GCSE Science Challenge
52 Weekly Problems — Physics, Biology, Chemistry
These problems are designed to make you think. Read carefully, show all working, and enjoy the journey.

Problem 1  [Physics – Forces & Motion]
The Falling Ruler
Hold a 30 cm ruler vertically and drop it. A friend tries to catch it the instant they see it drop. Human reaction time is about 0.2 s.
(a) How far does the ruler fall before your friend's fingers close? Use g = 10 m/s².
Answer: _____________________________________________
(b) Where along the ruler should your friend place their hand to have the best chance of catching it? Explain.
Answer: _____________________________________________
(c) A cat's reaction time is about 20 ms. How far would the ruler fall for a cat?
Answer: _____________________________________________

Problem 2  [Biology – Estimation]
How Many Breaths in a Lifetime?
The average person breathes 15 times per minute, lives to about 80 years, and takes in roughly 0.5 litres per breath.
(a) Estimate the total number of breaths taken in a lifetime.
Answer: _____________________________________________
(b) Estimate the total volume of air breathed in. How does this compare to an Olympic pool (2,500,000 litres)?
Answer: _____________________________________________
(c) Air is 21% oxygen; about a quarter is absorbed per breath. Roughly how many moles of O₂ does a person absorb? (Molar volume ≈ 24 l/mol)
Answer: _____________________________________________

Problem 3  [Physics – Waves]
Thunder and Lightning
You see a lightning flash and count 4 seconds before hearing the thunder. Speed of sound = 340 m/s; speed of light = 3 × 10⁸ m/s.
(a) How far away is the storm?
Answer: _____________________________________________
(b) Show why the '3 seconds per km' rule of thumb works numerically.
Answer: _____________________________________________
(c) If the storm moves toward you at 15 m/s, how long until it is overhead? Should you take shelter?
Answer: _____________________________________________

Problem 4  [Chemistry – Rates of Reaction]
The Disappearing Tablet
An antacid tablet dissolves in cold water (10°C) in 5 minutes. In hot water (60°C) it dissolves in 40 seconds. The 'doubling rule' says rate doubles per 10°C rise.
(a) By what factor does the doubling rule predict the rate will increase over 50°C?
Answer: _____________________________________________
(b) Does the actual data agree? Show your working.
Answer: _____________________________________________
(c) Suggest two other ways to speed up dissolution and explain why each works.
Answer: _____________________________________________

Problem 5  [Physics – Energy]
The Bouncing Ball
A ball is dropped from 2 m. After each bounce it returns to 60% of its previous height.
(a) What height does it reach after the 3rd bounce?
Answer: _____________________________________________
(b) What fraction of the original GPE remains after 3 bounces?
Answer: _____________________________________________
(c) How many bounces before it cannot rise above 1 mm? (Use trial and error or logs.)
Answer: _____________________________________________
(d) Where does the 'lost' energy go?
Answer: _____________________________________________

Problem 6  [Biology – Genetics]
Green-Eyed Dragons
In dragons, green eyes (G) are dominant over blue eyes (g). A green-eyed dragon mates with a blue-eyed dragon; half the offspring have blue eyes.
(a) What must the genotype of the green-eyed parent be? Explain how you know.
Answer: _____________________________________________
(b) Draw a Punnett square for this cross.
Answer: _____________________________________________
(c) Two green-eyed offspring from (b) mate. What is the probability of a blue-eyed offspring?
Answer: _____________________________________________
(d) Why might the actual ratio in a litter of 4 differ from the expected ratio?
Answer: _____________________________________________

Problem 7  [Physics – Electricity]
The Kettle and the Bill
A kettle is rated 2.5 kW and takes 3 minutes to boil. Electricity costs 28p per kWh.
(a) How much energy (in joules) does one full boil use?
Answer: _____________________________________________
(b) How much does it cost to boil the kettle once?
Answer: _____________________________________________
(c) A family boils the kettle 6 times per day. What is their annual cost?
Answer: _____________________________________________
(d) Only filling the kettle with what you need could halve boil time. How much money would this save annually?
Answer: _____________________________________________

