AL/2026/10/E-1
) Gog @ S8T eSO upuplr Lgiinylsmousen_wigy /All Rights Reserved)

r

PBIVYY, CLoed BWBIVL) €3 DaRDG PLBIBVLY &OIHBI@ES
Hevall, 2 Wi Hevall LOBBID CHTPIB HeL DIEHLOTF G
Ministry of Education, Higher Education and Vocational Education

G.C.E (A/L) Supportive Assesment — 2026
10 — Combined Mathematics
Marking Scheme — Paper I




AL/2026/10/E-1 - 2=

r

Preface

It 1s with great pleasure that this Marking Guide for the Supportive Assessment — 2026 in Combined

Mathematics 1s 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 1s 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 1s 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 1s 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 1s 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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1. Using the Principle of Mathematical Induction, prove that the last digit of the number given by

Part A

22" is6foralln € Zt , withn > 1.

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

Forn = 2,
f(2) =2% =16
Last digit1s 6

~'The result 1s true for n = 2. @

Assume that the result is true forn=k, k € Z*, k > 1

Then the last digit of 2255 6. @

Forn=k + 1,

fllet 1) =22 =288 = (22;‘)2 @

2
Since, the last digit of 2255 6, last digit of (ZZk) is also 6. @

~The result is true forn = k + 1.

Hence, by the principle of mathematical induction, the result is true for all n € 7t . with n > 1.@

Sketch of the graph of y = al|x + b| + ¢, where a, b, ¢ € Ris y
given in the adjoining figure. Find the values of a, b and c. (2,6)
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)
for x € R. : 4 U N7
x<2 I x>2
2

y=alx—2|+c y=alx—2|+c

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

._c:fa@ .-_a=—1@

Whenx =2, x+b =0

e

y = —=|x—=2|+6
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//4
x4+ 4|+ |x—2| =6

X+ 4| = —|x — 2| g6
¥ = Yo

> —4<x<2x €R. (:) ‘ 25 \

Sketch, in the same Argand diagram, the loci of the points that represent the complex numbers z
satisfying the equations
(i) |z— 1] =1 and

s T
1) |Arg (z —1)| = =
Hence, write down the complex numbers represented by the points of intersection of these loci in the

form of r(cos@ + isin@), wherer > 0 and —m < @ < .

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

3 e (;should mark with a hole

e Should mark

., Re.axis e Circle should touch I,,, axis at O

OA=OB=2X1CGSE=\/§

L, = \E(cnsg+ising) @
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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.

" r—1+n r+1:2ncr @

n! n! 2
C-—Ditn—r+D!  (a—r—DIG+ D! (=l @

1 1 B 2
(n—r)(n—r+1)+(r+1)r_(n—r)r@

2('r-l—1)(n-—-'r+1):(r+1)r+(n—r)(n—r+1)@

n? —4dnr+4r¢—-n-—2 =40

n+2=n%—4nr + 4r?

n+2=(n-2r)? @

_ 1 — \/cos(mx) T2
5. Show that lim = —

x=0 /1 +5x2 —vV1+2x2 6 @

| 1-— \/cos(mc) " 1 — \/cos(n'x) 1 + \/cos(n'x) (\/1 +5x2 +vV1+ 2x2)
im = lim
x>0 /1 4+ 5x2 — V1 +2x2 | #90\y/1 + 5x2 —v1 +2x%) \1 + \/cos(nx)/ \V1 + 5x2 + V1 + 2x?

N ( 1 — cosmx )(\/1+5x2+\/1+2x2)
= lim
x~0 M L+ 50E) =112 x ) 1 + +/cos(mx)

()

S (TTX

~ (1—1+ 2sin® (7) | (\/1+5x2+\f1+2x2)

= |lim 5 lim
L 3x ok 1+ Jcos(ﬁx)
’ in () i

_ 2.1 Jim sin | (ﬁ+ﬁ)

3:4 50 % 14++/1

2 @
=— - (1)2

= (D
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6. The region R, enclosed by the curves 2x —my =0 and y = sinx, y
P
‘ ‘ ‘ 2x—ny =10
1s rotated about the x-axis through 27 radians. Show that the volume
2 470 N
of the solid thus generated is - . V \“‘x__\y = sinx
12 /ooi\
: > X
] n \xx
/ 2 \

T T
4 6
12 -

7. Let C be the curve given parametrically by x = eS™ and y = e~ St for0 < t < ;—r

d : ; ;
Show that d_y — tant.e~(cost+sint) Find the gradient of the tangent drawn to the curve C at the
X

N

point corresponding to x = ev2.

s
U= Brso—
i

x = eSint y =

dx . d
Ezesmt-cost @ d—ize_m”-sint
ay :

dy H_E_e_c”“'sint dx

—_— — g e :;t 0
dx dx  eStnt.cost dt
dt
d_y — tant - e—(mst + sint)
dx




AL/2026/10/E-1 - 8-

1 1
When x = evz ; ¢St = gv2 @
. t 1
sint = —
V2
T T
IJ:Z,(U‘(II(E) @
d T _ L. (4
-'-%ztanz-e (CDS4+SIH4)
I |
d—yzl e_(\_ﬁ_l-ﬁ)
dx
dy 1

dx ﬁ@

8. Let P = (a,3), where a € R. The straight line [, 1s given by 2x —y — 7 = 0. A straight line [,,
perpendicular to [y 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 b L

12 m-z
il
m, =2 . =
. M2 =775 @
Eq" of [5;
BN O
AtR, y =
/ i L]
-3=->(x—a)
x=6+a

S 6+2a 3+0
Midpoint of PR; QE( T )

AsQliesonx +y =15

6+ 2 3_
2 2
2a +9 =10
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9. 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 x?+ y%+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
x4+ vy%2—9x + 3y + 10 = 0.
x4+ vy2+29x+2fy+60=0
Chord of contact;
2x+y+gx+2)+f(y+1)+60=0 @
C+gx+QA+FHy+29+f+60=0
Given that chord of contact; x —y = 10
2+9 1+4+f 2g+f+60 @
1 -1 =10
2+g=-1—-f
f+g=-3 1
—20—-10g =2g + f + 60
12g + f = —80 2
From eq" 1 and 2
g=-—7and f =4
~ The eq" of the circle; x% + y* —14x+ 8y + 60 = 0 @45‘(21) \
Centre of the given circle = (7, —4) X \
= The circle through point A and the points of contact has AC \ ' b 7{\
as diameter is \ N 1
e | _;///f(z L)
(x — 2)(x — 7)) SR GEREE= @ —\R_/
x°2—9x+14+y*+3y—4=0
x4 +y2—-9x+3y+10=0 ‘ 25 \
Aliter
Since P and Q 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;
224+1%2—-14-24+8:-1+60+1(2—-1-10)=0
A=5
~. The eq" of the circle; x? +y? —14x+ 8y +60+5(x —y—10) =0
x“+y%—9x+3y+10=0

—



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

r

10. Let 0 # n?nforn € Z.

29 — 2
Solve for 9: €€ 6 — cos 260 + tan“ 0
2tan @ + sin 260

1 + tan? @ — cos 26 + tan” 6
2tan 6 + 2sin 6 cos 6

|
>

2 sin” 6 + 2tan” @
2tan @ + 2sin @ cos 6
tan” 6 (1 + cos* 6)
tan 6(1 + cos? 0)

)

O0I010

|
)

nm

c059¢0=>9¢70

tan@:ﬁ:tang @ tanf # 0 = 0 # nmw

9=?’1?T+g forneZ
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Part B

11. (a) Let F(x) = px* + qx + r for x € R, where p,q,r € R, with p > 0.

