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Question 1. (a) Simplify (a − 12)/(a² − 144). (b) A box has 3 black and 2 white
marbles; a marble is drawn at random and NOT replaced, then a second is
drawn. Find the probability that both marbles are (i) white, (ii) of different
colours.

(a) Factorise the denominator (difference of two squares)

a² − 144 = (a − 12)(a + 12)

(a − 12) / [(a − 12)(a + 12)]

 Answer: = 1/(a + 12)

(b)(i) P(both white) — 5 marbles (3 B, 2 W), no replacement

P(WW) = 2/5 × 1/4 = 2/20

 Answer: P(both white) = 1/10

(b)(ii) P(different colours) = P(BW) + P(WB)

= (3/5 × 2/4) + (2/5 × 3/4) = 6/20 + 6/20 = 12/20

 Answer: P(different colours) = 3/5

Question 2. (a) Evaluate ∫ from −1 to 1 of (1 − 4x + 3x²) dx. (b) Grade 12 learners
each take at least one of French (F), Home Economics (HE), Geography (G). F
only = 20, HE only = 25, G only = 22, F∩G = 9, F∩HE = 12, G∩HE = 15, all three =
4. (i) Venn diagram; (ii) how many (a) are at the school, (b) take HE and G but
not French, (c) take exactly two optional subjects.

(a) Integrate term by term

∫(1 − 4x + 3x²) dx = x − 2x² + x³

At x = 1: 1 − 2 + 1 = 0

At x = −1: −1 − 2 − 1 = −4

Value = 0 − (−4)

 Answer: = 4

(b) Complete the Venn (the pair totals include the centre 4)

F∩G only = 9 − 4 = 5

F∩HE only = 12 − 4 = 8

G∩HE only = 15 − 4 = 11

(b)(ii)(a) Number at the school (sum of all regions)

= 20 + 25 + 22 + 5 + 8 + 11 + 4

 Answer: = 95 learners

(b)(ii)(b) HE and G but not French
 Answer: G∩HE only = 11 learners

(b)(ii)(c) Exactly two optional subjects



ze
dpastpapers.com

eskulu.com

ze
dpastpapers.com

eskulu.com

ze
dpastpapers.com

eskulu.com

ze
dpastpapers.com

eskulu.com

ze
dpastpapers.com

eskulu.com

ze
dpastpapers.com

eskulu.com

ze
dpastpapers.com

eskulu.com

ze
dpastpapers.com

eskulu.com

ze
dpastpapers.com

eskulu.com

ze
dpastpapers.com

eskulu.com

ze
dpastpapers.com

eskulu.com

ze
dpastpapers.com

eskulu.com

ze
dpastpapers.com

eskulu.com

ze
dpastpapers.com

eskulu.com

ze
dpastpapers.com

eskulu.com

ze
dpastpapers.com

eskulu.com

ze
dpastpapers.com

eskulu.com

ze
dpastpapers.com

eskulu.com

ze
dpastpapers.com

eskulu.com

ze
dpastpapers.com

eskulu.com

ze
dpastpapers.com

eskulu.com

ze
dpastpapers.com

eskulu.com

ze
dpastpapers.com

eskulu.com

ze
dpastpapers.com

eskulu.com

ze
dpastpapers.com

eskulu.com

eskulu  |  Mathematics 4024/2 — 2021 (internal) — Paper 2 zedpastpapers.com

by Zambian Online Education Company (eskulu.com | zedpastpapers.com)
Page 3

= (F∩G only) + (F∩HE only) + (G∩HE only) = 5 + 8 + 11

 Answer: = 24 learners

Question 3. (a) The 2nd and 5th terms of a GP are 16 and 2. Find (i) the
common ratio and first term, (ii) the 12th term, (iii) the sum of the first 10 terms.
(b) Express 5/(1 − x) − 3/(x − 2) as a single fraction in its lowest terms.

(a)(i) Use ar = 16 and ar■ = 2

ar■ / ar = r³ = 2/16 = 1/8 ⇒ r = 1/2

a = 16/r = 16 ÷ (1/2) = 32

 Answer: r = 1/2, first term a = 32

(a)(ii) 12th term = a r¹¹

T■■ = 32 × (1/2)¹¹ = 32/2048

 Answer: T■■ = 1/64

(a)(iii) Sum of first 10 terms (r < 1)

S■■ = a(1 − r¹■)/(1 − r) = 32(1 − (1/2)¹■)/(1/2)

= 64(1 − 1/1024) = 64 × 1023/1024

 Answer: S■■ = 1023/16 ≈ 63.94

(b) 5/(1 − x) − 3/(x − 2)

Common denominator (1 − x)(x − 2):

= [5(x − 2) − 3(1 − x)] / [(1 − x)(x − 2)]

= [5x − 10 − 3 + 3x] / [(1 − x)(x − 2)]

 Answer: = (8x − 13) / [(1 − x)(x − 2)]

Question 4. (a) Solve 2x² − 13x + 14 = 0, answers to 2 decimal places. (b) OA■ =
4a, OB■ = 3b, M is the midpoint of AB and OB = 3BD. Express in terms of a
and/or b: (i) AB■, (ii) OM■, (iii) AD■, (iv) MD■.

