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Physics 
Question 1 
 
A train of mass 10 000 kg travels from a station on a straight, horizontal track. Its velocity as a 
function of time is sketched in the graph below.  
 

 
 

a) Calculate how far from the station the train is after 40 mins.       [4 marks] 

 

Answer:………………………………………………………………………………………...………

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 
 

b) Find an equation for the velocity of the train between B and C as a function of time.     [4 marks] 

 

Answer: ……………………………………………………………………………………………..... 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 
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c)  (i) Calculate 

∫     
    

    
                 [4 marks] 

 

Answer: ……………………………………………………………………………………………..... 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 
 

(ii) What quantity does this number represent?        [2 marks] 

 

Answer: ……………………………………………………………………………………………..... 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 
 
 

d) Calculate the force exerted on the train when t   1000 s. How does this force arise?   [3 marks] 

 

Answer: ……………………………………………………………………………………………..... 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 
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e) Calculate the mechanical power delivered by the train’s engine when t   90 s, neglecting the 

effects of air resistance.             [4 marks] 
 

Answer: ……………………………………………………………………………………………..... 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

 

f) Make an annotated plot of the position and acceleration of the train as a function of time over the       

rrange t   0 s to t   2400 s.            [4 marks] 

Answer:  
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Question 2 
 
Parts (c) and (d) can be attempted even if part (b) is not completed. 
 

A stone of mass   slides on a horizontal frozen lake. There is no friction between the stone and 

the ice, but air resistance creates a drag force on the stone equal to    , where v is its horizontal 

velocity, and b is a constant. 

 

a) Explain why the velocity obeys the equation      –   , where a is the acceleration.     [2 marks] 

 

Answer: ……………………………………………………………………………………………..... 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 
 
b) The acceleration can be written as the derivative of the velocity with respect to time: 
 

t

v
a

d

d
  

 
Using this, the equation for the velocity can be written 

 

3bv
t

v
m 

d

d  

 

This equation is an example of a differential equation. How the velocity varies with time can be 
found by solving this equation, which involves evaluating the following (which you do not need 
to prove) 

  
v

v

t
t

m
b

v
v0 03

1
dd  

 

where    is the velocity at time t = 0. 

 

(i) Evaluate the definite integral on the left-hand side, and similarly evaluate the definite 

integral on the right-hand side.           [8 marks] 
 

Answer: ……………………………………………………………………………………………..... 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 
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………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

 
 (ii) By setting the results of the two integrals to be equal to one another and rearranging 

your expression show that  

                                                   
tbvm

mv
v

2

0

2

02

2
                [4 marks] 

 

Answer: ……………………………………………………………………………………………..... 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

c) After what length of time will the stone’s velocity have halved?      [5 marks] 
 

Answer: ………………………………………………………………………………………………. 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 
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d) Sketch the velocity and acceleration of the stone as a function of time.                         [6 marks] 

Answer:  
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Question 3 
 
a) There are two compounds with the formula C3H6. Write out the structures of these molecules as 

a displayed formula and as a skeletal formula. Give the names of the two compounds and 
identify the particular class of compounds each belongs to.      [4 marks] 

 

Answer: ……………………………………………………………………………………………..... 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 
 
b) Like every other member in its class, one isomer of C3H6, isomer A, reacts rapidly with bromine 

to form a single product, F. Draw the structure of A as a skeletal formula and also the structure 
of the product formed when A reacts with bromine.        [3 marks] 

 

Answer: ……………………………………………………………………………………………..... 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 
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c) The second isomer of C3H6, isomer B, has a number of unique properties. The other members 
in the same class of compounds only react with bromine in the presence of light and form HBr 
as a side product. However, B reacts with bromine in the absence of light (but much less rapidly 
than A) and forms a single compound G.  F and G are isomers. Draw the structures of B and G 
as skeletal formulae.             [4 marks] 

 

Answer: ……………………………………………………………………………………………..... 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

d) The table below gives values of the standard enthalpies of combustion, ∆cH
o , of A, B, carbon 

(as graphite) and hydrogen. 

