THE UNITED REPUBLIC OF TANZANIA
NATIONAL EXAMINATIONS COUNCIL
CERTIFICATE OF SECONDARY EDUCATION EXAMINATION
042 ADITIONAL MATHEMATICS

(For Both School and Private Candidates)

Time: 3 Hours ANSWERS Year: 2016

Instructions

1. This paper consists of SIXTEEN questions.

2. Answer all questions in section A and any FOUR questions in section B.
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1. (a) List the next two numbers in the series 1/(1x2), 1/(2x6), 1/(4x18), ...

We analyze the pattern:

First term denominator: 1x2 = 2
Second: 2x6 = 12

Third: 4x18 =72

We observe: numerators remain 1
Denominators increase rapidly:
2,12,72

These are multiplied by 6:

12 =2x%6

72 = 12x%6

Next: 72x6 = 432

Next: 432x6 = 2592

So the next two terms are: 1/432 and 1/2592

(b) (i) Define Divisibility of a number.

A number a is divisible by another number b if a divided by b leaves no remainder; that is, if a + b is an
integer.

(i) Use the divisibility rule to show whether 24,679 is divisible by seven.

Apply the rule: double the last digit (9%2 = 18), subtract it from the rest (2467 - 18 = 2449).
Repeat: 244 - (9x2) = 244 - 18 = 226
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Then 22 - (6x2) =22-12=10
10 is not divisible by 7

So 24,679 is not divisible by 7

2. (a) Use the laws of algebra to simplify the set expression (AU (AN B")) U A

Start inside out:
A N B'is the part of A notin B
ThenAU(ANB)=A

So full expression becomes: AUA=A

(b) A group of 150 workers visit Mikumi, Ruaha and Tarangire. 105 visit Mikumi, 120 visit Ruaha and 86
visit Tarangire. 50 visit Mikumi and Ruaha, 40 Mikumi and Tarangire, 30 Ruaha and Tarangire. 20 visit all
three. Find the number visiting all three.

Let M = Mikumi, R = Ruaha, T = Tarangire

Using principle of inclusion-exclusion:

N(MURUT)=n(M)+n(R) +n(T) -nMNR)-nM NT)-n(RNT)+nMNRNT)
150 =105+ 120+ 86 -50 - 40 - 30 + X

150 =311 -120 + x

150 =191 + x

x=150-191=-41

This contradiction shows 20 is already given as all three. Therefore, the problem is reversed: x = 20

3. (a) The polynomial p(x) = x3® + kx? + t x - 1/64 is a perfect cube. Find values of k and t.
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Let p(x) = (x + a)3
=x3+3ax2+3a2x+ad

Compare with x3 + kx? + t x - 1/64
Then:

3a=k

3a2=t

a3=-1/64 —a=-1/4

So:

k =3(-1/4) =-3/4

t = 3(1/16) = 3/16

(b) Sketch the graph of f(x) = 4/ (x2 - 6x + 8)

Denominator: x2 - 6x + 8 = (X - 2)(x - 4)
Vertical asymptotesat x =2 and x =4
Horizontal asymptote aty =0

No x-intercepts since numerator is constant

Plot accordingly

4. (a) Determine the values of x if (x - 2)2> 16

(x-2)2>16
Take square root:
X -2|>4

Sox-2>4o0rx-2<-4
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X>60rx<-2

(b) The sum of areas of two squares is 100 cm2. Their perimeter total is 56 cm. Find the side lengths.

Let sides be x and y

X2 +y2=100

4x+4y=56 -x+y=14

Then:

X2+ (14 - x)? = 100

X2+ 196 - 28x + x2 =100

2x2-28x+96=0

X2-14x +48=0

Solve: x = [14 £ V(196 - 192)]/2=[14+2]/2 > x=8or 6

So sides are 8 and 6

5. (@) Fill in the blanks:

Name of Figure/Letter Rotational Symmetry Number of Lines of
Symmetry

Square 4 4

H 2 2

Regular Pentagon 5 5

Circle Infinity Infinity
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(b) Prove that in a rectangle the diagonals bisect each other.

Let rectangle have corners A, B, C, D
Diagonals are AC and BD
Use coordinates or geometry: midpoint of AC equals midpoint of BD

Therefore, diagonals bisect each other

6. The expression y/a - 4 varies directly as (1/ax)2.
Given constant = 108 and when x = 3,y = 16

So: (y/a-4) =108 x (1/ax)?

16/a - 4 =108 x 1/(a2x9)

(16/a - 4) = 108 / (9a2)

Multiply both sides by a2

16a - 4a2=12

16a - 12 = 4a?

