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First Term Test - Grade 13 - 2020
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Index NO : .oovvvvererrrerrennne. Combined Mathematics I Three hours only
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Instructions:

X This question paper consists of two parts.
Part A (Question 1 - 10) and Part B (Question 11 - 17)

* Part A
Answer all questions. Write your answers to each question in the space provxded you may
use additional sheets if more space is needed.

* PartB
Answer five questions only. Write your answers on the sheets provided.

X At the end of the time allocated, tie the answers of the two parts together so that Part A is
on top of part B before handing them over to the supervisor. :

* You are permitted to remove only Part B of the question paper from the Examination Hall.
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For Examiner’s Use only

, : g '
(10) Combined Mathematics I - w . Paper I 1
Part| Question No |Marks Awarded _ Paper 11
2 | Final Marks J
. 3 :
4 s
5 Final Marks
A
6 [ In Numbers
7. l In Words
8
9
- (i . " )
Total -| Marking Examiner
i Marks Checked by
12 s 2
13 3
_ \_ Supervised by )
14 ? - -
B 15
16
17
Total
Paper ‘1 total
Percentage : . J
\ Z




Combined Mathematics - Grade 13- | (Part A)

4x3 +10x + 4

01. Find the partial fractions of
x(2x+1)

02. Solve the inequality |x - 3| > %x, using graphs. Hence or otherwise, find the range of the values

of x which satisfies the inequality 2jx+4|>x+7.

These papers were printed, packed and distributed under the strict sanitary regulations approved by the Ministry of Health.



03. The polynomial f(x)=x*+3x®+ax+b where, a and b are constants. When f(x) is divided
by x*+X—1, the remainder is 2x+3. Find the values of a and b .
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05. A curve C has parametric equations x=6co0s2t, y=2sint, (—%<t<%) . Show that

d .. . .
d—i = Acosect, giving the exact value of the constant A. Find the equation of the normal to C at

the point where t = %

06. When y=x’-2x+5, find the equation of the tangent line at the point X=2
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07. Find the area above x - axis, bounded by the line x=4 and the curve y = f(x) where

08. A straight line through the point (1,1) meets the x - axis A and the y - axis at B. find the equation

of the locus of the midpoint of AB.

These papers were printed, packed and distributed under the strict sanitary regulations approved by the Ministry of Health.



09. Find the equations of the line through the points (3, 2) and making an angle of 45" with the line
X—2y=3
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Combined Mathematics - Grade 13- 1 (Part B)

%+ Answer only five questions.

11.

12.

. The quadratic equation X*—2x+3=0 hasroots « and f. Without solving the equation,

write down the values of o + £ and af.
Hence,

i. show that a®+ B°=-2.

ii. find the value of o® + °.

iii. show that o + B* = (o® + B ] — 2(a B

iv. find the quadratic equation which has the roots «® - g and % — « giving your answer in
the form px® +gx+r=0.

If x—2 isafactor of polynomial P(x)=3x>+Cx® + x— 2, find the value of C . For this value

of C,

i. find the remaining factor of P(x).
ii. show that P(x)=0 has only one real root.
iii. if P(x)+A(x—2)3x~1)=0 has 3 distinct real roots, find the range of the values of .

If a,b,c are real constants, f(x)=ax’+2bx+c and g(x)=2(ax+b)" write the

discriminant of the quadratic expression F(X)E f(x)+ /lg(x) ; where, A is a real constant.

If the roots of f(x)z 0 are real and distinct, deduce that the roots of F(X)z 0 too are real
and distinct .

I.  Ifthe set of values of x which satisfies the inequality 5|x—]j+3£ ax+Db is represented
by {x|0<x<5,xeR}, find the constants a and b .

ii. Find all real values of x suchthat x2—2x—24 <0 and X +2x>0.

log, ¢ , Wwhen &, b, c € R. Hence deduce that log, c =

Show that log, ¢ = :
log, a log. a

If x=1log,,a, y=Ilog,,2a, z=1log,, 3a , show that Xyz+1=2yz.
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13. a. Y isafunctionof x and x =tan@. Express Z—Z , in terms of
X

14. a.

15. a.

2

d’y
do?

ﬂ and

2 2

If 1+ x° ) +2x(1+x ) +y:0,thenshowthat 3032’+y=o.

. Show that the area bounded by the parabolas y> =5x+6 and x> =Y is 5% square units.

