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(c) This paper consists of Two sections: Section | and Section I1.

(d) Answer ALL questionsin Section | and any five questions from Section 11.

(e) Marks may be given for correct working, relevant points, and clear presentation.

(f) Non-programmable silent electronic calculators may be used where necessary.

(g) KNEC Mathematical Tables may be used.
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missing.
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SECTION | (50 Marks)

Answer all questions in this section in the spaces provided.

1. Make x the subject of the formula v=13x-2)5) . (3 mks)

2. Simplify (3)isgrtisl-sqrt(2)) inthe form asqrtis) + bsqrt(2) , where a and b (3 mks)
are integers.

3. The length of arectangleis 12.5 cm and its width is 8.2 cm, each measured to (3 mks)

the nearest 0.1 cm. Calculate the percentage error in the area.

4, P variesdirectly as @ andinversely asthesquareof R .When ©=8 and (3 mks)
R=2 , P=10 .Find P when Q=18 and R=3 .

5. The third term of a geometric progression is 24 and the sixth term is 192. (3 mks)
Determine the common ratio and the first term.

6.  Solvetheequation x*2+6x+2=0 by completing the square, giving your (3 mks)
answer in surd form.

7. Expand (1-2x+5 uptothetermin x:3 . Useyour expansion to evaluate (3 mks)
i0.98)*5 correct to 4 decimal places.

8. Inthefigure below, © isthe centreof thecircle. B isachord of length 10 (3 mks)
cmand OX isperpendicularto AE meeting 4B at X .If Ox=4 cm,find
the radius of the circle.



0. Solvethe equation sin 2theta=(1)/(2) for 0sdeg <=theta <=360+deg .

10. Given vectors mathbfp= beginpmatrix2y-1\3endpmatrix  and
mathbfq = beginpmatrix40V-2endpmatrix | find |mathbfp + 2mathbfq| |

R

11. Thetransformation T isrepresented by the matrix

beginpmatrix1 & 2143 & 4endpmatrix . Find the image of the point (Z-1) under T .

R

(3 mks)

(3 mks)

(83 mks)



12.

13.

14.

15.

16.

A bag contains 5 red and 3 blue pens. Two pens are drawn at random without
replacement. Find the probability that they are of different colours.

Evaluate int0s2 (3x~2-2x+1)%\dx |

A right pyramid has a square base of side 6 cm and aslant height of 5 cm.
Calculate the angle between a dant edge and the base plane.

Two points # and B on the equator have longitudes 30+degk and
40+degk respectively. Calculate the distance between them aong the
equator, taking the Earth's radius as 6370 km. (Give your answer to the

nearest km.)

On the grid provided, construct the locus of points equidistant from two fixed
points A and B and also equidistant from two intersecting lines L1 and
1.2 . Clearly indicate the intersection points.

C

cm

20°
P acm B

(4 mks)

(4 mks)

(4 mks)

(4 mks)

(4 mks)



SECTION Il (50 Marks)

17.

Answer any five questions from this section in the spaces provided.

In a certain country, income tax is charged on annual income as follows: first (10 mks)
120,000 units tax-free; next 100,000 units at 10%; next 150,000 units at 15%;

remaining income at 20%. A person earns a monthly salary of 25,000 units.

Calculate (a) the annual income, (b) the tax payable per year, (c) the net

monthly income after tax.

Calculate the annual income.
Calculate the tax payable per year.
Calculate the net monthly income after tax.

18.

The marks of 80 students in a mathematics test are given in the table below. (10 mks)
\begir{ tabular} {|c|c[} \hline Mark & Frequency \\\hline 10-19 & 4\\ 20-29 &

8\\30-39 & 12\\ 40-49 & 20\\ 50-59 & 18\\ 60-69 & 10\ 70-79 & 6 \\

80-89 & 2\ \hline\end{tabular} (a) Construct a cumulative frequency table.

(b) Draw an ogive. (c) Estimate the median mark.

C

A 5¢cm B

Construct a cumulative frequency table.
Draw an ogive.
Estimate the median mark.



19. Atrianglewith vertices Ai1.0y , Bi21 |, Ci1.2) istransformed by matrix
M = beginpmatrix2 & 1\\1 & 2endpmatrix  followed by atrandation
beginpmatrix-2t1endpmatrix . Find the coordinates of the image of the triangle.

