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MUSING

Maths Musing was started in January 2003 issue of Mathematics Today. The aim of Maths Musing is to augment the chances of bright
students seeking admission into IITs with additional study material.

During the last 10 years there have been several changes in JEE pattern. To suit these changes Maths Musing also adopted the new
pattern by changing the style of problems. Some of the Maths Musing problems have been adapted in JEE benefitting thousand of our
readers. It is heartening that we receive solutions of Maths Musing problems from all over India.

Maths Musing has been receiving tremendous response from candidates preparing for JEE and teachers coaching them. We do hope
that students will continue to use Maths Musing to boost up their ranks in JEE Main and Advanced.

Set 197

?ROBLEM I

xlog cosx

L If f(X)=1log(1+x?)
0o,

, then
x=0

(a) flx) is differentiable at x = 0

(b) f(x) is continuous at x = 0

(c) flx) is not differentiable at x = 0
(d) Both (a) and (b)

COSX .
2 =€ Sne forfx]< 2 then 4[> fdx is
2, otherwise -2
(a) 1 (b) 2 (c) 3 (d) 4

3. The general solution of the equation

= 1
2 cos (rzx) sin(rx) = 2 is

r=1
idm+1) w
(@) 2mn+Zmer  (b) EMEDT g
6 nn+1) 2
(c) (4m—1)£’ mel (d) none of these
n(n+1) 2
— +1 —
4. 'The line & 2:)/2 =z 11 intersects the curve
) _

xy =c", z =0, if ¢ is equal to
(a) %1 (b) £ 1/3 (c) +/5 (d) noneofthese

5. 9= tan_l(Ztan2 9)—tan_1{(§)tan9} , if
(a) tan 6 = -2 (b) tan 6 = -1
(c) tan® =3 (d) tan 6 =2

JEE ADVANCED

6. Letb=4i+ 3}' and ¢ be two vectors perpendicular to
each other in the xy plane. All vectors in the same
plane having projections 1 and 2 along b and ¢
respectively, are given by

o MATHEMATICS TODAY | MAY'19

(a) 2i+] (b) 2i—j

() (—2i+11j)/5 (d) (2i+11))/5

COMPREHENSION

Consider the lines L: x+l_y+2 z+l
3

1 2
L x=2_ y+2 z-3
L 2 3

7. 'The unit vector perpendicular to both L; and L, is

—i+7j+7k —i—7]j+5k
(@) —F—— (b) ————
J99 5v3
© —i+7]+5k @ 7i-7j—k

53 Jo9

8. The shortest distance between L; and L, is
(a) 0 (b) 17/43
(c) 41/53 ) 17/5V3

1 X
9, IfF(x)=—2_[{4t2 —2F’(t)} dt, then 9F’(4) equals
X g

10. Match the columns :

Column-I Column-II
P. fix) = 2x% - logx increases on | 1. | (0, 1/2)
Q. |flx) = x - 2sinx decreases on | 2. | (2, o)
R. fix) = %% ¢* decreases on 3. | (=0, 0)
P Q R

(a) 2 3 1,3

(b) 2 1 2,3

(c) 3 2 1

d) 2 3 1,2

See Solution Set of Maths Musing 196 on page no. 85
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7.

1.

1)

If o.and B be the roots of the equation x? - 2x +2 =0,
n
then the least value of # for which (%) =1is:

(a) 3 (b) 5 (c) 4 (d 2
The greatest value of ¢ € R for which the system of
linear equations
x-cy-cz=0
cx-y+cz=0
cx+cy-z=0
has a non-trivial solution, is :

1
(a) E

The mean and variance of seven observations are
8 and 16, respectively. If 5 of the observations are
2, 4, 10, 12, 14, then the product of the remaining
two observations is :

(a) 45 (b) 48 (c) 40 (d) 49

The equation of a plane containing the line of
intersection of the planes 2x — y - 4 = 0 and
y + 2z - 4 = 0 and passing through the point
(1,1,0)is :

(@) x-3y-2z=-2 (b) 2x-z=2

() x-y-2z=0 (d) x+3y+z=4

The sum of the series 2-2°C, + 5-20C, + 8-20C,
+11-20C5 + ... + 62-29Cyg is equal to :

® -1 (9 2 (d o

(a) 225 (b) 224 (C) 226 (d) 223

The length of the perpendicular from the point

(2, -1, 4) on the straight line, x_+3 = y_—2 _Z is:
10 -7 1

(a) greater than 2 but less than 3
(b) greater than 3 but less than 4
(c) greater than 4

(d) less than 2

MATHEMATICS TODAY | MAY'19

10.

11.

If the tangents on the ellipse 4x* + y*> = 8 at the
points (1, 2) and (a, b) are perpendicular to each
other, then a? is equal to :
64
d —

128 2
b) =2 il
(b) 17 (© 17 17
If o.=cos™! (%J , B=tan™! (%) , where

T
0<0c,B<5,thenoc—Bisequalto:

-1 9 s | 9

7 b 2

(a) tan (5\/5) (b) sin (5\/5)
(L9 S4(2
(c) cos (5\/5) (d) tan (14)

Let f: [0, 2] — R be a twice differentiable function
such that f”(x) > 0, for all x € (0, 2). If ¢(x) = flx)
+f(2-x),then ¢ is:

(a) decreasing on (0, 2)

(b) increasing on (0, 2)

(c) decreasing on (0, 1) and increasing on (1, 2)
(d) increasing on (0, 1) and decreasing on (1, 2)

4
(a) E

The magnitude of the projection of the vector

2i+3j+k on the vector perpendicular to the plane

containing the vectors i+ j+k and i+2j+3k,is:
V3 3

(@) 73 ® Vo © e @ |

If S and S, are respectively the sets of local
minimum and local maximum points of the
function, f(x) = 9x* + 12x> - 36x? + 25, x € R, then :
(@) §;=1{-2,11 S, = {0}
(b) Sy ={-1} S, = {0, 2}
(©) S =1-2,0 8 ={1}
(d) S ={-258,={0,1}
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12.

13.

14.

15.

16.

17.

18.

19.

20.

®

A point on the straight line, 3x + 5y = 15 which is
equidistant from the coordinate axes will lie only in :
(a) 1%, 2" and 4™ quadrants

(b) 1%t and 2™ quadrants

(c) 4™ quadrant (d) 1%t quadrant

The sum of the squares of the lengths of the chords
intercepted on the circle, x> + y? = 16, by the lines,
X+ y=mn,ne N, where N is the set of all natural
numbers, is :
(a) 160

If f(x)=10ge(1_—x), |x| < 1, then f( 2x ) is
I+x 1+ x?
equalto:

(a) 2f(x)

(b) 105 (c) 210 (d) 320

(b) -2flx) (o) (f))? (d) 2ftx)
3 o) n
If cos(oc+B)—g, sin(ot—P) = " and 0< 0, B< .
then tan(20.) is equal to :
63 21 63 33
() 5 (b) E E 5

The sum of the co-efficients of all even degree terms
in x in the expansion of

(x4 = Df +(x—Vx? =1, (x>1)

is equal to :

(a) 26 (b) 32 () 29 (d) 24

The contrapositive of the statement "If you are born

in India, then you are a citizen of India", is :

(a) If you are a citizen of India, then you are born
in india.

(b) If you are not a citizen of India, then you are
not born in India.

(c) If you are born in India, then you are not a
citizen of India.

(d) If you are not born in India, then you are not
a citizen of India.

(c) (d)

Let A and B be two non-null events such that
A C B. Then, which of the following statements is
always correct?

(a) P(A|B) =1 (b) P(A|B) = P(A)

(c) P(A|B) < P(A) (d) P(A|B)=P(B) - P(A)
The sum of the solutions of the equation

|\/;—2|+\/;(\/;—4)+2=0,(x>0) is equal to :

(a) 4 (b) 12 (c) 10 (d 9
If f(x)= 27 xcosx and g(x) = log.x, (x > 0) then
2+ xcosx
/4
the value of the integral j g(f(x))dx is:
—nt/4

MATHEMATICS TODAY | MAY'19

21.

22.

23. j

24.

25.

26.

27.

28.

29.

(a) logee (b) log,3 (c) log2 (d)
The sum of all natural numbers 'n' such that
100 < n <200 and H.C.F. (91, n) > 1is:

(@) 3121 (b) 3203 (c) 3303 (d) 3221

2
_ 3 +5i
If 2y Cm{MJ ,xe(o,z)
cosx —+/3sinx 2

then dy isequal to :
dx

log,1

T T T
(a) g—x (b) 2x—g(c) x—g

. 5x
sin—
2 jx is equal to:

sin—
2

(where c is a constant of integration.)
(a) 2x + sinx + 2 sin2x + ¢

(b) x + 2 sinx + sin2x + ¢

(c) x+ 2 sinx + 2 sin2x + ¢

(d) 2x + sinx + sin2x + ¢

The area (in sq. units) of the region
A={(x,y)€ RxR0<x<3,0<y<4,y<x®+3x}is:

(a) 56—3 ® 2 ©s @ %
.2

lim—— X equals :

X—>0\/5—x/1+cosx

@ V2 b 242 (© 42 @ 4

All possible numbers are formed using the digits 1,
1,2,2,2,2,3,4, 4 taken all at a time. The number of
such numbers in which the odd digits occupy even

places is :
(@) 180 (b) 162 (c) 160 (d) 175
Let A= (C?Sa —sm(xJ’ (ov € R) such that
sin0l  cosO
32 0 -1 .
A" = L o . 'Then a value of ot is :
o4 T T

0 b) — — d —

(a) (b) T (©) ” (d) ”

The shortest distance between the line y = x and the
curve y? =x-2is:

7 11
(a) 3 (b) 2

7
D —
42 a2
Let O(0, 0) and A(0, 1) be two fixed points. Then

the locus of a point P such that the perimeter of
AAOPis 4, is:

(c)
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(a) 9x* + 82 -8y =16 (b) 8x*+9y*-9y=18

(c) 8x =92 +9y =18 (d) 9x* -8y +8y=16

30. Let y = y(x) be the solution of the differential
equation, (x? +1) Z—y+ 2x(x? + 1)y=1 such that

X

y(0)=0.If \/; y(1)= 312 , then the value of 'a' is :

1
(b) . (o 1 (d) 5
1. (c) : Given, o and P be the roots of the equation
x2-2x+2=0.
Now, x> - 2x+2=0
= (x-12+1=0=> (x-1)2=-1=42
= x-1l=ti= x=1+141-1i

1
(a) E

Also, (%]n =1 (Given)

1+i Y _
If 1 =1, then (i)" = 1
—i

1-i '
If | — | =1, then (-i)" =1
1+i

Fi)=1
Thus, least value of n is 4.

1 —c —c
2. (a): For non-trivial solution, [¢ -1 ¢ | =0
c ¢ -1

= 1(1-AD+c(-c-A-clc2+c)=0
= 2343¢2-1=0 = (c+1)22c-1)=0

1
Greatest value of ¢ = 5

3. (b): Let the remaining two observations are x; and x,.
24+4+104+124+14+x, +
Mean (¥)= . 175 g

= x+x,=14 (1)
2

Xx° 0
C ()
n
_ 4+16+100+144+196+ x7 +X)

7

_460+x12+x§

7
X2 + x,% = 560 — 460 = 100
x12 + x22 + 2x1x2 - 2X1X2 =100
(x1 + %)% = 2x1%, = 100

And variance (6?) =

= 16 —64

= 80

el
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142 -100
2
= X1X2 = 48

= X1X;= [USlng (1)]

4. (c) : The required plane is

2x-y-4+A(y+2z-4)=0 ..(1)

It passes through (1, 1, 0).
2-1-4+M1+0-4)=0

= -3+A(-3)=0 =>A=-1

Thus, the equation of plane is 2x - 2y - 2z =0

= x-y-z=0.

5. (a):2-29Cy+5-2C; + 8- 2°C, + 11-2°C; +

e + 62 - 20C20
20 20 20
=Y 6r+2°°C, =33 r *°C, +2Y, *C,
r=0 r=0 r=0

20 20 20
=3 r.719c,_1+2-22° =3%20) C,_; +2:2%

r=1 r=1
= 60-219 + 2.220 = 220(30 + 2) = 220. 25 = 225

6. (b): Foot of perpendicular from a point on a line

a. - - p
is a_,_M,where (2,-1,4)
b-b
A A - 3 __2
d=-3i+2j,b T T

=10i—7j+k, ¢=2i— j+4k
Foot of perpendicular
~ a+(10?—7}'+12)-(5§—3}'+4f<)5
150
(50+21+4% . 75 - _
= =d+—b=d+
150 150

=da+

| S

I W A S A WS R
=(—3z+2])+5(101—7]+k)—21—5]+5k
Length of perpendicular from (2, -1, 4) to

2 2
(2,-3,1)=\/(2—2)2+(—1+3) +(4—1)
2'2 2 2
1 49 [50 [25 5
‘\/TY‘\/;‘\/;‘ﬁ‘”‘*

Thus, length of perpendicular is greater than 3 but
less than 4.

7. (c) : The given equation of ellipse is 4x> + y*> = 8

Differentiating (i) w.r.t. x, we get



8x+2y.Z—§: =0 = Z_y:ﬁ
X Yy

Now, (d_y) =_—4=—2and(d—y) _Ta
dx 2 2 dx (a.b) b

Since, tangents are perpendicular to each other.

(<2) (-%):—1 — b=-8a (i)

Also, (a, b) satisfy equation of ellipse.

40> + b>* =8 = 4a’ + (-8a)* =8 [Using (ii)]

2
= 68a2=8 =a2=—.

17
3 1
8. (b):Here o = cos™ (g) and B = tan~! (g)
3 1
= cosa=— andtan f = -
5 3

w

1

ﬁ,cosﬁzﬁ

Now, sin (ot — ) = sin o cos - cosat sin 3
4.3 3.1 9

57010 5 410 510
.1 9
= o—P=sin"" | —
P (sm)

9. (c) : We have, 0(x) = flx) + f(2 - x)

= ¢(x) =f"(x) +f'(2 - 20(-1)
=) -2~

Since f”(x) >0 V x €(0, 2)

f’(x) is increasing V x €(0, 2)
Casel:Ifx>2-x=> 2x>2 = x>1
= o) >0V xe(l,?2)
= ¢(x) is increasing on (1, 2)

Casell: Ifx<2-x = 2x<2 =>x<1
= ¢x)<0 Vxe (0,1)
= ¢(x) is decreasing on (0,1)

. 4
= smoczg,smB:

[Given]

10. (d): The vector perpendicular to the plane
containing the vector i+ j+k and i+2j+ 3k is parallel
to vector
i ok
1 1 1

1 2 3
Magnitude of the projection of the vector

2i+3j+k on i-2j+k is
|(2§+3}‘+I§)~(§—2}'+1Ac)|
|f—2}'+l§|

.

=i3-2)-j3-1D+k(2-1) =i-2j+k

[2—6+1| |-3|

|J1+4+1| Vel f \f

11. (a) : Here f(x) = 9x* + 12x> - 36x? + 25

Now, f'(x) = 36x> + 36x% - 72x

=36x(x2 + x - 2) =36x (x - 1)(x + 2)
\/

\/
Sign of f'(x) -+ -7t
-2 0 1

Since f" (x) changes its sign from -ve to +ve about

x =-2,1.So, x = -2, 1 are the points of local minima.
Sy =1{-2, 1}

Since f”(x) changes its sign from +ve to —ve about

x =0 only. So, x = 0 is a point of local maxima.
S, = {0}

12. (b): Let P(

line 3x + 5y = 15.

15—

) be any point on the straight

y
P(t’IS—St)
5

=1 0(0, 0)

X

15-3¢

5
15-3¢

= =

153t
r

= 15-3t=5tor 15-3t=->5¢
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15 -15
= 15=8t orl5=-2t= t :—ort:T
8

Point P lies in 1%t or 2"d quadrants.

13. (¢) : Let p be the perpendicular distance from
0(0, 0) to line x + y = n.

n
=—=<4 forn=1,2,3,4,5
P~
Now, length of chord A

2 A
M
P fao N
D Naw
2

Now, sum of the squares of the lengths of the chords
=62+ 56 +46 + 32 + 14 =210

1-x
14. (d) : Here, f(x) = log, (—)

1+x
2 .
X
Now, f( 2)=10ge I—Z:
1+ x 1+
1+x
=log 1+x% —2x —log (1—x)2
N1ex?+2x ‘\l+x

=2log, G;—i):z f(x)
4

15. (c) : Given, cos(o + B) = % = tan(o + B) = 3

. 5 _ 2
Also, sin(a - ) = 13 = tan (o - P) = 12

tan 2o = tan[(o + B) + (o0 - B)]
_ tan(o.+B)+tan(o.—B)
- 1—tan(o+ ) tan(o.—B)

é_'_i 16+5
3 12 _ 12 21_9 63
= 2 = oz
1——><i 1_§ 12 4 16
3 12 9

16. (d) : Even degree terms of given expression
2 4
=|:6C0 x®+ 6C2 x* (\l(x3 —1)) + 6C4x2 ( X —1)
6
+ 6C6x0 (\/ x> - 1) ]+|: 6Cox6 + 6C2x4(—\/ x> - 1)2
4 6
+ 6C4x2 (—\/x3 -1 ) + 6C6x0 (—\/ x* -1 ) :I
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= 2[Cpx® + °Cy(x7 - x*) + °Cy (x® + x2 - 2x°)

+0Cs (%% - 1 - 3x° + 3x%)
Required sum of coeflicients

=2[6Cy - °C, + 2 x °C, - 0Cg - 3 x 9C¢]

=2[1-15+30-1-3]=24

17. (b) : The contrapositive of the statement "If you are

born in India, then you are a citizen of India", is "If

you are not a citizen of India, then you are not born

in India".

18. (b) : Since, A and B are two non-null sets such that

ACB,soA,BZpandANB=A

Using multiplication theorem, we have

P(ANB)  P(A)

PAIB) = = o= = o zz;g)
[ PR S1= gl = 3 > P(A)]

19. (¢) : We have,

|Vx =2|+/x(\x —4)+2=0,(x>0)
= |Wx-2|+x—4Jx+2=0

= |Jx -2|+x-4Jx +2+2-2=0

= |Jx -2|+(Jx -2)2-2=0 ()
Let |/x - 2| =t, then (i) becomes
P+t-2=0=>+2t-1t-2=0

= t(t+2)-1(t+2)=0 =({-1)(t+2)=0

= t=1,t=-2

Since [v/x - 2| = - 2 not possible

So, Jx —2=%1 = Jx =3, Jx =1

= x=9x=1

So, required sum =9 + 1 = 10

2_
20. (d): fix) = LT XCOSX and g(x) = log,x
2+ xcosx
2—XCOSX 2—XCosx
= =gl "7 | =] -
g(f(x)) g(2+xcosx) Oge(2+xcosx)
= h(x) (say)

Now, h(~x) = log, (Los(_x)]

2—xcos(—x)
) 2+xcosx 1 2—XCosx !
=10 —_— — —_—
Be 2—XxCOsX O8e 2+ XxCOSX

2—XCosx
=-log, (—)=—h(x)

2+ xcosx

/4 /4 2 xcosx
Hence, j g(f(x))dx = _[ loge(—)dxzo

2+ xcosx
—nt/4 —Tt/4

['.- Function is odd]
= log,1



21. (a) : We have, 100 < n < 200 and H.C.E (91, n) > 1
So, n can be multiple of 7 or 13 or both [ 91 =7 x 13]
Let Sp = Sum of all natural numbers which are divisible
by 7 and lie between 100 and 200

Sq = Sum of all natural numbers which are divisible
by 13 and lie between 100 and 200

Sg = Sum of all natural numbers which are divisible by
both 7 and 13 and lie between 100 and 200

So, Sp =105 +112 + .... +196

14
- [105 + 196] = 7(301) = 2107

8
Sg=104 + ... +195 = E [104 + 195] = 4(299) = 1196
Sg = 182
Required Sum = Sp + S - Sy
=2107 + 1196 - 182 = 3121

2
\/gcosx+sinx D

22. (c) : We have,2y = [cot_l(

cosx—+/3sinx
_ 2 2

3 1. , n
——cosx+—sinx sin x+3

ot | 2— 2 || o|cot|—27
1 3. n
—Ccosx——sinx cos| x+—
2 2 3

ool o)

. [ 5x . [ 5x X
sin (2) 2sin (2 )cos (2)
23. (b): Let I = [——=2dx =| - d

. X
sin—
2

. (Sx x) . (Sx x)
sin] —+— [+sin| ———
2 2 2 2
=I dx

sinx

dx

B J- sin(3x) +sin2x
sinx

_J-3sinx—4sin3 x+2sinxcosx

dx

sin x

= J(3— 4sin? x+2cosx)dx

=I(3—4(#)+2cosx)dx

=[(3 - 2 + 2cos2x + 2cosx)dx
sin2x

=x+2 +2sinx + C = x + sin2x + 2sinx + C

24. (d) : Required area

1 3 < Ay
\
= [ +3x)dx+ [4.dx "
+
et i
0 \Q - }
[(1 3) (0)}+[12 4] %
= —4—|— _
3 2

11 59 .
= —+8=-—5q. units
6 6

.2 0
sin” x
25. (¢) : lim —=———F—= (— form)
xﬁox/z—\/l-%cosx 0

So, using L'Hospital's rule, we get

. 2sin x cosx
lim
x—0 -1

— X (—sin x)
2+/1+cosx
= lim2cosxx2+1+cosx = 4\/5
x—0

26. (a) : The given digits are 1, 1, 2, 2, 2, 2, 3, 4, 4.

| | | |
yo Ll

20 place 4™ place 6™ place 8™ place (even places)

Out of given digits, 3 are odd and 6 are even.
Required number of such numbers in which odd
digits occupy even places

31 6! 6X5
= 4C3><—><— = 4Xx3x—— =180
21 412! 2
cosO —sino
27. (c) : We have, A=]| . ,E R
sinat  cos O

2 cos
= A" =| |
sin o

—sino | | cos o
Ccos O sin o

[ cos? o— sin® o

—sino
cos O

—sin o cos o —sinoccosoc]

sin Ot cos 0L+ cos O sin O —sin® o+ cos® o

_ | cos200 —sin2a

_[sinZOL cosZoc]

A3:A2-A:|:C052a —sin2(x:||:cosot —sin(x]
sin20.  cos20 || sinot  cosa
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COS20L COS O, —sin20sin 0t —cos 20t sin O — sin 20 COS O
sin20,coso+ cos20Lsin ot —sin 200 sin 0L + cos 200 cos O

cos(ou+0o) —sin(2o+ o) cos30, —sin3o
~ |sinQo+0) coso+a) | |sin3o  cos3o
Thus, we get
3 | cos3200 —sin32a 0 -1
A = =
sin3200  cos32a 1 0

= cos 3200 = 0 and sin 32a = 1

T T
= tan 320 =tan5 = 320=nm+—, ne’

Forn=0, o= T
64
28. (c) : We are given the line
=x = d_y =1
4 dx 7
and the curve ﬂ//* P=x-2
yYP=x-2
dy 0(0, 0) P2+, 1)
dx
y_1
dx 2y

Let P(t? + 2, t) be any point on the curve.

Thus, (d_y) -1
dx 2 421 2t

Now, Lzl = 2t=1= t=l
2t 2

So, Pz(g,l)
4 2

‘9 1
7
Hence, shortest distance = 14 21 _ 7 units
Jizs2 42
29. (a) : Let coordinates
of points P be (h, k). A0, 1)
Since, perimeter of P(h, k)
AAOP =4
= AP+ OA+O0OP=4 0(0,0) *

= =02+ (k=1 +14Vh2 +k2 =4

= R4k +1-2k+ R +K2 =3

= Jh2+k* —2k+1=3-h? +k?

= R+ k2-2k+1=9+h+k - 6Vh>+k>

= 2k-8=-6VhE+k* = k+4=3JhE+k?

@ MATHEMATICS TODAY | MAY'19

= kK2+16+8k=9h%+k?*) = 9h2 + 8k* -8k =16
Thus, the locus of point P is 9x* + 8y? - 8y = 16

30. (a) : We have, (x> +1) Z—y +2x(x? + Dy=1
x

d_y_l_( 2x J)’_ 1
dx \x*+1 (2 +1)?2°

which is a linear differential equation.
2x

X
LE=¢ X+ =
So, the required solution is

log (x2+1
o8 Z 2 4

1
yXLE = [LE.x———dx+C
j (x* +1)?
1 _
= y(x2+1)=J 5 dx+C=tan ' x+C
x“+1

Using initial condition, y(0) = 0, we get
00+1)=tan'0+C= C=0
So, the solution is y(x* + 1) = tan™! x

1

tan " x
e =
x> +1 T
Now, we have, Ja y@)= 0
-1 /4 T
- \/; tan™ (1) _T \/E(_ -
1+1 32 2) 32
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JEE

Single Option Correct Type

1. Equation of angle bisector of the lines 3x -4y + 1 =0
and 12x + 5y - 3 = 0 containing the point (1, 2) is

(@) 3x+1ly-4=0 (b)99x-27y-2=0

() 3x+1ly+4=0 (d)99x+27y-2=0

2. Coefficient of x209%in (1 + x + 22 + &3 + x4)1001 (1 — x)1002
is

(@) 0

(c) —-2009
3. If P(z) and A(z;) be two variable points such that
zz1=|z]*and |z~ Z | + |z; + Z; | = 10, then area enclosed

by the curve formed by them is
(@ 25m  (b) 20m  (c) 50 (d) 100

4. Let flx) = x> + bx + ¢, b is negative odd integer,
fx) = 0 has two distinct prime numbers as roots and
b + ¢ = 15. Then least value of f(x) is

(b) 4- 1901C5¢,
(d) none of these

-233 233
(a) — (b) ===
4
(c) _225 (d) none of these
4

5. A square matrix A is said to be nilpotent of index
m if A™ = 0, now, if for this A

(I-A)"=1+A+A%+ ..+ A™] then nis equal to
(@ 0 (b) m (c) -m (d) -1

6. The sum of all the coefficients of those terms in the
expansion of (a + b + ¢ + d)® which contain b but not c is
(a) 6305 (b) 6561 (c) 256  (d) 48

7. Two cards are selected at random from a pack
of ordinary playing cards. If they are found to be of
different colours (Red & Black), then conditional
probability that both are face cards is

ADVANGED

PRACTICE PAPER

*ALOK KUMAR
36 18
I b) —
@ 325 ®) 169
(c) 9 (d) none of these
169

8. The equation of normal to the curve x + y = ¥/,
where it cuts the x-axis is
(@) y=x-1

(¢) 12x+y+2=0

(b) x+y=1
(d) 3x+y=3

One or More Than One Option(s) Correct Type

9. If 2 cosx + sinx = 1, then value of 7 cosx + 6 sinx
can be
(a) 2 (b) 6 (c) 3 (d 1

10. Inagambling between Mr. A and Mr. B, a machine
continues tossing a fair coin until the two consecutive
throws either HT or TT are obtained for the first time.
Ifitis HT, Mr. A wins and if it is T'T, Mr. B wins. Which
of the following is (are) true?
(a) Probability of Mr. A winning is 3/4.
(b) Probability of Mr. B winning is 1/4.
(c) Given first toss is head, probability of Mr. A
winning is 1.
(d) Given first toss is tail, probability of Mr. A winning
is 1/2.
11. The projection of line 3x - y + 2z - 1
=x+2y-z-2ontheplane3x+2y+z=0is
(a) x+1 _ y-1 _ z-1
11 -9 -15
(b) 3x-8y+7z+4=0=3x+2y+z
x+12 y+8 z+14

=0

©
11 -9 15
x+12 +8 z+14
(d ===
11 -9 -15

*Alok Kumar, a B Tech from IIT Kanpur and INMO 4" ranker of his time, has been training IIT and Olympiad aspirants for close to two decades now.
His students have bagged AIR 1 in IIT JEE and also won medals for the country at IMO. He has also taught at Maths Olympiad programme at
Cornell University, USA and UT, Dallas. He has been regularly proposing problems in international Mathematics journals.
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12. Let f: [0,§:| —[0,1] be a differentiable function

such that f(0) =0, f (§)= 1, then

(@) /(o) =1 - (f(a)? forall or e (og)
b) f0)=2forall e (0,3)

T 1 2 .
(c) f(o)f’(o) =— for at least one oL € (05)

T

(d f(a)= 8a for at least one o € 0,E
n’ 2
Comprehension Type
Paragraph for Q. No. 13 to 15
Let (1 + x)™ = Cy + Cix + Cyx* + ... + C,x™, where

m m!
Cr="Cr= ri(m—r)!
22 fap= Y, fla—in—jLif fG j)=f(i)
0<i<j<n 0<i<j<n
13. z z (i+j)C Cj is equal to
0<i <j<m
(@) m(2m1) (b) m(22m-t - 2m1C, )

(c) m@m1-2m-1Cc_ ) (d) none of these
14. 2 Z i-C; is equal to

0<i<j<m
(a) m(m - 1) 2m2 (b) m(m - 1)2m-3
(C) 22m (d) 22m _ ZmCm
15. Z z Ciz is equal to

0<i<j<m
(@) (*"C,)? (b) (2*" -2mC,)*

(c) m?™1C,_, (d) none of these

Matrix-Match Type

16. Let ABC be an isosceles triangle with AB = AC.
If AB lies along x + y = 10 and AC lies along
7x - y = 30 and area of triangle is 20 sq. units, then
match the following :

Column-II
(10, 0)
(4’ _2)

Column-I

(A) | Coordinates of point B are | (p)

(B) | Coordinates of point C are | (q)

-5 5
(C) | Centroid of AABC is (r) (7,5)

(s) (3,9)
3

(D) | Circumcentre of AABC is

17. Match the following :

Column-I (Equation of | Column-II (Equation
pair of curves) of a common tangent)

(A) | xy=-4and x> +16y=0 | (p)
(B) [x*=8yand y’=x | (q)

7x* + 2592 - 175 =0
and x> + > - 16 =0

x+2y+1=0

x-y+4=0

(C) (1) | x+y+4/2=0

x* +y?> -4 =0 and

1
= (x-8
x> +y?-8x+15=0 () [ ‘/15(x )

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
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SOLUTIONS

1. (b):Since3x1-4x2+1land12x1+5x%x2-3
are of the opposite sign, so required angle bisector is
given by

3x—4y+1 (12x+5y—3)

5 13
2. (a): (1 4+ x+ 22+ 53 + xH)1001 (] _ x)1002
= (1 - x) (1 - x°)'001 50 all the powers of x will be of

the form 5m or 5m + 1 (m €1)

So coefficient of x2°%° will be 0.