4pr — ¢’
4p
Now Let, f(x) =x? —2x—a*+1and g(x) = x?* —2(a+ Dx+a(a—1),forx € R,
where a € QY. Let [f(x)]nn and [g(x)],,i,, 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)]in — [f (%) ] min = 3

Show that each of the equations f(x) = 0 and g(x) = 0 has two distinct real roots. Let a and
f(>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) =3x3 +Ax*+ux — 6, for x € R, where 4, u € R. The remainder when g(x) is
divided by (x — 1)? is — 12x — 8. Show that A = —4 and find the value of u.

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

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

(a) F(x) =px?+qgx+rforx € R, wherep,q,r € R, with p > 0.

> |5 + 5 O

2 4_?,_2
=p(x+i) + il

2p 4p
2 4_ r— 2
Since (x+i) >0>F(x) > o xER @
2p 4p 10
4pr — q°
F(x)mm_ 4p

Let f(x) =x?—2x—a*+1

p =1, q=-2, r=1-—a*

A
L) i - PR P (2)=%1—¥)-1

-_________'-_-_____-"——-—-————-!—-—-————-—-—-—_—_-—_----_--_-*
—
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gx)=x?—-2(a+ Dx+ala—1)
p=l, q=-2(a+1), r=a(a—1)

4 x1 —1) = 1)*
FOMRELLELL Gt LE L2V @

=@ —ad—a*—2a-—1

= =3q—= 1 @

(9 min — [F ) )min = 3
—3a—1+a? >3

a? —3a—-4>0 @

(a—4)(a+1)=0

a<—lora =4

: +
Sincea € QF, a=4 @ 20

O e — — — ——
— o e — S EER R O R R = e e e o O O O S e e R S S D D O S e e e S S D S e e G S G DEN DI DEE mmm s e e

fx)=x*—2x—a*+1 gx) =x*—-2(a+ 1x+ala—1)
fx) =0 g(x) =0
x2—=2x—a*+1=0 x°—2(a+Dx+ala—1)=0

A=(=2)2—41. (—a®+ 1) @ A=[-2(a+ 1] —41.a(a— 1)@
= 4a*° >0 foraeQ?t @ =4[3a+ 1] >0 foraeQ? @

. f(x) = 0 has real and distinct roots. «. g(x) = 0 has real and distinct roots. | 2q
Since A(x) of f(x) = 4a* = (2a)?is a perfect square, roots of f(x) = 0 are rational. 5

2 ++V4a? y
Roots of f(x): x = =1xa

\
Sinceﬁ>tx,ﬁ=1+aand:}:=1—a® \\;

When a, 8 lie between roots of g(x) = 0 and both graphs have minimums, )
g(a)\ |

both g(a) < 0 and g(B) < 0 N
(1-a)*-2@+1)(A-a)+ala—1)<0and (1+a)*—2(a+1)(1+a)+ala—1)<0
(4da+1)(a—1) < 0and —3a < +1

1 1
——<a<1l and a > —— @
4 3
20

~0<a<lfora € QF

-——_-_-_—-—----_-_-_-——_—_—_—-—_-—_—_—-—-—--—-—_——_ﬂ-_-______—_-_-____
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(b) Let Ax + B be the remainder, when f(x) is devided by (x — a)?.

~fx)=(x—a)*-¢p(x)+ Ax+ B forA,B € R @

Differentiating with respect to x,

ffx)=(x—a)?-¢p'(xX)+Pp(x)-2(x—a)+ A @

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

f(a)=A-a+B
fl@)=f'(a)-a+B

“B=f(a)—a-f(a) @

Remainder; Ax + B = f'(a)x + f(a) —a - f'(a)

- of@+f@ () 25

Given: g(x) = 3x> + Ax* + ux —6,forx € R, where 4,u € R.
g'(x) =9x% + 2Ax +

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

g(l):3+l+u-6=1+u—3@
g1 =9+21+pu @

-'-Remainderz(x—1)-(9+2/1+u)+(l+)u—3)=—12x—8®
Const: =9 —-2A—-—u+ A+u—3=-8

e

x coefficients: 9 + 24 +u = —12
9+ 2(—4)+u=-12

——————_—-—-————-——-—-————--u——--———-—--H-—--—-—_——u-——-—n-—-———uu——--——————ﬁ_——

g(x) =3x>—4x*—-13x — 6

When x = —1

o =—3-as13 -6=0 (3)

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

wglx) =((x+1)Bx%—7x —6) @

gx)=(x+1)Bx+2)(x—3) @ 15

— o O O e —
-—-————-———-——————-I————————--l—u—————————-—-———————__._____—_-
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12 (a) Six students, consisting of three males and three females from each of the two schools, participate
in a workshop.

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

L. if there 1s no any restriction

I1. if there are equal number of males and females and equal number of students from
each school in the committee?

(11) 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?

3

2 _ 2y 2 20 __ 7, 3
(b) Write down the r*" term U, of the series, 3°—2-1 (1) " 5 22 (1) + / 2-3 (1)+ o
3

1 - ™R3 a5 5.7

f Ar% - B0 eE il
@r — D) (2r + 1)

By considering the partial fraction o ,forr e Z7,

1

1
Find f(r) such that U, = (g) +f@)—f(r+1)forr e Z".

. S 1 () (& fornez
ence, show that 4 r — nt 1) \3 ornezZ".

Show that the infinite series Z U, 1s convergent and find its sum.
r=1

@) 1 1204 12! _12><11><10><‘.3)x8x7_924
' 67 6l1(6)) 6Xx5Xx4%x3x2x1

II. A B No of ways

M r M r

3 _ _ 3 363 X 3(:‘3 = 1
7\
W= 2
030,

2 1 1 2 362 X 361 X 361 X 362 —_ 81
7o

N 2
1 2 2 1 361 X 362 X 362 X 361 —_ 81

Total number of ways = 2 + 81 X 2 = 164 @

-_—-—_—-——-—-——————-—l—w—-—-————-ll-l—|-—-_———--—_-————_—_—-__-_—--—--_--_---—-
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(i1) OCy X 2Cy %X 2Cy+ ®Cex1x2 =42 20

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

6!
V_4’C_LS_1:>E:30

6!

