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Part X Physics 
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Part X Physics 

1 A ball is thrown horizontally with velocity v from a height of 4 m vertically above a point Q that is 
on horizontal ground. 
 

 
 

The ball hits the ground at a distance of  6
�5
5  m from Q. 

 
What is the value of v ? 
 
(gravitational field strength = 10 N kg–1; air resistance is negligible) 

  

 A 3
5 m s–1 

   
 B 3

�5
 m s–1 

   
 C 3 m s–1 

   
 D 3√2 m s–1 

   
 E 3√5 m s–1 
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Part X Physics 

2 A wire of length 4.0 m with a uniform cross-sectional area of 0.020 mm2 is connected in series 
with a 1.0 kΩ resistor. 
 
There is a pd of 1.2 V across this arrangement and a voltmeter connected across the 1.0 kΩ 
resistor reads 1.0 V. 
 
Under these conditions, what is the resistivity of the material from which the wire is made? 

  
 A 1.0 × 10–

 

6
 Ω m 

    B 1.1 × 10–5
 Ω m 

    C 1.0 × 10–3
 Ω m 

    D 1.1 × 10–2
 Ω m 

    E 8.0 × 10–2
 Ω m 

    F 8.0 × 102
 Ω m 

    G 4.0 × 107
 Ω m 

    H 4.0 × 1010
 Ω m 
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Part X Physics 

3 The circuit shown includes a battery with an emf of 20 V and an ideal ammeter. The reading on 
the ammeter is 2.0 A. 
 

 
 
What is the internal resistance of the battery? 

  
 A 2.0 Ω 

    B 4.0 Ω 

    C 7.0 Ω 

    D 10 Ω 

    E 18 Ω 
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Part X Physics 

4 A heavy boulder is being dragged across a rough horizontal surface at constant velocity of  
0.20 m s–1 by four steel cables connected in parallel with one another. Each cable has a cross-
sectional area of 2.0 cm2 and is under a constant elastic strain of 0.0025. 
 
What is the total power being transferred by the cables? 
 
(Young modulus of steel = 2.0 × 1011

 Pa) 
  
 A 20 kW 

    B 25 kW 

    C 80 kW 

    D 100 kW 

    E 400 kW 

    F 800 MW 

    G 1.0 GW 

    H 4.0 GW 
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Part X Physics 

5 An object of mass m moving through air experiences an air resistance (drag) force F given by 
 
   F = k v 

n 
 
where k and n are positive constants. 
 
The object is released from rest from a great height and falls vertically. No horizontal forces act 
on the object. 
 
When it is travelling at a speed of v0, its acceleration is 50% of the acceleration of free fall. 
 
What is the terminal speed of the object? 

  
 A 2n

 v0 

   
 B 2(1

 
/
 
n

 

)
 v0 

    C 2v0 

   
 D 2–

 

n
 v0 

    E 2–1
 v0 

   
 F 2–

 

(1
 
/
 
n

 

)
 v0 
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Part X Physics 

6 Two identical springs each have an unstretched length of 12.0 cm, a spring constant k and 
negligible mass. 
 
One spring is hung from a fixed point. A 100 g mass is hung from the lower end of the spring. 
 
The second spring is attached to the base of the 100 g mass. A second 100 g mass is hung 
from the lower end of this second spring. 
 
The combined length of the two springs (not including the heights of the masses) is now 
30.0 cm. Neither spring exceeds its elastic limit. 
 
What is the spring constant k ? 
 
(gravitational field strength = 10 N kg–1) 

  
 A 0.10 N cm–1 
    B 0.17 N cm–1 
    C 0.25 N cm–1 
    D 0.33 N cm–1 
    E 0.50 N cm–1 
    F 0.67 N cm–1 
    G 1.0 N cm–1 
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Part X Physics 

7 A ray of light in air strikes the surface of a rectangular transparent block at an angle of 60° to 
the normal. The ray passes through the block and exits from the far side as shown. The width 
of the block is 5.0 cm and the distance between the normal at the point of entry to the block and 
the normal at the point of exit from the block is 2.5 cm. 
 

 
 
What is the refractive index of the block? 

