
       1 

EXERCISES [MAI 4.13-4.14] 

EXPECTATION ALGEBRA – CENTRAL LIMIT THEOREM 

SOLUTIONS 

Compiled by: Christos Nikolaidis 
 
 

A.    Paper 1 questions (SHORT) 

 

EXPECTATION ALGEBRA 

1.        

(a) (b) 

E(5 )X  50 Var(5 )X  100 

E( 5)X Y   30 Var( 5)X Y    13 

E( 5)X Y   0 Var( 5)X Y    13 

E(3 2 )X Y   60 Var(3 2 )X Y  72 

E(3 2 )X Y  0 Var(3 2 )X Y  72 

 

2. (a)     (i)     E( ) 10X   and Var( ) 10X   (ii)    E( ) 8Y   and Var( ) 8Y   

(b) (i)     E( ) 18X Y      (ii)    Var( ) 18X Y    

(c) (i)     E( ) 2X Y      (ii)    Var( ) 18X Y    

(d) X Y   follows Poisson Po(18) 

 X Y  does not follow any of the known distributions. It is just a discrete r.v. 

(e) P( 20) 0.0798X Y    

3. (a)      (i)     E( ) 10X   and Var( ) 4X    (ii)    E( ) 8Y   and Var( ) 2Y   

(b) (i)     E( ) 18X Y      (ii)    Var( ) 6X Y   

(c) (i)     E( ) 2X Y      (ii)    Var( ) 6X Y   

(d) X Y   follows N(18,6)  and X Y follows N(2,6)  

(e) P( 20) 0.207X Y      (mind that 18  ,  6  ) 

4. (a)     (i)     E( ) 4X   and Var( ) 2.4X   (ii)    E( ) 3Y   and Var( ) 2.4Y   

(b) (i)     E( ) 7X Y      (ii)    Var( ) 4.8X Y   

(c) (i)     E( ) 1X Y      (ii)    Var( ) 4.8X Y   

(d) X Y  and X Y  do not follow any of the known distributions. They are just 

discrete random variables. 

(e) P( 1)X Y   can be calculated only analytically (adding all possible cases: 

 P( 1) P( 0) P( 1) P( 1) P( 0)X Y X Y X Y           

   = 0.00604×0.13194+0.04031×0.03518 = 0.00222 
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5. E( ) 10X   and Var( ) 10X    

 E( ) 8Y   and Var( ) 8Y   

 E( ) 40 40 0A     

 
2 2Var( ) 4 10 5 8 360A       

6. E( ) 10X   and Var( ) 4X    

 E( ) 8Y   and Var( ) 2Y   

 E( ) 40 40 0A     

 
2 2Var( ) 4 4 5 2 114A       

7. 
3

E(2 3) 6 2E( ) 3 6 E( )
2

Y Y Y         

 
11

Var(2 3 ) 11 9Var( ) 11 Var( )
9

Y Y Y       

8. E( ) 5R   and Var( ) 1R    

 E( ) 8S   and Var( ) 2S   

 E( ) 3 8 4 5 4V       

 
2 2Var( ) 3 2 4 1 34V       

P( 5) 0.432V      (mind that 4  ,  34  ) 

9.
 

 

10. Final answer: 0.944 

 

11. 
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CENTRAL LIMIT THEOREM 

 

12.     (a)    E( ) 35X  , 
25

Var( ) 0.625
40

X    

(b) Since sample size > 30 we can assume by the CLT that  

 
2N( , )

X X
X  ∼   with 35

X
   and 

5
0.79057

40
X

    

(c) P(34 36) 0.794X    

 

13.     (a)      E( ) 35X  , Var( ) 35X   

 E( ) 35X  , 
35

Var( ) 0.875
40

X    

(b) Since sample size > 30 we can assume by the CLT that  

 
2N( , )

X X
X  ∼   with 35

X
   and 0.875 0.93541

X
    

(c) P(34 36) 0.715X    

 

14.     (a)      E( ) 50 0.7 35X    , Var( ) 50 0.7 0.3 10.5X      

 E( ) 35X  , 
10.5

Var( ) 0.2625
40

X    

(b) Since sample size > 30 we can assume by the CLT that  

 
2N( , )

X X
X  ∼   with 35

X
   and 0.2625 0.51234

X
    

(c) P(34 36) 0.949X    

 

15.     (a)    E( ) 35X  , 
25

Var( )
40

X   

(b) X  is anyway Normal.  

 
2N( , )

X X
X  ∼   with 35

X
   and 

5
0.79057

40
X

    

(c) P(34 36) 0.794X    

 

16.     (a)      513.3  , 31.5   

 Since sample size > 30 we can assume by the CLT that 

 
2N( , )

X X
X  ∼  513.3

X
    

31.5
4.98059

40
X

    

(c) P(510 520) 0.657X    
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B.    Paper 2 questions (LONG) 

 

17.  (a)      
2N(30,3 )A ∼ , P( 35) 0.0478A    

 

 
18.  

      

      

 

19. (a)      probability = 0.691 

  

  

20. Apples: 2N(200,15 )A ∼ , Pears: 
2N(120,10 )P ∼  

 (a)    2 2 0A P A P     

 Let 2X A P  ,  2( , )X N  ∼  

 E( ) 200 2 120 40X          

 
2 2Var( ) 15 4 10 625X    

2  

 P( 0) 0.0548X    

 (b)      Let 
1 2 3 1 2 3 4Y A A A P P P P       , 2( , )Y N  ∼  

 E( ) 3 200 4 120 1080Y          

 
2 2Var( ) 3 15 4 10 1075Y     

2  

 P( 1000) 0.993Y    
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21.  

  

  

  

  

   
 

22.  

  

  

 (c) (8,0.2)X ∼  

  (i)    P(7.1 8.5) 0.846X    

  (ii)   P( ) 0.025X a   a = 8.88  (use InvN, tail: right) 

  (iii)  P(8 8 ) 0.95k X k       8 +k = 8.88  (use InvN, tail: central) 

             k = 0.88 

      

 


