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Preface

It is with great pleasure that this Marking Guide for the Supportive Assessment — 2026 in Combined
Mathematics is presented to students and teachers involved in the preparation for the forthcoming

G.C.E. Advanced Level Examination.

This guide has been carefully prepared with the objective of supporting both the teaching and learning
processes in Combined Mathematics. Every effort has been made to ensure that the solutions and

approaches are consistent with the standards and principles followed in the G.C.E. (A/L) Examination.

While the guide is based on the structure and methodology of the official G.C.E. (A/L) marking scheme,
it should be noted that the two serve different purposes. The official marking scheme primarily indicates
the essential mark-awarding steps required for assessment. In contrast, this guide has been developed
as a student-friendly learning resource, incorporating additional intermediate steps, explanations, and

mathematical details wherever necessary to facilitate understanding.

Students should therefore understand that, in the actual G.C.E. (A/L) Examination, marks are awarded
only for the essential steps and key mathematical arguments specified in the official marking scheme.
The additional steps included in this guide are intended to clarify the solution process and strengthen

conceptual understanding rather than represent separate mark-awarding points.

Teachers may also use this guide as a reference when marking answer scripts of the Supportive
Assessment. The detailed presentation of solutions enables teachers to identify students’ strengths and

weaknesses more effectively while maintaining consistency with the expected examination standards.

Furthermore, special notes and observations have been included at appropriate places to highlight
important concepts, examination techniques, common errors, and areas that require particular attention.
It is hoped that these additions will help students develop a deeper understanding of the subject and

improve the quality of their mathematical reasoning and presentation.

It is sincerely hoped that this guide will serve as a valuable resource for both students and teachers,

contributing positively to the teaching, learning, and assessment of Combined Mathematics.
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Best Wishes to Students

Success in Combined Mathematics is achieved through perseverance, disciplined practice, logical
thinking, and a clear understanding of fundamental concepts. Every problem you attempt and every

challenge you overcome contributes to your growth as a learner.

May this guide assist you in refining your problem-solving skills, improving your examination
techniques, and gaining confidence in your mathematical abilities. As you prepare for the forthcoming
G.C.E. Advanced Level Examination, we wish you determination, success, and excellence in all your

academic endeavors.

May your hard work be rewarded with outstanding results and a bright future ahead.

Mathematics Branch
Ministry of Education, Higher Education and Vocational Education
2026.06.24
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Part A

1. A particle A of mass m and a particle B of mass 2m, moving on a smooth horizontal table along the
same straight line towards the same direction with velocities u and v(< u) respectively, collide
directly. The coefficient of restitution between A and B is e. Show that the momentum transferred

. C . 2
from one particle to the other particle is given by ?m 1+e)(u—v)

u v(<u) 21 v,
ONONCOIONCO),
A B A B A B

(Before collision) (When collide) (After collision)

Let I be the momentum transferred from one particle to other

—
N.L.ofRes: v, —v; =—e(v—u) —— (1)

—_—
I = A(my) for entire sys:
0 = (mv; + 2mv,) — (mu + 2mv)

v +2v, =u+2v —(2)@

(1) +(2);

3v,=u+2v—e(v— u)@

I = A(mw) for B:
—
I = Amv for B:

[ =2mv, — 2mv

u+2v—e(v—u)
[ =2m -V
3
2m
=3 —[u+2v—ev+eu-—3v]

[u(l +e)—v(l+ e)]@

2m
=?(1+e)(u—v) 25
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2. A particle is projected from a point O on a horizontal ground, with
an initial speed u and at an angle 60° to the horizontal. The particle
passes through a point P(x, y), which is located on OXY plane. If the

direction of the motion of the particle makes an angle of 30° to the

horizontal at P, then show thatf = E
y
0-P- S=ut+§at2 0> P v=u-+at
x=ucos60°t v cos 30% =u cos 60°
u V3 1
x=5t & ‘—@ vy =g
\ u
vV=—
V3
1
TS=ut+§at2 Tv=u+at
. 1
y =usin60° ¢t — 5 gt? vsin30° =usin60° + (—g)t
V3 1 1 V3
= —ut —— tz = — —
y=—ut—3g (2) @ Vi =utS gt
Uy
x 2 V3 1
1 2. _—"=—_—_—_—__—— f— - —_— . —_
W@ =g gt=u v
2 2
X u 1
S ) (D
Yy 3u-—gt @ g 2( u-v)
X u 1 u
oo =1 (Bu-Y)
F ety (O S
x V3
y_Z

25




AL/2026/10/E-11 - 6-

7

3. Two particles, A and B, of masses 3m and M respectively, are connected by a light
inextensible string which passes over a fixed smooth pulley and through a fixed
smooth ring, as shown in the figure. The system is released from rest with the string
taut. The parts of the string which are not in contact with the pulley are vertical. It is
given that the particle B moves up with acceleration % Show that M = 2m.