Problem 8  [Chemistry – Atomic Structure]
Isotope Detectives
Chlorine has two stable isotopes: Cl-35 (abundance 75%) and Cl-37 (abundance 25%).
(a) Calculate the relative atomic mass of chlorine. Does it match the value on the periodic table?
Answer: _____________________________________________
(b) How many neutrons does each isotope have?
Answer: _____________________________________________
(c) A student says 'isotopes of the same element have different chemical properties.' Are they right? Explain.
Answer: _____________________________________________

Problem 9  [Biology – Cells & Diffusion]
The Bigger the Cell, the Harder to Feed
A cube-shaped cell has side length s. As a cell grows, its surface area-to-volume ratio changes.
(a) Calculate the surface area-to-volume ratio for a cell with side length 1 μm, 2 μm, and 4 μm.
Answer: _____________________________________________
(b) What happens to this ratio as the cell gets bigger? Why is this a problem for the cell?
Answer: _____________________________________________
(c) How do large cells or organisms solve this problem? Give two examples.
Answer: _____________________________________________

Problem 10  [Physics – Pressure]
Pressure Underfoot
A person has mass 60 kg. Each foot has an area of approximately 150 cm². g = 10 N/kg.
(a) Calculate the pressure on the ground when the person stands on both feet.
Answer: _____________________________________________
(b) What is the pressure when they stand on one foot?
Answer: _____________________________________________
(c) A stiletto heel has an area of 1 cm². If the person's weight acted entirely on one heel, calculate the pressure. Comment on your answer.
Answer: _____________________________________________

Problem 11  [Chemistry – Bonding]
Why Water Is Weird
Water (H₂O) has a boiling point of 100°C. Hydrogen sulfide (H₂S), a larger molecule in the same group, boils at –60°C.
(a) What type of intermolecular force is responsible for water's unusually high boiling point?
Answer: _____________________________________________
(b) Draw a dot-and-cross diagram for a water molecule and use it to explain why water is a polar molecule.
Answer: _____________________________________________
(c) Why does ice float on water? Why is this important for aquatic life?
Answer: _____________________________________________

Problem 12  [Physics – Radioactivity]
Half-Life of a Biscuit
A radioactive sample has an initial count rate of 800 counts per minute (cpm). Its half-life is 20 minutes.
(a) What is the count rate after 1 hour?
Answer: _____________________________________________
(b) How long until the count rate falls below 10% of its initial value?
Answer: _____________________________________________
(c) Background radiation in the lab is 40 cpm. At what time does the corrected count rate fall below 40 cpm?
Answer: _____________________________________________

Problem 13  [Biology – Enzymes]
The Lock and the Temperature
An enzyme works best at 37°C. A student measures reaction rate at 20°C, 37°C, 50°C, and 70°C.
(a) Predict the shape of the rate–temperature graph and explain each region.
Answer: _____________________________________________
(b) At 70°C the enzyme no longer works even if cooled back to 37°C. At 50°C it works again when cooled. Explain the difference.
Answer: _____________________________________________
(c) Some bacteria live in hot springs at 80°C and have enzymes that work optimally there. Suggest why their enzymes do not denature at this temperature.
Answer: _____________________________________________

Problem 14  [Physics – Moments]
The Seesaw Problem
A uniform seesaw is 4 m long and pivots at its centre. A child of weight 400 N sits at one end.
(a) Where must a second child of weight 300 N sit to balance the seesaw? Measure from the pivot.
Answer: _____________________________________________
(b) A third child of weight 200 N sits at the opposite end to the 400 N child. Where must the 300 N child now sit to balance?
Answer: _____________________________________________
(c) The seesaw plank has weight 100 N. Show that this does not affect the balance in part (a).
Answer: _____________________________________________

Problem 15  [Chemistry – Electrolysis]
Making Hydrogen
Electrolysis of water (with dilute H₂SO₄) produces hydrogen at the cathode and oxygen at the anode. A current of 2 A is passed for 10 minutes.
(a) Which electrode is the cathode? What happens there?
Answer: _____________________________________________
(b) Using Q = It, calculate the charge passed.
Answer: _____________________________________________
(c) 96,500 C deposits 1 mole of a singly-charged ion. How many moles of H₂ are produced? (H⁺ is singly charged; 2H⁺ → H₂)
Answer: _____________________________________________