(a) Quadratic formula, a = 2, b = −13, c = 14

x = [13 ± √(169 − 112)] / 4 = [13 ± √57] / 4

√57 = 7.54983

x = (13 + 7.54983)/4 or x = (13 − 7.54983)/4

 Answer: x = 5.14 or x = 1.36

(b) Note OB = 3BD with O, B, D in line ⇒ BD■ = b, so OD■ = 3b + b = 4b

(b)(i) AB■

AB■ = OB■ − OA■ = 3b − 4a

 Answer: AB■ = 3b − 4a

(b)(ii) OM■ (M midpoint of AB)
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OM■ = OA■ + ½AB■ = 4a + ½(3b − 4a) = 4a + 1.5b − 2a

 Answer: OM■ = 2a + (3/2)b

(b)(iii) AD■

AD■ = OD■ − OA■ = 4b − 4a

 Answer: AD■ = 4b − 4a

(b)(iv) MD■

MD■ = OD■ − OM■ = 4b − (2a + 1.5b)

 Answer: MD■ = (5/2)b − 2a

Question 5. (a) Given matrix P = (1 2 ; 2 −x): (i) find x for which det P = −3; (ii)
hence find the inverse of P. (b) Write a pseudocode corresponding to the given
flowchart (reads x, validates x ≥ 0, computes r = R·cos x).

(a)(i) det P = −3

det P = (1)(−x) − (2)(2) = −x − 4

−x − 4 = −3 ⇒ −x = 1

 Answer: x = −1

(a)(ii) Inverse (x = −1 ⇒ P = (1 2 ; 2 1), det = −3)

P■¹ = (1/det)(d −b ; −c a) = (1/−3)(1 −2 ; −2 1)

 Answer: P■¹ = (−1/3)(1 −2 ; −2 1) = (−1/3 2/3 ; 2/3 −1/3)

(b) Pseudocode

Start

Enter x

If x < 0 THEN

Print "x must be positive"

Else

r = R * cos x

Display r

End If

 Answer: Stop

Question 6. Construct triangle ABC with AB = 6 cm, BC = 9 cm, AC = 5 cm.
(a)(ii) Measure ∠ABC. (b) Within ABC draw loci: (i) equidistant from A and C, (ii)
3 cm from A, (iii) equidistant from AC and BC. (c) Shade the region for P: ≤ 3
cm from A, nearer BC than AC, and closer to A than to C.

(a) Construction & (ii) ∠ABC (cosine rule, AC opposite B)

cos B = (AB² + BC² − AC²)/(2·AB·BC)
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= (36 + 81 − 25)/(2 × 6 × 9) = 92/108 = 0.8519

 Answer: ∠ABC ≈ 31.6° (accept your measured value ≈ 32°)

(b) Loci

(i) Equidistant from A and C → perpendicular bisector of AC.

(ii) 3 cm from A → arc of a circle, centre A, radius 3 cm.

(iii) Equidistant from AC and BC → bisector of angle C (∠ACB).

(c) Region for P

≤ 3 cm from A → inside the 3 cm arc of A;

nearer BC than AC → the BC-side of the angle-C bisector;

closer to A than C → the A-side of the perpendicular bisector of AC.

 Answer: Shade the overlap of these three regions inside triangle ABC.

Question 7. (a) P, Q at 70°N and T, R at 40°S on the earth (π = 3.142, R = 3437
nm); the meridians involved are 60°W and 55°E. (i) Difference in longitude
between Q and R; (ii) length of the circle of latitude 40°S in nm; (iii) distance TR
in nm. (b) A cone has internal volume 34 650 cm³ and internal base area 3850
cm² (π = 3.142). (i) Find internal height h and radius r; (ii) given the cone is 0.7
cm thick, find the external volume.

