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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. Using the Principle of Mathematical Induction, prove that the last digit of the number given by

22" is6foralln € Z* , withn > 1.

Forn>1,ne Z*
Let f(n) = 22"

Forn =2,
f(2) =22 =16
Last digitis 6

~The result is true for n = 2. @

Assume that the resultis true forn =k, k € Z*, k> 1
Then the last digit of 22“is 6.

Forn=k +1,

f(k 3 1) — 22k+1 — 221.:.21 — (22")2 @

Z
Since, the last digit of 2"is 6, last digit of (22) is also 6. @

~The result is true forn = k + 1.

Hence, by the principle of mathematical induction, the result is true for all n € Z*, with n > 1.@

25
Sketch of the graph of y = a|x + b| + ¢, where a, b, ¢ € Ris Y
given in the adjoining figure. Find the values of a, b and c. (26)
Sketch the graph of y = |x + 4| on the same coordinate axes on
the given graph. Hence, solve the equation |x + 4| + |[x — 2| = 6 / 8,0)
forxe R. ! A X &
x <2 Lox =2
2

y=alx—2|+c y=alx—2|+c

y=—ax+2a+c y=ax—2a+c
26) 6=-2a+2a+c 8,0) 0=8a—2a+c

'.c=6® .‘.a=—1®

Whenx =2, x+b=0
b=-2
y=—|x-2|+6
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x+4|+|x—-2|=6
|x +4|=—-|x—-2|+6
¥ =g

=2>—-4<x<2,x €ER @ 25

Sketch, in the same Argand diagram, the loci of the points that represent the complex numbers z
satisfying the equations
(i) |z—1]|=1and
i T
(i) |Arg(z—1)| = =
Hence, write down the complex numbers represented by the points of intersection of these loci in the

form of r(cos @ + i sin8), where r > 0 and - < 6 < m.

Im. axis
@ T To obtain full marks for figure;
Arg(z—-1) = =

» (;should mark with a hole

A(Z1) e Should mark

Re. axis e Circle should touch I, axis at 0
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4. Letn € Z*.If the coefficients of three consecutive terms in the binomial expansion of (1 + x)™

are in an arithmetic progression, show that n + 2 is a perfect square.

RCpoy + My = 2 G, @

n! n! _ 2
T B o p——" T go— @

1 1 B
(n—r)(n—‘r+1)+(r+1)r_(n—r)'r@

2(r+1)(n—r+1)=(‘r+1)r+(n—r)(n—r+1)®

n—4dnr+4r*2—-n-2=0

n+2=n?-4nr+ 42
n+2=0n-2r)?

. 1 — /cos(mx) 2
5. Show that 1m =
oWl o VitsxZ—Vitzx? 6

1 — /cos(mx) N ( 1 — ,/cos(mx) ) (1 + Jcos(nx)) (\/1 +5x2 +v1 + 2x2)l

im =
x50 V1 4+ 5x2 — V1428 M \V1+5x2 —vV1+2x2) \1+ \cos(nx)/ \V1+ 5x2 + V1 + 2x?

i ( 1—cosmx ) (\/1+5x2+\/1+2x2)
= lim
x>0 \(1 + 5x2) — (1 + 2x2) 1 + +/cos(mx)

o fTEX
. 1—1+ 2sin (T) " (\/1+5x2+\/1+2x2)

- lim
20 3x2 il 1+ \/cos(mx)

. (2

e () (et
S 34 T\ I 1+v1

O
= —_— 12

z (1)

2

T 25

6
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6. The region R, enclosed by the curves 2x —my =0 and y = sinx,

is rotated about the x-axis through 27 radians. Show that the volume
2
of the solid thus generated is % :

_rr[ sianF 4 [x3]2
) I P

T mT
T4 6
12 25

7. Let C be the curve given parametrically by x = eS™ andy = e~ >t for 0 < t < g
d )
Show that d_y = tant.e~(cost+sint) Find the gradient of the tangent drawn to the curve C at the
x

1
point corresponding to x = ev2 .

0<t<n
2
x = pSint y = g~ Cost
dx . d
E=esmt-cost @ d_Jt.“,: &85t wsint
d
dy_d_{_e'w“'sint d_x;eo
dx  dx  esint.cost dt
dt
dy

— =tant" e—(COSt+ sint)

dx
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. t 1
sint = —
V2
yid T
t=z,(0<t<§) @
d_y _ tanf e-(cos%é-smz)
dx
|
d_y=1 “(54”\5)
dx

8. Let P = (a,3), where o € R. The straight line [, is given by 2x —y — 7 = 0. A straight line [,,
perpendicular to I, passes through the point P and intersects x —axis at the point R. If the midpoint

of the line segment PR lies on the straight line x + y = 5, find the value of a.

L=2x—y—-7=0 Ll

m1=2

S 6+2a 3+0
Midpoint of PR; QE( > ’T)

AsQliesonx+y =5

6+2a+3 :
2 g

2 +9=10
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Find the values of g and f such that the chord of contact corresponding to the point A = (2,1)
with respect to the circle x2+y%2+2gx +2fy+60=0 is x —y =10. Also, show that
the equation of the circle passing through the point A and the points of contact of tangent is

x*+y2—9x+3y+10=0.

x> +y2+2gx+2fy+60=0

Chord of contact;
2x+y+g(x+2)+f(y+1)+60=0 @
2+gx+A+fly+29+f+60=0

Given that chord of contact; x —y = 10

2+g 1+f 29+f+60 @
1 -1 —10

2+g=-1—-f

f+tg=-3 — 1
—-20—-10g =2g+ f + 60

12g+f =-80 ——— 2
From eq" 1 and 2

Ono

g=—7andf =4
» The eq" of the circle; x% + y* — 14x + 8y + 60 =0

Centre of the given circle = (7,—4)
= The circle through point A and the points of contact has AC
as diameter is

(x-2)x-7N+@-Dy+4=0 @
x2—9x+14+y*+3y—4=0

x2+y?-9x+3y+10=0

Aliter
Since P and @ lie on both circles, the required circle must be of the form: S + A(x —y —10) =0

Thus x®> + y> — 14x+ 8y + 60 + A(x —y —10) = 0
Since Point A = (2,1) lies on the required circle;

22+12—-14:2+4+8:1+60+1(2-1-10)=0
A=5

= The eq” of the circle; x% +y%2 —14x +8y + 60+ 5(x —y —10) =0
X2 +y2—9x+3y+10=0
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10. Let @ # nz—nforn €z

2 — 2
Solve for g: Sec” 8 —cos28 +tan”
2tan @ + sin 20

1+ tan? @ — cos 26 + tan? @
2tan@ + 2sinf cos @

2 sin® 6 + 2tan? @ @

1l
&

Il
P

1l
Py

2tan 8 + 2sin# cos A
tan® 6 (1 + cos® 6)
tan (1 + cos?8)

tan@ =3 = tan= @ tanf # 0= 0 #nm
3
T

nm
c059=#0==>6':,t70
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Part B

11. (a) Let F(x) = px2 + gqx + rforx € R, where p,q,7 € R, withp > 0.