Problem 16  [Biology – Transport]
Blood and Distance
The heart pumps about 70 cm³ of blood per beat (stroke volume) at 70 beats per minute.
(a) Calculate the cardiac output in cm³/min and litres/min.
Answer: _____________________________________________
(b) The body contains about 5 litres of blood. How many times does the full blood volume circulate in 1 hour?
Answer: _____________________________________________
(c) During exercise, heart rate rises to 150 bpm and stroke volume to 110 cm³. By what factor does cardiac output increase?
Answer: _____________________________________________

Problem 17  [Physics – Space]
Escape from Earth
The escape velocity from Earth is approximately 11.2 km/s. Earth's radius is 6,400 km.
(a) How long would it take a rocket to escape Earth if it maintained escape velocity throughout? (Just the radius worth of distance.)
Answer: _____________________________________________
(b) The Moon's escape velocity is 2.4 km/s. How much less kinetic energy is needed to escape the Moon compared to the Earth, for a 1000 kg spacecraft?
Answer: _____________________________________________
(c) Why is it easier to launch deep-space probes from the Moon than Earth, besides lower escape velocity?
Answer: _____________________________________________

Problem 18  [Chemistry – Moles]
The Fizzy Drink
A fizzy drink contains dissolved CO₂. When opened, the gas escapes. A 500 ml can releases 2.5 litres of CO₂ at room temperature (molar volume = 24 l/mol).
(a) How many moles of CO₂ are in the can?
Answer: _____________________________________________
(b) What mass of CO₂ does this represent? (Molar mass of CO₂ = 44 g/mol)
Answer: _____________________________________________
(c) CO₂ is produced by the reaction: Na₂CO₃ + 2HCl → 2NaCl + H₂O + CO₂. What mass of Na₂CO₃ (molar mass = 106 g/mol) would produce the same amount of CO₂?
Answer: _____________________________________________

Problem 19  [Biology – Nervous System]
The Reflex Arc Relay Race
A reflex arc involves sensory neuron, relay neuron, and motor neuron. Signals travel at about 100 m/s. The spinal cord is approximately 0.5 m from the hand.
(a) Estimate the time for a signal to travel from a pricked finger to the spinal cord.
Answer: _____________________________________________
(b) There are 2 synaptic delays of about 0.5 ms each. What is the total time from the initial stimulus to muscle response?
Answer: _____________________________________________
(c) A voluntary response (involving the brain, ~1.5 m away) takes much longer. Estimate this time. Why are reflexes faster?
Answer: _____________________________________________

Problem 20  [Physics – Waves & Sound]
Echoes in a Cave
A caver shouts in a cave and hears the echo after 0.6 s. Speed of sound = 340 m/s.
(a) How far away is the cave wall?
Answer: _____________________________________________
(b) The caver walks toward the wall at 1 m/s and shouts again. What is the new echo delay?
Answer: _____________________________________________
(c) Bats use echolocation at 40,000 Hz. If the bat emits a pulse and hears an echo from a moth 0.004 s later, how far away is the moth?
Answer: _____________________________________________

Problem 21  [Chemistry – Earth Science]
Carbon and the Climate
CO₂ in the atmosphere has risen from 280 ppm (pre-industrial) to 420 ppm today.
(a) By what percentage has CO₂ concentration increased?
Answer: _____________________________________________
(b) The atmosphere has a mass of about 5 × 10¹⁸ kg. Estimate the mass of CO₂ added since industrialisation. (Molar mass of air ≈ 29 g/mol, CO₂ ≈ 44 g/mol)
Answer: _____________________________________________
(c) Suggest two natural processes that remove CO₂ from the atmosphere and explain each.
Answer: _____________________________________________

Problem 22  [Biology – Photosynthesis]
Leaf in the Light
A student places a leaf in sodium hydrogencarbonate solution (to supply CO₂) under different light intensities and counts bubbles of oxygen per minute.
(a) State the word equation for photosynthesis.
Answer: _____________________________________________
(b) At high light intensity, the bubble rate levels off even as light increases. Suggest why.
Answer: _____________________________________________
(c) A variegated leaf (part green, part white) is tested with iodine after 24 hours in light. Predict and explain the result.
Answer: _____________________________________________

