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Instructions: [I“dex Number ]

%  This question paper consists of two parts;
Part A (Questions 1 - 10) and Part B (Questions 11 - 17).

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

* Part B:
Answer five questions only. Write your answers on the sheets provided.

% At the end of the time allotted, tie the answer scripts of the itwo parts together so that
Part A is on top of Part B and hand them over to the supervisor.

%  You are permitted to remove only Part B of the question paper from the Examination Hall.
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(11) Higher Mathematics I
Part Question No. Marks
1

Total

In Numbers

L In Words

Code Numbers

(Marking Examiner

S| 0 AU B W

Checked by:

sk
=
[N}

[
=

Supervised by:

==
[\
-

=t
(23]

=
S

[y
wn

=
A

=
~J

Total

[see page two




AL/2020/11/E-I(NEW/OLD) 0
Part A

1. Factorize: (a+b—c) (b+c—a) (c+a-b) — 8abc.

2. Let a relation R be defined on the set of all integers Z by aRb if a + 3b is divisible by 4. Show that
R is an equivalence relation on Z and write down the equivalence class of 0.

[see page three
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3. Let f(x)——2x+1 for x#E=s.

Find f7(x). Also, find f(3/7'(0)).

4. Find the values of the constant o such that

a+pa b+qga c+ra a b ¢

ac+p boa+q coa+r |+3| p g r |=0.

[see page four
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5. Two variable points P = (ap?, 2ap) and Q = (aq?, 2aq) lie on the parabola y* = 4ax such that PQ
subtends a right angle at the origin O.
Show that pg = —4 and that the mid-point of PQ lies on the parabola y* = 2a(x — 4a).

6. Leta, b €Rand let f: R — R be the function defined by

asin2x if
X

f(x)=3 (b-Dx+a if 0O=xxl],

b(x-1) i
1]

If fis continuous, find the values of a and b.

[see page five
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[
x+1, if  x<0,

7. Let f(x)=A ~x*+1, if O<x<l,

x-1, if 1<x.

Show that f(x) is differentiable at x = 0 and non-differentiable at x = 1.
Write down f'(x) for x = 1.

[see page six
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9. Let f be a real-valued function on [0, 1] such that f’ is continuous on [0, 1].

1
Also, let g(x) = 32 () + xf'(x) for x€ [0, 1]. Show that [ g(x)dx=f(D).
0

...........................................................................................................................

10. Sketch the curves whose polar equations are given by r = 3 cos @ and r = 2sin 6 — 3 cos 6 in the
same diagram, and find the polar coordinates of their points of intersection.

st s [See page seven
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% Answer five questions only.

11.(a) Let A, B and C be subsets of a universal set S. Stating clearly the Laws of Algebra of sets
that you use, show that

(i) A'U((AUB)-B)=(ANBY,
(i) (AUBUC)-((A-C)-B)=BUC,
where A—B is defined by ANB’.

(b) In a music class of 100 students, 85 students like to play violin, 20 like to play piano and 45
like to play guitar. Also, 10 like to play violin and piano, 15 like to play piano and guitar,
and 30 like to play guitar and violin. Find the number of students who like to play

(i) all three instruments,
(i1) violin and guitar, but not piano,
(iii) violin or guitar,

assuming that every student like to play at least one of the three instruments.

12.(a) Let a, b, c > 0.

(1) Show that %b >+Jab and deduce that (a+b) (b+c)(c+a)=8abc.

(ii) Using a+§+c> abc , show that if a+b+c=2, then (1-a) (1-b) (1- c)< ==

4 3
1 2
x"y’-plane. Find the equations of the two straight lines in the xy-plane through the point (0, 1)
which are mapped onto themselves.

(b) The transformation ( x, ):( )( * ) maps points in the xy-plane to the points in the
y

Let A=(1,1) and B=(1,0) be two points in the xy-plane. Show that their images lie on the
line 2x' -3y’ ~5=0 in the x'y’-plane.

[see page eight
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13. State and prove De Moivre’s Theorem for a positive integral index.

Using De Moivre’s Theorem, show that

cos50 _ 16cos* @ —20cos20 + 5 for cos @ = 0.
cos

Using this result,

T

3
(1) evaluate fcos 56 tan @ d6

T

6
(ii) show that the roots of the quadratic equation 16x* —20x + 5 =0 are cos? % and cos? %’ :
27 L gec?3m_1
Deduce that sec 10 +sect Iy =g

14.(a) Let C, be the ellipse x>+ 6y* =25 and C, be the parabola y* =4x. Sketch the graphs of C, and
C, in the same diagram indicating the coordinates of their points of intersection.

Find the area of the region R in the first quadrant bounded by the curves C, and C,.
Also, find the volume of the solid generated by rotating the region R through 2sr radians about

the x-axis.
. . . . . dy _2x+4y-1
(b) A family of curves satisfies the differential equation - x12y-3 "
Using the substitution v =x+ 2y, show that the given differential equation gets transformed to
dv_50-1)
dx (v-3)

Hence, find the equation satisfied by the given family of curves in terms of x and y.
Also, obtain the differential equation satisfied by the orthogonal trajectories of this family of
curves.

15.(a) Let Inzj(—fxT where a>0.
X +a

y’
Show that, 2(n-1a”1,=—2*——+@2n-3)I,; for n=2.
(x"+a”)"
a
dx
Hence, find Jm.

(b) Let f be a function such that (x2+ 1) f"(x) + 2x f'(x) + f(x) = 0.

Show that (x2+ 1) f"(x) + 4x f"(x) + 3f'(x) = 0.

It is given that f(0)=1 and f'(0)=2.

Find the Maclaurin series of f(x) in ascending powers of x up to and including the term .
0.1

Using this, find an approximate value for ff (x)dx
0

[see page nine



ALL/2020/11/E-I(INEW/OLD)

2 2
16. Let S be the ellipse 2—2+Z_2: 1.

Show that the equation of the chord joining the points P = (acos @, bsin §) and Q = (acos ¢, bsin @)

is %COS(G'I'T(I)) + %sin(gg—(p) = cos(e—;—(p) }

Write down the equation of the tangent drawn to § at P.
The tangents drawn to S at the points P and Q intersect at a point R.

cos(0+¢) sin(mTq))

2

Shew that R = aCOS a—a\’ s 0 .
2 2
2 Show that R lies on the ellipse

Now, suppose that the points P and Q on S are such that ¢ =6— 3

ﬁ + ﬁ = i B
a b 3
2 2y
Find the equations of the tangents drawn to the ellipse %+% =3 which are parallel to the tangent
to S at P. a

17.(a) Let, =—95X _ or xER.
(@ e \/g +sinx or x
(i) Show that —%s f(x)s% for xER.
(ii)) For 0 < x < 7, sketch the graph of y=f(x).

(b) The following table gives values of the function f (x):ln(3+x2) correct to four decimal places
for values of x between 0 to 6 at intervals of length 1.

1 2 3 4 5 6
3.6636

x 0
fx) 1.0986 1.3863 1.9459 24849 2.9444 33322

6
Using Simpson’s Rule, find an approximate value for I =fln(3+x2)dx.
0

6

Hence, find an approximate value for fln(3e+ex2)dx,
0