3. (:zz1=|2*>=2Z = z=%
Nowletz=x+iy = zy=x-1iy

Now, |z-Z|+|z1+ 7| =10 = |x| +|y| =5
which represents a square of area 50 sq. units.
4. (c) : Let the roots are o,
a+P=-boap=c

= o iseven, fisodd = a=2.

Now b + ¢ =15

= 2-f+2p=15 = PB=17

So f(x) = x* - 19x + 34 and least value of f(x) is — %

5. (d):LetB=I+A+ A%+ ..+ Am1

= BUI-A)=U+A+A%2+ .. +A™ ) (J-A)
_Am =] (o A™ = 0)

= B=(I-A)"! = n=-1

6. (a):Sum of the coefficients of the terms not
containing ¢ is 3% and of the terms not containing b
and ¢ both is 28, so required sum = 3% - 28,

7. (b):Let A be the event that they are face cards,

and B be the event that they are of different colours.

P(AnB) "C,-2x°C, it
P(B) 13 X 26 169

8. (a):Atx-axis,y=0 = x=1

Now,x+y=» = In(x+y)=ylnx

Differentiating both sides, we get

(e 2 ()
x+y dx ) x dx dx ) 1,0)

So equation of normal is y - 0 = x - 1.

P(A/B) =

9. (a,b):Given, 2 cosx + sinx = 1,
= 2cosx =1 - sinx
On squaring, we have 4cos?x = 1 - 2sinx + sin

3
= 5sin2x—25inx—3=0 = sinx=1,—g

2x

When sinx = 1, then cosx = 0 and so, 7 cosx + 6 sinx =6

3 4
When sinxz—g, then cosng

22
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7 cosx + 6 sinx = 2
Hence, 7 cosx + 6 sinx = 6 or 2

10. (a, b, ¢, d) : If T comes in first toss then Mr. B can
win in only one case that is TT.

= Probability of Mr. B winning = 1/4

= Probability of Mr.A winning = 3/4

Given first toss is head. Then the successive tosses in
which Mr. A can win are T,HT, HHT, .....

Probability = L?‘l =1
1——
2

Given first toss is tail. Then the successive tosses in
which Mr. A can win are HT, HHT, HHHT......

1/4 1
Probability = /—1 =—
L2

2

11. (a, b) : Equation of a plane passing through the
line 3x-y+2z-1=0=x+2y-2z-2is
3x-y+2z-1+AMx+2y-2-2)=
Since it is perpendicular to the given plane.
A=
2
Equation of the line of projection is
3x-8y+7z+4=0=3x+2y+z
Its direction ratios are < 11, -9, —-15 > and the point
(-1, 1, 1) lies on the line.
x+l_y-1_z-1 is also the equation of the
11 -9 -15

line of projection.

Hindi : Rishtedar ke yaha shaadi hai.
Maths :

Relation me function hai.
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12. (c, d) : Let f: [0, g] —[0,1] be a differentiable

function.
(a) Consider g(x) = sin"!f(x) - x

Since g(0) =0, g(g =0

There is atleast one value of o € (0,%) such that
f(a)

g'(a) ===
V1= (f()

e, f(a)=1-(f (oc))2 for at least one value of o

-1=0

but may not be for allo € (O,g)

False
2x
(b) Consider g(x)= f(x)— -
Since g(0)=0,g (g)z 0
There is at least one value of o e (0, g) such that
’ ’ 2
gla)=f (oc)—;=0

ie, f'(a) = 2 for at least one value of o but may not
T

be for all o e (0,;)

False
(c) Consider g(x)=(f(x))2 _Z?x

Since g(0)=0,g (g): 0

There is at least one value of o e (0, g) such that
§'(0) = 2£(0)f (@)~ = =0
“ fOf @)=

True 4x>
(d) Consider g(x)= f(x)——2

T
Since g(x) =0, g (g) =0
There is at least one value of o € (0, g) such that

ge) = [l - % =0

, 8o
f (0() = Y
T
True
13.(b): Y (+)CC;=m22" = 2"C, ]

0<i<j<m

@ MATHEMATICS TODAY | MAY'19

14. (b): z Z iC; = (C,+Cy+ ...+ Cy) +2.(C4

0<i< j<m

+C4+..+Cp) +3(C4+C5+...+4C,) + (m-1) C,

m —
= Z rr=1 C, =m(m— 123
r=2 2

15.00: Y Y ¢?= i (m-r)C,°
r=0

0<i< j<m

m—1

% 2 2m—1
m—
=Er-Cr =m C
r=0

16. (A) — (p); (B) — (q); (C) — (s); (D) — (r)
sin A =§, AB=AC=52
So point B will be (0, 10), (10, 0)
and point C will be (4, -2), (6, 12)
Centroid will be (3, 13/3)
Circumcentre will be (_—5,—)
2 2
17. (A) = (q); (B) = (p); (C) — (r); (D) — (s)
Use the slope form of equation of tangents of each curve
and then compare, we get equation of common tangent.

SAMURAI

ANSWER - APRIL 2019
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One or More Than One Option(s) Correct Type

1. If the angles of a triangle ABC satisfy the equation
81sin”x 4 81¢0s*x = 30, then the triangle can not be

(a) equilateral (b) 1isosceles

(c) obtuse angled (d) rightangled

1 0
2. LetA = , then
1 1

A" 0 0
lim =
n—oo M -1 0

AT 00
(o) 2 - 0 0 (d) none of these

n—eo p

A= ! OV
@ A= | |VneN®)

3.  Number of ways in which the letters of the word

“TOMATO” can be arranged if two alike vowels are

separated, is not equal to

(a) number of ways in which letters of the word
“KARNATAKA” can be arranged if no two alike
letters are separated.

(b) number of 3 digit numbers with at least one 3 and
at least one 2.

() number of ways in which Ram and Rama can
exchange their maps if Ram has 3 and Rama has
7 maps, all maps being different, maintaining their
original number of maps at the end.

(d) number of ways in which 2 alike apples and 4 alike
oranges can be distributed in three children if each
child get none, one or more fruits.

2 1 3 4
4. Let three matrices A= ; B= and
4 1 2 3

C:l: 3 _4], thentr(A)+tr (A—BC) +1tr (A(BC)Z J+
-2 3 2 4

JEE Advanced
on 27t May,
2019

(@) 6 (b) 9
(c) 12 (d) none of these
5. If the function
x+a*\/2sinx, 0<x<m/4
f(x)=1xcotx+b, n/4<x<m/2
bsin2x—acos2x, m/2<x<m
is continuous in the interval [0, 7], then the values
of (a, b) are
@@ (-1,-1) (b) (0,0) (c) (-L, 1) (d) (1, 1)

6. The distance of the point (1, -2, 3) from the plane
z—1

X - y + z =5 measured parallel to the line 57 % T g s

(b) 2 unis

(d) none of these

(a) 1 unit
(c) 4 units
7. If o is the fifth root of unity, then
(@ [T+a+c?+ad+a¥=0

b) T+a+a?+ad=1

T
() |1+o+0?|=2cos s

T
d) [1+al=2cos —
) |1+0a 0
1+x)* —e+ &

8. lim—22=

x—0 X
O NS R R

24 24 24 24

9. The value of A with |A| < 16 such that

2x% - 10xy + 12y + 5x + Ay — 3 = 0 represents a pair
of straight lines is
(a) -10 (b) -9

(c) 10 (d 9
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1
10. If f(x)=+/x*—|x|, g(x)=—=—, then D
/9—x2 f+g

contains
(@ (-3,-1) (b) [1,3)
() [-3,3] (d) {0tulL,3)

11. The mean and variance of 5 observations of an
experiment are 4 and 5.2 respectively. From these
observations three are 1, 2 and 6 and A = |x; — x| +
8 where x; and x, are remaining observations. Then
number of solution of equation 10 — x* - 2x = A are

(a) 1 (b) 2 () 3 (d) 4

12. The value(s) of ‘@’ for which the area of the triangle
included between the axes and any tangent to the curve
x?y =A% is constant, is/are

L w2 1
(a) -3 (b) - (o) 2

13. A curve y = f(x) has the property that if the tangent
drawn at any point P(x,y) on the curve meets the
coordinate axes at A and B, then P is the midpoint of
AB.Ify(1) = 1, then y(2) =

1

(a) 1 (b) 2 (c) 5

14. LetR = (6\/g+ 14)2"+1 and f= R - [R], where []
denotes the greatest integer function. The value of Rf,
ne€ Nis

(a) (25)2n+1 (b) (20)2n+1 (C) (16)2n+1 (d) (14)2n+1

(d) 1

(d) -2

X
. sin— 3
15. If (siny) 2 +— sec’!2x+2"tanIn(x +2) = 0,

theny' (- 1) =
@ — (b) ———
-3 mwn? -3
© —— @ — =
) ——— 2
27 TCZ—3 n\}n2_3
sinx sin(x+h) sin(x+2h)
16. If A =|sin(x+2h) sinx sin(x+h) |, then
sin(x+h) sin(x+2h) sinx
value of lim (A) is
h—0 h2
(a) 6sinxcos?x (b) 6 cosxsin?x
(c) 9sinx cos? x (d) 9 cosxsin?x

\/Esinn(x+i)D

=4cos® (% + xcosE,‘v’x € R—{0}, then which of the
x

17. 1 2f(x)+xf(i)—2f(

following are true?

26)
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(2) f(2>+f(§)=1 (b) f2) +f1)=0
(©) f(2)+f(1)=f(§) (d) f(l)fe)f(Z):l

18. If all the three roots of az> + bz + cz + d = 0 have
negative real parts (a, b, c € R), then

(a) ab>0 (b) bc>0

(c) ad>0 (d) bc-ad>0

19. Value(s) of x for which the fourth term in the

) 6
expansion of (\/; logz >+ + xmz) is 40, is (are)
(a) 1/7 (b) 3 (c) 1/16,2 (d) 1/8,4

20. How many numbers between 5000 and 10000 can
be formed using the digits 1, 2, 3, 4, 5, 6, 7, 8, 9 each
digit appearing not more than once in each number?
(@) 5x8P; (b) 5x8Cq

(c) 5!x8p, (d) 5x8C;x3!

Comprehension Type

Paragraph for Q. No. 21 to 23
In a G.P, the sum of the first and last term is 66, the
product of the second and the last before one is 128
and the sum of the terms is 126.

21. Ifanincreasing G.P. is considered, then the number
of terms in G.P. is

(@) 9 (b) 8 (d) 6

22. If the decreasing G.P. is considered, then the sum
of infinite terms is
(a) 64 (b) 128 () 256 (d) 729

23. In any case, the difference of the least and greatest
terms is
(a) 78

(c) 126

(c) 12

(b) 135
(d) none of these

Paragraph for Q. No. 24 to 26
Consider the function f(x), a fourth degree polynomial

such that 1im % _ 1 and  (0) = 0.
x—>-1(x+1)
24. The maximum value of f(x) is
13 17 23 27
=2 b)) 2 =2 d 2
(a) 2 (b) . (c) 2 (d) 2

25. The subnormal of the curve y = f(x) where it cuts
the y-axis is

3 1
1 b) = 2 d) -
(a) (b) 5 (c) (d) 5
26. The number of inflectional points on the curve
y=f(x)is
(@ 0 (b) 1 (c) 2 (d) 3



Paragraph for Q. No. 27 to 29
a= 21+]+2k b—l—]+k and non-zero vector ¢ are
such that (axb)XC =a><(b><c).

27. The vector ¢ may be given as
(a) 41+2]+4k (b) 4i—

A

(c) z+]+k (d)

28. Volume (in cubic units) of parallelepiped whose

2j+4k
i—4j+k

adjacent sides are given by d, b,bx¢ is
(a) 18 (b) 54 (o) 12 (d) 36

29. A vector along the bisector of angle between the
vectors band ¢ is

(@) Q+V3)i+1—3)j+2+V3)k

b) @—3)i+(B+Dj+2—3)k

(© @+3)i+1—3)j-2+3)k

() @+V3)i-1-V3)j+2+3)k

Matrix Match Type

30. Match the greatest and least value of functions in
column-I with column-II.

Column-I Column-II
(A)| x +2+/x on [0, 4] (p)| 13 and 4
®)| =L on [0, 4] (q)|8and0
x+1
(C)|x*-2x%+50n [-2,2] (r)|3/5and -1

(@) (A)—(q;®B)—(r);(C)—(q)
(®) (A)—(q@);B)—(1);(C)—(p)
() (A)—=(@);B)—(p);(C)—(q
(d) (A)—=();B)—(q);(C)—(p)
Directions (31 - 32) : Given that

/2 T 1
logsinxdx=—log—=0
Jo ogsinxdx=—"log=

Then match the following columns for their values:

Column-I Column-II Column-III
/2 1 ¢

(4) |[, log M| frxlog ) 20
cos x dx sinx dx
oo T

® [ 1og(x+l) @|-[Tog |G |-a
0 X
dc (1+cosx)dx

,,,,,,,, e A O R N S

(© I:/zxcotxdx (3) Jonlog (iii) |o

V1—cosxdx

31. Which of the following is the correct combination?
(@) (A) (3) (iii) (b) (B)(2) (i)

(c) () () (@) (d) none of these

32. Which of the following is not the correct
combination?

(@) (A) (1) (iii)
(© (B)(2) ()

(b) (C) (3)(ii)
(d) none of these
Numerical Answer Type

33. The tangents drawn from a point P to the ellipse
9x? + 16y? = 144 make angles 0;, 0, with the major axis.
If 0, + 0, = 20, then the locus of Pis x* - 2xy cot20. - y?
= A, where A is

(f)

+X

l

34, If J J+ C, then ah =

cdx =alog
X +1

35. The probablhty of at least one double-six being
thrown in n throws with two ordinary dice is greater
than 99 percent. Calculate the least numerical value of #.

2
36. Letf(x) beapolynomial satisfying lim * f ()
x—e02x° 43

=6,

f(1)=3,f(3)=7and f(7)= 15. Then the value of l:—l J;((())) |:|,

where [.] represents the greatest integer function, is

37. The chord of the curve y = —a?x? + 5ax - 4 touches

1
the curve y = —x at the point x = 2 and is bisected by
—X

that point. Then the value of a is

10 3 m
38. If Ztan_l (2—)= cot™! (—) (where m

r=1 9r° +3r—1 n
and #» are coprime), then find 2m + n).

39. The number of values of 0 in (_2—“, g) such that

nm
Gi? forn=0,+ 1, + 2 and tan 0 = cot 50 as well as

sin 20 = cos 46, is
40. The curve passing through the point (1, 1) satisfies

d_y+ (xz—l)(;vz—l) _0.If

the differential equation
dx xy

the curve passes through the point (\/E k), then the
value of [k] is (where [.] represents greatest integer
function)
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SOLUTIONS
1. (d): Let g1sin® x = ¥, then g11-cos? x _ y
= 8100 ¥ = 81y~! and the given equation can be
written as y + 81y~! = 30

= »*-30y+81=0 = y=3 or y=27
When, y=3 = 815"*=3
= 3%in?x-3 o gnx=+1/2
= x =30° or 150°

, 3
When y =27 = 3%infx-33 — sinx:ig

= x =60° or 120°

The possible values of the angles A, B, C are 30°
or 60° or 120° or 150°, so we get the set of angles of
the triangle as 30°, 30°, 120° or 60°, 60°, 60° and thus
the triangle cannot be right angled.

1 0|1 O 1 0
s mnne] ]
A3=A2-A=|:1 0:||:1 0:|=[1 0:|andsoon
2 1|1 1 31
A”=|:1 0:| and A_”=|:1 0:|
n 1 -n 1

1
—-n lim - 0 O O
and lim A _| no=n = [ :|

N0 1 .o—n 1 -1 0
lim — lim —
Ln— N n—oo 1l
lim—~ 0
im—
A" o 2 00
and lim =" nl ) =[0 0:|
nmen lim — lim—
L n—e N n—eop

3. (b, ¢, d): Arrangement should be x T x M x A x T x
4!
Number of ways = °C, x 5 = 10x12=120.

(a) The given word is KARNATAKA
K=2,A=4R=1,N=1,T=1
K K] [A A A Al [R]
Number of ways = 5! = 120.
(b) Possible ways are 2, 3, 3 or 3, 2, 2 or 2, 3, non-
zero digit or 2, 3, 0

3! 3!
Number of ways = 2—+— +(Cyx3)+(2x2)

21
=3+3+42+4=52.
(c) My, My, ..., M5 |N1, N,, Nj
Total ways = 3(7C;) + 3(7C,) + 1(7C3)
=21+63+ 35=119.

28)
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(d) Letx, yand zbe the no. of fruits obtained by three
children in which 2 alike apples and 4 alike oranges
distributed.

X+y+z=6
Number of ways in which each child get none, one or
more fruits = 0+3-1C;_;= 8C, = 28.

3 4|3 —4 10
4. (a)tBC:[ ][ ]:BC:[ ]:12
2 3|2 3 0 1

A A
.. Given expression = tr(A)+ tr( 5 )4— tr( )+ oo
22

1 1 A
=tr(A)+—tr(A)+—tr(A)+...+o<>=L)
2 22 1-(1/2)
=2tr(A) =22+ 1) =
5. (b, d): Atx= g,
LHL= lim f(x)= lim (x+az\/zsinx)=az+E
x—(m/4)” x—>T/4 4
RHL= lim f(x)= lim (xcotx+b)= b+—
x—(m/4)t x—m/4 4
Since, f(x) is continuous at x = g
S ULy L (1)
4 4
At x= E,
2
LHL= lim f(x)= lim (xcotx+b)=b
x—(m/2)” x—T/2
RHL= lim f(x)= lim (bsin2x—acos2x)=a
x—(m/2)* X—T/2
Since, f (x) is continuous at x = 7/2.
soa=b ...(ii)
From (i) and (ii),a =0, 1and b =0, 1
(a, b) = (0,0), (1, 1)

6. (a): The equation of the line passing through
P(1, -2, 3) and parallel to the given line is

-1 y+2 z-3

2 3 -6
Suppose it meets the plane x — y + z = 5 at the point
Q given by x—lzy-3|-2=z—63= A

ie, QA+ 1,3Lh -2, - 6\ +3)
This lies on x - y + z = 5. Therefore,
2A+1-3A+2-6A+3=5= - 7x__1:>x_;

So, the co-ordinates of Q are (9/7, -11/7, 15/7).

4 9 36
Hence, required distance = PQ =, [—+—+— =1unit.
49 49 49

7. (a, b, ¢)

2w .. 2T

: We have 00 =cos—+isin—

5
andl+o+o?+a®+at=0



[1+o+0?+0d=]-0=a*=1
Also, |1 + a0+ o?| = |-a3(1 + a)| = |1 + ¢

2n .. 2¢; T T, T T
=|l+cos—+isin—|=|2cos—| cos—+isin— [|=2cos—
5 5 5 5 5 5
1
—In(1+x)
8. (c): (1+x)”x—e+% = e p—
We expand the numerator in series
x x? 2
ATy ex [_+ J
=e —et— = e +Z
2
2
X x2
_7+7
=e|l+|-=+——.. [+ —et+—
2!
1 1
=e|=+= |x*+...
3 8
1 1
- The limit = ef =+~ | = 11¢.
3 8 24
9. (b): Given equation is
2x2 - 10xy + 12> + 5x + Ay -3 =0
5 A
Herea=2,h=-5b=12,g= =, f=—, ¢=-3
2 2
a h g 2 -5 5/2
Forpairoflines b b f|=0=|-5 12 A/2[=0
g f c 5/2 A2 -3

= M+25A+144=0 = A=-9
10. (a, b, d) : g(x) is defined if 9 - x> > 0 = x € (-3, 3)
f(x) is defined if x2 - |x| 20 = x> > |«
= x¢ (-1,0)u(0,1)
Dy, g=(-3,3)- (1,00 U (0, 1))
=(-3,-1]u {0} U1, 3)
It contains (-3, -1), [1, 3), {0} U [1, 3).
11. (a) : Mean (x) = 4, variance = 5.2
Let x;, x; be the remaining values.
142464 x +x,
- 5
1P +22+6% +x7 +x5
5

Mean, x = x1+x, =11 ..(1)

(x)?
...(ii)

Variance, 62 = 5.2 =
= x12+x§ = 65
= x-xl=3
Now, A =|x; - x| +8 = A=11

= 10-x*-2x=11 = (x + 1)2 = 0 one solution
12. (b, d) : Given curve x% y = A (1)
(A, 1) is a point on the given curve.

Now, differentiating (i) w.r.t. x, we get

dy dy —ax"'y ay
a-1 “a L ) = L=— S ="
ey dx dx x? x

d a
At (4, 1), d—JyC:—X

Equation of tangent at (A, 1) is
y-1= —% (x-A)
Ml+a)

A
Now,x=0 = y=1+a,y=0= X=Z+7»= "

(a+DA
a

1
Area, A=E><(1+a)

dA Zlk[a~z(1+a)—(1+a)2}=0

Now, —
da 2 az

= (2a-1-a)(1+a)=0= (a-1)(a+1)=0
= a=1,a=-1
13. (c) : Tangent at Pis Y - y = (X - %)y,

It meets the x-axis at A[x—l,OJand y-axis at

B(0, y - xy1) N

P is the midpoint of AB = x-2L =2x
N

= l+x=0:>ydx+xdy=0 = xy=c?

N
Whenx=1,y=1=>c=1,xy=1
14. (b): Since, f= R - [R]

R=[R] +f

2n+1 ..
= (6\/g+ 14) = [R] + f, where [R] is integer and
0<f<l.
Now, let f” = (646 —14)" "', 0 < f' < 1
Also [R] + f- f’ = (6v6 +14)" 1 —(6/6 —14)*"*!

=207 (6V6)" 14+ " HC, (636) T2(14) +..}

= 2(Integer) = 2k (k € N) = even integer

Hence f - f’ = even integer - [R], but -1 < f-f'< 1
R.H.S. is integer, hence L.H.S. is also integer.

Therefore f - f' =0

w f=f

Hence Rf = Rf" = (66 +14)"" " (6/6 —14)”" !

— (20)2n +1
\/5 \/n2—3

siny=—"-,cosy=
n L

V3

(Siny)sm% [gcos%lnsiny +sin%‘€0t)")’,:| +7

1
y(2) = 5

15.(c):x=-1 =

Differentiating the given relation,

2
1n2tanln(x+2)+w] =0

x+2

;”x[
[2x|V4x* -1
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—3
Putting x = -1 and using sin y(- 1) = o

-3

cosy(- 1) = , we get,

)
V(1) = sin® y(-1) _ 3 ‘
2cos y(-1) Zn\/nz _3

16. (c) : We apply the following transformations to A

. C
in sequence: C; — C3 - G, C, —» C, - Cy, G, —>72
C .
and C; >—>. Now using lim on the resulting
h h—0
determinant, we have
A sinx  cosx COSX
lim —= sinx —2c0SX  COSX
h—0 .
sinx COSX —2C0sX

Applylng Rl — Rl + R2 + R3, R2 — R2 + 2R3, we get

A 3sinx 0 0
lim — =|3sinx 0 —3cosx
h—0 h2 .
sinx cosx —2cosx
=9 sin x cos? x [Expanding along R;]

17. (a, b, ¢) : Replace x by 2, we get
2f(2)+2fe)— 2f(1)=4= f(2)+f(%)=2+f(1) )

Replace x by 1, f(1) = -1 ...(ii)

Replace x by %,2f(%)+%f(2)—2f(1):§

2
- 2 fe)+§ f@=2+2f0) (i)
From (i), (ii) and (iii), we get f(%)=0;f(2)=1
18. (a, b, c) : Let z; = x5 25, 23 = X, £ iy,

= Z1+2z2p+ 23 =——
a

= x+2x=——<0 = ab>0

a

Also, 212523 = x1[x% + ¥?,] = —% <0 = ad>0
Also, 212 + 2523 + 2123 :g
= x1(x + i) + x1(x; - i) + x5 +

=2x1X + X2 + Y2 >0 = §>O

b
= 2 0=bc>0
aa

3
19. (c) : ty = °C;4 [x1/2(10g2x+1):| (x12)> = 40

@ MATHEMATICS TODAY | MAY'19

(L+l)t=l, where t = log,x

2042 4
6+t+1)t

= ¥=1:>7t+t2=4t+4
4(t+1)

= 2+3t-4=0=t=-4,1
x=1/16,2

20. (a, d) : We are to form 4-digit numbers with either
5o0r 6 or 7 or 8 or 9 at the thousand's place.
4-digit number: x X X X

N
1 2 3 4

No. of ways of filling 1% place = 5
After filling 15t place, we have 8 digits to be used.
No. of ways of filling 2n4, 34, 4th places = 8P,
Total no. of numbers formed = 5 x 8P;.

(21-23) : 21. (d) 22. (b) 23. (d)
Let a be the first term and r be the common ratio
of the given G.P. Further, let there be # terms in the
given G.P. Then,
a, +a,=66 = a+ar"! =66 (i)
a,xa, =128 = arxar"?=128 = a?r"1=128
1 128

a
Putting this value of ar"! in (i), we get

= ax(ar"H)=128 = ar

128
a+—=66= a2 -66a+ 128 =0
a

= @-2)(a-64)=0=>a=2,64
Putting a =2 in (i), we get 2 + 2 x "1 = 66 = r"1 = 32

_ o1
Putting a = 64 in (i), we get 64 +64r" " =66 = 1" -5

For an increasing G.P.,, r > 1.

Now, §,, = 126
n n n—1
— — X —
= 2(r 1)=126=>r Lzl X7l g
r—1 r—1 r—1
o 2l o oo
r—1

Mm1=32=22m1=32=20=n-1=5=n=6
For decreasing G.P,, a = 64 and r = 1/2. Hence, the
sum of infinite terms is 64/[1 - (1/2)] = 128.

Fora =2, r =2, terms are 2, 4, 8, 16, 32, 64.

Fora=64,r= %, terms are 64, 32, 16, 8, 4, 2.
Difference = 62.

. f(x)
. H l —_— =
24. (d) Xlrrll (x+1)3 1

= fED=fCD=f1)=0f"(-1)=6
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fx)=A(x+ 1)*+ (x+ 1)3
f7(x) =24A(x+1) +6

1
S/ =0=244+6=0, A=~

f(x)=(x+1)3 —i (x+1)*

f(x)=3(x+1)?-(x+1)°
f7(x) =6(x+1) - 3(x + 1)?
f(x)=0=(x+1)*(2-x)=0
= x=-1,x=2andf"(2) =-9
81 27

The maximum value is f(2) =27 - i

13 .,
25.(b).f(0)—1—Z—Z,f(0)_32 3

Subnormal at x = 0 is f(0) f(0) = " X2= 3

26. () :f"(x) =3(x+1)(2-x-1)=3(x+ 1)(1 - x)
ffx)=0=>x=1,-1

27. (a) : We have, (@xb)x¢=ax(bxc)

= (@-¢)b—(b-c)a=(a-c)b—(a-bx

= dand¢ are parallel.

¢ may be equal to 4§+2}'+4IA<

S A A

ik
28. (d): We have, bxc=|1 -1 1|=—6i+6k
4 2 4
2 1 2
G b bxcl=|1 -1 1]=-36
%6 0 6

Volume of parallelepiped whose adjacent sides
are d,b,bx¢ is 36 cubic units.
29. (a) : Vector along the bisectors is
i—j+k 4i+2j+4k
+
3 6
ECIND RN ANGT

Vector is (2+~/3)i+(1—~/3)j+2+/3)k

30. (b): (A) Let f{x) = x + 2/x , then f(x) = 1 + x™V/2.

f’(x) # 0 for any x € [0, 4]. Thus, the least value of f(x)

is f(0) = 0 and the greatest value is f(4) = 4 + 2 Ja=8.
— 2

(B) Letfix) = i—_’_i , then f'(x) = m > 0 for any

x # -1. Thus, the least value of f(x) = f(0) = -1 and

the greatest value of f(x) = f(4) = 3/5.

32
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(C) Let flx) =x*-2x2+5

Then, f'(x) = 4x> - 4x, f"(x) = 12x* - 4

Now, f(x) =0 = 4x3 -4x=0

= 4x(x*-1)=0=x=0,1,-1

£7(0) =12(0) -4 =-4<0

So, x = 0 is a point of local maxima.
f7(1)=12(1)>-4=8>0

So, x = 1 is a point of local minima.
f7(-1)=12(-1)>-4=8>0

So, x = -1 is a point of local minima.

Now, f(0) =5, f{1) =4 = f(-1), f(-2) = f(2) = 13.
Thus, greatest value of f(x) is 13 and least value of
flx) is 4.

(31-32) : 31. (b) 32. (b)

/2
(A) LetI = j;c logsinx dx

/ /
= I:JOTc zlogs.in(g—x)dx=J.0’t 2logcosxdxzot

oo 1) dx
(B) LetI= '[0 log x+; .

