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ENGINEERING & SCIENCE ADMISSIONS TEST 

SAMPLE MOCK PRACTICE PAPER 

Paper ID: ESAT-MOCK-SAMPLE 

Duration Questions Calculator 

40 min per section 27 per section NOT permitted 

Sections in this paper: 

MATHEMATICS 1 (Compulsory) - Number, Algebra, Geometry, Statistics & Probability (GCSE Higher) 

MATHEMATICS 2 (Optional - choose two of these four) - Algebra, Sequences & Series, Coordinate Geometry, 

Trigonometry, Exponentials & Logarithms, Calculus (A-level) 

PHYSICS (Optional - choose two of these four) - Electricity, Magnetism, Mechanics, Thermal Physics, Matter, Waves, 

Radioactivity 

CHEMISTRY (Optional - choose two of these four) - Atomic Structure, Bonding, Quantitative Chemistry, Energetics, 

Rates & Equilibrium, Organic Chemistry 

BIOLOGY (Optional - choose two of these four) - Cells, Genetics, Enzymes, Animal & Plant Physiology, Ecosystems 

Instructions to Candidates: 

● Read each question carefully before answering. Each question has exactly ONE correct answer. 

● There is no negative marking. Answer every question - do not leave blanks. 

● You must not use a calculator, ruler, protractor, or any other instrument. 

● Some questions include a diagram. Diagrams are drawn accurately in terms of the relationships they show, 
but are not necessarily to scale unless stated. 

● Write your name and candidate number on the answer sheet before you begin. 

● You have 40 minutes per section. Use the time limit on each section strictly. 

● This paper is set at a deliberately higher difficulty than a standard ESAT paper, combining multiple 
techniques within single questions, and drawing on the style of historic ENGAA Section 2 material, for 
additional stretch and challenge. 

 



ESAT MOCK PRACTICE PAPER 1  |  STIMULATE LEARNING 

© Stimulate Learning 2026. All rights reserved.   ·   Page 2 

SECTION 1: MATHEMATICS 1 (COMPULSORY) 

Answer ALL 27 questions. Select the best answer for each. 

1.  The line y=2x-3 intersects the curve y=x²-5x+7 at two points. Find the distance between these two points. 

A  √29 

B  3√5 

C  3√6 

D  5√2 

E  6√3 

2.  A shop increases the price of an item by 20%, then later decreases the new price by 25%, resulting in a final 
price of £108. Find the original price. 

A  £100 

B  £108 

C  £115 

D  £120 

E  £135 

3.  The ratio of the ages of Amy and Ben is 4:7. In 6 years, the ratio of their ages will be 3:5. Find the sum of 
their current ages. 

A  88 

B  99 

C  110 

D  121 

E  132 

4.  TA is a tangent to a circle at A, and AB is a chord such that the angle between TA and AB is 64°. C is a point 
on the major arc such that AC=CB. Find angle CAB. 

A  32° 

B  42° 

C  52° 

D  58° 

E  64° 

5.  In a school, the ratio of boys to girls is 5:6. 75% of the girls play a sport. Given that 180 girls play a sport, 
find the total number of students in the school. 

A  360 

B  400 

C  420 

D  440 

E  460 

6.  A bag contains 4 red, 3 blue and 2 green balls. Three balls are drawn without replacement. Find the 
probability that all three drawn balls are different colours. 

A  1/6 

B  2/9 

C  2/7 

D  1/3 

E  4/9 
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7.  In triangle ABC, D is on AB and E is on AC such that DE is parallel to BC. AD=6 cm, DB=4 cm, and DE=9 cm. 
Find the length of BC. 

A  10 cm 

B  12 cm 

C  13.5 cm 

D  15 cm 

E  18 cm 

8.  The nth term of a sequence is given by Tₙ = 3n² - 5n - 2. Find the smallest value of n for which Tₙ > 100. 

A  5 

B  6 

C  7 

D  8 

E  9 

9.  Investment A grows by 10% each year from £4000. Investment B grows by 20% each year from £2000. After 
how many complete years does Investment B first exceed Investment A? 

A  5 

B  6 

C  7 

D  8 

E  9 

10.  Two similar triangles have areas in the ratio 4:9. The perimeter of the smaller triangle is 20 cm. Find the 
perimeter of the larger triangle. 

A  24 cm 

B  26 cm 

C  28 cm 

D  30 cm 

E  32 cm 

11.  In a factory, 40% of products are type A and the rest are type B. 5% of type A products are defective, and 
8% of type B products are defective. Out of 10,000 products in total, find the total number of defective 
products. 

A  560 

B  620 

C  650 

D  680 

E  720 

12.  The sum of two numbers is 15 and the sum of their squares is 113. Find the product of the two numbers. 

A  44 

B  50 

C  56 

D  60 

E  64 

13.  The sum of the ages of three siblings is 36. The eldest is twice the youngest, and the middle sibling is 4 
years older than the youngest. Find the age of the eldest sibling. 

A  12 

B  14 

C  16 
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D  18 

E  20 

14.  A metal ingot in the shape of a cuboid measures 5 cm × 4 cm × 10 cm and has a mass of 1.6 kg. Find its 
density, in g/cm³. 

A  4 g/cm³ 

B  6 g/cm³ 

C  7 g/cm³ 

D  8 g/cm³ 

E  10 g/cm³ 

15.  Solve 2/(x-1) + 3/(x+2) = 1 for x. Find the sum of all solutions. 

A  2 

B  3 

C  4 

D  5 

E  6 

16.  A sector has area 64π cm² and angle 90°. Find the radius. 

A  8 cm 

B  12 cm 

C  16 cm 

D  20 cm 

E  24 cm 

17.  y is inversely proportional to x². When x=4, y=3. Find the value(s) of x when y=48. 

A  x=±0.5 

B  x=±1 

C  x=±2 

D  x=±4 

E  x=±8 

18.  Three numbers are in arithmetic progression. Their sum is 27 and the sum of their squares is 293. Find the 
largest number. 

A  11 

B  12 

C  13 

D  14 

E  15 

19.  A rectangular field has a perimeter of 100 m and an area of 616 m². Find the difference between its length 
and width. 

A  4 m 

B  5 m 

C  6 m 

D  7 m 

E  8 m 

20.  A, B, C and D lie on a circle in that order, with AB as a diameter. Angle ADC=132°. Using the properties of 
cyclic quadrilaterals and the angle in a semicircle, find angle BAC. 

A  32° 

B  38° 
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C  42° 

D  48° 

E  58° 

21.  Given that x + 1/x = 5, find the value of x³ + 1/x³. 

A  95 

B  100 

C  105 

D  110 

E  115 

22.  Pipe A alone fills a tank in 6 hours, pipe B alone in 8 hours, and pipe C alone empties it in 12 hours. All 
three operate together for 2 hours, then pipe C is closed. Find the total time taken to fill the tank from the 
start. 

A  3 hours 

B  3.5 hours 

C  4 hours 

D  4.5 hours 

E  5 hours 

23.  A price undergoes three successive changes: a 50% increase, a 50% decrease, and a further increase of z%, 
resulting in the price returning exactly to its original value. Find z. 

A  20% 

B  25% 

C  30% 

D  33⅓% 

E  40% 

24.  Three numbers x, y and z satisfy x+y+z=10, 2x-y+z=5, and x+2y-z=8. Find x. 

A  1 

B  2 

C  3 

D  4 

E  5 

25.  An isosceles triangle has two equal sides of length 13 cm and a base of 10 cm. It forms the cross-section of 
a triangular prism of length 20 cm. Find the volume of the prism. 

A  600 cm³ 

B  800 cm³ 

C  1000 cm³ 

D  1200 cm³ 

E  1400 cm³ 

26.  Solve √(2x+7) - √(x+3) = 1 for x. Find the sum of all valid solutions. 

A  -4 

B  -2 

C  0 

D  1 

E  4 

27.  In the diagram, O is the centre of the circle and angle AOB = 100°. C lies on the major arc. Find angle ACB. 
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A  40° 

B  45° 

C  50° 

D  55° 

E  80° 
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SECTION 2: MATHEMATICS 2 (OPTIONAL) 

Answer ALL 27 questions. Select the best answer for each. 

1.  The line y=3x+k is tangent to the curve y=2x²-5x+7. Find the value of k. 

A  -3 

B  -1 

C  1 

D  3 

E  5 

2.  In triangle ABC, AB=10, angle A=35°, and BC=7. Given sin35°≈0.574, use the sine rule to find the two 
possible values of angle C, to the nearest degree (the ambiguous case). 

A  45° or 135° 

B  50° or 130° 

C  55° or 125° 

D  60° or 120° 

E  65° or 115° 

3.  A circle has equation x²+y²-4x+6y-12=0. Find the length of the chord formed by the line y=x+2 intersecting 
the circle. 

A  1 

B  √2 

C  2 

D  2√2 

E  3 

4.  Solve 2sin²x + sinx - 1 = 0 for 0 ≤ x < 2π (radians). Find the sum of all solutions. 

A  3π/2 

B  2π 

C  5π/2 

D  3π 

E  7π/2 

5.  Find the coefficient of x³ in the expansion of (2-x)⁵. 

A  -80 

B  -40 

C  40 

D  80 

E  -10 

6.  f(x) = x³ - 2x² - 5x + 6 has three integer roots, and f(1)=0. Find the product of the other two roots. 

