MATHEMATICS PAPER - 1B

COORDINATE GEOMETRY (2D &3D) AND CALCULUS

TIME: 3hrs Max. Marks.75

Note: This question paper consists of three sectisrA, B and C.
SECTION-A
Very Short Answer Type Questions. 10X2 =20

1. Find the value of k, if the straight lin@s-10y + 3= C and kx—5y + 8= Oare

parallel.

2. Find the condition for the poin{s,0),(h,k) and(0,b) whereab# 0 to be

collinear

3. Find the fourth vertex of the «parallelograwhose consecutive vertices are
(2,4-9 (3,6 1 and(4,5,])

4. Find the angle between the plaRes y+z=6 andx+y+2z=7

. -1
Computelim
5 P x~0[ 1+x—1j

6. Compututém8|x|—+3x
x-= 3|x = 2x

_ - o dy
7. Ify=log(sin( logx)), find ™

8. If the increase in the side of a square is 4% fine percentage of change in the area

of the square.



9.  Find the value of ‘C’ in the Rolle’s theordan the functionf (x)=x’+4 on

[-3.3

Find 2 if y =(Cot ™)’

10. ot

SECTION-B
Short Answer Type Questions 5X4 =20

Note: Answer any FIVE questions. ‘Each question caes 4 marks.

11. The ends of the hypotenuse of a right angledangle ar€0, 6)and (6,0).

Find the equation of locus of ligd vertex.

12. <“When the axes are rotated through an a#jlehe transformed equation of curve

is 17x*—16xy+ 1%° = 22! Find the original equation of the curve.
13.  If the straight lirex+by+c=0,bx+cy+a=0andcx+ay+b=0

are concurrent, then prove that+b® +c® = 3abc

14.  Find derivative of the functiorin 2xform the first principles w.r.to x.



15.

16.

17. Computeﬁg(

Show that the length of the subnormal at aigtpn the curvexy =a* varies as

the cube  of the ordinate of the poirg.= a*

A point P is moving on the curwe=2x*. The x co-ordinate of P is increasing at

the rate of 4 units per second. Find the rate athwiine y co-ordinate is increasing

when the point

is at (2,8)

cosax— codbx
XZ

SECTION C

Long answer type questions. 5X7 =35M

Note: Answer any Five of the following..Each quegin carries 7 marks.

18.

19.

Find the circumcentre of the triangle whk verticed-2,3) (2~ and(4,0)

Show that the'lines joining the origin to the psiof intersection of the curve

x* < xy+ y*+3x+3y— 2= 0 and the straight ling - y -2 = 0 are mutually

perpendicular.

20. If the equatiorax’ + 2hxy +by*=0 represents a pair of distinct (ie., intersedtiimes,

21.

then the combined equation of the pair of bisectdrshe angles between these
lines ish(x*-y?) = (a-b)xy .ax* +2hxy +by*=
Find the angle between the lines whose doraosines are given by the

equations3 + m+5n=0and 6rn-2nl + 9m=C



22.  Find the derivative ¢finx)*” +x*™ with respective x.
23. Show that the curves’ - 5x+ 2y = 0 and 4x* + 8y” = 3 touch each other %%%j :

24. Show that when the curved surface of righdutar cylinder inscribed in a sphere

of radius ‘r'is maximum, then the height of thginder is+/2r .

SOLUTIONS
Section A - VSAQ'S

1. Find the value of k, if the straight lines
6x — 10y + 3=0and k x — 5y + 8 = 0 are parallel
Sol. Given lines are 6x — 10y + 3 =0and
kx—5y+8=0

lines are parallel= 4 -
&

& e

=-30=-10k = k=3

2.  Find the condition for'the points (a, 0), (hakd (0,b)wherab# 0 to be collinear.
Sol. A(a, 0), B(h, k);»C(0, b) are collinear.

—=_—b:>ak:—bh+ al
a

= Slope of AB = Slope of AC Nk
bh+ ak= abjg"'—bz 1

3. Find the fourth vertex of the parallelogram wdeosnsecutive vertices are (2, 4, -1), (3, 6, —1)
are (4,5, 1).
Sol.

ABCD is a parallelogram

where
A=(2,4,-1),B=(3,6,-1),C=(4,5,1)




Suppose D(x, Y, z) is the fourth vertex
A B C D is a parallelogram

Midpoint of AC = Midpoint of BD
(2+4 4+5—1+1j:[ F x 6 y- 1 j

2 7 2 2 2 2

3+x 6
=—=Xx=3
2 2

6+y 9

=—=vy=3
> y
2105721
2 2

N

[0 Coordinates of the fourth vertex are :
D(3,3,1)

4. Find the angle between the planes 2x -y + za#@l x + 2y + 2z.= 7.

Sol.Equation of the plane are 2x -y + z =6 and2y + 2z =\7.