4pr — g2

49p
Now Let, f(x) =x2—2x—a?+1and g(x) =x? —2(a+ Dx + a(a—1),forx € R,
where a € Q. Let [f(x)]in and [g(x)],nin be the minimum values of f(x) and g(x)
respectively.

Show that F(x) =

Find the value of [f(x)],;, in terms of a.
Further find the range of values of a such that [g(x)|,nin — [FCO) min =

Show that each of the equations f(x) = 0 and g(x) = 0 has two distinct real roots. Let a and
B(>a) be the roots of f(x) = 0. Show that @ and § are rational. If the roots of f(x) = 0 lie
between the roots of g(x) = 0 then show that 0 < a < 1.

(b) Let f(x) be a polynomial in x and f'(x) be the derivative of f(x). Show that the remainder when

f(x) is divided by (x — a)?,is (x — a)f'(a) + f(a), where a € R.

Let g(x) =3x> + Ax®> + ux — 6, for x € R, where A, u € R. The remainder when g(x) is
divided by (x — 1)?is — 12x — 8. Show that 1 = —4 and find the value of u.

For the values of A and g, show that (x + 1) is a factor of g(x).

Hence, express g(x) as a product of linear factors.

(a) F(x) = px? +qx+‘rforx € R, where p,q,r € R, withp > 0.

(x+2(; p 4-pl @

=p (x 2 1)2 Gl

=D

2p 4p
2 pr—q°
Since (x+ ) =20=2F(x) = ,Xx€ER @
10
4pr — q*
F(x)mm = 4p

Let f(x) =x?-2x—a?+1

p=l, GF=-2  r=1—ad

_4x1x(1-da*)— (-2)*

[f(x)]mm = (1 = 0’.2) e |
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(
gx)=x*-2(a+ Dx+ala—1)
p=1, qg=-2(a+1), r=ala—1)
_4x1xa(a—1)-4(@+1)? @
[g(x)]min - 4%1

=ag2—a—a*—-2a—-1

e O

[9C)]min — [f (X)]min = 3
—3a—1+a%? >3

a*—3a—-42>0 @

(a—4)@+1)=0

a<—loraz=4

Sincea € Q*, a =4 @

fx)=x?—-2x—a?+1
fx)=0

x2—=2x—a’*+1=0

A=(~2)?—41.(—a*+ 1) @
40’ >0 foraeQ* @

0 has real and distinct roots.

Roots of f(x): x = 5

Since § > a, B=1+aanda=1—a@

1
—Z<a<1 and a

When a, § lie between roots of g(x) = 0 and both graphs have minimums,

both g(a) < 0 and g(B) < 0
(1-a)—-2(ea+1)(1—-a)+ala—1)<0and(1+a)*—2(a+1)(1+a)+tala—1)<0
(4a+1)(a—1) <0and —

~0<a<lfora € Q*

gx)=x*-2(a+Dx+ala—1)
gx) =0

x2=2(a+x+a(a-1)=0

A=[-2(a+1)]? —4.1.a(a—1)®
=4[3a+1] >0 forae@Q? @

=~ g(x) = 0 has real and distinct roots.

g(a)

3a< +1

" 1
3
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(b) Let Ax + B be the remainder, when f(x) is devided by (x — a)?.
s f(x)=(x—a)* ¢(x)+Ax + BforA,B € R. @

Differentiating with respect to x,

ff)=(x—a)> ¢ () +¢(x) 2(x—a)+ A @

Whenx =a, f'(a) = A @

fla)=A-a+B
f@=f(a)-a+B

aB=ﬂ@—a4ﬁ@(:)

Remainder; Ax + B = f'(a)x + f(a) —a " f'(a)
-c-ar@+r@ (5) 25

Given: g(x) =3x3 + Ax®> + ux — 6,forx € R, where 3, u € R.
g'(x) =9x% + 2Ax + u

Using above result, Remainder when divided by (x — 1)%is (x — 1)g'(1) + g(1).

g)y=3+1+u —6=A+p—3@
g)=9+22+u @

~ Remainder=(x—1)- (9 +21+u) + (A +pu—3)=-12x -8 @
Const: =9 —21—u+ 4+u<3=-8
1=-+(5)
x coefficients: 9 + 24 + u = —12
9 R2(4) +u=-12

p=—13 @ 25

g(x) =3x3—4x? - 13x — 6

Whenx = —1

g(-1) = -3 -4+413 —6=0@

~ (x + 1)is a factor of f(x).

ag(x)=(x+1)Bx2—-7x —6) @

gx)=((x+1)Bx+ 2)(x—3) @




AL/2026/10/E-1 - 14-

' ™)

12 (a) Six students, consisting of three males and three females from each of the two schools, participate
in a workshop.

(i) In how many ways can a committee of six students be formed from the group of students

L if there is no any restriction

IL. if there are equal number of males and females and equal number of students from
each school in the committee?

(ii) In how many ways can the five bottles of vanila-flavoured milk, one bottle of
cholcolate-flavoured milk and one bottle of strawberry flavoured milk be distributed among
the members of the committee if each member receives exactly one bottle?

2 3
(b) Write down the rt* term U, of the series, 32 -2-1 (1) 52-2-2 (1) 7§ %3 (1)+

1-3 \3 3-5 \3 5-7 \3

¢ 4r? +2r +1
Cr—DEzr+ D

By considering the partial fraction o ,forr € Z%,

1 T
Find f(r) such that U,. = (§) +f(r) - f(r + Dforr € Z*.
< AL AT "f .
Hence, show that Z r= (m) (5) orne€Z".
r=

[=e]

Show that the infinite seriesz U, is convergent and find its sum.

r=1
: 12! 12X11Xx10x9x8x7
(@@ L 12¢ — = =924
&7 61 (6)! 6X5x4x3x2x%x1
II. A B No of ways
M F M F
3 - - 3 . Ita=1
N
N
< - 3 3 = | B %=1
0:0;
2 1 1 2 3G X 6L X0y 3°C; =81
77N
\. >/
1 2 2 1 3C, X 3C, x3C, x 3C, =81
Total number of ways = 2 + 81 X 2 = 164 @ 45
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(i) 6C, X 20y X 2C; 4+ 6Cs X 1X2 =42 20

Aliter

Vanila (V) - 5, Chocolate (C) - 1, Strawberry (S5) —1

6!
V-4C-1,5-1=—=30

41

6!
V-5C-1 —-—=5

5!