Putting x = tan 6 = dx = sec? 6 dB, we get

- J-Tt/2 log(tan 0+ cot0) .

0 1+tan’0

y .
:J.nzlog s1n9+c056 40
0 cosO sinB

/
:anlog _— 1 d0
0 sinBcos0O

/2 . /2
= —J.O logsin® d6— Io logcos0d6

sec’0.do

=—2(—%nlog2]=1‘clog2=—20€

12
© I= J()n x cot xdx
Integrating by parts taking cot x as second function,
we get
/2
I= [xlogsinx]g/2 —Jon log sin xdx

/2 1
=0- lim(xlogsinx)—JO logsinx dx = EnlogZ

x—0

as lim xlogsinx = lim (bgﬂ)
x—0 x—0 1/x

lim( cotxz ) (Applying L Hospital Rule)
x=0\ ~1/x

2
lim( a ):lim(—xx X )=0><1=0
x—=0\tanx x—0 tanx

(1) LetI= '[Onxlogsinxdx (1)




= = j:(n—x)logsin(n—x) dx

= J= K(n—x)logsinxdx ...(ii)
Adding (i) and (ii), we get
21=njnlogsinx dx = 21=2nJ.n/210 sinx dx
0 o 08

/2
= I:TEJ’OTt logsinx dx = o
lJ-nxlogsinxalxzl~ﬂ:oc=0c
-0 b4
T _ T 2{
(2) LetI= _J.o log(1+cos x)dx = _[0 log(Zcos 2)dx
=—["| log2+2logcos=- |d
==J, [ log ogcos2 x

=- [ﬂ:log 2 +2JOTc log cosgdle

—I:Tl:logZ +2x ZIOn/zlog cos tdt]

(where t= g and dx = 2dt)

—|:nlog2+4x(—§)log2:| =7 log 2 = 20

(3) _[()nlog J1-cosx dx =_[: log,|2sin® g dx

T T X

= jo log 2dx+ jo log smzdx
/2

= nlog\/g +2J‘0 logsin ydy

(whereg =yanddx= 2dy)
=Tclog\/g+2(—§log2)=glogZ—TclogZ

T
=——log2=a
2 °8

33. (7) : The tangent with slope m to
2 2

x—+y——llsy mx * /16m*+9
16 9

= (mx-y)?=16m>+9
= (16 - x*)m? + 2xym +9 - y> =0

-2 —
tan0, +tan0, = == =97y
16—

,» tan0, tan0O, =
2 1 2 16— 22
-2x
Now, 8, +6, =200 = tan20= — 52—
7—x"+y

= 7-x2+y>+2xycot200=0
= x*-2xycot2a.-y*=7 . A=7

(Wx)®
(x)7 +x°

dx
e J(() (

34, (1):LetI = dx

! dx

1+

&)

Let 1+ —— = t. Then - 2x 72 dx = dt

\/7 5

dt 52
I:—— Z=—= log|t|+C_—log =5 [+C
1+x

57t
A

On comparing a log [ ad ]+C with

A
52
—log
1+x°

x"+1
ah = 1.

35. (164): The probability of getting a double-six in

1 1
th ith two dice = —X—-=—
one throw with two dice = X —=—r.

1 35

1
O e R e
b 1= P 36T 36

Now, (p + q)" = p" + "Cy p" g + "C, p"2 @* + ... +

ncn—lpqn b+ qn.
The probability of getting atleast one double-six in n
throws with two dice=(p + @)" - ¢q"=1-¢q"

n n
=1- E R ﬁ >0.99
36 36

35Y)
(3—6) <0.01 et n[lOglO 35 - IOgIO 36] < loglo 0.01

2
J+C, we geta=—and7L:E
5 2

= n[1.5441 - 1.5563] < -2.0000 = - 0.0122n < - 2

= 0.0122n>2 = n> = n>163.9

0.0122
The least value of n is 164.

2
36. (8) : Since lim @ =6, f(x) must be of degree 3.

x=e2x” +3
Also from f(1) = 3, f(3) = 7 and f(7) = 15, we get,
flx) = ?»(x— ) (x-3)(x-7)+2x+1

22 (Mx—=1) (x=3) (x— 7)+2x+1)
2x° +3

lim

X—oo

= %=6 =Ai=12

fix)=12(x-1) (x-3) (x-7)+2x + 1
fl0) =-12x21 +1=-251

[MQQ[%q[mw]s
30 30
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37.(1): y—L
1-x
Atx=2,y=-1
d
Now,d—y: 1 _}’ =1
dx  (1—x)? dxlo,-1)

So, equation of tangent to the curve is
y+1=1(x-2) or y=x-3
Solving this line with y=-a*x* + 5ax - 4, we get
x-3=-a’*+5ax - 4
or a’x*+x(1-5a)+1=0 (i)
Above equation has two roots x; and x, which are
abscissas of point of intersection P and Q.
Mid point of PQ lies on x = 2

x1+x2=2 — x1+x2=4
2
1-5a 5a—-1
Fromequation(i),x1+x2=—( 3 ):> 4= az
a a
= 4a’-5a+1=0 = a=1/41

But for a = 1/4, eq. (i) gives imaginary roots.

38. (32): We have, a, = tan™" (;)
9n® +3n-1

=tan ( 3 )
1+(Bn+2)(3n-1)

1| (Bn+2)—(3n-1)
=tan
1+(B3n+2)(3n-1)
=tan"! B3n+2)-tan’! 3n-1)
Sum of first 10 terms
10 10

= Za —Z[tan (3r+2)—tan"' (3r—1)]

r=1 r=1
= (tan"! 5 - tan12) + (tan™! 8 - tan"!5) + ...
+ (tan™! 32 - tan~! 29)

=tan! 32 -tan!2 :tan_l( 3272 J

1+32-2
-1 30 —1 6 -1 13 i (m
=tan~ | — |=tan” | — |=cot | — |=cot™ [ —
65 13 6 "
[Given]
= m=13andn=6
Hence, 2m + n) = 32
T
39. (3) : tan® = cot 50 = tan (E _ 59)
L O=nm+ S50 0= (2n+1) —
2 12
T T 5% —X —n _575 '
= 11 4 (i)

127412712 4 12
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c0s40 = sin20 = cos (g — 29)
4e=2nni(§—ze)

= 0=(n+1) =, (@n-1)= ..(i1)
12 4

KL

127127 4

The common values of (i) and (ii) are in (ii). The number

of values of 0 is 3.
V=D -1

Xy

40. (1) : We have,d—y=—
dx

Y dy=— sz—ld __ x2 -1 J
:fyz_ly R o

1
dx+ dx
j\/ J‘x\/xz—l
= \/y2 C1=—x?1+seclx+e

Curve passes through the point (1, 1). Then the value
of c=0.

Hence, the curve is \/yz -1= —\/x2 —1+sec (x)
Curve passes through (\/5, k)

K121+t = k=1
4

LIVE IN CONCERT
TONIGHT :
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PRACTICE PAPER

BIT

1. If a, b, c are roots of y° — 3y> + 3y + 26 = 0

Exam date:
16" to 26"
May 2019

7! 7!
and ® is cube root of unity, then the value of (a) 3031 (b) PYETEY
~1 b-1 c-1 3! 133!
e < equals (c) 4806 (d) none of these

+
b-1 c¢c-1 a-1

9. Numerically the greatest term in the expansion of
(@ -30> () 30> () o’  (d)20°

5
(2 + 3x)'2, when x = P is

2. If ("n)  si (MJ th f[z 1 5Y 5Y
. Ifz,=cos| 7| +isin| 7~ | then n equals
' 10 10 o @ G 24(5) (b) 1*C52° (5)
(@) 0 (b) 1 Y 5V
(c) -1 (d) none of these () cs2° (Z) d) cs2° (E)

3. The value of x satisfying the equation 10. Let ¢ be a positive integer and

logs x>—2log . 9 7.
|x—1]% 87 = (x- 1) i 2t-1 m*=1 cos’(m?)

(a) 27 (b) 81 (©) 9 (d) 3
. 2 A =|"C, 2" cos’(m) |, then the value of

4. The roots of the equation |x” — x - 6| = x + 2 are 5

(@ -224 (b) 0,1,4 () 0,2,4 (d) -2,1,4 L m+l - cos(m?)

m
< A i 1t
5. If ) ax =e*(1+e*)e™, then zz) £18 EqRat 0
W0 (a) 2" (b) 0

z(3zp—la2p_l): (c) 2™ cos*(2™) (d) m?

P s 11. The equation e * - ¢ %" * _ 4 = 0 has

(a) e (b) e”-e (a) no real roots (b) exactly one real root

(c) 0 (d) none of these (c) exactly four real roots (d) infinite real roots
6. 28isdividedinto 4 parts whicharein A.P. Theratio  12. If the expansion in powers of x of the function

of the product of the first and third to the product 1 ) ) ;

of the second and fourth is 8 : 15. The largest part (1—ax)(1—bx) 'SP+ GX+aX +asx 4 . then

is a, is

(a) 6 (b) 8 (C) 10 (d) 12 bn _an an _bn
7. Thenumber of ways you can find to pack 9 different (a) b—a (b) b—a

books into five parcels if four of the parcels must "ttt ptl _ gl

‘ i () —/—— (d) ———

contain two books each, is b—a b—a

(a) 945 (b) 9C2 X 7C2 X SCZ X 3C2 1 41

(©) °Cyx7Cyx°Cyx3Cy x5! X X

(d) none of these 13. Iff(x)=| 2x x(x—1) (x+Dx |,
8. The number of permutations of letters A, B, C, D, 3x(x=1) x(x-D(x=2) (x+Dx(x~1)

E, E G so that neither the pattern BEG nor CAD then f(100) equals

appears is (@ 0 (b) 1 (c) 100 (d) -100
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14.

15.

16.

17.

18.

19.

20.

21.

36)

If x sin’0 + y cos°0 = sind cos and x sinb = y cosh,
then x* + y* is

(a) 2 (b) 1 (c) 3 (d) 4

If a circle passes through the point (a, b) and
cuts the circle x* + y* = k* orthogonally, then the
equation of the locus of its centre is

(a) 2ax+2by— (> +b*+kH) =0

(b) 2ax+2by - (@*-b*+k) =0

(c) x2+y2—3ax—4by+(a2+b2—k2):O

(d) x* +y* - 2ax - 3by + (a® + b* - k*) =0

The equation of the plane through the line of
intersection of planes ax + by + cz+d=0,a’x + b’y
+ ¢’z + d’ = 0 and parallel to the lines y = 0 = z is
(a) (@b’ -a’b)x+ (b’ -bc)y+ (ad -a'd)=0

(b) (ab’-a’b)y+ (ac’ -a'c)z+ (ad -a'd)=0

(c) (ab’-a’b)x+ (bc’ -b'c)z+ (ad" -a’'d)=0

(d) none of these

3

X~ sinx cosx
Let f(x)=|6 -1 0 | where pisa constant.
2 3
p p p

d3
Then — f(x)atx=0 is
dx® /

@ p (b) p+p’
() p+ p3 (d) independent of p
sin2 X cos2 X

j sin_l\/;dt+ j COS_I\/;dtZ
0

0

(a) g (b) d)

w |

T
() E

If y* = P(x), a polynomial of degree 3, then

2
2%()/327)2/] equals
(a) P”'(x) + P'(x)

(0) P(x) P"(x)
The probability that a teacher will given a

(b) P”(x) P"(x)
(d) a constant

1
unannounced test is Z If a student was absent

twice, then probability that he will missed at least

one test is
1 3
- d) =

(a) 5 (d)

b) =
4

1
16 © 5

A

T ~
If a unit vector ¢ makes an angle p with i X j,

then the maximum value of (i X j)-¢ is
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22.

23.

24.

25.

26.

27.

28.

;

3
(b) -5

(d) none of these

(@) 0
(c) 1

If x, Xy, ..., X1g are observations such that

18 18
> (x;=8)=9 and D (x;~8)* =45, then the
j=1 Jj=1

standard deviation of these observations is

81
(a) \/3:4 (b) 5

The maximum value of Z = 3x + 2y, subjected to
X+2y<2,x+2y28x,y20is

(a) 32 (b) 24

(c) 40 (d) none of these

© 5 @ %

LetO e (0,%) and t; = (tan g)tn 9, t, = (tan g)ct 9,

t; = (cot )" % and ty = (cot 0)* % then

(@) H>t,>t>1 (b) ty>t3>t>1

() >H>H>t (d) >t >t

The focal chord to y2 = 16x is tangent to (x - 6)* +
y* = 2, then the possible values of the slope of this
chord, are

(@) {-1,1} (b) {-2,2}

(o) {-2,1/2} (d) {2,-1/2}

The position vector of the point where the
line 7 =;—;‘+1Ac+t(§+}'—fc) meets the plane
F-(f+}‘+f<) =5is

(a) 5i+j—k (b) 5i+3;j—3k

(c) 2i+j+2k (d) 5i+j+k

The value of £ (0) so that the function

Vi+x —1+x . _
f(x)=——————— becomes continuous, is
equal to *

@r L w2 @
6 4 3

The differential equation of all ‘Simple Harmonic

2T
Motions’ of given period —, where
n

x = acos (nt + b) is
2, 2

x

a) — +nx=0 b) — +n’x=0

() P (b) P

© d’x 2 0 @ d2x+ 1 0

c) — -n“x= —+—=x=
dt? s n?



29.

30.

31.

32.

33.

34.

35.

1
. 2 1+x
The integral _[ [x]+1n (—) dx equals
) 1-x
w2 (b) 0
2
(© 1 (@) 2 In G)
The statement ~ (p <> ~ q) is

(a) equivalentto ~ p ¢>¢q
(b) atautology

(c) afallacy

(d) equivalenttop <> g

If g is the angle between the lines AB and AC where
A, B and C are the three points with coordinates

(1, 2, -1), (2, 0, 3), (3, -1, 2) respectively, then
V462 cos 0 is equal to
(a) 20 (b) 10 (c) 30 (d) 40

The area of the smaller portion enclosed by the

curves x> + y* = 9 and y* = 8x, (in sq. units) is

@ Y2,9m 9 (1)
3 4 2 3
(b) 2(£+9_n_2s —1(1))
3 4 2 3
3 3
(d) £+9_TE 2 —1(1)
3 4 2 3

If a and b are positive numbers such that a > b, then

i
the minimum value of asec® - btan0 (0 <0< E)’
is

1 1
[ — b J—
@ Va* -b? ® Va? +b?
() Va*+b? d) Va®-b?

The shortest distance between the parabolas
y*=4xand y* - 2x + 6 =0 is

(@) +/2 units (b) /5 units
(c) /3 units (d) none of these

The mean of five observations is 4 and their variance
is 5.2. If three of these observations are 2, 4 and 6,
then the other two observations are

(a) 3and5 (b) 2and 6 (c) 4and4 (d) 1and7

cos 8x+1
36. If J.— dx=a cos8x+c, then a =
tan 2x —cot 2x
1 1 1 1
a) —— b) — c) — d) ——
(a) T ()8 ()16 ()8
37. Iftan™' (x-1) + tan"' x + tan”! (x + 1) = tan™! 3x,

38.

42.

then x is

1
@+~ ot (© o-l (@ ozl
2 2 2 2
2 yz
The ellipse E1:?+I=1 is inscribed in

a rectangle R whose sides are parallel to the
coordinate axes. Another ellipse E, passing through
the point (0, 4) circumscribes the rectangle R. The
eccentricity of the ellipse E, is

(a) % (b) % © 1

The shortest distance between the skew lines
F=(+2j+3k)+A(i+3j+2k) and

@ 3
4

F=(4i+5]+6k)+N(2i+3j+k) is
(b) 2\/5 units
(d) V6 units

(a) 3 units

(c) \/3 units

. Area of the greatest rectangle that can be inscribed

2 2

in the ellipse z—2+ Z—z =1 (in sq. units) is
@ ab  (b)2ab () ab  (d) ab
. The solution of the differential equation
dy
* dx 4

2
=10x" is

/xz g2
(a) sin”! (Z)—sz =C (b) sin”! (Z): 10x> +C
X x

(c) X =5x>+C

(d) sm_l( ) 10x% + Cx
X

E and F are two independent events. The
probability that both E and F happen is 1/12 and
the probability that neither E nor F happens is 1/2,
then

(a) P(E)=1/3,P(F)=1/4

(b) P(E) =1/2,P(F) =1/6

(c) P(E) =1/6, P(F) =1/2

(d) P(E)=1/2, P(F) =1/3
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43. In a survey, it is found that 70% of employees
like bananas and 64% like apples. If x % like both
bananas and apples, then
(a) x=>34
(c) 34<x<64

(b) x<64
(d) all of these

44. Let Zz=2§+}'+l€, l;=;+2;'—l; and a unit vector ¢

be coplanar. If ¢ is perpendicular to d, then ¢ =

A A 1~ ~ =
(a) %(—ﬁk) ) ik

1~ - 1~ -
(c) E(_i_zj) (d) E(—j—k)

n d
45. Ify = e et e vy fOr 0 < x < 1, then d_}’
x
atx=—is
2
(a) e (b) 4e (c) 2e (d) 3e

SOLUTIONS

1. (b):From given equation (y - 1)3 =-27

_13 y-1
= (y_) =1 =
-3 -3
1
y——lm(n
-3
As a, b, ¢ are roots,
a-1=-3,b-1=-3m,¢c-1=- 30
b-1 ¢-1 1 1 o

c—-1 © © o

a—1
b-1

a-1 o o o

=0+ 0+ 0 =30

4
2. (€):z12y2324= Hzn

n=1

T .. T 2w .. 2T
21252324 = | COS—+isin— || coOsS— +isin—
10 10 10 10

3t .. 3n 4T . 4w
X] cos—+181In— COS—+1SIn—
10 10 10 10

T 2% 31‘C 41‘C L. (®™ 2m 3w 4m
= COS| —+—+— +ism| —+—+—+—
10 10 10 10 10 10 10 10

=cosT+isinm=-1
3. (b): We know that
log,b hold goodifa>0,a#1,a>1liea-1>0
la-1=a-1
And a*>0VbeR
Now for 2 log,9, (x - 1) >0 [
= |x-1=x-1

2
We have, |x—1[1°83% 72198x9 = (x _ 1)7

x>0, x#1,x>1]

@ MATHEMATICS TODAY | MAY'19

N (x_l)log3x2—210gx9 _ (x 3 1)7
= 2 logs;x - 2log,9 =7
(Taking log at base (x — 1) both sides)

= 2t2—7t—4=0[wheret=10g3x o 3l=4]
= 2t+1)(t-4) =0 = t=4 or t=-1/2
x=3"31" = x=81 [« x> 1]

4. @) :]-x-6l=x+2=|(x+2) (x-3)|=x+2

(x+2)(x-3) V x<-2andx=>3
Now, x + 2 = )

—(x“—x-6) V -2<x<3
If(x+2)=(x+2)(x-3),thenx=-2,x=4
and(x+2)=-(x+2)(x-3),then x=-2,x=2

x=-2,2,4
5. (c):ag+ax+ax> + ... +tooo = 4
2 4
= 2{1+(2x) &) +...tooo}
2! 4!
a,=dz3=as=..=0
23213_1 azp,I = 3‘611 + 33‘613 + 35'615 +...=0
p=1
6. (c) : Since the sum is 28, we take the A.P. as

7-3d,7-d,7+4d,7 + 3d.
w, (1=3d)7+d) _ 8
Y asdT13d) 15
= 15[49 — 14d - 3d%] = 8[49 + 14d - 3d*]
= 3d+46d-49=0 = d=1
The partsare 7-3,7-1,7+ 1,7 + 3
or 4,6, 8, 10.
7. (a) : Since 9 things are to be divided into 5 groups
out of which four groups each have equal number 2
each and one group has only one element
9!
2121212141
8. (c) : Total number of permutations = 7!
Let A be the property that ‘BEG’ occurs.
B be the property that ‘CAD’ occurs.

[Given]

Required number of ways = = 945.

Number of permutations with A = 5! = That of with B
And (A N B) = 3!

n(A U B)=5+5-31=234

Required number = 7! - 234 = 4806.

9. (b):Let M and (r + 1)th term be denoted by T,,
T, , 1 respectively, we know that in the expansion
(x + a)",we have

Tr+1 n—r+la

T r X

,
In (2 + 3x)12, we have



T.., 12—-r+1(3x 12—r+1 3><5 65—5r
T, B r 2 ) r 2 6) 4
65—-5
Now, T, ., > T, if . L1
r

65
ie,ifr< —=7—
9 9

2 2
Again, T, . = T, if r = 7; and T, , ; < T, ifr> 75

So upto 7 for all values of r, T, ; > T, and for all values
ofr28,T,,,<T,.
Hence, the greatest term is T, , ; when r = 7
Ty is greatest term.
Now, Tg = T, , ; = 12C, 2277 (3x)’

7
3X5

12C7 25( )

6

7
= 12C5 25 E
2

10. (b) : Applying the property of summation of
determinant to column C;, we get

m

2 (2t-1) m? -1 cosz(mz)
t=0
2m cos? (m)

m+1 cos(mz)

m

2. "G

t=0
m
M1
t=0

Now, C; ~ C, i.e. C;, C, are identical
m

B SV
t=0

11. (a) : Given, e
Let esmx :y
then, y - 1/y-4=0

sinx —sinx
—e —-4=0

[y>0V xe R]

, 4- [16+4
= Yy -4y-1=0 = y=—1——

y can never be negative, so 2 _\/E can not be accepted.

Now, 2 + \/g >e and maximum value of ¢*" * =

Hence, e*™* #2 ++/5 i.e, there is no solution (no real
roots).

e

1 S |
12. l(d):Welhave, —(l—ax)(l—bx)_(l ax)  (1-bx)

(I-ax) (1-bx)

= (1 +ax + a’* + ....... +a" Wy a )
(1 + bx + b ....... + 0"+ ) = (ag + a1x + oo
+a,x" + .)

= 1+x(a+b)+x2(a2+ab+b2)+x3(a3+a2b+
a? + )+ e+ X" @+ a7 b+ a2 B+ + ab!

+U") 4= (ag + a1x + ax’ + . +ax" 4 o )
On comparing the coefficient of x” both sides, we have
a,=d"+a" ' b+ a"t b+ +ab 4"
(@"+a"b+a" 0 4.+ ab" T + b (b—a)
b—a
I (Multiplying and dividing by (b - a))
" b-a

13. (a) : Taking x common from R, and x(x -1) from
R;, we get
1 x x+1
fx) =x*(x-1) 2 x-1 x+1
3 x-2 x+1
Applying C, — C, + C;, we get
1 x+1 x+1
fx)=x*(x-1)]2 x+1 x+1=x*(x-1) (0) =0
3 x+1 x+1

= £(100) = 0.

14. (b) : xsin®0 + ycos36 = sinB cosO (1)
sin©

and x sinB = ycos® .. y=x ....(ii)
cos0

Putting this value of y in (i), we get

.3 sin® 3 .
xsin”0 + x - c0s’0 = sinB cosO
cos0
= xsin’0 cosO + xsinB cos’0 = sinO cos>O
cosO
- x=——F————=cosH

sin® 0+ cos* 0
Putting value of x in (ii), we get
y=sin® . x>+ y* =sin’0 + cos’0 = 1
15. (a) : Given circle is x> + y2 =K ..(1)
Let the equation of the other circle be
Ky +2gx+2fy+c=0
Since, (i) and (ii) are orthogonal.
= 206+t2ih=a+6
= 2900) +2f(0)=c-K =c=k
Now the circle (ii) is passing through (a, b)
a®+ b+ 2ga + 2fb + K=0 (Using (iii) also)
= 2(-g) a+2(-P b=d*+ b*+ K
Locus of the centre (-g, -f) of (ii) is
2ax + 2by - (@® + b* + k%) = 0.
16. (b): Let equation of plane passes through the
intersection of the planes ax + by + cz + d = 0 and
ax+by+cdz+d =0is

..(ii)

...(iii)
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(@x+by+cdz+d)+A(ax+by+cz+d) =0 ..(%)
which is parallel to y = 0 = z means parallel to x-axis.

4

= A=-——
a

’

= ad+alh=0 = al=-a
’

a
Putting A = —— in (*), we have
a

al@x+by+cz+d)-a(ax+by+cz+d)=0
= (abl - a'b)y + (ac’ - a'c)z+ad - a'd=0

2
3x° cosx

p —sinx
17. (d) s —{f)}=| 6 -1 0
> p P
x> sinx cosx| |x° sinx cosx

+(0 0
p P2 P3 0 0 0

(Using row wise differentiation)
Differentiating 2 more times,

0 [+]6 -1 0

6 —cosx sinx
d? _ =
atrey=t T 0 =0
* P p P at x=0

Hence,

3
d—3{ f (x)} is independent of p.
x

18. (a) : Let t = sin® u in the first integral and t = cos® u

in the second integral.

ud T
X 2 2
L+ = jusinZudu + J.usinZudu = jusinZudu
0 x 0
u 1 /2 -
=| ——cos2u+—sin2u =—.
[ 2 4 ]0 4
19. (c) : Given y2 = P(x) (1)
Differentiating (i), we get 2y)’ = P/(x) ..(ii)
(=P Py
4 4)/2 4P(X)

Differentiating (ii) again we get, 2 " +2( y’)2 =P”(x)
= zyy// — P/l(x) _ 2(}//)2

’ 2 , 2
Using (1)’ Zyy’/ZP”(X)—2|:P (x) :|=P”(X)— p (X)

4P(x) 2P(x)
’ 2
2P(x)yy” = PP (x)~ -
Now, P(x) =
P/(x)z

2}}3}}// _ P(x)P”(x) _
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Differentiating again, we get

2;—x(y3 ") = P(x)P™(x)+ P"(x)P”(x)— P’(x)P”(x)

- zdi(y:’) ”) P(X)P”’(X)
X

20. (b) : The probability that only one test was held in
those days in which the student was absent

1.3 3.1 1.3 3
—+=X—=2X—X—
4 4 4 4 474 8
Now the probability that the test was held on both the
1 1 1
days =—X—=—
4 4 16

The probability that student missed at least one test
3.1 7

8 16 16

\f f

21. (b): (1><]) ¢ <|1><]||c|c03g —|k|| |.~=

V3
2

= (ixj)C <
18 18

22. (d): ) (x;-8)=9= ) x; =153
j=1 j=1

18 18
Also, D' (; -8 =45 Z(xj. —16x; +64) =45
j=1 j=1

18 18
= D x7 =45-64X18+16 ) x; =45-1152+2448 =1341
j=1 j=1

Standard deviation =

1341 153
e =+/74.5-72.25=1.5

23, (d):Letll:x+2y=2,12:x+2y=8,
l3sx=0,l4:y=O

Clearly, it has no solution because the constraints are
inconsistent.



24. (b): Since, © e(O,g) = tanO<1 and cot O > 1

Lettan O =1 - x and cot 0 = 1 + y where x, y > 0 and
are very small, then
=1-0'" N =0-x'

=1+ " Sy=0+p' "
Clearly, t, > t3 and t; > t,. Also t3 > t;.
Thus ty, > t3 > t] > t,.
25. (a) : For parabola yz = 16x, focus = (4, 0)
Let m be the slope of focal chord then equation is
y=m(x-4) (1)
But according to question above is a tangent to the circle
(x 6)* + y = 2 which has C(6, 0), r—\f

Length of L from (6, 0) to (i) = r ;

2m=+2(m* +1)

=
S 2m=m’+1 = m’=1 = m=+1.
26

. (b) : Given equatlon of line is
7 —z—]+k+t(z+] k)

= F=(+0i+(—1)j+1-1)k (i)
Given, equation of plane is 7 - (f+}'+]2) =5
Using (i), weget 1+ )+ (t-1)+(1-¢t)=5
= t=4
Substituting this value in (i), we get
F=5i+3j—3k
27. (a) : The function f (x) is continuous except possibly

at x = 0. For f (x) to be continuous at x = 0, we must have
1 1

(1+x)2 —(1+x)3

£(0)=lim f(x)=lim

x—0 x—0

o ), ][ 1),

X
= lim 2
x—0 X
=t =2
2 )0\ 2 1 3)L3
x|+t x| x4
— i 2 3 2
im
x—0 X
. 1 1 1
= lim| | ——— |+ terms containing x |=———=—
x—m[( ) } 2 3 6
28. (b): Given x = a cos (nt + b) ..(i)
Differentiating (i) w.r.t. x, we get
dx
i asin (nt+b)-n ...(ii)

Again differentiating (ii) w.r.t. x, we get

d*x

d—2=—n2acos(nt+b)

t
d’x 2 d*x )
— nx = —5 +n x=0
dt t

1 1
2 2
= J.[x]dx+ J ln(H—x)dx
-1 EE
2 2
1 1
2 0 2
Now, J‘[x]dx='[[x]dx+'|‘ dx—J.( Ddx+0
-1 -1 0
2 2 7
-1
Y S (Ut
=[ x];l 2
2
1
Z 1+x
And jln(—)dxzo
—1 - X
2 1+x
( In (—) is an odd function)
1-x
=it
2 2
30.(d):|plgq|~q|pe~q|~(pe~q) | peg
T|T| F F T T
T|F| T T F F
F|T| F T F F
F|F| T F T T

From the truth table, we have the statement

~ (p <> ~ q) is equivalent to p <> q.

