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

1. The period 1" of asimple pendulumisgivenby 7' = 27\/%- Express 9 intermsof 1" and [.

2. Given that the reciprocal of 1.732 is0.5774, find the reciprocal of 0.001732, giving your answer in standard

form.

Write 0.001732 in standard form.

Use the given reciprocal to find the reciprocal.
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3. Express intheform ¢ + b\/g , Where @ and b are integers.
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4. The length and width of arectangle are measured as 50 m and 30 m respectively, each correct to the nearest

metre. Calculate the maximum possible area of the rectangle.

5. Solve the equation 2% — 3% — 1 giving your answer correct to 3 significant figures.

6. A point P(, i) moves such that its distance from A(2, 3) isequal to its distance from B(6, 1).
Determine the equation of the locus of P.



locus™ =,

7. A farmer invests Ksh 20,000 in a bank that offers a compound interest rate of 10% per annum compounded

annually. Calculate the amount after 3 years.

8. Expand (1 + 32)° up to the term in 4 3. Hence use your expansion to evaluate (1.03)° correct to 4

decimal places.

9. In ageometric progression, the second term is 6 and the fifth termis 48.

Find the common ratio and the first term.

Hence, find the sum of thefirst 8 terms.

10. Y variesdirectly as « and inversely as z2. When z =4 and 2 = 2, ¥ = 12. Find ¥ when = 6 and
z=23.



11. Given that sin f = % and 6 isan acute angle, find cos @ and tan 6.

12. A bag contains 5 red marbles, 3 blue marbles, and 2 green marbles. Two marbles are drawn at random

without replacement. Calculate the probability that both marbles are red.

13. Find the gradient of the curve iy = 2% — 222 + 5x — 1 a the point where = 2.

¥
B

-

"

14. Solve the equation 2(3032 0+ cosf —1=0for 0° <H<360°.

15. Given vectors a = 2i + 3j — k and b = 4i — j + 2k, find:



Finda-b

Find |a X b|

16. In the diagram below, O isthe centre of thecircle. ZAOB = 80° and zOAB = 50 °. Find zACB
, where C' isapoint on the circumference such that AC' isachord.




SECTION Il

Answer any five questions from this section.

17. Mr. Ochieng earns amonthly basic salary of Ksh 85,000 and a house allowance of Ksh 25,000. Heis
entitled to a personal relief of Ksh 2,400 per month. The tax brackets are as follows: first Ksh 24,000 tax-free,
next Ksh 12,000 taxed at 10%, next Ksh 18,000 at 15%, next Ksh 24,000 at 20%, next Ksh 30,000 at 25%, and
all income above Ksh 108,000 at 30%. [10 marks]

(a) Taxableincome = Basic salary + House allowance.

(b) Use progressive tax brackets to compute tax.

(c) Subtract persona relief from gross tax.

(d) Net salary = Taxable income - (tax after relief + other deductions).

18. Two points P and Q lie on the equator. P has longitude 30°E and Q has longitude 45°W. Given that the
radius of the Earth is 6370 km, [10 marks]

(a) Angular difference = 30° + 45° = 75°,

(b) Distance = (6/360) x 21R.



(c) Time difference = (8/15) hours; Q iswest of P, so subtract.

19. Thecurve y = x: 2 + 1 isrotated about the Z-axisfrom = 0 to z = 2. Find the volume of the solid

generated. (Use 11= 3.142) [10 marks]

¥
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Set up theintegral: |/ — 7r/ (xQ + 1)2 dx
0

Expand and integrate.

Substitute limits and compute.



20. A box contains 5 red balls and 3 blue balls. Two balls are drawn at random without replacement. [10 marks]

(a) Treediagram: first draw probabilities (5/8 red, 3/8 blue); second draw conditional.

(b) P(both same) = P(RR) + P(BB).

(c) P(at least one blue) = 1 - P(both red).

21. A farmer wants to enclose arectangular field using ariver as one side. He has 800 m of fencing material.

Determine the maximum possible area that can be enclosed. [10 marks]

Let width = x, length =y. Then 2x + y =800 (y = 800 - 2x).

Area A = x*y = x(800-2x) = 800x - 2x"2.



Differentiate: dA/dx = 800 - 4x. Set =0 => x=200.

Max area = 200* (800-400)=200* 400=80000 m"2.