  

 A 
2
√15

 

   
 B 

1
√3

 

   
 C 

1
√2

 

   
 D 

2
√5

 

   
 E √5

2
 

   
 F √2 

   
 G �3 

   
 H √15

2
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Part X Physics 

8 Two point masses, P and Q, are 60 m apart at time t = 0.  
 
P has a constant acceleration of 6.0 m s–2 in the direction towards Q. At time t = 0, P has a 
velocity of zero. 
 
Q has a constant acceleration of 2.0 m s–2 in the direction away from P. At time t = 0, Q has a 
velocity of 14 m s–1 towards P. 
 
At what time do the masses meet? 

  
 A 2.5 s 
    B 3.0 s 
    C 3.5 s 
    D 6.0 s 
    E 6.5 s 
    F 7.0 s 
    G 10 s 
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Part X Physics 

9 An electric circuit contains two different power supplies with negligible internal resistance, three 
identical resistors, an ideal ammeter and an ideal voltmeter. 
 

 
 
What are the readings on the ammeter and the voltmeter? 

  
  ammeter reading voltmeter reading 
 A 0.25 A 0 V 

 B 0.50 A 0 V 

 C 0.75 A 0 V 

 D 0.25 A 10 V 

 E 0.50 A 10 V 

 F 0.75 A 10 V 
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Part X Physics 

10 Water at the top of a waterfall has zero vertical velocity. The water falls 45 m vertically onto a 
flat horizontal rock of area 2.0 m2.  
 
Each second, 40 kg of water hits the rock.  
 
When the water hits the rock it flows away horizontally. 
 
At any instant the average depth of water on the rock surface is 0.050 m.  
 
What is the total average pressure on the rock due to water? 
 
(gravitational field strength = 10 N kg–1; density of water = 1000 kg m–3; assume air resistance is 
negligible) 

  
 A 400 Pa 

    B 500 Pa 

    C 600 Pa 

    D 1000 Pa 

    E 1100 Pa 

    F 1200 Pa 

    G 1700 Pa 

    H 2200 Pa 
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Part Y Chemistry 
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Part Y Chemistry 

11 A methane gas burner heats objects with only 20% efficiency. 
 
The gas burner is used to heat a 500 g copper pan containing 400 g of water from 20 °C to  
80 °C.  
 

specific heat capacities:  copper = 0.4 J g–1
 °C–1;  water = 4 J g–1

 °C–1 

 
standard enthalpy change of combustion of methane = − 900 kJ mol–1 

 
What is the minimum mass of methane gas required?  
 
(Mr value: methane = 16) 

  
 A 1.92 g 
    B 2.40 g 
    C 8.53 g 
    D 9.60 g 
    E 11.4 g 
    F 12.8 g 
    G 21.12 g 
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Part Y Chemistry 

12 Mercury(II) fulminate, HgC2N2O2, can decompose to produce carbon monoxide and two 
different elements only. 
 
The enthalpy change for the decomposition of one mole of mercury(II) fulminate is – 606 kJ. 
 
The enthalpy change of formation for mercury(II) fulminate is + 386 kJ mol–1. 
 
What is the enthalpy change of formation of carbon monoxide? 
 
(Assume that all data is given at the same temperature and pressure.) 

  
 A –110 kJ mol–1 
    B +110 kJ mol–1 
    C –166 kJ mol–1 
    D +166 kJ mol–1 
    E – 220 kJ mol–1 
    F + 220 kJ mol–1 
    G – 496 kJ mol–1 
    H + 496 kJ mol–1 
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Part Y Chemistry 

13 The mass spectrum of a hydrocarbon, X, is shown.  

relative
intensity

100

80

60

40

20

0
0 20 40 60 80 100

mass-to-charge ratio  

 

X contains 14.3% by mass of hydrogen and does not decolourise aqueous bromine. 

Which of the following could be the identity of X? 

1 hex-2-ene 

2 cyclohexane 

3 cyclobutane 

(Ar values: H = 1; C = 12) 
  
 A 1 only 
    B 2 only 
    C 3 only 
    D 1 and 2 only 
    E 1 and 3 only 
    F 2 and 3 only 
 

 

  

22 



Part Y Chemistry 

14 Thionyl chloride, SOCl 2, is the only product of the reaction between sulfur trioxide, chlorine and 
sulfur dichloride. 

Thionyl chloride reacts with water to make hydrogen chloride and one other gaseous product, 
which is triatomic. 

2.0 dm3 of chlorine gas (measured at room temperature and pressure) was reacted completely 
with sulfur trioxide and sulfur dichloride. 