In the subsequent motion the particle B strikes on the ring with speed ZTgland comes

to the rest. Find the impulsive force exerted on the ring.

M =2m

|

F =ma : I
|

o1 T-mg =u(2) (1) @ : S
1 M

: _T= 9 ! I
(3m) l; 3mg—T =3m (5) 2) @ |
|
(1) + (2);For the particle B, :
|

(3m—M)g=%(M+3m) @ ; T1=A(mp)

:
|
|
|
|

2gl
I=m |—
5 25
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4. A car of mass M kg travels along a straight horizontal road against a resistive force proportional to

3 3
v2N, where v is the speed of the car. The resistive force is given by R = k vz, where k is a constant.

The maximum speed of the car on the horizontal road is 25 ms™, and the power of the engine
is 25 kW. Show that k = 8. Now, the engine is operating at lower power while the car descends a
slope of inclination sin'l% to the horizontal. Find the power of the quine of the car, at an instant
when the speed of the car is 16 m s~ and the acceleration of the car iszm s2

(Takeg = 10ms™2)

—_—
P=Fv F =ma SN
25 % 10% = F - 25 @ F—R = M(0)
CF— 103 _
~F=10°N F=R R F
3
Since R =kv2
3
103 = k (25)2 @
K=8
F =ma
1
F1+MgSlna_R1:M(E) @
F1:R1

3
R, = 8(16)z = 512

3
#F, =8(16)2 =512 N @

P, =Fv
P, =512-16
P; =8192 W

25
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5. Two particles, P and Q of masses m and 2m respectively are
attached to the two ends of a light inextensible string of length [
which passes through a small smooth ring R, as shown in the figure.
The particle P moves in a horizontal circle with a constant angular
velocity w while the string remains taut. Particle Q is at rest at the

3
center of the circular path of P. Show that w = Tg . Hence, Find

the radius of the circular path of P in terms of [.

F =ma

ForQ T T=2mg —— (1) @
ForPT Tcos =mg ——— (2) @

1
(2)/(1); cosf === 06 =60°

2
For P « Tsin@ = mxsinf w?> — (3) @
T=mxw?—— (4)
e_l—x_l
cosf =——=2
21
2l—2x=x=>x=§

Substitute in (4);

21
2mg =m (?) w?

FG

Radius = x sin 0

21
= —sin60°

3
1

V3

25
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~\

Let 0, A and B are three collinear points and A € R. In the usual notation, the position vectors of
two points A and B, with respect to a fixed origin 0, are i+Aj and 3i + 6j, respectively. Find the
value of A. Let P be the point on y-axis such that the lines AP and BP are perpendicular to each

other. Find the two possible position vectors for P.

y

M

p B = (3i + 6j)

A= (i+4))

OB=k-04

3i+6j = k- (i+ 1))

k=3, kA =6
=2 (5)
Let OP Wi

—_— —

AP = 0P — 04 = —i+ (u— 2)j } @

BP = BO + OP = —-3i+ (u— 6)j
AP-BP = (—i+ (u—2)j) - (-3i+(u—-6)j)=0 (~ AP L BP) @
u?—8u+15=0
(u-5w-3)=0
u=5oru=3

© ©

0P = 5j and 0P = 3j

25
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7. Auniform rod ACB of length 4a and weight w is kept in equilibrium
with the end A against a smooth vertical wall and end B attached to a
particle of weight 2w, by a smooth peg placed at C, such that AC = a.

The rod makes an angle a with the horizontal, as shown in the figure,

7
where tana = 3 Find the magnitudes of the reactions at A and C

in terms of w.

