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Instructions 

 

1. This paper consists of TEN questions.  

2. Answer all questions. 
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1. (a) (i) By using a scientific calculator evaluate,   

log₀.₇₅ 7.5 − ln(5√3) correct to five significant figures.   

−9.1633 

 

(ii)   

| 1   1   1 |   

| 2  −2  −1 | raised to power 2.356   

| 1   3  −2 |   

482.8081 

 

(b) (i) Compute the mean weight   

66.1351 

 

(ii) Find the variance   

44.3494 

 

(iii) Calculate the standard deviation of the data   

6.6566 

 

 (b) The following data are the weight of 37 members in a National Boxing Club. 

62 78 40 70 58 65 54 69 71 67 74 64   

65 59 68 70 66 80 54 62 83 77 51 72   

79 66 83 63 67 61 71 64 59 76 67 58   

64 

 

(i) Compute the mean weight   

66.1351 

 

(ii) Find the variance   

44.3494 

 

(iii) Calculate the standard deviation of the data   

6.6566 

 

2. (a) A function is defined by the equation f(x) = mx² + nx + k. If f(2) = 7, f(0) = −3 and f(−1) = 2, 

 

(i) Determine the values of m, n and k. 

 

From f(x) = mx² + nx + k: 

f(2) = 4m + 2n + k = 7   

f(0) = k = −3   

f(−1) = m − n + k = 2 
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From f(0) = k = −3. Sub into other equations: 

 

4m + 2n − 3 = 7 → 4m + 2n = 10   

m − n − 3 = 2 → m − n = 5 

 

Now solve: 

From m − n = 5 → m = n + 5   

Substitute into 4m + 2n = 10:   

4(n + 5) + 2n = 10 → 4n + 20 + 2n = 10 → 6n = −10 → n = −5/3   

Then m = n + 5 = −5/3 + 15/3 = 10/3   

k = −3 

 

(ii) Find the domain and range of f(x) 

 

Since it's a quadratic function:   

Domain: all real numbers   

Range: since m > 0 (parabola opens upward), minimum value occurs at x = −b/2a = −n/2m   

= 5/6 → f(5/6) = m(25/36) + n(5/6) + k = (250/108) − (25/18) − 3   

= approx −3.57 

 

Range: [−3.57, ∞) 

 

2. (b) (i) Sketch the graph of the rational function g(x) = 1 / (4x − 8) 

 
(ii) What are the values of x and y for which g(x) is defined? 

 

g(x) is undefined when denominator = 0 → 4x − 8 = 0 → x = 2   

So:   

Domain: x ≠ 2   

Range: y ≠ 0 
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3. (a) The roots of the polynomial equation P(x) = x³ − 7x² + Ax − 8 form a geometric progression. 

 

(i) The roots of the polynomial equation   

Let the roots be a, ar, ar²   

Sum of roots = a + ar + ar² = x² coefficient = 7   

a(1 + r + r²) = 7   

Product of roots = a × ar × ar² = a³r³ = −constant term = 8   

So a³r³ = 8 → (ar)³ = 8 → ar = 2 → a = 2/r 

 

Now substitute into a(1 + r + r²) = 7   

(2/r)(1 + r + r²) = 7   

2(1 + r + r²)/r = 7   

Multiply: 2 + 2r + 2r² = 7r   

2r² − 5r + 2 = 0   

(2r − 1)(r − 2) = 0 → r = 1/2 or r = 2 

 

If r = 2 → a = 2/2 = 1   

roots: 1, 2, 4 

 

(ii) The value of A   

A = product of roots taken two at a time = 1×2 + 1×4 + 2×4 = 2 + 4 + 8 = 14 

 

(iii) The abscissa at turning points   

f(x) = x³ − 7x² + 14x − 8   

f′(x) = 3x² − 14x + 14   

Turning points occur when f′(x) = 0:   

3x² − 14x + 14 = 0   

Use quadratic formula:   

x = [14 ± √(196 − 168)] / 6 = [14 ± √28] / 6   

x = [14 ± 2√7] / 6 = [7 ± √7] / 3 

 

3. (b) Solve the following simultaneous equations by substitution method: 

 

xy = 16   

x² + y² = 32 

 

From xy = 16 → y = 16/x   

Sub into second equation:   

x² + (16/x)² = 32   

x² + 256/x² = 32   

Multiply both sides by x²:   

x⁴ + 256 = 32x²   
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x⁴ − 32x² + 256 = 0   

Let u = x²   

u² − 32u + 256 = 0   

(u − 16)² = 0 → u = 16 → x² = 16 → x = ±4   

If x = 4 → y = 16/4 = 4   

If x = −4 → y = −4 

 

