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QUESTION PAPER
(June - 2017)

(Solved)

MATHEMATICAL METHODS

Time: 2 hours |

[Maximum Marks: 50
(Weightage 70%)

Note: Question no. 7 is compulsory. Attempt any four questions from Q. No. I to Q. No. 6. Use of

calculators is not allowed.

Q. 1. (a) Evaluate:

i x* -1

im

1 \f3x+1 —+/5x-1

x -1
\/3x+ —~/5x—
Put x =1

)’ -1
 Bx1+1-5x1-1
1-1

- i Ve

(b) Find the centre and radius of the sphere
4x* +4y? + 47> - 48x — 36y + 16z + 205=0.
Sol. Given Equation
4x* +4y* + 47> — 48x — 36y + 162+ 205 =0
compairing with sphere equation
X*+yP+22—2ux—2vy—2wz+d =0

then d = 205
w=-8
v =18
u =24

centre point is (u, v, w) = (24, 18,—8) and
Nut +v* +w? —d?
= 576+324+ 6442025

= 441061
= 202.63
(¢) Find the points of maxima or minima of the

function f(0) = a cos> 0 + b sin’ 0 (a > b).

radius =

Sol. ' (0) = a cos' 8+ bsin® 8 (a > b)

. f(8) = 2acos 0O (—sin 6)+ 2bsin O cosO
=2asin@cos +2bsing cosO
f(0) =2sin@cosO (b—a)
=sin20 (b—a)
Putting
f(©) =sin29 (b—a)=0 For Maximum
= Sin29 =0=sinQorsin2xnw
20 =0, x2xw
0 =0, xxmw,x€
After differentiating

f(8) =(b—a)sin2@
f(0) =2 (b—a)cos20
]m (ith) :,2(a7b)C082XTC <0

. Minimum existsat0, + x7w
Q. 2. (a) Evaluate:

=[

1+c0s
m2  sinx
Sol. 1= :
0 1+cos x
Jwr/z sin x
1+u* —sinx
where u = cos x
du =—sinx dx
du
dx =—
—sinx
/2 d
I =- j u.
0 1+’
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~ A
H Sol.
_ -1 K
I=- [tan l’l]o Height | frequency | class
[ = [_ tan " cos x]n/z CL f valuesx, | cf. x.f,
0 60-63 25 61.5 25 | 15375
I =—tan! cos ™ ?—tan! cos 0 63-66 108 64.5 133 | 6966
— tan' O —tan" .1 66-69 154 675 287 | 10395
[ =tan' (1) 69-72 115 70.5 402 | 8107.5
(b) In a class of 10 boys and 20 girls, half the 7275 18 735 420 1323
boys and half the girls have black eyes. What is the n=420 Z fx
probability that a student chosen at random is a boy =
=28329
or has black eyes?
Sol. From halfthe boys (10/2 = 5), a student cho- no 420
sen at random is a boy or has black eyes Sc, ways. 2 - 2 210
probability = °c, .. Median lies in 66 — 69
5 1 =66
_ ﬁ c =133
t =154
= 5 ways. i =4
(9 Iff:R —» Randg: R — Raredefined by f(x) n
——c
x+1 ian = 2 .
= =5~ and g (x) = 2 — 1, find fog (x). In the Median =/ + X1
function fog injective, surjective or monotone? 66+ 210 -133 %4
x+1 154
Sol. fx) = > =66+2
gx) =2x*-1 .. Median = 68
fog (x) =/g (x)
ng (x) :f(zxz_ 1) (‘bl) Solve:
2xt —1+1 @ =
fog (x) = X : ox )y tanx =secx
d
LA AL Sol. d—i:+ ytanx = secx
d
suppose x =1 then Comparing with d—y+ P =9
X
1+1
= ——=1 =2_1=1 we get P =tanx, O=secx
f@=—"=1gw e
So that f(x) is injective and surjective. Tooe
Q. 3. (a) Calculate the medium height of the = ejtanxdx
students from the following data: — Qlogsecx
Height (in inches) No. of Students =secx
6063 Y v (sec x)'[sec x sec x dx + ¢]
— 1
63—66 108 Y 7 secx
66—69 154 jsec xdx+c
69-72 115 IR S
Y 7 secx cos x
72-75 18 1
L Y 7 cos xsec x
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MATHEMATICAL
METHODS

(ALGEBRA AND GEOMETRY.)
SETSAND FUNCTIONS
SETS Q - setof rationa numbers
A set is taken as “a well-defined collection of a
objects.” What is well-defined? “Well-defined” means = b b0 Z,b# 0}
distinguishable and mathematically (at least R = &tlof rea/nimbers
theoretically) measurable. = {Rational Numbers}
There are basically two ways of expressing a set, D{ Irrational Numbers}
viz. Vo~ fordl
1. Roaster Form: Just listing the elements or 0 — thereexigs
membersin parenthesis, { }, e.g. 0 — union
A={a b, c},Aisaset. n — intersection
2. Rule Form or Set Builder Form: When some vV - or
property (or rule) of every element describes the o - and

set, eg.,A={a, b, ¢} canbetaken as

A ={x: xisany of thefirst three|etters of English
alphabet} .