6!
V—558—-1 =5=6

@r+1)?%-2r 1\
b _ e
) U”_(zr—1)(2r+1) (3)
4r? +2r+1 Ar?2—-1)+2r+2
CZr-D2r+1)  Qr-D@r+1) @

AQr+ 1)+ B(@2r—-1)
Cr-1D2r+1)

AQ2r+1)+BQ2r—1)=2r+2

2A+ 2B =2 A-B=2
o0
A='§,B=—§
3 1
4r2 + 2r +1 5 -5
Gr—De+D te-Dter+ D

3 1
@r+1)2-2r . i 5 -3 (1
((2r—1)(2r+1)) (E) B 1+(2r—1)+(2r+1) (§)

o@D ED Y o

r

/
f\(/r) f (7'Y+ 1
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+f@) - fr+1)

)
U, = (3) +f)-£)
B +ro-r
v, =(3) +r@-£®
1,3 —
Us = (g +f(3) - f(4) +)

U= (D) + -1 -

=0,

0= () + o0 T N2

( _%2 2n+1)'(f)
G )
=1_%'@)n(1+2n1+ 1) @
Y e :

n
lim 1 1(1' 1+1i ! )l' (1)
= it~ et Bl Oin 5

n—oo
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13. (a) Letﬁx=[_3 ]andB I” Ql where q,7,5 € R.

(1) Find AB in terms of q, 7 and s.
(ii) Find gq,r,s and k such that AB = [k i . k ; 1]. Further find A™1, the inverse of matrix A
(iii) Write down the following simultaneous equation in matrix form.

2x + 5y =12

-3x+y=-1

Hence, solve the equations.

141
(b) Express z; =1=3 and z, =

{7 in the form a + ib and in the form r(cos 0 + i sin ),

T
where‘r>0and0<9<§.

Let points A and B be the points representing the complex numbers z, and z, respectively, on an

1+\/§+i) 3

3n
Argand diagram. Show that Arg( o \ & £ Deduce that tang =1++2
=1

2 2
(c) Let w = cos —- + isin = Using De Moivre’s theorem find the value of w’

Hence, show that 1 + @ + w? + 0® + w* + w° + w® = 0.

T
Further, show that w? + @®° = 2 cos—- . Obtain similar expressions for w + w® and w3 + w*.

- howSas 21r+ 4-1r+ br 1
ence, show thal COS7 COS7 COS7— E

w0 =1 3

Z+5r 2q + 5s @
= 17
-3
o t7 “3q+s 5

%+5r 2q + 5s

-3

L tr —3q+s

2

= —+5r=k (1)

2q+5s=k—1 (2)
g+r=k-1 (3) @

—3g+s=k (4)
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n — = i
Fromeq" (1) — 3) =1r = @

By Substituting r = % foreq"(3) = k=1 @

Fromeq“(Z)—(tl-)xS:aq:;_’]S @
2

By Substituting g = ;—;r' foreq" 4 = s = —

17

'k k-1
AB_[k—l k]
Let’s substitute values of k

T O] _ e wg=i
AB_[O 1 =L=dAa @
A"1AB = A1

-1
IB=A . 1 -5
1 — 17 17|11 -5
A _B_llj g_li 2 _17[3 2]@
7 17 35

av % 3161=113) G5)
AX = C; whereX=[;] and C = E_?l] @

A1AX = A1c

=57l 21 ()

-]

sx=1y=2 @ 20

5 (1+i)(1+i) 1+ 2i +i2 @
G Uy AT 112
(V2 (1+i) \/§(1+i)_1+,1 @
eI\ T +i 2 vz '
T |7 T
z;=1 (cos§+ zsmz)® where, r = 1,6 = 5
T
Py = l(cosz+tsmz)® where, r = 119=g
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1+vV2+i 1+i+\/§ 2

1—i 1-i'1-; AT%h
1+V2 +i

Arg (T) = AI‘g(Zl + Zz)

®

Im(2)

_n,m | »(2)
273 @ T ;B(ZZ)
i o
3m 8/ € @
/ 4
0 = »Re(z)
3 PC Im(z; + z;)
tan— = — = ———
8 O0C Re(z,+2y)
it
_ 2
-2 ()
V2
2m | 2w
(c) (Giventhat w = cos7+lsm7.
7_( 21r+_ ‘ Zn)z
w' = cos 7 Lsin 7
= (cos2m + isin2m) (- theorem)
QO
Let S=1+w+ w?+ 0®+o0*+0’+w (1)
cwS=w+ 0+ o+ o+ 0+ 0w+’ (2)
e’ (1) - B)=>1+w)sS=1-w’=1-1=0, w=#1

~5=0
From eq" (1),

l+w+w?+od+ot+0*+wé=0

41

( 27r+_ _ 21r)2
cos 7 lsin 7

= (oot i) (5)
w COS7 lS‘!n7

with 0A = 0B
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5 ( er)
w” = cos— + i sin—
7
g 10w 10w
w” = (cos—+tsmT)

i
— (cosZn——+tsm2n—7)

= (e F-107) ()
= | cos [ sin 7

0 u? 5_( 4-1r+_‘41r)+( 4m __41[)
O] w- = |cos 7 [ sin 7 cos 7 Lsin 7

A1
= 2c¢c05s —
7

cos— + i sin——

( 12 121r)
7

21
= (cos 21{——+:sm21r——)

7
( ZH)
cos i sin =

g ( 211'+__21r)+( 2m __21[)
S w" = |cos 7 Lsin 7 cos 7 L sin 7

% O
= COS7

6n
W= (cos—+ lsm7)

4 8w
w* = (cos—+tsm—)
7
_ ( 2 67r+_ _— 61r)
= |cos2n 7 Lsin2m 7

(cos 7 =150 7)
= | cos i sin 7

_—— 4_( 61r+‘_61r)+( 6m __611)
BN ) w" =|cos 7 lS‘In7 cos 7 L sin 7

o (D
= COS‘7

2?r+ 41r+ 6m
cos 7 cos 7 cos 7
wtw® ot o*t+to? wto’todtot+e’+e _ -1

7 T2 T3 2 2
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XS i€ R—i2) whEEER
(x—2)2 , Ior X . WNEre a .

Show that f*(x), the derivative of f(x) is given by f'(x) =
forx € R— {2}

14. (a) Let f(x) =

—(a+4)x—(2a + 6)
(x—2)?

It is given that the graph of y = f(x) has a stationary point at x = 1. Hence, find the value of a.

Also find the interval on which f(x) is increasing and the intervals on whichf (x) is decreasing.
Further, find the coordinates of the stationary point of f(x).

2(2x — 1)

3(x—2)*°
has a point of inflection. Also find the coordinates of the point of inflection.