2
22. A triangle with vertices A(1,2), B(3,4), C(5,0) istransformed by matrix M = 10 followed by

_ 01
matrix /N = . [10 marks]
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(a) Combined matrix P=N x M.

(b) Multiply P by each vertex vector.

(c) Areaof image = |det(P)| x area of original triangle.



23. A particle moves along a straight line such that its displacement S metres from afixed point O after ¢
secondsisgivenby s =% — 6¢2 + 9t + 2, t > 0. [10 markg]

@uv=ds/dt =3t> — 12t +9,a = dv/dt = 6t — 12.

(b) Set v=0 => 3t"2-12t+9=0 => t=1 or t=3.

(c) Need to check direction changes: at t=1 and t=3. Compute s(0), S(1), 5(3), S(4).

24. Points A, B, and C have position vectors g = 21,74- 33 — I; 5: 42— 34- 2%, and
¢= 5@74— 23 — 3]2 respectively. [10 marks]

3b—2d

(a) External division: p = S
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(b) BP=p —b.

(c) Show AjD: k A_C' for some scalar k.

25. Points A, B, and C have position vectors g = §+ 34_ ]; 5: 4Z+ 734- 13];, and
¢ = 324_ 534- 9]2 respectively. [10 marks]

23 + 1b

(a) Internal division: p = 5

ST

(b) AP=7 —

11



(c) Show AjD: k A_C' for some scalar k.
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121/2 MATHEMATICSMARKING SCHEME
Form 4 Paper 2

SECTION I (50 marks)
1. The period T of asimple pendulumisgiven by T = 2pi sgrt(l)/(g). Expressgin (3 marks)
termsof T and |.
B Sduaring both sides: T2 = 4pi*2 ()/(9) (M) (1)
B WMultiplying by g g T2 = 4pit2. 1 (M) (1)
B Dividing by T"2: 9 = (4pi"2 )/(T"2) (M) (1)
Alt:
— Accept: g = (4p1"2 1)/ (T"2) ovly.
2. Given that the reciprocal of 1.732 is0.5774, find the reciprocal of 0.001732, giving (4 marks)
your answer in standard form.
B Writing 0.001732 =1.722 x10"-3 (B1) (1)
m Reciprocal = fraci1. 332 x 1073 = (1)/(1.332) x 1072 (WM1) (1)
m Usivg given reciprocal (1)/(1.322)=05774 (M) (1)
W Final avswer = 05774 x 103 = 5774 = 5374 x 102 (A1) (1)
Alt:
— Accept 5774 x 1072 or 5774,

— If written as 577.4 without standard form, award W for multiplying correctly, A1
for conversion if done.

3. Express (sgrt(3) + 1)/(sgrt(3) - 1) in the form a+ bsgrt(3), whereaand b are (3 marks)
integers.

B Wauktiplying vamerator and devominator by sar+(3)+1: ((sart(3)+1)"2)/(3-1)

() (1)

B Expanding numerator: 3+2sdrt(3)+1 = 4+2sar+(3) (M) (1)

m Simplifying: (4+2sart(3))/(2)=2+sar+(3) (M) (1)

Alt:

— Accept alternative rationalising using conjuaate.

4. The length and width of arectangle are measured as 50 m and 30 m respectively, (3 marks)
each correct to the nearest metre. Cal cul ate the maximum possible area of the
rectangle.

B Waximam length = 505 m (B1) (1)
B WMaximam width = 30.5 w (B1) (1)
B WMaximum area = 50.5 x 30.5 =1540.25 w2 (A1) (1)

Al
— Accept 1540.25 m”2; if answer given as 1540 (ncorrect rounding) award A0.
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5. Solve the equation 2*x = 3"x-1, giving your answer correct to 3 significant figures. (3 marks)
® Taking logs: log 27 = log 21 (M) (1)
B Expanding: Xlog 2. = (x-1)legy 2 (M) (1)
m Collecting x terms: x(logy 2 - looy 2) = -loey 2, s0 X = (logy 2)/(logy 2 - logy 2.) (M1)
(1)
m Evaluating: x = (0.4771)/(04761) = 2.709 approx 2.1 (A1) (1)

Al
— Accept X = 2.7 (2 s.f.). Award W1 for correct wumerical substitution,

6. A point P(x,y) moves such that its distance from A(2,3) is equal to its distance from (4 marks)
B(6,1). Determine the equation of the locus of P.
m Setting up distance condition: sart((x-2)"2+(4-2)"2) = sart((x-6)"2:+(41)"2)
(m1) (1)
B Squaring both sides and expanding: (x-2)"2+(4-3)"2 = (x-C)"2+(y-1)"2 (M)
(1)
m Simplifying to dx-4y=24 (M) (1)
m Final equation: y=2x-6¢ (A1) (1)

Al
— Accept 2x-y=0 or equivalent.