Problem 23  [Physics – Magnets & Motors]
The Spinning Coil
A rectangular coil of wire carrying a current sits in a magnetic field. The coil has 50 turns, each carrying 0.2 A. The side in the field is 5 cm long and the magnetic field strength is 0.3 T.
(a) Calculate the force on one side of the coil. (F = BIL × number of turns)
Answer: _____________________________________________
(b) The coil is 4 cm wide. Calculate the turning moment (torque) when the coil is parallel to the field.
Answer: _____________________________________________
(c) Why does a simple motor need a commutator?
Answer: _____________________________________________

Problem 24  [Chemistry – Titration]
Neutralising the Acid
25.0 cm³ of sodium hydroxide solution of unknown concentration is exactly neutralised by 20.0 cm³ of 0.10 mol/dm³ hydrochloric acid.
(a) Write the balanced equation for the reaction.
Answer: _____________________________________________
(b) Calculate the moles of HCl used.
Answer: _____________________________________________
(c) Calculate the concentration of the NaOH solution.
Answer: _____________________________________________

Problem 25  [Biology – Ecosystems]
The Food Web Numbers Game
A food chain: grass → rabbit → fox. Grass stores 100,000 kJ of energy. Only 10% is transferred to the next level.
(a) How much energy is available to rabbits? To foxes?
Answer: _____________________________________________
(b) A farmer wants to support 10 foxes. Each fox needs 2000 kJ/year. What area of grass is needed if 1 m² produces 500 kJ/year?
Answer: _____________________________________________
(c) Explain why eating lower on the food chain is more energy-efficient for humans.
Answer: _____________________________________________

Problem 26  [Physics – Optics]
Lenses and Eyes
A converging lens has a focal length of 10 cm. An object is placed 30 cm from the lens.
(a) Use the lens equation (1/f = 1/v – 1/u, where u is negative for real objects) or 1/f = 1/do + 1/di to find the image distance.
Answer: _____________________________________________
(b) Is the image real or virtual? Magnified or diminished?
Answer: _____________________________________________
(c) A short-sighted person cannot focus on objects more than 0.5 m away. What type of lens corrects this, and what power (in dioptres) is needed?
Answer: _____________________________________________

Problem 27  [Chemistry – Electochemistry]
Rust Never Sleeps
Iron rusts in the presence of water and oxygen: 4Fe + 3O₂ + 6H₂O → 2Fe₂O₃·3H₂O.
(a) Is the iron oxidised or reduced? How do you know?
Answer: _____________________________________________
(b) A car panel made of 500 g of iron completely rusts. What mass of rust (Fe₂O₃·3H₂O, M = 214 g/mol) is formed?
Answer: _____________________________________________
(c) Give three methods used to prevent rusting and briefly explain each.
Answer: _____________________________________________

Problem 28  [Biology – Hormones]
Blood Sugar Rollercoaster
After eating a high-sugar meal, blood glucose rises sharply, then returns to normal.
(a) Name the organ that detects rising blood glucose and the hormone released in response.
Answer: _____________________________________________
(b) Describe two ways the body lowers blood glucose level.
Answer: _____________________________________________
(c) A person with Type 1 diabetes cannot produce this hormone. Explain why this is life-threatening and how it is managed.
Answer: _____________________________________________

Problem 29  [Physics – Nuclear Physics]
Chain Reaction
A uranium-235 nucleus absorbs a neutron and undergoes fission, releasing on average 2.4 neutrons and about 3.2 × 10⁻¹¹ J of energy per fission.
(a) In a nuclear reactor, exactly 1 neutron from each fission causes another fission. What happens to the other neutrons?
Answer: _____________________________________________
(b) If 1 kg of U-235 undergoes complete fission (molar mass = 235 g/mol), how much energy is released?
Answer: _____________________________________________
(c) A coal power station burns 2.8 × 10⁶ kg of coal per day to produce the same power. If coal releases 3.3 × 10⁷ J/kg, how does this compare to the nuclear energy from 1 kg of U-235?
Answer: _____________________________________________

Problem 30  [Chemistry – Organic]
Alcohol and Energy
Ethanol (C₂H₅OH) is used as a biofuel. Its combustion equation is: C₂H₅OH + 3O₂ → 2CO₂ + 3H₂O.
(a) Calculate the atom economy for this reaction (assume we want CO₂ as a useful product... but actually we want the energy). Discuss what atom economy means for a combustion fuel.
Answer: _____________________________________________
(b) The enthalpy of combustion of ethanol is –1371 kJ/mol. How much energy is released burning 1 litre of ethanol? (Density of ethanol = 0.789 g/cm³, molar mass = 46 g/mol)
Answer: _____________________________________________
(c) Petrol releases about 34,000 kJ/litre. How does ethanol compare as a fuel?
Answer: _____________________________________________