31. (a) : Since, the coordinates of A, B and C are

(1,2,-1), (2,0, 3) and (3, -1, 2) respectively, then

AB=(2-1)i+(0-2)j+B+Dk =i—2j+4k

and AC=(3—1)i+(-1-2)j+(2+1k =2i—3j+3k

(i—2]+4k)-(2i—3]+3k)
J1+4+163/449+9

2+46+12 20

REAR

= /462 cos 0=20.

cosO=
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32. (b): x> +y* =9,
X +8x-9=0
x_—Si\/64+36
2

—-8+10
xX= =-9,1
2

=>x=1

1 3
Area enclosed = ZI:_[Z\/E \/;dx +j 9—x2 dle
0 1

1 3
=2[2x/§_[\/;dx+j\/9—x2dxj|
0 1
On simplifying, we get
2 9 9 . 41
Area=2 £+—Tc——sin = Q. units
3 4 2 3
33. (d): Let a secO - b tan = x
= a®sec’0 = (x + b tanf)?
= a 1+ tanze) = x% + 2bx tan6 + b tan’0
= tan’0 (a* - b*) - 2bx tan® + a> - x> = 0
(t 5 bx )2 a’ [x* +b* —a?]
= anov — =
PR (@% —b?)?
Since L.H.S. is perfect square, so it is always +ve.
So, R.H.S. will be +ve.
When x* + (B* -a®) 20 = x*>d*- b
Thus, the minimum value of x is /g2 —p2 .
34. (b) : Shortest distance between two curves exist
along the common normal, we need the equation of
normals to both the curve.
Now normal equation to the curve y* = 4x at (m?, 2m)
is taken as

_ 1
y=-n= &

E x,y)=(m2,2m)
(y - 2m) = -m(x - m?)
:>y+mx—2m—m3=0 ..(1)

(x—x)

1
Similarly, normal to y* - 2x + 6 = 0 at (5t2 +3, t] is

y+t(x—1)—3t—% £=0 (i)

(i) and (ii) represents same line.

1
= —2m—m3=—4m—5m3

3 1 3

:>2m:m—zm 3

= 2m:lm
2

= m(Z—%m2)=0 = m=0m==12

42
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Points on the parabola are (mz, 2m) = (4, 4)

and (%mz +3,m) =(5,2)

Shortest distance = \/(5 —4)?+(2-4) = 5 units
35. (d) : Let the unknown data be a and b.

1 _
Variance = —sz —x2=52
n

1
= g(4+16+36+a2+b2)—16=5.2

= a’+b*=50
Also,2+4+6+a+b=20 = a+b=8

It is clear that the two observations are 1 and 7
which satisfies both (i) and (ii).
cos8x+1

36. (c¢) : L.H.S. =J—dx
tan2x —cot2x

(1)
..(i1)

2cos’ 4x cos’ 4x (2sin2x cos2x)
- dx = _.[ 2 2 *
(sin2 2x—cos?2x ) (cos”2x —sin” 2x)
sin2xcos2x

_[ cos? 4x X sin 4x

1
dx =—EJ.2 sindx cos4x dx

cos 4x
1 1 cos8x
=——fsin 8x dx==-X% +c
2 2 8
1 cos 8x 1

+c=acos8x+c = a=—
16

37. (d) stan”! (x-1)+ tan"! x + tan”! x+1)= tan! 3x
= tan! (x- 1)+ tan tx = tan”! 3x - tan™! (x+1)

N tan_l[ (x-D+x :|: tan_1|: 3x—(x+1)]
14+3x(x+1)

1-(x—1x
= 1+3%+30) 2x-1)=(1-x>+x) 2x-1)

Now, —
2

1
= 2x-1) 4 +2x) =0 = x=0,J_rE

2 2
38. (c) : Let the required ellipse be % +2 o

B

It passes through (0, 4) = %zl = B=16

9 4
It passes through (3,2) = E+E=1 = o=12

Also a=PB(1-¢}) = 12=16(-¢)

= 3=1—e2 = e2=l = e=l

4 4 2

39. (c) : Shortest distance:|(a2 _6_1_1)'(?1 ><Z72)|
‘ |b1><b2| ‘




ik
byxby,=|1 3 2|=i(=3)—j(-3)+k(-3) =—-3i+3j-3k
2 31

o [pyxBy =99 +9=127 =33
(@, —d,)- (by X by) = (3i+3]+3k) - (=3i +3j - 3k)
=9+9-9=-9

9
Shortest distance = —= =+/3 units
33

40. (b) : Any point on the ellipse

2 2 2x
X Y o . R
St =1 0, bsin0).
O is (acos0, bsind) ) 3
So the area of rectangle inscribed N

in the ellipse is given by
A = (2acosB) (2bsind)

. A =2absin20 = Z—2=4abc0526

Now for maximum or minimum area,

2
d—A =0= 9=E and (d—?) =—8absin20
do 4 do” Jo = nia
d*A . .
As E <0 .. Areais maximum for 0 = m/4.

2a 2b
Sides of rectangle are $> ﬁ

Required area = 2ab sq. units

41. (a) : We have, ——==
/xz_yz

dy—yd
I toxf1-Lodx ()
X X

put L=t _ xdy—ydx _

2
x x

dt

Equation (i) becomes, =10xdx

dt
V1-2
Integrating both sides, we get j dt =10dex
V1-t?

2

. -1 10x
= sin t=

+C = sin”! (Z)=5x2 +C
x

42. (a) : For two independent events E and F
P(E N F) = P(E)-P(F)

Given P(E)-P(F) =é (i)

and P(E°): P(F) =

Since E and F are independent
P(ES A F) = P(E°) P(F)

= 1—P(EUF)=% |:since P(EC)-P(F‘)=%:|

= 1—[P(E>+P(F)—P<E>-P(F)]=§

11
= 1-P(E)-P(F)+—=—
(E)—P(F) 53

- P(E)+P(F):£ (i)

From equation (i) and (ii), we have

1 1 1 1

P(E)= 3 P(F)= 2o P(E)= v P(F)= 3
43. (d): Let A and B denote the set of employees who
like bananas and apples respectively and let total number
of employees is 100.

n(A) = 70, n(B) = 64, n(U) = 100 and n(A N B) = x
Now n(A U B) <100

n(A) + n(B) - n(A N B) <100
= 70+64-x<100 = x=>34 (1)
Again AN BCB

nANB)<nB) = x<64
By (i) and (ii), we have 34 < x < 64

..(ii)

44. (a) : Since ¢ is coplanar with 4 and b, therefore
¢ =do.+Pb, where o, {3 are scalars. . (i)
Since ¢ is perpendicular to a, therefore ¢-d=0

From (i), od-a+pb-a=0

= a6)+p2+2-1)=3QRu+pP)=0
20+B=0 = P=-20

. C=od—2b)=0(-3]+3k) =3a(—j+k)

or |¢]F =90 (1+1) =180

1 1, o~ o»
= 1=180) = oa=t—— .. c=t—(=j+k)
32 2

Thus, we have c¢= % (—}' + IAc)

5
45. (b):y = P A
- y= ex+x2+x3+x4+...+x”...
x
= y:el_x [ 0<x<1]
X X
— (1-x)1)—x(-1 Rl
dx (1-x) (1-x)
172
(d_y) =em 1 3 =4e
()
2 1——
2 @

MATHEMATICS TODAY | MAY'19



MATH

Ives

di'C

Math Archives, as the title itself suggests, is a collection of various challenging problems related to the topics of
JEE (Main & Advanced) Syllabus. This section is basically aimed at providing an extra insight and knowledge to the
candidates preparing for JEE (Main & Advanced). In every issue of M T, challenging problems are offered with detailed
solution. The reader’s comments and suggestions regarding the problems and solutions offered are always welcome.

T
1. Ifxcoso+ ysino=xcosP + ysinf=a (O <a,fB< —],
then the value of cos(o + ) is 2

dax 2 2_ .2 2
@ S-25 by 22X
Xty x“+y
2 2 2 2
X — a —X
© = yz d =
X +y a -y

2. ABC is an isosceles right 4
angled triangle with AB = BC

= 1. If P is any point on AC,
then min{max{area APQ, (area Qs
PQBR), area PRC}} =

(a)

@)

(c)

3. Number of ordered pair (x, y) satisfying x> + 1 = y
and y? + 1=x (x, y € R), is
(@) 0 (b) 1 (c) 2 (d) 4

4. Ifa, b, c and d are distinct integers such that a + b
+ ¢ + d =17, then the real roots of (x — a) (x - b) (x - ¢)
(x—d)=4are
(a) all rational
(c) irrational

(d) none of these

W= o
O

(b) all integers
(d) nothing can be said
1
5. Let f{x) = x + sinx, then j f_l(x)dx is equal to,

[where a= lim [sec_1 (l)— sec ! (—l)], [.] denotes
x—0" X X

the greatest integer function)

(a) -2+sinl (b) 0
(¢) 2(1 + sin 1) (d) 3
o1
¥ ni]l"[ 1+x°
(@ o b) 1 (c) 2 (d) 1/2

7. Ifa, b, care non zero real numbers and the equation
ax* + bx + ¢ + i = 0 has purely imaginary roots, then
(a) a=bc (b) a = b3

(c) a= Jbe if b>0 (d) none of these

8. Letu, v, w,zbe complex numbers such that |u| < 1,
v(u—z)
uz—1

(@ w1 = |z]<1 (D) w21 = |z/21
() W <1 = 721 w21 = |z]<1

9. Pand Q are any two points on the circle x*> + y* =4
such that PQ is a diameter. If oc and 3 are the lengths
of perpendiculars from P and Q on x + y = 1, then the
maximum value of of} is

(@ 172 () 72 (o) 1 (d) 2

10. Thereisa point P(3, 0) inside the circle x> + y? =2,

a chord AB of the circle passes through point P such
that AP = 2 and BP = 8, then the radius of the circle is

(a) 3 (b) 4 (© 5 d) V3+4+5

1. (c):o and P are roots of xcosO + ysin® = a ...(i)
= (a - xcos0)? = (ysin0)?
= (x* + ¥?)cos?0 - 2axcosO + a? - y> =0

|[v|=1and w= , then

By : Prof. Shyam Bhushan, Director, Narayana IIT Academy, Jamshedpur. Mob. : 09334870021
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a2

X +y2

cosocosP=

Similarly expressing (i) as quadratic in sin6, we get

a2 —xz

sina sinf3 = 5
x“+y

2. (a):Let B=(0,0), P=(h, k)
= Area of AAPQ = %hz , area of PQBR = hk,

area of APRC = %kz

Clearly, max{area AAPQ, area PQBR, area APRC}

= area APQ = lh2 |:for EZZ]ZE,
2 k 9

= area PQBR = hk[for lSE<2:|>z
2k 9

3. (@):x*+1=yandy’+1=x
Subtracting the above equations, we get, x> — y> =y - x
= x-kx+y+1)=0
= x=yor x+y+1=0
Ifx=ythenx*+1=x = x
which has no real roots.
Ifx+y+1=0,thenx+y=-1
Adding given equations, we have x> + > + 2 =x + y
= x*+y’+2=-1 = xX+y2+3=0,
which is not possible.
4. (c):Roots of (x —a)(x - b)(x — ¢)(x — d) = 4 are
integers if they are rational.
For integral roots
(x - a)(x - b)(x - )(x - d) = (D(-1)(2)(-2)
= x-a=lLx-b=-1,x-c=2,x-d=-2

. atb+c+d

2_x+1=0,

(not an integer)

= x is irrational.
5. (b):f(x) is an odd function.

1 n—1 n 1 1 n+l
6. (d): [= 2dx=! - 2] +2[ S ——dx

olt+x 1+x7 | O(1+xz)2
1 n+l
1 1
=—+ij—“dx=—
2 o (I+x7) 2
xn+1
As, lim ﬁzo (as0<x<1)
n—eo (1+x7)

7. (b):Let ki be the root of the given equation and
ke R
= (-kK’a+c)+ (bk+1)i=0

= kz—l,izc:azbzc
b p?
8. (b): |wl|=llu=zl_ Ju=z] [ v = 1]
|uz—-1| |uz—-1|

Let |[w|<1 = |u—z|<|uz—1|
This simplifies to

(uf -1(|zf -1)=0 = |z -1<0
9. (b):Let P be (2cos0, 2sinB) and

Q be (-2cosH, —-2sinb)
|2cos0+2sin0—1|-|-2cos0—2sinO—1|
= off=
2
_ |4(cosB+sin6)* 1] <7
2 2
10. (c) : PA-BP = 12 — OP? (where O is centre of circle)

MATHDOKU

Introducing MATHDOKU, a mixture of ken-ken, sudoku and Mathematics.

In this puzzle 6 x 6 grid is given, your objective is to fill the digits 1-6
so that each appear exactly once in each row and each column.
Notice that most boxes are part of a cluster. In the upper-left corner
of each multibox cluster is a value that is multiple of its numbers. For
example, if that value is 3 for a two-box cluster, you know that only
1 and 3 can go in there. But it is your job to determine which number
goes where! A few cluster may have just one box and that is the number
that fills that box.

3- 5% 216x%
72x |13+ 2-
2+ 1-
2+ 60x
8x 3- 11+ 2+
5+

Readers can send their responses at editor@mtg.in or post us with
complete address. Winners’ name with their valuable feedback will be
published in next issue.
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CONCEPT

MAP

Cartesian Product of Sets

Cartesian product of two sets A & B is denoted and
defined as, A x B={(a,b):a€ Aand b € B}

Cartesian product of two sets is not commutative.
Note: (i) If n(A) = p, n(B) = g, then n(A x B) =p x q.
(i) (a,b)=(p,q) a=p&b=q.

(iii) Ordered triplet: A x A x A ={(a, b,¢) : a, b, c€ A}

Functions

A relation (f: A — B) where every element of set A has
only one image in set B.

Dom (f)={a:(a,b) € f}

Codomain (f) ={b:V be B}

RELATIONS AND FUNCTIONS

MATRICES

Class XI Class XII

Relations

e Risarelation from A to B (where A, B# ¢)
ifRcAxB< Rc{(a,b):ac A, be B}

e Dom(R)={a:(a,b)e R}

e Range(R)={b:(a,b)e R,V ae A}

e Ifn(A)=pand n(B)
is 2P4.

= ¢, then total number of relations

Algebra of Real Functions

Forf: X —>Randg: X —> R

* (f+9 (x)=flx) +g(x) forallxe X

(f-g) (x) =flx) - g(x) forall x e X

* (af) (x)=aflx)forallx€ X, o is a constant
(fg) (x) = fix)-g(x) forall x e X

Matrix

A set of mn numbers arranged in the form of a rectangular
array of m rows and n columns is called a matrix.

Types of Matrices

Row Matrix : Matrix having only one row.
Column Matrix : Matrix having only one column.

Square Matrix : Matrix having equal number of rows and
columns.

Diagonal Matrix : A square matrix is called diagonal matrix,
if all its non-diagonal elements are zero. The diagonal
elements may or may not be zero.

Zero Matrix : Matrix whose each and every element is zero.
Identity Matrix : A diagonal matrix whose all diagonal
elements is equal to 1.

Involutary Matrix : A = I

® Range(f)={b:(a,b)e f,Vae A}

® Identity Function

The function f: R — R defined
byf(x)=x,VxeR

Domain : R

Range : R

e Constant Function 74
The function f: R > R ]
defined by fix) =¢, V x€ R
Domain : R

]
e

Range : {c} e

* Exponential Function
A function f defined by

f(x)=¢e"ase”=f(x)

x* x
=1l+x+—+—+....00

21 3!
is called exponential o /% 1)

function l
Domain : R
Range : (0, =) Y

Types of Functions

e  Modulus Function
The function f: R — R defined by

(f)( x)= flx ;, provided g(x) #0,x € X

¢ Logarithmic Function
A function f defined by

e Orthogonal Matrix : AAT = ATA =T
e Idempotent Matrix: A*= A

e Unitary Matrix: AA® = A%4 =1

¢ Symmetric Matrix : AT=4

e Skew-Symmetric Matrix: AT = -A

Inverse of a Matrix

CONCEPT

MAP

Order of a Matrix

The number of rows and columns that a matrix has is
called its order.

Trace of a Matrix

Sum of principal diagonal elements of a square matrix A is
called trace of a matrix.

o tr(A)+tr(B)=tr(A+B) ® tr(kA)=k-tr(A)

Transpose of a Matrix

Transpose of a matrix is obtained by interchanging rows
and columns. If A =[], ,» then A’ or AT=[a Ailuxm
o (A)Y=A * (kAY=kA' ® (AB)=BA'
e (AftB)=A'"tB ® (ABC)=C B A’

Comparable Matrices
Two matrices are said to be comparable if they have same
orders.

Equal Matrices : Two comparable matrices A and B are said
to be equal iff all of their corresponding elements are equal.

x, x20 f(x) =logx, x >0 is called
flx)=|x|= e logarithmic function. A unique matrix B for A such that AB=BA =1 Elementary Operations
Domain : R ® Inverse of a square matrix, if it exists, is unique.
Range : [0, <) e (Ahl=4a o (kA)'=AVk * RoRor GG ® R;>kR; or C;— kC;
1_plgl . T-1_ o HT ® R, > R;+kR; or C;— C;+ kC;
e Signum Function * (AB) =B A (A7) =(@A") i = R;+ kR; i—= G+ kG
The function f: R — R defined by y
AR [ #<9 o . Operations on Matrices
fx)=1 x~ =1 x>0 Domain : (0, =)
0, x=0 |0 x=0 Range : R e . e 1e  es e Te o es
b Addition and Subtraction Multiplication Scalar Multiplication
Domain : R - 5 N
Reciprocal Function
Range:{-1,0, 1} A functil(:nfdeﬁned b AxB=C
. Y ie., [azj]mxn—[sz]mxn Amkakaq m><q ie. Zalrr] kA=Bi.e, k[ y]mxn [kazj]mxn [sz]mxn

® Greatest Integer Function P = [a3% bl = [Coln
The function f: R — R defined by 4 fl)=—,x#0 I\\ b= Tyimxn ” imxn .

X, X€EZ I is called . _ . Properties

3 . X 'Y . .

fx)=[x]= lger;a;cle;tnn;teug;r « ' 33 > ekt procal \l A W s o ig :;St;? nfi: e:(l)sttks)e equal to BA

to x erq X -3-2-1.10, X function. y * A+(B+C)=(A+B)+C . (AB)C}iA(BC})’ q ® k(A+B)=kA +kB

, — Domain : R - {0} ® Additive inverse of A = -A - o (k+m)A=FkA+mA

Domain : R e -3 * Additive identity = O ® Ly XAy um=Amxm=Amxm>In
Range : Z ’v Range : R - {0} o A(B+C)=AB+AC;(B+C)A=BA+CA




hallen

C

PROBLEMS i 4
(S JEE Advanced i 2

Single Option Correct Type
1. The number of real solutions x of the equation
x10 — x8 + 8x6 — 24x* + 32x% - 48 = 0 is/ are
(@) 0 (b) 1 (c) 2 (d) 4
2. For complex number z with |z| = 1, the maximum
value of |[2° - z + 2] is
(a) 13 (b) 16 (c) 20 (d) 24

3. Leta,b,ce Rtand a + b + ¢ = abc, then minimum

1 1 1 .
value of 1+—2+ 1+—2+ 1+—21s
a b c

@ 3 () 5 © 23

4. The number of values of m for which the system of
equations x + y2 = 1, x2 = 2 + |x| - y - m has a unique
solution is/are

J3
(d) >

(a) 0 ®) 1 () 2 ) 4
oo k

5. L}(:ﬂog[i)w@»wherekis
ko (k+1)(2k+1)3 4

(a) % (b) g © ™3 (d) 3m

6. The locus of point P in the plane of square ABCD
(side length 1 cm) such that maximum {PA, PC}

1
=—(PB + PD) encloses an area of
V2

1 T

(@ — b)) = (c) 2 (d) 2m
2 2

(2sinx+1)dx
(2+sin x)2

@) —2% ¢ (b) 8% .,
2+sinx 2+sinx

© sm.x (d) —sn.wc
2+sinx 2+sinx

8. Ois the centre, AB and BC are two diagonals of the
adjacent faces of a rectangular box. If angles AOB, BOC
and COA and o, 3, 6 then coso + cosP + cosO =

(a) 1.5 (b) 1

() 0 (d) -1

9. The number of non-empty subsets of {1, 2, 3, ..., 12}
having the property that the sum of the largest element
and the smallest element is 13, is

(a) 2540 (b) 1365

() 1250 (d) 1100

10. We call a number, T-number if its middle digit
is larger than any other digit. For example 254 is a
T-number. How many such 3-digit T-numbers are
there?

(a) 120
(c) 240

(b) 125
(d) 250
Comprehension Type
Paragraph for Q. No. 11 and 12
Let M be the centroid of AABC with ZAMB =2/ACB
11. AC*+BC*- AB*=
(a)

AC? . B2 (b) AC?. ABZ
(c) AB?.BC? (d) BC?. AM?
12. ZACB
(a) >60° (b) <60°
(c) >90° (d) <90°
Integer Answer Type
13. If |x+ y| + |x - y| = 2 then maximum possible value

of x? — 6x + y* is
14. Let x,yeli—g,g:l and x> + sinx = 2a and

1
4y3 +Esin2y+a=0 then cos(x + 2y) =

By : Tapas Kr. Yogi, Visakhapatnam Mob : 09533632105
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tan2
cos4

tanl tan1024

c0s2048

15. If = tanA - tany, then

cos2

[k - H] ([.] denotes greatest integer function) =
1000

51T
16. For complex number z, arg(z2 -4)= ? and

arg(z” +4)=§ , then |z] =

17. In AABC, H is its orthocentre then
AH? + BH” + BC* + AC* _
CH? + AB*

18. Let y = x* + 9x> + ax? + 9x + 4 contains four

collinear points then maximum value of [§:| is([.]

denotes greatest integer function)

SOLUTIONS

1. (c) : Putting x? = y, the given equation becomes
¥ -yt +8y3 - 24y +32y-48=0

ie,(y-2)0* + 97 + 10y -4y +24) =0

= -2+ +92+(y-2%+20)=0

Hence, y = 2 is only required solution = x= +\2

2. (a):Puttingz=x+iy=>x>+y*=1xy€ [-1,1]

f(z) = |2° - z + 2| becomes g(x) = 16x> - 4x? - 16x + 8

-1 2
For maximum, put g'(x) =0 = x= >3
g(%lJ= 13 is maximum

3. (c) : Let a = tanx etc. Then, according to question
2tanx = ITtanx = x+y+z="
So, given expression = cosecx + cosecy + cosecz

+y+
2> 3cosec (XT”J

[According to Jensen's in eq. cosec
is convex in (0, )]

=23

4. (b): Notice that if (x, y) is a solution, then (-x, )
is also a solution, hence, for unique solution x = 0.
Hencey=1,-1 = m=0,2

But for m = 2, there are two solutions (x, y) = (1, 0),
(0, -1).

Hence, only for m = 0, there exists a unique solution.

oo k
-1 2 1
5. (a):Given sum, S= _[ ( k) [ - ]
oo 3 2k+1 k+1

oo k(1 oo k(1
=2 2% ijkdx —Z% jxkdx
k=0 3 0 k=0 3 0

1 1
dx—j
X X

dx (sum of infinite G.P.)

S=l+3log(3/4)

V3

6. (b):Let max. {PA, PC} = PA, then according to

question, \/EPA =PB+PD

ie. BD-PA=AD-PB+ AB-PD

Hence, by converse of ptolemy's theorem, it follows
that PDAB is cyclic quadrilateral. i.e. locus of P is

1
circumcircle of square ABCD with radius = ﬁ

(2tanxsecx + sec’ x)

dx

7. (b): Given integral =
& (tanx+256cx)2

Now, take tanx + 2secx =t
8. (d):Let O(0, 0, 0) and edges be along co-ordinate
axes and let A(a, -b, —¢), B(a, b, ¢), C(-a, b, —c) then
cosal, + cosP + cosO

(@ -0 -A) +(—a® + b — )+ (—a — b+ D)

a?+b* + ¢
=-1

9. (b):Let t be the smallest element then (13 - ¢) is
the largest element ie. 13 -t =2t =t <6.

Now, the set can contain any combination of elements
from (¢t + 1) to (12 - t). There are (12 - 2¢t) such elements.
So, there are 212-0 -+ 1D +1 = 212-2t ¢y -h combinations.
Hence, total required number of solution sets

6
=Y 21272 =1365

t=1
10. (c) : Following 3 types of T-numbers are possible.
(i) xyzform (x #0) — °C,
(i) xyz form (x #z, z# 0) — 2 x °C3
(iii) xy0 form (x # 0, y # 0) — °C,

Required 3-digit T-numbers = °C, + 2 - °C;5 + °C,

=240
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(11-12) : 11.  (a) 12. (a) ¢
In AAMB,

2 2 2 b ¢
+ —
cos2C= X Ty e ..(1)
2xy A c B
1
and area of AAMB = 5 area of AABC
e, X '2C1A:>x—2A (ii)
Le. Exy-sm —5 Y 3sin2C
2
Now, x = 3 (length of median from A)
21
=Z._\2b? +2¢f - -..(iii)
32
21 .
Similarly, y= 33 2% +24° - b - (iv)

Simplifying (i), (ii), (iii), (iv), we have

ct=a* + b* - a?b?
And, it is clear that, a* + b* - a?b? = (a? + b? - ab)?
ie. a®> + b? - 2abcosC = 2> a? + b* - ab

1
ie., cosCSE = ZC2>60°

13. (8) : |x + y| + |x - y| =2 = Tt is square with vertices at
(£1, 1) x2 - 6x + y* = (x - 3)?> + y> - 9 is the distance
of any point on the square from (3, 0).

14. (1) : Replacing 2y with z and taking f(x) = x> + sinx,
the given equation becomes

fx)=f(-z2) = x=-zas flx)is odd

. . . - T
and increasing in | —,—
[ 4 4}
So, x = -2y

cos(x + 2y) = cos(0) =1

tan©

15. (2) : Using,

becomes

(tan2 - tanl) + (tan4 - tan2) + .... + (tan2048 — tan1024)
= tan2048 - tanl

16. (2) : Let O(0, 0), B(z?), A(z% - 4), C(z% + 4), then

=tan20—tan®, the given sum

AB=BC=4and £0AX=>F, ,0CX =", then AOBC
is equilateral. 6 3

2T 2T
So, 22 =4| cos == +isin —
3 3
ie,z=t(1+iV3)=|z|=2

17. (2) : If R is the circumradius of the triangle, then
AH? + BC? = 4R? = BH? + AC? = CH? + AB?

@ MATHEMATICS TODAY | MAY'19

18. (6) : According to question, y = 0 has four distinct
2
roots. So, d_y= 12x% + 54x + 2a should have 2 real
dx?
and distinct roots.

243
= D>0 =>a<?

@

CBSE Introduces 20 Marks Practical for
Class 12 Mathematics

CBSE has revised its evaluation and assessment practices to improve
learning outcomes and to encourage critical and creative thinking among
students. The Human Resource Development Ministry (MHRD) has taken
this step after deciding to participate in PISA (Program for International
Student Assessment) in 2021. “It is now a requirement that ‘learning
to assess' should be enhanced with the evaluation of learning and
evaluation for learning”, the CBSE says.
According to the assessment plan, for the academic year 2019-20 CBSE
will present internal assessment component for Mathematics class
12. So far, CBSE conducted a 100 marks examination for the subject
Mathematics. But under the new evaluation plan, there will also be an
internal assessment component of at least 20 marks in subjects such as
Mathematics. According to the new scheme, in the board exam question
papers, there will also be objective components in the question paper
from 2019-20 academic year. Minimum 25% marks will be allocated
for objective type questions, including multiple choice questions. To give
sufficient time to give students ‘analytical and constructive feedback’, the
number of subjective questions will also be reduced.
Practical experiments are as important as theoretical knowledge to
students. The human mind learns better when it sees things. Hence,
practical knowledge is very important for all students. The practical
experiments also help students to learn in a better way as they can
visualize the concepts and principles.
Students must know that the practical exam of Mathematics Class 11
and Class 12 consists of 20 marks. They must aim to get full marks in the
practical exam to increase their overall marks in the exam. Students are
advised not to overlook and ignore the practical exam and prepare all
experiments along with all viva questions.
Some tips to prepare for the practical exams are given below.
e Graphs and formulas are an integral part of the exam so students
must practice them thoroughly.
e Practicing diagrams can help students to visualize and prepare better
for the exam.
e ltis very important that students know each and every theory, laws,
principles behind the topics.
o Before the exam, students must clear all their doubts from their
teachers.
e Important viva questions must be noted and revised properly before
the exam.



Only one answer is correct. Correct answer will fetch full
marks 1. Incorrect answer or any combination of more than
one answer will fetch "2 marks. No answer will fetch 0 marks.

1.

IflogeS, loge(S" -1)and log, (596 _E) arein A.P,
5
then the values of x are

(a) log:4,log.3 (b) log,4,log,3

(c) log,4,log,5 (d) 12,6
Let x, and y, be real numbers. If z; and z, are
complex numbers such that |z)| = |z,| = 4, then

lx12, =712, + 12, + X252 =
(b) 16(x} + y7)

(d) none of these

(a) 3'>2(x12 +y12)

2., .2
(c) 4(xy +y1)
If a, b, c are distinct integers and @ # 1 is a cube root
of unity, then minimum value of x = |a + bw + co?|
+ |a + bw? + cw| is

@@ 243  (b) 3 © 42 @@ 2

Normals are drawn at points A, B and C on the
parabola y? = 4x which intersect at P(h, k). The
locus of the point P if the slope of the line joining
the feet of two of them is 2, is

(@) x+y=1 (b) x-y=3

25,1
(d) ¥ —2(x 2]

If both roots of x2 — 2ax + a®> - 1 = 0 lies in (-2, 1)
then [a], where [-] denotes greatest integer
function is

(a) -1 (b) 0 (01 (d) 2

If the roots of x* + 2ax + b = 0 are real and they
differ by almost 2m, then b lies in the interval

(a) (a%-m? a?) (b) (4%, a® + m?)

