GSE & PSI - MoES

THE UGANDA INTER SCHOOL VIRTUAL A LEVEL MATHEMATICS
SEMINAR. 2025.
Saturday 05 July 2025 (9:00 a.m)

INSTRUCTIONS TO STUDENTS AND TEACHERS:

Dear students and teachers we would like to welcome you to participate in the forthcoming
Mathematics seminar for senior six students. This is in preparation for the forthcoming final
exams(UNEB) and the Mock Examinations. This is a free seminar and no one should
charge you any fees.The process to be followed by both the teachers and students is suggested
below:

1. Teachers share the Seminar questions with their students and ask for volunteers to dis-
cuss any of the questions. Questions should be pinned up and learners write down all the
questions in their books.

2. Teachers talk to the school administrators to allow the children participate as presenters in
the seminar on Saturday 05th July from 09:00am - 2:00 pm. Other students will just
be participants.

3. The student together with the teachers select atleast two best done presentations and the stu-
dents to represent the school. The solutions and pictures/videos should be uploaded on padlet
https://bit.1ly/S4MATHSEMINAR2023 and sent on email kazibastephen42@gmail.com

4. Hold a mock presentation where all your discussants present to the rest of the class.After
that release the rest of the class and record your best presenter in a very quiet environment
but with good light.Record each part of the question separately .

5. The teacher could now train the student on how to present on zoom as far as sharing a
screen and using the whiteboard. Alternatively the students’ presentation will be loaded on
the computer screen and they explain to us their solution.

SEMINAR DETAILS

S.6 virtual Mathematics seminar 2025.
Time: 05 JULY 2025, 09:00 AM

Join Zoom Meeting
Meeting ID:99061580873
Passcode: HelLP2025
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 https://bit.ly/S4MATHSEMINAR2023

P425/1

P425/2

1. Analysis (6 questions)

(a) Differentiation

(b) Integration

(c) Differential equations
2. Vectors (2 questions)

(a) Vectors in 2-D

(b) Vectors in 3-D

(c) Ratio theorem

(d) Lines and their properties

(e) Planes and their properties
3. Trigonometry (2 questions)
4. Geometry (2 questions)

(a) Coordinate geometry of

lines and triangles

(b) Locus and circles

(c) Parabola,ellipse ,hyperbola
5. Algebra (4 questions)

(a) Surds,indices and loga-

rithms

(b) Quadratics

Polynomials

af-\

Simultaneous equations
Inequalities

R

Partial fractions

—~

Complex numbers

@
—_— N — L — T

s
=09

Permutation and combina-
tions

1. Mechanics (6 questions)
(a) Kinematics
(b) Dynamics
(c) Statics
2. Numerical analysis (4 questions)
(a) Location of the roots of an
equation
(b) Trapezium rule of numerical
integration
(c) Newton Raphson method
(d) Errors
(e) Flow charts
3. Statistics and probability (6 ques-
tions)
(a) Mean ,mode,median
) Index numbers
(c) Correlation coefficient
) Scatter diagram
) Discrete probability distri-
butions
(f) Continuous probability dis-
tributions
(g) Distributions
i. Uniform distribution
ii. Normal distribution
iii. Binomial distribution
iv. Normal approximation
to binomial distribution
(h) Estimations
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PURE MATHEMATICS (P425/1)

TOPICS SECTION A SECTION B
ALGEBRA 2 2
ANALYSIS 3 3
TRIGONOMETRY 1 1
VECTORS 1 1
GEOMETRY 1 1
ALGEBRA

1. Solve the equation for x if

()

(b)

(c)

4lr — 1] < |3z + 2|

7(4:13 o 21’+1) — 8(8x—1 o 1)

logy(z + 1) — 4log(,,1)2 =3

2. The expansion of (az —2)*(1+ 2)% is written in descending powers of z.The first 3 terms of

this expansion are 8la* + 99923 4 cx?.It is given that a,b and c are positive integers.Find

the values of a,b and ¢

3. (a)

(b)

The first three terms of an arithemetic progression are In p,ln p* and Inp”,where p is a
positive constant. The sum of n terms of this progression is 4845 In p.Find the value of
n

The first three terms of a geometric progression are ¢°%, ¢° and ¢~%, where ¢ is a positive
integer.Find the nth term of this progression giving your answer in the form ¢(¢+z

Given that x and y are real numbers ,find the values of  and the values of y

(z +iy)? =7 — (6V/2)i

i. Show that z — 3 is a factor of 223 — 422 — 52 — 3
ii. Solve 223 — 422 —52—-3=0

Solve for n in "C3 +" Cy = 4n

Solve the simultaneous equation

63:c+4y — 2€2I7’y

e2w+y — 86a:+6y

Show that 1+ i is a root of the equation z* 4+ 322 — 62 + 10 = 0.Hence find other roots

Given that the complex number z and its conjugate z satisfy the equation 22—2z+22 =
5 — 4i.Find the possible values of z
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7. (a) Solve the simultaneous equations
m? — 4dmn +n® = 1

2 2
)
m n 1

(b) Find the range of values of x for which 2251 > 2

8. Solve the simultaneous equations :
(a)

log(m+n) =0
2logm = log(5 + n)

20 — b+ 4c = 26
3a—2c—b=0
a+3b—c=5

9. (a) A student deposits UGX 50,000 with a bank every start of a three month period.Their
understanding is that the bank gives her a compound interest of 3% every three month
period. How long will it take her to accumulate UGX 3 million if there is no withdrawal.