Problem 31  [Biology – Evolution]
The Peppered Moth
Before industrialisation, pale peppered moths outnumbered dark moths. After industrial pollution darkened tree bark, dark moths became more common.
(a) Explain this change using the theory of natural selection.
Answer: _____________________________________________
(b) After clean air legislation, pale moths are becoming more common again. Explain this reversal.
Answer: _____________________________________________
(c) A student says 'the moths changed colour to match their environment.' What is wrong with this statement?
Answer: _____________________________________________

Problem 32  [Physics – Heat Transfer]
The Warm House
A house loses heat at a rate of 5 kW when the outside temperature is 0°C and the inside is 20°C.
(a) What is the temperature difference?
Answer: _____________________________________________
(b) If double glazing reduces heat loss rate by 30%, how much energy (in kJ) is saved in 8 hours?
Answer: _____________________________________________
(c) The house uses a gas boiler (80% efficient) to maintain 20°C. With double glazing, how many fewer cubic metres of gas are used in 8 hours? (Energy per m³ of gas ≈ 39,000 kJ)
Answer: _____________________________________________

Problem 33  [Chemistry – Polymers]
Plastic Planet
Poly(ethene) is made from ethene (CH₂=CH₂) monomers by addition polymerisation.
(a) Draw the displayed formula of the repeat unit of poly(ethene).
Answer: _____________________________________________
(b) An addition polymer has no by-products. What does this mean for atom economy?
Answer: _____________________________________________
(c) Poly(ethene) does not biodegrade. Suggest why this is chemically, and give one environmental consequence and one potential solution.
Answer: _____________________________________________

Problem 34  [Biology – Respiration]
ATP and the Sprint
During a 100 m sprint, muscles use ATP faster than aerobic respiration can supply it.
(a) Write the word equation for aerobic respiration.
Answer: _____________________________________________
(b) What process supplies ATP during intense exercise when oxygen is limited? Write the equation for this in humans.
Answer: _____________________________________________
(c) After the sprint, the athlete continues to breathe heavily. Explain why, using the term 'oxygen debt'.
Answer: _____________________________________________

Problem 35  [Physics – Particle Physics]
Inside the Atom
Rutherford fired alpha particles at thin gold foil. Most passed straight through; a few were deflected; a tiny fraction bounced back.
(a) What model of the atom did scientists hold before this experiment? What did it predict?
Answer: _____________________________________________
(b) Explain what each observation (most pass through, some deflect, tiny fraction bounce back) tells us about atomic structure.
Answer: _____________________________________________
(c) An alpha particle has a charge of +2e. A gold nucleus has charge +79e. Explain qualitatively why some alpha particles are deflected more than others.
Answer: _____________________________________________

Problem 36  [Chemistry – Acids & Bases]
pH Puzzles
A solution has pH 3. Another has pH 6.
(a) How many times more acidic (higher H⁺ concentration) is the pH 3 solution?
Answer: _____________________________________________
(b) Sodium hydroxide is added to the pH 3 solution until the pH reaches 7. Describe what is happening in terms of ions.
Answer: _____________________________________________
(c) A buffer solution maintains a near-constant pH when small amounts of acid or alkali are added. Suggest why blood (pH ≈ 7.4) must be buffered, and what might happen if blood pH dropped to 7.0.
Answer: _____________________________________________

Problem 37  [Biology – Immunity]
Vaccines and Herd Immunity
A vaccine causes the immune system to produce memory cells against a pathogen without causing the disease.
(a) Explain how a vaccine produces immunity using the terms: antigen, B lymphocyte, antibody, memory cell.
Answer: _____________________________________________
(b) If 80% of a population is vaccinated, explain why even unvaccinated people may be protected.
Answer: _____________________________________________
(c) A new strain of a virus has slightly different antigens. Why might existing vaccines be less effective?
Answer: _____________________________________________