6!
V—-—585-1 =§=6

———————-———--—-—-—--—-———-—u———.——-——————.—F--—_——————m_-———_-ﬂ—-—-_————_#

(2r + M9~ — 2/ s

b — =

V! U""_(zr—1)(2r+1) (3)
4r? + 2r 4SO (T8 - #+- 217 + 2 @
2r-1)02r+ 1™ (2r — 1)(2r + 1)

@A(Zr +1)+B(2r—1)

= e

AR2r+1)+BQ2r—1) =2r + 2

24 + 2B =2 S—
s
2’ 2
3 1
4re + 2r + 1 5 )
Or=0r+10 " tTer-0 T+
(Geviozy oy (3, o1 )y
2r—-1)2r+1) 3 2r—1) @Q2r+1) 3
T r—1 7
-GG
f(r) flr+1)

r—1

f(r):%'(zfrlq)'(%) @ Y

— —— o O O O o
--————————m——————-——-—————-—-—-—————_—--.l.—-—_—_———-—_-—-————
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0, = (3) +£@)-fer+1)
1 1
Ul=(§) tri -
1 2
U, = (3) +f(2) £3)
1 3
Ug=(§) - f(3) f(4) (+)

-
I
"-v-.l..-/
+
—~
~
=
—
]
~
-
.
-+
 —
—
<

D

- (n+1)(1) ; B4
=g — 25

= lim 1 1(1 1+ g — )1 (1)
T aow 2\me ame2n+ 1) A3

n—Cco

-———————u-——————————-—_—_————-—-———-——.—_-—-————-—-—-—-——_-—_-—-—_——_—-
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13. (a) LetA = [ 2

1
and B = [ﬁ Q’],where q,7,s €R.
7

5

5
-3 1

(1) Find AB in terms of g, r and s.

k

(ii) Find q,7,s and k such that AB = [k o

k ; 1]. Further find A~1, the inverse of matrix A

(111) Write down the following simultaneous equation in matrix form.
2x + 5y =12
—3x + 3y =—1

Hence, solve the equations.

14 2

T—; JE = i

(b) Express z; = 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+V2+i 3 3T
1 — ):?.DEdHCE that tan?z 1"1‘@
—

Argand diagram. Show that Arg (
2, Zn _ . 7
(c) Let w = cos— + isin - Using De Moivre’s theorem find the value of w”.

Hence, show that 1 + @ + w? + w3 + w* + w> + w° = 0.

41T

Further, show that w? + w> = 2 cos —- . Obtain similar expressions for w + w® and w> + w*.
H how that 2H+ 4}T+ L
ence, show that cos—=+cos =+ cos==—5.
. s
AB = QI
@) (i) it
-, .
B E+5r 2q + 5s @
— | -3
- +t7 “3q+s 5
________________________ et e LTt
_ —+5r 2q4+5s
ayaB=[ “ =Y,
fe—1 ke —4-F  —30 + 8
| 17 !
- + 5 k (1)
= — + 5r =
17

2q +5s=k—1 (2)
g+r=k-1 (3) @

—-3q+s=k (4)
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" (1) — L
From eq" (1) 3)=r 7 @

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

Fromeq“(Z)—(4)x5:>q:I_75
o -5 . 2
By Substituting g = Efor eq’ 4 =5 = = @
I k k=1
AB_[k—l k ]

Let’s substitute values of k

AB=[, J|=1=aa" @

A 1AB = A 1]
IB=A" . K}
At =B=| o =7 Tl Llp -5 @
1?7 < G 171838 »
A 35

—-—————_-————————n——————————l--————————————————-——-——-———_u———————-—-—“———

AX = C; where X = [;] and C = [i?[] @

A"1AX = A1lcC

x50 21

-3

sx =1y = @ 20

) _(1+i)(1+i)  REY SE @
AT\ i/ \1+i 1— 2
(V2 (1+.=:)_x/§(1+.=:)_1+,1 @
2=\1—i)\1i+d " 2 T QBT
[ T
21:1(c055+151nz)® where?r:LQ:E
TT 1T
Zy; = 1(5051"":51“1)@ where, r = 1,0 :g
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1+V2+i 1+i+ V2 N Im(2)
f— — A
1—i 1—i 1-; 7%

(1+ﬁ+i
Arg

- ) = Arg(z, + z,) @
T T A(z) /|

P(z1 + 23)

o (2

with OA = OB

n @ f 10,
273 @ ;B(ZZ)
T 0
3 8/ @
—— 5 /T
8 /)4
0 3 >Re(2)
3t PC  Im(z; + z3)
tan— = .
8 0C Re(z +2,)
1
4
= O
1
V2
=1++2 55
| gt @ W27
(¢) Given that @ = cos7+ Lsm7.
. _( 2TI+_ . 21'.5)2
w’ = |cos— +isin—
= (cos2m +isin2m) (- theorem)
-1 ()
Let S=14w+ w? + w3+ w*+ 0w’ + w° (1)
rwS=w+ o0+ 0+ ot+ o+ e+ o’ (2)

(&)

eq" (1) - B)=>1N+-w)S=1-w"=1-1=0, w=*l
8 =0
From eq" (1),

14w+’ +0’+0t*+w +0b =

5 2r  2m\*
(cos— + 1 sin —)
F§ 7

5 ( 4;T+, _ 471') @
we = —+ [ SIN—
cos— sin—

e
|
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4 y

. 21\ °
W = (cos—+.!sm7)

cos—+ I Sin—

10w 1011')
7

7

7) (&
COS [ sin 7

. . 4t 4m 4t 4m
S Wt = (cos—+tsxn—)+(Cﬂs—_tsm—)

41T
(Cos 2T ——+ [ Sin2m ——)

7 7 i3 7

41
= 2c05S —
7

12w 127
cos— + [ sin —)

( :
(

2T
cosZﬁ——+151n23’1‘—7)

- (o5 =ts7)
coS [sin 7

- ( 27r+__2n')+( 21 __271:)
fwt W cos —=+Tsin— cos — — Lsin—

Za0
2 COS —
7

+ 6H)
— I’ ——
cos sin 7

cos—+ 15m7

o ( 811')
61T
= (CDSZH——"+ISLHZH—7)

= (cos 7 - t50n5)
0S [ sin 7

_— _( 6ﬂ:+ 6n)+( om __61?)
0 = \cos— £51n7 cos —- — Lsin—

o ()
cos Z
2T 41t 67
cos7+cos7+cos7 @

w+w® w+w wtowt o+o0®+tod+ot+ o+ o -1
2 2 2 2 2

-—_—_————-_-_—_———-——--—_——_———_-——_—.——-..n-.-—-—-———-.—_-—-————_—-—-—_——-—
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x*+ax + 3
14. (a) Let f(x) = 27 forx € R— {2}, where a € R.
Show that f'(x), the derivative of f(x) is given by £’ (x) = —lat E})x _2)(32& +6)
x —
forx € R — {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)4°
has a point of inflection. Also find the coordinates of the point of inflection.

It is given that f"'(x) = forx € 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.