A  -6 

B  -5 

C  5 

D  6 

E  -3 

7.  Solve log₃(x) + log₃(x-2) = 1 for x, stating only the valid solution. 

A  -1 

B  1 

C  3 
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D  4 

E  -1 or 3 

8.  Find the equation of the normal to the curve y=x³-3x+2 at the point where x=2, in the form x+9y=c. 

A  x+9y=30 

B  x+9y=34 

C  x+9y=38 

D  x+9y=42 

E  x+9y=46 

9.  Find the area enclosed between the curve y=x²-4x+3 and the line y=3. 

A  8/3 

B  16/3 

C  32/3 

D  40/3 

E  16 

10.  The sum of the first n terms of an arithmetic series is Sₙ=4n²+3n. Find the 10th term. 

A  71 

B  75 

C  79 

D  83 

E  87 

11.  Find the values of m for which the line y=mx+4 is tangent to the circle x²+y²=8. 

A  m=0 

B  m=±1 

C  m=±2 

D  m=±√2 

E  m=±4 

12.  The 1st, 3rd and 7th terms of an arithmetic sequence with first term a=2 and common difference d (d≠0) 
form a geometric sequence, in that order. Find d. 

A  0.5 

B  1 

C  1.5 

D  2 

E  3 

13.  Find the area enclosed between the curves y=x² and y=2x, for x≥0. 

A  1 

B  4/3 

C  2 

D  8/3 

E  4 

14.  Solve the simultaneous equations 2^(x+y)=32 and 2^(x-y)=2 for x and y. Find x. 

A  1 

B  2 

C  3 

D  4 
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E  5 

15.  A circle has diameter with endpoints (-1,4) and (7,-2). Find the equation of the circle in the form (x-a)²+(y-
b)²=r². 

A  (x-3)²+(y-1)²=16 

B  (x-3)²+(y-1)²=25 

C  (x-4)²+(y-2)²=25 

D  (x-3)²+(y+1)²=25 

E  (x-3)²+(y-1)²=100 

16.  Solve 2cos²x - 5cosx + 2 = 0 for 0 ≤ x < 2π. Find the sum of all solutions, in exact form (in terms of π). 

A  π 

B  4π/3 

C  3π/2 

D  2π 

E  5π/3 

17.  An open-top box is made from a square sheet of card of side 12 cm by cutting squares of side x cm from 
each corner and folding up the sides. Find the value of x that maximises the volume of the box. 

A  1 cm 

B  2 cm 

C  3 cm 

D  4 cm 

E  6 cm 

18.  An arithmetic series has first term 5 and common difference 4. The sum of the first n terms is 495. Find n. 

A  11 

B  12 

C  13 

D  14 

E  15 

19.  Find the gradients of the two tangent lines drawn from the point (5,0) to the circle x²+y²=9. 

A  ±1/2 

B  ±3/4 

C  ±4/5 

D  ±5/6 

E  ±1 

20.  Solve 2sin²x + cosx - 1 = 0 for 0° ≤ x < 360°. Find the sum of all solutions. 

A  180° 

B  240° 

C  300° 

D  360° 

E  420° 

21.  f(x)=x⁴-5x³+5x²+5x-6. Given that x=1 and x=2 are roots, find the other two roots. 

A  x=3, x=-1 

B  x=-3, x=1 

C  x=3, x=1 

D  x=-3, x=-1 

E  x=6, x=-1 
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22.  An open-top cylindrical tank has volume 27π m³. Using S=πr²+2V/r (derived from V=πr²h), find the radius 
that minimises the total surface area. 

A  r=1.5 m 

B  r=2 m 

C  r=2.5 m 

D  r=3 m 

E  r=3.5 m 

23.  Solve log₂(x²-1) - log₂(x+1) = 3 for x. 

A  7 

B  8 

C  9 

D  10 

E  11 

24.  In triangle ABC, AB=8, AC=10, and the area of the triangle is 20√3. Given angle A is acute, find angle A, and 
hence find BC in exact form. 

A  A=60°, BC=2√21 

B  A=60°, BC=√84 

C  A=30°, BC=6 

D  A=45°, BC=2√19 

E  A=60°, BC=6√2 

25.  In the expansion of (1+ax)ⁿ, the coefficient of x is 12 and the coefficient of x² is 60. Find the values of a and 
n. 

A  a=1, n=12 

B  a=2, n=6 

C  a=3, n=4 

D  a=4, n=3 

E  a=6, n=2 

26.  Find the total area enclosed between the curve y=x³-4x and the x-axis, between x=-2 and x=2. 

A  4 

B  6 

C  8 

D  10 

E  12 

27.  Two circles have equations x²+y²=25 and x²+y²-6x-8y+15=0. Find the equation of their common chord 
(radical axis), in the form ax+by+c=0. 

A  3x+4y-20=0 

B  6x+8y-40=0 

C  3x+4y-10=0 

D  6x+8y-15=0 

E  3x-4y-20=0 
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SECTION 3: PHYSICS (OPTIONAL) 

Answer ALL 27 questions. Select the best answer for each. 

1.  A 3 kW immersion heater raises the temperature of 150 kg of water by 40°C, with no heat lost. Specific 
heat capacity of water = 4200 J/(kg·°C). Electricity costs 28p per kWh. Find the cost of the energy used. 

A  £1.68 

B  £1.82 

C  £1.96 

D  £2.10 

E  £2.24 

2.  A power station transmits 200 kW of power through a cable at 20,000 V. The cable has resistance 4 Ω. Find 
the power lost as heat in the cable. 

A  100 W 

B  200 W 

C  400 W 

D  800 W 

E  1600 W 

3.  A 0.5 kg ball moving at 12 m/s collides head-on with a stationary 1.5 kg ball, and they stick together. Find 
the kinetic energy lost in the collision. 

A  9 J 

B  18 J 

C  27 J 

D  36 J 

E  45 J 

4.  A spring with spring constant 400 N/m is compressed by 0.1 m and used to launch a 0.2 kg ball. Find the 
speed of the ball as it leaves the spring, assuming all the elastic PE converts to KE. 

A  √5 m/s 

B  2√5 m/s 

C  4√5 m/s 

D  5√2 m/s 

E  10 m/s 

5.  A gas in a cylinder of cross-sectional area 0.02 m² has length 0.4 m at a pressure of 150 kPa. Using Boyle's 
law, find the new pressure when the gas is compressed at constant temperature to a length of 0.25 m. 

A  150 kPa 

B  187.5 kPa 

C  210 kPa 

D  240 kPa 

E  270 kPa 

6.  A sample initially contains 800 g of a radioactive isotope with a half-life of 12 days. Find the number of days 
elapsed when only 50 g remains. 

A  24 days 

B  36 days 

C  48 days 

D  60 days 

E  72 days 
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7.  Find the total energy required to convert 0.4 kg of ice at 0°C completely into water at 20°C. Specific latent 
heat of fusion of ice = 334,000 J/kg; specific heat capacity of water = 4200 J/(kg·°C). 

A  1.34×10⁵ J 

B  1.51×10⁵ J 

C  1.67×10⁵ J 

D  1.84×10⁵ J 

E  2.01×10⁵ J 

8.  A 1000 kg car decelerates from 25 m/s to rest due to a constant braking force over a distance of 50 m. Find 
the power dissipated at the instant the car is travelling at 25 m/s. 

A  62.5 kW 

B  93.75 kW 

C  125 kW 

D  156.25 kW 

E  187.5 kW 

9.  Two points on a sound wave are 2.5 wavelengths apart along the direction of travel. The frequency of the 
wave is 340 Hz and the speed of sound is 340 m/s. Find the physical distance between these two points. 

A  0.5 m 

B  1 m 

C  1.5 m 

D  2 m 

E  2.5 m 

10.  A circuit consists of an 8 Ω resistor in series with a parallel combination of a 12 Ω and a 4 Ω resistor, 
connected to a 22 V battery. Find the total energy dissipated in 2 minutes. 

A  3960 J 

B  4400 J 

C  4840 J 

D  5280 J 

E  5760 J 

11.  A 0.15 kg ball moving at 20 m/s hits a wall and rebounds at 15 m/s in the opposite direction. The collision 
lasts 0.05 s. Find the average force exerted by the wall on the ball. 

A  15 N 

B  45 N 

C  75 N 

D  105 N 

E  150 N 

12.  A pump raises water through a height of 20 m at a rate of 15 kg/s. Taking g=10 N/kg, and given the pump 
is 75% efficient, find the electrical power input required. 

A  2250 W 

B  3000 W 

C  3500 W 

D  4000 W 

E  4500 W 

13.  A gas-filled cylinder has a piston of area 0.05 m². The gas initially has pressure 200 kPa and volume 0.01 
m³. The piston is pushed in, compressing the gas to a volume of 0.004 m³ at constant temperature. Find the 
force needed to hold the piston in the new position. 

A  10,000 N 
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B  15,000 N 

C  20,000 N 

D  25,000 N 

E  30,000 N 

14.  A radioactive sample has an initial activity of 8000 Bq. After 40 minutes, the activity has fallen to 500 Bq. 
Find the half-life, and hence find the activity after a total of 60 minutes from the start. 

A  Half-life 8 min, activity 100 Bq 

B  Half-life 10 min, activity 125 Bq 

C  Half-life 10 min, activity 250 Bq 

D  Half-life 13.3 min, activity 200 Bq 

E  Half-life 20 min, activity 500 Bq 

15.  A person pushes a 20 kg box across a floor with a force of 60 N, moving it 8 m at constant velocity (so 
friction balances the applied force). Find the work done against friction. 