Resolving

7 Rcosa—3wsina=0 @

R =3wtana

R=3w-/E -
Rzmj@ @

gA S-a—w-2acosa— 2w 4acosa =0 @

=10wcosa i V10
W7
S=10w- |3 | a
25
Aliter (To find S)
N S—Rsina—3wcosa=0
S—3wtanasina—3wcosa =0 @ i
3w(sin® a + cos® a) : V1o
= W7
cosa |
' a
S =3wseca E 7

S =v30w
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Two uniform rods AB, BC each of length 2a and weight W are smoothly
jointed at B and the end A hinged to a rough vertical wall. The system
rests in equilibrium in a vertical plane perpendicular to the wall with the
end C of the rod BC inclined at an angle 8 to the vertical. The coefficient

2
of friction between the rod BC and the wall is u . Show that tan8 > —.

System gA R-4acos@ —2w-asinf =0

R_Wtan@ @
2

RodBC\B F:-2asin@ —R-2acos@ — w-asinf =0 @

* sin® 2F —2Rcot0 — w=20
2F — 2 (Wtan@) 1 _0
2 tan @ W= @ C
F=w
For equilibrium,
- F
H=%
w
H W tan 0
2
2
tanf = —

25
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10.

3
Let A, B and C be three events of a sample space Q. In the usual notation, it is given that P(B) = 1o

3
and P(AUB) = < Find P(AN B").If A’ n B and C are mutually exclusive and exhaustive events

1 9
and P(A) = > show that P(C) = 10"

P(AUB) =P(A)+P(B)—P(ANB)
P(AUB) =P(B) + (P(A) —P(ANB))

3 3 ,
==t P(AnB') @
. , 3 @

Since A’ n B and C are mutually exclusive and P(AANnB)=P(B)—-P(ANB)

P(ANB) = P(A) +P(B) — P(AUB)

1 3 3 1
EEaRIO

exhaustive events,

P(A'NB) +P(C) =1 @

[\
—_
o
ul
o

1
E-I-P(C):l P(A,nB)_?) 1_1
.P(C)_9 10 5 10
" 10

25

The mean of a set of five observations each of which is a positive integer is 4. The unique mode of
the set is 3 and the range of the observations is 5. Given that the median is 3, find two possible sets

of observations.

Let the observations in ascending orderbea <b <c<d <e.

at+b+c+d+e

SinceMean=4;( 2 )=4=a+b+c+d+e=20@

Since there are five observations and the median is 3; ¢ = 3 @

Since 3 is the unique mode;

Case I: 3 occurs exactly twice a, 3, 3, d, e Case Il: 3 occurs four times 3, 3, 3, 3, e

Sincetherangeis5; (e—a) =5 @ Since therangeis5; (e—3)=5=e¢ =18

{2,3,3,5,7} @ {3,3,3,3,8} @

25

~\
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PART B

11. (a) A motor car X, moving along a straight road, passes a point A with velocity u and a uniform

acceleration f. It accelerates until its velocity becomes Au, where (4 > 2). At a point B, it begins
to move with uniform deceleration f and reaches point C when its velocity is 2u. Another motor
car Y, moving along the same road in the same direction with uniform velocity of 2u, passes the
point A a time ;_f before motor car X passes same point A.

Sketch velocity-time graphs for the motions of both X and Y in the same diagram. Hence,
1
(i) show that AB = ﬁuz(/lz -1
.. . . . .1
(if)  show that the total distance travelled by X, when it reaches the point C is —u?(21%2 — 5)
: V10 2f
(iii) showthatif 1 <2+ — X cannot overtake Y.

(b) A ship S is sailing with a constant velocity of v kmh™? relative to the Earth in a direction making
an angle a west of north. A warship W is sailing due west with a constant velocity of
u (< vsina)kmh™?! relative to the Earth. The warship detects ship S as an enemy vessel and
attempts to intercept it. At a certain instant, the ship is directly south-west of the warship at a
distance d km. By sketching the velocity triangle, determine the path of the ship relative to the
warship. Hence, find the shortest distance [ between the warship and the ship. If the maximum firing
range of the guns fixed to the warship is R (> [)km, show that the ship remains within the firing

range of
. 2VR?% — 2
the guns for a time interval of _ hours.
Vv2 +u?2 - 2uvsina
(a)
v
1 ()
Au |- —- —

N
N
7N A L |

7 !
o .
e ! :
7 1 :
0 ' >t
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from graph

|
oty 2
=(/1U+U).(/1u—u)@ |l f—tane_T

:

|

|

|

fztangzw®
)

(i) AC =AB+BC

1 1
AC = (12 = 1) + -l (A - 4)@

(Au — 2u)
1 =—"F—
AC = —u?(24* - 5)
2f (Au + 2u)
BC ="t

B (Au + 2u) . (Au — 2u)

2 f
3 A2u? — 4u?
=—
_uf(A*—4) @
=—F—
15

(i) X cannot overtake Y if, for any given time interval, the total distance travelled by X is

less than or equal to the total distance travelled by Y.