7. A farmer invests Ksh 20,000 in a bank that offers a compound interest rate of 10% (2 marks)
per annum compounded annually. Calculate the amount after 3 years.
W Using A = P(1+r)M: A = 20000(11)"3 (W) (1)
m Caloulating: 20000 x 1.221 = 26620 (A1) (1)
Alt:
— Accept 20620 or Ksh 26,62.0.
8. Expand (1+3x)"6 up to the term in x"3. Hence use your expansion to evaluate (3 marks)
(1.03)"6 correct to 4 decimal places.
B Expanding up to x*3: 1 + 12X + 135x"2 + 540x"2 (M for at least 3 correct
terms) (1)
B Substituting x=0.01 into expansion (W) (1)
B Evaluating to 11440 (M) (1)
Alt:
— Accept 11940; if 119404 aiven but ot rounded, award A1 only if stated correct +o
4 d.p.
9. In ageometric progression, the second term is 6 and the fifth term is 48. (3 marks)
B Setting up ar=6, ar"4=4% aud dividing to aet r*2=0, so r=2 (M) (1)
B Finding a: a x 2 = ¢ Rightarrow a=3 (A1) (1)
B Sum S_B = (3(270-1))/(21) = 2(255)=765 (M) (1)
Alt:
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— Accept a=3, r=2, S_D=105.
10. y variesdirectly asx and inversely asz"2. Whenx =4 andz=2,y = 12. Find y
whenx=6andz=3.

B Writing y = (kx)/(22) (M) (1)

B Substituting x=4, 2=2, y=12 to get k=12 (A1) (1)

W Using y = (12x)/(2"2) (M) (1)

B Substituting x=6, 2=3 to get y=2 (A1) (1)

Alt:

— Accept y=2.

11. Given that sin theta = (3)/(5) and thetais an acute angle, find cos theta and tan
theta.

(4 marks)

(2 marks)

B Uising cos"2theta =1 - sin"2theta =1-(4)/(25)=(16)/(25), so costheta =

(A4)/(5) (M) (1)

B antheta = (sintheta)/(costheta) = (2/5)/(4/5) = (2)/(4) (A1) (1)
Al

— Accept correct values.

12. A bag contains 5 red marbles, 3 blue marbles, and 2 green marbles. Two marbles
are drawn at random without replacement. Calculate the probability that both marbles
arered.

m Total marbles =10 (B1) (1)
m P(first red) = (5)/(10)=(1)/(2) (M1) (1)
m P(second red | first red) = (4)/(4) (M) (1)
m P(both red) = (1)/(2) x (4)/(4) = (2)/(a) (A1) (1)
Alt:
— Aecept (2)/(4).
13. Find the gradient of the curvey = x"3 - 2x"2 + 5x - 1 at the point where x = 2.
m Differevtiating: (dy)/(dx) = 3x*2 - 4x+ 5 (W) (1)
B Substituting x=2: 3 (4)-4(2)+5 =12-6+5=9 (A1) (1)
Alt:
— Accept Q.
14. Solve the equation 2cos™2 theta + costheta - 1 = 0 for 0"deg <= theta <= 360"deg.
B Lot t=costheta, equation 24" 2++4=0 (M1) (1)
B Solving: (24-1) (++1)=0 so +=(1)/(2) or +=A (W1) (1)
B For costheta=(1)/(2): theta=60"deqg, 300" deg) (M) (1)
B For costheta=-: theta=1%0"deq (A1) (1)

Alt:
— Accept GD"deg), 1D0"der), 200" degy; accept radian equivalents if stated.
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15. Given vectors mathbfa = 2mathbfi + 3mathbfj - mathbfk and mathbfb = 4mathbfi - (4 marks)
mathbfj + 2mathbfk, find:

B (a) Dot product: (2)(4)+(3)(-1)+(-1)(2)=0-2-2=3 (M1, 1) (2)
m (b) Cross product: beginvmatrix mathlofi & mathbf) & mathbfk\ 2 &2 & 1\
4 & A1 & 2 endvwmatrix = Smathbfi-dmathbfi-14mathbfk (WM1) (1)
B WMagnitude: sart(5"2+(-2)"2+(14)"2) = sart(225) (M) (1)
Alt:
— Accept sdrt(295) or sdrt(295) as exact.
16. In the diagram below, O is the centre of the circle. angle AOB = 80*deg and angle (4 marks)

OAB = 50"deg. Find angle ACB, where C is a point on the circumference such that
AC isachord.

m Recoguising angle AOB = 0" deg (given, 1) (1)

B Uising angle at centre twice angle at circumference: angle ACB = (1)/(2) avale
AOR (M) (1)

B Caleulating angle ACE = (1)/(2) x ©0"deay = 40" deay (A1) (1)

m Correct covclusion (B1 for stating the theorem appropriately) (1)

Al
— Accept 40 deay; alternative method usivg cyclic quadrilateral or inscribed angle.

SECTION 11 (50 marks)

17. Mr. Ochieng earns a monthly basic salary of Ksh 85,000 and a house allowance of (10 marks)
Ksh 25,000. He is entitled to a personal relief of Ksh 2,400 per month. The tax

brackets are as follows: first Ksh 24,000 tax-free, next Ksh 12,000 taxed at 10%, next

Ksh 18,000 at 15%, next Ksh 24,000 at 20%, next Ksh 30,000 at 25%, and all income

above Ksh 108,000 at 30%.

m Taxable income = 5,000 + 25,000 = 110,000 (B1) (1)

First 24,000: +ax free (B1) (1)

Next 12,000: 1077 -> 1,200 (M1) (1)

Next 19,000: 15%% -> 2,700 (WM1) (1)

Next 2.4,000: 20%% -> 4,500 (WM1) (1)

Next 30,000: 25%% -> 7,500 (M) (1)

m Reimaining 2,000: 320%% -> 00 (M1) (1)

B (Gross tax =1,200+2,700+4,500+7,500+600 = 16,500 (M) (1)

m Net tax =16,200 - 2,400 =14,400 (A1) (1)

B Net salary =110,000 - 14,400 = 95,600 (allow if other deductions mentioned?
Here vo other deductions, so vet salary =110,000 - 14,400 = 45,600) (M) (1)
Al

— TF candidate ncludes NHIF/NSSF deductions ot stated, mark accordivgly but note
question did not include thewm.
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18. Two points P and Q lie on the equator. P has longitude 30°E and Q has longitude (10 marks)
45°W. Given that the radius of the Earth is 6370 km,

m Angular difference = 20° + 45° = 35° (B1) (1)
m Distance = (¥5/3260) x 21R (M1) (1)
B Substituting R=6270 avd =3142 or calenlator valune (WM1) (1)
W Distance = (75/260) » 2 x 2442 x 6370 = (75/260) » 40040 = >341.67
km (approx 3242 km) (A1) (1)
m Time difference = 75/15 = 5 hours (B1) (1)
B Since Q is west of P, local time at Q = 2:00 pm - 5 hours = A:00 am (W1, A1)
(2)
B Correct it and final answer (A for distance, A for time) (2.)
Alt:
— Accept D342 kim; accept G:00 am or A:00 am.
19. The curvey = x"2 + 1 is rotated about the x-axis from x = 0 to x = 2. Find the (10 marks)
volume of the solid generated. (Use t= 3.142)
m Volume V = pi int_0"2 (x*241)"2 dx (M) (1)
B Expanding: (x*241)"2 = x"4 + 2x*2 +1 (W) (1)
B Tutegrating: int_0"2 (x"4+2x"241)dx = [(x"5)/(5)+(2x"3)/(3)+x]_0"2 (W1)
(1)
B Substituting limits: (22)/(5)+(16)/ ()42 = €.4+5.3232+2 = 13,7333 (A1)
(1)
B Wultiplying by pi: 13,7232 x 2442 = 4315 (M1, A1) (2)
B Final answer with correct mits: 4345 cubic units (A1 for unit, A for accuracy)
(2)
Alt:
— Accept 4315 or 43.2 if rounding.