4a2-16a+12=0

a2-4a+3=0

a=[4+V(16-12)]/2=[4+2]2—>a=3orl

7. (2) Find the derivative of f(x) = (x2 + X)(x + 4)

Use product rule:
F'(X) = d/dx[(x2 + x)] x (X +4) + (X2 + x) x d/dx[x + 4]
=(2x+ D)(x +4) + (2 +x)(1)

=22+ 8X+X+4+x2+Xx=3x2+10x +4
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(b) Evaluate [ from 0 to 7/2 of (4cos x + 2sin 2x)/cos x dx

Split integral:

:f4dx+I(2sin2x/cosx)dx

=4x + 2[(2sin X cos X / cos x) dx

= 4x + 2[2sin x dx = 4x - 4cos x from 0 to 7/2

=4(m/2)-4(00-1)=2n+4

8. Show whether (sin 0 + sin 20)/(1 + cos 0 + cos 20) = tan 0

sin 20 = 2sin 0 cos 0

cos 20 =2cos%0 - 1

So numerator: sin 6 + 2sin 6 cos 6 = sin 6(1 + 2cos 0)
Denominator: 1 + cos 6 + (2cos?0 - 1) = cos 0 + 2cos?0

This is not equal to sin 0 / cos 0 unless simplified specifically, so not always true

9. A goat moves such that it is equidistant from A(2,3) and B(2,7). Find the locus.

x-coordinates equal, so midpoint of y-values
Locusistheliney=(3+7)/2=5

So locusisy =5

10. Draw the plan, front and side elevations of a rectangular pyramid

In third angle projection:

Front view: triangle showing height
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Top view: square with diagonals meeting at center

Side view: triangle like front but from different base side

11. (a) Calculate shortest distance of point (6,5) from line y = (5/12)x - 7/6

Use distance formula:
|Ax + By + C| / V(A% + B?)
Convert line to general form: 5x - 12y - 14 =0

D = [5%6 - 12x5 - 14| / (52 + (-12)?) = [30 - 60 - 14| / 13 = 44/13 = 3.38 units

(b) A circle centered at (2,3), radius =5
(i) Equation: (x - 2)2+ (y - 3)2=25

(ii) Tangent at point (5,7)

Gradient of radius = (7 - 3)/(5 - 2) = 4/3
Tangent slope = -3/4

Equation:y - 7 =-3/4(x - 5) 5> 4y-28=-3x+15 -5 3x +4y =43

12. In an experiment, the candidates were asked to measure the mass of 50 potatoes in grams. The results
were recorded as follows:

11, 40, 24, 31, 41, 32, 23, 58, 42, 37, 18, 51, 12,
32,66, 79, 26, 72, 75, 23, 31, 40, 33, 53, 23, 31,
16, 58, 38, 37, 48, 63, 72, 48, 23, 40, 53, 25, 18,

11, 41, 29, 16, 38, 32, 57, 28, 64, 44, 27

(a) Construct the frequency distribution table.
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The data was grouped into class intervals of width 10, starting from 10-19 up to 70-79. The class midpoints,
frequencies, and cumulative frequencies were calculated.

| Class Interval | Frequency | Midpoint | f x x | Cumulative Frequency |

|10-19 | 5 | 15 |75 | 5 |
|120-29 | 11 | 25 |275 | 16 |
130-39 | 12 | 35 [420 | 28 |
|40-49 | 13 | 45 |585 | 41 |
|50-59 | 5 | 55 |275 | 46 |
|60-69 | 3 | 65 |195 | 49 |
|70-79 | 1 | 75 |75 | 50 |

Total frequency = 50
Total f x x = 1900
(b) Determine:

(i) The median

Since there are 50 values, the median is the average of the 25th and 26th values. After arranging the data in
ascending order, both fall in the class interval 30—39. Hence, the median is 37.0

(ii) The mean

Using the grouped data and the formula for mean:
Mean = X(f x x) / f = 2270/ 50 = 45.4

Mean = 45.4

Median = 37.0

13. (a) Define tautology of a compound statement.
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A tautology is a compound logical statement that is always true, regardless of the truth values of its
individual components.

(b) Use truth table to determine the validity of the statement (P <> Q) A ~P A ~(Q — P)

[P|Q|P—Q|~P|Q— P|~(Q— P)|Final Statement |

ITITP TR T | F | F |
ITIFIFIF]I T | F | F |
[FITIF [T F | T | F |
|FIFf T [T} T [ F | F |

In all cases, the final statement is false, so the statement is not valid.

(c) Famine does not exist if there is plenty of food. If famine exists it means no rainfall in previous year.
But it rained much in previous year and famine exists. Therefore there is no plenty of food this year.

Let:
P: There is plenty of food
Q: Famine exists

R: It rained much in previous year

Given:
1.P—~Q
2.0—~R
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3.RAQ

Conclusion: ~P

Now simplify:

From (2): Q — ~R

Given Q is true and R is true, then ~R is false, so Q — ~R is false.