It is given that ' (x) = for x € R — {2}. Hence, show that the graph of y = f(x)

Sketch the graph of y = f(x) indicating the asymptotes, the stationary point and the point of
inflection.
(b) An earring is made from a thin wire of length /, with the entire wire bent into the shape of a sector

of a circle. Show that the maximum possible area enclosed by the earring is equal to the area of a
square formed using a wire of the same length.

x2+ax+3
-— forx € R {2}, wherea € R

(a) Given f(x) — W

oo (=22 2x+a)- (x*+ax+3)-2(x—2)
f'(x) = x—2)

2x2+ax—4—x—2a—2x2—2ax—6@
B (x —2)3

_ —(a+4)x — (2a + 6)

(x —2)*
O,

ff()=0=—-(a+4)'1—-(2a+6)=0

—3a =10

2
_‘?_(_5 _ o 2x-1)
T x=2)2 T 3(x-2)3
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x<1 1<x<?2 x>2
] @ | O] @
N /N

f(x) is increasing when x € (1,2)

f(x) is decreasing when x € (—o0,1) U (2, ) @

) x> +ax+3
[ ==
Atx =1,
, 10
D 124 g-143 1 F—pilt3 2
=" =~z "3

Coordinates of the stationary point= (1, 2 ) @
3

2(2x — 1)
3(x —2)¢”°
At point of inflection f"'(x) = 0

1
22x—-1)=0=x= 2 @

Given that f"(x) = forx € R— {2}

1y? 10N 1
f(l)z(z) +(-3)7+3 _
2 1 9 2 27
(z-2)
1
x < E x> E
= NONNO
() = +
Concavity Downward Upward

119
-~ Coordinates of the point of inflection = (E'ﬁ) @
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Vertical asymptote: x = 2 @ "

limy=1

x—+o0
~ y = 11s a horizontal asymptote. @

"

For min / max of A, d—A=0 @
dr

YN un=0mr=t (5)

ar .2 L T=3

)
O<r<- —<r< =

4 4 2
(+) (=)
Sign of Z_‘j +/ \ @

1! 252
—5(?‘—?‘)

H0-201-:6) -0 O

~Maximum possible area enclosed bf the earring is equal to the area of a square formed

Amax

[N RITY

using a wire of the same length.
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1
15. (a) Using the substitution v2x = t, where x > 0, evaluate j ——
xV2x + 4
3
(¢) Let I = f x tan~! v/x dx . Using integration by parts, show that [ =
0
3
3 xi 5
h = ;
where | J; W X

; ; . 2n
Using a suitable substitution, show that J = = Hence, evaluate /.

k k
(d) Using the formula f f(x)dx = f f(k — x), where k is a constant.
0 0

n

Zn+1

T

show that f

X sec

dx .

3
2

1

>- 7

4

0

T
=— LW )
x tanx dx = sec?™ "y tanx dx, wherene N
0

T

Hence, evaluate f x sec

0

2n+1

xtanx dx

(a) V2x =t
2 =17
2dx =2tdt
dx =tdt
J’ 1 d J’ 1
— x = _E______
xv2x + 4 %t +
A

Partial fractions

tdt=f -
4 t

Bt+C

2t
"o
+ 8

t= A(t?-2t+4)+(Bt+0)(t+2)

[£2]; A+B=0
[t']; —24+2B+C=1
[£9]; 44+2C =0

1

A

B

C

W= N

t3+8 = t+2+r2—2r+4

©
O,
©,




AL/2026/10/E-1 e

( ™
1 1,1

t _g+ 6t+§
t3+8 t+2 t2-2t+4

f f J‘ t+2
== | — —————— dt
£+8 " t2 — 2t +4
1 (;) 1 1f2(—1)=248
=—gln|f 2|+ = [ ( ) dt

6 2 2_2t+4
=——nt+ +— o
t2—2r+4 ¢2_2t+4
1 | S 1 1 @
=—ghlt+2[+=nlt” -2t +4] +5
(t—1)2+(ﬂ

@

1l|f+2|+11|t2 zr+4|+1 1t -1(_t_1) +2
= pit P [ —+—tan

Given v2x = t,

1 1 1 _
f— G ‘gfn|m+21 +gln|(®2 —2@+4| +%tan‘1 (\/_Zx_l) &4

xV2x + 4 =
&

- e Y
1 1 1 1 V2x —1
—_——dx = —=In|V2x + 2| +=In|2x — 2V2x + 4 +—tan“1(—)+/1
fo2x+4 6 | | 6 | | 23 V3

55
3
(b) szxtan‘lx/fdx
0
3 d x?.
= | tan"'vx-—|—=|d
[ onw gl(z) e :
[x2 @ ] Sx2 1 1
=|—-tan" Vx| — | —- = dx
.2 lp 0 2 1+(m 2\/5
2 P 13 x% 9 m 1 3 xé
=X ctantyz| = d =(—-—)——f d
P ‘/E_O 4L1+xx 2'3) 2l T+x
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Letstaket-f@ Whenx=0,t=0. x=3, t=+/3. @

t=—dx

2v/x

~dx =2t dt

V3 3
& = 2t dt
/ L 1+ t?

V3
0

f‘f'—1+t4—1
0

“

dt
1+ t2

Bl (2 - 12+ 1)
=zf dt
0 1+ t2

V3 V3
zf dt+f tzdt—f dt
0 0 0

V3
t3
=2{[tan'1t 3+[3] 0

00

= 2{§+~/§ x@}
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13
(c) Let I = f x sec®™ x tan x dx
0

= J:r(;rr — x) sec™ ' (m — x) tan(mw — x) dx @

w
— f (m — x) sec™ 1 xtan xdx
0

T T
=Trf seczn"'lxtanxdx—j xsec* ! xtan x dx @
0 0
HONRO
I = Tl'f sec?™ xsecx tan x dx —
0

secznﬂxn@
2l =n|———
“[2n+1
0

Y4
=i _12ﬂ+1_1

2n+1{( ) }
5 e —2m
T 2n+1
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16. Show that the equation of a straight line passing through the point of intersection of the straight lines,

Iy =ax+by+c=0andl, =px +qy+r =0isgivenby, [; + Al, = 0, where 4 is a parameter.

Letl; =4x—-3y—1=0 and |, =3x —4y +2 = 0. Write the equation of the straight line

passing through the point of intersection of straight lines [; = 0 and I, = 0 in a parametric form.

Hence, find the equation of straight line ! = 0 passing through the point of intersection of straight
22
lines [,and [, and the point P = (3, 7) ;

Find the equations of the bisectors of the angles between straight lines {; and I,. Hence, show that

[ = 0 is the bisector of the acute angle between straight lines [, and [, .

Show that the equation of the circle S; with centre (—2, @), where a € Z, touching I; and [, is

25x% + 25y2 + 100x — 250y + 149 = 0.