A  240 J 

B  320 J 

C  400 J 

D  480 J 

E  560 J 

16.  A battery does 900 J of work moving 150 C of charge around a circuit. Find the EMF of the battery, and the 
current if the battery drives this charge in 30 s. 

A  EMF 4V, current 4A 

B  EMF 5V, current 5A 

C  EMF 6V, current 5A 

D  EMF 6V, current 6A 

E  EMF 8V, current 5A 

17.  In a lake, the pressure at one point is 250,000 Pa and at a deeper point is 400,000 Pa. Given the density of 
water is 1000 kg/m³ and g=10 N/kg, find the difference in depth between the two points. 

A  10 m 

B  12 m 

C  15 m 

D  18 m 

E  20 m 

18.  A 5 Ω resistor is connected in series with a parallel combination of a 15 Ω resistor and an unknown resistor 
R. The circuit is connected to a 30 V supply, and the total current drawn is 2 A. Find R. 

A  10 Ω 

B  15 Ω 

C  20 Ω 

D  25 Ω 

E  30 Ω 

19.  A 2 kg block slides from rest down a frictionless slope, dropping through a height of 5 m, then collides with 
and sticks to a stationary 3 kg block at the bottom. Taking g=10 m/s², find the kinetic energy lost in the 
collision. 

A  20 J 

B  40 J 

C  60 J 

D  80 J 
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E  100 J 

20.  Two identical 20 Ω heating elements and a 10 V supply are available. Find the ratio of power dissipated 
when the elements are connected in series compared to when connected in parallel. 

A  1:2 

B  1:4 

C  1:8 

D  2:1 

E  4:1 

21.  An object of mass 5 kg rests on a smooth horizontal surface, as shown in the diagram. A force F acts at an 
angle θ above the horizontal, where sinθ=3/5 and cosθ=4/5, while a horizontal force of 40 N acts as shown. 
The object is in equilibrium. Taking g=10 N/kg, find the magnitude of the normal contact force from the 
surface. 

 

A  10 N 

B  15 N 

C  20 N 

D  25 N 

E  30 N 

22.  In the single-loop circuit shown, a 20 V cell and a 14 V cell (both of negligible internal resistance) are 
connected in series but oriented to oppose each other, together with a 3Ω resistor and a 5Ω resistor. Find the 
potential difference across the 5Ω resistor. 

 

A  1.5 V 

B  2.25 V 

C  3.75 V 

D  4.5 V 

E  6.0 V 
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23.  A projectile is launched from ground level at 20 m/s at an angle of 30° above the horizontal. Taking g=10 
m/s², find the total time of flight (until it returns to ground level). 

A  1 s 

B  1.5 s 

C  2 s 

D  2.5 s 

E  4 s 

24.  A wire of natural length 2.5 m and cross-sectional area 5×10⁻⁷ m² is stretched by a force of 40 N, 
producing an extension of 0.5 mm. Find the Young modulus of the material. 

A  4×10⁸ Pa 

B  8×10⁹ Pa 

C  4×10¹⁰ Pa 

D  4×10¹¹ Pa 

E  8×10¹¹ Pa 

25.  A ray of light travels inside a glass block of refractive index 1.5 and strikes the glass-air boundary at the 
critical angle. Using sinθc=1/n, find the exact value of sinθc. 

A  1/3 

B  2/3 

C  3/4 

D  √2/2 

E  3/2 

26.  Two identical springs, each with spring constant 300 N/m, are connected in parallel (both supporting the 
same load equally) and support a mass, producing an extension of 0.04 m. Find the weight supported. 

A  6 N 

B  12 N 

C  18 N 

D  24 N 

E  36 N 

27.  A force acting on an object increases uniformly from 0 to 60 N as the object moves 4 m in the direction of 
the force. Using the area under the force-distance graph, find the work done. 

A  60 J 

B  90 J 

C  120 J 

D  180 J 

E  240 J 
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SECTION 4: CHEMISTRY (OPTIONAL) 

Answer ALL 27 questions. Select the best answer for each. 

1.  Chlorine consists of two isotopes: ³⁵Cl (75% abundance) and ³⁷Cl (25% abundance). Calculate the relative 
atomic mass of chlorine. 

A  35.0 

B  35.5 

C  36.0 

D  36.5 

E  37.0 

2.  Write the electron configuration of a calcium atom (atomic number 20). 

A  2,8,10 

B  2,8,8,2 

C  2,8,6,4 

D  2,10,8 

E  8,8,2,2 

3.  A compound contains 40.0% carbon, 6.7% hydrogen and 53.3% oxygen by mass. Find its empirical formula. 
(Ar: C=12, H=1, O=16) 

A  CHO 

B  CH₂O 

C  C₂H₄O₂ 

D  CH₃O 

E  C₂H₆O 

4.  Calculate the percentage by mass of nitrogen in ammonium sulfate, (NH₄)₂SO₄. (Ar: N=14, H=1, S=32, O=16) 

A  10.6% 

B  14.0% 

C  21.2% 

D  24.2% 

E  28.0% 

5.  Calculate the mass of carbon dioxide produced when 10 g of calcium carbonate is completely decomposed: 
CaCO₃ → CaO + CO₂. (Mr: CaCO₃=100, CO₂=44) 

A  2.2 g 

B  4.4 g 

C  5.6 g 

D  8.8 g 

E  10.0 g 

6.  5.6 g of iron reacts with 4.0 g of sulfur to form iron(II) sulfide: Fe + S → FeS. (Ar: Fe=56, S=32). Calculate the 
mass of FeS formed. 

A  4.4 g 

B  7.0 g 

C  8.8 g 

D  9.6 g 

E  11.0 g 

7.  25.0 cm³ of 0.20 mol dm⁻³ NaOH is exactly neutralised by 20.0 cm³ of HCl (NaOH + HCl → NaCl + H₂O). 
Calculate the concentration of the HCl. 



ESAT MOCK PRACTICE PAPER 1  |  STIMULATE LEARNING 

© Stimulate Learning 2026. All rights reserved.   ·   Page 17 

A  0.10 mol dm⁻³ 

B  0.16 mol dm⁻³ 

C  0.20 mol dm⁻³ 

D  0.25 mol dm⁻³ 

E  0.40 mol dm⁻³ 

8.  A reaction has a theoretical (predicted) yield of 8.5 g of product. If 6.8 g is actually obtained, calculate the 
percentage yield. 

A  60% 

B  68% 

C  75% 

D  80% 

E  85% 

9.  Calculate the volume, in dm³, occupied by 0.5 mol of a gas at room temperature and pressure (rtp), given 
that 1 mole of gas occupies 24 dm³ at rtp. 

A  6 dm³ 

B  12 dm³ 

C  24 dm³ 

D  36 dm³ 

E  48 dm³ 

10.  Determine the oxidation state of chromium in the dichromate ion, Cr₂O₇²⁻. 

A  +2 

B  +3 

C  +4 

D  +6 

E  +7 

11.  In the reaction Zn(s) + CuSO₄(aq) → ZnSO₄(aq) + Cu(s), which statement correctly describes the electron 
transfer taking place? 

A  Zn is reduced and Cu²⁺ is oxidised 

B  Zn is oxidised and Cu²⁺ is reduced 

C  Both Zn and Cu²⁺ are oxidised 

D  Both Zn and Cu²⁺ are reduced 

E  No electron transfer occurs 

12.  Write the half-equation for the reduction of chlorine gas to chloride ions. 

A  Cl₂ → 2Cl⁻ + 2e⁻ 

B  Cl₂ + 2e⁻ → 2Cl⁻ 

C  2Cl⁻ → Cl₂ + 2e⁻ 

D  Cl₂ + 2e⁻ → 2Cl₂⁻ 

E  2Cl⁻ + 2e⁻ → Cl₂ 

13.  Which statement correctly explains why reactivity increases down Group 1 (the alkali metals)? 

A  Atomic radius decreases down the group, making electron loss easier 

B  Atoms gain extra electron shells down the group, so the outer electron is further from the nucleus and 
more easily lost 

C  The number of protons decreases down the group 

D  Down the group, atoms become smaller and more electronegative 

E  Reactivity is unrelated to atomic structure in Group 1 
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14.  Chlorine gas is bubbled through an aqueous solution of potassium bromide. Which statement correctly 
describes what is observed and why? 

A  No reaction occurs, as chlorine is less reactive than bromine 

B  The solution turns orange/brown, as chlorine displaces bromine from potassium bromide 

C  A white precipitate forms, as insoluble KCl is produced 

D  The solution turns colourless, as bromine is removed as a gas immediately 

E  A blue solution forms due to the formation of copper bromide 

15.  Which statement correctly compares an ionic compound (e.g. sodium chloride) with a simple covalent 
molecular substance (e.g. water)? 

A  Both have similarly low melting points due to weak forces throughout 

B  The ionic compound has a higher melting point, due to strong electrostatic forces acting throughout the 
giant lattice 

C  The covalent substance conducts electricity when solid, but the ionic compound does not 

D  The ionic compound cannot conduct electricity in any state 

E  Both conduct electricity equally well in the solid state 

16.  A hydrocarbon has empirical formula CH₂ and a relative molecular mass of 84. Find its molecular formula. 
(Ar: C=12, H=1) 

A  C₃H₆ 

B  C₄H₈ 

C  C₅H₁₀ 

D  C₆H₁₂ 

E  C₇H₁₄ 

17.  50 cm³ of water (density 1 g/cm³) is heated and its temperature rises by 20°C. Given the specific heat 
capacity of water is 4.2 J/(g·°C), calculate the heat energy transferred, in kJ. 