Problem 38  [Physics – Electromagnetism]
The Transformer
A transformer has 500 turns on the primary coil and 2000 turns on the secondary coil. The primary voltage is 230 V.
(a) Calculate the secondary voltage.
Answer: _____________________________________________
(b) The secondary current is 0.5 A. Assuming 100% efficiency, calculate the primary current.
Answer: _____________________________________________
(c) Why does the National Grid use very high voltages (e.g. 400,000 V) for transmission? Calculate the power loss in a cable of resistance 10 Ω carrying 100 A, compared to the same power transmitted at 10 A.
Answer: _____________________________________________

Problem 39  [Chemistry – Equilibrium]
Haber's Compromise
The Haber process: N₂ + 3H₂ ⇌ 2NH₃. The forward reaction is exothermic. Industrial conditions: ~450°C, ~200 atm, iron catalyst.
(a) The reaction is reversible. Explain what this means for the yield if temperature is increased.
Answer: _____________________________________________
(b) Explain why high pressure increases the yield. (Count moles of gas on each side.)
Answer: _____________________________________________
(c) If low temperature gives a better yield, why is 450°C used rather than, say, 200°C?
Answer: _____________________________________________

Problem 40  [Biology – Homeostasis]
Cold Day, Hot Body
On a cold day, the body works to maintain core temperature at 37°C.
(a) Describe three mechanisms the body uses to reduce heat loss when cold.
Answer: _____________________________________________
(b) Explain what shivering is and why it produces heat.
Answer: _____________________________________________
(c) A person's core temperature drops to 35°C (hypothermia). Why does confusion and poor decision-making occur?
Answer: _____________________________________________

Problem 41  [Physics – Momentum]
The Crash Test
A car of mass 1200 kg travelling at 15 m/s collides with a stationary car of mass 1000 kg. They crumple together.
(a) Calculate the velocity of the combined wreckage after the collision.
Answer: _____________________________________________
(b) Calculate the total kinetic energy before and after. How much KE is lost? Where does it go?
Answer: _____________________________________________
(c) Modern cars have crumple zones. Explain how these reduce the force on passengers during a crash.
Answer: _____________________________________________

Problem 42  [Chemistry – Metals]
Reactivity Races
A student drops small pieces of three metals – magnesium, copper, and zinc – into separate beakers of dilute hydrochloric acid.
(a) Predict which metals will react and write a balanced equation for those that do.
Answer: _____________________________________________
(b) How could the student measure the rate of reaction? Describe a method.
Answer: _____________________________________________
(c) The student notices magnesium reacts much faster than zinc. Explain this using particle theory.
Answer: _____________________________________________

Problem 43  [Biology – Plant Biology]
The Wilting Mystery
A plant left without water on a hot day wilts. When watered, it recovers. A student investigates transpiration.
(a) Explain what wilting is at the cellular level (use the terms: turgor pressure, flaccid, plasmolysis).
Answer: _____________________________________________
(b) Describe three factors that increase the rate of transpiration from a leaf.
Answer: _____________________________________________
(c) A potometer measures water uptake. The bubble moves 5 cm in 10 minutes, and the tube has a cross-sectional area of 0.5 cm². Calculate the rate of water uptake in cm³/min.
Answer: _____________________________________________

Problem 44  [Physics – Astronomy]
Red Shift and the Expanding Universe
A distant galaxy emits light at a wavelength of 500 nm. The light is received on Earth at 535 nm.
(a) Calculate the red shift (z = Δλ/λ₀).
Answer: _____________________________________________
(b) Hubble's law states v = H₀d, where H₀ ≈ 70 km/s/Mpc and v = z × c. Estimate the distance to this galaxy in Mpc. (c = 3 × 10⁵ km/s)
Answer: _____________________________________________
(c) What does it mean if galaxies show red shift in all directions? What does this tell us about the Big Bang?
Answer: _____________________________________________

Problem 45  [Chemistry – Food & Chromatography]
What's in the Colour?
A student uses paper chromatography to separate food colouring from a sweet. The solvent travels 8 cm. A red dye spot travels 6 cm.
(a) Calculate the Rf value for the red dye.
Answer: _____________________________________________
(b) A second unknown dye has an Rf of 0.45 in the same solvent. How far from the baseline would it appear?
Answer: _____________________________________________
(c) The student notices two spots for the 'red' colouring. What does this tell them? Suggest how they could confirm the identity of each dye.
Answer: _____________________________________________