R

20. Inthefigurebelow, O isthecentreof thecircle. AE isadiameter, C isa
point on the circumference such that angle BAC=30+deg . D isapoint on the
minor arc AC . Find angle ADC |

21. Points &, B, C haveposition vectors mathbfa = beginpmatrix1V23endpmatrix |

mathbfb = beginpmatrix3 47 e nd pmatrix mathbfc = beginpmatrixaig4 1 1end pmatrix

respectively. Show that A, B, C arecollinear and find theratio AEBC .

(10 mks)

(10 mks)

(10 mks)



22.  Sketchthegraph of y=2sin(3x+60+deg) for 0O+deg<=x<=180~deg . Indicate the
amplitude, period, and phase shift.

cm

Sketch the graph.
Indicate the amplitude, period, and phase shift.

23. Ashipsalsfrompoint P at( 10+degN , 20+degE ) topoint O at ( 10+degh |

30+degkE ) along aparallel of latitude. Calculate the distance sailed in nautical
miles. (Take radius of Earth = 3440 nautical miles.)

(10 mks)

(10 mks)



24. A particle moves along astraight line with velocity witi=3t:2-6t+2 m/s, (10 mks)
where t istimein seconds. If the particle starts from the origin, find (a) its
displacement after 4 seconds, (b) the total distance travelled in thefirst 4
seconds.

locus™ =,

O U O

Find its displacement after 4 seconds.
Find the total distance travelled in the first 4 seconds.



121/2 MATHEMATICSMARKING SCHEME
Form 4 Paper 2

SECTION I (50 marks)

1. Make x the subject of the formulay = (3x - 2)/(5). (3 marks)
Multiply both sidesby 5: 5y = 3x - 2[1]
Add 2: 5y + 2 =3x[1]
Divide by 3: x = (5y + 2)/(3) [1]
Alternative method/answer:
Accept x = (5y+2)/(3)

2. Simplify (3)/(sart(5) - sgrt(2)) in the form asqrt(5) + bsgrt(2), whereaand b are (3 marks)
integers.
Multiply numerator and denominator by conjugate: (3(sart(5)+sqrt(2)))/((sart(5)-sart(2))(sart(5)+sqrt(2))) [1]
Simplify denominator: (sgrt(5))"2 - (sqrt(2))*2=5-2=3[1]
Simplify: (3(sart(5)+sgrt(2)))/(3) = sgrt(5) + sqrt(2) [1]
Alter native method/answer:
Accept sgrt(5)+sqrt(2)

3. Thelength of arectangleis 12.5 cm and its width is 8.2 cm, each measured to the (3 marks)
nearest 0.1 cm. Calculate the percentage error in the area.
Maximum length = 12.55 cm, minimum length = 12.45 cm; maximum width = 8.25 cm, minimum width = 8.15
cm[1]
Maximum area= 12.55 x 8.25 = 103.5375 cm?; minimum area = 12.45 x 8.15 = 101.4675 cm?; actua area=
12.5 x 8.2 = 102.5 cm? [1]
Absolute error = (103.5375 - 101.4675)/2 = 1.035 cm?; percentage error = (1.035/102.5)x100% = 1.01% (or
1.0%) [1]
Alter native method/answer:
Accept percentage error = (0.5(0.1/12.5 + 0.1/8.2))x100% = 1.01%

4. Pvariesdirectly as Q and inversely asthe squareof R. WhenQ=8and R=2,P= (3 marks)
10. Find PwhenQ=18and R =3.

Write variation equation: P =k (Q)/(R"2) [1]

Find k: 10 = k (8)/(2"2) Rightarrow 10 = 2k Rightarrow k = 5[1]

Find P: P=5x (18)/(3"2) =5 x (18)/(9) =5 x 2= 10 [1]

5. The third term of a geometric progression is 24 and the sixth term is 192. Determine (3 marks)
the common ratio and the first term.