(b) Show that

1= 2 2,
~l—--x+ -
I1+z 3 9

10. (a) Prove by induction that 3*" 4+ 5" — 2 is always a multiple of 4 for all integers ,n > 1.
(b) Given that 7 r® = in*(n + 1) find the series sum 13 + 3% + 5% + ... + (2n — 1)*.
11. (a) A team of 10 players is to be chosen from 15 players.
i. Find the number of different teams that can be chosen if there are no restrictions.

ii. The 15 players include 3 sisters who must not be separated. Find the number of
different teams that can be chosen

(b) A 6 digit number is to be formed using the digits 0,1,2,3,4,5,6,7,8 and 9.The 6 digit
number cannot start with 0 and all six digits must be different.Find how many 6 digit
numbers can be formed if the 6 digit number is even

12. (a) Express % in partial fractions.

(b) Hence obtain the expansion of ?$2_24“3+15 ‘

D (a—2? 1N ascending powers of x ,up to and including
the term in 22

13. (a) Solve the equation /x +7 — vz —1 =2

(b) Express 22 in the form a + bi where a and b are the real and imaginary variables
respectively. Hence if Arg(a + bi) = —7,show that the locus of z is a circle
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14

15.

16.

17.

18

. Skecth the curve

()

(b)

2(x —2)(x + 2)
N 2r — 5

TRIGONOMETRY

Express 3 cos 20+4sin 20 in the form Rsin(20+a),where R > 0 and 0° < o < 180°.Give
the value of R and the value of a to 2 d.ps.

Hence;
i. State the maximum value of 3 cos 26 + 4 sin 20
ii. Solve the equation 3 cos 20 + 4sin20 = 4 for 0" < § < 180°

H 2 . .
Show that s‘lrft;?l‘; 09 can be written as sin® 6.

Hence solve the equation
sin3ztan?3z 1

1+tan?3z g
for —180° < z < 180°

Simplify tan 75° giving your answer in the form a + by/3. Hence show that tan 105° +
cot 1050 = —4.

Given that ¢ = tanf — sin @ and b = tan § + sin 6.Prove that

(a® — b*)? = 16ab

. Show that

(2)

(b)

(e)

cos 6 1+sinf

=2 0
1+sinf + cos 0 Bec

sin(270 — 6) + sin(270 + 6) = —2cos 6

T cosz +sinx
tan(z + 4y = BT TILT
4 CosxT —sinz

sin § +sin3f +sinb58

= tan 3
cos 3 4 cos 38 + cos b an 34

tanB +secB — 1 B 1+sinB
tanB —secB+1  cosB

19. If A,B ,C are angles of a triangle ,prove that
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A B C A B C
1—sin2§—sin25—sin2§ :2sin§sinasin§

B [A+cC
Sin B = COS 5

B C
cos A+ cosB+cosC —1 :4sin§sinEsin§

cos A + cos B C
- — tan
sin A +sin B 2

(e)

cos2A + cos2B + cos2C =1 — cos A cos B cosC

20. (a) Solve cosf + v/3sinf = 2 for 0° < 6 < 360°
(b) Solve for 3 if cos 8 + cos58 +cos3=0for ° < B <7

(c¢) If P,Q and R are angles of a triangle prove that :

1 2
= cos? 5 + l cos? Q + l cos? E = M
p 2 q 2 r 2 dpgr

VECTORS
3 2 -1
21. (a) Aplaneisgivenbyr=1{ 1 | +a | -3 +8| 2 | for scalars a and 5.Determine
-2 1 3

its cartesian equation

(b) Find the coordinates of the foot of the perpendicular dropped from (=5, —7,25) to this
plane.

22. The lines m and ¢ are given by 3Ai + (1 — 2)\)j + (3 + A\)k and KL respectively,where
K(—1,—6,6) and L(7,4,2).

(a) Find the vector equation of ¢

(

b) Show that m and ¢ intersect at right angles

)
)

¢) Determine the equation of the line that perpendicularly cuts both lines
)

(
(

23. (a) Calculate the angle between the line r = (4 — 2a)i + (1 — «)j — 3ak and the plane
2
p.|3]=-12
1

(b) Calculate the area of the triangle with vertices P(2, —1,3) ,Q(-3,2,1), and R(1, 3, —2)

24. (a) Given the vectors 8 — 2j + 5k and i + 2j + pk are perpendicular,find the value of the
constant p.
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25

26

27.