Find the volume of the solid generated by rotating the area bounded by the above parabola
y? =5x+6 and the line x=1 about the x - axis.

X+4

(x-12f

second derivative of f(x), f"(x) as f"(x)=

Let f(x)= for x=1 and x € R. Find the first derivative of f(x). It is given that the

2(x+14) _

(x—1)°

Draw a rough sketch of the graph y = f(X), representing turning points, asymptotes and

inflection points.

A storage unit has the shape of a hemisphere

on top of a cylinder and a fixed volume V .

Determine the dimensions of the solid (the

ah
"\

radius R and the height H) that m inimize

the total area.

1
Using partial fractions, find dx
9P jix2—1i2x+1)

. : . : 1
Hence, using a suitable substitution, flndI

sin@ +sin 260

Using integration by parts, find IeSX sin 2x dx.

T
sin x.cosx ]‘- sin 2x
coszx+sin4x 4 COS’ 2x+3

T
Show that I
0

Hence, using  the  substitution Z =C0S2X or  otherwise, show  that

sin X.cosX -‘f sin 2x T
coszx+sin4x ) cos? 2x+3 63

O | N
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16. a.

17.

g

Show that a1X+b1y+c1+/1(a2x+b2y+C2):0 is a straight line which passes through the

meeting point of the lines a;x+by+c, =0 and a,x+b,y+c, =0, where A is a parameter.

ABCD is a parallelogram. Equations of the lines AB,BC,CD and DA, are
y=mx+c, y=mx+d, y=mXx+c, and y=m,x+d, respectively. Without finding the

coordinates of the vertices,

i find the equations of the diagonals AC and BD.
ii. I ABCD is a rhombus, then show that (L+m?)(d, —d, ¥ =(1+m, P (c, —c, F.

A line cuts the x - axis at A(7,0) and the y - axis at B(0, —5). A variable line PQ is drawn
perpendicular to AB cutting the x - axis in P and the y - axisin Q. If AQand BP intersect

at R, find the equation of the locus of R.

Using the expansion for, show that tan15" =2 -3,

_ Vi+tan®x -1

Show that tan(zj
2 tan x

for O<x<£.
2

Show that tan 7% =(\/§—\/§X\/§—l) and deduce that cotY% =\/§+\/§+\/Z+\/5.

Find the general solution of the equation cot X + cosecx = J3.

State and prove the sine rule for any triangle ABC in the usual notation. Using the sine rule

prove that

. (b—c)co{éjzasin(B_Cj
2 2
. a+b-c [Aj (Bj
I =tan| — |tan| —
a+b+c 2 2

These papers were printed, packed and distributed under the strict sanitary regulations approved by the Ministry of Health.



Bog 888 @864 / All Rights reserved

0ed o) gimos ccooe®3m® Provincial Department of Education - NWP 80® ce)d 6dmos ecoone®s50 Provincial Department 01 Ldlu mon Nwp

208 o o ooyl Ao ) S wieg YR e 2 AN SRS Proviociel Dt af Taueatio NWE

Oud vexs mmca) @Qw)bm@@dugv Provincial Department of Education - NWP 80® o3 6dmo e¢oboeds99 Provincial Depa 1 0 E Il
gvincialDepartnient SEEICAT o =N W
RO RDD ti roWicilll Depa
O c)e)d L?QZJ)O&) @Qc))bm@@dng@ Provincial Department of Education - NWP 86® o) aimos @Qw)bme@ﬁfuze) Provincial Department of Education - NWP
00 o gmos ecowedsn® Provincial Department of Education - NWP 86 ce)d admos ecoboe®s0© Provincial Department of Education - NWP
00 ced gmos ceDDe®snO Provincial Department of Education - NWP 80 se)d adunos e¢oboe®s0© Provincial Department of Education - NWP

I0deX NO : w.oovvvvvvererressneee Combined Mathematics 11 Three hours only
/
Instructions: \

X This question paper consists of two parts.
Part A (Question 1 - 10) and Part B (Question 11 - 17)

* Part A
Answer all questions. Write your answers to each question in the space provided. you may
use additional sheets if more space is needed.

* PartB
Answer five questions only. Write your answers on the sheets provided.