A  1.0 kJ 

B  2.1 kJ 

C  4.2 kJ 

D  8.4 kJ 

E  10.5 kJ 

18.  Using bond energies C-H = 413, Cl-Cl = 242, C-Cl = 339, H-Cl = 431 kJ/mol, calculate the enthalpy change 
for CH₄ + Cl₂ → CH₃Cl + HCl. 

A  -330 kJ/mol 

B  -225 kJ/mol 

C  -115 kJ/mol 

D  +115 kJ/mol 

E  +330 kJ/mol 

19.  For the equilibrium N₂(g) + 3H₂(g) ⇌ 2NH₃(g), the forward reaction is exothermic. What is the effect of 
increasing the temperature on the position of equilibrium and the yield of ammonia? 

A  Equilibrium shifts right; ammonia yield increases 

B  Equilibrium shifts left; ammonia yield decreases 

C  No change in position of equilibrium 

D  Equilibrium shifts right, but ammonia yield decreases 

E  The reaction stops entirely 

20.  Which statement correctly explains, using collision theory, why increasing temperature increases the rate 
of a reaction? 

A  Particles become larger and collide more often 
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B  Particles move faster, colliding more frequently and with more energy, so a greater proportion of collisions 
exceed the activation energy 

C  Temperature has no effect on particle collisions, only on bond strength 

D  Increasing temperature decreases the activation energy of the reaction 

E  Particles move slower, reducing unwanted side reactions 

21.  Predict the products formed at the cathode and anode during the electrolysis of molten lead(II) bromide, 
PbBr₂. 

A  Cathode: bromine; Anode: lead 

B  Cathode: lead; Anode: bromine 

C  Cathode: hydrogen; Anode: bromine 

D  Cathode: lead; Anode: oxygen 

E  Cathode: bromine; Anode: oxygen 

22.  Predict the products formed at the cathode and anode during the electrolysis of concentrated aqueous 
sodium chloride (brine). 

A  Cathode: sodium; Anode: chlorine 

B  Cathode: hydrogen; Anode: oxygen 

C  Cathode: hydrogen; Anode: chlorine 

D  Cathode: chlorine; Anode: hydrogen 

E  Cathode: oxygen; Anode: sodium 

23.  How many structural isomers exist for the alkane with molecular formula C₅H₁₂? 

A  1 

B  2 

C  3 

D  4 

E  5 

24.  But-1-ene (C₄H₈) undergoes an addition reaction with hydrogen bromide. Find the molecular formula of 
the organic product formed. 

A  C₄H₈Br 

B  C₄H₈Br₂ 

C  C₄H₉Br 

D  C₄H₁₀Br 

E  C₄H₇Br 

25.  Name the alcohol with structural formula CH₃CH₂CH₂CH₂OH. 

A  Butan-2-ol 

B  Propan-1-ol 

C  Butan-1-ol 

D  Pentan-1-ol 

E  Methylpropan-1-ol 

26.  Ethanoic acid reacts with methanol in the presence of an acid catalyst. Name the ester formed. 

A  Ethyl methanoate 

B  Methyl ethanoate 

C  Methyl methanoate 

D  Ethyl ethanoate 

E  Propyl ethanoate 
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27.  Aqueous silver nitrate (in the presence of dilute nitric acid) is added to a solution suspected of containing 
chloride ions. What is observed if chloride ions are present? 

A  A yellow precipitate forms 

B  A cream precipitate forms 

C  A white precipitate forms 

D  The solution turns blue 

E  No visible change occurs 
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SECTION 5: BIOLOGY (OPTIONAL) 

Answer ALL 27 questions. Select the best answer for each. 

1.  Which structure is found in a bacterial (prokaryotic) cell but not in a typical animal cell? 

A  Nucleus 

B  Mitochondrion 

C  Cell wall 

D  Cell membrane 

E  Cytoplasm 

2.  A plant cell is placed in a solution with a higher solute concentration (lower water potential) than the cell's 
contents. By osmosis, what is the net movement of water? 

A  Into the cell 

B  Out of the cell 

C  No net movement occurs 

D  Water moves in both directions equally with no overall effect 

E  Water is actively pumped into the cell 

3.  A human somatic cell containing 46 chromosomes undergoes mitosis. How many chromosomes are present 
in each of the resulting daughter cells? 

A  23 

B  46 

C  69 

D  92 

E  Varies between daughter cells 

4.  A cell with 46 chromosomes undergoes meiosis. How many chromosomes are present in each of the four 
gametes produced? 

A  11.5 

B  23 

C  46 

D  92 

E  184 

5.  A father has the genotype XY and a mother has the genotype XX. Using a genetic cross, find the probability 
that their child is male. 

A  0 

B  1/4 

C  1/2 

D  3/4 

E  1 

6.  In pea plants, tall (T) is dominant to short (t). Two heterozygous tall plants (Tt) are crossed. Find the 
expected ratio of tall to short offspring. 

A  1:1 

B  1:3 

C  2:1 

D  3:1 

E  1:1:1:1 
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7.  A pea plant heterozygous for seed shape (Rr, round dominant over wrinkled) is crossed with another Rr 
plant. Separately, a plant heterozygous for seed colour (Yy, yellow dominant over green) is crossed with 
another Yy plant. Assuming the two genes are inherited independently, find the probability that an offspring is 
both round and yellow. 

A  3/8 

B  9/16 

C  3/4 

D  1/4 

E  1/16 

8.  A strand of DNA has the base sequence A-T-G-C-C-A. Find the complementary base sequence. 

A  A-T-G-C-C-A 

B  T-A-C-G-G-T 

C  G-C-A-T-T-G 

D  T-A-C-G-C-T 

E  C-G-T-A-A-C 

9.  What is the most common effect of a gene mutation on an organism's phenotype? 

A  It is always fatal 

B  It has no effect on the phenotype 

C  It always creates a new, beneficial characteristic 

D  It always causes cancer 

E  It always alters more than one gene simultaneously 

10.  Place the following steps of genetic engineering in the correct order. 

A  Vector introduced into host cell → gene isolated using a restriction enzyme → gene inserted into vector 
using ligase 

B  Gene isolated using a restriction enzyme → gene inserted into a vector using ligase → vector introduced 
into a host cell 

C  Gene inserted into a vector using ligase → vector introduced into a host cell → gene isolated using a 
restriction enzyme 

D  Host cell selected → restriction enzyme added directly to host cell → ligase added to host cell 

E  Vector introduced into host cell → ligase added → restriction enzyme added 

11.  Which type of stem cell can differentiate into any cell type in the body? 

A  Totipotent stem cells 

B  Pluripotent stem cells 

C  Multipotent stem cells 

D  Unipotent stem cells 

E  None of the above 

12.  Antibiotic resistance in bacteria is best described as an example of which biological process? 

A  Genetic engineering 

B  Selective breeding 

C  Evolution through natural selection 

D  Mitosis 

E  Genetic drift caused by human intervention only 

13.  Which statement correctly describes why enzymes are specific to particular substrates? 

A  All enzymes have an identical active site shape 

B  The active site of an enzyme has a shape complementary to its specific substrate 

C  Enzymes react with any substrate that collides with them 
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D  Enzyme specificity depends only on reaction temperature 

E  Enzymes change their active site shape to fit every substrate equally well 

14.  What typically happens to an enzyme's activity when the temperature rises significantly above its 
optimum? 

A  Activity continues to increase indefinitely 

B  Activity remains constant 

C  The enzyme denatures, and its activity decreases sharply 

D  The enzyme becomes more specific to its substrate 

E  The active site becomes a better fit for the substrate 

15.  Complete the word equation for aerobic respiration: glucose + oxygen → ___ + ___ (+ energy). 

A  carbon dioxide + water 

B  lactic acid + water 

C  ethanol + carbon dioxide 

D  glucose + water 

E  carbon dioxide + oxygen 

16.  Name the product formed during anaerobic respiration in human muscle cells. 

A  Ethanol 

B  Carbon dioxide only 

C  Lactic acid 

D  Oxygen 

E  Glucose 

17.  Place the following in the correct order to describe the pathway of a reflex arc. 

A  Effector → motor neurone → relay neurone → sensory neurone → receptor 

B  Receptor → sensory neurone → relay neurone → motor neurone → effector 

C  Receptor → motor neurone → relay neurone → sensory neurone → effector 

D  Sensory neurone → receptor → relay neurone → effector → motor neurone 

E  Receptor → relay neurone → sensory neurone → motor neurone → effector 

18.  Which statement best explains why the alveoli have a large surface area? 

A  To reduce the rate of diffusion of gases 

B  To increase the rate of diffusion of oxygen into the blood and carbon dioxide out of the blood 

C  To store oxygen for later use 

D  To increase the volume of air the lungs can hold, unrelated to diffusion 

E  To prevent gas exchange from occurring too quickly 

19.  A person has a heart rate of 68 beats per minute and a stroke volume of 65 mL. Calculate their cardiac 
output, in mL/min. 