20. A box contains 5 red balls and 3 blue balls. Two balls are drawn at random without (10 marks)
replacement.

m P(RR) = (5)/(®)x(4)/(F) = (20)/(56) = (5)/(14) (M1, A1) (2)

B P(BB) = (3)/(®x(2)/(F) = (€)/(56) = (B)/(22) (M1, M) (2)

m P(both same) = (5)/(14)+(3)/(22) = (10)/(22)+(2)/(22) = (12)/(22) (M,
A1) (2)

W Plat least ove blue) =1 - (5)/(14) = (D) (14) (M, M) (2)

m Tree diagram drawn correctly with probabilities labelled (21 for first branches,
B1 for second bravches) (2.)

Al
— Accept fractions or decimals equivalent +o 3 <.f.
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21. A farmer wants to enclose arectangular field using ariver as one side. He has 800 (10 marks)
m of fencing material. Determine the maximum possible area that can be enclosed.

B Lot width = x, length = y; fencing: 2x+y=300 so y=500-2x (B1 for variables, W
for equation) (2.)
B Area A = X(D00-2x) = D00X-2x"2 (W1) (1)
B Differentiate: (dA)/(dx)=500-4x (WM1) (1)
m Set derivative to zero: 00-4x=0 Rightarrow x=200 (A1) (1)
B Corresponding y=500-400=400 (A1) (1)
B Waximum area = 200 x 400 = 0,000 w2 (A1) (1)
m Confirmation of maximum (e.)., second derivative neaative) (W) (1)
m Correct units (1) (1)
Alt:
— Accept D0,000 M2 alternative method using covmp[@ﬂmg sduare.
22. A triangle with vertices A(1,2), B(3,4), C(5,0) is transformed by matrix (10 marks)

M=beginpmatrix 1 & 2\ 1 & 0 endpmatrix followed by matrix N=beginpmatrix 0 & 1
\ -1 & O endpmatrix.

B Combined matrix P=Nx W =
beginpmatrix0eA\ -1 &oendpmatrixbeginpmatrii &2 \1&oevndpmatrix =
beginpmartrix1&0\-1&-2endpmatrix (M1, A1) (2)
m Travsforming A: Pheginpmatrixi\2endpmatrix = beginpmatrixi\-5endpmatrix
> A(15) (M, M) (2)
B Travsforming B: Pheginvpmatrixd\4endpmatrix = beginpmatrix3\-11endpmatrix
> B(3,1) () (1)
B Travsforming C: Pheginpmatrixs\Dendpmatrix = beainpmatrixs\-Sevdpmatrix
- C'(5,-5) (M) (1)
m Area of original triangle: (1)/(2) [x A (4_2-4_2)+x_2(4_2y_)+x_3(y_1-v_2)| =
W2 1(4-0)+3(0-2)+5(2-4)| = (V] (2)|4-610] = & (M, A1) (2)
m Area of image = |det(P)| x area original = | -2 | x ¢ =12 (M, A1) (2)
Alt:
— Accept area if computed directly from image vertices.

23. A particle moves along a straight line such that its displacement s metres from a (10 marks)

fixed point O after t secondsisgiven by s=t"3-6t"2+ 9t +2,t>=0.
B Velocity v = (ds)/(dt) = 2+"2124490 (M1, A1) (2)
m Acceleration a = (dVv)/(d+) = ¢+12 (M, A1) (2)
B Setting v=0: 3+"2-12++A=0 Rightarrow +"2-4+t+2=0 Rightarrow
(+-1)(+-2)=0, +=1 or 3 (M1, A1) (2)
B Finding positions: s(0)=2, s(1)=6, 5(3)=2, s(4)=6 (M for evaluating at least
two) (1)
B Distauce travelled: |o-2|+|2-6|+|e-2| = 4+4+4 =12 m (M, A1) (2)
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Al
— Accept 12 w; if candidate integrates absolute velocity, mark according)ly.

24. Points A, B, and C have position vectors veca = 2veci + 3vegj - veck, vech = 4veci (10 marks)
- vegj + 2veck, and vecc = 5veci + 2vecj - 3veck respectively.
m Tuternal division: vecp = frac2vecativech? = (2(1AA)+(4,713))/(3) =
(2,2,5) (M, M) (2)
B VecAP = vecp - veca = (21,32-1,51) = (1,2,4) (M, A1) (2)
m vecAC = vece - veca = (31,51,941) = (2,4.8) (1) (1)
B VecAC = 2 x veeAP (M) (1)
B Thus VecAP and vecAC are parallel and share point A, nence A, P, C are collinear
() (1)

m Correct conclusion (B for stating collvearity condition) (1)

Alt:
— Accept any valid proof of collinearity.

19