(a)(i) Difference in longitude between Q and R

Q and R lie on the meridians 55°E and 60°W (opposite sides of 0°), so add:

= 60° + 55°

 Answer: Difference in longitude = 115°

(a)(ii) Length of circle of latitude 40°S

= 2πR cos 40° = 2 × 3.142 × 3437 × cos 40°

= 21598 × 0.76604

 Answer: ≈ 16 545 nm

(a)(iii) Distance TR along latitude 40°S (longitude difference 115°)

TR = (115/360) × 2πR cos 40° = (115/360) × 16545

 Answer: TR ≈ 5285 nm

(b)(i) Internal radius and height

Base area πr² = 3850 ⇒ r² = 3850/3.142 = 1225 ⇒ r = 35 cm

Volume = ■ × (base area) × h = ■ × 3850 × h = 34650

h = (34650 × 3)/3850 = 27 cm

 Answer: r = 35 cm, h = 27 cm

(b)(ii) External volume (add 0.7 cm thickness)

External radius = 35 + 0.7 = 35.7 cm; external height = 27 + 0.7 = 27.7 cm
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V = ■π(35.7²)(27.7) = ■ × 3.142 × 1274.49 × 27.7

 Answer: External volume ≈ 36 970 cm³

Question 8. (a) Point C maps to C′(−2, 3) under matrix (1 −2 ; 0 1). (i) Find C; (ii)
describe the transformation fully. (b) Triangle P(2,2)Q(2,0)R(0,1) maps to
P′(−4,2)Q′(−4,0)R′(0,1). (i) Find the matrix; (ii) describe the transformation fully.
(c) F = (k 0 ; 0 k) maps A(2,2)→A′(5,5) and B(−2,4)→B′(−5,10). Find k.

(a)(i) Find C from (1 −2 ; 0 1)(x ; y) = (−2 ; 3)

Row 2: y = 3. Row 1: x − 2y = −2 ⇒ x − 6 = −2 ⇒ x = 4

 Answer: C = (4, 3)

(a)(ii) Describe matrix (1 −2 ; 0 1)

(x, y) → (x − 2y, y): the x-axis (y = 0) is unchanged; points move parallel

to the x-axis by −2 per unit of y.

 Answer: Shear, x-axis (y = 0) invariant, shear factor −2

(b)(i) Matrix M with M(2;0)=(−4;0), M(0;1)=(0;1)

From Q: 2a = −4 ⇒ a = −2; 2c = 0 ⇒ c = 0

From R: b = 0, d = 1. Check P: M(2;2) = (−4; 2) ✓

 Answer: M = (−2 0 ; 0 1)

(b)(ii) Describe M

(x, y) → (−2x, y): the y-axis (x = 0) is invariant; x-distances scale by −2.

 Answer: One-way stretch parallel to the x-axis, factor −2, y-axis (x = 0) invariant

(c) F = (k 0 ; 0 k): A(2,2) → (2k, 2k) = (5, 5)

2k = 5 ⇒ k = 5/2; check B(−2,4) → (−2k, 4k) = (−5, 10) ✓

 Answer: k = 5/2 = 2.5

Question 9. A dealer stocks brand A (x bottles) and brand B (y bottles): room
for up to 900 bottles; at least twice as many A as B; at least 100 of B; not more
than 700 of A. (a) Write four inequalities; (b) draw and shade the unwanted
region; (c) profit K3 per A and K2 per B — find (i) the numbers for maximum
profit, (ii) the maximum profit.

(a) Four inequalities

Room for up to 900: x + y ≤ 900

At least twice as many A as B: x ≥ 2y

At least 100 of B: y ≥ 100

Not more than 700 of A: x ≤ 700

(b) Graph
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Draw x + y = 900, x = 2y, y = 100, x = 700; shade OUT the unwanted side of each.

(c)(i) Best combination — test corner points, P = 3x + 2y

(200, 100): P = 600 + 200 = K800

(700, 100): P = 2100 + 200 = K2300

(600, 300): [x + y = 900 ∩ x = 2y] P = 1800 + 600 = K2400

(700, 200): [x = 700 ∩ x + y = 900] P = 2100 + 400 = K2500

 Answer: Maximum at (700, 200): 700 bottles of A and 200 bottles of B

(c)(ii) Maximum profit

P = 3(700) + 2(200) = 2100 + 400

 Answer: Maximum profit = K2500

Question 10. Heights of trees: classes 0 < x ≤ 10 (f=30), 10 < x ≤ 20 (70), 20 < x ≤
30 (200), 30 < x ≤ 40 (200), 40 < x ≤ 50 (160), 50 < x ≤ 60 (30), 60 < x ≤ 70 (10). (a)
Calculate the standard deviation. (b)(i) Complete the relative cumulative
frequency table; (ii) draw the relative cumulative frequency curve; (iii) estimate
the 80th percentile.