A  3400 mL/min 

B  4030 mL/min 

C  4420 mL/min 

D  4800 mL/min 

E  5120 mL/min 

20.  Which blood component is primarily responsible for blood clotting? 

A  Red blood cells 

B  White blood cells 

C  Platelets 

D  Plasma 
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E  Antibodies 

21.  Blood glucose concentration rises after a meal. Which hormone is released, and from which cells, to lower 
blood glucose back towards normal? 

A  Glucagon, from α-cells of the pancreas 

B  Insulin, from β-cells of the pancreas 

C  Adrenaline, from the adrenal gland 

D  Insulin, from α-cells of the pancreas 

E  ADH, from the pituitary gland 

22.  Which statement correctly describes the effect of increased ADH secretion on the kidneys and the urine 
produced? 

A  More water is reabsorbed in the kidney tubules, producing a smaller volume of more concentrated urine 

B  Less water is reabsorbed, producing a larger volume of dilute urine 

C  ADH has no effect on water reabsorption in the kidney 

D  ADH increases the rate of filtration only, with no effect on reabsorption 

E  ADH causes the kidney to excrete more glucose 

23.  Which hormone triggers ovulation during the menstrual cycle, and from which gland is it released? 

A  FSH, from the ovary 

B  Oestrogen, from the pituitary gland 

C  LH, from the pituitary gland 

D  Progesterone, from the ovary 

E  LH, from the ovary 

24.  Which statement correctly explains how vaccines provide future immunity against a pathogen? 

A  They contain antibiotics that directly kill the pathogen 

B  They contain a dead or inactive form of the pathogen (or its antigens), stimulating the immune system to 
produce antibodies and memory cells 

C  They remove the need for the body's own immune response entirely 

D  They work only against bacterial infections, never viral ones 

E  They permanently disable the pathogen's ability to mutate 

25.  A field of grass captures 5000 kJ of energy. Assuming 10% of the energy is transferred between each 
trophic level, calculate the energy available to a tertiary consumer (three trophic levels above the producer). 

A  500 kJ 

B  50 kJ 

C  5 kJ 

D  0.5 kJ 

E  5000 kJ 

26.  Name the process by which plants convert atmospheric carbon dioxide into organic carbon compounds, as 
part of the carbon cycle. 

A  Respiration 

B  Combustion 

C  Decomposition 

D  Photosynthesis 

E  Transpiration 

27.  A potometer shows that a plant takes up 24 cm³ of water in 2 hours. Using rate of transpiration = volume 
of water/time taken, calculate the rate of transpiration. 

A  6 cm³/hour 
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B  8 cm³/hour 

C  12 cm³/hour 

D  24 cm³/hour 

E  48 cm³/hour 
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COMPLETE SOLUTIONS & WORKED EXPLANATIONS 

SECTION 1: MATHEMATICS 1 - Solutions 

Q1  Correct Answer: B 

Substituting: x²-5x+7=2x-3, giving x²-7x+10=0, which factorises as (x-2)(x-5)=0, so x=2 or x=5. The corresponding points 
are (2,1) and (5,7). The distance between them is √[(5-2)²+(7-1)²] = √[9+36] = √45 = 3√5. 

Q2  Correct Answer: D 

The overall multiplier is 1.2 × 0.75 = 0.9. So original × 0.9 = 108, giving original = 108/0.9 = £120. 

Q3  Correct Answer: E 

Let Amy=4k and Ben=7k. In 6 years: (4k+6)/(7k+6)=3/5, so 5(4k+6)=3(7k+6), giving 20k+30=21k+18, so k=12. The sum 
of their current ages is 4k+7k=11k=132. 

Q4  Correct Answer: D 

By the alternate segment theorem, angle ACB (the angle subtended by AB in the alternate segment) equals the angle 
between the tangent and chord: angle ACB=64°. Since triangle ABC is isosceles with AC=CB, the base angles at A and B 
are equal: angle CAB = (180°-64°)/2 = 58°. 

Q5  Correct Answer: D 

Since 75% of girls play a sport: 0.75×(number of girls)=180, so there are 240 girls. Using the ratio boys:girls=5:6, the 
number of boys is 240×(5/6)=200. The total number of students is 200+240=440. 

Q6  Correct Answer: C 

The total number of ways to choose 3 balls from 9 is C(9,3)=84. The number of ways to choose one ball of each colour 
is 4×3×2=24. The probability is 24/84 = 2/7. 

Q7  Correct Answer: D 

Since DE is parallel to BC, triangles ADE and ABC are similar with scale factor AB/AD=(6+4)/6=10/6=5/3. So BC = 
DE×(5/3) = 9×(5/3) = 15 cm. 

Q8  Correct Answer: C 

Checking values directly: T₆=3(36)-30-2=76, which is not greater than 100. T₇=3(49)-35-2=110, which is greater than 
100. So the smallest such value is n=7. 

Q9  Correct Answer: D 

Computing year by year: after 7 years, A=4000(1.1)⁷≈£7794.87 and B=2000(1.2)⁷≈£7166.36, so A is still larger. After 8 
years, A=4000(1.1)⁸≈£8574.36 and B=2000(1.2)⁸≈£8599.63, so B has now overtaken A. Investment B first exceeds 
Investment A after 8 complete years. 

Q10  Correct Answer: D 

The area ratio 4:9 is the square of the length ratio, so the length ratio is 2:3. Perimeters scale with length, so the 
larger perimeter is 20×(3/2) = 30 cm. 

Q11  Correct Answer: D 

There are 4000 type A products (40%) and 6000 type B products (60%). Defective type A: 0.05×4000=200. Defective 
type B: 0.08×6000=480. Total defective: 200+480=680. 

Q12  Correct Answer: C 

Using (x+y)²=x²+2xy+y²: 225=113+2xy, giving 2xy=112, so xy=56. 

Q13  Correct Answer: C 

Let the youngest's age be x. Then the eldest is 2x and the middle sibling is x+4. Summing: x+2x+(x+4)=36, giving 
4x+4=36, so x=8. The eldest sibling's age is 2(8)=16. 
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Q14  Correct Answer: D 

The volume is 5×4×10=200 cm³, and the mass is 1.6 kg=1600 g. Density = mass/volume = 1600/200 = 8 g/cm³. 

Q15  Correct Answer: C 

Combining the fractions: [2(x+2)+3(x-1)]/[(x-1)(x+2)]=1, so 5x+1=(x-1)(x+2)=x²+x-2, giving x²-4x-3=0. By Vieta's 
formulas, the sum of the roots of this quadratic is 4, without needing to solve for the individual roots. 

Q16  Correct Answer: C 

Using sector area = (θ/360°)πr²: 64π = (90/360)πr² = (1/4)πr², so r²=256, giving r=16 cm. 

Q17  Correct Answer: B 

Since y=k/x², substituting x=4, y=3 gives k=x²y=16×3=48. When y=48: x²=k/y=48/48=1, so x=±1. 

Q18  Correct Answer: D 

Let the numbers be a-d, a, a+d. Their sum is 3a=27, so a=9. The sum of squares is (a-d)²+a²+(a+d)²=3a²+2d²=293. 
Substituting a=9: 243+2d²=293, so d²=25, giving d=5. The largest number is a+d=9+5=14. 

Q19  Correct Answer: C 

Let length l and width w satisfy l+w=50 (half the perimeter) and lw=616. Using (l-w)²=(l+w)²-4lw = 2500-2464=36, so l-
w=6. 

Q20  Correct Answer: C 

Since ABCD is a cyclic quadrilateral, opposite angles sum to 180°: angle ABC = 180°-132° = 48°. Since AB is a diameter, 
angle ACB=90° (angle in a semicircle). In triangle ABC, the angles sum to 180°: angle BAC = 180°-48°-90° = 42°. 

Q21  Correct Answer: D 

Using the identity x³+1/x³=(x+1/x)³-3(x+1/x): substituting x+1/x=5 gives 5³-3(5)=125-15=110. 

Q22  Correct Answer: C 

With all three open, the combined rate is 1/6+1/8-1/12=5/24 of the tank per hour. In 2 hours, 2×5/24=5/12 of the 
tank is filled, leaving 7/12 remaining. With C closed, the rate becomes 1/6+1/8=7/24 per hour. The remaining 7/12 is 
filled in (7/12)÷(7/24)=2 hours. The total time is 2+2=4 hours. 

Q23  Correct Answer: D 

The combined multiplier from the first two changes is 1.5×0.5=0.75. For the price to return to its original value: 
0.75×(1+z/100)=1, so 1+z/100=4/3, giving z/100=1/3, so z=33⅓%. 

Q24  Correct Answer: C 

From the first equation, z=10-x-y. Substituting into the second: 2x-y+10-x-y=5, giving x-2y=-5. Substituting z into the 
third: x+2y-(10-x-y)=8, giving 2x+3y=18. Solving x=2y-5 with 2x+3y=18: 2(2y-5)+3y=18, so 7y=28, giving y=4, and then 
x=2(4)-5=3. 

Q25  Correct Answer: D 

The height from the apex to the base splits the base into two 5 cm segments: height=√(13²-5²)=√144=12 cm. The area 
of the triangle is ½×10×12=60 cm². The volume of the prism is area×length=60×20=1200 cm³. 