Let first term = @ common ratio =r. Then a2 = 24, ar"5 =192 [1]

Divide: (ar"5)/(ar"2) = r"3 = (192)/(24) = 8 Rightarrow r = 2 [1]

Substitute: a(2)"2 = 24 Rightarrow 4a = 24 Rightarrow a = 6 [1]

6. Solve the equation x*2 + 6x + 2 = 0 by completing the square, giving your answer in (3 marks)
surd form.

Rewrite: x"2 + 6x = -2; add (6/2)"2=9: x"2+6x + 9=7[1]

Factor: (x+3)"2 =7 [1]

Take square root: X+3 = pmsgrt(7) Rightarrow x = -3 pm sgrt(7) [1]

7. Expand (1 - 2x)"5 up to the term in x*3. Use your expansion to evaluate (0.98)"5 (3 marks)
correct to 4 decimal places.



Expand: (1-2x)"5 = 1 + 5(-2x) + 10(-2x)"2 + 10(-2x)"3 + ... = 1 - 10x + 40x"2 - 80x"3 [1]

Set x =0.01 because 0.98 =1 - 2(0.01) [1]

Substitute; (0.98)"5 approx 1 - 10(0.01) + 40(0.0001) - 80(0.000001) = 1 - 0.1 + 0.004 - 0.00008 = 0.90392;
correct to 4 d.p. = 0.9039 [1]

Alternative method/answer

Accept 0.9039

8. In the figure below, O isthe centre of the circle. AB isachord of length 10 cm and (3 marks)
OX isperpendicular to AB meeting AB at X. If OX =4 cm, find the radius of the
circle.

Since OX m AB, X ismidpoint: AX =5 cm [1]

Inright triangle OXA: OAN2 = OX"2 + AX"N2=4"2+5"2=16+25=411]

Radius OA = sgrt(41) cm [1]

9. Solve the equation sin 2theta = (1)/(2) for 0"\deg <= theta <= 360"\deg. (3 marks)
General solution: sin 2theta= (1)/(2) Rightarrow 2theta = 30"deg + 360"deg n or 2theta= 150"deg + 360"deg n
[1]
Divide by 2: theta = 15"deg + 180"deg n or theta = 75"deg + 180*deg n [1]
For 0"deg <= theta <= 360"deg: theta = 15"deg, 75"deg, 195"deg, 255"deg [1]
Alternative method/answer:
Accept answers in degrees: 15°, 75°, 195°, 255°

10. Given vectors mathbfp = beginpmatrix2\\-1\\3endpmatrix and mathbfq = (3 marks)
beginpmatrix4\0\\-2endpmatrix, find jmathbfp + 2mathbfq|.
Compute 2mathbfqg = beginpmatrix8\0\\-4endpmatrix [1]
Add: mathbfp + 2mathbfq = beginpmatrix2+8\\-1+0\3+(-4)endpmatrix = beginpmatrix10\\-1\\-1endpmatrix [1]
Magnitude: |mathbfp+2mathbfg| = sgrt(10"2 + (-1)*2 + (-1)*2) = sgrt(100+1+1) = sgrt(102) [1]

11. Thetransformation T is represented by the matrix beginpmatrix1 & 2\\3 & (3 marks)
4endpmatrix. Find the image of the point (2, -1) under T.
Write point as column vector: beginpmatrix2\\-lendpmatrix [1]
Multiply: beginpmatrix1l & 2\3 & 4endpmatrix beginpmatrix2\\-1lendpmatrix =
beginpmatrix1(2)+2(-1)\\3(2)+4(- L)endpmatrix = beginpmatrix2-2\\6-4endpmatrix =
beginpmatrixO\\2endpmatrix [1]
Image point: (0, 2) [1]

