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MATHEMATICSPAPER -IB

COORDINATE GEOMETRY (2D &3D) AND CALCULUS.
TIME: 3hrs. Max. Marks.75

Note: Thisquestion paper consists of three sections A, B and C.

SECTION - A

Very short answer type questions. 10X2 =20

. Show that the straight lines (a —b)x + (b —c¢) y=a, (b-c) x+ (¢c-a)y= (a — b) and (c —a)x + (Qy- b

b - ¢ are concurrent.

. Fund the value of P, if the straight lines 3x +7%=0and 7x — p y + 3 = 0 are mutually

perpendicular.

Find the coordinates of the vertex CAKBC if its centroid is the origin and the verticRsB are
(1,1, 1) and (-2, 4, 1) respectively.

Find the constant k so that the planes x — Ry = 0 and 2x + 5y — z = 0 are at right angles.

X_
Compute 1t & “Las>0p>0b% 1
X-0p*-1

K2x -k if x=1
if x<1

If fis given by f (x) = { is a continuous function on R, then find the valoé

K.
y = log(tan) find ﬂ
’ dx
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_ dy
8. It x*+y"-a®=0 thenfindg,

9. Find approximate value Gf7.8

10. Verify the Rolle’s theorem for the functior? & 1)(x — 2) on [-1, 2]. Find the point.in the inal

where the derivate vanishes.

SECTION B
Short answer type questions.

Answer any five of the following. 5X4=20

11. Find the equation of locus of a point, theatigihce of whose distances from (-5, 0) and (55 8) i

units.

12. When the origin is shifted to the ‘point (2,3he transformed equation of a curve is

X2 +3xy— 2y?+ 17— - 1E ( Find the original equation of the curve.

13. Line L has intercepts a and b on the axes @frdmates. When the axes are rotated through a

given angle, keepingthe origin fixed, the same lirhas intercepts p and g on the transformed

axes. Provetha%+i2:—12+—1.
a b p q2

[cosax— cobx}
Lt 5
14. EvaluateX~0 X

15.  find the derivative of the functioh(*¥)=C0S’ Xfrom first principle.

16. Show that the curveésy®= 2 and 3x?+x? =4x have a common tangent at the pointi(l,
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17. The volume of a cube is increasing at the sh® cni/sec. How fast is the surface area increasing

when the length of an edge is 12 cm?

SECTIONC
L ong answer type questions.

Answer any five of the following. 5X 7=35.

18. If p and q are lengths of the perpendiculaymfthe origin to the straight lines

Xxsea + ycosea = and xcoso — ysim = acos@, prove that4p2 + q2 =%

19. Show that the area of triangle formed by thedia® + 2hxy +.by¥ = 0 and Ix +my+n = 0is

|am2 —2h/m+ b€2|

20. Show that the lines joining the origin to-tleens of intersection of the curve

x2 —xy +y2 +3x+3y- 2= 0 and the straightfin&-y-+2=0 are mutually perpendicular.

21. Find the direction cosines of two lines whick eonnected by the relation.

I-5m+ 3= Oand 1% + 5M~@’= (
22, If y = X" 4(sinx)°°¥, find ;ﬂ
Xl

23. Find'the angle between the curvesy+2=0; x? +y?-10y =0.

24.  Prove that the radius of the right circulalirtder of greatest curved surface area which can be

inscribed in a given cone is half of that of theeo
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Model Paper-1 1B

SECTION A

Show that the straight lines (a —b)x + (b —&) ¢— a, (b-c) x+ (c-a)y= (a'= b).and (c
—a)x + (a—b)y b - c are concurrent.

Equations of the given lines are
L=(@a-b)x+(b-c)y-c+a=0 --(1)
L=(b-c)x+(c—-ay-a+b=0 ---(2)
L:=(c—a)x+(@a-b)y-b+c=0 --(3)
If three lines L, L,, L3 are concurrent , then there exists non zero ne@hbers
A, Ao A3, suchthahL;+A L ,+A 4 3=0"
LetA; =1A,=1A5=1,thenl.l; +1.L,#1Lg=0
Hence the given lines are concurrent.

Fund the value of P, if the straight lines 3xy+— 1 =0and 7x—py + 3 =0 are
mutually perpendicular.

Given lines are 3x+ 7y —-1=0, X—p8=0

> a3+ hb=0

lines are perpendicular
=37+7-pP=0= 7p= 2b &

Find the coordinates of the vertex CAABC if its centroid is the origin and the
vertices A, B are (1, 1, 1) and (-2, 4, 1) respetyi

AL, 1, 1), B(-2, 4, 1) and (X, y, z) are ttestices ofAABC.

G is the centroid cAABC

Coordinates of G are

www.sakshieducation.com



www.sakshieducation.com

1-2+x 1+ 4ty I+ b+
3 3 3

Zj=(0,0,0)

x—1:0’ y+5:0l z+ 2:
3 3 3

0

Xx=1=0,y+5=0, z+ 2= (
x=1y=-52=-2

[0 Coordinates of c are (1, -5, -2).