Problem 46  [Biology – DNA & Protein Synthesis]
From Gene to Protein
A section of DNA has the base sequence: TAC GGC ATT
(a) Write the mRNA sequence transcribed from this DNA strand.
Answer: _____________________________________________
(b) Using the genetic code, determine the amino acid sequence coded for. (AUG = Met/Start; GCC = Ala; UAA = Stop)
Answer: _____________________________________________
(c) A mutation changes the first T to a C, giving CAC GGC ATT. Explain why this might or might not affect the protein produced.
Answer: _____________________________________________

Problem 47  [Physics – Circular Motion]
Roundabout Physics
A car travels around a circular roundabout of radius 20 m at 10 m/s.
(a) Calculate the centripetal acceleration (a = v²/r).
Answer: _____________________________________________
(b) The car has mass 1200 kg. What centripetal force is required? What provides this force?
Answer: _____________________________________________
(c) On an icy day, friction is reduced to 2000 N. What is the maximum safe speed around the same roundabout?
Answer: _____________________________________________

Problem 48  [Chemistry – Enthalpy]
Calorimetry in a Cup
A student burns 0.5 g of ethanol (molar mass 46 g/mol) under a copper calorimeter containing 200 g of water. The temperature rises by 28°C. Specific heat capacity of water = 4.2 J/g°C.
(a) Calculate the heat transferred to the water.
Answer: _____________________________________________
(b) Calculate the enthalpy of combustion in kJ/mol and compare to the data book value of –1371 kJ/mol.
Answer: _____________________________________________
(c) The experimental value is much lower than the data book value. Suggest three reasons for this.
Answer: _____________________________________________

Problem 49  [Biology – Reproduction]
Human Fertility Numbers
A typical human male produces about 1500 sperm per second. A woman is born with approximately 1–2 million oocytes.
(a) Estimate the total number of sperm a male produces in his fertile lifetime (assume 40 years, ages 15–55).
Answer: _____________________________________________
(b) Of all the eggs a woman is born with, she ovulates roughly 400 in her lifetime. What percentage of her original oocytes are actually ovulated?
Answer: _____________________________________________
(c) A sperm cell and an egg are both haploid. Explain what this means and why it is important for fertilisation.
Answer: _____________________________________________

Problem 50  [Physics – Quantum & Photoelectric]
Light as Particles
The photoelectric effect: zinc emits electrons when illuminated by UV light, but not by visible light of any intensity.
(a) Explain why increasing the brightness of visible light does not cause emission, but even dim UV does.
Answer: _____________________________________________
(b) A photon of UV light has frequency 1.5 × 10¹⁵ Hz. Calculate its energy. (h = 6.63 × 10⁻³⁴ Js)
Answer: _____________________________________________
(c) The work function of zinc is 6.89 × 10⁻¹⁹ J. Calculate the maximum kinetic energy of an emitted electron.
Answer: _____________________________________________

Problem 51  [Chemistry – Spectroscopy]
Flame Test Mysteries
A student performs flame tests and observes: sample A gives a lilac/violet flame; sample B gives a bright yellow flame; sample C gives a brick-red flame.
(a) Identify the metal ion in each sample (A, B, C).
Answer: _____________________________________________
(b) Explain, in terms of electron energy levels, why different metals produce different coloured flames.
Answer: _____________________________________________
(c) A flame test shows both yellow and lilac colours, but yellow dominates and masks the lilac. Which ion is in excess? How could you use an instrumental technique to identify both ions unambiguously?
Answer: _____________________________________________

Problem 52  [Biology + Physics + Chemistry]
The Year in One Question
A marathon runner (mass 65 kg) runs 42.2 km in 3.5 hours. During the race they burn approximately 0.1 g of glucose (C₆H₁₂O₆, M = 180 g/mol) per second.
(a) [Chemistry] How many moles of glucose are burned during the race? How many moles of CO₂ are produced? (C₆H₁₂O₆ + 6O₂ → 6CO₂ + 6H₂O)
Answer: _____________________________________________
(b) [Physics] Calculate the runner's average speed in m/s. Calculate their average kinetic energy.
Answer: _____________________________________________
(c) [Biology] During the race, state whether the runner is using aerobic or anaerobic respiration for the majority of their energy. What controls the switch between the two, and what waste product must be removed from the blood to prevent muscle fatigue?
Answer: _____________________________________________