X o 3
forx € R— {2}, wherea € R
& AR

()

(x—2)-2x+a)—(x*+ax+3) 2(x—2)
(x— 2}

_2x2+ax—4x—2a—2x2—2ax—6®
B (x — 2)3

3 —(a+4)x — (2a + 6)

(a2 )

Ff(D)=0=—(a+4)1-R2a+6)=0

(a) Given f(x) =

flx) =

—3a = 10
10
G= " 25
- = (2 () 6
A . Dl R,
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X< 1 1% = 2 X o5 2
1A EONINOMINO
N /N

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

()_x2+ax+3
A L
Atx =1,
, 10
f(l)_12+a-1+3 B —3-1%3 2
a ¢ & A i )- b

Coordinates of the stationary point= (1, E ) @
5

_—-_—— mm o Em Em Em o S = e e En I B B Em S R S SR s B D M B G M S G e S TN MEN NN DED BN RS SN BN See BSe e B D mm e

2(2x — 1)
3(x—2)*°

Given that f"(x) = forx € R— {2}

At point of inflection f"'(x) = 0

1
2lr=1y=0 = vi= > @

1 1

x < > X > >

Sign of @ @
7 (x) — +
Concavity Downward Upward

| | ‘ L 1 19
~. Coordinates of the point of inflection = (E , ﬁ) @ 20
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Vertical asymptote: x = 2 @ 4
Ll B
A i
~ y = 1 1s a horizontal asymptote. 8
51|
Bie
||
2114 |
@ ____________ B T O
2
iI: - \;E)' > x
4—3—2—11‘3l 112 3 456 7 8 9 10 11

& @ T

T — O O O e e — — m— —
N N — O ED N N O e e e S S S S R R R . e O R D D D D e e R R e e e D S e e e S S mee mme man amm mmm aam s e

a (b) [ =2r + 10
r r QZU—Zﬂ (:)
r

(I — 2r) 2

r
(Ir — 2r?) @

8
I

D
=
)

N = N= N =

ro

‘ dA
Formin/ maxof A, —= 0
dr
dA—l(l 4r) =0 = _: @
dr 2 e

[ [ [
0O<r<- —<r< -

4 4 7
Sign of dA ) -~ @
— / \

1 2
Apax = > (lr — 2r~)

61360 -4 O

~Maximum possible area enclosed bf the earring 1s equal to the area of a square formed

using a wire of the same length.

-——-—-—-—_-———_————-—_——————-u---——————u—.—-—_-———————_-—_——————-—-—_—————_
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3

(¢c) Let I = f X tan

0
3

where | = f

0

15. (a) Using the substitution v2x = t, where x > 0, evaluate f

1

ik .
xXvix + 4
o | 3t 1
~1y/x dx . Using integration by parts, show that [ = B Z]
3
X2 g
X .
1+ X

. . L 2T
Using a suitable substitution, show that ] = — . Hence, evaluate /.

3

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

T

show that f X sec

0

2n+1

T

xtan xdx = —

T

Hence, evaluate J x sec*™ x tan x dx

0

(a) V2x =1t
2x = t2
2dx = 2t dt
dx =t dt
L - —"
x: —
2
A

Partial fractio

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

[t°];

[t']; —24+2B+C=1 >

[°];

ns

A+B =0 ~

AA+2C =0 -~

2t
ft3 +8tdt

Bt+C

1

4="5
1
=%
1
t=3

= ——+
t3+ 8 t+2 t¢2—2t+4

O,
O
O,

T
f sec?™ x tan x dx, where n € N.
0
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1 1 1
t 6, 6°"3

.|.
t3 + 8 t+2 t2-=-2t+4

t 1 1 1 t+ 2
f dt = —— —tdt+—f dt
t3+8 6] t+2 6) t2 —2t+ 4

1 1 172lt—1 —2+8
=——ln|t@|+— —f( :

6 6 2 2-2t+4

1 (2t —2) @I
=——ln|t+2|+—f J. >
t- — 2t + 4

5 dt
L — 2t+4
1 Gy . Q

(r—1)2+(\/_)

1®H O

11 |t+2[+1l |£2 2t+4|+1 t ‘1( )+;L
=5 == —in|= & =tan "~ |—%=
6 6 .3 /3

Given V2x =.t,

1 - L (V2x -1
fx\/ﬂ+4d = m[@u\ ln‘(\/Zx) 2@+4‘+—tan ( )+/1

O

7 = Ty
il A 4 V2x — 1
dx = —=In|W2x + 2| +=In|2x — 2V/2x + 4 +—tan1( )+)L
fx\/2x+4 6 | | 6 | ‘ 2/3 V3
55

A e : 1
=[7ta“ ‘EL J;Z L+ () E

2 2

59 x3 9 m\ 1 (3 x3
o] -4 e G2 [
[2 a“‘/_ 1+xx 2'3) 4 ), T2




AL/2026/10/E-1 - 26~

— e — — —
—— o - T O R TR R S S S S NI S W S SN S O I D BN B R S S S S NN NN NI DI EEN SN M S S S NN BN M G G EEE G s e e mms e

Letstaket—\/_® Whenx=0,t=0. x=3, t—J_@

t:—dx

24/x

s dx = 2t g

- 2J“1+t4_1 -
o TIEr t?

- 2J\f§1+(1:2-—1)(tz+1) "
- 1+ 98

V3 V3
zf dt+f tzdr—f dt
0 0 0

o

t3

V3
4 i [t](}

= 21 [tan lt]‘/_ [

0

[l
o
——

| S
_|_
o
I
o
"

P——
I
|
|

=1

- — e —
_——————-———-——————-ll-l-—__—————-ﬂ-—_——————————_-—_——————-—_—-—_——-—-——
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T
(c) Let [ = f x sec”™ ™ x tan x dx
0

- [Crmrste e (3)

m
= f (m — x) sec®™ ' xtan x dx

VA T
= f ec™ T x tan x dx —f xsec”™ L xtan x dx @

sec xsecxtanxdx — |

Seczmlx
v — n'[ }
0

2n+1
T
2n+1{( ) }
o1 — 21
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,

[y, =ax+by+c=0andl, =px+qy+1r =01sgivenby, [; + Al, = 0, where A 1s a parameter.

let [y, =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 [, = 0 in a parametric form.

Hence, find the equation of straight line [ = 0 passing through the point of intersection of straight

22
lines [yand [, and the point P = (3,7) :

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

[ = 0 1s 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 [, and [, is

25x% + 25y% + 100x — 250y + 149 = 0.

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

radius of S, 1s 1 9.
5
P=ax+ by+c=10
A(x4,Y1) L =px+qy+r=0

LetA = (xq,v,) i,=0= ax;+by, +c=0 @

L, =0= px;+qy, +r=20

Consider the equation; [ + Al, =0
LHSL +AlL, =(ax+by+c)+A(px+qy+71)
Since A is the intersection point of both straight lines,
= (ax, + by, +¢) + A(px, + qy, +7) @
= 0 + 0
= 0
= R.H.S
= The curve given by [ + Al; = 0 1s passing through A.
Also, the equation (ax + by +c¢) + A(px+qy +1r) =0 @
(a+Ap)x+ (b+ Aq)y + (c + Ar) = 0 is a straight line. @ 20

——————————————-—-—-_———-—-—--—-———-——I-—-—-———-—-——-————_ﬁ"—-———————-—
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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)+ 1(3-3—4-—+2)=0
7 7
11-111=0

o

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

O O . . e e S R O e e e e s e mme mmm e mmm s
——--———-——l———l———————u-.——.__—__—__.___________-___

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 V25
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=—-Bx — 4y + 2)
x+y—3=( and ix=7y:81 = @
Let assume [ = 7x — 7y + 1 = 0 1s 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.

i~ b)_ |1
tana = 3 = ‘;"’\’1 @
1+q"'1
HO
a —_—
4
~l=7x—7y+ 1 = 01s an acute angle bisector. @ 40

O . O . e
—_———————n——--_—_—-—_--_—_—_—-_-—_—_-—_-._-___-_____--_____

Perpendicular distances from centre of the circle S to straight lines [; and [, are equal.

4x—3y—1‘_ 3x—4y+2‘
V25 V25

Let substitute (—2, @).