The product was isolated, dissolved in water and made up to 200 cm3. 

What is the maximum concentration of HCl in the resulting solution? 

(Assume that one mole of gas at room temperature and pressure occupies 24 dm3.) 
 

  
 A 0.28 mol dm–3 
    B 0.50 mol dm–3 
    C 0.83 mol dm–3 
    D 1.25 mol dm–3 
    E 2.50 mol dm–3 
    F 5.00 mol dm–3 
 

 

  

23 



Part Y Chemistry 

15 Tollens’ reagent, [Ag(NH3)2]NO3(aq), can be used to coat glass surfaces with silver metal  
(Ar = 108) to make decorative objects. It is a reducing agent and reacts by oxidising aldehydes 
to carboxylic acids. 

The half-equation for the organic oxidation can be represented as (R = alkyl group): 

RCHO  +  H2O  →  RCOOH  +  2H+  +  2e– 

 

All of the inside surface of a beaker is to be coated in a uniform layer of silver metal of 
thickness 0.01 cm. The beaker can be modelled as a cylinder of height 10 cm and radius 5 cm. 

The density of silver metal is 10.5 g cm–3. 

Which of the following expressions gives the minimum number of moles of aldehyde required? 

(Assume that the yield of any reaction is 100%.) 
  
 A 

1082
251510

×
π×× ..  

    B 
108

251510 π×× ..  

    C 
108

2515102 π××× ..  

    D 
2

251510108 π××× ..  

    E 
1082

51510
×

π×× ..  

    F 
108

515102 π××× ..  

    G 
108

51510 π×× ..  

    H 
2

51510108 π××× ..  

 

 

  

aldehyde carboxylic 
acid 

24 



Part Y Chemistry 

16 Deuterium, D, is an isotope of hydrogen. It has one neutron and one proton in its nucleus ( H1
2  

is an alternative representation).  

Like the more common isotope of hydrogen, H1
1 , deuterium reacts with oxygen to form water.  

Consider the following information about hydrogen, deuterium and water: 

 bond energy 
/ kJ mol–1 

  boiling point 
/ °C 

H – H 436  H2 – 252.8 

D – D 443  D2 – 249.7 

O – H 464  H2O 100.0 

O – D 471  D2O 101.4 

 

Under the same conditions, which of the following comparisons is/are correct? 

1 The reaction of D2 with oxygen releases less energy than H2 with oxygen. 

2 H2O is more acidic than D2O when measured at the same temperature. 

3 The boiling points of D2 and D2O are higher than H2 and H2O, respectively, 
because the individual bond energies are higher. 

Both H2O and D2O dissociate into ions, according to the following equations: 

H2O  ⇌  H+  +  OH–  D2O  ⇌  D+  +  OD– 
 
At a given temperature, the equilibrium constant for H2O dissociation is greater 
than that for D2O dissociation. 

  
 A none of them 

    B 1 only 

    C 2 only 

    D 3 only 

    E 1 and 2 only 

    F 1 and 3 only 

    G 2 and 3 only 

    H 1, 2 and 3 
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Part Y Chemistry 

17 In 1836, James Marsh devised a test to allow the detection of very small traces of arsenic. 
 
The first stage of the Marsh test involves the reaction of arsenic trioxide, As2O3, with zinc under 
acidic conditions. One of the products is compound X. 
 
The unbalanced equation for the reaction is: 
 

As2O3(s)  +  Zn(s)  +  H+(aq)  →  X(g)  +  Zn2+(aq)  +  H2O(l) 
 
In the balanced equation, 1.0 mol of arsenic trioxide reacts with 6.0 mol of zinc, and produces 
2.0 mol of X and 6.0 mol of zinc ions. Only the zinc and the arsenic change oxidation state in 
this reaction. 
 
If 1.98 g of arsenic trioxide reacts with an excess of zinc and acid in this reaction, what is the 
maximum mass of X that could be produced? 
 
(Ar values: H = 1; O = 16; Zn = 65; As = 75) 

  
 A 0.39 g 
    B 0.75 g 
    C 0.78 g 
    D 1.50 g 
    E 1.56 g 
    F 1.66 g 
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Part Y Chemistry 

18 Compound P, with molecular formula C5H10, reacts with hydrogen bromide in an addition 
reaction to form compound Q as the only major product. 
 