Another circler §, with its centre at the origin intersects S; orthogonally. Show that the

V149

radius of S, is 5

L, =ax+by+c=0

Ay, y1 l =px+qy+r=0

Let A = (x,5,) h,=0= ax; +by +c=0 @

Ly,=0=px;+qy, +r=0

Consider the equation; {; + Al, =0
LHSL +Al, =(ax+by+c)+ Alpx +qy +71)
Since A is the intersection point of both straight lines,
= (ax, + by, +¢) + A(px, + qy, + 1) @
= 0 + 0
= 0
= R.H.S
~ The curve given by [, + Al, = 0 is passing through A.
Also, the equation (ax + by +¢) + A(px +qy +7r) =0
(a+ Ap)x + (b + Aq)y + (c + Ar) = 0 is a straight line. @ 20
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(4x —3y — 1) + A(3x — 4y + 2) = 0, where A is a parameter @
As the above straight lines passing through the point P = (3,%)
22 22
(4-3—3-——1)+ 3(3-3—4-—+2) =0
7 7
11-114=0

¥O

~ The required straight lineis [ =7x—-7y+1=0 @ 15

The perpendicular distance from same the points that lie on the bisectors of the angles lie between
two straight lines 1s equal.

‘4x—3y—1|_ |3x—4y+2|
v25 || 25
4x —3y—1=+(Bx—4y +2) @

~ The equations of the bisectors of the angles between straight lines [, and [, are

4x —3y—1=3x—4y+2 and 4x—-3y—-1=-0Bx—4y+2)
x+y—-3=0 and 7Y Bl =10 @
Let assume ! = 7x — 7y + 1 = 0 is an acute angle bisector.

Let find the angle between straight line [ and straight line 4x — 3y — 1 = 0. Let a be the angle
between two straight lines.

3
1~ N\
tana = —3% = |;}'|<1 @
1+E.1
40,
a<—
4
~ 1 =7x—7y+ 1= 0is an acute angle bisector. @ 40

Perpendicular distances from centre of the circle S; to straight lines !; and [, are equal.
‘4x—3y—1| B |3x—4y+2|
V25 V25

Let substitute (—2, a).

4(-2) - 3(a) —1 = +[3(—-2) — 4(a) + 2]
4(-2)-3()-1=[3(-2)—-4(a)+2]=a=5€Z @
4(=2)-3(a)—1=—[3(-2) - 4(@) + 2] = «a =‘713ez @

- Centre of the circle = (—2,5) @
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As the circle S; touches the straight lines {; and [,, the perpendicular distant from the centre (—2,5) is
the radius of the circle.

4 o — o
~ The radius = ‘ (=2) ~305) 1‘ @
V25

B
: : 2 24\?
=~ The equation of the circle S;: (x = (—2)) +(y—-5)?%= (?)

: 2 _ 278
x“+4x+4+y 10y+25—25

25x% + 25y% + 100x — 250y + 149 = 0

LetS,=>x*+y2—-1r2=0 g,=0,f,=0,c,=—-r?

S, = 25x2 + 25y2 4+ 100x — 250y +149=0 g, =2, f, =10, ¢; = —

As S, intersects S; orthogonally,

2g291+2f2f1= cy + cl@
0+0——r2+£ @
B 25
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17. (a) Write down sin(A4 + B) in terms of sin A, cos A, sin B and cos B.

T T .
Hence, show that sin (E + 6‘) = cos 8.Deduce that cos (E - 8) = sin 8.

Using sin(A + B), prove that cos(A — B) = cos A cos B + sin Asin B. Hence, for all 8 € R,

deduce that sin’6 + cos?6 = 1.

If sinf, cosd, tand are consecutive terms of geometric series prove that cos>8 = sin?@.

Deduce that cos®8 + 3cos®0 + 3cos’8 + cos®8 — 1 = 0.

(b) In the usual notation, state the Sine Rule for a triangle ABC.

In a triangle ABC, the angle bisector of BAC meets the side BC at D.

SuLn = E, then find the value of A.

sinC 4

Considering the areas of triangles or otherwise, show that 4casin B + 3ab sin C = 7bc sin A.
. T . 3/ab+ca
Hence, if ( = - deduce that sinB + cosB = —( T )

4 7
(c) Given that xy = 1, find tan™! x + tan~!y for x,y € R — {0}

Itis given that BD:DC =2+ 1:4,A > 0. If

(a) sin(A + B) = sinA.cos B + cosA.sin B @
(A,B) » (g, (19)) sin (g + 9) = sin (g) .cos(+8) + cos (g) .sin(+8) @
. Tr —
sm(EiS) =1.cos@+0 @

sin (g + 9) = cos#f

Since, cos # = sin (g - 9), ) (g— 9)

sin(5+(5-0)) =cosG-0) (&)

cos (g—&') =sind 20

sin(A + B) = sinA.cosB + cos A.sin B
B - (g—B) sin (A + (g—B)) = sin A. cos (g—B) + cos A.sin (g—B) @

T
sin (§+ (A - B)) = sinA.sinB + cos A.cos B

cos(A — B) =cosA.cosB +sinA.sin B
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When A =B = 6, cos(0) = cosf.cos@ + sinf.sin @ @

"

1 = cos?8 +sin? @ 20

As sin 8, cos 8, tan @ are consecutive terms of geometric series

cosf tanf @

sinf cosf

cos?@ =tanf - sinf

cos? @ = e sin 8

cos

cos® 8 = sin? @
cos38 =1 —cos? @ @
cos38 +cos?8 =1
(cos® @ + cos?6) =1 @
cos’ 8 +3cos® B+ 3cos” 8 +cos*0 =1
cos?6 +3cos®8 +3cos’ B8 +cos*8—1=0 15

b) Sine Rul a . :
(b) ineiRule: sin4  sinB  sinC @

Ao 2222 (1) @
sind sinB

2

acpn, 26 AP ) @
sind  sinC

2
From eq"s (1) and (2)

A
sinB_pc_(grgp)e_3 _ ©
sinC BD (}i+1)_ 4
22+1)°¢
41 =31+3
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Considering the Areas of the triangles,

ABD A + ADCA= ABC A @
1 (4a) - 1 b(3a) - lb w
2.c. - .SIn +2.. 7 .SIn =3 c.sin @

4ca.sin B + 3ab.sinC = 7bc.sin A

From eq" (3);
3sinC ] .
4—ac.( 7 )+ 3ab.sin C = 7bc.sin|r — (B + C)] @

3ac.sin € + 3ab.sin C = 7bc.[sinB.cos C + cos B.sin (] @

+=sinC
sin B T
3ac+3ab=7bc[ +cosB];C=— @
tanC 4
inB + B 3(ab+ca)
sin cos == e

(c) Given: xy = 1and x,y € R — {0}

Casel: whenx > 0andy > 0
a=tan"tx f=tan"ly
L (&)

=t = ta - —
X =tana y np p
0 m
r5=3 (&)

i1
tan'1x+tan'1y=§ @

CaseIl: whenx < Oandy < 0
tan"}(—m) = —tan"'m

Let tan~'(—m) = 1 thentand = —m

&m = —tanA = tan(—21) @
-1

Let x=—-m y=— form>0@
m
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T
Since, tan"'x + tan"ly = 5 x> Oandy >0