28

29.

30.

(b) The line L; passes through the point (—3,1,5) and is parallel to the vector 7i —j — k .
i. Write down a vector equation of the line L,

ii. The line Ly has vector equation r = i — 25 4+ 2k + (i + 8j — 3k).Show that L; and
L> do not intersect

. The origin O and the points A,B and C are such that OABC is a rectangle. With respect
to O ,the position vectors of the points A and B are —4i¢ 4+ pj — 6k and —10i — 25 — 10k.

(a) Find the value of the positive constant p
(b) Find a vector equation of the line AC

(c¢) Show that the line AC and the line ,L, with vector equation
r=3i+7j+k+ pu(—4i —4j — 3k)

intersect and find the position vector of the point of intersection.

(d) Find the acute angle between the lines AC and L

GEOMETRY

. The circles with equations z2 + (y — 4)? = 16 have (z — 4)? + (y — 1)? = 1 have centres at
A and B respectively.

(a) Show that these circles touch each other externally
(b) Find the equation of the common tangent at their point of touch

(c) The two circles also touch the x- axis at the origin ,O and point P(4,0) respectively
.Calculate the area of the shape 0ABP

(a) The line y = mx+c meets the curve z2+y* = r? at only point.Show that ¢ = r?(1+m?).

(b) Find the possible equations of the lines drawn from (—1,13) and touching the curve
2?2 +y? =10

. The equation of the chord PQ of a curve is pqy + = = 2(p + ¢) for parameters p and q at
points P and Q respectively.

(a) Deduce the equation of the tangent to this curve at a point with parameter ,t.

(b) The normal at T'(2t, 2) meets the curve again at point R.Find the coordinates of R in
terms of parameter ,t.

(a) P(ap? 2ap) and Q(aq?, 2aq) are points on the parabola y? = 4axz.If the chord passes
through the focus ,show that pg = —1.If M is the midpoint of PQ ,deduce that the
locus of M is y = 2a(x — a)

(b) Show that the equation y* = 9(x + y) represents a parabola;hence determine its focus
and directrix

(a) A tangent from the point Q(q¢?, 2¢) touches the curve y* = 4z .Find

i. the equation of the tangent
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31

32.

33.

34.

35.

36.

ii. the equation of line L parallel to the normal at (¢?,2¢) and passes through (1,0)

iii. The point of intersection , P of the line L. and the tangent

ANALYSIS
. The equation of a curve is y = ejj” where x < —1.
Show that % = %(Cw + D) where C and D are integers to be found.

(2)
(b)

(b)

Hence show that there is only one stationary point on the curve and find its exact
coordinates.

On the same axes sketch the curves f(z) = 22 4 42 — 6 and g(7) = 575

Find the volume of the solid generated when the region between the curve f(z) =
202 +4x — 6 Jines x = —1,2z = 0 and y = 0 is rotated through 360" about the line
y=0

A cone with a semi-vertical angle of 30° collects very soft ice-cream from a vendor’s

machine at a rate of 9 cm?® per second. Calculate the rate at which the surface area of
the ice-cream increases when the ice cream reaches a depth of 10 cm.

A cylinder is inscribed in a hemisphere of radius ,R .Its length lies along the diameter
of the hemisphere .Show that the maximum volume of this cylinder is \/Tgﬂ'Rg

In a community of 1000 people, a rumour spreads at a rate proportional to the product of

the population that has heard the rumour and the population that has not yet heard the

rumour. Initially, at 8:00 a.m., 100 people had heard the rumour. By this time, 10 people

per hour had heard the rumour.

(2)
(b)

()
(b)

()
(b)

Write a differential equation for this scenario.

i. Determine how many people will have heard the rumour by 8:00 a.m. the next
day.

ii. When will 900 people have heard the rumour?
Find [ cos?3ysiny dy

Using the substitution 2x = sinu, evaluate

1
i [1-2
/4\/ xdx
0 142z

1 -1
tan™ " x
/ dx
o L—x2

Differentiate sec x with respect to x from first principles.

Given that % =1, find g—g in terms of x

37. The parametric equations of a curve are x =t +4Int , y =1t + %,for t>0.
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(a) Show that

dy 2 -9
dr 2+ 4t

(b) The curve has one stationary point.Find the y - coordinate of this point and determine
whether it is a maximum or a minimum point.
38. (a) Differentiate e from first principles

(b) Use small changes to show that (16.02)1 = 25

(c) Differentiate ef:(i‘isj)z with respect to x

39. The diagram shows a water container in the shape of a triangular prism. The depth of
water in the container is h. The container has length 5. The water in the container forms a
prism with a uniform cross-section that is an equilateral triangle of side x.In this question
all lengths are in metres.

(a) Show that the volume ,V ,of the water is given by

~ 5V/3h?
-3

Vv

(b) Water is pumped into the container at a rate of 0.5m® per minute. Find the rate at
which the depth of the water is increasing when the depth of the water is 0.1m.