Distance travelled by X < Distance travelled by Y from A to C. @

OO

iuz(2/12 —5)<2u- (;) +2u- (t +ty)

2f
%uz (242 —=5) < 2u- (% + (/1uf— w + (Au; 2u)>

2 2 2
@R -5) < (1+A—14+1-2)

2f f
(212-5)<8-(1—1) @

22 —-81+3<0
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ASZi\/g
w O

AS2+T (+ 1> 2 given)

Let w be the velocity of the warship relative to ship

wsinf =vsina—u —— (1) }®

wcosO =vcosq¢ ———

(1% + (2)%; w? =v2+u? —2uvsina

w=+vu?+v?2 -2uusina @

D a6 :(vsina—u)
@' vcosa

. VA
Shortest distance (1) = d - sin (9 +—) @
4 -
L (sinf + cos )
= — - (sin cos
E ® 4
d Qs

= —- ((vsina—u) +vcosa)

V2w

_d [v(sina+cosa)—u]
V2 Vu? +v2 —2uvsina
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Let the time in which the ship remains within the firing range of the gun is t

By applying S = ut
__re
RS%]

R
VS, wW)|

WRT-E @
N w
ZVR? — 12 hours@

t

Vu? + v?2 —2uvsina
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12. (a) The vertical cross-section through the centres of mass of two

(b)

smooth uniform wedges, X and Y, particles P and Q is shown
in the figure. The smooth wedge X, of Mass M is placed on a
smooth horizontal table. On its inclined face, which makes
anangle (< %) with the horizontal, another smooth wedge Y,
of mass 2m, whose inclined faces make an angle « is placed. Two
particles P and Q, each of mass m, are attached to the two ends
of a light inextensible string which passes over a fixed smooth pulley at a vertex of wedge Y. One
end of another light inextensible string, which passes over a fixed smooth pulley at a vertex of wedge
X, is attached to wedge Y, and the other end is fixed to a point on a vertical wall in the same plane,
such that the string remains horizontal. The system is released from rest with the strings taut. Write
down equations sufficient to determine the tensions in the strings.

As shown in the figure two ends of a light inextensible string of 0 2]
length 21 is attached to a small particle P of mass m and
fixed-point 0. The particle is released from rest at the same
horizontal level of O with the string taut. In the subsequent 21
motion particle P moves in a vertical circular path and reaches
the lowest point A and then receives a horizontal impulse of
magnitude Zm\/ain the direction of its motion. Find the P

velocity immediately after the impulse. J =2mgl
Show that the velocity and the tension in the string when OP make an angle 60° with the downward

start

=
1
)
[]
L]
[}
I
7
I
I
I

.“.

vertical are /14 gl and 15mg respectively. If at the same moment the string is suddenly cut without
2

imparting any additional impulse and then the particle moves freely under the gravity and reaches

point B which is at the same horizontal level of point A, show that the time taken by particle P to

reach B is <\/ﬁ + 5\/7> I
2 g

(@)

Forces @

x+y=k ; kisaconstant

h X+y=0
X=-y
71+ 7z, =k, ; ki1saconstant
Z1+7,=0

7 = —7
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axp = F —» @ arprp) = g F @
_ F P
Aye) = "o

a
WO wnm i ©
F

F =ma

For P; «— T, = m(f —F + Fcosa)
T 2a/ mg sin2a —T, = m(f + F cosa — F cos2a )
For Q; /

For the system P,Q and Y /

4mg sina — T; = m(F — F cosa + f cosa) + m(F — F cosa + f cosa) + 2m(F — Fcosa )@

For the system P,Q ,X,Y ——»