3|4

tan~1(—m) + tan~! (

-1
= —tan"!m —tan~! (—)
m

(ermem () O

T

2

1 T
~tan” ! —x + tan™! (—) = =%
—Xx 2

1 4
—tan~!'x — tan™?! (-) = —= @
x 2

tan~!x +tan~!(y) = =
35

N
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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 4 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

from one particle to the other particle is given by sz 14+e)u-v)

U v(< u) v v,
A B A B A B
(Before collision) (When collide) (After collision)
Let I be the momentum transferred from one particle to other
e
N.L.ofRes: v, —v, = —e(v—u) —— (1)
—

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

v, +2v, =u+2v —(2)@

(1) + (2);

3v,=u+2v—e(v— u)@

I= A(mg) for B:
—
I = Amv for B:

I=2mv, — 2mv

u+22v—e(v—u)
I=2m 3 -V

2Zm
=—[u+2v—ev+eu—3v]

- —[u(l =l & e)@

—(1+e)(u—v) 75
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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

1
y =usin60’t — > gt®

horizontal at P, then show that X = E
y
—_ 1 3
0-P- S=ut+§at2 0- P v=u+at
¥ =1nucos60?t v cos 30° =u cos 60°
u V3 1
x ==t 1 <« L
2 () @\U 2 u 2
u
Vv ——
V3
1
Ts=ut+§at2 Tv=u+at

vsin30° =usin60° + (—g)t

y=Pu-z00— @ (5) el g
u

z vl V3 1
/2 == PRl B

4 gut—%gtz FETET T

X u 1

y 3 Nt @ gt =5(V3u-v) @

X u 1 u

b T 1 gt==(V3u——

AR O =

x V3

y 2

25
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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 2_gl and comes

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

F=ma

M) T; T— Mg =M(%)

(3m) |; 3mg—T =3m (%)_ (2) @

(1) + (2);For the particle B,

(B3m—-M)g = %(M+ 3m) @

M=2m

11 = A(my)

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.

1

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

1
slope of inclination sin™* — to the horizontal. Find the power of the engine of the car, at an instant

20
1
when the speed of the car is 16 m s~ and the acceleration of the car is >m 5

(Takeg = 10ms™2%)

—

P=Fv F=ma %U
25 %103 = F - 25 @ F—R = M(0)
#F=10%N F=R

3
Since R=kvz

10% = k (25)% @

K=28
F =ma
1
F1=R1

3
R, = 8(16)z = 512

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

Pl = F1171
P, =512 16
P, = 8192 W

25
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5. Two particles, P and @ 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 @ 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 Tcosf =mg —— (2) @

1
(2)/(1); cos8 = A 8 = 60°

For P « Tsinf = mxsinf w? — (3) @

T=mxw?>?—— (4)

gl—xl
cos—x—z

21
2!—2x=x=»x=?

Substitute in (4);

20\,
Z2mg = m(?)w

e

Radius = x sin @

= —sin 60°
35‘1?’1

k%o

2mg

25
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Let O, 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+4j and 31 + 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

n

p B = (3i + 6j)

A= (+ 1)

OB=k 04

3i+6j=k-(i+4)

k=3 kA =6
310
Let OP Ui

—_—  —

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 (- 4P L BP) @
U2 —8u+15=0

u-5w=-3)=

u=5o0ru=3

ONO

OP=5|and0P=3|

25

'
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7. A uniform 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 Zw, 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 €

in terms of w.

Resolving

A Rcosa—3wsina =0 @

R=3wtana

R=3W'JE R
R=\/ﬁw3® @

gA Sa—w-2acosa— 2w 4acosa =0 @

=10wcosa : V10

3

o

10w

r—ﬁlw

25

Aliter (To find 5)

N S—Rsina—3wcosa =10

S—3wtanasina—3wcosa =10 @

3w(sin® @ + cos? a)
= V7
cosa
S =3wseca =
V3

g

S =+30w
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8. Two uniform rods AB, BC each of length 2a and weight W are smoothly

N
Lal

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 B( inclined at an angle @ to the vertical. The coefficient

2
of friction between the rod BC and the wall is y . Show that tanf = —.
U

SystemgA R 4acos8 —2w-asinf =0

R_wtanB @ 4
2

RodBC\B F:2asin@ —R-2acosf — w-asing =0 @

ine 2F —2Rcotd — w =0
- Z(WtanS) 1 —0
2 g @ C
F=w
For equilibrium,
>F
H=R
o W
#_wtang
2
2
tanf = —
U

25
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10.

Let A, B and C be three events of a sample space (). In the usual notation, it is given that P(B) = 0

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

and P(4) = % , show that P(C) = %
P(AUB) = P(A) + P(B) — P(AnB)
P(AUB) =P(B)+ (P(A) - P(AnB))

. P(ANB’
5_10+ ( )

3

& P(ANB) = —
( ) 10 @

Since A’ N B and C are mutually exclusive and P(AnB)=P(B)—P(ANB)

exhaustive events, P(AnB) = P(A)+P(B)—P(AUB)

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

|
WS
+
o] w
|
L] w
I}
U]

1

—+ PO =1

10+ (© Sl 55) 1 1
.P(C)_g 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.

. a+b+c+d+e
Since Mean = 4; ( )=4=,a+b+c+d+e=20@

5
Since there are five observations and the medianis 3;¢ = 3 @

Since 3 is the unique mode;

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

Since the range is 5; (e —a) =5 @ Since the rangeis 5; (e—3)=5—=e¢ =8

{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 « and a uniform

(b)

acceleration f. It accelerates until its velocity becomes Au, where (1 > 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
. . u .

point A a time — 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 (AZ2-1)
1
(i) show that the total distance travelled by X, when it reaches the point C is ﬁuz (212 —5)

V10
(iii) show thatif A <2 + —ris X cannot overtake Y.

A ship § 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
2VRZ - 2

the guns for a time interval of - hours.
Vv2 + u2 — 2uvsina

(a)
v
A L
Au -
NG
N O
VOB
ul AL i
/! ;
7 -
Ve ] i
7 ! i
0/ \I/ \i_/ g >t
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from graph

(i) (Au +u) @ '
4B = | Cime @
(Au+u) (Au—u) @ Il Ji= ng =e——=
| B (Au - u)
|
|
!