(¢) [a%-m? a?] (d) (a% - m?, a® + m?)

(© y*=2(x-1)

N

10.

11.

12.

Exam on 26" May, 2019

B

PRACTICE PAPER 2019

CATEGORY-I (Q. 1 to Q. 50)

| x| 2
3[x]—57, xiO.Then [ fx)dx=

-3/2

fx)=
2 ,

([-] denotes the greatest integer function)

x=0

11 7 17
() Y (b) - (c) -6 (d) Y
cos Lsin| x r
Let f(x)=e (+3),then f(%):
7 131 s L3
(a) e12 (b) e18 (C) 618 (d) elZ

By mathematical induction, for all natural numbers

n, a>""! - 1 is divisible by
(@) a+1 (b) a-1
(c) -(a+1) (d) none of these
cosx —sinx O
If F(x)=|sinx cosx 0] and
0 0 1
cosy 0 siny
G(y)=| © 1 0 |,then [F(x)G(y)]!=
—siny 0 cosy

(@) F(x)G(y) (b) F(xHG(y™)

(c) G(=y)F(-x) (d) G-y HF(-x")

The probability that a scheduled flight departs on
time is 0.9, the probability that it arrives on time is
0.8 and the probability that it departs and arrives on
time is 0.7. Then the probability that a plane arrives
on time, given that it departs on time, is

(@ 072 (b) 89 () 7/9  (d) 0.56

In a bakery, four types of biscuits are available. In
how many ways a person can buy 10 biscuits if he
decide to take at least one biscuit of each variety?
(a) 84 (b) 94 (c) 86 (d) 96

MATHEMATICS TODAY | MAY'19

51



13.

14.

15.

16.

17.

18.

19.

52

if n>0

Let f: I — N be defined as f(n) = i n<o’

Then f~! (n) is defined as

(@ fm= {2‘,12_”’1, i

2n,
1-2n,
niseven

nisodd
n/2, if

(b) f_l(n)={1—_n
—
(c) f—l(n)=(—1)”E

nn+1

n iseven

if nisodd

@ fm=D

atx =0, is

w3

24

If y=sin (%exy ), then the value of d_y

dx
()i (b)“l—f ()"f ()

If y = sin(2sin"'x), then it satisfies the differential
equation

() (1-x%)y,
(b) (1+x%)y,
© (1=xPy,—xy,+y=0

(d) (1+xD)y,—xy,+y=0

The mean and S.D. of 63 children in an arithmetic
test are respectively 27.6 and 7.1. To them are added
a new group of 26 students who had less training
and whose mean is 19.2 and S.D. 6.2. The values of
the combined group differ from the original as to
(i) the mean and (ii) the S.D. is

(a) 2.5,0.7 (b) 2.3,0.8

(c) 1.5,0.9 (d) none of these

—xy;+4y=0
—xy;+4y=0

The constant ¢ of Cauchy’s mean value theorem for

fix) =€, g(x) =e¥in [a, b] is
@ Vb b S 2@ Ll

If the coefficients of the M term and (r + 1)™ term
in the expansion of (1 + x)?° are in the ratio 1 : 2,
then r is equal to

(a) 6 (b) 7 (d 9

If P is a point in space such that OP = 12 and OP
is inclined at angles of 45° and 60° with OX and OY
respectively, then the position vector of P is

(@) 6i+6] 632k  (b) 6i+6v2] % 6k
(c) 6\/§?+6]/'\-_F 6I/<\ (d) none of these

(c) 8
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21.

22.

23.

24.

25.

26.

27.1

. If a, B, y are acute angles and cos 6 = sin f/sin o,

cos ¢ = sin y/sin ot and cos (0 - ¢) = sin 3 sin y, then
the value of tan? o — tan? § - tan? y is equal to
(a) -1 (b) 0 (0) 1 (d) 2

The equation of the circle passing through the foci

2 2

of the ellipse T_6 + % =1and having centre at (0, 3) is

(b) x> +y* -
(d) x*+y*-

The coordinates of the foot of perpendicular

(@) x> +y*-
(c) x*+y*-

6y-7=0
6y-5=0

6y+7=0
6y+5=0

drawn from the point A(2, 4, -1) on the line

x+5:y+3:z—6 is
1 4 -9

(@) (1,-3,4)

(c) (4,1,3)

(b) (_4) 1) _3)
(d) none of these

al 1/n
The value of lim [—:l =

n—oo nn

(a) el (b) 1 (©) e (d) e?
A particle's velocity v at time ¢ is given by

Tt .
v = 262t cos 5 The least value of ¢ at which the

acceleration becomes zero is

3
() 0 (b) 2

© Jan™ (%) @ %cot—l (%)

If the area bounded by the curves y = 2%, y = In x,

x:%,x:215a+bln2+ ﬁ,thena+b+c:

(a) 3++2 (b) 3-+2
(c) 4-2

(d) 4+2
If the eccentricity of the hyperbola x> - y?sec?0 = 4

is \/3 times the eccentricity of the ellipse x2sec?6 +
y* = 16, then the value of 6 equals

(a) m/6 (b) 3m/4  (c) m/3 (d) m/2

f 1512 is purely imaginary, then the value of
21

2z, +3z, is

2Z1 - 322

o U

37 5
(a) 3 5 (0) 1 (d) I



28.

29.

30.

31.

32.

33.

34.

32
x* =27 x+4" -1

lim is equal to
x—1 (x—1)*

(a) 263 _ 231 (b) 264 _ 231
(C) 262 _ 231 (d) 265 _ 233
Ifd, b,¢ are non-coplanar, then

[G+2b b+2C ¢+2d]
abc)
(a) 2 (b) 6 (c) 9 (d) 3

If the function f(x) = 4x® + ax? + bx - 1 satisfies

—

all the conditions of Rolle’s theorem in _1 <x<1
4

1
and if (5)= 0, then find the values of a and b.

(@) a=2,b=-3 (b) a=1,b=-4
(c) a=-1,b=4 (d) a=-4,b=-1

2
The area bounded by the parabola y = 4x%, y = %

and the line y =2 is

(b) 10:2

5v2 . .
(a) T $q. units $q. units

15v2 2072

(©) $q. units (d) $q. units

A plane passes through (1, -2, 1) and is
perpendicular to two planes 2x - 2y + z = 0 and
X - y + 2z = 4. The distance of the plane from the
point (1, 2, 2) is

(a) 0 unit (b) 1 unit

(c) V2 units (d) 2 V2 units

A book writer writes a good book with probability
1 Ifitisa good book, the probability that it will
2

be published is 2 , otherwise it is l If he writes 2
3 4

books, the probability that at least one book will be
published is

411

(a) 207 b) 22
576 576
405 307

© X2 d 2
576 576

G, b,¢ are three vectors of equal magnitude. The
angle between each pair of vectors is 1/3 such that

|ﬁ+E+E|=\/g then |a| is equal to

J6

(a) 2 (b) -1 (c) 1 (d) Y

35.

36.

37.

38.

39.

40.

41.

. 101
Let f(x)= Em—)lc where [x] denotes the integral
x] 1

+
T 2

part of x, is

(a) an odd function

(b) an even function

(¢) neither odd nor even function
(d) none of these

Let the population of rabbits surviving at a
time be governed by the differential equation
dpt) 1

(a) 400 - 300¢""

(c) 600 - 500e!/2

Form the differential equation of sin"!x + sin"ly = c.
2
(a) (l—xz)d—y—xd—ery:O
dx*  dx
2

(b) 300 - 200e~/2
(d) 400 - 300e172

(b) (l—xz)Z—y+y2=0
X

g
(©) (+x) 2 4xL—y=
dx
(d) none of these
The intersection of all the intervals having the form
1 2
[1 + PE 6— ;]) where # is a positive integer is

(@) [1,6] (b) (1,6) (o) [2,4] (d) [3/2,5]
Solution set of inequality log, ,(x* - 2x - 2) <0 is
(@) [-1, 1-+3] (b) [1+3, V3]

(© -1, 1-\3)u+43,3]

(d) none of these

If two arithmetic means A, A,, two geometric means
G,, G, and two harmonic means H,, H, are inserted

between any two numbers, then At is
H,+H,
G,G
(@) 12 ) GG
H H
(c) 12 (d) none of these
GG,

The line (p + 2q) x + (p - 3q) y = p — q for different
values of p and g passes through the fixed point

(a) (3/2,5/2) (b) (2/5,2/5)

(c) (3/5,3/5) (d) (2/5,3/5)
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2 2

42. Let the eccentricity of the hyperbola :—2 - )’_2 =1be

the reciprocal to that of the ellipse x? + 4y% = 4. If

the hyperbola passes through a focus of the ellipse,
then focus of the hyperbola is at

(@) (2,00 (b) (0,2) (o) (3,0) (d) (0,3)

43. If h(x) = flx) - (f ())> + (f (x))> and f"(x) > O V x,

then

(a) h(x) is an increasing function of x in some
specified interval

(b) h(x) is an increasing function V x € R

(c) h(x) is a decreasing function V x € R

(d) h(x) is a decreasing function of x in some
specified interval

44. Let f: N — N defined by

+1
n—, if n is odd

,thenf is
—, ifniseven

fn)=

(a) onto but not one-one

(b) one-one and onto

(c) neither one-one nor onto
(d) one-one but not onto

45. Find ¢ so that the distance between the points (7, 1, -3)
and (4, 5, ¢) be 13 units.

(@) 9 (b) -15
(c) Both (a) and (b) (d) None of these
3 3x+5
46. Letf: R - {2} SR f)=

Let f,(x) = f(f(x)), f3(x) = f(f(x))s...,
Fo) = f(f,, _1(x)). Then, f,04(x) + f5009(%) =

2 2
() 2x°+5 (b) x“+5
2x-3 2x-3
2 2 _ 5
(9 222 @ =
2x-3 2x-3
47. lim J® =2, where f(x)= min{sin\/[m]x,| x |}
x—=0 X
and [-] greatest integer, then
(a) me {4} (b) me [4,5]
(c) me [4,5) (d) me {5}
19
48. The absolute value of J COS}; dx , is

oltx
(b) more than 1077
(d) none of these

(a) less than 1077
(c) less than 1078

MATHEMATICS TODAY | MAY'19

D

49. If the product of the matrices

L e e

is equal to
(a) 27 (b) 26 (c) 376 (d) 378

50. The derivative of (x + sec x) (x - tan x) is A(x + sec x)
+ B(x - tan x), where A and B respectively are
(a) secx - 1,1 + sec x tan x
(b) 1-sec?x, 1-secxtanx
(c) 1-sec?x,1+secxtanx
(d) sec2x-1,1-secx tanx

CATEGORY-II (Q. 51 to Q. 65)

Only one answer is correct. Correct answer will fetch full
marks 2. Incorrect answer or any combination of more than
one answer will fetch -2 marks. No answer will fetch 0 marks.

51. The set of values of x which satisfy the inequations

5x +2 < 3x+ 8and x—+2<4,xilis

x—1
(@) (=o=, 1) (b) (2,3)
(c) (==,3) (d) (==, 1)U (2,3)
11 1
52. 34 x98 x2716 x ... eoisequal to
(a) 1 (b) 2 (c) 3 (d) 4
dx
53. Jm:A{ln(p)6+9p2—2p3—18p}+5,
then

1 7_6Y)
d) A= p=| 22
(@ 9072p(x7J

54. The smallest positive value of p for which the
equation cos(p sin x) = sin(p cos x) has a solution in
0<x<2m,is

T

T T
s b) = o
@ 2 (b) 2 © 22

55. A circle of radius /8 is passing through origin and

T
(d) 1

the point (4, 0). If the centre lies on the line y = x,
then the equation of the circle is



56.

57.

58.

59.

60.

61.

62.

(@) (x-2)2+(y-2)*=8
(b) (x+2)%+(y+2)2=8
(©) (x-3)*+(y-3)*=8
(d) (x+3)2+(y+3)2=8

Let f(x)=min{x+1,4/(1—x)} V x €[-1,1], then area
bounded by f(x) and x-axis is

5
(a) ésq.unit (b) gsq.unit

7 . 11 .
(c) 5 $q. units (d) o sq. units
If the tangent from a point P to the circle x? + y? = 1 is
perpendicular to the tangent from P to the circle
x? +y* =3, then the locus of P is
(a) acircle of radius2 (b) acircle of radius 4
(c) acircle of radius3 (d) none of these

If the line ax + by + ¢ = 0 is a tangent to the curve
xy = 4, then
(a) a<0,b>0 (b) a<0,b>0
(c) a<0,b<0 (d) a<0,b<0
2_
x" -1 dic =

x> -\/2x4 —2x% +1

1
(@) —-V2x*—2x’+1+C
X
1
(b) —-V2x' -2+’ +1+C
X
1
() =~2x*-2x*+1+C
X
1
(d) — ~2x'-2x*+1+C
2x
Let C be the curve y = x> (where x takes all real

values). The tangent at A meets the curve again at
B. If the gradient at B is K times the gradient at A,
then K is equal to

(a) 4 (b) 2 (c) -2 (d) 1/4

P has 2 children. He has a son, Jatin. What is the
probability that Jatin's sibling is a brother?

(a) 1/3 (b) 1/4 (c) 2/3 (d) 172

If 1+43p , 1—3p , 1—23p are the probabilities of three

mutually exclusive events, then the set of all values

of pis

(@) [—1,1}
33
1

(C) [E)l]

63. What is the equation of the plane which passes
through the z-axis and is perpendicular to the line
x—a_ y+2 z-3,
cos® sin® 0
(a) x+ytan0=0 (b) y+xtan0=0
(c) xcosO-ysinB=0 (d) xsinB-ycosO=0

64. If three vectors 5, E,Z are such that a#0 and

5XZ)=2(EXE),|;1|=|Z|=1, Z}|=4 and the angle

~ - 1 N - -
between b and ¢ is cos! (Z), then b—2c=Aa,

where A is equal to

(a) +4 (b) -2 (c) 3 d) 2
2 2
65. If f’(2)=1, then lim feHR)-fC-h) _
h—0 2h2
(a) 0 b) 1 (c) 2 d) 1/2

CATEGORY-III (Q. 66 to Q. 75)

One or more answer(s) is (are) correct. Correct answer(s) will
fetch full marks 2. Any combination containing one or more
incorrect answer will fetch 0 marks. Also no answers will
fetch 0 marks. If all correct answers are not marked and also
no incorrect answer is marked then score = 2 x number of
correct answers marked + actual number of correct answers.

66. A function f (x) is defined in the interval [1, 4] as

follows:
<
) :{ log,[x], 1Sx<3
|log, x|, 3<x<4

The graph of the function f (x)
(a) is broken at two points
(b) is broken at exactly at one point
(c) does not have a definite tangent at two points
(d) does not have a definite tangent at more than

two points.

1 1n
67. If the 6™ term in the expansion of (ax + —) is 3x~4,
then .

(b) n=8 (d) n=6

68. If x> + 2hxy + y? = 0 (h # 1) represents the equation
of the pair of straight lines through the origin
(having slopes m, and m,) which make an angle o
with the straight line y + x = 0, then

ol a2
(a) =3 () =3

+h

2h

1
(c) m, +m,=-2sec20 (d) cotocz\/g
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(a) sec2o=h (b) cosa=

55)



69. The resolved part of the vector 4 along the vector
b is ) and that perpendicular to j is fi. Then

. G-Da R
(a) 7\.=(a Z;)a (b) 7\42(“42)
a b
_ (b-bya-(a-b)b , - _bx(@xb)
(c) w= 52 (d) - 52
3 3x 3x% +24°
70. If f(x)=| 3x 3x% +24% 3x® +6a’x ,
3x2+24% 3% +6a%x 3xt +12a%x% +24*
then

(@) f(x)=0 (b) fix)isindependent of x
1

(©) [ f(x)dx=4a°
0

(d) none of these

71. Let f,(0)= tang(l +secB)(1+sec20)(1+sec40)....

(1 + sec 2"9), then
T )

(a) fs(@}1 (b) f3(§)—1

(c) f4(£)=1

ol

72. f (x) is a polynomial of third degree which has a
local maxima at x = -1. If f(1) = -1, f(2) = 18 and
f(x) has a local minimum at x = 0, then
(a) f(0)=5
(b) f(x) haslocal minimum atx =1
(c) f(x)isincreasingin [L, 24/5]

(d) The distance between (-1, 2) and (a, f (a)) is

24/5, where aisa point of local minimum.

xtan }(1/x), x#0
, then
0, X=

73. If f(x)={

(a) f(x)is discontinuous at x =0
(b) f(x) is continuous at x = 0
(¢) f(x)is differentiable atx =0
(d) f(x) is non-differentiable at x = 0
74. Let Z—y + y = f(x), where y is a continuous function
x

e if0<x<2
of x with y (0) =1 and f(x)= .
e Lifx>2

Which of the following hold(s) good?
(a) y(1)=2¢"! (b) y'(1)=-e!
(c) y(3)=-2¢3 (d) y'(3) =-2¢7

56)
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75. Let fix) = ax® + bx? + cx has relative extrema at

1
x=1landatx=5.1f Jf(x)dx=6, then
-1

(@) a=-1 (b) b=9
(c) c=15 (d) a=1

SOLUTIONS

11
1. (a) : Given that log 5, log,(5* - 1), log, (5x ——)
. 5
are in A.P.

2log, (5" —1)=log, 5+log, (5x —1—51)

X _1\2 _ x_E
= (5"-1 —5(5 5)

= (5%)2-2.5+1=5.5_11

= (52 -7.554+12=0=(55-3)(5°-4)=0
= 55-3=0 = 5=3
and 5-4=0 = 5 =4

2. (a):|xz; - y,5,|* + |y12, + %2,

" x =logs3
" x=log.4

= |x,2,]? + |y,2,]* - 2Re(x,y,2,2,) + |y,2,]* + |x,2,]?
+ 2Re(x,y,2,2,)
2,2, .2 2, 2 R ,.2 2
=xi |z " +91 |2 [ i |2 [+ |25 |
= 2(x12 + ylz )42 = 32(xl2 +y12)
3. (a):Letz=a+ bw + cw?
Then, |z|2= zE=(a+bm+cu)2)(a+bo)2+c0))
=a2+b%>+c%-bc-ca-ab
1
=§[(b—c)2+(c—a)2+(a—b)2]
Thus, x=|z|+|Z|=2|z]
_ 2 2 2
A= +(c-a)® +(a—b)?

As a, b, c are distinct integers, so minimum value of
b-02+(c-a?+(a-b2is12+12+22=6.

Therefore, minimum value of x is 2\/5_

4. (b):The equation of normal at (at?, 2at) is
y + tx = 2at + at’ (1)
As (i) passes through P(h, k), so
at +tQRa-h) -k=0 ...(i)
Here,a =1

L+t +18,=0

2
Also,
t +1,

....(iii)

=2

=t +t,=1
From (iii) and (iv), we get

ty=-1



Putting ¢, = -1 in (ii), we get
1-12-h) -k=0= -1-2+h-k=0
Locus of P(h, k), isx -y =3

oo

(a) : The given equation is
X2 -2ax+a*-1=0
= x2-(@+Dx-(@a@a-Dx+@+D@-1)=0
S xfx-(@+D}-@-Dix-(a+1)}=0
= x-a+1)x-a-1)=0
= x=a-lorx=a+1

Since, both the roots lies in (-2, 1)
-2<a-l1<land-2<a+1<1
-l1<a<2and-3<a<0

-1<a<0 = [a]=-1

6. (c) : Let the roots are o and 3

T o+P=-2aandof=b

Also given that |00 - B| < 2m = (o - B)? < 4m?

U

Now, (o + B)2 - 40 = (o0 - B)?

= 4a’> - 4b<4m? = a’-b<m?

= a2-m2<b ()
Also, the discriminant 4a% — 4b > 0 (as roots are real)
= a?2>b ...(ii)

From (i) and (ii), we have
a’>-m?*<b<a?

ie,be [a% - m?3 a?]

7. (a) : The given function

| x| 3[x]-5, whenx >0
3[x]-5—, x#0

flx)= X =43[x]+5, whenx <0
2, x=0 2, whenx=0
2
Now, [ f(x)dx
—3/2
f f(x)dx+ f f(x)dx +jf(x)dx+ff(x)dx
-3/2
-1 1
= [ —ldx+ j 2dx+j( 5)dx+j( —2)dx
-3/2 -1

=—1(—1+§)+2(0+1)+(—5)(1—0)+(—2)(2—1)

(1) 1 11
=—1| - [+2-5-2=——+42-5-2 =——
2 2 2

8. (b): f(x)zewsf Si“(”?)

8T cos”! sin(g—n+5)
f —)=e 9 3
9

1. (117:) 1. (221:)
Cos s —— COosS ~sSIn| ——
—e 9 )¢ 18

cos ™! COS(B—RJ 13n

—e 18 )_,18
9. (b):LetP(n):a*-1-1
Now P(1) means, a2* -1 -1 = g — 1 which is divisible
bya- 1.
Let us assume that P(m) is true, i.e., a
divisible by a - 1, m e N
= g 1_1=(a-1Q (D)
where Q is some polynomial in a.
We shall prove that P(m + 1) is true, i.e., a
is divisible by a - 1.

1. (97t 131:) 1. (n 137'5)
cos L sin| —+ cos Lsin| =+—
= 18 18 = 2 18

Zm—l_lis

2Am+1)-1_

Now, a2(m+1)—1_ 1 =a(2m—1)+2_ 1l=ag2m-142_1
={l+(a -1)Q}a®-1 (using (i))
=a2+a*(a-1)Q-1=(@*-1)+a*a-1)Q

=(a-Di(a+1)+a*Q}
= ?m+D-1_ 1 is divisible by a - 1
= P(m + 1) is true.
Hence, by mathematical induction, P(n) is true for
all n eN.

10. (c) : We have,

cosx —sinx 0 cosy 0 siny
F(x)=|[sinx cosx OfandG(y)=| 0 1 0
0 0 1 —siny 0 cosy
cosx —sinx O] cosx sinx O
Now, F(x)F(-x) =| sinx cosx O0||—sinx cosx 0
0 0 1 0 0 1
1 00
= F(x)F(-x)=(0 1 0|=1I
0 0 1
= F(-x) = [F(x)]"! ...(0)

Similarly, G(-y) = [G(y)]™! ...(ii)
Now, [F(x) G()]™ = [GW)] ' F(0)]™ = G(-y) F(-x)
[Using (i) and (ii)]
11. (c) : Let E; be the event that the flight departs on
time, E, be the event that the flight arrives on time.
P(E|) = 0.9, P(E,) = 0.8 and P(E, N E,) = 0.7

P(E,NE,) 0.7 _7

P(E) 09 9
12. (a) : Let the person select x biscuits from first variety,
y from the second, z from the third and w from the
fourth variety. Then the number of ways = number of
solutions of the equation x + y + z + w = 10,
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where x=1,2, ... .7
y=12, e » 7
z2=1,2, ceuee.n. , 7
w=1,2, 7

So, number of ways

= coefficient of x!% in (x + x
= coefficient of x® in (1 + x +

24

+ x7)*
+ x6)4

= coefficient of x® in (1 — x7)* (1 - x)™*
= coefficient of x° in (1 - x)~*

= #6-1C, = 9C, = 84.
13. (b): Let m = f (n)

N ] 2n, if n>0
M=V1-2n, if n<0
m/2, if n>0, m=2n
= = -
=V e <0, m=1-2n
m/2, if miseven
= n=41-m
, if misodd
N m/2,

1

~

dy

— =cos (Eexy )X I (x
dx 6 6

. (d) : Here, y=sin (gexy)

if m is even

-1 _
f (m)_{(l—m)/Z, if m is odd

dy
=4
dx y)

Now putting x = 0 in the above equation, we get

x5

dy
(3 LO =5 %% (0+¥e=0)

15.

24

dy T \/g l_n\/g
- =X —X—-—=—"
ax ). _, 6 2 2

( Y(x=0)

2
= 2(1—x2)(d—y)-d—y—2x(d—y
dx ) dx? dx
Ay dy
= (1-x*)"2—xZ+4y=0
( x)dxz Xt

58)
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=sin—=—

&

dx

T
6 2

2
1- xz) (Z—i}) = 4{1—sin2(2 sin”! x)}=4- 4y2

2
o

")

('.'m:2n<:>n:%andm:1—2n<:>n:T

)

(a) : y = sin(2sin"1x) = V1-x? Z—y=2cos(251n_1 x)
x

16. (a) : Mean and S.D. of the combined group are
63X27.6+26x19.2
63+26 -

Thus mean is decreased by 27.6 - 25.1 = 2.5
63 (7.1)% +26 % (6.2)* +63(25.1—27.6)*

+26(25.1-19.2)°

Mean (x) = 25.1

Variance, 62 =
89

= 0 = 7.8 (approx)
Thus, S.D. is increased by 7.8 - 7.1 = 0.7
17. (b) : Clearly f(x) and g(x) are continuous on [4, b]
and derivable on (a, b).
By Cauchy’s mean value theorem 3 ¢ € (a, b) such
that
fO)-f@ _f© _
gb)—gla) g'lc)  gb_,

- e

b _ a a_ b
eb e __ e e (e eb)e“~eb=ea+b
(1/e” =1/€e%) (e —e”)
= 2c=a+b = cza;b
o= 20 -1 _20
18. (b)‘tr_t(r—l)Jrl_ C,_,x~‘andt,  ,=Cx"

According to the problem,

ZOCr_l 1 ro 1
0c 2 20-r+1 2
= 2r=20-r+1 = 3r=21
wor=7
19. (c) : Let I, m, n be the direction cosines of OP.

Then [ = cos 45° = L, m=c0s60°=l
2

V2

1
2in2=1= n=i5

Now, 2 + m

Let OP=7
7=|7|(l?+m}+n£)=12(L?+1}i11§)
N
—6\2i+6] * 6k

20. (b) : From the third relation, we get

cos 0 cos ¢ + sin O sin ¢ = sin 3 sin ¥
= sin? 0 sin? ¢ = (cos O cos ¢ — sin P sin y)?

R (1_ sinzz[i )(1_ sin22 Y )= (sinﬁsiny_smﬁsmy)z
sin” o, sin” o, sin” o

= (sin? o - sin? B) (sin? o - sin? y) = sin® P sin? y
(1 - sin? o)?

= sin* a (1 - sin? B sin? y)
- sin? o (sin? B + sin? y — 2 sin? B sin®y) = 0



sin® B +sin® y—2sin’ Bsin® y

-, sin*o = —
1—sin” Bsin”y

1—sin? B —sin® y+ sin® Bsin?

and cos’o = B - 2Y- > B Y
1—sin”Bsin y

.2 ) 2 s 2 2 2

sin“ B —sin” Bsin” y+sin” y—sin” Bsin
s tan? g = SN_B—sin Bsin” y+sin” y—sin” Bsin” y

cos® B —sin’ y(1—sin*B)

.2 2 2 02
sin’ Bcos’ y+ cos’ Bsin
_sinPeos’y P ¥~ tan’B+tan’y

cos’Bcos® ¥

= tan? o - tan®? B - tan’y = 0
2 2
21. (a) : For the ellipsef—6+%= 1, we have a = 4 and

b=3

2

e =1—b—=1 2 =l = e V7
22 16 16 4

The coordinates of the foci are S(v7,0) and S’(—+/7,0).

The coordinates of the centre C are (0, 3).