Let 6 be the angle between the planes, then

laa+ hb+ 66 |
V& +i5+ e g g

|21-1.2+ 1.2| _ 2

_V4+1+W/1+ w4 6 3

coso =

0=cos’:
3
X—
5 Lt|—2 -1
x-0ol v1I+x -1
X_
Lp > -1
x.0 Y1+ X -1 _ (3 -1)(Vi+ x + 1)
= - .
)0 QREXTE VIEXE L 1 S L (VIex+)
(rationalise D). x-0 X x-0

= (log3)(V1+ 0+ 4 = 2.log!
¢ 8|x + 3x
x50 3x - 2x
Sol:as x » o = |x = x (- here x is positive

Lp B3 B Xy
Xo03X = 2X x_Lw3X—2X x_Low X




7. If y = log(sin(logx)) find %

y = log(sin( logx))

dy _ d 1

= —log(sin( logx)) == i( sin( logx))
dx dx

(sin(logx)) dx

_ d
= —(sin( 109)) (cos( Iogx))& logx

~ 1
B (sin(logx)) (cos lon));

8. Let x be the side and A be the area of the Squar

percentage error in x ig)ix100: 4
X

Area =x?
Applying logs on both sides Log A = 2 logx
Taking differentials on both sides

i6A :2.£6x:>%><100= 2.6—Xx 10(
A X A X

=2x4 =8.
Therefore percentage errorin A is 8%
9. Letf(x)=X+4.
fis continuous on [-3, 3]
since f(-3) = f(3) and
f is differentiable on [-3, 3]
[J By Rolle’s theoremic[1(-1,1)Such that'{c) = 0

f'(x)=2x=0
0 =f()=0
2c=0=>c=0

The point ¢ = 01 (-3, 3)
10. Ify = (cotx®Y?, find Y .
dx

Sol.u=cot™ x*,u= ¥,y=



ﬂ:2u:2cofl(x3)=— 16
dx 1+Xx
dy _ dy du_dv
dx dx dv dx
=Zcot'1(x3)(— 16j3x2
1+ X
S cot 1 (%)
1+ x°

SECTION B- SAQ'S

11. The ends of the hypotenuse of a right angladdle are (0, 6) and (6, 0). Find the equation of

locus of its third vertex.
Ans. Given points A(2, 3), B(-1, 5).
Let P(x, y) be any point in the locus.

(x,y)

(0,6) 3(6,0)

Given condition‘isCJAPB = 90°
= (slope ofAP) (slope ofBP) = -1

Y- 6y=0_
x—0 xX—6

()(y-6)+(x)(x-6)=0
X2 +y?—6x-6y=0

-1

O Locus of P isx® +y?-6x-6y=0
12.  When the axes are rotated through an @&flethe transformed equation of a curve is

17x% —16xy + 1% = 22LFind the original equation of the curve.

Sol. Angle of rotation i9 =45, Let ( X,Y) be the new coordinates of (x, y)



: : Xty
X =xcosf+ysind=x cos4sy singd =——

N

) X -X+y
Y =—-xsin@+yco¥¥=-x sind5y cos4 =
Y Y 72

The original equation of 17X g 16XY + 171(2 = 22'is

it o o

(x2 + y;+2xy) _16(y2;x2) . 17(x2 +y? - 2xy)

=17 =225

=17 +17y% + 34y — 1%+ 182 +17x% +17y* — 34y = 45(
— 50x° +18y” = 45(= 25x*+ 9y? = 22Fjs the original equation
13. If the straight linesx+ by+ c= 0, bx+cy+a= 0 and cx+ay+b= C are concurrent, then

prove thata®+ b>+ ¢ = 3ab..