¥ At the end of the time allocated, tie the answers of the two parts together so that Part A is
on top of part B before handing them over to the supervisor. :

% You are permitted to remove only Part B of the question paper from the Examination Hall.
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01)

02)

(Part - A)

A particle is projected under gravity from a point O, on the floor with velocity u making an angle
6 with horizontal. Draw velocity time graphs separately for both horizontal and vertical motions
of the particle, until it hits a point on the horizontal plane through the point 0. Hence show that
the time taken for the particle to reach the greatest height and to hit the ground again is equal, if

usin®  and the

it hits the ground with the same projected velocity. Also show that it equals

2
horizontal range of the particle is ZTH sin 6 cos 6. where g is the gravitational acceleration

A particle P of mass m, moving along a smooth horizontal table with velocity u, collides directly
with a particle Q of equal mass, which is at rest on the table. If the coefficient of restitution for
the collision is e. Show that the velocities of the particles P and Q after the collision are

% (1—e) and % (1 + e) respectively. Show that the loss of energy due to collision is

2
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03)  Anparticle is projected under gravity with initial velocity u, at an angle 8 to the horizontal. Show
2
that the maximum height reached by the particle is Z—g sin? . When the particle reaches half

of the maximum height of its path, if the direction of the motion of the particle makes an angle
of 30° with the downward vertical. Show that 8 = tan™" (V6) .

04) If A motor car of mass M metric tons, with maximum power H kilowatts, moves downwards
along the line of greatest slope of a level road of inclination 30° to the horizontal with the
constant velocity v ms~! under a resistance R Newtons, show that the resistance on the car is

2H+Mgv
R= [FE

horlzontal road with the same constant resistance, if the engine of the car is stopped, show that
the retardation on the car is, — [w] :
M 2V

] 103 Newtons. Subsequently, at the same instant which the car is entered to a

3
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05)  Two particles P and Q of masses 2m and m respectively

are attached to the two ends of a light inextensible string
passing around a smooth light pulley which is fixed in

the ceiling of a lift moving upwards with an uniform s
acceleration of % and the system is released gently for P Q
2m m

motion. show that the acceleration of each particle
relative to the lift is % and the tension in the string is 2mg

where g is the gravitational acceleration.

c are three non zero, non parallel vectors. [a| =1, [b| =3 and |¢|=2. Let
+ Ab , a and b are perpendicular to each other and the angle between b and c is

Find the value of A.
ii. Also show that the angle between a and ¢ is = .

4
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07) A thin uniform weighted rod AB is kept in a vertical plane perpendicular to a wall such that the end B

is against the smooth vertical wall and the end A is on a rough horizontal floor making an angle 6 with
the floor. The coefficient of friction between the rod and the floor is % Show that 6 > % for the rod
to be in equilibrium.

A point C on a sphere of radius a and weight w rests in contact with a smooth
vertical wall and is supported by a light inextensible string of length B
3a joining a point A on the sphere to a point B on the wall. B lies vertically
above C. Find the tension in the string and the normal reaction on the sphere
by the wall, in terms of w.

3a

5
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09)  The forces with magnitude 9P, 7P, 2P, P and 3v/2 P Newtons act along D C
the sides AB,CB,CD,AD and BD inasquare ABCD, in the direction of
the order of the letters respectively. Find the magnitude and direction of
the resultant of the system of forces.

10)  Oneend of a light inextensible string of length 3r is attached to a fixed-point A and a particle of
mass m is attached to the other end. The particle moves with velocity v in a horizontal circle of

radius r and center O, which lies vertically below A. Show that v? = 2%. where g is the

gravitational acceleration.

6
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Combined Mathematics 13 — 11 (Part - B)

11) (a) At t = 0, A, balloon B is released from a point O which is on the floor, such that it moves

12)

(b)

vertically upwards with a constant acceleration f. After another time t = T, from the same point
0, a ball A is projected vertically upwards under the gravitational acceleration g with velocity u
(g > f). Draw velocity — time graphs for the motion of the balloon and the ball in the same
91JF Vg + f]
9-f
Further when the ball hit the horizontal floor through the point 0, show that the height of the balloon

is, ]2: (T+ %u)z.