40. Show that
(a)

1 1
——dr = — tan"}(V/3t
/1+2sin2:c v V3 o (\/_ anz)+c

2 sin x 3m 4
dv = — + —1In (%
/0 3sinz +dcosz 50 i 25 n ()

R S MR AT
—FF——ar =1n
o Vr(Vz+2)
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L dz = In |sinz| +
= In|sin
cosec2x — cot2x v e B

41. The rate at which the temperature of a body falls is proportional to the difference between
the temperature of the body and that of its surrounding .Initially the temperature of the
body is 80°C .After 10 minutes the temperature of the body is 60°C .The temperature of
the surrounding is 15°C

(a) Form a differential equation for the temperature of the body
(b) Determine the time it takes for the temperature of the body to reach 40°C

42. Maize dwarf mosaic virus(MDMYV) has infected a number of maize plants Mr Ronalds’
garden .The growth in the number of maize plants infected is proportional to the number
already infected .Initially 20 maize plants were infected

(a) Form a differential equation that models the growth in the number infected

(b) Thirty days after the initial number of infections ,60 maize plants were infected .After
how many further days does the model predict that 200 maize plants will be infected?

43. (a) Prove that

’ 3—z %dl':ﬂ'
[(=)

Hint : Use the substitution z = 3sin?# + cos? 6
(b) Show that

wl—=

™

1
/ sin3xsinx = §\/§

1
6’71'

44. Show that

In2 6290 1 27
dr = —=In—
o (1+e”)(2e" +1) 2720

45. (a) Show that [, dzlnzdr = 56In2 — 12,

(b) Use the substitution v = sin4z to find the exact value of

1

247 3
cos’ 4xdx
0

END
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APPLIED MATHEMATICS P425/2

TOPICS SECTION A SECTION B
NUMERICAL ANALYSIS
STATISTICS AND PROBABILITY
STATIC MECHANICS
DYNAMIC MECHANICS
KINEMATIC MECHANICS

— =] =] N
N I

Mechanics
1. A particle moves a long a horizontal line. The particle’s displacement ,in metres ,from an
origin O at time t seconds is given by r(t) = 4 — 2sin 2¢.
(a) Find the particle’s velocity and acceleration at any time t.
(b) Find the particle’s initial displacement,velocity and acceleration

(c) Find when the particle is at rest,moving to the right and moving to the left during the
time 0 <t <m

(d) Find the displacement of the particle after wseconds

2. A light container has a vertical cross-section in the form of a trapezium. The container rests

<« 2ym %/

A 0.4m B

on a horizontal surface.

ym

Grain is poured into the container to a depth of y m. As shown in the diagram, the cross-
section ABCD of the grain is such that AB = 0.4m and DC = (0.4 + 2y)m

(a) When y = 0.3m , find the vertical height of the centre of mass of the grain above the
base of the container.

(b) Find the value of y for which the container is about to topple.

3. An object of mass 4kg is initially at rest at a point whose position vector is (—4i + 2j)m.If
its acted upon by a force F' = (14i + 215 + 24k)N. Find

(i) acceleration of the object
(ii) its velocity and speed after 2seconds
(iii) its distance from the origin after 4seconds

4. A particle is projected from a point on level ground such that its initial velocity is 60ms™*
at an angle of elevation 30° and taking g = 10ms—2 find
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a) the time taken for the particle to reach its maximum height
g

(

(c

(d) the horizontal range of the particle

)
b) the maximum height
) the time of flight

)

5. One end of a light inextensible string of length 0.75m is attached to a particle A of mass 2.8
kg. The other end of the string is attached to a fixed point O. A is projected horizontally

with speed 6 ms™! from a point 0.75 m vertically above O (see Fig below). When OA makes

an angle 0 with the upward vertical ,the speed of A is vins™! .

1

6ms—
>

AQ

0.75m

(a) Show that v?* = 50.7 — 14.7 cos 6.

(b) Given that the string breaks when the tension in it reaches 200 N, find the angle that
OA turns through between the instant that A is projected and the instant that the
string breaks.

6. (a) i. Forcesof6i+5j, —10i—4j,7i—77, —8i+27, 5i+4jN act at the points (2, 2), (5,0), (—4, —4), (0, -
(6,0) rspectively.Show that the system reduces to a couple and state the moment
of the couple

ii. Forces of magnitude 10 N, 15 N and 20 N act away from a common point in the
directions S30°E, E 60°N and North-West respectively. Find the resultant force.