Q undergoes a substitution reaction with aqueous sodium hydroxide to form compound R. 
 
After R is completely oxidised using acidified potassium dichromate(VI), the resulting product 
does not react with aqueous sodium carbonate. 
 
R undergoes an elimination reaction to form a mixture of products: P and S. 
 
S has no stereoisomers.  
 
What is compound P? 

  
 A pent-1-ene 
    B pent-2-ene 
    C 2-methylbut-1-ene 
    D 2-methylbut-2-ene 
    E 3-methylbut-1-ene 
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Part Y Chemistry 

19 Bromine trifluoride, BrF3, is a simple molecular compound containing single bonds only.  

It is not trigonal planar. 

Two of the bond lengths in this molecule are 0.181 nm, and the third is 0.172 nm. 

The through-space distances between two fluorine atoms are 0.241 nm or 0.361 nm. 

What is the acute bond angle in BrF3? 

  

 A sin–1








1720
12050
.

.  

   
 B cos–1









1720
12050
.

.  

   
 C sin–1









1810
12050
.

.  

   
 D cos–1









1810
12050
.

.  

   
 E sin–1









18050
1720

.
.  

   
 F cos–1









18050
1720

.
.  

   
 G sin–1









1810
18050
.

.  

   
 H cos–1









1810
18050
.

.  
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Part Y Chemistry 

20 Ethanoic acid, ethanol and water were added to a reaction vessel and a quantity of 
concentrated sulfuric acid was added. The reaction mixture was then heated and an ester 
(ethyl ethanoate) and water were formed in equilibrium with the reactants. 
 

C2H5OH(l)  +  CH3COOH(l)  ⇌  CH3COOC2H5(l)  +  H2O(l) 
 
120 g of ethanoic acid and 92 g of ethanol were used and the mass of water present at the start 
of the experiment was 18 g. Assume that there is no change in volume. 
 
At the temperature of the reaction, the equilibrium constant Kc is 2.00. 
 
What is the mass of the ester present in the mixture at equilibrium? 
 
(Mr values: ethanoic acid = 60; ethanol = 46; water = 18; ethyl ethanoate = 88)   

  
 A 1.00 g 
    B 53.0 g 
    C 88.0 g 
    D 103 g 
    E 106 g 
    F 176 g 
    G 209 g 
    H 215 g 
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PART Z Biology 
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Part Z Biology 

21 How a non-lethal communicable disease spreads through a population can be modelled using 
two factors: 
 

• R0, the average number of people who catch the disease from one infected person 
• the proportion of the population who are immune either naturally or by vaccination 

 
As vaccines are not always effective, the percentage of people in a population who must be 
vaccinated to prevent the spread of the disease can be calculated by: 
 

�
1 − 1

R0
effectiveness of the vaccine

� × 100 

 
Which of the following statements is/are correct? 

  
  1 If the effectiveness of the vaccine remains the same, an increase in R0 increases the 

number of people who need to be vaccinated to prevent the spread of disease. 
      2 When the R0 is 3 and the effectiveness of the vaccine is 0.90, the percentage to be 

vaccinated must be more than 74% to prevent the spread of disease. 
      3 If the disease is bacterial, the vaccine must contain an antibiotic. 

   
 A none of them   
    B 1 only 
    C 2 only 
    D 3 only 
    E 1 and 2 only 
    F 1 and 3 only 
    G 2 and 3 only 
    H 1, 2 and 3 
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PART Z Biology 

22 An investigation was carried out to study the effect of varying the concentration of sugar 
solution on osmosis in potato tissue. 
 
The masses of six cylinder-shaped pieces of raw potato were measured.  
 
Each piece was then placed in a different concentration of sugar solution. Each piece was left 
in its solution for an equal amount of time. All other variables were kept constant.  
 