Sol: The equations of the given lines are

ax+ by+c=0 --(1)
bx+cy+a= 0 --(2)
cx+ay+ b= 0 ---(3)

Solving (1) and (2) points of intersection is ggt
X y 1
b C a b
x _y _ 1
ab-¢@ bc& . ca B
ab- ¢ bec- &J

ca—t?’ca— 8

(e {eif
c(ab- &)+ 4 be )+ p ca H=

abc— ¢+ abe 3+ abe I

Point of intersection iE

Oa’+ b+ &= 3ab,



14, fi(x)= Lt f(x+h)—f(x): Lt SN2(x + h) — cos X
h-0 h h-0 h

2x+2h+2x . X+ h—- X
0S .sin

2C
2

= Lt
h-0 h

Zcos( X+ Z—h .sirém)
Lt 2 2

h-0 h
sin(h)
h

Lt 2coq X + h) Lt
h-0 S( )h—>0

=2C0SX .= 2C0SX
15. Show that the length of sub-normal at any pointhe curve xy =avaries as the cube of the

ordinate of the point.

Sol: Equation of the curve is xy Z.a

:>y:_:> Q:__az:
X dx x2

Let P(x,y) be a point on the curve.

2

2.,Y
-a y_
2

v

a2

Length of the sub-normal ;. m| =

/SO

Olst a y’i.e. cube of the ordinate.

16. equation of the curvey =2x?

Diff w.rtt, 9 =45 9%
at .

Givenx =2 and %: 4

y co-ordinate is increasing at the rate of 3234séc.

cosax — cobx

17. Lt f(x)= Lt
X-0 ( ) Xx-0 X2
23in(a +b)x sin(b —a)x
= Lt X 2

2



18.

sin(a + b)E sin(b - a)l
=2 Lt 2 Lt 2
X-0 X X-0 X

_2(b+a)(b-a) _b*-a’
2 2 2

A(-2,3),B(2-1 , G 4,0are the vertices ahABC.

Let S be the circumcentre of th&BC.
Let D be the midpoint of BC

A(-2,3
E
S
B(2,-1) D C(4,0)
=D= (ﬂ" —1+ Oj :(3’__1j
2 2 2
— Slope of BC =—1= 0_-1_1
2-4 -2 2
= SD is perpendicular to BC
Slope of SD= e <
m
Equation of SDisy +—_ 2(x-3)
= 2y+1==4(x='3 = -4x+12
= 4x=2y-11=Q --(1)

Let E be the midpoint of AC

Co-ordinates of E ar( 2+ 3+0) (J,—j

Slope ofAC = s8-0__3__1
6 2

= SE is perpendicular to AC

= Slope of SE :—% =2

Equation of SE isy—g =2(x-1)



= 2y-3=4x-1 = 4x- ¢
=4x-2y-1=0 ---(2)
= 4x+2y-11=C ---(1)
Adding (1), (2)=8x-12=0

8x=12

Substitute this x in (1),

2y:11—4x:1}-4g::1} & —y=

N o

0 Co-ordinates of S ar(eggj

SECTION C -LAQ’S

19. Show that the lines joining the origin to theints of intersection of the curve

x2 —xy +y? +3x+3y- 2= 0 and the straight lin@-y-+/2=0 are mutually perpendicular.

0

Sol.

Le t A,B the the pointsof intersection of the liawed the curve.

Equation of the.curve ig* —xy +y*+3x+3y-2=0....... (1)

Equation’of the line AB ix-y-v2=0

= x—y:ﬁ:%: ...(2)

Homogenising, (1) with the help of (2) combinediaipn of OA, OB is
XZ—=xy+y?+3x.1+ 3y. 1 2.1= (

x-y _,(x=y)

=0
J2 2

= X =xy +y?+3(x+y)

=235 —xy+y2+i(x2—y2)—(x2—2xy+ y2) =0

J2



= x2—xy+y2+ix2—iy2—x2+2xy—y2 =0

V2o 2
3 > 3 2
= —=X"+Xxy-——=y° =0
20T
— coefficient of X +coefficient of y =a+ b= -2 =
V2 2

L] OA, OB are perpendicular.

20. Letax’ +2hxy+by* =0 represent the linelgx+my =0 -- (1) andl,x+my =0 -- (2).

Thenil,=a,lm,+I,m=2h, mumo = b.