(b) Forces of magnitude 2N, 2N, 3N, 4N, 2y/2N and v/2N act along sides AB,BC,DC,AD,AC
and DB respectively. Where the square is of side 2m.Find the ;

i. Resultant force
ii. Equation of the line of atcion of the resultant force and where it cuts the r— axis

7. At time ¢t = 0 ,the position vector r and velocity v of two trains A and B are as follows.

Trains Velocity vector Position vector
A Vi = (—6i+ k)ms™* ra=(i+2j+3k)m
B Vg =(=bi+j+Tk)mst | rg=(4—14j+k)m

If the trains maintain these velocities,find the :

(a) Position of B relative to A at time t
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(b) time that elapses before the trains are closest to each other
(c) least distance between the trains in the subsequent motion

8. A horizontal turn table rotates with constant angular speed wrads~! about its centre O. A
particle P of mass 0.08kg is placed on the turntable. The particle moves with the turntable
and no sliding takes place.

(a) Tt is given that w = 3 and that the particle is about to slide on the turntable when
OP = 0.5m. Find the coefficient of friction between the particle and the turntable.

(b) Given instead that the particle is about to slide when its speed is 1.2ms™! | find w.

9. A car of mass 1000kg is moving on a straight horizontal road. The driving force of the car

-1

is 28pﬂN and the resistance to motion is 4vN, where vms™" is the speed of the car t seconds

after it passes a fixed point on the road.

(a) Show that

dv 7000 — v?

dt 2500
(b) The car passes points A and B with speeds 10ms~! and 40ms~! respectively. Find the
time taken for the car to travel from A to B.

10. (a) A particle of mass 5kg resting at point (1,—4,4) is acted upon by three forces .F; =
3i 4+ 37, Fy = 25 + 4k, F3 = 2i + 6k. Find the position and momentum of the particle
after 4 seconds.

(b) A particle of mass 4kg moves with a velocity of e'i + 2¢*j — sintk.Find the power
developed after 4 seconds.

Statistics and Probability

11. The continuous random variable X has probability density function

f(x):{%(9_$) —3<r<3

0 : otherwise

(a) Find the mean and variance of X.
(b) Calculate
i. P(X >2)
ii. P(|X|> o),where o is the standard deviation of X

12. The probability that Mawejje will play in the CECCAFA challenge champion for his team
,Uganda cranes is 0.8.The probability that Uganda cranes wins the tournament when Mawe-
jje is playing is 0.75 ,otherwise it is 0.5.Find the probability that

(i) Uganda cranes wins the tournament

(ii) Mawejje is playing if they lose the tournament
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13.

14.

15.

16.

17.

The random variable X denotes the number of hours of cloud cover per day at a weather
forecasting center.The probability density function of X is given by

{% 0<z<24

0 ; otherwise

where k is a constant
(a) Show that k = 2016

(b) On how many days in a year of 365 days can the centre expect to have less than 2
hours of cloud cover

(c¢) Find the mean number of hours of cloud cover per day.

The continuous random variable T represents the time in hours that students spend on
homework. The cumulative distribution function of T is

0 it <0
F(t) =< k2 —tY) ;0<t<15
1 t>1.5

where k is a positive constant.
(a) Show that k = 32
(b) Find the proportion of students who spend more than 1 hour on homework.
(c) Find the probability density function, f(t) of T.
(d) Show that E(T) = 0.9.

A box contains 1 red bead and I white bead. When a bead is drawn from the box, it is
returned together with a bead of the other colour. If three such random draws are made,

(a) Find the probability that the second and third beads drawn are of the same colour.

b 1. Construct a probablllty distribution for the number of red beads in the box after
the experiment.

ii. Find the expected number of red sweets in the box after the draws.

Bottles of wine are stacked in racks of 12 . The weights of these bottles are normally
distributed with mean 1.3kg and standard deviation of 0.06kg.The weights of the empty
racks are normally distributed with mean 2kg and standard deviation of 0.3kg .

(a) Find the probability that the total weight of a full rack of 12 bottles of wine is between
17kg and 18kg.

(b) Two bottles of wine are chosen at random .Find the probability that they differ in
weight by morethan 0.05kg

Jacob has four coins. One of the coins is biased such that when it is thrown the probability
of obtaining a head is %. The other three coins are fair. Jacob throws all the four coins at
once. The number of heads he obtains is denoted by a random variable X. The probability
distribution table for X is as follows.

14
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18.

19.

20.

21.

P(X =X)

Bleo| ©
2l

(a) Show that a = 1 and find b and c.
(b) Find B(X)
(c) Jacob throws all four coins together 10 times
i. Find the probability that he obtains exactly one head on fewer than 3 occasions.

ii. Find the probability that Jacob obtains exactly one head for the first time on the
7th or 8th time that he throws the four coins.

There are three sets of traffic lights on Masandugu’s journey to work. The independent
probabilities that Masandugu has to stop at the first, second, and third set of lights are
0.4,0.8, and 0.3 respectively.

(a) Draw a tree diagram to show this information.

(b) Find the probability that Masandugu has to stop at each of the first two sets of lights
but does not have to stop at the third set.

(c) Find the probability that Masandugu has to stop at exactly two of the three sets of
lights.