diagram. Hence if the ball meet the balloon at its maximum height, show that u =

A helicopter flies from an aircraft carrier ship moving with constant velocity u towards North, to
an island which is situated at a distance d km due east and perpendicular to the path of the ship and
returns to the ship. (it doesn't take an extra time to turn the helicopter) Furthermore both motions
along two straight paths are at the same height and with the same velocity v, (v > u) . Also in the
motions of flying to the island and returning to the ship, if the helicopter flies in a direction 6 East
of North and from East of North respectively, relative to ship. Draw the velocity triangles for both
cases in the same diagram. Show that the total time taken for the helicopter to fly from the ship to
dVV? — u?sin? 0

the island and the time taken to return the ship is 2 —
(VZ2—u?)snb

A wedge of mass M with smooth faces and a triangular
vertical cross section ABC is kept on a smooth horizontal floor
of a lift moving vertically upwards with constant acceleration 5
F. Aparticle P of mass m is kept on the inclined plane which Tf
makes an angle a to the horizontal and the system is released
gently for motion such that the particle moves along the
inclined plane and the wedge moves along the horizontal floor
of the lift. Applying the equations for the particle P in the A B
direction CA, and for the system in the direction AB, show

that,

L. The acceleration of the wedge relative to the lift is

m(F+g)sinacosa

M+msin? a
(M+m)(F+g)sina
M+ m sin?a
iii. If the lift moves with uniform velocity or is at rest deduce that the acceleration of the

mgsinacosa

ii.  The acceleration of the particle relative to the wedge is

wedge relative to the lift is —
M+msin® a

(M+m)gsina

and deduce that the acceleration of the particle

relative to the wedge is, —
M+msinc a

Also at this time show that the acceleration of the particle relative to the earth is,

. 1

g7 — [m®cos?a + (M + m)? — 2m(M + m) cos a?

M + m sin?

iv.  If the lift moves vertically downwards with constant acceleration g, deduce that the
wedge is at rest relative to the lift or the particle moves with uniform velocity relative
to the wedge. where g is the gravitational acceleration.

7
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13)

A particle P of mass m suspends freely from a point O, using a light inextensible string of length
[. Then it is projected with a horizontal velocity w.

i.  Show that the velocity v of the particle, when OP makes an acute angle 6 with the
downward Vertical, gives by v? = u? + 2gl cos 6 - 2gl.

ii.  Show that the tension of the string, gives by T = ? (u? 4 3glcos 6 — 2gl).
iii. If the particle travels the entire circular path in a vertical plane, show that u? > 5gl.

iv. If the particle leaves the circular path without travailing the entire circular path, show
that 2gl < u? < 5¢gl.

v. Initially if the particle is projected with velocity 2\/@ , show that the velocity of the

particle is \/2gl , when the string reaches the horizontal position through 0.
vi. When the string reaches the horizontal position through 0, the string touches a smooth
peg A which is at a horizontal distance é from O and the particle moves in a vertical

circular path with centre as the peg 4, show that the particle travels the complete vertical
circular path with center A.

14) (a) The position vectors of the points A, B and C relative to the origin O are 2i+3j,i+4j
and 4i—j respectively. The points P,Q and R lie on the sides BC,CA and AB such that
BP:PC =3:1,CQ:QA=1:2and AR : RB = 2:1. Show that,

i. RQ isparallelto BC
g -5 _ 5. 11 A _ 7. 11
. AP = ~1i 7 and BQ = i S
iii. If the straight lines AP and BQ intersectat S, find the ratios AS: SP and BS:SQ.
(b) A system of coplanar forces consisting of four forces is given below.
Point Position Vector Force
A 3i—j i—4j
B 2i+2j 3i+6j
C —i—J —9i+ ]
D —3i+4j 5i—3j

where i and j have their usual meanings.

L. Show that the system of forces reduces to a couple of forces and find the magnitude of
the moment of that couple and the sense of it.

ii. When the force acting at the point D is removed and the force acting at the point A is
replaced to the point i — 8, show that the system reduces to a single force and find

its magnitude and direction.

8
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weightsw ,w and 2w respectively are smoothly
jointed at their ends, A,B and C to form the 30°
framework in the shape of a triangle ABC. As
shown in the figure, it is hinged to a smooth
vertical wall at A and is kept in equilibrium in a
vertical plane such that AB is horizontal by

applying a horizontal force of BTW onthe rod AB 30
at D.

15) (@) Three uniform rods AB, BC and AC of I_T13W
3
B

AB = BC = 2a o BAC = ACB = 30°
() Showthat AD = 2.
(i) Find the horizontal and vertical components of the reactions acting at the joints B and C.

(b) The frame work shown in the adjoining fw
figure is made of smoothly joining five v 300
light rods AB, BC, AC, AD and CD at their
ends. A load w is applied at the joint D.
The framework is kept on two smooth
supportsat A and B and is in equilibrium L0
in a vertical plane such that AB and A B
DC are horizontal. Z Z
DAC = DCA = 30°, ACB = 90°

(i) Find the reactions on the framework by the supports A and B.
(i)  Using the Bow's notation draw a stress diagram and hence find the stresses along the five
rods classifying them in to tensions or thrusts.