12. A bag contains 5 red and 3 blue pens. Two pens are drawn at random without (4 marks)
replacement. Find the probability that they are of different colours.
Total pens = 8. Probability first red then blue: (5)/(8) x (3)/(7) = (15)/(56) [1]
Probability first blue then red: (3)/(8) x (5)/(7) = (15)/(56) [1]
Add: (15)/(56) + (15)/(56) = (30)/(56) [1]
Simplify: (15)/(28) [1]
Alter native method/answer:
Accept (15)/(28)
13. Evaluateint_0"2 (3x"2-2x + 1) \, dx. (4 marks)
Integrate: int (3x"2 - 2x + 1) dx = X3 - x"2 + x [1]
Substitute upper limit: 2/3-2/2+2=8-4+2=6[1]
Substitute lower limit: 0°3-0"2+0=0[1]
Subtract: 6-0=6[1]
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14. A right pyramid has a square base of side 6 cm and aslant height of 5 cm. (4 marks)
Calculate the angle between a dant edge and the base plane.
Base diagonal = 6sqrt(2) cm; half diagonal = 3sqrt(2) cm [1]
Slant edge = sgrt5"2 + (3sgrt(2))"2 = sgrt(25 + 18) = sgrt(43) cm (or use slant height to find edge: edge =
sart(5°2 + 372) = sort(34)? Actually careful: dant height is face height, not edge. Use right triangle from apex
to base center: height = sqrt(5°2 - 3"2) = 4 cm; then edge = sgrt4”2 + (3sgrt(2))"2 = sgrt(16+18) = sgrt(34) cm)
[1]
Angle between edge and base: cos theta= (half diagonal)/(edge) = (3sqrt(2))/(sart(34)) [1]
theta = cos™-1((3sqrt(2))/(sqrt(34))) approx cos™-1(0.7276) approx 43.3"deg [1]
Alternative method/answer
Accept theta = tan™-1((4)/(3sgrt(2))) approx 43.3"deg

15. Two points A and B on the equator have longitudes 30"degE and 40"degE (4 marks)
respectively. Calculate the distance between them along the equator, taking the Earth's
radius as 6370 km. (Give your answer to the nearest km.)

Difference in longitude = 40"deg - 30"deg = 10"deg [1]

Distance along equator = (10)/(360) x 2pi x 6370 [1]

Compute: (1)/(36) x 2 x 3.1416 x 6370 approx 1111.9 km [1]

To nearest km: 1112 km [1]

Alternative method/answer:

Accept 1112 km

16. On the grid provided, construct the locus of points equidistant from two fixed (4 marks)
points A and B and also equidistant from two intersecting lines|_1 and |_2. Clearly
indicate the intersection points.
Draw perpendicular bisector of AB (1 mark for correct construction) [1]
Draw angle bisectors of lines|1 and 12 (1 mark for correct construction) [1]
Identify intersection points of perpendicular bisector and angle bisectors (1 mark for correct identification) [1]
Clearly indicate the intersection points (1 mark for clear indication) [1]

SECTION Il (50 marks)

17. In acertain country, income tax is charged on annual income as follows: first (10 marks)
120,000 units tax-free; next 100,000 units at 10%; next 150,000 units at 15%;
remaining income at 20%. A person earns a monthly salary of 25,000 units. Calculate
(a) the annual income, (b) the tax payable per year, (¢) the net monthly income after
tax.
Annual income = 25,000 x 12 = 300,000 units[2]
Taxable income: first 120,000 tax-free; next 100,000 at 10%: tax = 10,000; next 80,000 (since 300,000 -
220,000 = 80,000) at 15%: tax = 12,000; total tax = 10,000 + 12,000 = 22,000 units [4]
Net annual income = 300,000 - 22,000 = 278,000 units; net monthly income = 278,000/12 = 23,166.67 units [4]
Alternative method/answer
Accept 23,166.67 or 23,167 units

18. The marks of 80 students in a mathematics test are given in the table below. (10 marks)
\begin{tabular}{|c|c[} \hline Mark & Frequency \ \hline 10-19 & 4\\ 20-29 & 8\\
30-39 & 12\\ 40-49 & 20\\ 50-59 & 18\\ 60-69 & 10\\ 70-79 & 6\\ 80-89 & 2 \\
\hline \end{ tabular} (a) Construct a cumulative frequency table. (b) Draw an ogive. (c)
Estimate the median mark.
Cumulative frequency table: (10-19:4), (20-29:12), (30-39:24), (40-49:44), (50-59:62), (60-69:72), (70-79:78),
(80-89:80) [3]
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Ogive: plot points at upper boundaries (19.5,4), (29.5,12), (39.5,24), (49.5,44), (59.5,62), (69.5,72), (79.5,78),
(89.5,80); join with smooth curve [4]

Median: 40th value; from ogive, median = 49.5 (or read from graph, accept 49-50) [3]

Alter native method/answer :

Accept median between 49 and 50

19. A triangle with vertices A(1,0), B(2,1), C(1,2) is transformed by matrix M = (10 marks)
beginpmatrix2 & 1\1 & 2endpmatrix followed by atrangation
beginpmatrix-2\\1endpmatrix. Find the coordinates of the image of the triangle.