4(=2) —3(a) — 1 = +[3(=2) — 4(a) + 2] @
4(-2)—3(a@)—1=[3(-2) —4(a) +2] > a=5€Z @
4(-2) -3(@) - 1=—[3(-2) —4(@) +2] =D a=—"¢ @

= 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(-2) — 3(5) — 1 @
~. The radius =
=

-5 (®
5
| | g 24\*
». The equation of the circle S;: (x — (=2))" + (y — 5)2 = (?) @

576
x2+4x+4+y2—10y+25:g

25x% + 25y% + 100x — 250y + 149 = 0

55
LetS, = x>+ vy’ =l §— 0, , =0, c; = —1r*
149
S, = 25x% + 25y% +100x — 250y +149=0 g, =2, f; =—10, ¢; = B
As S, intersects S; orthogonally,
29,9, +2f,f =€+ r:l@
04+0=-r%+ i @
a 25
_ Wildeg
= 5 20

—-—_———ﬂ-—_————-———-———————.—.-—_————-—--__———-_————-———-m—.——-—_—_—-u—-—_
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17. (a) Write down sin(A4 + B) in terms of sin A, cos A4, sin B and cos B.

T T _
Hence, show that sin (E + 9) = cos 6. Deduce that cos (E — 9) = sin 6.

Using sin(A4 + B), prove that cos(A — B) = cos Acos B + sin Asin B. Hence, for all 8 € R,

deduce that sin“0 + cos?6 = 1.

If sinf, cos®, tan@ are consecutive terms of geometric series prove that cos38 = sin?0.

Deduce that cos®8 + 3cos®6 + 3cos’6 + cos®0 — 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.

it — ,?i then find the value of A.

sinC 4

Considering the areas of triangles or otherwise, show that 4ca sin B + 3ab sin C = 7bc sin A.
. T Sy abr ca
Hence, if (C = 7 deduce that sinB + cosB = 5( 2 )
C

(c) Given that xy = 1, find tan™*x + tan™'y for x,y € R — {0}

Itisgiventhat BD:DC = A+ 1:4, 4> 0. If

(a) sin(A+ B) = sinA.cosB + cosA.sinB @

(4,B) - (g, (i@)) sin (g z= 9) = sin (g) .cos(+6) + cos (g) .sin(+6) @

Since, cos € = sin (g — 9), 6 — G — 9)

sin(gi(g—ﬁ')) = cos (5 - 6) @

CoS (; — 9) = sin @ 20

— e — — r—
— O — _E-_ R TR R TR DR SR S D R S S S S N S S S S DI DEE DI EEE EEE A B G S S BN NEN MEE BEN SEE EEE G S S S SN NN BN SN M s e s s e e e s

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

T
sin (E + (A — B)) = sinA.sin B + cosA.cos B

coS(A—B) =cosA.cosB +sinA.sinB
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O,

When A =B = 6, cos(0) = cosB.cos@ + sinf.sin O @

_ 2 .
1 =cos“ 60 + sin“ @ 20

As sin 8, cos 6, tan 6 are consecutive terms of geometric series

cos§ tan@ @
sin@ cosé

cos?’ 0 = tan® - sin @

5 sinf
cos< @ = -sin @

cos 6

cos> @ = sin? 0

cos®9 =1 —cos?0 @

cos3 8 + cos? 0 =1

(cos3 0 + cos? )3 =1 @

cos’ @+ 3cos®0 +3cos”’ 0 +cos*O =1

cos’0 +3cos®@ +3cos’0 +cos*8—-1=0 15

-—-—_—————"——————-l—l——-m-————————-—-_————————p_——————————-—-—-————_—————_—_—_

b) Sine Rul L / —
(3) SLHE RILE: sinA sinB sinC @

ABD A il = )
A * _®  sinPB (1) @
: i =
7T 2
A % ACD A DC  AD ,
R " A sinC (2) @
sin=
" il | From eq"s (1) and (2)
(2,{ ! 1)” H N
(2,{ + 1)ﬂ ﬂ.
sinC BD (;H-l)-a 41
24+ 1

4 =34+ 3

— o —— —_—
O — _-——-—-— - T R R S S S S S I S O S . S B G I DI DI BN G BN S S BET DIE DI DN DN AN A G S S G G Gmn M man mEn G e s e s e mmm
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Considering the Areas of the triangles,

ABD A + ADCA= ABC A @
1 (4(1) _ B+1b(3a) _ C—lb -
2.C. 7 . SIn 2 ] 7 . S1n —2 C.S1ln @

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

From eq" (3);
3sinC _ .
4ac.( 2 ) + 3ab.sin C = 7bc.sin[r — (B + C)] @

3ac.sin C + 3ab.sinC = 7bc.[sinB.cosC + cos B .sin C| @

+~sinC
sin B T
3ac+3ab:7bc[ +COSB];C:_ @
tanC 4
B+ B_S(ab+ca)
sin CcoS =5 ™

— O O . O . . e S S S O . . ———————.-———_-——————-.n-_-—_————-——_—_——.—-—-_—-—_—_————_

(c) Given: xy =1 and x,y € R — {0}

Casel: whenx >0andy > 0

ge=rfan - B=tan
L ()
X =tana y=tanﬁ:;
" T
+r=3 (&)
T
tan_1x+tan_1y=§- @

Casell: whenx < 0andy <0

Il

tan"}(—m) = —tan"'m

Let tan 1(—m) = 1 thentanl = —m

.m=—tanA = tan(—A1) @
-1

Let x =—m y =— form>0@
m
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Since,tan 'x +tan~ly = x>0andy >0

1
m

5 1
= —tan ' m — tan~
m

e @)

[
Z

*-.._...fN|?=l

tan"!(—m) + tan™! (

T
s tan ! —x + tan! (—) = — E

1 T
—tan™! x — tan™? (—) == — @
X 2

tan 1 x + tan~i(y) ==

—————-—ﬂ——-—-———l-ﬂ——q——-———-—.-—--———-———t—-—————-———_—————————-——————H—-—
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Preface

It is with great pleasure that this Marking Guide for the Supportive Assessment — 2026 in Combined
Mathematics 1s 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 1s 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 1s 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 1s 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 1s e. Show that the momentum transferred

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

u v(< u) V4 v,

—> —> — —p

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.of Res: v, —v, = —e(v—u) (1) @

—
I = A(mv) for entire sys:

0 = (mvy; + 2mv,) — (mu +2mv)

v + 20, = u + 2v (2)@

(1) + (2);

I = A(my_) for B:
—
I = Amv for B:

I =2mv, — 2mv

I =2m

u+2v—e(v—u) ]
—v
5

2m
:—[u+2v—ev+eu—3v]

= —[u(l +e)—v(l+ e)@

——(1+e)(u—v) ‘ 25 ‘




AL/2026/10/E-11 = =

r"