 

 A B C(s) (graphite) H2(g) 

∆cH
o / kJ mol–1 2058 2091 393.5 241.8 

 
(i) Give the balanced chemical equation for the complete combustion of C3H6.      [2 marks] 
 

Answer: ……………………………………………………………………………………………..... 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 
 

(ii) Calculate the standard enthalpy of formation, ∆fH
o, of A.      [3 marks] 

 

Answer: ……………………………………………………………………………………………..... 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 
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 (iii) Calculate the standard enthalpy of formation of B.       [3 marks] 
 

Answer: ……………………………………………………………………………………………..... 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 
 

(iv) Calculate the standard enthalpy change for the reaction B → A. Comment on the value 
you obtain.              [2 marks] 

 

Answer: ……………………………………………………………………………………………..... 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 
 
 
e) The standard enthalpy of combustion of C6H12 is 3920 kJ mol–1. Using this value and the 

corresponding value for B, calculate the average contribution ∆cH
o per CH2 group for the two 

compounds. Comment on your result.           [4 marks] 
 

Answer: ……………………………………………………………………………………………..... 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 
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Question 4 
 
a) Arsenic oxide As2O3 is prepared on an industrial scale by roasting arsenic-containing ores such 

as arsenopyrite, FeAsS, in air. The other products formed are iron(III) oxide and sulfur dioxide. 

 
(i) What is the oxidation state of the arsenic in As2O3?         [1 mark] 

 

Answer: ……………………………………………………………………………………………..... 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 
 

(ii) Give a balanced chemical equation for the industrial production of As2O3 from FeAsS.  
[2 marks] 

 

Answer: ……………………………………………………………………………………………..... 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 
 
b) As2O3 is moderately soluble in water; one dm3 of a saturated solution at 25 °C contains 20.6 g. 

When dissolved in water, the oxide reacts to form arsenous acid, H3AsO3. 
 

(i) Given that other measurements show all the hydrogen atoms in H3AsO3 to be in the 
same environment, suggest a structure for the acid. What is the geometry around the 
arsenic atom?             [2 marks] 

 

Answer: ……………………………………………………………………………………………..... 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 
 

(ii) Give an equation for the formation of arsenous acid from As2O3 when dissolved in  
rwater.               [2 marks] 

 

Answer: ……………………………………………………………………………………………..... 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 
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(iii) Calculate the concentration of the arsenous acid, in mol dm–3, in the saturated solution. 
[2 marks] 

Answer: ………………………………………………………………………………………………. 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 
 
c) Homeopathic medicines are made by preparing an extremely dilute solution of some compound, 

such as As2O3. Typically a saturated solution is diluted by a factor of 1030. 
 

(i) Assuming that the solution referred to in (b) is diluted by a factor of 1030, calculate the 
mass (in g) of As2O3 present in a 100 cm3 of the diluted solution.     [2 marks] 

 

Answer: ………………………………………………………………………………………………. 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 
 

(ii) Given that 0.1 g of As2O3 is usually fatal, calculate the volume (in m3) of the diluted     
isolution that would be needed for a fatal dose of As2O3. Also express your answer as a 
ifraction of the volume of the Earth (approximately 1.08   1012

 km3).    [4 marks] 
 

Answer: ………………………………………………………………………………………………. 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 
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(iii) The diluted solution is usually sold in ‘one ounce’ bottles (  ounce   28 cm3). Calculate 
how many bottles of the solution need to be bought in order, on average, to purchase 
one atom of arsenic.            [4 marks] 

 

Answer: ………………………………………………………………………………………………. 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

 

d) Diluted hydrochloric acid is also sold as a homeopathic medicine. The pH of a solution may be 
calculated using the following equation: 

pH    log10 [H
+] 

     where [H+] is the total concentration of hydrogen ions, in mol dm–3, in aqueous solution. 
Rearranging this equation allows us to calculate the total concentration of hydrogen ions from 
the pH of the solution: 