T, =m(F — f —F cosa) + m(F — F cosa + f cos2a) + 2m(F — Fcosa ) + MF

85
(b) By clonservatlon of energy (Start to A) 0 20 P.E=0 start
=5-mv’ — Pt —
0 5 v mg(21) @ vy T 00 ; (t =0)
0 /
v=2ya (5) 600" 21
) mg\\\\\ ’/,//
< At pOIntA _____________ \_ ?%L‘J;lbe-‘_”im gl
I =Amv UOT

Zm\/a =m(vy —v) @
2my/gl = m(v, — 2,/gl)

v0=4M@

By conservation of energy (A to C)

1 1

3 my)? —mg -2l = 7 mv,2 —mg (2l sin 30°) @
1 1 1
E-m(4,/gl)2 —mg-2l= E-mvlz —mg <2l 5)

v, = 4/14gl
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For the particle P when move freely under the gravity,

1
TS=ut+§at2

1
—l =v;s5in60%t +§(—g)t2 @
V31
—1 :,/1491'71'—5,91'2

gt? —J4a2glt —21=0 @
. J42gl + /4291 — 4g(-20) @

2.9

Sincet > 0,
t_\/ﬁi\/sﬁ (l)
= > p
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13. A small cubical block of mass 8m is attached to one end A of a light elastic spring AB of natural length

d and modulus of elasticity 6mg. The spring and block are at rest on a horizontal table with AB equal
to d and lying perpendicular to the face to which A is attached. Another block of equal physical
dimensions, but of mass m, moving with a speed \/m in the direction parallel to BA impinges on the
free end B of the spring.

It is assumed that the contact between the lighter block and the table is smooth.

Assuming that the heavier block is held fixed, AB remains straight and horizontal in the subsequent
motion, when the one end of the spring B is at a distance x from A, Show that the equation of the
motion of the lighter block is given by X = —w?X, where X = x — d

By assuming solutions for x inthe formx = d + hcos wt + k sin wt, find the values of the

a
constants h and k. Hence, Find the minimum length of the spring and deduce that d > 3

If d = a, show that the ratio between the time taken to compress the length of the spring to half of its
length for the first time and time taken to reach the minimum length of the spring for the
first time is 2: 3.

Now, the heavier block is free to move on the table and the coefficient of friction between the heavier
block and the table is u, find the least value of u in terms of a and d in order to keep the heavier block
not moving.

T
——

R A R T R R R IR

! N !
!

>
Applying F =ma By hook law,
NS
6mg(d —
g( X):mx@' X=x—d
d
6
5&+7g(x—d)=0@ AKX =%
6
¥+39x=0 ¥ =z
d
6
x=——gX

69
5c'=—w2X@ where w = Fandsz—d@
2

5
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when t = 0,

x=d, X =./2ga @

x =d + hcos(wt) + ksin(wt) >d =d + hcos(0) + k sin(0) @

h=0 (3

X = —hw * sin(wt) + kw * cos(wt) = /2ga = —hw * sin(0) + kw - cos(0) @
2
- ©

x =d + hcos(wt) + k sin(wt)
x =d + (0) cos(wt) + k sin(wt) >x = d + k sin(wt) @
Since —1 <sin(wt) <1

S (Dmin =d + k(=1)

min=d—k ()
@min >0 (5)

d>k
i da
3
d>— 50

V3

NE

da a
Ifd=a= &)pn=a— ’?sin(wt) =a — —sin(wt), where w =

If the spring compressed to half of its length when t = t;

@% =aqa- %sin(wtl) @

3
sin(wty) = g @
T T

Wt ==t = —
1737173,
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If the length of the spring is minimum when t = t,

R
X
T T
o fpny =] ()
L'
ox
8mg
For8m; T F =ma - F =ma
R—8mg =0 F-T=0

R = 8myg @ F=T:w @
To avoid sliding, uz“% @

l6mg (;l — x)J

U=
8mg
3(d — x)
p= (T) @

3
#ZE-(d_xmin) @

3
MZE.(d—(d—k))

w‘

>,
=14
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14. (a) Let OACB be a parallelogram with O as the vector origin and a and b be two unit vectors.
The position vectors of the vertices A and B with respect to an origin O, are aa and b respectively.
The point P ison OA such that OP : OA = « : 1 and the point Q is on AC such that AQ: AC = B: 1