2. A particle 1s 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 that id = ﬁ _
y 2
> 1 —>
0- P- S=ut+§at2 0- P v=u+at
x = ucos 609t v cos 30° =u cos 60°
u V3 1
= —t 1 — i
) 2 () ) @\v . ) ’
A u
V=—
V3
1
Tszut+§at2 Tv=u+at
_ 1
y = usin60° t — ; gt? vsin30° =usin60° + (—g)t
—@ur - £ 2 L_,.¥3 t
Y= 29 (2) Vo =u-—-—g
X o V3 1
(LIfZS == t =Y — — P —
/ y ﬁ t._.l 2 g u > v >
2 29
. W) ()
Yy V3u-—gt @ gt—z(@u—v)
X u > U
. gt == (! e —
A 1 et ( 3)
Bu-3(Bu-) (&) X
x V3
2
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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. 4
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. \ S
. N
F = ma : I
i o_
. _u(Y !
M)T, T—Mg —M(g) (1) @ |
i M
g ! I
3m)!l; 3mg—T =3m (—) (2) @ ! T
5 !
|
i
(1) + (2);For the particle B l
|
(3m — M)g——(M+3m) @ : 1= A(my)
[
= ’2 [
I 3
\
I
' - 291

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 1s 25 m s™*, and the power of the engine

1s 25 KW. Show that k = 8. Now, the engine i1s operating at lower power while the car descends a

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 caris 16 m s~

(Takeg = 10ms™?)

and the acceleration of the car is 2 m s 2

P = Fv F = ma s V
25x 103 = F-25 @ F—R=M(0) m
~F=103N =R R [ ]

3
Since R =kv2

108 =k (25)% @

K =
F = ma
1
F1+Mgsina:--R1=M(§) @
F1:R1

3
R, = 8(16)2 = 512

3
s F; = 8(16)2 =512 N @

P; = Fiv
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 1s at rest at the

L 4L
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 1 T =2mg

ForPT Tcosf =mg

1
(2)/(1); cosO = > O 604

For P « Tsinf = mxsinf w* — (3) @

T = mxw?

|E?_l-—x_l
cos @ = =5

21
2l—2x=x:x:§

Substitute in (4);

21
2mg = m (g) w?

_
=0 (3
l—a)

Radius = x sin 6
21

= —sin60°

3

\
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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 O, 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.

B = (3i + 6j)

OB =k -0A

3i+6j = k- (i+2j)

k=3, kA =6
Letmjzu]'

AP = 0P — 04 = —i+ (u— 2)j } @

BP = BO + 0P = —3i+ (u — 6)j

AP BF = (-i+ (= 2)) (3i+ -6 =0 (-4 157) (s )
u*—8u+15=0
(u—5)(u—3)=0

U=5oru=3

OO

—_

OP = 5j and OP = 3)

25

o
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7. A uniform rod ACB of length 4a and weight w 1s 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 1in the figure,
—

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

\15.
in terms of w.

Resolving

A Rcosa—3wsina =10 @

R=3wtana

w| 3 |

R =3w-"

L p
R =+21w @ :
gA S-a—w-2acosa— 2w - 4acosa = 0 @

S =10wcosa : V10
— W7
S=10w- |3 | (a
J10 : B
S =+/30w @
25
Aliter (To find §)
Y S—Rsina—3wcosa =0
S—3wtanasina—3wcosa =0 @ E
3w(sin® @ + cos® @) i V10
S = W7
COS & ;
; a
S =3wseca E 7

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

AC

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 6 to the vertical. The coefficient

2
of friction between the rod BC and the wall i1s x4 . Show that tan 6 > E ;

SystemgA R-4acos@ —2w-asinf =0

R_wtanf? @
2

Rod BC\B F-2asinf —R-2acos@ — w- asinf =0 @

= sin @
- PF — 2R ot — w=0
1 § (w tan 9) 1 _A
2 tan @ PRRE @ £
F=w
For equilibrium,
. F
=R
- w
H w tan 6
2
2
tan @ = —

K 25
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9. LetA, B and C be three events of a sample space (). In the usual notation, it is given that P(B) = 70
3
and P(AUB) = T Find P(ANB'"). 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(ANnB))
5 _ 3 + P(AnB')
5 10
ENS
B 10
Since A"’ N B and C are mutually exclusive and | P(AAnB)=P(B)—PAnNB)
I
exhaustive events, i P(AnB)= P(A)+P(B)—P(AUB)
P(A'NnB) +P(C) =1 @ S og? 2 2
1 | 2 10 5 5
e = I
10+P(C) . : P(A’nB)—3 1 1
P | 10 5 10
h . '
‘ 25 \
10. The mean of a set of five observations each of which is a positive integer 1s 4. The unique mode of

the set 1s 3 and the range of the observations 1s 5. Given that the median is 3, find two possible sets

of observations.

Let the observations in ascending orderbe a < 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 1s the unique mode;

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

Since the range 1s 5; (e —a) =5 @ Since the range1s 5; (e—3)=5=¢e =8

(2,3,3,5,7} @ (3,3,3,3,8} @
Ea
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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

acceleration f. It accelerates until its velocity becomes Au, where (41 > 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.

f

Sketch velocity-time graphs for the motions of both X and Y in the same diagram. Hence,

1
(i) show that AB = ﬁuz (12 - 1)
1
(1) show that the total distance travelled by X, when it reaches the point C is ﬁuz (214 —5)

10
(111) show thatif A <2 + 5 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 1s 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 i1s 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
‘ - 2VR2 — |2
the guns for a time interval of hours.
Vv? +u? = 2uvsina
(a)
v
AN X
AU | RS
N
LD
vl
7 A— Lald E
g |
7 |
/ ! |
b : >t
0 | .
< >< >< >

———————————_————————-—————_——————_n———_—_—_——
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(i) (}tu+u) @ |
AR = L (u-w (5
(Au+u) (zlu—u) @ || [ =ang = £y
|
|
|
|
|

(Au —u)
t, = 7
= i14[2(/12 —1)
2f
15
(i) AC = AB + BC Gt — 22)
B 2(/12_1)-!_ 2(/12_4)@ f:tan — tz
zf ; (Au — 2u)
2 ——
AC = 2f u?(24%* - 5) —— /
BC —_ tz

- (Au+ 2w) | (Au — 2u)

. W O S R R R SR O SR S SRR W O S S R S e e— — —

2 f
< A%u? — 4u?
2f
SN0
= 7
15

(1) 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. @

| ()

Euz(zf ~5)<2u- (;) +2u < (ty + 1)

%uZ(ZAZ 5)£2u.(;+(/1u;u)+(/1u;2u))
—;(2;12 5)<2—1‘r'2(1+/1—1+;t Z2)

(222 -5)<8-(1—1) @

12—81+3<0
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Let w be the velocity of the warship relative to ship

wsin@ =vsina —u (1) @
(2) }

wcosf =vcosa

(1) + (2)% w2 =v2+u? —-2uvsina

w = Vu? + v2 = 2uusina @

1) _— :(vsmcr—u)
m’ Vcosa

T
Shortest distance () = d - sin (9 + Z) @ :
L . (sin@ + cos 6)
= —-(SIn COS /! \
g oF'
= T-((usina—u)+vcosa) | l_.f-ﬂ;yo @
TR d

~_d [v(sina+cosa) —uj
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

TR

- 2NR P
VS, W)l

~ 2VRZ-P? @
B w
2 _ ]2
- 2VR l hours @

Vu2 + v2 = 2uvsina

————__—————i—————————_————_————___-l_———___——
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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

[
an angle o (< 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, 1s 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.