[H+]   10–pH 

(i) What is the pH of pure water at room temperature?  Calculate [H+] for pure water. 
[3 marks] 

Answer: ………………………………………………………………………………………………. 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

 

 (ii) Assuming the original stock solution before dilution has a concentration of 1.0 mol dm–3, 

what is the concentration of HCl and pH obtained by the following dilutions of the stock 
solution: 1) dilution by a factor of 102; 2) dilution by a factor of 106; 3) dilution by a 
factor of 1010.                                       [3 marks] 

 

Answer: ………………………………………………………………………………………………. 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 
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Biology 
Question 5 
 

Look at the following table.  

 

 
 

 

a) What does each horizontal line represent?                                                                      [1 mark] 
 

Answer:………………………………………………………………………………………………..

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 
 
b) If the molecules represented above are transcribed, how would the sequences of the 

transcripts differ from the original sequences? (Note that you do not need to write out all of the 

transcripts.)                                                                                                                     [3 marks] 
 

Answer: ………………………………………………………………………………………………. 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 
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c) Which of the sequences is least likely to lead to a functional part of a protein, and why? 
[3 marks] 

Answer: ………………………………………………………………………………………………. 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 
 
d) Each organism in the table belongs to a different species. Based on the sequences, state 

which organisms are (i) the most related to each other, and (ii) the least related to each other. 
[4 marks] 

Answer: ………………………………………………………………………………………………. 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 
 
e) If organisms 1-6 are all Eukaryotes, which domain(s) of life could organism 7 belong to? 

[2 marks] 

Answer: ………………………………………………………………………………………………. 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 
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f) Discuss how the differences in these sequences might have arisen, and the possible 

evolutionary consequences of this variation.                                                               [12 marks] 
 

Answer: ………………………………………………………………………………………………. 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

.………………………………………………………………………………………………………... 

………………………………………………………………………………………………………… 

.………………………………………………………………………………………………………... 

………………………………………………………………………………………………………… 

.………………………………………………………………………………………………………... 

………………………………………………………………………………………………………… 

.………………………………………………………………………………………………………... 

………………………………………………………………………………………………………… 

.………………………………………………………………………………………………………... 



21 

© UCLES 2016    [Turn over 

Question 6 

 

Look at the image below. 

 

 

 
 

 

 

a) Using experiments, how could you tell if each of these snails belonged to the same species? 
[2 marks] 

Answer: ……………………………………………………………………………………………..... 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 
 

b) These snails do in fact belong to the same species, and each of the colour/stripe forms is 

maintained at very consistent frequencies in the population across time. When such variation is 

maintained in the population by natural selection, we call it a stable polymorphism. With reference 

to natural selection, explain why stable polymorphisms are relatively rare in nature.        [3 marks] 
 

Answer: ……………………………………………………………………………………………..... 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 
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c) In this case, birds encounter the most abundant forms more frequently and can develop better 

‘search images’, making it easier to find that form in future. Suggest how the variation in snail 

shells might be maintained in a population.                                                                         [2 marks]  
 

Answer: ……………………………………………………………………………………………..... 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 
 

d) In terms of genetics, the allele for ‘unbanded’ is dominant to ‘banded’. If I breed some homozygous 

‘unbanded’ snails together with homozygous ‘banded’ snails, what will be the F1 phenotypes and 

genotypes?               [2 marks] 

 

Answer: ………………………………………………………………………………………………. 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 
 

e) If I breed the F1 generation from the previous cross together, and get 240 offspring, what will be 

the estimated numbers of each phenotype and genotype in the next generation?              [4 marks] 
 

Answer: ……………………………………………………………………………………………..... 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 
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f) Explain how you would conduct a study to compare the proportions of pink, banded snails in two 

different habitats. Consider how you would avoid bias in your samples.                           [12 marks] 
 

Answer: ……………………………………………………………………………………………..... 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

.………………………………………………………………………………………………………... 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

.………………………………………………………………………………………………………... 

………………………………………………………………………………………………………… 
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END OF TEST 
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