(d) Find the probability that Masandugu has to stop at the first set of lights, given that
she has to stop at exactly two sets of lights.

The weight of male leopards in a particular region are normally distributed with mean 55kg
and standard deviation Gkg.

(a) Find the probability that a randomly chosen leopard from this region weighs between
46kg and 62kg

(b) The weight of female leopards in this region are normally distributed with mean 42kg
and standard deviation o kg. it is known that 25% of female leopards in the region
weigh less than 36kg. Find the value of o .

The lengths , in c¢m, of the leaves of a particular type are modelled by the distribution
N(5.2,1.5%).

(a) Find the probability that a randomly chosen leaf of this type has length less than 6cm

(b) The length of leaves of another type are also modelled by a normal distribution. A
scientist measures the lengths of a random sample of 500 leaves of this type and finds
that 46 are less than 3cm long and 95 are more than 8cm long. Find estimates for the
mean and standard deviation of the length of leaves of this type.

Given that P(AUB) = <5, P(A/B) = 5 and P(B/A) = 2 find :
(a) P(A)

(b) P(A'/BY)

(c) P(A or B but not both A and B)
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22. The weights in kg of 25 boys were as follows.

Weights,x(kg) | Frequency
20 — 24 3
25 — 29 5)
30 2
31 —34 6
35 —49 9

(a) Calculate the

i. Mean weight

ii. number of boys weighing between 26.5kg and 32.5kg
(b) i. Draw a histogram for the data

ii. Use your histogram to estimate the modal weight

23. (a) The table below shows the marks of mathematics (x) and SST (y) obtained by certain
students

Math(x) 35 65 29 25 45 75 20 90 51 60

SST(y) 86 70 84 92 79 68 96 o8 86 7

i. Plot a scatter diagram for the data, draw a line of best fit and comment on the
relationship between the scores in the two tests.

ii. Estimate mathematics mark (x) when SST mark (y) is 84
(b) Calculate the rank correlation coeflicient and comment at 5% level of significance

24. The lifetime in hours of 80 solar bulbs were as follows

Lifetime(Hours) | Number of bulbs
Below 10 14

10 and under 20 19

20 and under 30 15

30 and under 40 20

40 and under 50 12

(a) Calculate the mean life time and variance
(b) i. Draw an Ogive for the data .
ii. Use it to estimate the lifetime exceeded by 75% of the bulbs

25. The table below shows the prices and price indices for three items in the years 2023 and
2024 respectively.

Item (kg) | Price in 2023 | Price indices in 2024 using 2023 as base
X 3200 125
Y 4000 105
Z 4500 120
16 5.6 Virtual Seminar(c) 2025
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(a) Calculate the price of each item in 2024

(b) Taking Y as the base item ,calculate the price indices for 2023

(c) Using weights 3,5 and 2 for items X,Y and Z respectively .Calculate the:
i. Composite price index for the items in 2024

ii. Weighted aggregate price index of the items in 2024

Numerical Analysis

26. (a) Use the trapezium rule with 7 ordinates to estimate f06 xe *dx correct to 3 significant
figures

(b) Find the percentage error made in your estimation ,giving your answer to 2 deciml
places .Suggest how this error may be reduced.

27. (a) Find the range within which the exact value of z lies, given that

1 1
Z=—-+4=+uy, z = 4.165 % 0.001, y = 6.72 £ 0.01
Ty

(b) Use the trapezium rule with 11 ordinates to find the approximate value of ff xlog,q xdx
to4d.p

(¢c) Find the exact value of ff xlog,y xdx .Hence calculate the error in (b) above. How can
this error be reduced when using the trapezium rule.

28. By constructing a table of values for f(z) = 3ze” — 1 in the range 0.1 < z < 1.1, using
intervals of 0.2, obtain;

(i) the value of f (1.13) using Linear extrapolation.
(ii) the root of f(x) correct to 3d.p using Newton-Raphson’s formula.

29. (a) Show that the iterative formula for solving the equation 4z — sec?z = 0 is x4 =
}Lsec2 ZTn. Starting with xqg = 0.2, find the solution of the equation to 4 significant
figures.

(b) The numbers z,y and z were estimated with errors dx,0y and dz respectively .Show
that the maximum relative error in %’2 is

0z

z

ox
x

)
+ 2‘—‘” +
Y
State the assumptions made

30. The table values of tan © have been extracted from four figure tables

) 75 76 7 78 79
tan© | 3.7321 | 4.0108 | 4.3315 | 4.7046 | 5.1446

Estimate

S.6 Virtual Seminar(c) 2025 17
All Rights Reserved



(i) tan~"(4.6500)
(i) tan79°36'

31. (a) Use Newton Raphson’s formula to show that the sixth root of a number N is given by

5 N
33n+1—6 xn"i_ﬁ

(b) Draw a flow chart that:
(i) Reads N and the initial approximation x
(ii) Computes and prints the roots to 3 d.p
(iii) Print N and the root
(c) Taking N=30.5 and zy = 1.2 perform a dry run for the flow chart.