Let r be the radius of the circle. Then,
r=CS=\0-v7)?+(3-0)0 =4

Hence, the equation of the circle is

(x-02+(y-3)2=42

= x*+yP-6y-7=0

22. (b) : The general point on the straight line
x+5 y+3 z-6 .
! . ) A (say) ... (i)
is (A — 5, 4A — 3, -9\ + 6)
Let the foot of perpendicular L = (A - 5, 4\ - 3, -9\ + 6)
The direction ratios of AL are A — 7, 4\ —= 7, -OA + 7
Since AL is perpendicular to the line (i), therefore
IA=7)+44h-7) =9(-94 +7) =0 = A =1
Thus, coordinates of foot of perpendicular are (-4, 1, -3)

23. (a):LetA_(:_;);_(%);
AGCIE-C)
1= oo i v

Now, lim log A = lim l{log (l}—log(%)—klog(
n n

n—oo n—oo Ml

)

SN

SN
I |Ww
—

+....+log(

n
= lim £ > log(z)
n

n—eo 1l 2|

n—oo0

n 1
= log(lim A)= lim lZlog(l)zj'logx dx
n
0

n—oo Nl r=l1

=[xlogx—x]é =-1

1
-
lim A=¢'= lim (ﬂ_)n =

n—oo n—oo\ p"

1
e

24. (c) : We have, v =2¢% cos%t

d

= —V=4€2tcosn—t—2—7t 2t g n_t
dt 3 3 3

dv

dt

Now, acceleration = 0 i.e., =0

Tt 27| Tt
= 4% cos? el sin? =0

Tt 6
= tan—=—
3

3 (6
= t="tan}| =
T T Y

25. (b) : Required area

_[% o«

—J.1/2(2 —Inx)dx
2% ’

=|—| +l-xInx+xl),
In2l;

A2 5,8
In2 2 2

—a+bln2+ - (Given)
In2

Comparing, we get

3 5
a=—,b=—— andc=4—\/£
2 2

ca+b+c =%—%+4—\/§=3—\/§.
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26. (b) : The equation of the hyperbola is
2 2
2 -ylsecf=4 = y2 =1
4 4cos” 0
The equation of the ellipse is

2 2
x%sec’0 +y? =16 = x—2+y_=1
16cos“0 16

Now, by the problem,
4cos’ @ B 3(1_ 16cos’ 9)

1+
4 16
4+4c0s> 0 (16—16c0529]
= =3
4 16

= 1+ cos20 = 3(1 - cos?0)

1
= 4cos?H =2 = costiT
2

T 3m
¢ 4 5z
27. (c) : Given that 11—2 is purely imaginary.
21
5 11
2o = 2220
11z, zZ7 5
3z
1+7.72 E
Now’|2 3 |: 3 z,| | 33
A7%20 =222 -2,
2 z 10
=1 [ |a + ib| = |a - ib|]
28. (a)

29. (c) : We have, [G+2b b+2¢ ¢+2d]
d+2b)-{(b+2¢)x (¢ +2a)}
G+2b)-{(bX%)+2(bxd)+4(E xa)}
abcl+8abc] = 9[abel
[G+2b b+2¢ ¢+2d] o
[@b ¢l B
30. (b) : Here, the given function is
f(x) =4x® + ax? + bx - 1
= f'(x) =12x% + 2ax + b

Given that f’(%):O = 3+a+b=0

= a+b=-3 ...(0)
Since f (x) satisfies all the conditions of Rolle’s theorem
1 a b

1
f(l)—f(—z) = 4+a+b—1_—E+E_Z_1

a b 65 15 5 65
= a——+b+t—=——" = —a+-b=——

16 4 16 16 4 16
= 3a+4b=-13

Solving (i) and (ii) we geta=1and b = -4

...(ii)
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31. (d): Given, y = 4x2 Ay
2_Y
2_) . YTL Py
= X = (i) \ \ / /”:2
A WU 4
and y =2 ...(iii) o
Area bounded by the .

above three curves

(e )

3 do

10 20V2
=?[2\/5—0] = ;/_ sq. units

32. (d) : Normal vector of required plane is

~ ~ ~

ik
i=Qi-2j+k)x(i-j+2k)=[2 =2 1
1 -1 2

=i(—4+1)— j(4—1)+k(=2+2)
fi=—3i—3j=-3(i+)
~. Equation of planeis 1(x - 1) + 1(y +2) = 0
= x+y+1=0
% = % =2+/2 units
33. (a) : Let G = Event of good book
G’ = Event of not a good book
E = Event of published the book
ThenE=(GUG)NE=(GNE)uU (G NE)

Now, P(§)=3, p(ﬁ)%, P(G)=P(G") = %

Distance from (1,2,2) is d =

G) 3 G’
Therefore, P(E) = 1,2 1.1 1
2 3 2 4 24

Further, let X denotes the number of books published.
Then, P(at least one book will be published)
=P(X=1)+P(X =2)

2 0
11)( 13 11\ (13
=2l =||=|+%|=]|[=
24 )\ 24 24 ) | 24
11 13 (11) 407
—ax x| 2| =22
24" 24 \24) 576

34. (c)
35. (b): When x # nm, n € I, sinx = 0

and l:f:l+l¢0
2

s
When x = nm, f{x) =0 and f{-x) =0
f(=x)=flx)



X . .
When x # nmt, nel,~ is not an integer.
T

Ll
- el ()

Now f(—x)= sinlm(—x) _ —sin' x _ sint®! x
X 1 X 1 X 1
L I e I e
SIet HEI N
= f(x)

Hence in all cases f(- x) = f(x)

dp 1
36. : We h —(t)=—p(t)—200
(a) e have dt( ) 2p( )

_, dp() _p()-400 _ [ dpt) 1 a
dt 2 p(t)—400 2

= 10g|p(f)—400|:%t-}—logc:logM‘Z%t

= p(t)=ce'* +400 (i)

When p(0) = 100, then ¢ = -300
Eqn. (i) becomes p(t) = - 300 €2 + 400

37. (a) : We have, sin"! x + sin"! y = ¢
Differentiating both sides w.r.t. x, we get

L, Ly & NIy
Ni—x?  (f1-y? dx dx 1-x
= \jl—xzj—y=—d]—y2

x

Squaring both sides w.r.t. x, we get

2

Again differentiating w.r.t. x, we get

2 -t
1-x )|:2(dx (dxz + I (—2x)= Zydx

d’y dy
1-x) 2 —xZ+y=0
= ( x)dx2 xdx y

N

38. (c) : Clearly, [1+l, 6—3]3 (2, 4]
n n

oo

ﬂ[1+%,6—%]=[2,4]
1

n=

39. (c) : Given that log ,(x* - 2x - 2) <0
= x*-2x-2<10° = x?-2x-3<0
= _1<x<3 (@)
For logarithm to be defined, x?> - 2x - 2 > 0
= x>1++/3 and x<1-/3 .. (ii)
From (i) and (ii), common values of x are given by
—1<x<1-3 or 1+43<x<3
40. (a) : Let a and b are two numbers.
a, A, Ay, barein AP.
= A +A,=a+b
a, G, G,, barein GP. = GG, =ab
Again, a, H,, H,, b are in G.P.

1 1 1 1
_—t =4
H H, a b
Hi+H, a+b_ A+A,
HH, ab G,G,

41. (d): Wehave (p +2q) x+(p-3q) y-p+g=0
=>px+y-1)+q2x-3y+1)=0,

Clearly, it represents a family of lines passing through
the intersection of the lines x + y — 1 = 0 and 2x - 3y
+1=0.

The coordinates of the point of intersection of these
two lines are (2/5, 3/5).

42. (a) : Eccentricity of ellipse =
Foci of ellipse are = (J_rx/g, 0)

Again for the hyperbola 1+z—i = é—i
g Yp x\/ 2 b5 PR A

2

Also, (\/52) —0=1 = a=+/3 which gives b =1
a 2 2

Thus, equation of hyperbola is %—yT =1.

Foci of hyperbola are (+2, 0).
43. (b): v h(x)= f(x)~(f(x)* +(f(x))
W (x) = f(x)=2f () f/() +3(f ()% f ()

[ 2
=3f'(x) (f(x))2—2f(x)é+e) +l_1}

=3"(x) F(f(x) - %)2 +§]

It is given that f(x) >0 V x
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Thus h’(x) > 0 for all real values of x.
Therefore h(x) is an increasing function for all real

values of x.
44. (a) : We have, f(l)—ﬂ—gzl
2
f(2):5=1
Thus, f (1) =f(2) but 1 #2

. f(nm) is not one-one.

In order to find that fis onto or not, consider element
ne N

If n is odd, then (2n - 1) is also odd and

2n—1+1 2
fen-n="""2 T
2
If n is even, then 2n is also even and
2
f(2n):7n=n
Thus, for each n € N, there exists its pre-image in N.
. f1is onto.
45. (¢) : Let A=(7,1,-3)and B= (4, 5, ¢)
We have, AB =13
= AB? =169
= (7-42+(1-52%2+(-3-0)2=169
= 9+16+c2+9 +6¢c=169
= 2+6c-135=0
= 2+15¢-9c-135=0
= (c+15)(c-9) =
= c=-150rc=9
3x+5
46. @) f(0) = 2 al >
3x+5
3 +5
3f(x)+5 (2x—3)
X) = X = = =
1) = fiflw)) 2f(x)-3 (3x+5)
2 -3
2x—-3
fz(x) :f4(-x) = ... :fzoog(x) =X
3x+5
F) = £, = . = o) = 22T
2x-3
22
F2008(%) + fr009(%) = x+3x+5 _eHs
2x—3 2x-3
(x)
47. (c) : We have, hm f =2,

X

Given that f(x)=min(sin/[m]x,|x)

min(sin [m]x, | x )

= lim =2
x—0

@ MATHEMATICS TODAY | MAY'19

~ lim sm\/[m]x —y
x—0
sm\/ mlx \/— 5
x—)O \/_x
= Jml=2 = [m]=4
= me [4,5)ie.4<m<5.

48. (a) : For x > 10, we have

1 _
— <108

|cos x|<land 1 + x8 > 108 =
I+x

19
Jcosxdxi_ﬂcosaj dx <J10_8 dx
10 1+x ol+x

=9x 108 <107

49. (a) : We have
1 1)1 2 3 1 3 3 1 1+2
[o 1}[0 1}_[0 1}_[0 1}
. 1 3|1 3 1 6 1 1+2+3
S P I S P
0 1]j0 1 0 1 0 1

n
By induction, LHS = 1 Zik =|:1 378}
1

0 1
0
Therefore, n(n+1) 378
2
=nn+1)=27 x28
Hence, n = 27.
50. (c) : Let y = (x + sec x) (x — tan x)

Differentiating w.r.t. x, we get

[ sinkx < |x| V k, x € R]

_y:(x+secx)i(x—tanx) + (x - tan x) i(x+secx)

dx dx dx

= (x+secx) (1 -sec?x) + (x - tan x) (1 + sec x tan x)

s A=1-sec?xand B=1 + sec x tan x
51. (d)

52.(c) 53. (b)
54. (c) 55.(a) 56. (c)
57. (a) 58. (¢) 59. (d)
60. (a) 61.(a) 62. (d)
63. (a) 64. (a) 65. (b)
66. (a, c) 67.(a, d) 68. (a, b, ¢, d)
69. (b, ¢, d) 70. (a, b, ¢) 71. (a, b, ¢, d)
72. (b, ) 73. (b, d) 74. (a, b, d)
75. (a, b)

KA



YU ASK
WE ANSWER
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1. Ifajay...,a,arein A.P.and S, is the sum of first n
n
terms, show that 2 "Ce Sy = 22 (na, +S,,).
k=0
(Dravyansh, U.P.)
Ans. Let d be the common difference of the A.P, then

we have

Y "CS =, "Gy -5[2011 +(k—1)d]
k=0 k=0 2
= (al _EJZkHCk +é2k2 -an
2 k=0 2k:O

= (al —g)rﬂ”_l +§ (m2" 1+ n(n-1)2"2

=an2" ' +dn(n-1)2""3
=am2" '+ n(a,-a)2" 3 a,-a =(n-1)d]
=n2""3[4a, +a,-a,] =n2""3Q2a, +a, +a,)

n(a, +a
:2”‘2|:na1+—( 12 ”):| =2""2(na, +S,).

2. A bag contains m white and 4 black balls. Balls are
drawn one by one without replacement till all the black
balls are drawn. Find the probability that the process
ends at 7' draw (r > 4). (Prateek Fegade, Hyderabad)

Ans. If the process ends at the 7" draw, then the 7" ball

must be a black ball and the previous (r — 1) draws must

contain 3 black balls and (r - 4) white balls.

Let E = {First (r - 1) draws contains 3 black balls and
(r — 4) white balls}

and F = {r!h draw is a black ball}

Now, n(E) =*C; x™C, _,

Also, total number of ways of drawing (r - 1) balls ="+ 4Cr7 .

te,x"C,_,

P(E) = m+4 C
r—1

Hence, P(process of drawing balls ends at rth draw)
= P(E N F) = P(E) P(E/E)
‘e, "C,_, y 1

m+4cr_1 (m+4)—(r-1)

_ 4 m! .(r—l)!(m—r+5)!. 1
(r—=4)!(m-r+4)! (m+4)! m—r+5

3 4r-1)(r-2)(r-3)

 (m+4)(m+3)(m+2)(m+1)

3. Iflis the length of an edge of a regular tetrahedron,
then find the distance of any vertex from its opposite
face.

(Umang Bhardwaj, Delhi)

Ans. The figure shows a regular tetrahedron OABC. Let
O be the origin and the position vectors of the vertices

A,B,Cbe d@, b and ¢ respectively. Then, we have
1
Volume of OABC = 3 area (AABC) x (OM)

~ (0]
ie, L[abe]
6
1
= 5 area (AABC) x (OM) A
Now, we have AABC ¢
= ﬁ I2 [AABC is equilateral] =
4 -
a-a d-b a-c
-7 - 2 P =7 P
and[abc] =|b-a b-b b-c
¢-a ¢b ¢c
1 cos60° cos60° )
=1 cos60° 1 cos60° =516
c0s60° cos60° 1
Hence, we have
1 P o1(+3 2
X = £12 (OM) i.e., OM = |=1
6 2 3
...................................................................... @@
e N
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< GENERAL INSTRUCTIONS ~

(i) All questions are compulsory.

(ii) This question paper contains 29 questions.

(iii) Questions 1-4 in Section-A are very short-answer type questions carrying 1 mark each.
(iv) Questions 5-12 in Section-B are short-answer type questions carrying 2 marks each.

(v) Questions 13-23 in Section-C are long-answer-I type questions carrying 4 marks each.
(vi) Questions 24-29 in Section-D are long-answer-II type questions carrying 6 marks each.

f

SECTION - A

1. Form the differential equation representing the

A
family of curves y=;+5, by eliminating the
arbitrary constant A.

2. If A is a square matrix of order 3 with |A| = 9, then
write the value of |2 - adj A|.

3. Find the acute angle between the planes
F(i-2j—2k)=1 and 7 (3i— 6 +2k)=0.
OR

Find the length of the intercept, cut off by the plane
2x + y - z=5 on the x-axis.

4. Ify =log(cose”), then find %

SECTION-B

1+tanx

0
5. Find: j dx
T

1-tanx

4
6. Let * be an operation defined as *: R x R — R such
thata * b =2a+ b, a, b € R. Check if * is a binary
operation. If yes, find if it is associative too.

7. Xand Y are two points with position vectors 3a +b

and @-3b respectively. Write the position vector
of a point Z which divides the line segment XY in
the ratio 2 : 1 externally.

OR

Let d=i+2j—3k and b=3i—j+2k be two
vectors. Show that the vectors (d+b) and (d—b)
are perpendicular to each other.

8. If A and B are symmetric matrices, such that AB
and BA are both defined, then prove that AB - BA
is a skew symmetric matrix.

9. 12 cards numbered 1 to 12 (one number on one
card), are placed in a box and mixed up thoroughly.
Then a card is drawn at random from the box. If
it is known that the number on the drawn card is
greater than 5, find the probability that the card
bears an odd number.

10. Out of 8 outstanding students of a school, in which
there are 3 boys and 5 girls, a team of 4 students
is to be selected for a quiz competition. Find the
probability that 2 boys and 2 girls are selected.

*For Complete Analysis of CBSE Board Mathematics Paper 2019 & Important Free Resources Visit blog.pcmbtoday.com
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11.

12.

OR
In a multiple choice examination with three possible
answers for each of the five questions, what is the
probability that a candidate would get four or more

correct answers just by guessing?

Solve the following differential equation:
dy .

—~+y=cosx—sinx

dx
Find : Jx ~tan” x dx

OR
dx

J‘\15—4x—2x2

Find :

SECTION-C

13.

14.

15.

16.

17.

Using properties of determinants, find the value of
4—x 4+x 4+x

x for which [4+x 4-x 4+x|=0.
4+x 4+x 4—x

Solve the differential equation :

Z—y:1+x2 +y* +x%y?, given that y = 1 when x = 0.
x
OR
Find the particular solution of the differential
d
equation P ny > > given that y = 1 when x = 0.
X x"+y

Let A=R-{2}and B=R-{1}.Iff: A — Bis
a function defined by f(x) :x_—; , show that f is
X

one-one and onto. Hence, find f 1
OR

Show that the relation S in
A={xeZ:0<x<12} given by
S={(a,b):a,b e Z |a-b|is divisible by 3} is an
equivalence relation.

the set

cos(x+a)

Integrate the function with respect to x.

sin(x +b)
If x = sint, y = sinpt, prove that
2
(l—xz)d—y—xd—y-i-pzyzo.
dx? dx
OR

\/1+x2 —\ll—x2
V1+x% +41- %2

Differentiate tan_ll ] with respect

-1,2
to cos "x".

18.

19.

20.

21.

22.

23.

Prove that :
(12Y L (3) . (56
cos | — |+sinT'| = |=sinT | —
13 5 65

Ify = (x)% + (cosx)*™, then find j—y
X

Prove that j fx)dx= _[ fla—x)dx and hence

0 0
1

evaluate J.x2 (1-x)" dx.

0
Find the value of x, for which the four points
A(x,-1,-1),B(4,5,1), C(3,9,4) and D(-4, 4, 4) are
coplanar.

A ladder 13 m long is leaning against a vertical wall.
The bottom of the ladder is dragged away from the
wall along the ground at the rate of 2 cm/sec. How
fast is the height on the wall decreasing when the
foot of the ladder is 5 m away from the wall?

Find the vector equation of the plane determined
by the points A(3, -1, 2), B(5, 2, 4) and C(-1, -1, 6).
Hence, find the distance of the plane, thus obtained,
from the origin.

SECTION-D

24.

25.

26.

Using integration, find the area of the greatest

rectangle that can be inscribed in an ellipse
2 2

e

a b

An insurance company insured 3000 cyclists, 6000
scooter drivers and 9000 car drivers. The probability
of an accident involving a cyclist, a scooter driver
and a car driver are 0.3, 0.05 and 0.02 respectively.
One of the insured persons meets with an accident.

What is the probability that he is a cyclist?

Using elementary row transformations, find the

2 -3 5
inverse of the matrix |3 2 —4].
1 1 =2
OR

Using matrices, solve the following system of linear
equations:

x+2y-3z=-4

2x+3y+2z=2

3x-3y-4z=11
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27. Using integration, find the area of the region
bounded by the parabola y* = 4x and the circle
4x* +4y* =9,

OR
Using the method of integration, find the area of
the region bounded by the lines 3x - 2y + 1 = 0,
2x+3y-21=0andx-5y+9=0.

28. A dietician wishes to mix two types of food in such
a way that the vitamin contents of the mixture
contains atleast 8 units of vitamin A and 10 units
of vitamin C. Food I contains 2 units/kg of vitamin
A and 1 unit/kg of vitamin C. It costs ¥ 50 per kg
to produce food I. Food II contains 1 unit/kg of
vitamin A and 2 units/kg of vitamin C and it costs
% 70 per kg to produce food II. Formulate this
problem as a LPP to minimise the cost of a mixture
that will produce the required diet. Also find the
minimum cost.

29. Find the vector equation of a line passing
through the point (2, 3, 2) and parallel to the line
F=(-2i+3j)+M2i—3j+6k). Also, find the
distance between these two lines.

OR

Find the coordinates of the foot of the perpendicular
Q drawn from P(3, 2, 1) to the plane 2x - y + z + 1
= 0. Also, find the distance PQ and the image of the
point P treating this plane as a mirror.

SOLUTIONS

A .
1. Given,y=—+5 (D)
x

x_2 ..(ii)

Differentiating (i) w.r.t. x, we get, ——=

Putting value of A from (ii) into (i), we get

dy 1 d d 5
= —x"—=.—+5 = +x——=5= =% —
y dx x 4 dx dx X X

which is required differential equation.

2. Given, |A| =
We know that, |k adj A| = kK"|A|" !, where # is the order
of the matrix A.

|2-adj A|=2%(9)* =8 x81=648.
3. 'The given planes are

A A A A A A
7-(i-2j-2k)=1and 7-(3i-6j+2k)=0

®
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If O is the angle between given planes then

(=2} 2y (316} 2|

cosO=
A A A A A A
|i-2j-2k||3i-6j+2k|

D@+ (6 +(2@) | [3+12- 4_|u|_u

\/1 P2 R 42| | oas | 13x7l

Required angle, 8 = cos ! (%)

OR
We have,2x+y-z=5 = S -
5/2 5 =5

which is the equation of plane in intercept form.

Length of the intercept on x-axis is E
2

4. Given y = log(cose™)
On differentiating w.r.t. x, we get
d 1
Y _ (-sine® -e*)=—e* tane”*
dx  cose”
( sinx )
5. Let I= j (rtano) , j cosx
(1 tanx) ( sinx )
T 4 cosx

0
J~ cosx+s1nx
cosx—smx
l

Put cosx — sinx = t = —(sinx + cosx) dx = dt
-
Whenx=0,t=1,whenx=7,t=\/5

1 2
=|-——= J. dt :[logt]fﬁ =log+/2 —logl :llogz
N ] t 2
6. For every real number a and b, 2a + b is also a real
number.
* is a binary operation.
Associativity : * will be associative if
(a*b)y*c=a*(b*c)
Now, (a*b)*c=Q2a+b)*c=22a+b)+c
=4a+2b+c
Also,a* (b*c)=a* (2b+c)
(axb)xc £a*x(b*c)

Binary operation is not associative.

=2a+2b+c

7. Position vector which divides the line segment
joining points with position vectors 37 + b and d — 3b
in the ratio 2 : 1 externally is given by



_ 2(G-3b)-1(3d+b) 2d—6b—3d—b
2-1 1
OR

=—d-7b

oA A A - AA A
Given,d=i+2j-3kand b=3i— j+2k
A

— A A
Now, d+b=4i+j-k
—_ A A A
Also, d—b=-2i+3j-5k
- — A A A A A A
Now, (@+b)-(@—b)=(4i+ j—k)-(—2i+3j-5k)
=@4)(-2)+(1)3) + (-1)(-5)=-8+3+5=0
Hence, (@+b)and (@—b) are perpendicular to each
other.
8. Given, A and B are symmetric matrices
A’=Aand B'=B
Now, (AB~BA) = (AB) —(BA) = (B’A")—(A’B’)
=(BA - AB) [ A’=Aand B’ = B]
=—(AB - BA)
Thus, (AB— BA)’ =—(AB— BA)
Hence,(AB - BA) is a skew symmetric matrix.
9. The sample space, S is given by
S={1,2,3,4,5,6,7,8,9, 10, 11, 12}
Let A be the event that number on the drawn card is

odd, and B be the event that number on the drawn card

is greater than 5.
A=11,3,57,911};B=1{6,7,8,9, 10, 11, 12}
and, AnB={7,9,11}

Now, P(4)="A) _ 6 pgy_mB _7
n(S) 12 n(S) 12
P(AmB):M:i
n(S) 12
Now, P(é)=—P(AmB)=3/£=§
B P(B) 7/12 7

Hence, required probability is E
7

10. Total number of students = 8
The number of ways to select 4 students out of 8 students

8!
=3¢, =—"-=70
414!
The number of ways to select 2 boys and 2 girls
31 5!
=30, x °Cy =——x——=3x10=30
211 213!
Required probability = 30_ i
70 7
OR
Let X represent the number of correct answers obtained
by guessing in the set of 5 multiple choice questions.
1
Probability of getting a correct answer, p= 3

Probability of getting an incorrect answer,

1.2
3 3
Required probability = P (X = 4)
= P(X =4)+P(X =5)
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4 1 5 0
<33+ )
4(3 3 >\3) (3
2 11041 11

1
=5X—X=—+1- —=——
81 3 243 243 243

d
11. We have, d_y + y = cos x — sin x, which is a linear
x
differential equation of the form

d
—y+Py=Q,whereP=l,Q=cosx—sinx

dx
LE = ejdx ="

The solution of given differential equation is
ye© = Jex (cosx —sinx)dx+C

= ye=e"cosx+C = y=cosx+Ce™
12. LetI= jx-tan_1 xdx

Integrating by parts, we get

I=tan"! xjxdx - J{;—x(tan_l x)jxdx}dx
1 X p

1+x%) 2

2 -1
x“tan "x 1 1
=== = |- dx
2 2'[( 1+x2)

2
—(tan~ ! x) 2 —
=(tan " x) 5 J

_ x*tan™! x
2

1 1 1
—J-dx+—J dx
2 271447
2, -1
t 1 _
=X X X Ctanlx+C
2 2 2
1 2 -1 X
=—(1+x")tan x—=+C
2 2
OR

dx _LJ dx
V5 —dx —2x° V2 f§—2x—x2
2

Let I='[

dx

zij | dx
\/5 ,[Z—I—Zx—xz V2 (\/;)2 2
2 Allalz= ] —(x+1)
2
=%sin_1 x\/;;l +C=\/lzsin_1|:\/§(x+1)]+c-
2
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4—x 4+x 4+x
13.Given, |[4+x 4—x 4+x|=0
44+x 4+x 4—x

Applying C; = C, +C, +C;, we get

124+x 4+x 4+x
12+x 4—-x 4+x|/=0
124+x 4+x 4-—x

Applying R, — Ry, —R;, R; = R; —R;, we get

124+x 4+x 4+x
0 —-2x 0 |=0
0 0 —-2x

= (12+x)(-2x)? =0 = 4x>(12+x)=0 = x=0,—12

d
14. We have, d—y=1+x2 +y2 +x7y?
x

d—y=1+x2+y2(1+x2) =(1+x9).(1+5%
dx

= dy =(1+x2)dx
l-i-y2

Integrating both sides, we get

d 3

j }’2 =J.(1+x2)dx = tan"ly= x+X4c
I+y 3

Whenx=0,y=1, tan_11=0+0+C:>C=§

-1 1 3 T
Sotan Ty =x+—- x0T +—
3 4

is the required particular solution.
OR

d
We have, . = % ()
X xT+y

This is a homogeneous linear differential equation.

. dv X vx
(i) becomes v+x—=

2 2.2
X X +tvx

v v dv v
= Vv+x—= 3 x— = -V
X 14w dx 1442
dv -3 dx 1+v2
X—= = —=- dv
dx 1+1/2 v3
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Integrating both sides, we get

d _ 1
_x:—Jv 3dv—'[—dv = logsz—logV+C
x v 2v°
x? x?
= logx=——logy+logx+C=logy=—+C
2y 2y

Wheny=1,x=0 = logl=0+C = C=0

ks
. . . 2y2
Particular solutionis y =e .
15. Here, f: A— Bis given by f(x)= x—l)
x—=2

where A=R-{2}and B=R - {1}.

Let flx;) = flix,), where x;, x, € A (i.e., x; #2, x, # 2)
x-1 x,-1
P S

= (5 -1)(-2)=(0x;-2)(x-1)

= XX - 2x] - X+ 2=x1% - X - 2%, + 2

= -2x] - X, =-Xx; - 2x, = X, = X, = fis one-one.

Letye B=R-{l}ie,ye Randy#1

such that f(x) = y

= x—_lzy@(x—z)y:x—l
x=2
e xy-2y=x-1x(y-1)=2y-1
_2y-1 (D)
y-1

s flx) =y when xzzyi_l1 € A (asy#1)
y—

Hence, fis onto.
Thus, fis one-one and onto.
From (i), f ' : B— Ais given by x = f ' (y)
ie, fl=2=1

y-1

OR
Wehave, A={xeZ:0<x<12}
A=10,1,2,3,..,12}

Also, S={(a,b):a,be Z,|a—b|is divisible by 3}

(i) Reflexive: Forany a € A,
|a - a| = 0, which is divisible by 3

Thus, (a,a)e S .. Sisreflexive

(if) Symmetric: Foranya,be A,let(a,b) e S
= |a—Db|is divisible by 3

= |b—alis divisibleby3 = (b,a)eS
ie. (a,b)eS = (b,a) €S

S is symmetric.

@ MATHEMATICS TODAY | MAY'19

(iii) Transitive : For any a, b, c € A
Let (a,b) € Sand (b,c) € S
= |a - b| is divisible by 3 and |b - | is divisible by 3
= (a-b)=43k;and (b -c¢) =+3ky; k, ky e N
= (a-b)+(b-c)=23(k; + k)
= (a-¢)=13(k;+ky) sk, ky € N
= |a - c| is a multiple of 3
= |a- c|isdivisibleby3 = (a,¢) € S
S is transitive.

Hence, S is an equivalence relation.

16 jcos(x+a) I _'[cos(x+b+a—b) dx
" Jsin(x+b) B sin(x+b)

_ J- cos(x +b)cos(a—b)—sin(x +b)sin(a —b) dx
sin(x +b)
cos(x +b)

= cos(a=b) J sin(x +b)

dx —sin(a —b) J dx

=cos(a - b) log sin(x + b) — x sin(a - b) + C

For complete solutions refer to
MTG CBSE Champion Mathematics Class 12.

CBSE releases list of new courses to help students
explore further possibilities after Class 12

The Central Board of Secondary Education (CBSE) has released a long
list of all possible courses that students can pursue after class 12 under
a student-friendly initiative. CBSE has mentioned the names of colleges,
their eligibility criteria and other details related to that course.

“As a sequel to the ongoing initiatives, CBSE has prepared a
compendium of suggestive courses for students which will help
them get information about various course choices, institutes and
combinations available in higher education beforehand after class 10
itself, “ said CBSE chairperson, Anita Karwal in an official statement.
Our country has more than 900 universities and 41,000 colleges, that
provide higher education presently and CBSE has tried to cover almost
all of the traditional, new age, and popular courses. The purpose of this
collection is to raise curiosity among the students to explore further
scope, possibilities, avenues, for each of these courses and to look for
other options beyond these courses as well.

The list consists of 113 career options including:

e Art Restoration e Actuarial Sciences
e Public Relations e Corporate Intelligence
e Engineering e Liberal Studies

® languages
The list expands up to 122 pages and students can check the list at the
official website : cbse.nic.in.



Synopsis and Chapterwise Practice questions for CBSE Exams as per the latest pattern
and marking scheme issued by CBSE for the academic session 2019-20.

. . Time Allowed : 3 hours
m Relations and Functions Mascimum Marks : 80

/

GENERAL INSTRUCTIONS N
(i) All questions are compulsory.

(ii) This question paper contains 36 questions.

(ii) Question 1-20 in Section-A are very short-answer-objective type questions carrying 1 mark each.

(iv) Question 21-26 in Section-B are short-answer type questions carrying 2 marks each.

(v) Question 27-32 in Section-C are long-answer-I type questions carrying 4 marks each.

(vi) Question 33-36 in Section-D are long-answer-II type questions carrying 6 marks each.

f

IS T . 5. Iff:R—>Randg: R — R defined by flx) = 2x +3

1.