Using the triangular law of vector addition, show that T’fza(l—a)a+ﬁb and

Bg=aa—f(1-B)b

~ T
The lines PC and BQ meet at R such that BRP = 5 Show that the angle 6, between the unit vector
p(1—p)— a®(1- a))
ap (a+p —ap) '

a and b is given by cos™?! (

(b) A quadrilateral ABCD is shown in the figure, where AD is vertical. c
Triangle ABD is equilateral with side length 2a, CBD = 90° and
CD = 4a. Forces of magnitudes 6P,4P,aP, P and 8v3P act along
AB,AD,DC,DB and CB respectively in the directions indicated by the D
order of the letters where a and g are real constants.
Given that the resultant of the system is parallel to DB in the sense from
D to B. Show that a = 6. A
If the magnitude of the resultant force is 6P, find the possible value for £.
Calculate the moment of the couple that must be added to the system so that it reduces to a single
force along DB.
The resultant system is brought into equilibrium by applying a force F; at A, perpendicular to BD,
and a force F, at C. Find the values of F; and F, .

(a) B C
(1-p)
R
Q
0 a P(l—a:)Aﬁ
PA  1-a cQ  1-B
0A 1 CA — 1
~PA =(1-a)0A ~C§ =01-B)CA
=(1-a)aa = (1-pB) (—Bb)

PC

5i-5c+0 ()
OO

=aa +(1-p) (-pb)
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PC.BG= (- aa+ pb)-(aa +(1-p)(-pb))
=a*(l-a)a-a-B*A-P)b-b+-ap(l-a)d1-p)a-b+afb-a
=a’(l-a)a-a—p*A=Pb-b+-af(1-a)1-P)—1)ab

=a’(l=a)a-a—p*A=Pb-b+afla+f—ap)a-b

PCLBQ= PC.BO=0 @
“0=?(1-0a-a-FA-Pbb+apa+p-ap)ab (5)

As a & b are unit vectors |a| = |b] = 1
a=

La landb-b=1

If the angle between g and b is 6
a*b=|a||lb|cos®@ = a-b =cos0 @

O=a’?(1-a)— 21 —-B)+ af (a+ B —ap) Cos O

o FO-p-a(-a
ceoso= e O

L BPA=-p - a*(1-a)
af (a+ B — aP) 40

~ 0= Cos

(b)

Since the resultant in the direction DB,

The sum of the components of forces L to DB = 0.

C
A60° —8v3P + aP cos 30° + 6P cos 300 + 4P cos 30° = 0

B 3 3 3
—8\/§P+aP-\/—_+6P-\/—_+4P-£=O@
2 2 2
a=6 15

— 6P cos 30° = 6P cos 30° + P cos 30° — 8v/3P cos 60° + P cos 300

V3 V3 V3 1 V3
613-7=613-7+613-7—8\/§1>-§+/3P-7
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" 2v3a
ana =
a V13
2V3
tana = 2V3 3
a
N E) i
cosqQ = —
V13
2v13
sing =——— =2
13

Since the system is in equilibrium,

60° Fl—Fzsina=O@
Kfy Fycosa—6P =0

F, = 63/13P @
F, = 12v/3P @ 25
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15.(a) Uniform rods AB and BC each of length 2a and weight W

(b)

(@)

. . A D
and two other uniform rods AD and CD of weights W and
2W and of lengths 2v/3a and 4a respectively are freely
jointed at their ends. A light rod AC of length 2a is freely B 600 <7

jointed to A and C. The end D is smoothly hinged to a fixed

point and the rod CD is in contact with a small smooth peg c
P where PD = 3a. The system is in equilibrium in a vertical

plane as shown in the figure with AD horizontal.

(i) Find the reaction at B on the rod AB
(if) Show that the thrust in the light rod is =~
Also, find the reaction exerted on the rod CD by the peg P

The frame work shown in the figure consists of five light rods /p
AB, BC, CD, DA and DB that are smoothly jointed at their DR 7550 C
ends. Itis giventhat AB = AD = BD = a,DBC = 90°, 5

BDC = 60°. A load w is suspended at the joint C and the

frame work is smoothly hinged to a fixed point at A and kept

in equilibrium in a vertical plane with AB and DC horizontal, P

by two forces each of magnitude P applied in BD and DA

directions to it at the joints B and D respectively. Find the value of P. Draw a stress diagram using
Bow’s notation. Hence, find the stresses in the rods stating whether they are tensions or thrusts.