2 2 tl_ f
= 57 -1)
15
(i) AC=AB+BC ! (= 20)
AC = — (22 - 1)+ w2(2% - 4) : A
=-—u ]
7 ON Gz
1 : ™\
AC = —u?(24* -5 '
qu( ) : (Au+ 2u)
1 =—'C2
! 2
i _(lu+2u).(/1u—2u)
i T2 i
E _Azu2—4u2
| 222 -4) @
f
15

(ii1)) 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 V.
Distance travelled by X < Distance travelled by Y from A to C. @

OO

27 u?(24% - )SZu-(;)+2u-(t1+t2)

2R —5) < 2u ( ()cu u) (Au— 2u))
f

T f

—f(ZAZ—S)_zu (1+1-14+1-2)

212-5<8-1—-1) @

22-81+3=<0

2f
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3
,12—4/1+§so

O

Let w be the velocity of the warship relative to ship

wsing =vsina—u — (1) @
— (2) }

Wcos8 =vcosa

(12 + (2)%; w2 =v?2+u? - 2uvsina

w =+Vu? +v? - 2uvsina @

) t‘_m‘g=(vsincr—u)
@)’ vcosa

. _ i3
Shortest distance (1) = d - sin (9 + Z) @ ;
_d ) ;
= ﬁ - (sin 8 + cos 6) @
d Q

= —-((vsina:—u)+vcosa)

2w
d [v(sina+ cosa)— u]
V2 VuZ + v —2uvsina
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Let the time in which the ship remains within the firing range of the gun is ¢

By applying S = ut
PQ
Vs, W)

_WR—E
VG W)

NEE @
B w
2VRZ - 12 hours @

Vuz +v2 - 2uusina

t
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(b)

12. (a) The vertical cross-section through the centres of mass of two

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

yis
an angle a (< Z) with the horizontal, another smooth wedge Y,

of mass 2m, whose inclined faces make an angle « is placed. Two
particles P and @, 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
length 2! 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 o

0 21

§ tart

magnitude 2m\/a in the direction of its motion. Find the |

velocity immediately after the impulse. i= Zm\@
Show that the velocity and the tension in the string when 0P make an angle 60° with the downward

vertical are 4/ 14gl 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 V42 +5V2 i
2 g

(a) Forces @

x+y=k ; kisaconstant
‘ i+y=0
=5 O

z; + 2z, =k, ; kqisa constant
Z1+2Z,=0
7y = =2,
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axe = F —* @ ap.E) = ‘j—‘F @
Aw,E) = Tw : ¥
SO e @
F

'

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

For the system P,Q and Y —7

dmg 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 c;)nservatlon of energy (Start to A) 0 2/ PE=0 start
T P it =
0= 5 mv mg(2l) @ v T%00 F;ri (t=0)
/
S 2@ @ R 2l /;
z m‘g\ \\\ ,’//’
— At point A M”(‘—“=—;‘_1"5‘—"2’ gl
I = Amp Yo v

ZmJa =m(vy — v) @
2m,fgl = m(v, — 2,/gl)

v0=4M®

By conservation of energy (A4 to €)

1 2 1 2 ; 0
E-m(vo) —mg-Zl:E-mvl —mg(2lsin30%) @

1 1 1
E-m(ﬂl-,/gllz—mg-Zl =E-mv12—mg(21-§)

vy, = 4/ 14gl @
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AtC, 7”7 F =ma

0.2
T—m9605600=m(é)

For the particle P when move freely under the gravity,

1
T.S'=ut+§at2

1
—l=vlsin600t+§(—g)t2 @
V3 o1

—1 = [14gl- —t — = gt?

gt? —.f42git—21=0 @
.o J42g1 + 4291 — 4g(-21) @

2'g

Since t > 0,
. Va2 +/5v2 (z)
> > .
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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 @ 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 > g

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 , find the least value of u in terms of a and d in order to keep the heavier block
not moving.

T
—_—>

s (HOOO000N =
A .
AN !

Applying F =ma By hook law,
T = m# T=w @
e6mg(d —x
L=m5&®; X=x-d
d
6
5c'+?g(x—d)=0® s ¥ =
6
¥+2x=0 X=X
d
6
x=——‘gX
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whent =0,

x=d, X = 29a®

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

h=0(3)

x = —hw ' sin(wt) + kw - cos(wt) = /2ga = —hw - sin(0) + kw - cos(0) @
T B

w

2ga
= /@

d
- 2
~ |3

x = d + hcos(wt) + k sin(wt)
x = d + (0) cos(wt) + ksin(wt) =2 x = d + k sin(wt) @
Since —1 < sin(wt) <1

o (min =d +k(-1)

(min =d—k
(rmin > 0 @®

d>k

N=¥6
3

BNE

da a
Ifd = w=a— ’— n(wt) =a — —=sin(wt h =
a= (Xnp=a 3 sin(wt) =a \Esm(m ), where @

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

a a |
®E =a- Esm(wtl) @
sin(wt,) =E @
2
i fis
(Dtl = § = tl = % @
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If the length of the spring is minimum when t = ¢,

Assuming that 8m block is not moving,

R
L _):‘x
T T
EEUINEINO)
| Al
8mg’
For8m; T F = ma - F=ma
R—8mg =0 F-T=0

R = 8mg @ F=T= M @
To avoid sliding, u >— @

lﬁmg(j = x)J

>
ks 8mg

uz (—B(d _x)) ()

4d

b2 =) (5)

3
ZE.(d—(d—k))

>3 k

H=2a
3 |da
H=2a |3
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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 Sb respectively.
The point P is on OA such that OP : 0A = a : 1 and the point Q is on AC such that AQ: AC = f5: 1

Using the triangular law of vector addition, show that ﬁ"=a:(l—af)a+ﬁb and

Bg=aa—-f(1-8)b

P T
The lines PC and BQ meet at R such that BRP = E Show that the angle 8, between the unit vector
B2(1=g)— a? (1= a))
af (a+ B —af) '

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, CBED = 90° and

CD = 4a. Forces of magnitudes 6P,4P,aP,BP 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 f§ are real constants.

Given that the resultant of the system is parallel to DB in the sense from

D to B. Show that @ = 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; .

@ B c
1-8)
R

Q

0« Fd—a a°
PA 1-a cQ _ 1-§
04 - 1 CA ~— 1
~PA =(Q1-a)04 ~CQ =Q-p)CA

=(1-a)aa = (1-pB) (-Bb)

¢ =pa+7 (5) 5G=5C+73 (5)
©) & G

=(1=a)aa+ fb =aa +(1-B)(-Bb)
=a(l—a)a+ Bb =aa —B(B-1b
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PC.BG=((A-a)ag+ pb) (ag +1-p)(-pD))
=a’(l-ma-a-p21-Rb b+-af(l-a)1-Ra'b+apb a
=a’(l g a-fA=pbb+-ap((1-QU-P-1)ab

=a*(1=a)a-a—-B*(1=Bb'b+af(a+f=af)ab
PC1LBQ= PC .BJ=0 @
£0=a(l-aya-a-fA-Pb-b+apa+f-apab (5)

As g & b are unit vectors |a| = |b| =
.a*a=1landb-b=1

If the angle between a and b is &
ab=|a|lb|cos® = a'b =cos8 @

O=a’(1—-a)—- B*(1-B)+ af(a+ B —af)Cos B

o _FO-®-a(-a)
w0 = e

4P A=f)~a? (1 za)

~ 08 = (Cos B (@ + f —ap) a0

(b)

Since the resultant in the direction ﬁ,

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

C
1600 —8v3P + aP cos 30° + 6P cos 30° + 4P cos 30° = 0 .
V3 V3
—8V3P +aP - Shs L F i —=o®

a==~6 15

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

6P-§=6P-§ 6P - ?—8\/_13 ~+pP- E




AL/2026/10/E-11 < 255

'

. 2v/3a
ana =
a V13
23
tana = 2vV3 V3
a
L ® i
cosft = —
V13
2v13
sing =——=2
13

Since the system is in equilibrium,

60° F, —F,sina=0 @

XY Fycosa—6P =0
F, = 6VI3P @
F, = 12/3P @ 25
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15.(a) Uniform rods AB and BC each of length 2a and weight W

(b)

(a)

A D
and two other uniform rods AD and €D of weights W and
2W and of lengths 2/3a and 4a respectively are freely
jointed at their ends. A light rod AC of length 2a is freely B 6006p

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.

