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FREE SAMPLE: THE FIRST QUESTION
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ANSWER ALL THREE QUESTIONS
37 marks in all

Show ALL working, including every derivative. A graphing calculator does not earn credit for a correct
answer without the derived function shown. Unless told otherwise, three significant figures is
acceptable.

Question One (13 marks)

(a) A curve has the equation y = xe^(−2x) + 3.

Find the equation of the tangent to the curve at x = 1. Give the gradient and intercept to 3
significant figures.

[4 marks]

(b) Differentiate f(x) = ln(x² + 4x + 3) using the chain rule, and simplify your answer.

Hence find f’(1), correct to 3 significant figures.

[4 marks]

(c) Let f(x) = 2x + sin(x), where x is in radians.

(i) Find f’(x), and the gradient of the curve at x = 

(ii) Find the number of stationary points of f in the interval 0 ≤ x ≤ 2π, and give their x-values to
3 significant figures.

[5 marks]
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THE WORKED ANSWER TO THAT QUESTION
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WORKED SOLUTIONS
Answers & worked solutions

ANSWER ALL THREE QUESTIONS

Question 1 (13 marks) [Differentiation rules and tangents]

(a) A curve has the equation y = xe^(−2x) + 3. Find the equation of the tangent to the curve at x = 1. Give
the gradient and intercept to 3 significant figures.

(a) Answer: y = −0.135x + 3.27
• Evidence level: Merit (differentiate with the appropriate rule, then use the point and gradient).

• dy/dx = (−2x + 1)e^(−2x).

• At x = 1: gradient m = −0.135 and y = 3.14.

• Tangent: y − 3.14 = −0.135(x − 1.00), so y = −0.135x + 3.27.

KEY TAKEAWAY
Tangent equation: the derivative gives the gradient at the given x; the curve gives the point; then y − y₁
= m(x − x₁), keeping full calculator accuracy until the end.

(b) Differentiate f(x) = ln(x² + 4x + 3) using the chain rule, and simplify your answer. Hence find f’(1),
correct to 3 significant figures.

(b) Answer: f’(x) = 2
• Evidence level: Achieved (choose and apply the correct differentiation rule, then simplify).

• Identify the rule: f(x) is a function of a function, so use the chain rule.

• f’(x) = 2

• Substitute x = 1: f’(1) = 0.750.

KEY TAKEAWAY
Differentiation rules: product (uv)’ = u’v + uv’; quotient (u/v)’ = (u’v − uv’)/v²; chain d/dx[g(u)] = g’(u)u’ —
write down the derivative of each piece before combining.

(c) Let f(x) = 2x + sin(x), where x is in radians. (i) Find f’(x), and the gradient of the curve at x = 
significant figures). (ii) Find the number of stationary points of f in the interval 0 ≤ x ≤ 2π, and give their
x-values to 3 significant figures.

(c) Answer: (i) f’(x) = cos(x) + 2; gradient 2.00; (ii) 0 stationary points
• Evidence level: Merit (differentiate trigonometric functions, then solve a trig equation in an interval).

• (i) f’(x) = cos(x) + 2. At x = 

• (ii) Stationary points need cos(x) + 2 = 0, which means cos(x) = −2; this value is outside −1 to 1, so
there are none.

• Solutions in 0 ≤ x ≤ 2π: none.

• Number of stationary points = 0.

KEY TAKEAWAY
Trig derivatives: d/dx sin(bx) = b cos(bx); for stationary points set the derivative to zero and find ALL
solutions of the trig equation inside the interval.
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Question 2 (15 marks) [Rates of change and curves]

(a) The amount of a substance after t hours is N = 500 e^(−0.2t) grams. (i) Find the rate at which the
amount is changing when t = 5, with its units. (ii) Show that dN/dt is proportional to N, and state the
constant of proportionality. (iii) After how many hours is the amount half of its starting value? (3
significant figures)

(a) Answer: (i) −36.8 g/h; (ii) dN/dt = −0.2 N; (iii) 3.47 hours
• Evidence level: Excellence (differentiate an exponential model and use logarithms).

• (i) dN/dt = −0.2 × 500 e^(−0.2t) = −0.2 N. At t = 5: dN/dt = −36.8 grams per hour.

• (ii) dN/dt = −0.2 × N, so dN/dt is proportional to N with constant −0.2.

• (iii) We need e^(−0.2t) = 0.5, so −0.2t = ln(0.5) and t = 3.47 hours.

KEY TAKEAWAY
Exponential models: d/dt of Ae^(kt) is k times the function; so the rate of change is proportional to the
amount, with the growth constant k as the constant of proportionality.

(b) A curve is defined by 3x² + xy + 3y² = 17. (i) Use implicit differentiation to find an expression for dy/dx.
(ii) Find the equation of the tangent to the curve at the point (1, 2).

(b) Answer: dy/dx = −
• Evidence level: Excellence (differentiate both sides with respect to x, treating y as a function of x).

• Differentiate each term: 3x² → 6x; 3y² → 6y(dy/dx); xy → y + x(dy/dx) (product rule).

• So 6x + 6y(dy/dx) + y + x(dy/dx) = 0, so (6y + x)(dy/dx) = −(6x + y).

• (i) dy/dx = −(6x + y) ÷ (6y + x).

• (ii) At (1, 2): dy/dx = −(8) ÷ (13) = 

• Tangent: y − 2 = −8/13(x − 1), so y = −8/13x + 

KEY TAKEAWAY
Implicit differentiation: differentiate every term with respect to x, multiplying by dy/dx whenever you
differentiate a y term (and use the product rule for xy), then solve for dy/dx.

(c) A curve has the equation y = −12x + 4e^x − 2 (for x > 0). Find the coordinates of its stationary point,
correct to 3 significant figures, and use the second derivative to justify its nature.

(c) Answer: (1.10, −3.18) is a minimum
• Evidence level: Excellence (solve dy/dx = 0 exactly and justify with the second derivative).

• dy/dx = 4e^x − 12.

• dy/dx = 0 gives x = ln(3) (= 1.10).

• y = −3.18 at this point, so the stationary point is (1.10, −3.18).

• d²y/dx² = 4e^x; at x = 1.10 this is 12.0, which is positive, so the point is a minimum.

KEY TAKEAWAY
Stationary points of exponential and log curves: solve f’(x) = 0 using ln or exponentials, then the sign of
f’’ at that x decides maximum or minimum.
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The full paper is the real thing.
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A short extract: the opening questions of Paper
1, then their worked answers. 2 pages in all.

THE FULL PAPER

Three questions made of several multi-part
problems answered in writing (constructed
response, no multiple choice), with a worked
solution for every part that shows whether it is
aimed at Achieved, Merit or Excellence. 9 pages,
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What you get with each paper

A complete, timed paper in the real exam layout, not just a taste of it.
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