32. The numbers M = 5.83 and N = —2.456 were rounded off to the given number of decimal
places.

(a) State the maximum possible errors in M and N

(b) Find the range in which 2L

7 lies.

N

33. The radius r ,heigh h of a cone are measured with errors Ar and Ah respectively.
(a) Show that the maximum relative error in its volume is

AR
2 _
+‘h

or
.

(b) If r = 3.55 and h = 12.4cm.Find the percentage error in its volume.

34. (a) Use the graphical approach method to estimate the root of the equation 2sin x — Inx =
0 in the interval 2 < x < 3.

(b) Use Newton Rahson method ,find the root of the equation 2sinx — Inz = 0 taking
the approximate root obtained in (a) as the initial value of z,.Give your answer to 3
decimal places.

35. The charges of sending parcels by JEFF distributing company depends on the weights of
the parcels. For the parcels of weight 500g, 1kg, 1.5kg, and 2kg the charges are 1000/=,
2000/=, 3500/=, 4000/= respectively. Estimate

(a) What the distributor would charge for a parcel of weight 450g

(b) What the distributor would charge for a parcel of weight 1.8kg

Show that the equation 7sinxz —x = 0 has a root between 7 and 7 .Hence use linear

interpolation only once to find the root,correct to three significant figures.

)
c¢) If the sender pays 6200/= what is the weight of his parcel
36. (a)

1

Trtangocorrect to 3 decimal

1
se e trapezium rule wi ordinates ,estimate
b) Use the t i le with 6 ordinat timate [3"

places.

(c) Calculate ther percentage error in your estimation in (b) above and state two ways of
reducing the error.
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PURE MATHEMATICS P425/1

1. Algebra

(a) For the quadratic equation ax? + bx +c =0

—b+Vb? — 4dac
xTr =
2a

(b) For an arithmetic series (A.P)

Up =a+ (n—1)d

Sn = %n{2a + (n—1)d}

(c) For a geometric series (G.P)

Uy, = ar™ 1
1 —pm

5, — A=) r# 1
1—17r
a

Soo = <1
1—r I

(d) Binomial expansion

(a—l—b)”:a”Jr(T)a”_ler(Z)a"‘2b2+(g)an_3b3+~-

where n is a positive integer

()=

n!
nCvT _
rl(n —r)!
-1 —1(n—2
Where n is rational and |z| < 1
n!
nPr —
(n—r)!
Where r <n
(e) Summations
r=-n(n+1)
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2. Trigonometry

Z
o

Identity

1
sin 0

tanf = Sm9 secl =

> cosect =

97

cos 9—|—Sln =1

1+ tan?# = sec? 6

cot?f + 1 = cosec®d

sin(A + B) = sin A cos B + cos Asin B

sin(A — B) = sin Acos B — cos Asin B

cos Acos B — sin Asin B

Q||| U =W~

) =
— B) = cos Acos B +sin Asin B
)

_ tanA4tan B
~ 1-tanAtanB

—
)

__ tanA—tan B
tan(A _ B) ~ l1+tanAtan B

—_
—_

sin2A = 2sin Acos A

cos2A = cos2 A —sin® A

—_
DO

_ 2tan A
tan 24 = ;=5

—
w

(a) For the t -formula

1

t =tan -0

2

2t

g — 2t

sin P

1—¢2
cosf =

1+t2

(b) For any triangle with angles ;A,B and C and with sides a,b,and c .

a? =b*+ c* — 2bccos A Cosine rule
_at+b+tc
-
3. Differentiation

No Y j—g
1 " na" !
2 Inz Lfora#0
3 e* e’
4 sinx Ccos T
5) cos T —sinz
6 tan sec2 T
7 uv o<+ UZ—Z
] u Ugﬁ —ugy
9 @) f(xwg—f(x)
10 sec x secx tan x
0y [ E-@m
12 ef@ fH(x)el@

20
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4. Integration

No | /(@) [ /@

1 x" n+1—|—cf0rn7é—1
2 2 for z #0 Injz|+cn

3 e’ e’ +c

4 sin —cosx + ¢

5) cos T sinx + ¢

6 sec® tanz + ¢

7 fuﬁ—idx Uv — fv%dx

8 fff((j))dx In|f(z)| +c

9 cosecx cotx —cosecr + ¢

10 sec x tan x secx + ¢

11 cosec? v —cotz + ¢

12 tan In|seczx| + ¢

13 cosecx —In |cosecx + cot x| + ¢
14 cot x In|sinz| + ¢

/

5. Vectors

P+qx

da::gln|p+q:1:]+c
q

(a) If @ = ayi + agj + ask and b = byi + byj + bsk then

a.b= a1b1 + a2b2 + CL3b3

= |al||b| cos @

(b) ii=jj=kk=1andij=ik=jk=0
() |a.af = |af?