The pieces were removed from the solutions and their masses were measured again. The 
results are shown in the table. 
 

concentration of sugar 
solution / mol dm–3 

mass of potato piece  
at start / g 

mass of potato piece 
 at end / g 

0.0 3.82 4.09 
0.2 3.90 3.84 
0.4 3.80 2.96 
0.6 3.93 2.62 
0.8 3.77 2.43 
1.0 3.78 2.44 

 
 
What is the percentage change in mass when the concentration is 0.6 mol dm–3, and which 
solution has a concentration closest to that of the cytoplasm of the potato cells? 

  
  percentage change for the 

0.6 mol dm–3 solution 
solution concentration closest to 

that of cytoplasm 
  

 A 33% decrease 0.2 mol dm–3   

 B 50% increase 0.2 mol dm–3   

 C 67% increase 0.2 mol dm–3   

 D 33% decrease 0.4 mol dm–3   

 E 50% increase 0.4 mol dm–3   

 F 67% increase 0.4 mol dm–3   
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Part Z Biology 

23 A study was carried out into the food sources of barn owls. Owls regurgitate the undigested 
remains of their prey as pellets. Analysis of these pellets was used to identify the food eaten by 
one owl, over a period of 2 weeks. The chart shows the number of animals in the owl’s diet. The 
findings show that most of the owl’s diet was mammals. 
 

 
 

A second study was carried out over the following 2 weeks to find the change in the population 
of mice in the owl’s habitat. The table shows the data obtained for the second study. 
 

number of births  242 
number of deaths 207 
number joining from another population 11 
number leaving to join another population 21 

 
What is the percentage of mammals in the owl’s diet that are mice in the first study, what is the 
mean change in the population of mice per week in the second study, and what can be 
concluded about the change in the number of mice in the owl’s diet during the second study 
compared to the first study? 

  
  percentage of 

mammals that are 
mice in the owl’s diet  

mean change in the 
population of mice  

per week 

conclusion about the change in 
the number of mice  

in the owl’s diet  

 

 A 12.5% 12.5 likely to increase   
 B 12.5% 25.0 likely to increase  

 C 12.5% 25.0 unlikely to increase   

 D 12.5% 45.0 insufficient evidence  

 E 14.3% 12.5 insufficient evidence   

 F 14.3% 12.5 unlikely to increase  

 G 14.3% 25.0 likely to increase  

 H 14.3% 45.0 unlikely to increase  
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PART Z Biology 

24 A scientist investigates the effects of three antibiotics on the reproduction of a pathogen. 
 
The scientist spreads an equal amount of a culture of the pathogen uniformly across three  
10 cm diameter agar plates P, Q and R. Three small discs of filter paper were each soaked in a 
different antibiotic solution, each of the same concentration. A single disc was then placed into 
the middle of each agar plate. The plates were then incubated at 30 °C for 24 hours to allow the 
pathogen to grow. 
 
All other variables were kept constant. 
 
The diagram shows the appearance of the plates after 24 hours incubation. 
 

 
 

[diagram not to scale] 
 
The scientist measured the diameter of the clear area and calculated the area of the pathogen 
on the plate. 
 
What is the area covered by the pathogen on plate Q, and what is the most effective antibiotic? 

  
  area of the pathogen on plate Q / mm2 plate with most effective antibiotic   

       A 100π P   

       B 100π R   

       C 2100π P   

       D 2100π R   

       E 2400π P   

       F 2400π R   

       G 9600π P   

       H 9600π R   
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Part Z Biology 

25 The diagram represents a simplified model of a leaf processing solar energy. 100 units of solar 
energy reach the surface of the leaf. 
 

 
 
Which of the following statements is/are correct? 

  
  1 60% of the solar energy reaching the leaf is not absorbed by the chloroplasts. 

      2 22.5% of the energy absorbed by the chloroplasts is used to form glucose. 

      3 A maximum of 5.3 units of solar energy becomes energy available to the primary 
consumer. 

   
 A none of them   
    B 1 only 
    C 2 only 
    D 3 only 
    E 1 and 2 only 
    F 1 and 3 only 
    G 2 and 3 only 
    H 1, 2 and 3 
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PART Z Biology 

26 Fur colour in a mammal is controlled by a gene found on a chromosome in the nucleus. The 
gene has two alleles, one for yellow fur and one for black fur. Individuals that are homozygous 
for the yellow fur allele die before birth. 
 
The diagram shows the inheritance of this characteristic in three generations of one family. All 
of the numbered individuals are alive. 
 

 
 
Which row of the table is correct? 