For the equilibrium of,
Rod AB; AS w - asin60° +Xg - 2a cos 60° —Yg - 2a cos 30° = 0

V3
7w+XB—\/§YB=O—(1)
Rod BC; CS w - asin60° +Xg  2a cos 60° +Yg - 2asin60° = 0
V3
7w+XB+\/§YB=0—(2)
V3
D +@2) Xp=-—w

@-w; =0 ()

. . 3
~ Reactionon AB at B IS « gw @
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Rod DA and AB; DS
w-V3a—T-2V3a+ w-(2v3a+acos30°) + Xp - 2acos 60° = 0
5v3 <\/§> 1

\/§W—2\/§T+TW+ —-——Ww

2 ;_3W
2
System;DS3w-\/§a+2w-(2\/§a+ac0530°)—R-3a=0
V3
3W'\/§a+2w-<2\/§a+a7>—R-3a=0
SO
=—=w
V3
60

(b) For the equilibrium of the frame, //P
3 (2) D
ASP-acos30°—w-<a+§a)=O @ 60°
a a O \/Ea w
5w |
p=2() S :
V3 5 |

© 3joints B,C,D  10x3

Rod Tension Thrust Magnitude
AB (45) ‘/@ % @
BC (1,6) v @ ow @
CD (2,6) /@ w @
DA (3,5) v

& )
05 56 703N




AL/2026/10/E-11 - 28-

7

16. Show that the centre of mass of a thin uniform wire in the shape of a semicircular arc of radius a is at a

distance 2% from its centre and that the centre of mass of a uniform hollow right circular cone of height

A
h is at a distance " from the centre of the base of the cone.
3

A vessel is formed by rigidly fixing a uniform thin shell in the shape of a

frustum of hollow right circular cone, whose upper and lower circular rims

34a, to a thin cylindrical shell

have radii 2a and a respectively and height
of radius 2a and height % at the upper rim of the frustum and to a thin

circular plate of radius a at the lower rim, as shown in the figure. A handle

made of a thin semicircular wire of radius is fixed to the cylindrical part.

The mass per unit area of the frustum, the cylinder and the plate is p and the mass per unit length of the

L . 5a 2
wire is 4ap. Show that the centre of mass of the vessel is located at (3—2,%(411 + 1)) on the plane of

symmetry Oxy where the x axis lies along OC and the y axis lies along 0D of which the origin is O.

It is suggested that a thin wire ring of radius 2a should be attached along the rim of the cylindrical shell
such that OC remains horizontal when the vessel is suspended from handled by a smooth peg. Find the
mass per unit length of the wire ring used.

y According to the symmetry, C.O.G lies on the x- axis @
Mass per unit length is p.
Q Length of PQ = a - 56
o—\P = 6x = (aédh) - p

0 X =71cos0

)
. ®
a?p[sin 9]?2 Ci) a (sinE — sin (— g)) a (1 + sin E)

~\
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yA

According to the symmetry C.O.G. lies on the x- axis.
Mass pert unit area is p

h=1lcos@
> X dm = 2n(xsin0)6x - p

l
jxcosH-ZTIpxsianx @
0
l
fZT[pxsianx @
0

l
cos@fxzdx
0
l
jxdx
0
h[x3]

x3ll
3 0

|
I

Rl
I
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Object Distance from y axis to Distance from x
Mass C.0.G axis to
3a
o (O S !
@ p 4
) 5a _ 5rg? 1 3a a @ 0
TrearT = omaAp 32 "2
5a  5ma’p 1 3a 3a_a @ 0
Ty P Ty 34 "4
Lt D :
2n-2a5p=2na2p@ R )
(423G
SN a a —\<a —'—G
et D2 O ¥
=—(2a+—)
21
2
Vessel 3lna’p x y
4
31ma?p
v = mwa?p - | — ll
7 y =ma“p ( (2a+2n)>
2a
o
y=-3;@r+1)
31ma?p 3a a 5ma’p a .
X = TaZp - —— 2,2 _ 7P 2,.(_Z _Z
2 X = ma“p 4+57Tap2 2 a+2nap< )+7tap(4)
31_ 3a 5a 5a 2a a
4 T4 T2 T8 T s
30,
T