(d) a.(b+c¢) =a.b+a.c

(e) a.(kb) = (ka).b = k(a.b) where k is a constant
(f) a.b=al|b| cosb

(g) The cartesian equation of the line

T1 U1 21
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APPLIED MATHEMATICS P425/2

1. Numerical Methods

(a) Trapezium rule

b
1
/ f(z)dr ~ éh{yo +2(y1 4+ Yo+ + Y1) + Ynt
b—a

n

Where h =

(b) Newton Raphson Method
f(zn)

n

Where x =0,1,2,---

(c) Ordinates and sub intervals

The number of sub intervals = Number of ordinates — 1

(d) The maximum possible error made due to rounding off is given by
Error = 0.5 x 107"

Where n is the number of decimal places rounded off to

(e) Error

Error = Exact value — Approximate value.

(f) Absolute error This is the actual size of the error and is always positive .It is the
magnitude of the error

Error = |Exact value — Approximate value].

(g) Relative error

Absolute error
Relative Error =

Exact value

The relative error must always be positive

Error
Relative Error = #
Exact value

(h) Percentage error

E
Percentage Error = ﬂ x 100
Exact value

(i) The interval or range with in which the exact value lies is given by Min value< Exact
value < Max value or [Min,Max]|
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Maximum value—Minimum value

(j) Absolute error = -

2. Probability and Statistics
(a) The mean for ungrouped data is calculated using the formula

sum of data values
Mean =

number of values in the data
v_ 22
n

(b) The mean for grouped data is calculated using the formula

> fx
> f

Where x is the class mark and f is the frequency

Mean =

(c) The mean for grouped data when given an assumed means is calculated using the
formula

2 fd
At S5

Where A is the assumed mean or working mean

Mean =

d is the deviation given as d = x — A

(d) For grouped data ,the median is calculated using

=l _CF
Median = L + (2—b> x C

Where

L, = Lower class boundary of the median class

CF, = Cummulative frequency before the median class
fm = frequency within the median class
C = Class width

Z f = Total frequency

(e) For grouped data with equal class width the mode is calculated using

dy
Mode = [ + x
pde = (d1+d2)
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Where

L, = Lower class boundary of the modal class
d; = Modal frequency —Pre modal frequency
ds = Modal frequency —Post modal frequency
C = Class width

(f) For grouped data ,the lower quartile is calculated using

=l _CF
Q1:L1+<—4f b)XC

Where

L, = Lower class boundary of the ¢; class

C'F, = Cummulative frequency before the ¢; class
fm = frequency within the ¢; class
C = Class width

Z f = Total frequency

(g) For grouped data ,the upper quartile is calculated using

2.0 COF
q3:L1+<—4f b)XC

Where

L, = Lower class boundary of the g3 class

CF, = Cummulative frequency before the g3 class
fm = frequency within the g3 class
C = Class width

Z f = Total frequency

(h) Inter quartile range =q3 — ¢1
(i) For grouped data ,the variance is calculated using

(j) Standard deviation =4/Var(x)

3. Index numbers

24 S.6 Virtual Seminar(c) 2025
All Rights Reserved



Price relative = Pn x 100
Do

Where
pn = Price of the commodity in the given year(new year)

po = Price of the commodity in the base year(old year)

Sum of the price relatives
Simple price index = 100
HUupIe prce ndex Number of items (N) %

> (;—O) x 100
B N

: .. Current year price total
Simple aggregate price index = Y : P x 100
Base price total

_ X
Zpo

x 100

Weighted price index = Price relatives x weights

=P x 100

Po

(]

g

Pl 100

Zpow

Weighted aggregate price index =

> B2 %100 x w
dw

Weighted average price index =

> Dngn
> Polo

Value index = x 100

4. Spearman’s rank correlation coefficient

Where n is the difference between the rankings of a given scores and n is the number of
pairs
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5. Probability theory

(a) For any events A and B

P(A

(AnB)
P(A)=P(ANB) + P(ANB)
P(A)=P(ANB)+ P(AuB)*
P(B)=P(ANB)+ P(ANB)
P(B)=P(ANB)+ P(AuUB)!
P(AuB)=P(A)+P(B)—-PANB
(b) P(A)+P(A) =1
(c) P(AUB)! = P(ANB)
(d) P(AUB) =P(ANB)!
(e) P(A/B) =557 for P(B) #0
6. Mechanics
(a) For projectile motion
gz’
y=xtanf — 52 5€C 0
(b) For calculus
Physical quantity Formula units Formula units Formula
Force F=ma N a=% ms 2 k.e=2muv?
Power P=F.v W v="2ords | ms! | Avg accel= %
Work done W=Fsor F.r j W= :12 fodt | ] speed=|v|
Impulse I=F.t Ns v=[adt |ms'| Avgvel= L;(tl)
Momentum momentum =m.v | Kgms™ | = [odt m distance=|r|or|s|

26
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STATISTICAL TABLES
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