16) (@) One end A of an uniform ladder AB of weight w and length 2a is placed on a rough horizontal
floor and the other end B is in contact with a rough vertical wall. The coefficient of friction

at both ends of the ladder is § . The ladder is held in a vertical plane perpendicular to the wall

such that the inclination of the ladder to the floor is tan™? G) . A child whose weight is 2w

can go along the ladder to a distance x starting from A. Show that the ladder attains the limiting

A 19
equilibrium when .x = —.

13 G
(b) An uniform rod AB of weight w and length a is hinged to a
a vertical wall at A and maintains in equilibrium by a string
of length a which is attached to B and to a point C vertically B
aboove A which is at a distance b from A. Show that the,

(i)  tension in the string is % and

(i)  reaction of the hinge A4 is, @ i

A

9
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17) (a) The total mass of a child with his bicycle is 95kg. The child rides his bicycle with maximum
velocity of 3 ms™ onahorizontal road and he rides his bicycle up a road of inclination 30°
to the horizontal, with a maximum velocity of 2 ms~1. If he rides his bicycle downwards
along the same inclined road, then find the resistance to the motion and the acceleration. When
the velocity is 4 ms™1.

Assume that for all motions the child rides his bicycle with the same power and the resistance
to motion is proportional to the square of its velocity. (Let g = 10 ms™2)

(b)

A B
=0 O
——
Two smooth spheres A and B with same radii and each of mass 2m and 7m are kepton a
smooth horizontal plane against a smooth vertical wall. A is projected with velocity u to

strike B directly. The coefficient of restitution between A and B is %

(i) Find the velocities of A and B after the collision.
(if)  After the collision of A and B the sphere B collides with the wall and rebounces. If

the coefficient of restitution between the sphere B and the wall is % show that the
spheres A and B will not collide again.
(iii) Show that the loss of kinetic energy of the system, due to collision is % mu? .

10
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Grade 13 - First Term Test 2020
Combined Mathematics |
Marking Scheme

(o) 2

HXTHIOX + 4

= Ax+B+ S 4 2 ()
= ( Zo+1) ¢ 2ot

45’5%’?0%4—4 5(»496413)36(2’96—#9 Lo (2ot + DA
5@'9‘*"@ (2xGo) + ¢ (24 1)+ DA

3

KTy DA T4
A =2 -
b7
Xy A +2B =0
B=] _
Ay BL2+D =10 .@
2C+D=H

conetintas ¢ =41
=z

3
4 -;mzo'x-f—z;x oyt + A+ =2

A (22+) ¢ zx+1

25
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! _—
‘ Lot =-2+3 P
§ ; =z
By=3
] 5% =6

. X =2

A€ (~,2)u (6, ) (5)

[z-3] > 5
Lé"?’ ‘sz:“t'*’:"z
2> o/t+4]> ++F

> 2lxad] > XETF

xHe (w0, -5) U (-1, ) (5) | E
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(03) SCx) = 9C4+396 3+apc+ b

Sex) = (oot —1) (2 Ax4B) + 2243 ®)

x%5 A+ =3
A =2

22y BaA—l=0

- ®
Aay B =p+2= A
~ 2 +2 =qa

a=51 (5

Constant~» —-B+3 =b

b:4—® C |
24005KX — |
(o4) [zeeosx tod md=e-

Iim p
X—=m  (r-20)

[24 cos (T—8) —1

hm

[ z&cose —1
lrm . @
2. (50 —|
} _ : -
=0 — 5 QQWHJ &
"_ | im w !} —(Cos&
=o 5

o?llz"cos 64—1]
4
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(06) Y=L zx+5:

Ay _ 21»?@

lx
m= (cly
Tk A when A=2
. = @ y:4_4+5

=5
p=(28) (&

Equa-ﬁ’cn of +he ’/’dngénf

R
|
N

25

(0@ | . y:ﬂ.

4
Area=f’9(26/9( + [ JH @
. o : !
NG
2 % 4 N6 _ =2
E(?B_)a +(_§7)':3A+_-5 =

. © & . N ECE
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=
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244N}
D= om, -1 =2+m O = zm ) =—2-m,
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of B v
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