-~ Location of the Centre of the mass of the vessel = (

2a

3—1,E(4T[+ 1))

o>

Let mass per unit length of the ring is o

31
2n(2a)og -

¢ S (3020 @)
A (4-31 =0 (1)

51
o=—"

16
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17. (a) A certain athlete participates in a track event consisting of several rounds and attempts to qualify

(b)

for the final round. In the preliminary round, the probabilities that he obtains the first, second, and
third positions are %% and 1 respectively. If the athlete obtains 1st 2nd or 3rd in the preliminary
3

round, the probability that he qualifies for the final round is gin each case. Otherwise, the probability

that he qualifies for the final round isl_lo. Find the probability that the athlete qualifies for the final
round. Given that, the athlete has qualified for the final round, find the probability that he obtained
one of the first three positions in the preliminary round.

Let x; and f; be the class mark and the frequency of the i*"class interval of a grouped data
fixi

distribution. It is given that the mean X and standard deviation o of the distribution are x = ;
i

respectively. If the observations are transformed using y; = ax; + b where a, beRR,

Sl =

;,
Show that the mean and the standard deviation of transformed data distribution are given by

y=ax+b and o, = |a|o respectively.

The Adjoining tables show summarized  "Agesof | Number of | [ Expenditure | Number of
data collected by a researcher from the Customers | customers: customers:
first 30 customers of a food court who (years) Food Z ' (rupees)
preferred Food Z, on a particular day,
with the aim of assisting the owner in | 61-75 2 6100-7500 2
making decisions to improve sales. Find 46-60 2 4600-6000 2
the mean and the standard deviation of 31-45 8 3100-4500 8
the customer’s ages. Hence, deduce the [1g_30 12 1600-3000 12
mean expenditure on food Z and the 115 6 1100-1500 6
corresponding standard deviation.
(a) Event of obtaining;
1

1st position - A P(A) = <

- 1
2nd position - B P(B) = 1 @

. 1
3rd position - C P(C) = 3

Any other position - D

Qualifying for the finals - F

3 1
P(F/A) = P(F/B) = P(F/C) =%, P(F/D) =15

1 1

P(D)=1—(—+—+§

5 4

10

)_13
60

©,
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p
By total probability theorem, probability of qualifying for the finals P(F),
P(F) = P(F/A) - P(A) + P(F/B) - P(B) + P(F/C) - P(C) + P(F/D) - P(D)

PF_3(1+1+1)+1 13
()_55 4 3/ 10 60

59
P(F) =135 @

Probability that the athlete obtained one of the first three positions in the preliminary round and
qualified for the final round P(D’/F)

O,

P(FND’) P(F) =P(FND)

PO'/F) = =y = P(F)
P(F) — P(F/D) - P(D)
o P(F)
1 1 13
_,_10"10°60
59
120
282
295 @ 65
yi=ax;+b

fivi=atx) +f, (5)
iﬁyﬁai(ﬁxiHbiﬁ ()

Zn:fiyi = azn:(fixi) + bzn:fi

N Zf Zf

=1

=ax+b>b @

®

e~

<
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iﬁm—@z
- uN e
N

i=1

Zfl-((axl- +b) — (ax + b))2
i=1

0, = —
2.1
i=1

n
) [ @G0’
Oy =

Ages in Class
(years) mark fi fiz; z;? fiz;?
Zj
61-75 68 2 136 4624 9248
46-60 53 2 106 2809 5618
31-45 38 8 304 1444 11552
16-30 23 12 276 529 6348
1-15 8 6 48 64 384
5 5
Zfizi = 870 Zfiziz — 33150
i=1 i=1

Let age on food Z be a

_ =1 870
~ Mean age preferred food Z, a@=-—=——— = — =29 years @

> 30
Zfiui
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Standard deviation on food Z, o, = —

Aliter
Xi fi U fiu; fiu®
8 6 -2 —12 24
23 12 -1 —12 12
38 8 0 0
53 2 1 2 2
638 2
—18 46
A=38,c=15
X 38
W=
x = A4 +cC
x =38+ 15 (
x=38-9
x = 29 years
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o= %\/46 -30 — 324 = 2V 66 years

Let the expenditure on food Z be y,

According to the distribution age of the customers and expenditure has a linear relation.

y = 100 @

In the transformation, a = 100and b = 0

7 = 100@
3 = 100 - 29 =Rs. 2900 @
0y = lalo,