Q26  Correct Answer: B 

Rearranging: √(2x+7)=1+√(x+3). Squaring: 2x+7=1+2√(x+3)+(x+3), which simplifies to x+3=2√(x+3). Letting u=√(x+3): 
u²=2u, so u(u-2)=0, giving u=0 or u=2. This gives x=-3 or x=1. Checking both in the original equation confirms both are 

valid: at x=-3, √1-√0=1 ✓; at x=1, √9-√4=3-2=1 ✓. The sum of solutions is -3+1=-2. 

Q27  Correct Answer: C 

The angle at the centre is twice the angle at the circumference subtended by the same arc AB. Since angle AOB=100° 
and C lies on the major arc, angle ACB = 100°/2 = 50°. 
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SECTION 2: MATHEMATICS 2 - Solutions 

Q1  Correct Answer: B 

Setting the equations equal: 2x²-5x+7=3x+k, giving 2x²-8x+(7-k)=0. For tangency, the discriminant must be zero: 64-
8(7-k)=0, so 64-56+8k=0, giving 8k=-8, so k=-1. 

Q2  Correct Answer: C 

By the sine rule, sinC = AB×sinA/BC = 10×0.574/7 ≈ 0.82. This gives C≈55° or C≈180°-55°=125°. Both are valid since 
angle A (35°) plus either value of C remains under 180°, illustrating the ambiguous case (angle-side-side). 

Q3  Correct Answer: B 

Completing the square: (x-2)²+(y+3)²=25, so the circle has centre (2,-3) and radius 5. Rewriting the line as x-y+2=0, the 
perpendicular distance from the centre to the line is |2-(-3)+2|/√2 = 7/√2. The chord length is 2√(r²-d²) = 2√(25-49/2) 
= 2√(1/2) = √2. 

Q4  Correct Answer: C 

Factorising: (2sinx-1)(sinx+1)=0, giving sinx=1/2 or sinx=-1. sinx=1/2 gives x=π/6 or x=5π/6. sinx=-1 gives x=3π/2. The 
sum of all three solutions is π/6+5π/6+3π/2 = π+3π/2 = 5π/2. 

Q5  Correct Answer: B 

The general term is C(5,k)(2)^(5-k)(-x)^k. For the x³ term, k=3: C(5,3)(2)²(-1)³ = 10×4×(-1) = -40. 

Q6  Correct Answer: A 

Since f(1)=0, dividing f(x) by (x-1) gives x²-x-6, which factorises as (x-3)(x+2). The other two roots are 3 and -2, and 
their product is 3×(-2)=-6. 

Q7  Correct Answer: C 

Combining logs: log₃[x(x-2)]=1, so x(x-2)=3, giving x²-2x-3=0, which factorises as (x-3)(x+1)=0, so x=3 or x=-1. Since 
log₃(x-2) requires x>2, only x=3 is a valid solution. 

Q8  Correct Answer: C 

At x=2: y=8-6+2=4. The gradient is dy/dx=3x²-3=9 at x=2, so the normal gradient is -1/9. Using the point (2,4): y-4=-
(1/9)(x-2), which rearranges to x+9y=2+36=38. 

Q9  Correct Answer: C 

Setting the curve equal to the line: x²-4x+3=3, giving x²-4x=0, so x=0 or x=4. The area is ∫₀⁴[3-(x²-4x+3)]dx = ∫₀⁴(4x-
x²)dx = [2x²-x³/3]₀⁴ = 32-64/3 = 32/3. 

Q10  Correct Answer: C 

The nth term is Tₙ=Sₙ-Sₙ₋₁=4n²+3n-[4(n-1)²+3(n-1)]=8n-1. Substituting n=10: T₁₀=8(10)-1=79. 

Q11  Correct Answer: B 

Substituting: x²+(mx+4)²=8, giving (1+m²)x²+8mx+8=0. For tangency, the discriminant must be zero: 64m²-
4(1+m²)(8)=0, so 64m²-32-32m²=0, giving 32m²=32, so m²=1, meaning m=±1. 

Q12  Correct Answer: B 

The terms are a₁=2, a₃=2+2d, a₇=2+6d. For a geometric sequence, (a₃)²=a₁×a₇: (2+2d)²=2(2+6d), giving 
4+8d+4d²=4+12d, so 4d²-4d=0, i.e. 4d(d-1)=0. Since d≠0, d=1. 

Q13  Correct Answer: B 

The curves intersect where x²=2x, i.e. x(x-2)=0, so x=0 or x=2. The area is ∫₀²(2x-x²)dx = [x²-x³/3]₀² = 4-8/3 = 4/3. 

Q14  Correct Answer: C 

Since 32=2⁵, the first equation gives x+y=5. Since 2=2¹, the second gives x-y=1. Adding these: 2x=6, so x=3 (and y=2). 

Q15  Correct Answer: B 
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The centre is the midpoint of the diameter: ((-1+7)/2, (4-2)/2) = (3,1). The diameter's length is √[(7-(-1))²+(-2-4)²] = 
√[64+36] = √100 = 10, so the radius is 5. The equation is (x-3)²+(y-1)²=25. 

Q16  Correct Answer: D 

Factorising: (2cosx-1)(cosx-2)=0, giving cosx=1/2 or cosx=2 (impossible). cosx=1/2 gives x=π/3 or x=5π/3 in the given 
range. The sum is π/3+5π/3 = 6π/3 = 2π. 

Q17  Correct Answer: B 

The volume is V=x(12-2x)²=144x-48x²+4x³. Differentiating: dV/dx=144-96x+12x²=12(x-2)(x-6), which is zero at x=2 or 
x=6 (x=6 gives zero volume and is rejected). Checking the second derivative, V''=-96+24x, which at x=2 gives -48<0, 
confirming a maximum at x=2 cm. 

Q18  Correct Answer: E 

Using Sₙ=n/2[2a+(n-1)d]: 495 = n/2[10+4(n-1)] = n/2[4n+6] = n(2n+3). This gives 2n²+3n-495=0. The discriminant is 
9+3960=3969=63², so n=(-3+63)/4 = 60/4 = 15. 

Q19  Correct Answer: B 

A tangent line through (5,0) has equation y=m(x-5), or mx-y-5m=0. For tangency, its distance from the centre (0,0) 
must equal the radius: |-5m|/√(m²+1)=3. Squaring: 25m²=9(m²+1), so 25m²-9m²=9, giving 16m²=9, so m²=9/16, 
meaning m=±3/4. 

Q20  Correct Answer: D 

Using sin²x=1-cos²x: 2(1-cos²x)+cosx-1=0, giving -2cos²x+cosx+1=0, i.e. 2cos²x-cosx-1=0. This factorises as 
(2cosx+1)(cosx-1)=0, giving cosx=-1/2 or cosx=1. cosx=1 gives x=0°. cosx=-1/2 gives x=120° and x=240°. The sum of all 
solutions is 0+120+240 = 360°. 

Q21  Correct Answer: A 

Dividing f(x) by (x-1)(x-2)=x²-3x+2 gives a quotient of x²-2x-3, which factorises as (x-3)(x+1). So the other two roots are 
x=3 and x=-1. 

Q22  Correct Answer: D 

Differentiating S with respect to r: dS/dr=2πr-2V/r². Setting this to zero: 2πr=2V/r², so πr³=V=27π, giving r³=27, so r=3 
m. 

Q23  Correct Answer: C 

Combining the logs: log₂[(x²-1)/(x+1)]=3. Since (x²-1)/(x+1)=x-1 for x≠-1, this simplifies to log₂(x-1)=3, so x-1=2³=8, 
giving x=9. This satisfies the domain requirement x>1. 

Q24  Correct Answer: A 

Using Area=½(AB)(AC)sinA: 20√3=½(8)(10)sinA=40sinA, so sinA=√3/2, giving A=60° (since A is acute). Using the cosine 
rule: BC²=AB²+AC²-2(AB)(AC)cosA=64+100-2(80)(0.5)=164-80=84, so BC=√84=2√21. 

Q25  Correct Answer: B 

The coefficient of x is na=12. The coefficient of x² is [n(n-1)/2]a²=60. Substituting a=12/n into the second equation: 
[n(n-1)/2](144/n²)=60, which simplifies to 144(n-1)=120n, giving 24n=144, so n=6. Then a=12/6=2. 

Q26  Correct Answer: C 

The curve crosses the x-axis at x=-2, 0, 2. Between x=-2 and x=0, the curve is above the axis, giving an area of |∫₋₂⁰(x³-
4x)dx| = |[x⁴/4-2x²]₋₂⁰| = |0-(-4)| = 4. Between x=0 and x=2, the curve is below the axis, giving an area of |∫₀²(x³-
4x)dx| = |-4-0| = 4. The total area is 4+4 = 8. 

Q27  Correct Answer: A 

Subtracting the second equation from the first eliminates the x²+y² terms: 0-(-6x-8y+15)=25-0, giving 6x+8y-15=25, so 
6x+8y-40=0, which simplifies (dividing by 2) to 3x+4y-20=0. 
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SECTION 3: PHYSICS - Solutions 

Q1  Correct Answer: C 

The energy required is E=mcΔT=150×4200×40=25,200,000 J. Converting to kWh: 25,200,000/3,600,000 = 7 kWh. The 
cost is 7×28p = 196p = £1.96. 

Q2  Correct Answer: C 

The current in the cable is I=P/V=200,000/20,000=10 A. The power lost as heat is P=I²R=10²×4=400 W. 

Q3  Correct Answer: C 

By conservation of momentum: 0.5×12 = 2×v, so v=3 m/s. Initial KE = ½(0.5)(12²)=36 J. Final KE = ½(2)(3²)=9 J. The 
kinetic energy lost is 36-9=27 J. 