The equations of bisectors of angles between (d)2nare X+ My _ X E My
\/I +m? \/I +m?2

1X+mly Ipx+myy _ - 0and
\/I +m? \/I +m3
hx+my  IX+my _

2 .. 2 2., 2
\/ll tmy \/I2+m2

The combined equation of the bisectors is

\/I +m? \/I +m5 \/£2+m1 \/f +m2

2 2
N L x+my X+ myy ~0
\/|1+ml \/lz"'mz

= (12 +m2) (px+ myy) = (12+mE) (1 x+m ) =0

L Xty 2X+m2yJ[€1X+m]y ¢ 2X+m?y}

0

:xz[l (I +m2 2+m1J 2[mzz(l +m1 ml"(l +mﬂ —2Xy[|2mz(|12+mf)—llml(l§+m22)}
:XZ(I12|22+I12m22—I1422—I§na yz(l MmZmp Zm mﬁ])? 2xy( oMyl E +l mmi = mi5- Iﬁnﬁnj
=% (12mZ =1 2m3) - y (121 fn 3 = 2xy [l (m, =1 m) —-mm Al m =1 g }]

= (x* - yz)(|12mé2‘| 22m12) =2xy(l{ ,;=mm)(Im 1 ;)= (x* - yz)(|1m2 +1,my) = 2xy(ll, —mm,)

= 2h(x* - y*)=2xy(a-b)

Oh(:E-y?)=(a-b)xy OR Xaiy :%



21.

Given3d + m+5n=0

6mn —2nl + 9m=0

From (1),m=~(3 + 5n)
Substituting in (2)

= -6n(3 +5n)-nl - 3( 3+ F)= (
= —18In- 30 - 2l - 15 - 25IrF |
= —19%- 45In- 30° = (
=1?2+3In+2n°=0

= (I+2n)(I+n)=0
=|+2n=0o0rl+n=0

Case (i) :

Il nl
|l+n1—03 nl—_ll,:> nl——|1,:>I—_—1

But m=-(3,+5n,)=~(-3+ &) =- 2,

Dﬁ:i
+2 -1

] |_1:ﬂ: N,
1 2 -1

D.rs of the first linel, are(1, 2~ )

Case (i) 1,+2n,=0

= m=~(3,#5n,)=~(-6n,+ §,)=n,
m_n;
1 1
] |2 :&:&
-2 1 1

D.rs of the second ling are(-2,1,1
Supposed' is the angle between the lingsnd |,

cosd = aa,*+bb, +cc,
Ja +10F ¢ \JaZ+bi+c
|11(-2)+ 2.1+ (-3 1
JI+4+1/4+ 1+ 1




ol

= 6f=cos*(1/9

22.  Letu = (sinx)°9* v = x*" so thaty = u + v

u = (sinx)9*  applying logs
= logu = Iog{(sinx)'ogx} = logx .lod sirx)
Differentiating w. r. to x

d d .
= —logu = — logx.log( sinx)
dx dx

1 Iogxi cosx + log S|n<)—
u dx sin

[cotx.logx +
X

Iog(sinx)}
X

= (sinx)"°9% [ cotx.logx + Iogﬂ}
X

V= Xsmx

logv = (logx)®™ = sinx.logx

1 dv 1
—.— = sinx—~ + (logx.cox)
v dx X

av sinx sinx| SiNX
= v| ——.cosx .logx | =X —— + cosx.logx
dx X X

dy .du dv
since y=u+tv=s— = — + —

dx dx dx

. I inx i inx
= (sinx)"°9X ( cotx .logx + M) +x5IN% (S— + cosx.logx)

23.  Show that the curvesx® - 5x+ 2y= 0 and 4x? + 8y? = 3 touch each othreat (; ;) :

Sol: Equation of the first curve &x? - 5x+ 2y= 0

= oy=bx-62= 2. =512 _, dy _ 5712
dx dx 2
1
5-12- .
m, = (dy _ 2 5-6

dxj ,{ZZJ 2 2

N =



Equation of the second curve4s? +8y? = 3

= 8x+16y.d—y =(C=> 16y.ﬂ =-8

dx dx

X

Dm]_:mz

The given curves touch each othePé% %)

Let r be the radius and h be the height ottti@der.

From AOAB, OA? + AB2=0B?

2 2
2 N g2 2op2 B°

Curved surface area2rmrh

2
:Zm/Rz—h—.h
4

= 1hv 4R? - W2

Let f (h) = hV4R? - I

"(h) = 1 + - h2.
f(h)—n{h.zm( 2h) +V 4R hzﬁ

| n2eart-p?_ 2(2R-1P)
For max or minf'(h)=0

2 2R2 - 1P
Jar? - p?

O02R%-h2=0

= =0



= h?=2R?= h=+/2R

— V4R? - h2(—2h)+( 2R - r?)

- ;h 4R? - 12
f""(when h=v 2R= &t

4h+0
=————— <0

\ar? -h?

f (h) is greatest wheh =+/2R

i.e., Height of the cylinder /2R