We shall use the following symbolsin sets:
— belongsto

— does not belong to

subset, e.g. A B

— superset,eg.BOA

—  set of natural numbers
={1,2,3,4,5, ...}

set of whole numbers

={0,1,23, ...}

set of integers

={.. ,=3,-2,-1,0,1,2,3, ... }

ZO000
|

3
[

VENN DIAGRAMS
U-UNIVERSAL SET

Definition: If every set under consideration is a
subset of aset U, then U is universal set.

e.g. Set:U = N, the set of natural numbers
A={1,2734,56},B={3,4,56,7,8}

U 9

10

1.
12
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2/ NEERAJ : MATHEMATICAL METHODS

INTEXT QUESTIONS

Q. 1. From the collections mentioned below,

identify the sets from the mathematician’s point of
view:

(a) Thecollection of all good peoplein India.

(b) Thecollection of all those peoplewho have
beentoMars.

(c) Thecollection of prime numbers.

(d) Thecollection of all even natural numbers.

Solution:

(a) isnot aset as goodnessis not measurable

(b) isaset

(c) isaset

(d) isaset

Q. 2.Which of thefollowing statementsaretrue?

(@2 N

(b)2¢& N

(© 2 €R

d V2 €Q

Solution:

(@ 20N, True, as2isanatural number.

(b) 20N, False, 2 being natural, 2 [0 N isfalse.

(¢) V2OR, True, V2 being irrational isreal too.

(d) v2 O Q, False, V2 being irrational is not
rational .

Q. 3. Describe the following sets by the listing

method.

(@) {x: xisthe smallest prime number}

(b) {x: xisadivisor or 12}

() {x:x€ Zandx?>=4}

(d) {x:3x-5=19}

Solution:

(@ {x:xisthesmallest prime number}
={2Z

(b) {x:xisadivisor of 12}
={1,2,3,4,6, 12}

(©) {x:xOzandx?>=4}
={x:xOzandx =% 2}

={2.-2}

(d) {x:3x-5=19}
={x:3x=19 + 5}
2
={x:x= 3}
={8}

() Theset of all letters of malayalam
={m,al, vy}

Q. 4. Describethefollowing setsby the property

method.

Solution:

@@ {1,4,9 16,25, ...}
={13, 22,3, 4,5, ...}
={x:x=y%yON}

(b {2,3,57,11,13,17, ...}
= (x : xisaprime number)

© {...-6,-4,-2,0,2,4,6,...}

Q. 5. Givean example of anon-empty set which

can berepresented only by the property method.

Solution:
{xOR:1<x<2}

Q. 6. Which of thefollowing setsarefinite, and

which areinfinite?

@ Z,

(b) ¢,

(c) Theset of pointson the circumference of a
circle,

(d) 10, 1,

(e [-1,1],

® {1, 2,......., 100}

Solution:

@ z={..,-3,-2,-1,0,1,2,3, ... }isan infinite
Set.

(b) @ hasno eement, i.e., number of elementsin ¢
is0OO gisafinite set.

(c) The set of points on the circumference of a
circleisaninfinite set.

(d) 10,1[isanopen set of real numbersandisan
infinite set.

(e) Closeset[-1, 1] of real numbers is an infinite
Set.

® {1, 2 3, .... , 100} a subset of N has 100
elements, and therefore is afinite set.

Q. 7.Writedown all thesubsetsof {1, 2, 3}. How

many of these contain:

(a) no element,

(b) one element,

(c) two elements,

(d) three elements?

Solution:

Subsetsof {1, 2, 3} are

¢ {1}.{2.{1,2.{23}.,{1,3},{1,23}

www.neerajbooks.com
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(8 @hasno element, i.e. 1 set has no elements or
has 0 element.

(b) {1},{2}, {3} aresetsof one element each
O 3 sets have one element.

(© {1,2},{2, 3} {1, 3} havetwo elements each
O 3 sets have 2 elements.

(d) {1,2, 3} has3 elements
O 1 set has 3 elements

Q. 8. Show that if A €B and B € C, then

A cC.
(Hint: ShowthataOA DO alOC.)

Z = et of integers
Universal set = Q

Solution. Q12 1fU={1 2 3. LA={1 3 5..... 1
ToshowthatifAODBandB O C,thenAOC },C={2,3}and D={1},
Let xOA findAn B,Bn C,Cn DandB n D.
0 x0OB, asAl B Solution:
0 x0OC, asB0O C u={123,...},A={13,5, ...},
O xOAO xOdC B={246,..}
O AQOC C={2,3},D={1}
Hence, proved. AnB=¢

Q.9.1fA=BandB 2 C,what isthereationship BnC={2

between A and C? CB:QBi$
2?\';;20”5 ac Q. 13. Let C ar_1d H be 'Fhe set of carnivorous
0 cOB and hgrblvorousanlmal species. Take U to be set of
But A=B all ammalsspemes._Represent H,C,C',C U Hand
0 COA H u CinaVenn diagram.