Q4  Correct Answer: B 

The elastic PE stored is E=½kx²=½(400)(0.1²)=2 J. Setting this equal to the ball's KE: 2=½(0.2)v², so v²=20, giving 
v=√20=2√5 m/s. 

Q5  Correct Answer: D 

The initial volume is V₁=0.02×0.4=0.008 m³ and the final volume is V₂=0.02×0.25=0.005 m³. By Boyle's law, P₁V₁=P₂V₂: 
150,000×0.008=P₂×0.005, so P₂=1200/0.005=240,000 Pa=240 kPa. 

Q6  Correct Answer: C 

The mass has reduced by a factor of 800/50=16=2⁴, so 4 half-lives have elapsed. The time elapsed is 4×12=48 days. 

Q7  Correct Answer: C 

Melting the ice requires E₁=mL=0.4×334,000=133,600 J. Heating the resulting water from 0°C to 20°C requires 
E₂=mcΔT=0.4×4200×20=33,600 J. The total energy required is 133,600+33,600=167,200 J ≈ 1.67×10⁵ J. 

Q8  Correct Answer: D 

Using the work-energy theorem, F×d=½mv², so F=½(1000)(25²)/50=312,500/50=6250 N. The power dissipated at 25 
m/s is P=Fv=6250×25=156,250 W = 156.25 kW. 

Q9  Correct Answer: E 

The wavelength is λ=v/f=340/340=1 m. The distance between the two points is 2.5×1=2.5 m. 

Q10  Correct Answer: D 

The parallel combination has resistance (12×4)/(12+4)=3 Ω, giving a total resistance of 8+3=11 Ω. The current is 
I=22/11=2 A, so the power is P=VI=22×2=44 W. Over 2 minutes (120 s), the energy dissipated is E=Pt=44×120=5280 J. 

Q11  Correct Answer: D 

Taking the initial direction as positive, the change in momentum is Δp=m(v_final-v_initial)=0.15×(-15-20)=0.15×(-35)=-
5.25 kg·m/s. The magnitude of the average force is F=|Δp|/Δt=5.25/0.05=105 N. 

Q12  Correct Answer: D 

The useful power output is the rate of gaining GPE: (15 kg/s)×10×20=3000 W. Since efficiency=useful output/input, 
the input power is 3000/0.75=4000 W. 

Q13  Correct Answer: D 

By Boyle's law, P₁V₁=P₂V₂: 200,000×0.01=P₂×0.004, so P₂=2000/0.004=500,000 Pa. The force on the piston is 
F=P₂×A=500,000×0.05=25,000 N. 

Q14  Correct Answer: B 

The activity falls by a factor of 8000/500=16=2⁴ in 40 minutes, so 4 half-lives elapse in 40 minutes, giving a half-life of 
10 minutes. After 60 minutes, 60/10=6 half-lives have elapsed, so the activity is 8000/2⁶ = 8000/64 = 125 Bq. 

Q15  Correct Answer: D 
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Since the box moves at constant velocity, the friction force equals the applied force, 60 N. The work done against 
friction is W=Fd=60×8=480 J (all of which is dissipated as heat, since the box's kinetic energy is unchanged). 

Q16  Correct Answer: C 

Using EMF = work done/charge: EMF = 900/150 = 6 V. Using current = charge/time: I = 150/30 = 5 A. 

Q17  Correct Answer: C 

The difference in hydrostatic pressure relates to depth by ΔP=ρgΔh. Rearranging: Δh=ΔP/(ρg) = (400,000-
250,000)/(1000×10) = 150,000/10,000 = 15 m. 

Q18  Correct Answer: E 

The total resistance is 30/2=15 Ω, so the parallel combination has resistance 15-5=10 Ω. Using 1/10=1/15+1/R: 
1/R=1/10-1/15=1/30, so R=30 Ω. 

Q19  Correct Answer: C 

The speed at the bottom of the slope is v=√(2gh)=√(2×10×5)=√100=10 m/s. By momentum conservation in the 
collision: 2×10=5×v', giving v'=4 m/s. The KE before the collision is ½(2)(10²)=100 J, and after is ½(5)(4²)=40 J. The 
kinetic energy lost is 100-40=60 J. 

Q20  Correct Answer: B 

In series, total resistance is 40 Ω, giving power P=V²/R=100/40=2.5 W. In parallel, total resistance is 10 Ω, giving power 
P=V²/R=100/10=10 W. The ratio series:parallel is 2.5:10 = 1:4. 

Q21  Correct Answer: C 

Horizontal equilibrium requires F cosθ = 40 N, so F×(4/5)=40, giving F=50 N. The vertical component of F is F sinθ = 
50×(3/5) = 30 N, acting upward. The object's weight is mg = 5×10 = 50 N. Vertical equilibrium requires N + Fsinθ = mg, 
so N = 50 - 30 = 20 N. 

Q22  Correct Answer: C 

Since the cells oppose each other, the net EMF driving the circuit is 20-14=6 V. The total resistance is 3+5=8Ω, so the 
current is I=6/8=0.75 A. The potential difference across the 5Ω resistor is V=IR=0.75×5=3.75 V. 

Q23  Correct Answer: C 

The vertical component of the initial velocity is u_y=20sin30°=10 m/s. The time to reach maximum height is u_y/g=1 
s. By symmetry, the total time of flight is twice this: 2 s. 

Q24  Correct Answer: D 

Stress = F/A = 40/(5×10⁻⁷) = 8×10⁷ Pa. Strain = extension/length = (0.5×10⁻³)/2.5 = 2×10⁻⁴. The Young modulus is 
stress/strain = (8×10⁷)/(2×10⁻⁴) = 4×10¹¹ Pa. 

Q25  Correct Answer: B 

Using sinθc=1/n: sinθc = 1/1.5 = 2/3. 

Q26  Correct Answer: D 

For springs in parallel, the combined spring constant is the sum: k=300+300=600 N/m. The weight is 
W=kx=600×0.04=24 N. 

Q27  Correct Answer: C 

The work done equals the area under the force-distance graph, which is a triangle: W = ½ × 4 × 60 = 120 J. 
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SECTION 4: CHEMISTRY - Solutions 

Q1  Correct Answer: B 

Relative atomic mass is the weighted mean: (0.75×35) + (0.25×37) = 26.25 + 9.25 = 35.5. 

Q2  Correct Answer: B 

Electron shells fill 2, 8, 8, then the remaining electrons: 2+8+8=18, leaving 2 electrons in the fourth shell. This gives 
2,8,8,2, which sums to 20 electrons. 

Q3  Correct Answer: B 

Moles: C = 40.0/12 = 3.33, H = 6.7/1 = 6.7, O = 53.3/16 = 3.33. Dividing each by the smallest value (3.33): C=1, H=2, 
O=1. The empirical formula is CH₂O. 

Q4  Correct Answer: C 

Mr of (NH₄)₂SO₄ = 2(14+4) + 32 + 4(16) = 36 + 32 + 64 = 132. Mass of N present = 2×14 = 28. Percentage = 
(28/132)×100 ≈ 21.2%. 

Q5  Correct Answer: B 

Moles of CaCO₃ = 10/100 = 0.1 mol. By the 1:1 ratio in the equation, 0.1 mol of CO₂ is formed. Mass of CO₂ = 0.1 × 44 
= 4.4 g. 

Q6  Correct Answer: C 

Moles of Fe = 5.6/56 = 0.1 mol. Moles of S = 4.0/32 = 0.125 mol. Since the reaction is 1:1, iron is the limiting reactant. 
Moles of FeS formed = 0.1 mol. Mr of FeS = 56+32 = 88, so mass = 0.1 × 88 = 8.8 g. 

Q7  Correct Answer: D 

Moles of NaOH = 0.0250 dm³ × 0.20 mol dm⁻³ = 0.005 mol. Since the reacting ratio of HCl to NaOH is 1:1, moles of HCl 
= 0.005 mol. Concentration of HCl = 0.005/0.0200 = 0.25 mol dm⁻³. 

Q8  Correct Answer: D 

Percentage yield = (actual yield/predicted yield) × 100 = (6.8/8.5) × 100 = 80%. 

Q9  Correct Answer: B 

Volume = moles × molar volume = 0.5 × 24 = 12 dm³. 

Q10  Correct Answer: D 

Let the oxidation state of Cr be x. Oxygen is -2, and the overall ion charge is -2: 2x + 7(-2) = -2, so 2x - 14 = -2, giving 2x 
= 12, so x = +6. 

Q11  Correct Answer: B 

Zinc atoms lose two electrons to form Zn²⁺ (oxidation state increases from 0 to +2), so zinc is oxidised. Cu²⁺ ions gain 
two electrons to form Cu atoms (oxidation state decreases from +2 to 0), so copper is reduced. 

Q12  Correct Answer: B 

Reduction is the gain of electrons. Each chlorine atom in Cl₂ gains one electron to form a chloride ion: Cl₂ + 2e⁻ → 
2Cl⁻. 

Q13  Correct Answer: B 

Moving down Group 1, atoms gain extra electron shells. This places the single outer electron further from the nucleus 
and increases shielding from inner shells, so it is more easily lost - making the atom more reactive. 

Q14  Correct Answer: B 

Chlorine is more reactive than bromine (reactivity decreases down Group 17), so it displaces bromide ions: Cl₂ + 2KBr 
→ 2KCl + Br₂. The bromine formed gives the solution an orange/brown colour. 