(1) Find the reaction at B on the rod AB
(i) 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 /o
AB, BC, CD, DA and DB that are smoothly jointed at their
ends. Itis giventhat AB = AD = BD = a, DBC = 909,

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

o

60° |

=

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? +Xp - 2a cos 60° —Yg - 2acos30° = 0

V3
7w+xﬂ—\/§}f3=0—(1)
Rod BC; c\j w - asin60° +X5 - 2a cos 60° +Y; - 2asin60° = 0
V3
7w+XB+\/§YE,=0—(2)
V3
(1) +(2); Xg=—>Ww

@-@; =0 ()

3
~ Reaction on AB at B is « gw @
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Rod DA andAB;DS
wV3a—T-2V3a+ w:(2V3a+acos30°) + Xz - 2acos 60° = 0

5v3 V3 1
V3w =2V3T+ —w+|—-—w|-2:==0
2 2 2
3w
T =—
System;DS3w-\/§a+2w-(2\/§a+ac03300)—R-3a=0
3
3w-x/§a+2w-(2\/§a+a‘/?_)—fa-3a=o
r=gv (&
=—w
V3
60

(b) For the equilibrium of the frame,
3
P 30° —w- ( - ) =0
A\j acos w:la+ > a

P=E

3joints B,C,D  10x3

Rod Tension Thrust Magnitude
AB (45) Y @ s
: V3
v
BC (1,6) @ 2w

©O)
O
CD (2,6) /@ o @
DA (3,5) 7 3
©O) o %
3

DB (5,6) v @
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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

s
h is at a distance E 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
have radii 2a and a respectively and height s;_a, to a thin cylindrical shell
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
S5a 2a
31'31w
symmetry Oxy where the x axis lies along OC and the y axis lies along 0D of which the origin is O.

wire is 4ap. Show that the centre of mass of the vessel is located at (4m + 1)) on the plane of

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 @
A
Mass per unit length is p.
Q Length of PQ = a - §6
a
~ox = (ad8) - p
(] > x
0 X =1cos@

X =
T
2
fara @
2
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2
azpfn_cosﬁdﬂ
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X = E
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so a?p[sin 9]% CS:) a (sinE — sin (— E)) _ a (1 + sin E)
SR - =
i G L
2 2a

'




AL/2026/10/E-11

'

- 29_

yil

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

h=lcos@

W

> X dm = 2n(xsin@)déx - p

t
chosS-ZTrpxsinde @
0
l
f2?rpxsin9dx @
0

I
cos 8 f x2 dx
0
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Object Distance from y axis to Distance from x
Mass C.0.G axis to

o (5 :

25a o2 13a_a® 0
NN ”ap® 3 = 2

. 5a Sta’p 1 3a 3a @ i
M P =Ty T -
a A 0
2n-2a-§-p=2na2p@ ) 4

/_.\ 1r-%-4ap=1ra2p® - @ —(2a+§-§)€)

== (2a+ c:r)

S8
]

Vessel

=|
<2

x= (5)
*I31
a 2a

5
~ Location of the Centre of the mass of the vessel = (—

317317 0t 1))

Let mass per unit length of the ring is o

a 31 51a .
LN —
2n(2a)og 3 4Tra (4.31) 0 @
_51
T @
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17. (a) A certain athlete participates in a track event consisting of several rounds and attempts to qualify

for the final round. In the preliminary round, the probabilities that he obtains the first, second, and
third positions are %% and % respectively. If the athlete 03btains Ist 2nd or 3rd in the preliminary
round, the probability that he qualifies for the final round is gin each case. Otherwise, the probability
that he qualifies for the final round isll—o. 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

3 fix;

distribution. It is given that the mean X and standard deviation ¢ of the distribution are X = Z‘
£

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

Zm-ﬂ'

and o =

zr.
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

Ages of Number of || Expenditure | Number of
data collected by a researcher from the | cygomers | customers: customers:
first 30 customers of a food_court who (years) Food 7 (rupees)
preferred Food Z, on a particular day,
with the aim of assisting the owner in 6175 2 6100-7500 2
making decisions to improve sales. Find | 4660 2 4600-6000 2
the mean and the standard deviation of 31-45 8 3100—4500 8
the customer’s ages. Hence, deduce the 16-30 12 1600—3000 12
mean expenditure on food Z and the 1-15 6 1100-1500 6

corresponding standard deviation.

Event of obtaining;
1
1st position - A P(A) = T
1
2nd position - B P(B) = 2
. 1
3rd position - € P(C) = 3

Any other position - D

Qualifying for the finals - F

3
P(F/A)=P(F/B)=P(F/C) =z,

©,

P(D)=1 (1+1+

1
rEmy== (5
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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)
py =2+ led) L 1

5\5 4 3/ 10 60

59

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

©

P(FND') _P(F)=P(FND)
P(F) P(F)
P(F) — P(F/D) - P(D)
- P(F)

P(D'/F) =

yi=ax;+b

fvi = atfx) +bf; (5)

iﬁyﬁai(ﬁxawiﬁ @

®
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2
o= T (&

i=1

Z fi((ax; +b) — (@% + b))
i=1

oy = —
fi
i=1
O
a® ) fi (x;i=x)?
i=1
oy% = -
¥
i=1
o= D
oy, = |lalo
Ages in Class
(years) mark fi fizi z;? fizi?
Zj
61-75 68 2 136 4624 9248
4660 9 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 Zﬁ-ziz = 33150
=1 i=1
Let age on food Z be a
5
Z fiui
_ =1 870
~ Mean age preferred food Z, «a = =0 29 years @
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Standard deviationon foodZ, o,= |—4— - @

Aliter

X f; u fur | fw’

8 6 -2 —-12 24

23 12 -1 —12 12

38 8 0 0 0

53 2 1 2 2

68 2 2 8
—18 46
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5
i=1

5

fi

,..
Il
g

oy 46 [—18\?
7= 130 (30)

15
o= %V46 +30 — 324 = 2v66 years

Let the expenditure on food Z be y,
According to the distribution age of the customers and expenditure has a linear relation.

y = 100a @

In the transformation, @a = 100 and b = 0

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