(b) As shown in the figure two ends of a light inextensible string of 0 21

length 20 1s attached to a small particle P of mass m and ;
fixed-point O. The particle i1s released from rest at the same '.r:
horizontal level of O with the string taut. In the subsequent 21 ,r'i
motion particle P moves in a vertical circular path and reaches /
the lowest point A and then receives a horizontal impulse of e

magnitude 2m,/glin the direction of its motion. Find the E Al
velocity immediately after the impulse. ] =2m,/gl

Show that the velocity and the tension in the string when OP make an angle 60° with the downward

vertical are /14 gl and add respectively. If at the same moment the string 1s 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 i1s (\@ + 5\5) l

2 g

(a) Forces @

x+y =k ; kisaconstant
X+y=0

<=5 ©

z, +2z, =k, ; ky1s a constant
Z1+2,=0

£ =
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Axe) = £ —* @ App) = L - @
F ,"‘//
AyE) = ""a;
- @ UoE) = B F @
F
f
F =ma
For P;«— T, = m(f—F+ Fcosa)
e mg sin2a — T, = m(f + F cosa — F cos2a )
For Q;

For the system P, Q and Y —7

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 >

Ty, =m(F — f — F éosa)\+m{&—E cosa + f cos2a) +2m(F — Fcosa ) + MF

(b) By Cfnservatmn of energy (Start to A) 0 21 PE=0 ’Start
—i 2 N | e
0= mv? ~mg(2D) () = TS e =0)
B 60°
v=2/dl (s5) i — e
| mg\ \\‘ faf}#,’f
— At pOlHt AR~ , _?.«Z;::.a-.e-ifi?n g{
B Vo A
| = Amv 7,

Zm\/a = m(vy — V) @
2m\/a = m(vg — 2\@)

vﬂ=4x/a®

By conservation of energy (4 to C)

1 2 1 2 0

%-m(ﬁ}x@)z—mg-ﬂ =%-mv12—mg(21-%)

v =1/14gl@
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AtC,7” F =ma

o B
T — mgcos600—m(21!)

1 14 gl
I'—mg-—= m(—)
2 21

15m
o tm ()
2

For the particle P when move freely under the gravity,

1
TS:ut+Eat2

1
—l =v,s5in60°t + E(—-g)tz @

V3 1

—l = ,,/14g1-7r — — gt*

Z

gt — J42glt—21=0 @

J42gl + \/42g£ — 4g(-20) @

t =

Since t > 0,

:@i\/?ﬁ.(i)
g
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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 ,/2ga in the direction parallel to BA impinges on the
free end B of the spring.

It 1s assumed that the contact between the lighter block and the table is smooth.

Assuming that the heavier block i1s 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 foomx = 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 ime and time taken to reach the minimum length of the spring for the
first time 1s 2: 3.

Now, the heavier block 1s free to move on the table and the coefficient of friction between the heavier
block and the table 1s u, find the least value of y in terms of a and d 1n order to keep the heavier block
not moving.

8m m

AARAREARARRARARARRRRRRRRRRRRRRRRRRRRRNRRRRNRNNNNN

| x
L

| = 3
- .l

Applying F =ma By hook law,
T =mx T:6mg(j—x) @
ebmg(d — x
9( )=mﬁi®; X=x—-d
d
. 69
X+—x—-d)=0 %X =%
6
Bk = X=x
d
6g
X——FX —
69
¥ —cuZX@ where w = ?and}(:x—d®
\
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whent = 0,

x =d, X = ZQa@

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

ch=0(3)

x = —hw - sin(wt) + kw - cos(wt) = ,/2ga = —hw - sin(0) + kw - cos(0) @

2ga
- 8 ()
W

;

N
=)
Q

S 1=

O,

|

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

~ (x), 8 = &=k (-8

(min=d =k (5)
min >0 (5)

d>k
> ®
\ 3
d > . 50
3
da a 69
Hd=a= &)mm=a— ?Sin(a}t) =a ——=sin(wt), where w = |—
\ V3 \ @

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

@; =q— %sin(wtl) @

sin(wty) = ? @
T s
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If the length of the spring is minimum when t = ¢,

a
(X)min = a_ﬁ-l @
When sin(wt,) = 1 @

T T
(1)1'2 :E:>t2 :E @
. H .H @
~hit " 30 2w

— — — — — S S S— — —
s s I DI D s e — — S D S e e S S T S — — — — — — — — —— — — S— —

Assuming that 8m block is not moving,

R
A _}i-
T B
ERGINEIRR O
— :
) x|
8mg -
For 8m; T F = ma = F =ma
R —8mg = F-T=

——————————_———————-—————_—-———————_——————_——
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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 1s on OA such that OP : OA = « : 1 and the point Q is on AC such that AQ: AC = :1

Using the triangular law of vector addition, show that PC = a(l—a)a+ b and
BQ=aa—f(1-p)b

~ T
The lines PC and BQ meet at R such that BRP = > Show that the angle 8, between the unit vector

pr(1—p)— a* (1 —a’))
ap (a+p —ap) |

a and b is given by cos ™! (

(b) A quadrilateral ABCD 1s shown in the figure, where AD 1is 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 & and [ are real constants.
Given that the resultant of the system is parallel to DB 1n the sense from
D to B. Show that o = 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, .

0 a P (1—a) B
PA 11—« CQ B 1—-p
04 1 CA ~ 1
~PA =0-a)0A w =(1—ﬁ)€ﬁf
=(1-a)aa = (1-B) (-pb)

PC :ﬁ+ﬁ® BQ = BC + CQ @
OO, OO,

=1~ aa+ Bb =aa +(1-p) (-Bb)
a

=a(l—a)a+ fb =aa —pPB-1)b ‘ 30 \

—‘—————————————_——————I-l-_——_———————————_—————
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PC.BQ=((-waa+ fb) (aa +(1-p)(-pb))
=a’(l-a)a-a—-p°A-Pbb+-af(l1-a)(1-P)a-b+afb-a
=a*(l-a)a-a-B2(1-R) b b+-aB((1-)(1-B)—1)a-b

=a’(l1=a)a-a—-PB*(A=B)b-b+apla+Bf—aB)ab

pc1Bg= PC.BG=0 (5)
#0=a*(l-a)a-a—p*(1-p)b-b+apla+f—ap)a-b @

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

If the angle between a and b 1s 6
a-b=|al|l|lblcos®@ = a-b = cos@ @

O=a*(1-a)—B°A—=B)+ af (a+ B —ap) Cos O

wcoso= FA-B - @B (7

af (a+p — ap)
ol e BEAER - a(= )
af (a+f — apf) 40
(b) L Since the resultant in the direction ﬁ,

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

C
EUD —8v3P + aP cos30° + 6P cos 30° + 4P cos 30° = 0

B V3 V3 V3
—8\/§P+ap-7+6P-7+4P-7=0®

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

V3 3 V3 1 V3
613-7:¢r:;p-g+613‘-7—8xJ§P-§+ﬁP-7

g=2(5)

— — . — — — — — — S—
— — — — — — — — — — — — — S —— — — — — S E— — — —— T I —— —
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p
t Zﬁa "\‘m.w
ana = R
. | \W13
2V3|
tana = 2v3
a\_
1 @ —
COS 0l = ——
V13

| 2413 ,
SINA =—— =
V13

F,

Since the system is in equilibrium,

60° Fl_"Fzsin(I:0®
ij Fycosa— 6P =0

F, = 63/13P @

— e S S e S S S DI S S ee— —— S—— S S E—— —— — — — I EE— — — — — — — — —— — ——— — — _—
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(a)

-
15.(a) Uniform rods AB and BC each of length 2a and weight W y D
and two other uniform rods AD and CD of weights W and s
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 | 60° <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 1s in equilibrium in a vertical
plane as shown in the figure with AD horizontal.