Q15  Correct Answer: B 
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Ionic compounds form giant lattices held together by strong electrostatic forces between oppositely charged ions 
throughout the structure, giving high melting points. Simple covalent substances consist of individual molecules held 
together by comparatively weak intermolecular forces, giving low melting points despite strong covalent bonds within 
each molecule. 

Q16  Correct Answer: D 

The empirical formula mass of CH₂ is 12+2 = 14. Dividing the molecular mass by this: 84/14 = 6. The molecular formula 
is (CH₂)₆ = C₆H₁₂. 

Q17  Correct Answer: C 

The mass of water is 50 g (since density = 1 g/cm³). Using E = mcΔT: E = 50 × 4.2 × 20 = 4200 J = 4.2 kJ. 

Q18  Correct Answer: C 

Energy needed to break bonds: 1 C-H (413) + 1 Cl-Cl (242) = 655 kJ/mol. Energy released forming bonds: 1 C-Cl (339) + 
1 H-Cl (431) = 770 kJ/mol. Enthalpy change = bonds broken - bonds formed = 655 - 770 = -115 kJ/mol. 

Q19  Correct Answer: B 

Since the forward reaction is exothermic, the reverse reaction is endothermic. Increasing the temperature favours the 
endothermic direction, shifting the equilibrium to the left (towards N₂ and H₂), decreasing the yield of ammonia. 

Q20  Correct Answer: B 

Increasing temperature increases the kinetic energy of particles, so they move faster. This causes more frequent 
collisions, and - more importantly - a greater proportion of these collisions have energy exceeding the activation 
energy, resulting in more successful collisions per second. 

Q21  Correct Answer: B 

In molten PbBr₂, the only ions present are Pb²⁺ and Br⁻. At the cathode (negative electrode), Pb²⁺ ions gain electrons 
(reduction): Pb²⁺ + 2e⁻ → Pb. At the anode (positive electrode), Br⁻ ions lose electrons (oxidation): 2Br⁻ → Br₂ + 2e⁻. 

Q22  Correct Answer: C 

At the cathode, H⁺ ions are discharged in preference to the more reactive Na⁺ ions, producing hydrogen gas. At the 
anode, in concentrated brine, Cl⁻ ions are discharged in preference to OH⁻ ions (due to their high concentration), 
producing chlorine gas. 

Q23  Correct Answer: C 

C₅H₁₂ has three structural isomers: pentane (straight chain), 2-methylbutane, and 2,2-dimethylpropane. 

Q24  Correct Answer: C 

In an addition reaction, HBr adds across the C=C double bond of but-1-ene (C₄H₈), with the H and Br atoms both being 
incorporated into the product. This gives a saturated bromoalkane with molecular formula C₄H₉Br. 

Q25  Correct Answer: C 

This is a straight-chain, 4-carbon alcohol with the -OH group on carbon 1, so it is named butan-1-ol. 

Q26  Correct Answer: B 

The ester name takes the alcohol part first (methyl, from methanol) followed by the acid part with an '-oate' ending 
(ethanoate, from ethanoic acid), giving methyl ethanoate. 

Q27  Correct Answer: C 

Silver nitrate reacts with chloride ions to form insoluble silver chloride, seen as a white precipitate. (Bromide ions give 
a cream precipitate and iodide ions give a yellow precipitate under the same test.) 
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SECTION 5: BIOLOGY - Solutions 

Q1  Correct Answer: C 

Bacterial cells have a cell wall, but animal cells do not possess a cell wall at all (unlike plant cells, which have a 
different type of cell wall). Bacteria also lack a true nucleus and mitochondria, which animal cells possess. 

Q2  Correct Answer: B 

Osmosis is the net movement of water from a region of higher water potential to a region of lower water potential. 
Since the surrounding solution has a lower water potential than the cell, water moves out of the cell. 

Q3  Correct Answer: B 

Mitosis produces two daughter cells that are genetically identical to the parent cell and to each other, each containing 
the full diploid number of 46 chromosomes. 

Q4  Correct Answer: B 

Meiosis involves two cell divisions, halving the chromosome number to produce four haploid gametes, each 
containing 23 chromosomes (a single copy of each chromosome). 

Q5  Correct Answer: C 

The father contributes either an X or a Y chromosome with equal probability, while the mother always contributes an 
X chromosome. This gives possible offspring genotypes XX (female) or XY (male), each with probability 1/2. 

Q6  Correct Answer: D 

Crossing Tt × Tt gives offspring genotypes in the ratio 1 TT : 2 Tt : 1 tt. Since TT and Tt are both tall (T is dominant), the 
phenotype ratio is 3 tall : 1 short. 

Q7  Correct Answer: B 

For each cross, P(round) = 3/4 and P(yellow) = 3/4 (from the standard 3:1 monohybrid ratio). Since the two genes are 
inherited independently, the combined probability is found by multiplying: (3/4) × (3/4) = 9/16. 

Q8  Correct Answer: B 

DNA bases pair according to the rule A pairs with T, and G pairs with C. Applying this to each base in turn (A-T-G-C-C-
A) gives the complementary strand T-A-C-G-G-T. 

Q9  Correct Answer: B 

Most mutations have no effect on the phenotype, since many changes in the DNA sequence do not alter the resulting 
protein significantly (or occur in non-coding regions). Some mutations have a small effect, and occasionally a mutation 
will significantly determine the phenotype. 

Q10  Correct Answer: B 

Genetic engineering first uses a restriction enzyme to cut out the desired gene from an organism's DNA. This gene is 
then inserted into a vector (such as a plasmid) using the enzyme ligase, which joins the DNA fragments together. 
Finally, the vector carrying the gene is introduced into the DNA of the recipient (host) organism. 

Q11  Correct Answer: B 

Most embryonic stem cells are pluripotent, meaning they can differentiate into any cell type in the body. (Totipotent 
cells, found very early in development, can additionally form a complete organism including extra-embryonic tissue; 
multipotent adult stem cells can only differentiate into a limited range of cell types.) 

Q12  Correct Answer: C 

Antibiotic resistance arises because bacteria show genetic variation; those with a resistance mutation survive 
antibiotic exposure and reproduce, passing the resistance allele to their offspring. Over time this increases the 
proportion of resistant bacteria in the population - a clear example of evolution through natural selection. 

Q13  Correct Answer: B 
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Each enzyme has an active site with a shape that is complementary to a specific substrate (or group of similar 
substrates), allowing the substrate to bind and react. This explains why enzymes are generally specific to particular 
reactions. 

Q14  Correct Answer: C 

At temperatures significantly above the optimum, the enzyme's tertiary structure is disrupted (denaturation), 
changing the shape of the active site so the substrate can no longer bind effectively. This causes a sharp decrease in 
enzyme activity. 

Q15  Correct Answer: A 

Aerobic respiration is summarised by the word equation: glucose + oxygen → carbon dioxide + water (+ energy). 

Q16  Correct Answer: C 

In human muscle cells, anaerobic respiration produces lactic acid (with no carbon dioxide released), unlike anaerobic 
respiration in yeast, which produces ethanol and carbon dioxide. 

Q17  Correct Answer: B 

A stimulus is detected by a receptor, which sends an impulse along a sensory neurone to the central nervous system. 
Here, a relay neurone connects to a motor neurone, which carries the impulse to an effector (muscle or gland) that 
produces the response. 

Q18  Correct Answer: B 

A large surface area increases the rate at which gases can diffuse across the exchange surface. This maximises the 
rate of diffusion of oxygen into the blood and carbon dioxide out of the blood in the alveoli. 

Q19  Correct Answer: C 

Cardiac output = heart rate × stroke volume = 68 × 65 = 4420 mL/min. 

Q20  Correct Answer: C 

Platelets are the blood component involved in blood clotting, helping to seal wounds and prevent blood loss and 
infection. 

Q21  Correct Answer: B 

When blood glucose rises, insulin is released from the β-cells of the islets of Langerhans in the pancreas. Insulin 
promotes the uptake of glucose by cells and its storage as glycogen, lowering blood glucose concentration. 

Q22  Correct Answer: A 

Increased ADH secretion increases the permeability of the kidney tubules and collecting duct to water, so more water 
is reabsorbed back into the blood. This results in a smaller volume of more concentrated urine being produced. 

Q23  Correct Answer: C 

A surge in LH (luteinising hormone), released by the pituitary gland, triggers ovulation - the release of an egg from the 
ovary. 

Q24  Correct Answer: B 

Vaccines contain a dead or inactivated form of a pathogen (or parts of it, such as antigens). This stimulates the 
immune system to produce antibodies and, importantly, memory cells - allowing a faster, stronger antibody response 
if the same pathogen is encountered again in future. 

Q25  Correct Answer: C 

Energy transfer occurs at each of the three steps from producer to tertiary consumer (producer → primary consumer 
→ secondary consumer → tertiary consumer). Applying 10% efficiency at each of the three transfers: 5000 × 0.1 × 0.1 
× 0.1 = 5 kJ. 

Q26  Correct Answer: D 

Photosynthesis is the process by which plants use light energy to convert carbon dioxide and water into glucose (an 
organic carbon compound) and oxygen, removing carbon dioxide from the atmosphere. 
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Q27  Correct Answer: C 

Rate of transpiration = volume of water/time taken = 24/2 = 12 cm³/hour. 

 