(Notethat C nH = ¢.)
Solution:

C = {Carnivorous}

H = {Herbivorous}

U ={All animal species}

Hence the result.
Q. 10. How would you represent the following
situation by a Venn diagram?
The set of all rectangles, the set of all squares
and the set of all parallelograms.
Solution: ‘U
Asasquareisin general rectangle and arectangle
is, ingeneral, aparallelogramtoo, we take universal
set U as the set of parallelogram. If S denotes the
set of squares and R, the set of rectangles, then the
given diagram is as follows:

S H-c=E2
R C —H = [
©
Q. 14 LetA={123 4}, B={3 4,5, 6} and
C={14,7,8}. DetermineA N B n C.Alsoverify

that
@ANBNC=(AnB)nC
(AN BN C=AB N C)

Q. 11. (a) Represent thefollowing setsin aVenn
diagram: The set P of all prime numbers, the set Z
and theset Q ~ Z.

(b) Istheset Z ~ P finiteor infinite? Solution:
Solution: A={1,234},B={34,5,6},
P = set of all the prime numbers C={14,728

www.neerajbooks.com
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AnBnC={4}
(@ AnB={3,4}
O (AnB)nC={4}
O AnBnC=(AnB)nC

Verified.
(b) Bn C={4}
O An(BnC)={4}
O AnBnC={An(BnC)}

Verified.

Q. 15. Show that, for any two setsAand B,A N
B =B n A, that is, the operation of union is
commutative.

Solution:

To show that operation of union is commutative.

Proof: We shall show that

AOBOBOA

andBOAOAOB

Let xOAOB

< XOAorxOBorxOANB

< xOBorxOAorxOBNA

= xOBOA

0 AOB=BOA

Hence, proved.

Q. 16. If Aisthe set of red-haired people and B
theset of black-haired people, determineA N B and
A N B.

Solution:

A ={Red haired people}

B = {Black haired people}

O A 0O B ={People who have either red hair or

black hair}

andAnB={}=¢

Q. 17. L et U denotesthe set of all human beings.
A the set of individuals suffering from typhoid and
B the set of individuals suffering from cholera.
Interpret A U B.

Solution:

U = { All human beings}

A = { People suffering from typhoid}

B = { People suffering from cholera}

0 A0 B={Peoplesuffering either fromtyphoid

or cholera or both}

Q. 18.Let U bethewholereal lineR,A={x €
R:0<x<}and B ={x € R: 1<x<3}. Determine
A U B.

Solution:

U = Rea number line

A={x0OR;0<x<1}

B={xOR;1<x<3}

0O AOB={x0OR;0<x<3}

Q. 19. What can you say about Aand Bif AU B
:q)'?
Solution:
If AOB-=qthen

A=@andB=¢

Q.20.1fA={1,2, 3},B={2 3,4,5}, C={1},
determineA U B U C. Verifythat AU B u C
=(Au B)u C=A(B uC).

Solution:

A={1,23},B={234,5,C={1}
AOBOC={123,4,5} 0]
AOB={123,4,5

O (AOB)OC)={1,23,4,5} ..(2)

NextBO C={1,2,3,4,5}

O AOBOC={1,273,45} ..(3

By (1), (2), (3),
AOBOC=(AOB)OC=A0 (BO Q)
Verified.
Q.21.LetA={1,2,3}and B={3,4,5, 6}, Verify
that U B=(A U B) U (AU B)uU (Bu A).
Solution:
A={1,23},B={3,4,5, 6}
O AOB={1,2734/5,6} . D
A~B={1,2}
AnB={3}
B~A={4,5,6}
O (A~B)O(AnB)O(B~A)
={1,2,3,45,6} .. (2
O By (1) and (2)
AOB=(A~B)O(AnB)O(B~A)
Hence, verified.
Q.22. Let A={1}, B={2, 3,4}, C={3, 4, 5}.
Verify that
@AuBuUC=AuBAUCOQl
A(uBC)=(AuUuBNAUCQC
Solution:
A={1},B={2,3,4},C={3,4,5}
@ AnB={}=9
BOC={2 34,5}

AnC={}=¢
0 An(BOC)=¢ ()
Next (A n B) O (A n C)
=p0¢@
0 (AnB)O(ANC) =g -

0 By(1)and(2),
An(BOC=(AnB)OANC)
Hence, verified.
(b) Bn C={3,4}
O AOBNC)={13,4} )
and, AOB={12, 3,4}
AOC={13,4,5}
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