(1) Find the reaction at B on the rod AB

(11) Show that the thrust in the light rod 1s %

Also, find the reaction exerted on the rod CD by the peg P

(b) 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 D/ C
ends. It is given that AB = AD = BD = a, DBC = 90°,
BDC = 60°. A load w is suspended at the joint C and the

frame work 1s smoothly hinged to a fixed point at A and kept q ,_
in equilibrium 1n a vertical plane with AB and DC horizontal, A 9\\!3

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 - a sin 60° +X5 - 2a cos 60° =Yg - 2a cos 30° = 0

§w+XB—\/§YB=0 (1)

Rod BC; C‘j w - asin60® +X5 - 2a cos 60° +Y5 - 2asin60° = 0

V3
7w+XB+x/§YB:0 (2)

V3

@-a; =0 (5)

3
~ Reaction on AB at B i1s « gw @

(1) +(2); X
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Rod DA and AB: DS
w-V3a—-T-2V3a+ W-(Zﬁa+a005300)+XB-2ac05600 =0

ﬁw—ZﬁT+@w+(—ﬁw)-2-

=0
2 2

~ N =

System; DS 3w-v3a+2w-(2vV3a+acos30°) —R-3a =0

V3
3w-\/§a+2w-(2\/§a+a7)—}2-3a=0

“————————————.—_——————-_—_—————-——————__——————

(b) For the equilibrium of the frame,

ASP-acos300—w-(a+§a)=0
2

O} 3joints B,C,D  10x3

Rod Tension Thrust Magnitude

v 4w
AB (4,5) 5 -

BC (1,6) v @ 2w

DA (3,5) v @ o
2

O,
O,
CD (2,6) ~/® JEiw @
O,
DB (5,6) «’@ —"; @
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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 1s at a

distance 22 from its centre and that the centre of mass of a uniform hollow right circular cone of height

T
h 1s at a distance Efrom the centre of the base of the cone.
3
A vessel 1s formed by rigidly fixing a uniform thin shell in the shape of a
—2a—
frustum of hollow right circular cone, whose upper and lower circular rims — a
have radi1 2a and a respectively and height ?, to a thin cylindrical shell :
of radius 2a and height ¢ at the upper rim of the frustum and to a thin 0

2
circular plate of radius a at the lower rim, as shown in the figure. A handle

o £

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
5a 2a
31'31m
symmetry Oxy where the x axis lies along OC and the y axis lies along OD of which the origin is O.

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

It 1s 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 1s 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.

Length of PQ = a - 06

s O0x = (adl) - p

0 Y= 7rcos8

-
T
Z
[anin &
T2
T
2
azpf cos 6 d6
T
- )
¥ o=
T
2
apfﬂd&
®
T
o 2 @ : E_ : _E . I
__ ap[sm@]_g_ - a(smz sm( 2)): a(1+sm2)
T
= T T
A e
2 _ Za
T
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> X

(s

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

h=1cos0O
odm = 2n(xsin@)dx - p

l
fxcasﬁ-anxsianx @
0
l
J.anxsinﬁdx @
0
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Object Distance from y axis to Distance from x
Mass C.0G axis to

2 3a
0 50 :
@ P 4

~
(3]
5]
|m
5
=
||
op|
=
Q9
&
5
| =
]
”|s:
||
N Q
-

2
(2a+73)
a a - T 5
T —-4ap = ma’ —— @ T 4C
g 1 4

- —(2a+%)

=
|

x=2 ()
*T 3

S 2a
~ Location of the Centre of the mass of the vessel = (

31" 31w

(4 + 1))

_——————_—_—_——————_————————_—————-——I_————_——

Let mass per unit length of the ring is o

a 31 51a .
ey 2' —
\ 2n(2a)ag 1~ (4_31) 0 @
0 T _>1
l 7716 C::)

———_—_————_—————_—q————————-—u—————-——————_———
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(b)

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 %é and L respectively. If the athlete obtains 1st 2nd or 3rd in the preliminary
3
round, the probability that he qualifies for the final round 1s gin each case. Otherwise, the probability

that he qualifies for the final round is%. 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 itclass interval of a grouped data

Z fix,

distribution. It is given that the mean X and standard deviation o of the distribution are X = Z
. f

~__respectively. If the observations are transformed using y; = ax; + b where a, belR,

%y

and o =

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

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

The Adjoining tables show summarized Ages of Number of || Expenditure | Number of
data collected by a researcher from the e | customers: customers:
first 30 customers of a food court who (years) Eood 7 ' (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 31004500 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
Ist position - A P(A) = T
i T
2nd position - B P(B) = 2 @
. 1
3rd position - C Ple) = 5
1 1 1 13
Any other position - D P(D)=1- (g T 4 T §) ~ 60

Qualifying for the finals - F

3 1
P(F/A)=P(F/B)=P(F/C)=c, P(F/D) =75 @
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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)

PF_3(1+1+1)+1 19
()_55 4 3/ 10 60

59
P(F) =150 @

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)

P(D'/F) =
D75 =55 P(F)
_, _ P(F) = P(F/D) : P(D)
B P(F)
1 1 13
110 10 60
59
120
B 282
295 ﬁss
yi =ax; + b

fiyi = a(fix;) + bf; @
;ﬁy;=a;(ﬁ-x5)+b;ﬁ ()

Zn:fiJ’i = ai(fixi) + bzn:ﬁ
i=1 i=1 i=1

Sio e Y
=1 1=1 =1
v =ax+b @

O,
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i L — 5
i=1

O,

Gy = -
>
Zfi((axi +b)—(ax + b))2
, =1
0,2 = —
fi
i=1
B RON
, =1
g, =

———___————__—————h—_l—————-—_—————_l———————_——

Ages In Class
(years) mark fi fizi Z fizi’
Zj
61-75 68 2 136 4624 9248
4660 53 2 106 2809 5618
31-45 38 8 304 1444 L1552
16-30 23 12 276 329 6348
1-15 8 6 48 64 384
5 5
Zf,;zi — 870 Zf,;zi2 — 33150
i=1 i=1

Let age on food Z be a

— =1 870
- Mean age preferred food Z, a = — = —— = 29 years @
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Standard deviation on food Z, o, =

33150
Oa = |=35 47 @

\
o, = V1105 — 841

—_————_——————_———_————_—_—_m—‘———_*—————_

Aliter
8 6 —2 —12 24
23 12 -1 —-12 12
38 8 0 0 0
53 Z . 2 Z
68 2 2 4 8
—18 46
A =38 =15
X — 38
T
x =A+c
x =38+ 15
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- 46 (—18)2
5= 430 30
15

o = %\K% .30 — 324 = 2V66 years

Let the expenditure on food Z be v,

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
% = 100 - 29 =Rs. 2900 @
0y = la|o,

————m———————————_ﬂ-—————_—_——————_—l——————_———




