
0.020.05/0.913 [0.001095]  A1    
5000above  = 5.476., 5.48.              M1A1√  4   ft a conditional prob.                                       
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4         (i) MX(t)= 
1b

a b a extdt  M1     Correct integral with limits 

 =
e

( )

bxt

a
b a t

 
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   B1      Correct integral 

=
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b a t




AG   A1    3     

----------------------------------------------------------------------------------------------------------------- 
 (ii) Product of mgfs   M1    

  
1 1t te e

t t

   
  
  

  A1    2 

 ----------------------------------------------------------------------------------------------------------------- 

 (iii) MS(t)= 

21 1

2 2
t t

e e

t

 
 

  
 

  M1        Square of MY(t) 

  = (et-2+e-t)/t2   A1dep       Correctly shown 
  mgfs of  S and T are same  depA1   Correctly shown 
  S and T have identical distributions B1    4  
___________________________________________________________________________________ 
    
5 (i) 13C4    M1    Use of formula 

715    A1    2 
 -----------------------------------------------------------------------------------------------------------------
 (ii) 1234,1235,1236,1237,1245,1246, 

1345    B2    B1 for 5 or 6      
 7/715                 B1√ 3 ft (i)  

 ----------------------------------------------------------------------------------------------------------------- 
 (iii) Wilcoxon Rank Sum Test  B1    
  H0:mX=mY, H1:mX≠mY  B1     Both, involving medians 
  Use P(R ≤13)   M1   
  27/715100 =1.958% < 2% M1    Comparing correctly 
  Reject H0, evidence of difference in 

 medians at a significance level of  
(smaller than) 2%   A1    5 
SR: If tables used,  
B1B1 M1 for CV with correct 
comparison for rejection 
M1 for rejection at 2% ( not <) 
Max 4/5 

___________________________________________________________________________________ 
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6 (i) G′(t)=[0.8(1-0.2t)+0.16t]/(1-0.2t)2  M1                Quotient or product rule 
       A1    
  G′(t)=0.8/0.82=5/4 AG   A1    3 
 -----------------------------------------------------------------------------------------------------------------
 (ii) G(t)=0.8t (1-0.2t)-1   M1                Use binomial expansion 
  =0.8t(1+0.2t+0.04t2+   )   A1                At least 2 correct terms 
  P(Y=r)=0.8(0.2)r-1   A1    
  r=1,2,3,….    A1    4 OR from G(0.8) 
 ------------------------------------------------------------------------------------------------------------------
 (iii) EITHER: Y~G(0.8)   B1             Parameter not required   
  Var(Y)=(1-0.8)/0.82   M1   
  =0.3125     A1      
  OR:G″(t)=0.32/(1-0.2t)3   B1 
  Use G″(1)+ G′(1) - (G′(1))2  M1 
  0.3125     A1        3 
 -----------------------------------------------------------------------------------------------------------------
 (iv) GT(t)=0.86t6(1-0.2t)-6   B1                   (GY(t))6 
  P(T≥8)=1-0.86(1+60.2)   M1     Two terms in bracket 
  =0.42328    A1    3 art 0.423 

 
7 (i)  E(X)= ½(n+1)    B1    
  Var(X)=1/n∑r2 - ¼(n+1)2   M1               Use of variance formula 
  =1/6(n+1)(2n+1) - ¼(n+1)2   A1    
  =1/12(n

2-1) AG    A1    4           Correctly obtained  
----------------------------------------------------------------------------------------------------------------- 
(ii) E(N1 )=E(X1)+E(X2) – 1   M1    
 =½(n+1) + ½(n+1)-1 

=n,( so N1 is an unbiased  
estimator of n)    A1    2 

 
(iii) P(M=r)= 
 EITHER: P(X1<r,X2=r) +P(X1=r,X2<r)  M1    

=((r-1)/n)(1/(n-1)) + (1/n)(r-1)/(n-1) A1    
=2(r-1)/[n(n-1)] AG, r=2,3,4,…  A1     

OR:  Choose 1 from r-1 and 1 from 1  M1   
r-1C11C1/

 nC2                                A1    
=(r-1)/[½n(n-1)]=AG   A1    3    

----------------------------------------------------------------------------------------------------------------- 

(iv)  E(M) =
2

2
( 1)

( 1)

n

r

r r
n n 


    M1    

 =⅔(n+1)     A1    
        N2 =

3/2M-1    A1√  3            ft E(M) 
 
(v)   Var(N1) < Var(N2) or equivalent  M1                  Stated or implied 
  1/6(n

2-n-2) < 9/4Var(M)   A1    
Var(M) > 2/27(n

2-n-2)   A1√   3             ft N2 
 
___________________________________________________________________________________      