  
  

dominant 
allele 

number of copies of the black fur 
allele present in the genotypes of 
the live individuals in the diagram 

expected phenotype ratio in offspring 
born from a cross between individuals 

5 and 6 

 

       A black 2 2 : 1  

       B black 13 3 : 1  

       C black 4 2 : 1  

       D black 2 3 : 1  

       E yellow 4 2 : 1  

       F yellow 13 3 : 1  

       G yellow 2 2 : 1  

       H yellow 13 2 : 1  
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Part Z Biology 

27 The diagram shows apparatus that can be used to measure the water loss from a leafy shoot. 
 

 
 
Three students, P, Q and R, each set up the apparatus and recorded how far the air bubble 
had moved in 15 minutes. It was observed that each student’s apparatus had capillary tubing 
with a different internal diameter. 
 

student distance bubble moved 
in 15 minutes / mm 

internal diameter  
 / mm 

P 90 0.60 

Q 33 1.00 

R 25 1.20 
 
Which row shows the students’ results from most water lost to least water lost, and what can be 
concluded about the observed results? 

  
  water lost from most to least conclusion  

      A P   Q   R the apparatus in P was placed in a humid environment  

      B P   Q   R there is insufficient information to explain the results  

      C P   R   Q the apparatus in P was placed in a hot dry environment  

      D P   R   Q there is insufficient information to explain the results  

      E R   Q   P the apparatus in R was placed in a humid environment  

      F R   Q   P there is insufficient information to explain the results  

      G R   P   Q the apparatus in R was placed in a hot dry environment  

      H R   P   Q there is insufficient information to explain the results  
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PART Z Biology 

28 There is significant variation in the amount of oil present in maize grains.  
 
In an experiment, maize grains were tested for their oil content and only those with either 
highest or lowest oil content were selected and planted. When this generation of plants 
matured and produced maize grains, these were tested for their oil content and the selection 
process was repeated. This was done over fifty generations of maize.  
 
All plants were grown in the same conditions. The mean mass per maize grain was 0.4 g and 
did not change over the fifty generations. The results are shown in the graph. 
 

 
 
Which of the following statements about the experiment is/are correct? 

  
  1 The change in oil content over the fifty generations was due to natural selection. 

      2 There was a 180% increase in the oil content of the grains with a higher oil content 
over the fifty generations. 

      3 The change in mass of oil in the higher oil content grains over the fifty generations 
was 0.036 g. 

    A none of them 
    B 1 only 
    C 2 only 
    D 3 only 
    E 1 and 2 only 
    F 1 and 3 only 
    G 2 and 3 only 
    H 1, 2 and 3 
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Part Z Biology 

29 Pondweed, in a solution of sodium hydrogen carbonate, was placed in front of a light source to 
investigate the relationship between light intensity and the rate of photosynthesis. The number 
of bubbles of gas produced during a period of two minutes was recorded. The experiment was 
repeated with the light source at different distances from the pondweed. 
 
The relationship between light intensity and distance (d  ) from a light source can be described 
as:  light intensity ∝  1

d 2 

 

 
 
Which of the following statements is/are correct?  

  
  1 The bubbles produced were composed mostly of carbon dioxide. 

      2 Between 10 cm and 50 cm the rate of photosynthesis is directly proportional to light 
intensity. 

      3 At a distance of 5 cm from the pondweed, light intensity was the limiting factor for 
photosynthesis. 

   
 A none of them 
    B 1 only 
    C 2 only 
    D 3 only 
    E 1 and 2 only 
    F 1 and 3 only 
    G 2 and 3 only 
    H 1, 2 and 3 
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PART Z Biology 

30 In flour beetles one gene controlling eye colour is located on chromosome 5. Flour beetles 
have two copies of chromosome 5 in each body cell. One allele causes black eyes and a 
second allele causes red eyes. 
 
The allele for black eye colour (B) is dominant over the allele for red eye colour (b). 
 

4
3

 of the alleles present in a population of 1600 flour beetles were the dominant B allele. 
 

Which of the following statements is/are correct? 
 
(Assume that inheritance of the two alleles is a random process.) 

  
  1 The expected number of flour beetles with black eyes is 1500. 

      2 The body cells of the flour beetles are diploid. 

      3 The expected ratio of homozygous black eye beetles to heterozygous black eye 
beetles to red eye beetles will be 1 : 2 : 1 

   
 A none of them 
    B 1 only 
    C 2 only 
    D 3 only 
    E 1 and 2 only 
    F 1 and 3 only 
    G 2 and 3 only 
    H 1, 2 and 3 
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