2 and g(x) = x> + 7, then the value of x for which
The range of the function f(x)= PR x#2is flg(x)) =251is
- (a) £1 (b) £2 (c) £3 (d) +4
(@) R (b) R-{1} (o) {-1} (d) R-{-1}
6. The relation R is defined on the set of natural

2. Iff:R j R,g:R—Randh: R — Ris such that numbers as {(a, b): a = 2b}. Then, R- is given by
fiz) = % glx) = tan x and Z(_") Slogxthenthe ) 2,1, 4,2), (6,3)...
value of [ho(gof)] (x), if x =L will be (b) {(1,2), (2,4), (3, 6)....}
2 (c) R'isnotdefined  (d) none of these
(2) 0 (b) 1 () -1 (d) 10 7. The diagram given below shows that
3. LetLdenotethesetofallstraightlinesinaplane. Leta 7
relation Rbe definedby aRB < ot L 3,0, B € L. Then, ‘: f 113
Ris 4
(a) reflexive only (b) symmetric only b 5
(c) transitive only (d) none of these 5
4. The range of the function f(x) = 3x* + 7x + 10 is ¢ ’

71 (a) fisa function from A to B
(a) [10, ) (b) l:a ) (b) fis a one-one function from A to B
(c¢) fisan onto function from A to B
(©) [1,0) (d) none of these (d) fis not a function

MATHEMATICS TODAY | MAY 19 D



8. Let f(x)=x—_l,then f(f(x))is
x+1

@ -l @ @
a X X ¢ x+1 x—1
' 2x=7 ., . )
9. Iff:R— Rdefinedby f(x)= is an invertible
function, then find f~1.
(a) 4x+5 (b) 4x2+ 7
© 3x+2 () 9x5+ 3
10. The domain of the function f={(1, 3), (3, 5), (2, 6)} is
(a) 1,3and 2 (b) {1, 3,2}
(c) {3,5,6} (d) 3,5and 6

11. Prove that the relation R defined on the set N of
natural numbers by xRy < 2x? - 3xy + y* =0 i.e., by
R={(x,y):x,y€ Nand 2x? - 3xy + y* = 0} is not
symmetric.

12. Determine if the function given below is one-to-one.
"To each person on earth assign the number which
corresponds to his height".

13. Find gof, if f(x) = |x| and g(x) = |5x - 2|.

14. Let R = {(a, a®) : a is a prime number less than 5} be
a relation. Find the range of R.

15. Find the interval in which the function
flx) = \/5 sin 2x — cos 2x + 4 is one-one.

16. Let the functions f, g, h are defined from R to R
such that

flx)=x*-1, g(x)z\/x2 +1 and

B = 0, if x<0 hen find
(x)= . ifx>0’t en find ho(fog)(x).

17. Set A has three elements and set B has four elements.
Find the number of injections that can be defined
from A to B.

18. Let A=1{1,2,3,4,5,6,7,8} andif R={(x,y) : yis
half of x; x, y € A} is a relation on A, then write R as
a set of ordered pairs.

19. Let fbe an invertible real function. Write (f~! of) (1)
+ (f~1 of) (2) +...+ (f~1 of) (100).

20. If f{lx) =x +7and g(x) =x - 7, x € R, write fog (7).

21. If f: R — R is given by f(x) = (3 — x*)!/3, then show
that fof = I, where I is the identity map on R.
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22.

23.

24.

25.

26.

Let A={1,2,3}and R={(a, b) :a,be A, adivides b
and b divides a}. Show that R is an identity relation
on A.
Show that the fractional part function f: R — R
defined by f(x) = x - [x] is neither one-one nor
onto.

OR
Show that the signum function f: R — R defined by
, x > 0
f(x)=<0, x = 0 isneither one-one nor onto.
-1, x< 0

Let R be the equivalence relation in the set
A ={0,1,2,3,4,5} given by R = {(a, b) : 2 divides
(a - b)}. Write the equivalence class of 0.

Let R be a relation defined on the set of natural
numbers N as R = {(x, ) : x, y €N, 2x + y = 41}.
Find the domain and range of R.

Let f(x) = [x] and g(x) = |x|. Find

o[} 2)

OR
Determine whether the relation R in the set A of
human beings in a city at a particular time defined by
R={(x,y): xiswife of y ; x, y € A} is reflexive and
symmetric.

27.

28.

29.

30.

If f: R — R be given by f(x) = sin? + sin? (x + 71/3)
+ cosxcos (x +m/3) forallx e R,and g: R - R
be a function such that g (5/4) = 1, then prove that
(gof) : R — R is a constant function.

Show that the relation S in the set

A={xe Z:0<x<12} given by

S={(a, b):a, be Z |a- b|is divisible by 4} is
an equivalence relation. Find the set of all elements
related to 1.

OR

Show that the relation R defined by (4, b) R (c, d)
iff a + d = b + c on the set N x N is an equivalence
relation.

If the function f : [1, ) — [1, o) defined by
flx) = 2%*-1 js invertible, find f ().

Show that the relation R on the set R of all real
numbers, defined as R = {(a, b) : a < b3} is neither
reflexive nor symmetric nor transitive.



31. Let A = R - {3} and B = R - {1}. Consider the
function f : A — B defined by f(x)z(x_zJ.

x=3
Is f one-one and onto ? Justify your answer.

OR

Letf: Z— Zbe defined by f(n) =3n forall ne Zand
g:Z— Zbe defined by

n
—, if nis a multiple of 3
gm=13 P

0, if » is not a multiple of 3

foralln € Z.

Show that gof = I, and fog # I,.

32. Consider f: R* — [4, =) given by flx) = x> + 4.
Show that f is invertible with the inverse f ' of f
given by f7!(y)=.[y—4, where R* s the set of all

non-negative real numbers.

33. Show that the function f : N — N given by,
fin) =n - (-1)"for all n € N is a bijection.
OR
Consider f:R" —[-9,0[ given by
flx) = 5x% + 6x — 9. Prove that f is invertible

with f—l(y):(_w )

34. Show that the relation R, defined in the set A of
all polygons as R = {(P}, P,) : P, and P, have same
number of sides}, is an equivalence relation on A.
What is the set of all elements in A related to the
right angle triangle T with sides 3, 4 and 5?

OR
Let N denote the set of all natural numbers
and R be the relation on N x N defined by
(a, b) R(c, d) if ad(b + ¢) = be(a + d). Show that R is
an equivalence relation.

35. Show that the function f: [-1, 1] — R defined by

X
xX)=
f) x+2
the inverse of the function f: [-1, 1] — range of .

36. Let A = {-1,0, 1, 2}, B = {-4, -2, 0, 2} and
f, g: A — B be functions defined by f(x) = x> - x,

is one-one. Find the range of f. Also find

1
x €A and g(x)=2 x—z -1, x € A. Find (gof)(x)
and hence show that f = ¢ = gof.

1. (c) : We have, f(x)=x—_2=—x—_2=—1 ifx#2

2—x x—2
Range of f= {-1}
2. (a) : [ho(goN](x) = ho[g(f(x))]
= h[g(x?)] = h[tanx?] = h[tang] =h[1]=log1=0
3. (b): Given,aRp < o L

oalpfepla=pRa
Hence, R is symmetric.
4. (b): Ify = fix), then y =3x>+ 7x + 10
or 3x>+7x+10-y=0 o
Since x is real, (7)2 - 4-3(10 - y) >0 i.e., y > o
5. (b) : flg(x)) =flx* + 7) = 2(x* + 7) + 3 = 25 (given)
= 2x2=8 = x=+2

6. (b):R={(2,1),(4,2),(6,3),..}
So, R ={(1,2),(2,4), (3,6), ...}

7. (d) : As f(a) is not unique, thus fis not a function.

x—1
1) ot 2 4
8- (b) :f(f(_x)) =f(%) = —ﬁti = Z:;
=41
x+1
9. (b):Lety:f(x):zx_7 x:4y+7
f—l(y): 4y2+7 - f_l(x)z 4x2+7

10. (b) : Domain of fis the set of those points on which
f is defined. Here, f(1) = 3, f(3) = 5 and f(2) = 6. So,
D={1,2, 3}

11. Forx=1,y=2;2x>-3xy+y*=0
1R2i.e,(1,2)e R
But2:22-32:1+12=3#0
So,(2,1)¢ R
R is not symmetric.

12. Since more than one person may have same height,
therefore the function defined by f (x) = y, where x is a
person and y is his height, is not a one-one function.

13. Given f(x) = |x| and g(x) = |5x - 2|
Now gof(x) = g (f(x)) = g(|x]) = |5x| -2|
[~ glx) =|5x -2|]
14. We have, R = {(a, a®) : a is prime less than 5}
= R={(a,a%):a=2,3}
= R={(2,8),(3,27)}
Range of R = {8, 27}

MATHEMATICS TODAY | MAY ‘19

73)



15. fix) = 2 sin (2x—§)+4

. . . . T T
Since, sin x is one-one in —5, E

LS P [__]
2 6 2 6 3
16. ho(fog)(x)=hof (\x* +1)
= h{(Nx? +1)* =1} = h{x*} = x>
17. Since 3 < 4, injective functions from A to B are

defined and the total number of such functions is
4!
4

P=— =
3 (4-3)!
18. We have R ={(x, y) : yishalfof x; x, y € A}

R=1{(2,1), (4,2),(6,3),(8,4)}

19. Since, f is an invertible function, so (f ~lof)(x) = x

= (o)1) + (f1of)(2) + ... + (f~Lof)(100)
=1+2+..+100
(100 +1)

24.

=100 x =5050

20. fog(x) =flgx)) =fix-7)=x-7+7=x

= fog(7)=7

21. Asf: R — R, fof exists and fof : R — R is given by
(fof)(x) = fiftx)) = I3 - x*)'7?)

Ferf

=B-B-)P =3B =x forallxe R
= fof = I.
22. Given, A = {1, 2, 3}
Since,a € A, b e A, adivides b and b divides a
= a=b

R={(a,a),ac A} ={(1, 1), (2, 2), (3, 3)}.
Hence, R is the identity relation on A.

2. since f{ L= L[] 1=
. olnce 2 2 P 2 2

df 21=22 1222122 60 the two  different
an 2 2 2 2 2)80 € two difreren

13
elements >3 € R (domain of f) have same image.

= fis not one-one.

Also, range of f = [0, 1), which is a proper subset of R
(codomain of f)

= fis not onto.

74)
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OR
Asflx)=1forallx>0=f(1) =1and f(2) = 1.
So, the two different elements 1, 2 € R (domain of f)
have same image.
= fis not one-one.
Also, range of f = {-1, 0, 1}, which is a proper subset of
R (codomain of f)
= fis not onto.

24. Here, R ={(a, b) € A x A :2 divides (a - b)}
This is the given equivalence relation, where
A=1{0,1,2,3,4,5}

[0] = {0, 2, 4}.

25. Here R={(x, y) : x,y € N, 2x + y = 41}
Domain R = {1, 2, 3,..., 19, 20},
Range R = {39, 37, 35,..., 7,5, 3, 1}.

26. We have, f(x) = [x] and g(x) = |x]
Clearly, domain (f) = R and domain (g) = R. Therefore,
each of fog, gof has domain R.

el )
1

=g(—2)—f(§)=|—2|—[§]=2—1=1

OR
The relation R on the set A of human beings is defined
by R = {(x, y) : x is wife of y}.
Consider any x € A, then x is not the wife of x.
= (x,x) & R= Ris not reflexive.
If x, y € A are such that (x, y) € R i.e., x is wife of y, then
y cannot be wife of x.
= (y,x) € R= Ris not symmetric.

27. f(x) = sin®x + sin?(x + 1/3) + cos x cos (x + 1/3)

[ o T
2sin? x +2sin® (x+§)+2cosxcos(x+g):|

N | =
r

N | =
r 1

21 T T
1—c052x+1—cos(2x+?)+cos(2x+§)+cos§}

1[5 2
=—| ——cos2x—cos 2x+—1t +cos 2x+E
2[2 3 3
1F5 27 T
=—| =—<cos(2x)+cos| 2x+— |p+cos| 2x+—
2|2 3 3




115

=—|——2cos 2x+E cosE+cos 2x+E
212 3 3 3
115

=—|——cos 2x—i—E +cos 2x+£
212 3 3

5
=Z, for all x € R.

Therefore, for any x € R, we have

(gof)(x) = g(fx)) =g@=1.

Thus, (gof)(x) = 1 for all x eR.
Hence, (gof) : R — R is a constant function.

28. Wehave, A={xe Z:0<x<12}
A=1{0,1,2,3,.., 12}
and S ={(a, b) : |a - b| is a multiple of 4}
(i) Reflexive:Foranyae A,
|a - a| = 0, which is a multiple of 4.
Thus, (g, a) € S
S is reflexive.
(ii) Symmetric: Foranya, be A,
Let (a, b) € S
= |a - b| is a multiple of 4.
= |b - a|is amultiple of 4 = (b,a)€ S
ie,(a,b)eS = (ba)e S
S is symmetric.
(iii) Transitive : For any a, b, c € A,
Let (a, b) e Sand (b,¢c) e S
la - b| is a multiple of 4 and |b - ¢| is a multiple of 4.
a-b=x4k andb-c==+4k;k,k,e N
(a-b)+(b-c)=+4(k,+k);k,k,e N
a-c=+4(k +k);k,k,e N
la - c| is a multipleof 4 = (a, c) € S
- Sis transitive.
Hence, S is an equivalence relation.
The set of elements related to 1 is {5, 9}.

OR

Consider any (a, b), (¢, d), (e, f) e N x N.
(i) Sincea+b=b+aforalla,be N

(Commutative law of addition in N)
= (a, b) R (a, b) = R is reflexive.
(ii) Let(a, b)) R(c,d) > a+d=b+c=>d+a=c+b
= c+b=d+a=(c,d)R(a,b)
Thus, (a, b) R (¢, d) = (¢, d) R (a, b) = R is symmetric.
(iii) Let (a, b) R (¢, d) and (¢, d) R (e, f)

SRV VA VA I

= a+d=b+candc+f=d+e

= a+d+c+f=b+c+d+e

= a+f=b+e=(a,b) R (e f).

Thus, (a, b) R (¢, d) and (¢, d) R (e, /) = (a, b) R (e, )
= Ris transitive.

Therefore, the relation R is reflexive, symmetric and
transitive, and hence it is an equivalence relation.

29. It is given that fis invertible with f! as its inverse.
s (fof ) (x) = xforall x €[1, o)
= fif {(x)=x
— of W Mw-n =
= f1x) {f1(x)-1} =logyx
= {10} -fx) -log,x=0

1+, /1+4 log, x
= f_l(x) — . 82

1+./1+4log, x

[ i) el ) o f ) 21]

30. We have, R = {(a, b) : a < b%}, where g, beR.

Reflexive :

(l,l)e R

22

So, R is not reflexive.

Symmetric : Since, -1 <32but 3 £ (-1)2
ie,(-1,3)eRbut (3,-1) ¢R.

So, R is not symmetric.

Transitive : Since 2 < (-3)? and -3 < 12 but 2 £ 12
ie,(2,-3)€Rand (-3,1)eRbut (2,1) ZR.

So, R is not transitive.

31. GivenA=R - {3}; B=R - {1}
and f: A — B defined as
f(x)=(x—_2)Vx € A.
x=3
Here, fis defined V x € A,as3 ¢ A.
Also, flx) # 1
x—2

[/ fix)=leZZ—=1© x-2=x-3
x—3

2
. 1 1) .
Since ES(_) is not true. Therefore,

& - 2 = - 3, which is absurd]

Let x, x, € A be such that f(x,) = f(x,)
X, —2 x,=2
B S Bt
x -3 x,-3

= (x,-2)(x,-3)=(x; - 3) (x,-2)
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= XX, - 3%, -2x,+6=xX,-2x, -3x,+6
= -3x,-2x,=-2x,-3x,> X, =X,

. fis a one-one function.

Let ye B=R-{l}=>y=#1

We want to solve y = f(x) for some x € A

x—=2

& y=—— & xy-3y=x-2
x=3

o x(y-1)=-2+3y

3y_lzeA(asy¢1)

= X=

. fis also onto.
= f:A — Bis abijective function.

OR
Sincef:Z—Zandg: Z— Z.
Therefore, gof: Z— Zand fog: Z — Z.

For n e Z, (gof)(n) = g(f(n)) = g (3n) =3?n=n
(gof)(n) =n,foralln e Z.

Hence gof = L.

F01t ne Z,fog(n) = flg(n))

f (g J, if n is a multiple of 3

| f(0),if n is not a multiple of 3

3(2 ), if n is a multiple of 3

»3(0),if n is not a multiple of 3

n, if nis a multiple of 3
{O,if n is not a multiple of 3
Thus, (fog)(n) = n only when # is a multiple of 3.
and (fog)(n) # n, when n is not a multiple of 3.
Therefore, fogis not an identity function on Z.
Hence, fog#1,.
32. f:R* — [4, o) given by flx) = x* + 4
(i) Letx,, x, € R*such that f(x,) = f(x,)
= x2+4=x2+4=>x%=x?
= X, =X, (. xpx,€ RY)
= fis one-one.
(i) y=f() ¥ y € [4,0)
= XX+d=y=x=y—4
Now, x is defined if y - 4 = 0
= y—4e€R"and

f(y-4)=( y—4)2+4=(y—4)+4=y
= fis onto.
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. fis one-one and onto.
= fis invertible and f! exists.

s ) =Ay-4

33. We have, f(n) =n - (-1)"for alln e N.

= ﬂm={

One-one : Let n, m be any two even natural numbers,
thenfin)=fm)=>n-1=m-1=n=m

If n, m are any two odd natural numbers,
thenfin)=fm)=n+1l=m+1=n=m.

Thus in both the cases, f(n) = f(m) = n=m.

If n is even and m is odd, then n # m. Also f(n) is odd
and f(m) is even. So, fin) # f(m).

Thus, n#m= f(n) # f(m).

So, fis one-one function.

Onto : Let n be an arbitrary natural number.

If n is an odd natural number, then there exists an even
natural number #n + 1 such that

f(n+1l)=n+1-1=n

If # is an even natural number, then there exists an odd
natural number (n - 1) such that
fin-1)=n-1+1=n

Thus, every #n (€ N) has its pre-image in N.

So, f: N— N is onto.

Hence, f: N — N is a bijection.

OR

Refer to answer 44, Page no. 12 (MTG CBSE Champion
Mathematics Class-12)

n—1, if nis even
n+1,if nis odd

34. Given A = Set of all polygons
R ={(P,, P,) : P, and P, have same number of sides}
(i) Reflexive : Let P€ A
Clearly, number of sides of P = number of side of P
(P,P)eR,VPeA
Hence, R is reflexive.
(ii) Symmetric: Let P, P, € A
Let (P}, P,) €R = P, and P, have same number of sides
= P, and P, have same number of sides
= (P,,P) €A
Hence, R is symmetric.
(iii) Transitive : Let P, P, P,eA
Let (P,, P,) eRand (P,, P;) €R
{ Number of sides of P, = number of sides of P, }

and number of sides of P, = number of sides of P,

= Number of sides of P, = number of sides of P,
= (P, P;)€R
Hence, R is transitive.



Thus R is reflexive, symmetric and transitive and hence

R is an equivalence relation on A.

Given T = a right angle triangle with sides 3, 4, 5
Number of sides of T'=3

Hence all polygons having 3 sides will be R-related to T
All triangles will be R-related to T

Hence, set of all elements in A which are R-related to T

= Set of all triangles.

OR
Refer to answer 15, Page no. 7 (MTG CBSE Champion
Mathematics, Class-12)

35. The function fis one-one.
Consider any x,, x, € [-1, 1] such that f(x,) = f(x,)
X1 X
= = XXy + 2% = XX, +2x,
X +2 x,+2

= 2x, =2x, = X, = x, = fis one-one.
For the range of f:

X 2
Lety= = == y=1-—
¢y f(x) 4 x+2 4 x+2

Asdomain of f=[-1,1],-1<x<1

- 1<x+2<3 = x> 1 51
1" x+2° 3
= g<- 2 2
x+2 3
1 1 1
= -1<1- <S— = —l<ys-—=yel-1 -]
x+2° 3 3 3

1
Hence, the range of f = |:—1, §:|

Further, the function f: [-1, 1] — range of fis onto. Also
fis one-one, therefore, its inverse exists.

To find f~1:
Let f(x)=y:>L=y:>xy+2y=x
xX+2

= 2y=x(l—y):>x=12—y.

Now f(x) = y and fis invertible
= fly=x

- 2
= f l(y):—l_y .
Thus, the inverse of the function f: [-1, 1] — range of f

. 1 2y
is given by f(y) = E

36. Given flx) =x*> -x,x€Aie,x=-1,0,1,2.
f-1)=(-1)2-(-1)=1+1=2,f(0)=0>-0=0,
fi)=12-1=0,f(2)=22-2=2

= R={0,2}

We note that sz {0,2}cA= Df

= Dy=D;=A.

- gofis defined with domain A and
(goN(-1) = g(f-1)) = g(2) =2 >

1
2——|—-1=2Xx—-1=2,
2 2

(g0 (0) = g(f(0)) = g(0) =2‘0—%‘—1=2x%—1=0,

(goN)(1) = g(f(1)) = g(0) = 0,
(0N (2) = g(f(2)) = g(2) = 2.

Also, g(x)=2

1
x—z‘—l,xeAi.e.,x=—1,0,l,2.
1 3
—1)=2-1—-—|—-1=2X—-1=2,
g(=1) ‘ 2‘ 5

0)=2 0--122x11=0
§ 2 2 ’

(1)—21—1—1—2><1—1—o
g 2 2 ’

3

1
2)=2]2——|-1=2x>-1=2.
g(2) 2‘ .

We find that Df: Dg: Dgof: A and

flx) = g(x) = (gof) (x) for all x € A,
s~ f=g=gof
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CLASS-XI

Synopsis and Chapterwise Practice questions for CBSE Exams as per the latest pattern

and marking scheme issued by CBSE for the academic session 2019-20.

Time Allowed : 3 hours
Maximum Marks : 80

/ S
GENERAL INSTRUCTIONS

Sets, Relations and Functions

(i) All questions are compulsory.

(ii) 'This question paper contains 36 questions.

(iii) Question 1-20 in Section-A are very short-answer-objective type questions carrying 1 mark each.
(iv) Question 21-26 in Section-B are short-answer type questions carrying 2 marks each.

(v) Question 27-32 in Section-C are long-answer-I type questions carrying 4 marks each.

(vi) Question 33-36 in Section-D are long-answer-II type questions carrying 6 marks each.

N r

5. Let n(A) = 6 and n(B) = p. Then, the total number
of non-empty relations that can be defined from

1. LetA={(x,y):y=¢**V xeR}and

B={(x,y):y=e?,Vxe R}, thenANBis ’(L‘)toﬁis ) - 1
(a) nota set (b) singleton set 2 6p— 1 d 26P_ .
(c) empty set (d) none of these () 6p - (d) - .
2. The shaded region in the figure represents 6. g{ ;‘( A:)}{ii’ 3, 5, 6}, then number of elements in
Eli)) ﬁ g g v @24 (b) 216 (9210  (d) 28
B_A 7. LetA={xeN:xisamultipleof3}and B={xeN:x
D
(d) (A-B)U(B-A) is a multiple of 6}, then A — B is equal to
@) (a) {6,12,18,...} (b) {3,6,9,12, ...}
3. Iff(x) = ¢, then b is equal to (c) {3,9,15,21,...} (d) none of these
(a) f(a + b) (b) f(a _ b) 8. Iff(X) =9x - x2, X € R, thenf(a + 1) —f(a - 1) is
(c) f(-a+b) (d) f-a-b) equal to
(a) 4(4 -a) (b) 2(9 - 2a)
4. ;e;t(fz;:\xcgczl; 5x+6=0}, B={2,4}, C={4,5}, then (©) 42 +a) (d) 2(4 + a)
1
(@) {(2,4),(3,4)} 9. The domain of the function f(x)= is
(b) {(4,2), (4, 3)} Jx|-x
(c) {(2,4),(3,4), (4, 4)} (@) (=,0) (b) (=0, ) — {0}
(d) {(2,2), (3, 3), (4, 4), (5,5)} (c) (=o0,00) (d) (0, 0)
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10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.

If A and B are two sets, then (A U B")’ N (A" U B) is
(a) null set (b) universal set

(c) A (d) B

If f: R — R is defined by f(x) = 2%, then find range
of f.

Let A={1,2,3,4,5,6,7}, B=1{2, 4, 6}. We define
xRy if x < y.Is R a relation from A to B?

Describe the set {x : x € Z and |x| < 2} in roster
form.

If f(x) = x + 1 and g(x) = 2x - 3 be two real functions,
find the value of f? - 3g.

If a € N such that aN = {ax : x € N}. Describe the
set BN N 7N.

Find the domain for which the functions f{x) = 2x* -1
and g(x) = 1 - 3x are equal.

IfA={1,2,3,4} and x, y € A, then form the set of
all ordered pairs (x, y) such that x is a divisor of y.

If A C B, then find the value of B’ - A”.
IfA=1{1,23,4,56,78 and B={1,3,5,6,7,8, 9},
then show that A - B# B - A.

: . |x—4|
Find the range of the function f(x) = 1

21.

22.

23.

24.

State which of the following sets are finite or

infinite.

(i) A={x:x€ Nandxisodd}

(ii) B = {x:xis a month of a year having less than
31 days}.

X

a
Find f(x) + (1 - x), if f(x)=———.
fi) + Al flx)=— 7
OR
Let f be defined by f(x) = x — 4 and g be defined by
2

X——16 , X # _4

gx) =19 x+4 .
A , x=—4

Find A such that flx) = g(x) for all x € R.

If A and B are two non-empty sets having n elements
in common, then prove that A x B and B x A have
n? elements in common.

If A ={-1, 1}, then form the set A x A x A.
OR

IfR={(x,y):x, y € Z x2 + y* = 64}, then write R
in roster form.

mces L
MEMORY

o \X¥’ho can participate

If you have taken any of the exams given below and
possess plenty of grey cells, photographic memory
then you are the right candidate for this contest. All
you have to do is write down as many questions (with
all choices) you can remember, neatly on a paper
with name of the exam, your name, address, age,
your photograph and mail them to us.

i
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publishing your name (photo if possible). Also you
can derive psychological satisfaction from the fact
that your questions will benefit thousands of readers.
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Don't send incomplete question. Our panel of
experts will cross-check your questions. You have to
send it within a month of giving the particular exam.
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Institutional Area, Gurugram — 122003(HR)
Tel.:0124-6601200

*Conditions apply
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maximum complete and correct questions. Other
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finaland binding.
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25. If flx) = x| ,x# 0 prove that |f{ot) - f-o)| =2, e #0.
x

26. If A={0}, B={x:x<5and x> 15},
C={x:x-5=0},D={x:x*=25},
E = {x: x is a positive integral root of the equation
x? — 2x - 15 = 0}, then find all pairs of equal sets
(if any).

27. Find the domain and the range of the relation R

givenby R={(x, y) 1y =x + E,wherex,ye N
and x < 6}. x

28. IfA={1,3,5,...,17}and B={2,4,6, ...,18} and N
the set of natural numbers is the universal set, then
show that A” U (AU B)NB) =N.

2
29. Let f = {(x, X > ), x € R} be a function from R
1+x

into R. Determine the range of f.
OR
Let A={-3,-2,-1,4} and f: A — Z given by
fix) =x?+x+ 2. Find
(a) therangeof f
(b) pre-images of 6 and 4.

30. Let R be a relation from Q to Q defined by
R={(a,b):a,be Qanda - be Z}. Show that
(a) (a,a)€ Rforallae Q.
(b) (a, b) € R implies that (b, a) € R
(c) (a,b) € Rand (b, ¢) € R implies that (a, ¢) € R

f)-F6P) 1

1+[f)F 2

32. Two finite sets A and B have m and k elements
respectively. If the ratio of total number of subsets
of A to total number of subsets of B is 64 : 1 and
n(A) + n(B) = 12, then find the values of m and k.

OR

Let U=1{1,2,3,4,5,6,7,8,9}, A={1,2,3,4}, B= {2, 4,
6,8} and C= {3, 4, 5, 6}.
Verify: A - (BUC)'=(ANB)U(ANC)

33. If f{x) = e* and g(x) = log x, then find the following

31. If f(x)=1+—x, prove that
-X

functions:

(i) f+rg (i) f-g (Gidfg () i
1 .

v) — (vi) f2.
f

MATHEMATICS TODAY | MAY 19

D

OR
Find the domain of the function f(x) given by
f(x) =log,{log.(log,(18x - x* - 77))}.

34. Let A be the set of first ten natural numbers and let R
be a relation on A defined by (x, y) € R & x + 2y =10,
ie, R={(x,y):x€ A, ye Aand x + 2y = 10}.
Express R as sets of ordered pairs. Also, determine
(i) domain of R (ii) range of R.

35. f U={x:x€ N, x<30}, A ={x: xis prime < 5},
B={x:xisaperfect square< 10} and C={x:xisa
perfect cube < 30}, then show that
(i) AUBY=A"NPB
(i) ANB)Y=A"UB
({li)( ANB)NC=ANnBNC)

OR
In a group of 50 people, 30 like to play cricket,
25 like to play football and 32 like to play hockey.
Assume that each person in the group likes to play
atleast one of the three games. If 15 people like
to play both cricket and football, 11 like to play
football and hockey and 18 like to play cricket and
hockey. Find
(i) How many like to play all three games?
(ii) How many like to play only football?
(iii) How many like to play only hockey?
(iv) How many like to play exactly one game?