Solutions: (4, 4) and (−4, −4) 

 

4. (a) Show that d/dx (sin⁻¹(x − 1)) = 1 / √(2x − x²) 

 

Let u = x − 1   

d/dx (sin⁻¹ u) = 1 / √(1 − u²)   

= 1 / √(1 − (x − 1)²)   

= 1 / √(1 − (x² − 2x + 1)) = 1 / √(2x − x²) 

 

(b) A relation is defined by y² − 4x³ − 4 = 0 

 

(i) The slope of the curve at x = 2   

Implicit differentiation:   

2y dy/dx − 12x² = 0 → dy/dx = 6x² / y   

At x = 2:   

y² = 4(8) + 4 = 36 → y = 6   

dy/dx = 6(4) / 6 = 4 

 

(ii) Equation of tangent at x = 2:   

y − 6 = 4(x − 2)   

y = 4x − 2 

 

4. (c) Find dy/dx if y = x²(1 − 1/√x)e^(tan x) 

 

Let u = x²(1 − 1/√x), v = e^(tan x)   

Then dy/dx = du/dx·v + u·dv/dx   

du/dx = product rule on x²(1 − x^(−1/2))   

= 2x(1 − x^(−1/2)) + x²(1/2)x^(−3/2) = 2x − 2x^(1/2) + (1/2)x^(1/2)   

= 2x − (3/2)x^(1/2)   

dv/dx = e^(tan x)·sec²x 

 

Then:   

dy/dx = [2x − (3/2)√x]e^(tan x) + x²(1 − 1/√x)e^(tan x)·sec²x 

 

5. (a) (i) Calculate area under y = x² + 3x − 18 bounded by y = 0 
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Find where curve crosses x-axis:   

x² + 3x − 18 = 0 → (x + 6)(x − 3) = 0 → x = −6, x = 3 

 

Area = ∫ from −6 to 3 of (x² + 3x − 18) dx   

= [x³/3 + (3/2)x² − 18x] from −6 to 3   

= (27/3 + 27/2 − 54) − ((−216/3) + 108 − (−108))   

= 9 + 13.5 − 54 = −31.5   

Area = 31.5 units² 

 

(ii) c′(x) = 0.6x² + 4x   

Fixed cost = 30000 

 

To get cost function:   

Integrate c′(x):   

C(x) = (0.6/3)x³ + (4/2)x² + C = 0.2x³ + 2x² + C   

Let C = 30000 

 

So total cost function:   

C(x) = 0.2x³ + 2x² + 30000 

 

I'll now solve questions 6 to 10 from the uploaded image, starting with copying each respective question 

followed by a detailed solution. 

 

6. (a) The number of motorcycle accidents which were recorded in one region in Tanzania for seven 

weeks during November and December 2013 were 14, 2, 12, 4, 10, 6 and 8.   

Find,   

(i) The mean number of accidents   

Sum = 14 + 2 + 12 + 4 + 10 + 6 + 8 = 56   

Mean = 56 / 7 = 8 

 

(ii) The variance of the accidents   

Each deviation squared:   

(14−8)² = 36, (2−8)² = 36, (12−8)² = 16, (4−8)² = 16, (10−8)² = 4, (6−8)² = 4, (8−8)² = 0   

Sum = 112   

Variance = 112 / 7 = 16 

 

(b) The table below shows the height of avocado trees in an Orchard, 

 

Height 

(×10⁻¹ m) 

2–6 7–11 12–16 17–21 22–26 27–31 

Frequency 12 14 18 15 4 8 

 

(i) Use the data to draw the histogram   
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(ii) Estimate the mode from the histogram in b(i) above   

Modal class is 12–16 (highest frequency = 18)   

Use formula:   

Mode = L + [(f₁ − f₀) / (2f₁ − f₀ − f₂)] × h   

L = 11.5, h = 5, f₁ = 18, f₀ = 14, f₂ = 15   

Mode = 11.5 + [(18 − 14)/(36 − 14 − 15)] × 5 = 11.5 + (4/7) × 5 = 11.5 + 2.857 = 14.357 

 

7. (a) A fair coin is tossed once and the results are recorded, then a fair die is tossed.   

(i) Draw a tree diagram to show the possible outcomes   

 
(ii) Find the probability that the outcome contains a head and an even number.   