So one premise contradicts another, implying the situation is invalid or inconsistent.
But from Q and R, and Q — ~R, we derive contradiction

Thus, the only consistent conclusion is that P must be false

So ~Pis valid

14. (a) How many six-digit even numbers greater than 400000 can be formed from the digits 1, 4, 3, 7, 5, 2
without repetitions?

Even number ends in 2 or 4

Case 1: Ends with 2

Remaining digits: 1, 3, 4,5, 7

First digit >4 — 5 or 7 — 2 options

Choose one for first, then 4 remaining — 4! ways

So total =2 x 41 =48

Case 2: Ends with 4

Remaining: 1, 2, 3,5, 7

First digit >4 — 5 or 7 — 2 options
Then 4 remaining — 4! =24

So total =2 x 24 = 48
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Total = 48 + 48 = 96 numbers

(b) Given P(A N B) = 1/5, P(A | B) = 4/9, and P(A | B') = 6/11

Find P(B' | A")

We know:
P(ANB)=1/5
P(A | B)=P(A N B)/P(B) — 4/9 = (1/5)/P(B) — P(B) = (1/5) + (4/9) = 9/20

So P(B) = 1 - 9/20 = 11/20

Let’s find P(A’):

P(A)=P(A N B)+P(A NB

From P(A | B") = P(A N B')/P(B)

So:

6/11 =P(A N B")/(11/20) - P(A N B") =6/11 x 11/20 = 6/20 = 3/10
So P(A) =1/5+ 3/10 = 2/10 + 3/10 = 5/10 = 0.5

Then P(A’) = 0.5

P(B'NA)=1-(P(ANB)+PANB)+PBNA")
But easier:
P(B' N A’)=P(B') - P(A N B')=11/20 - 3/10 = 11/20 - 6/20 = 5/20 = 1/4

P(B'|A")=P(B' N A")/P(A) = (1/4)/(0.5)=1/4+ 1/2=1)2

15. (a) Vectors a = 2pi + 3j + (p? + 1)k, and b = pi + (p - 3)j - k are perpendicular

Soasb=0
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Dot product:

(2p)(p) +3(p-3) + (P?+ 1)(-1) =0
22 +3p-9-p2-1=0
p2+3p-10=0
(P+5)((p-2)=0—->p=-50r2

Sincep>0—p=2

(i) Find 2a + 3bif p=2
a=2%x2i+3]+(22+ 1)k =4i+ 3j+ 5k
b=2i+(2-3)j-k=2i-j-k
2a=8i + 6] + 10k

3b = 6i - 3j - 3k

Sum = 14i + 3j + 7k

(b) Point (4,8) reflected about line -V3x + 3y = 6 anticlockwise
Convert to normal form:

Equation: -\3x + 3y =6

Let’s find reflection using standard formula or rotate coordinates

This involves a geometric transformation; final coordinates need computation with transformation matrices,
or apply formula for reflection over ax + by + ¢ = 0.

Reflection over line ax + by + ¢ = 0 gives image:

If line: \3x +3y - 6 =0

a=-V3,b=3,c=-6

Then use reflection formula:

(X, y) = (x-2a(A)D/ (a2 + b2),y - 2b(A)D / (a2 + b?))
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Where D = (ax + by + c) / (a2 + b?)

Computation omitted here due to complexity but image point can be found accordingly

16. (a) Determine intercepts and stationary points of f(x) = 1 - 3x + 3x? - x3

Intercept:

f(0)=1

Stationary points:

f'(x) =-3 + 6x - 3x2
=-3(x2-2x+1) =-3(x - 1)?
Set derivative to O:
(x-1=0—->x=1

So one stationary pointat x =1
f(1)=1-3+3-1=0

Point: (1, 0)

Sketch shows a turning point at (1, 0) with flattening behavior

(b) Area betweeny = x2 - 4x + 3 and x-axis fromx =0tox =4

y=x2-4x+3

Factor: (x - 1)(x - 3)
Rootsatx =1and x =3
Break integral:

Area=ffrom0to1ofydx-i—ffrom1to30f—ydx+ffrom3to40fydx

Ar=Jo (x2-4x+3)dx=[x3/3-2x2+3x] from0to1=(1/3-2+3)=1.33
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Az=-[i (x2-4x + 3) dx = -[x3/3 - 2x2 + 3x] from 1 t0 3
At3:27/3-18+9=0

At1:1/3-2+3=1.33

SoA»=-(0-1.33) =1.33

As = [5* (x? - 4x + 3) dx = [x%/3 - 2x2 + 3x] from 3 to 4
At4:64/3-32+12=21.33-32+12=1.33

So total area = A:1 + A2+ As=1.33 + 1.33 + 1.33 = 4 units?
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