36. Find the domain and range of the following real
valued functions :

1

(a) f(x)=
) \/x2—81

2x
(b) flx)= P

1. (b): Given A ={(x,y):y=¢**, Vx€R}
and B={(x,y):y=e¢%,Vxe R}

2x _ -~
e pe
= x=0andy=1

Ase?*and e**both intersect each otherat (0,1),s0 AN B
is a singleton set.

2. (d):u[ a4 B

D

= Shaded part represents (A - B) U (B - A).

Sl e
3. (a): Fb) b

= e = =1 = eH=¢"

B-A

= e¢b = eatb =fla+b)



4. (a): A={x:x2-5x+6=0}
X2-5x+6=0=(x-3) (x-2)
={2,3},B=1{2,4},C={4, 5}
Now, BN C = {4}
= Ax (BN C)=1{2,3}x{4} ={(2,4), (3, 4)}.
5. (d): Given n(A) =6and n(B) =p
Total number of relations from A to B = 2P
Total number of non-empty relations from A to
B=2%-1
6. (b): Given, A ={1, 3,5, 6}
n{P(A)} =24*=16 = n[P{P(A)}] =2!°
7. (c): A=13,6,9,12,...}, B=1{6, 12, 18, 24, ...}
=1{3,9,15,21,...}.
8. (b): fla+1)-fla-1)
=[9(a+1)-(a+1)?] -
=18 - 4a = 2(9 - 2a).

=0=>x=3,2

9(@-1) - (a-1)7]

1

Jlx|—x
Now, x| —x>0 = |x|>x
Thus, x must be negative = x € (-0, 0).
10. (a) : Consider (A U B)’ N (A" U B)
=(A’NB)N(ANB)=(B-A)N(A-B)=0
11. Given f: R — R is defined by f(x) = 2*
Since D,=Rand forallxe R, 2*>0
Range of f= (0, «0).
12. We have, xRy if x < y
R={(1,2), (1, 4), (1, 6), (2, 4), (2, 6), (3, 4), (3, 6),
(4,6), (5,6)}
Here, RC A x B
R is a relation from A to B.

9. (a): Wehave, f(x)=

13. Here x is an integer satisfying |x| < 2.
= |x]=0,1,2 = x=0,+1,+2
So, x can take values -2, -1, 0, 1, 2.
s {x:x€e Zand |x| <2} ={-2,-1,0,1,2}.
14. (f? - 39)(x) = (f)(x) - 3g)(x) = (fx))* - 3g(x)
=(x+1)2-32x-3)=x>+2x+1-6x+9
- 4x + 10, forall x € R.
15. We have, aN = {ax: x € N}
. 3N={3x:xe N} ={3,6,9,12, ...}
and7N {7x:xe N} =1{7, 14, 21, 28, ...}
Hence, BN N 7N ={21,42, ...} ={21x:x€ N} =21N.
16. The values of x for which f(x) and g(x) are equal are
given by f(x) = g(x)
= 2x*-1=1-3x = 2x*+3x-2=0
= x+2)2x-1)=0 = x=-2,1/2.
Thus, f(x) and g(x) are equal on the set {-2, 1/2}.

17. Given A ={1,2,3,4}and x, y € A.

The set of all ordered pairs (x, y) such that x is a divisor
of y={(1,1),(1,2),(1,3),(1,4), (2,2),(2,4), (3,3), (4, 4)}.
18. Letxe B =>x¢B=>xg A=>xc A’

= B CA'=>B -A"=0.

19. Here A-B=1{2,4} and B- A = {9}
A-B#B-A.
| x—4]
20. We have, f(x) = =——
x—4
Clearly, f(x) is defined for all x € R except at x = 4.
-4
a ;=1 ifx>d
Now, flx)=14 *7
ow, flx) Cx—4) .
— =1, ifx<4
x—4

Hence, Range(f) = {-1, 1}.

21. (i)A={x:x€ Nand xisodd} ={1,3,5,7,9,11,...}.
Since odd numbers are infinite in numbers, so A is an
infinite set.
(ii) B = {x : x is a month of a year having less than
31 days}, i.e, {February, April, June, September,
November}.

B s a finite set.
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a* .
a* ++a 1

al™* a-a_

al_x+\/;_a~a_x+\/;
_a

a+va-a* a+a*

Adding (i) and (ii), we get

22. Given, f(x) =

X

fl-x)=

...(ii)

a* Ja a* ++Ja
f == _ax+\/;+\/g+ax _ax+\/;_1
OR
We have, flx)=g(x)forallxe R
= f(-4) =g(-4)
= —4-4=A
= A=-8.

23. Let C=ANB.
" CxC=(ANBXx(ANB) =(ANB)x(BNA)
=(AxB)N(BxA)
Since A M B has n elements, so C has n elements.
Hence C x C has n? elements.
(A x B) N (B x A) has n? elements.
Hence A x B and B x A has n? elements in common.
24. Here A = {-1, 1}
AxAxA={-1,-1,-1), (-1, -1, 1), (-1, 1, 1),
(-1,1,1),(,-1,-1),(1,-1,1),(1,1,-1), (1, 1, 1)}.
OR
Here R={(x,y):x, y € Z, x> + y* = 64}.
Whenx=0,y=8,-8;
When x=8,y=0; whenx=-8,y=0.
For all other values of x € Z, we donotgety € Z.
R ={(0, 8), (0, -8), (8, 0), (-8, 0)}.

lof _[-o _[o], |-o]
25. fla) - f-a) = T o o + "
_ M+M=2M={2’ >0
o o o |2, a<0
Thus, flo) - f-o) =12
o |flo) - fl-a)] = 2] = 2
26. The given sets are:
A={0},B=0,C={5},D={5-5}, E={5}
(v x2-2x-15=0 = (x-5) (x+3)=0= x=5,-3)
Thus, the only pair of equal sets is C and E.

27. Giveny=x + E,x,ye Nand x <6.
X

(82) MATHEMATICS TODAY | MAY 19

Whenx=1,y=1+ — =7and7€ N,so(1,7) € R,

Whenx=2,y=2+ — =5and5€ N,s0(2,5) € R,
Whenx=3,y=3+ — =5and5€ N,so(3,5) € R,

Whenx=4,y=4+ —¢N, and

[ NN e NS = N Sl o N o)

Whenx=5,y=5+ EEN

= R={(1,7),(2,5),(3,5)}.
Domain of R = {1, 2, 3} and range of R = {5, 7}.
28. Given A ={1,3,5,...,17}and B={2, 4,6, ..., 18},
ANB=0 ()
Now, A" U((AUB)NB)=A"U((ANB)u(BNB))
(Distributive law)

=AU((ANB)U ) (- BNB =0)
=A"U(ANDB) (- Aud=A)
=(A"VUA)N A" UB) (Distributive law)
=NNn(ANnB) (De-Morgan’s law)
=NN¢ [Using (i)]
=NNN
=N
(e
29. Let f =1]| x, ,xeR
x+1
2
We know that f(x)= ; . is defined for all x € R
x“+

asx*>+ 1#0 forany x € R.
So, domain of f(x) is real number.
Letf(x)=y
2
= x - y = x=% |[—
x*+1 -y
x will be defined when 1L >0
-y

ie,0sy<l=ye [0,1)
Hence, range of f= [0, 1)
OR

Refer to answer 87, page no. 40 (MTG CBSE Champion
Mathematics Class 11)
30. Wehave, R={(a,b):a,be Qanda-be 7}
(a) Letae Q. Thena-a=0¢€ Z.

(a,a)e RV ae Q.
(b) (a,b)eR = (a-b)e Z
= -(a-bez(-(-1)eZ) =>b-acZ



= (b,a)e R

Thus, (a,b) e R = (b,a)e R

(c) Let(a,b)e Rand (b,c) e R

= a-beZandb-ce Z = {(a-b)+(b-0)}le Z
= (a-00eZ = (a,c)eR

Thus, (a,b) € Rand (b,c) e R = (a,c)€ R

1+x2
2

1+x
31. Given f(x)=§ = f(x2)=

(1+x)(1+x2J
Now. J@ ) _\1-x Ni-y2

> 2 2
1+[f(x)] 1+(1+x)
1-x
1+x2
_ 1—-x) _ 1+ x* 1
A-x)?+0+x)? 20+x%) 2
(1-x)

32. Given, n(A) = mand n(B) = k
= n(P(A)) = 2" and n(P(B)) = 2k

Ratio of n(P(A)) to n(P(B)) =64 :1 [Given]
m
2—k=g = 2" k=64
2 1
= 2m-k=26 = m_-k=6 )
Also,n(A) +n(B)=12 = m+ k=12 ...(ii)

Solving (i) and (ii) simultaneously, we get m = 9 and
k= 3.

OR
We have, BU C=1{2,4, 6,8} U {3,4,5, 6}

=1{2,3,4,5,6,8} (1)

ANB={1,2,3,4n1{24,6, 8 ={2,4} ..(ii)
ANC={1,2,3,41"{3,4,5,6} ={3,4} ..(iii)
LHS.=A-(BUC)

={1,2,3,4} - {2,3,4,5,6,8)' (From (i)
=1{1,2,3,4} - {1,7,9

=1{2,3,4} (iv)

RHS.=(ANnB)U(ANCQC)
={2,4}U{3, 4}

=1{2,3,4}

From (iv) and (v), we get L. H.S. = R.H.S.

33. Given f(x) = ¢* and g(x) = log x

D= Rand D = R*, where R* is the set of positive reals.
LetD:Dmeg:RmR+:R+

(i) (f+g) (x)=fx) + g(x) = e + log x, with domain R*.
(ii) (f- g (x) = flx) - g(x) = €* - log x, with domain R*.
(iii) (fg) (x) = fix) g(x) = €*log x, with domain R*.

(iv) ! (x)= G} = L, with domain D,
g g(x) logx

(From (ii) and (iii))
(V)

where D, = R* - {1}.

f flx) e~

(vi) (f2) (%) = (f (x))? = (€¥)? = **, with domain D;=R.
OR

We have, f(x) = log,{log.(log,(18x - x2 - 77)}
Since log, x is defined for all x > 0.
o flx) is defined if
log, {log,(18x - x* - 77)} > 0 .and 18x - x* - 77 > 0
log, (18x - x* - 77) > 5% and x* - 18x + 77 < 0
log, (18x - x?>-77) > land (x - 11) (x - 7) < 0
18x-x*>-77>3"and7<x< 11
18x-x*-80>0and 7<x< 11
x*-18x+80<0and7<x< 11
(x-10)(x-8)<0and7<x< 11
8<x<10and7<x<1l = 8<x<10
x € (8,10).
Hence, the domain of f(x) is (8, 10).

34. We have, (x, y) € R

) (lJ(x) = LI , with domain R.

| I A A A

& x+2y=10 & y= , X, Y E A,

where A = {1,2,3,4,5,6,7,8,9, 10}.
Now,x=1 = y= E=geEA.

2 2
This shows that 1 is not related to any element in A.
Similarly, 3, 5, 7, 9 and 10 are not related to any element
of A under the defined relation.

10-2

Forx=2,y= T =4e A. .. (2,4 €R

8+ 3% 12+

3 1 2 4
7+ 72x 120x | 2+

5 6 3 1 4

2 3 4 5 1
12x 12+

1 2 6 4 3 5
15+ 3- 2- 9+

4 1 5 3 2 6

3
6 4 2 5 1 3
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6
Forx:6,y:T =2€e A. .~ (6,2)€eR

10-8

Forx:8,y:T =1e A. .. (81)€eR

Thus, R ={(2, 4), (4, 3), (6,2), (8, 1)}
Clearly, Dom(R) = {2, 4, 6, 8}
and, Range (R) =1{4, 3,2, 1}
35. Given, U=1{1,2, 3, ...,30}, A=1{2,3}, B={1,4, 9}
and C=11, 8, 27}.
(i) AUB=1{1,2,3,4,9
= (AUB)'=1{5,6,7,8, 10,11, 12, ..., 30}
Now, A'={1,4,5,6, ..., 30} and
B'={2,3,5,6,7,8,10,11, 12, ..., 30}
— A'NB'=1{5,6,78,10,11, 12, ..., 30}.
(AUB)=A'NB'
(i) ANB={2,31n{1,4,9}=¢0 = (ANnB)'=U
A'UB'={1,4,5,6,...,30} U {2,3,5,6,7, 8, 10, 11,
12, ..., 30}
={1,2,3,4,...,30l= U
(AnB)'=A"UB’
(i) ANB=1{2,3"1{1,4,9 = ¢
= ANB)NC=0NnC=0n{1,8,27}=¢
Now, BN C=1{1,4,9} {1, 8,27} = {1}
= ANBNCO)={2,3In{l}=¢
(ANB)NnC=ANn(BNQC)
OR
Let C, F and H be the set of persons who like to play
cricket, football and hockey respectively.
n(C) = 30, n(F) = 25, n(H) = 32, n(CUFUH) = 50
n(CNF)=15n(FNH)=11,n(CNnH) =18
(i) Number of persons who like to play all three games
=n(CNFNH)=n(CUFUH) - n(C) - n(F) - n(H)
+n(CNF) + n(FNH) + n(CNH)
=50-30-25-32+15+11+18=7
(if) Number of persons who like to play only football
=n(F) -n(FNC)-n(FNH) + n(CNhFNH)
=25-15-11+7=6
(iii) Number of persons who like to play only hockey
=n(H) -n(CNnH) -n(FNH) + n(CNnFNH)
=32-18-11+7=10
(iv) Number of persons who like to play exactly one
game = n(CUFUH) - n(CNF) - n(CNH) - n(FNH)
+2n(CNFNH)
=50-15-18 - 11 +2(7) =20
1

Vx2—81
f(x) is defined for x> - 81 > 0
= x2>81 = x<-9,x>9

D

36. (a) Here, f(x) =

MATHEMATICS TODAY | MAY 19

Domain of fis (- e, - 9) U (9, o)
Let y = f(x)
1 X 1

Jx? =81 x* —81

= x2-81=L2 = x=1% /81+i2
y y

Range of f=R - {0}
(b) Here, f(x) = —

= Jy=

6
flx) is not defined for6 -x=0 = x=6
Domain of f=R - {6}

Lety=flx) = y= 62—_xx = 6y-xy=2x

= 6y=2x+xy = x(2+y)=6y > x= ——
= Rangeof fis R - {-2}.

Samurai Sudoku puzzle consists of five overlapping sudoku grids. The
standard sudoku rules apply to each 9 x 9 grid. Place digits from 1 to 9
in each empty cell. Every row, every column and every 3 x 3 box should
contain one of each digit.
The puzzle has a unique answer.
4 9 2 1
813 9 8
914(2 716 2 9
9 8|7 5 9
5 815 6 2
7 3 2 2
5 81 5 3
6|4 8 117 4 3
8 1 7 119 3 6
6
6 2 5|8
9 31 6
6|4 2 4 7 2
7 5 3 9|5 9 5
1 3 6|3 8
2 411 5 5 6 3
8 4 9 1
5 219 3|2 4
4 6 7 2 8|6
215 6 4 9 7
3 9 3 6 5
Readers can send their responses at editor@mtg.in or post us with complete
address. Winners’ name with their valuable feedback will be published in next issue.
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SOLUTION SET-196

1 1
1. @):8=—+—+ + ... to 10 terms
19! 3!117! 5!15!
1 | 20! 20! 20!
= =—{ 0 + 0 + 0 +...t010terms}
2001119 317! 5!15!
1
= S:ﬁ{mq+2°C3+2°C5+...+2°C19},
. 19
= SZL{ZZ(H}:Z_
20! 20!
1 9 7
2. (d):Wehave,[a b c] 8 2 7 =[0 0 0]
7 3 7

= a+8b+7c=0,9a+2b+3c=0,7a+7b+7c=0

= a=1,b=6,c=-7

Clearly, P(a, b, c) lies on the plane 2x + y + z =1
7a+b+c=74+6-7=6

3. (c) : Letaand b be two given quantities.
Then,Gz\/%,Alzza-i-b a+2b

2A1 —AzzaandzAz—Al :b
= (24,-A,) (24, - A)) =ab=G*
4. (a) : The equation of a conic passing through the
intersection of the given conics is
(ayx + 2hyxy + byy? - 1) + MaoX® + 2hyxy + byy* - ) =0
This equation will represent a circle, if

Coeff. of x* = Coeff. of y* and Coeff. of xy = 0
= (al + )\4[12) = (bl + )\«bz)
and 2h; +2A h, =0
Eliminating A from (i) and (ii), we get

h
(a; - by) = h_l (ay-by) = (a1 -b) hy=(ay-b) by
2
5. (o) : X% —2xsecO+1=0 (1)
= x*-x {(sec © + tan 0) + (sec 6 - tan 0)}
+ (sec O + tan 0) (sec® —tan 6) =0

and A, =

(D)
...(ii)

= x=secO+tan O, x=secH -tan O
o; = secO-tanOand B, =secO +tan 6 (- o) > )
Now, x> + 2xtan®-1=0 ...(ii)
= x* - {(sec O - tan 0) + (~tan O — sec 0)} x
+ (sec O — tan 0) (-tan 6 — sec ) =0
= x=secO-tanO,x=-tan O —secO
o, =secO-tanBand 3, =-tan 0 —sec 0 (- o, > 3,)
Hence, oy + B, = sec 6 — tan 6 - tan 0 - sec 6 = -2tan®.

6. (b): Wehave, flx)=1+2x+ 3x% + 4x°
= f'(x)=2+6x+12x2=2(6x2+3x+1)>Of0rallxeR

= f(x) is strictly increasing on R ..(1)
Now, f(-3/4) <0 and f(-1/2) >0
= f(x) has a real root between -3/4 and -1/2 ...(ii)

From (i) and (ii), s € (—Z,—l)

2
te (1/2,3/4)
Now, f”(x) =6 + 24x, Put f"(x) =0 = x=-1/4
Clearly, f’(x) is increasing on (~1/4, e) and decreasing
on (—oo, —1/4).
-~ f’(x) is decreasing on (-t, —1/4) and increasing on
(-1/4, t).

(7-8):7. (a) 8. (d)
gx) 5 x<-1
fo<xt<t f(—1)+g(—1)’ i
F(x)= —f(x);-g(x)’ x*=1 = f(zx) , —l<x<1
gx) , x*>1 f)+g1) el
gz(x) , x>1

For continuity at x = -1, we have f(-1) = g(-1)
= 1-a+3=b-1=a+b=5 (1)
For continuity at x = 1, (1) = g(1)

= l+a+3=1+b=>a-b=-3 ..(ii)
Solving (i) and (ii), we geta=1and b=4
Now,f(x)=g(x):>x2+x+3=x+4 = x==1

9. (4) : Roots are real if discriminant > 0

ie. ifn® -4 (g) >0

ie,ifn*-2n=0 (1)

We find that n = 2, 3, 4 and 5 satisfy the inequality (i).
So, four out of 5 choices are favourable. Hence, required
probability = 4/5.

10. (¢) : P—>1,Q—2,R—>4,S—3
Equation of the normal is y = mx - 2m — m>.
Since it passes through (3, 0)

3m-2m-m’ =0
= m =0, t 1. Centroid of APQR = (2/3, 0)
APQR is isosceles.
If (x, y) is the circumcentre, then
P =(x-12+ (-2 =(x-1)2+ (@ +2)

5
= x=5, y=0 Radius = 5/2
10 0 1
Areazzl -2 1j=2.
1 2 1

@
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= Chapterwise student-friendly synopses for
quick-and-easy revision

The answer iS praCtice.,, = Topicwise MCQs to check your progress

= NCERT Exemplar MCQs
Our team has.seen that in NEET, AlIMS, JIPMER and JEE, Multiple » Assertion & Reason questions for an edge in
Choice Questions (MCQs) are based on the NCERT syllabus. Largely !! your AIIMS/JEE preparation
With Objective NCERT at your FINGERTIPS, you can become a pro at
handling MCQs. Practice to increase your accuracy and improve
timing with a bank of over 15,000 questions, all framed from NCERT = 6 Practice papers for self-assessment
course books. Don't take our word, have a look what some of our = High Definition (HD) multicolour pages

readers have to say...

= HOTS MCQs to boost your concepts

Rohit Says, “An Ideal book for NEET 'A1IMS. One of the best books 1 have ever read. 1t sticks to the point to what its title suggests. Almost 120
questions on an average are given from each chapter of Class 11 and 12. Each and every solution is well explained. The quick notes given here
are of a high level which you will never find anywhere else. A must buy for every NEET aspirant....”"

Anand Says, I found this book very good. It is filly based on NCERT texthook. It contains chapter wise MCQs and
snapshots. It is very good book for NEET preparation and also for AIIMS because it contains assertion and reason
corner. This book has also NCERT exemplar problems. This book has easy, medium and tough levels MCQs. And main
thing is that all the MCQs are filly solved.”

Dipti Says, “Really an outstanding book with ample amount of questions for each topic. helps us to evaluate and learn.
I would recommend it for NEET aspirants. It can be a key to our success. "

Ashu Says, "It is an awesome book and has a vast variety of questions. Each topic has atleast 100 guestions on average
and 1s a must buy for CBSE as well as for other competitive exams. The snapshots and review formulae provide an
excellent revision of concepts and the book itself helps in time management. The solutions are given for each and every
problem and is very helpful... if vou want an edge over the others buv it.”

Saikat Mazumder Says, “Super! It is a very comprehensive book for the NEET exam. It helps to keep me in track with
the patiern and questions for the exam and made me successful.”

Available at all leading book shops throughout India.
For more information or for help in placing your order,
Call 0124-6601200 or e-mail:info@mtg.in

MTG Learning Media (P) Ltd.
Plot #99, Sector 44, Gurgaon — 122 003 (HR)
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Tune. Fine tune. Reach the peak of your readiness for JEE with MTG's 41+17 Years Chapterwise

Solutions. It is undoubtedly the most comprehensive ‘real’ question bank, complete with detailed
solutions by experts.

Studies have shown that successful JEE aspirants begin by familiarising themselves with the
problems that have appeared in past JEEs as early as 2 years in advance. Making it one of the key

ingredients for their success. How about you then? Get 41+17 Years Chapterwise Solutions to start
your rehearsals early.

Attempt all questions

from this book on the
Web + Mobile for

free
(For details see inside the book)

Available at all leading book shops throughout the country.
For more information or for help in placing your order:
Visit www.mtg.in to buy online!

Call 0124-6601200 or e-mail:info@mtg.in
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Top Rank in JEE WtG
Now Made Easy with
MTG’s RANK UP Physics

RANK UP Physics RANK UP Physics RANK UP Physics
JEE Main & Advanced | JEE Main & Advanced JEE Main & Advanced
‘- . : .
L35 RANKUP Phy 2 KUP Physics %
PENLY IR JEE Main & Advie Main & Advanced M /

WAVES AND OPTICS AND
THERMODYNAMICS ODERN PHYSICS

Akhil . i Akhil Tewari Akhil Tewari

MECHANICS

VOLUME 1

3250 3250

ELECTRICITY AND
MAGNETISM

Akhil Tewari Akhil Tewari

MECHANICS

VOLUME 2

—
%300 %350

This book is intended for students aspiring for engineering entrance exams or anyone eager to learn the
concepts of Physics. It aims to develop both understanding of concepts of Physics and numerical solving skills.

The striking feature of these books is the simplicity in explaining the concepts. The theoretical part of each unit
is presented in a focused, problem-oriented, simple to understand format to develop the core understanding
of the subject. In addition, numerous solved examples have been meticulously laid down throughout each unit
to help students learn the application of theories and bolster their grasp on fine concepts.

This book will definitely instill in you the much needed confidence for the exams and help you develop a liking
for the subject.

Key Features
+» Detailed theory with solved examples

+ Topicwise fundamental questions for better understanding of concepts

+ Levelwise exercise for practice, covering all types of questions with detailed solutions Visit
+ Previous 5 years' JEE Main & Advanced questions with detailed solutions WWW-mtg-in
for latest offers
WMEG and to buy
D09 Available at all leading book shops throughout India. online!
SO0 For more information or for help in placing your order:

eC® Call 0124-6601200 or email:info@mtg.in

Learning Media
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Study right. Dig deep.
Build a solid foundation for success
in JEE Main

Are you a do-it-yourself type of a student? Then for success in JEE Main, choose MTG's
JEE Main combo, comprising coursebooks for Physics, Chemistry & Mathematics. This
combo is all class 11 and 12 students need for a solid and deep understanding of
concepts in these three key subjects.

FEATURES
- Based on latest pattern of JEE Main

- Covers the entire syllabus

+ Full of graphicillustrations for deep understanding of concepts
» Levelwise MCQs with detailed solutions

« NCERT Drill MCQs framed from NCERT Books

Previous 10 Years' MCQs (2018-2009) of JEE Main / AIEEE

Note: Coursebooks are also available separately.

Available at all leading book shops throughout India. To buy online visit www.mtg.in.

For more information or for help in placing your order, call 0124-6601200 or e-mail: info@mtg.in

Scan now with your
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CBSE CHAMPION Chapterwise -Topicwise Solved Papers Series contains topicwise questions and solutions asked over last
decade in CBSE-Board examination.

Questions are supported with topicwise graphical analysis of previous years CBSE Board questions as well as comprehensive and
lucid theory. The questions in each topic have been arranged in descending order as per the marks category. Questions from Delhi,
All India, Foreign and Compartment papers are included. This ensures that all types of questions that are necessary for Board exam
preparation have been covered.

Important feature of these books is that the solutions to all the questions have been given according to CBSE marking scheme.
CBSE sample paper and practice papers are also supplemented.

Examination papers for Class-10 and 12 Boards are based on a certain pattern. To excel, studying Visit
right is therefore more important than studying hard, which is why we created this series. ,
www.mtg.in
for latest offers
and to buy

online!
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Available at all leading book shops throughout India.
For more information or for help in placing your order:

Call 0124-6601200 or email info@mtg.in
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When it is a question about your career, it is important to take the right decision. We,
at Aakash, not only aim to give you a right direction but also help you to realize your
dreams.

Let's come together and aim for a successful career.

Our Result in Medical & Engineering Entrance Exams 2018-2019

ﬁ RANK 3 RANK iy, RANK g RANK RANK ﬁ RANK _‘.&“ PE]R-C919_E ?EgE.N%L? < _L?Eg:EIDgL?

Kalpana Kumari Rohan Purohit Himanshu Sh:vmz Eliza Ramneek Kaur Mahal Mehak Arora JAYESH SINGLA SAMANYU MAHAIAN DRAVYA MARWAHA
Classroom Distance Classroom Distance Classroom Distance Distance Classroom Classroom
6 1 828 AAKASHIANS QUALIFIED IN 503 AAKASHIANS QUALIFIED FOR 1 966 AAKASHIANS SCORED 95 Percentile | 6 State Topper | 2 in 100 Percentile
CBSE NEET-UG 2018 AlIMS 2018 & Above in JEE (Main) 2019 439 in 99 Percentile & Above

ADMISSION OPEN

1 Year, 2 Year, 3 Year & 4 Year Integrated Classroom Courses

MEDICAL ENGINEERING FOUNDATION
NEET, AlIMS JEE (Main & Advanced) NTSE, Olympiads &

& Other Medical Entrance Exams & Other Engineering Entrance Exams SChOOI / Boa rd Exams
4* Year course | Class IX studying students 4* Year course | Class IX studying students -

1 & 2 Year courses ‘ Class IX studying students
3* Year course | Class X studying students 3* Year course | Class X studying students -

1 Year course ‘ Class X studying students
2 Year course | Class XI studying students 2 Year course | Class XI studying students
1 Year course | Class XII studying / passed students 1 Year course | Class XII studying / passed students

*For details & availability of 3 & 4 Year Courses, contact your nearest Aakash Branches / Centres.

DIGITAL / DISTANCE LEARNING PROGRAMS

for NEET & AIIMS / JEE (Main & Advanced) - Class XI & XII Studying / Passed Students | For School / Board Exams / NTSE & Olympiads (Class VIII / IX / X)

/ Rakash ” Aakash AakaSh
A iTutor e A Live Distance Learning Program
RECORDED VIDEO LECTURES LIVE ONLINE CLASSES PRINTED STUDY MATERIAL

For Digital / Distance Learning Programs Call on TOLL-FREE: 1800-120-3021 OR Give a Missed Call: 9599698683

135l SCANFOR ) h1o
%5 NERREST = 1OLL-FREE 1800-212-1238 Aakash
Vi CENTRER  Gjyc 5 missed call 9599280605
Medical|lIT-JEE| Foundations
Registered Office: Aakash Tower, 8, Pusa Road, New Delhi-110005. Ph.: (011) 47623456 | E-mail: reach.us@aesl.in | SUNDAY OPEN (Divisions of Aakash Educational Services Limited)

@ www.aakash.ac.in instagram.com/aakasheducation f facebook.com/aakasheducation/ ¥ twitter.com/AESL_Official youtube.com/AakashEducation  [@) aakash.ac.in/blog/

Disclaimer: “Aakash Educational Services Limited is proposing, subject to receipt of requisite approvals, market conditi bli and has filed a Draft Red Herring Prospectus (“DRHP") with the Securities and Exchange Board of India (“SEBI").
The DRHP is available on the websites of the SEBI, lhu BSE Limited and the National Stock Exchange of India Limited at www.sebi.gov.in, www.bseindia.com and www nseindia. cnm respectlvely and the respective websites of the Book Running Lead Managers at http.//www.investmentbank.kotak.com/offer-
documents/, http://www.online.citibank.co.i hitm and www.india.clsa.com

Investors should note that |nvestment in equity shares involves a high degree of risk. For detalls potential |nvestnrs should refer to the Red Herring Prospectus/Prospectus which may e filed with the Registrar of Companies, National Capital Territory of Delhi and Haryana, located at New Delhi, in future including the
sectiontitled “Ri rely on the DRHP in maki decision.”