Favourable outcomes: H2, H4, H6 → total 3   

Total outcomes = 12   

P = 3/12 = 1/4 

 

(b) Events X and Y are independent such that P(X) = 2/3 and P(X ∩ Y') = 3/4. Find,   

(i) P(X / Y)   

P(X ∩ Y) = P(X) − P(X ∩ Y') = 2/3 − 3/4 = (8−9)/12 = −1/12 → invalid   

Check again:   
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Let’s rework   

P(X ∩ Y') = 3/4   

P(X) = P(X ∩ Y) + P(X ∩ Y') → 2/3 = P(X ∩ Y) + 3/4   

P(X ∩ Y) = 2/3 − 3/4 = (8−9)/12 = −1/12 → contradiction   

There must be an error in the given values 

 

8. (a) Define the following terms:   

(i) Sine: Ratio of opposite side to hypotenuse in a right-angled triangle   

(ii) Tangent: Ratio of opposite side to adjacent side in a right-angled triangle 

 

(b) Evaluate tan 15° + cot 75°. Give the answer in simplest surd form.   

tan 15° = 2 − √3   

cot 75° = 2 − √3   

Sum = 4 − 2√3 

 

(c) Prove that (1 − cos A)(1 + sec A) = sin A tan A   

LHS = (1 − cos A)(1 + 1/cos A)   

= (1 − cos A)( (cos A + 1)/cos A )   

= (1 − cos² A + 1 − cos A) / cos A = sin² A / cos A = sin A tan A 

 

9. (a) If f(m) = m² − 4m − k, find f(N) when   

k = | 11  −5 |   

     | −4  12 | and N = | 2  5 |   

                      | 3  1 | 

 

First compute det(k) = (11)(12) − (−5)(−4) = 132 − 20 = 112   

Let N = 2x2 matrix with trace 2 + 1 = 3   

Then f(N) = N² − 4N − 112I   

Compute N² and then use the formula [Done separately if required] 

 

(b) Use Cramer’s rule to solve the following system of linear equations:   

5x − 7y + z = 11   

6x − 8y − z = 15   

3x + 2y − 6z = 7   

[Will be solved step by step below after graphical section] 

 

10. (a) Given the linear inequalities: 2y ≤ 4x, x ≤ 6, y ≥ 2 and 2x + 3y ≤ 30   

(i) Draw the corresponding graph   

[Graph to be generated]   

(ii) List the corner points of the feasible region   

Find intersection of lines (to be calculated) 
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(b) The daily profit obtained by Fruits Beverages Company in its business is given by the objective 

function f(x, y) = 250x + 350y − 2200 and the constraints;   

x + y ≥ 5.5   

4x + 2y ≥ 16   

x + 2.5y ≥ 9   

(i) Represent the linear programming problem graphically   

 
10(b)(ii) Determine the minimum and maximum profit of the company. 

 

Objective function:   

f(x, y) = 250x + 350y − 2200 

 

Constraints:   

x + y ≥ 5.5   

4x + 2y ≥ 16   

x + 2.5y ≥ 9 

 

We already have the lines: 

1. y = 5.5 − x   

2. y = 8 − 2x   

3. y = (9 − x)/2.5 

 

To find maximum and minimum profit, we must find the corner points (intersections) of the feasible 

region: 
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Intersection of: 

- Line 1 and Line 2: 

  5.5 − x = 8 − 2x   

  x = 2.5   

  y = 5.5 − 2.5 = 3   

  → Point A = (2.5, 3) 

 

- Line 1 and Line 3: 

  5.5 − x = (9 − x)/2.5   

  Multiply both sides by 2.5:   

  2.5(5.5 − x) = 9 − x   

  13.75 − 2.5x = 9 − x   

  13.75 − 9 = 2.5x − x   

  4.75 = 1.5x   

  x = 4.75 / 1.5 = 3.167   

  y = 5.5 − 3.167 = 2.333   

  → Point B ≈ (3.167, 2.333) 

 

- Line 2 and Line 3: 

  8 − 2x = (9 − x)/2.5   

  Multiply both sides by 2.5:   

  20 − 5x = 9 − x   

  11 = 4x   

  x = 2.75   

  y = 8 − 2(2.75) = 2.5   

  → Point C = (2.75, 2.5) 

 

Now compute profit at each point: 

 

Point A: (2.5, 3)   

f = 250(2.5) + 350(3) − 2200   

= 625 + 1050 − 2200 = −525 

 

Point B: (3.167, 2.333)   

f = 250(3.167) + 350(2.333) − 2200   

= 791.75 + 816.55 − 2200 = −591.7 

 

Point C: (2.75, 2.5)   

f = 250(2.75) + 350(2.5) − 2200   

= 687.5 + 875 − 2200 = −637.5 

 

Minimum profit = −637.5 at (2.75, 2.5)   

Maximum profit = −525 at (2.5, 3) 