(a) Standard deviation (mid-values 5,15,…,65; Σf = 700)

Σfx = 150 + 1050 + 5000 + 7000 + 7200 + 1650 + 650 = 22700

Mean = 22700/700 = 32.43

Σfx² = 750 + 15750 + 125000 + 245000 + 324000 + 90750 + 42250 = 843500

SD = √(843500/700 − 32.43²) = √(1205.0 − 1051.6) = √153.4

 Answer: SD ≈ 12.4 cm

(b)(i) Cumulative and relative cumulative frequency (÷ 700)

CF: ≤0: 0, ≤10: 30, ≤20: 100, ≤30: 300, ≤40: 500, ≤50: 660, ≤60: 690, ≤70: 700

Rel CF: 0.00, 0.04, 0.14, 0.43, 0.71, 0.94, 0.99, 1.00

(b)(iii) 80th percentile (relative cf = 0.80)

Between (40, 0.71) and (50, 0.94):

x = 40 + ((0.80 − 0.71)/(0.94 − 0.71)) × 10 ≈ 40 + 3.8

 Answer: 80th percentile ≈ 43.8 cm (read from the graph)

Question 11. (a) y = x(x² − 4), table for −3 ≤ x ≤ 3. (i) Calculate r (value at x = −2);
(ii) draw the graph; (iii) use it to solve (a) x(x² − 4) = 0 and (b) x(x² − 4) = 2. (b)
Find the equation of the normal to y = x² − x + 4 at the point (−1, 6).

(a)(i) r = value of y at x = −2

r = (−2)((−2)² − 4) = (−2)(4 − 4) = (−2)(0)

 Answer: r = 0
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(a)(ii) Graph

Plot (−3,−15), (−2,0), (−1,3), (0,0), (1,−3), (2,0), (3,15); smooth curve.

(a)(iii)(a) Solve x(x² − 4) = 0

x = 0 or x² = 4 ⇒ x = ±2 (where the curve crosses the x-axis)

 Answer: x = −2, 0, 2

(a)(iii)(b) Solve x(x² − 4) = 2

Draw the line y = 2 and read the intersections (x³ − 4x − 2 = 0):

 Answer: x ≈ −1.7, x ≈ −0.5, x ≈ 2.2 (read from the graph)

(b) Normal to y = x² − x + 4 at (−1, 6)

dy/dx = 2x − 1; at x = −1: gradient = −2 − 1 = −3

Normal gradient = −1/(−3) = 1/3

y − 6 = (1/3)(x + 1)

 Answer: x − 3y + 19 = 0 (i.e. y = (1/3)x + 19/3)

Question 12. Triangle ABC: AB = 11.5 m, BC = 7.2 m, AC = 15.1 m. (a)(i)
Calculate angle ABC, (ii) the area of triangle ABC, (iii) the shortest distance
from B to AC. (b) Solve 15 tan θ = 14 for 180° ≤ θ ≤ 270°. (c) Simplify
(39x³)/(28y■) ÷ (65x■)/(56y■).

(a)(i) Angle ABC (opposite AC = 15.1) — cosine rule

cos B = (AB² + BC² − AC²)/(2·AB·BC)

= (132.25 + 51.84 − 228.01)/(2 × 11.5 × 7.2) = −43.92/165.6 = −0.2652

 Answer: ∠ABC ≈ 105.4°

(a)(ii) Area = ½·AB·BC·sin B

= ½ × 11.5 × 7.2 × sin 105.4° = ½ × 82.8 × 0.9642

 Answer: Area ≈ 39.9 m²

(a)(iii) Shortest distance from B to AC (perpendicular height)

Area = ½ × AC × h ⇒ 39.92 = ½ × 15.1 × h

h = 79.83/15.1

 Answer: Shortest distance ≈ 5.29 m

(b) 15 tan θ = 14 ⇒ tan θ = 14/15 = 0.9333

Reference angle = 43.0°; tan is positive in the 3rd quadrant (180°–270°)

θ = 180° + 43.0°

 Answer: θ = 223.0°

(c) (39x³)/(28y■) ÷ (65x■)/(56y■)

= (39x³)/(28y■) × (56y■)/(65x■)
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Numbers: (39/65)(56/28) = (3/5)(2) = 6/5

Letters: x^(3−5) = x■²; y^(5−4) = y

 Answer: = 6y/(5x²)
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