Apply M to each vertex: A: (1,0) - (2,1); B: (2,1) - (54); C: (1,2) - (4,5) [4]

Apply trandation: add (-2,1) to each: A' = (0,2); B' = (3,5); C' = (2,6) [4]

Coordinates: A'(0,2), B'(3,5), C'(2,6) [2]

20. In the figure below, O isthe centre of the circle. AB isadiameter, C isapoint on (10 marks)
the circumference such that angle BAC = 30"deg. D isa point on the minor arc AC.
Find angle ADC.

Angle ACB = 90° (anglein semicircle) [2]

In triangle ABC, angle ABC = 180° - 90° - 30° = 60° 2]

Angle ADC = angle ABC (angles subtended by same arc AC) [4]

Therefore angle ADC = 60° [2]

Alternative method/answer:

Accept 60°

21. Points A, B, C have position vectors mathbfa = beginpmatrix1\\2\\3endpmatrix, (10 marks)
mathbfb = beginpmatrix3\\4\\7endpmatrix, mathbfc = beginpmatrix5\\6\\11endpmatrix
respectively. Show that A, B, C are collinear and find theratio AB:BC.

Find vector AB=b-a=(2,24) [2]

Find vector BC=c-b=(2,24) [2]

Since AB = BC, they are parallel and share point B, so collinear [3]

Ratio AB:BC = 1:1 (since AB =BC) [3]

Alter native method/answer:

Accept ratio 1:1

22. Sketch the graph of y = 2sin(3x + 60" deg) for 0"deg <= x <= 180"deg. Indicate the (10 marks)
amplitude, period, and phase shift.

Amplitude=2[2]

Period = 360°/3 = 120° [2]

Phase shift = -60°/3 = -20° (or 20° to the left) [2]

Sketch: correct shape, key points at x = -20°, 10°, 40°, 70°, 100° (within domain 0° to 180°, shift accordingly)

[4]

Alter native method/answer:

Accept phase shift as 20° |eft

23. A ship sails from point P at (10"degN, 20"degE) to point Q at (10*degN, 30"degE) (10 marks)
along aparallel of latitude. Calculate the distance sailed in nautical miles. (Take radius
of Earth = 3440 nautical miles.)

Difference in longitude = 30° - 20° = 10° [2]

Distance adong parallel = (10/360) x 21t x R x cos(latitude) = (10/360) x 211 x 3440 x cos(10°) [4]

Compute: (1/36) x 2 x 3.1416 x 3440 x 0.9848 = 591.5 nautical miles[4]

Alter native method/answer:

Accept 592 nautical miles
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24. A particle moves along a straight line with velocity v(t) = 3t*2 - 6t + 2 m/s, wheret (10 marks)
istimein seconds. If the particle starts from the origin, find (a) its displacement after 4
seconds, (b) thetotal distance travelled in the first 4 seconds.
Displacement s(t) = [ v dt = t"3 - 3t"2 + 2t + C; since starts at origin, C=0[2]
S(4)=64-48+8=24m|2]
Find when v=0: 3t"2- 6t + 2=0 — t = (6 % V(36-24))/6 = (6 + V12)/6 = 1 + V3/3 = 0.423, 1.577 [2]
Distance = [5(0.423)-0| + |s(1.577)-5(0.423)| + |s(4)-s(1.577)|; compute $(0.423)=0.423"3
-3(0.423)"2+2(0.423)=0.0757-0.536+0.846=0.3857; 5(1.577)=3.92-7.46+3.154=-0.386; 5(4)=24 [2]
Total distance = 0.3857 + | -0.386 - 0.3857| + |24 - (-0.386)| = 0.3857 + 0.7717 + 24.386 = 255434 m = 2554 m
[2]
Alternative method/answer:
Accept 25.54 m
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