4, Find the constant k so that the planes x — Ry = 0 and 2x + 5y <z = 0 are at right
angles.
Sol. Equations of the given planes are

x—2y+kz=0and2x+5y-z=0
since these planes are perpendicular’, therefore

12— 206+ k€ 1)= ¢
2-10= k= k=-8

x —
5. Compute ¢ & ~1
Xx-0p*-1

(a>0b>0bz1.

X_
Sol: Forx:rﬁo,a 1: X

b*-1 |[b*-1
X
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a* -1

a*-1 xfog§77:kw3
x-0p* -1 b*-1 loc
Xx-0 X
2 _ .
Iffisgivenbyf(x)={kx K I.f =1
2 if x<1

the values of k.
Lt f(x)= Lt 2=2
- X—> 1_

—

is a continuous function on R, then find

Lt f(x)= Lt (kx®-k)=k®-k Given f(x) is continuous ak = 0
+

X -1+ X1

Lt f(x):XLt1+f(x)2:k2—k

X—>1_

Given f is continuous on R, hence it is continuatuz=1.

Therefore L.L =R.L
2 k’-k-2=0
=>(k-2)(k+2) =0 =>k=20r-~1

y = log(tan) find ﬂ
’ dx
d i(Iog tan %) = Li(tan )
dx dx tan 5x dx
_ 5seé % s 1
tan X co 5 3N X
Ccos 5

\ 10

2sin5x.cos &
= _10 =10.coxc 1&

sin1x

If x*+y*-aZxy= 0 therfind ;—dyx

Differentiate w. r. to x
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Gkt ryt-a?n) =0

453 + 4y3.ﬂ - a2(
ax
2

2

dy J)_
X—+vy.l]=20
dx y
_y—a y:O
X

453 + 4y3.ﬂ -a xd
ax d

(4y® - a° );—di = a%y - 4x3

20 .3
Oy _aly-4xt
dx  4y® - a’

9. Find approximate value &f7.8
Sol: Letx = 8,Ax =-0.2,f(x)=3x
f(x +8x) = f(x)+f1(x) &

2
1 -3 1
§/;+§X 3.AX =\/§+—g(_02)
3.83
=2-0.0166= 1.9834
10. Verify the Rolle’s theorem-for.the functior? & 1)(x — 2) on [-1, 2]. Find the point

in the interval where'the derivate vanishes.
Sol. Letf(x)=(X=1)(x~2)=R—2¥¢—-x+2
fis continuous on [-1, 2]
since f(-1) = f(2) = 0 and
fis differentiable on [-1, 2]
[0 By Rolle’s theoremc (-1, 2)
Letf(c)=0

f'(x) = 3¢ - 4x — 1
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3¢-4c-1=0

. A+:J16+12 4 2¢
6 6

SECTION B
11. Find the equation of locus of a point, theati#hce of whose distances from (-5, 0)
and (5, 0) is 8 units.
Sol.Given points are A(5, 0), B(-5, 0)
Let P(x, y) be any point in the locus
Given |PA — PB| =8
= PA-PB=t8
= PA=18 +PB
Squaring on both sides
PA? = 64 + PB+ 16PB
= (X =5f + Yy’ — (x + 5f —y*— 64 =+16PB
-4[bk — 64 =+ 16PB
—-5x — 16 =t4PB
Squaring-on both sides
25X+ 256 + 160x = 16(PB)
= 16[(x+5§ +y’]
= 16X + 400 + 160x + 16y
9x% — 16Y = 144
Dividing with 144, locus of P is
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9x? 16y2 ol

144 144 16 _9_

12. When the origin is shifted to the point (2,8)k transformed equation of a curve is
X2 +3xy - 2y?+ 17— A/ - 1E (. Find the original equation of the curve.
Sol. New origin =(2,3) = (h,k)
Equations of transformation are
=x+h,y=Y+k —» X=x-h=x-2,Y=y-k=y-3
Transformed equation is
X2 +3xy—2y°+ 17— y— 1E (( here x, y can be treated as'upper case letters)
Original equation is
(x-2)*+3(x-2)(y-3- {y- 3° +17(x- 2 - 7(y—3 - 1= (
X2 +4x+4+xy—- K- 6y+ 18 3+ 19-.18 I7- 34 y#+ 21
Therefore, original equation i€ + 3xy= 2y%+ 4x—y— 20= (

13. Line L has intercepts a and b on the axes-@irdmates. When the axes are rotated

through a given angle, keeping the origin fixe@, same line L has intercepts p and

g on the transformed axes. . Prove ;%atFlz =Tp12+_l

7
: (@, . XY . XY
Sol. Equation of the.line in the old system in ro&pt form is §+__1:> —a+——1— 0
. |0+ 0-1]
Length of .the perpendicular form orlgm— --(1)
7+7
a? b
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Equation of the line in the new system in inégtcform is +Y =1=X+Y_1=0

P q P q
Length of the perpendicularm+—o_1|form origin ---(2)
[
p* o
Fy
D)
Q ™
K
] a & :Ic;

Since the position of origin and the given linenggn unchanged ,perpendicular

distances in both the systems are same.

1 1 . 1 1
\/32+b2 \/|02+q2 (a2+t?j [p2+q2]
1+—1:_1+_1
N
cosax — codx
B
. (a+b) . (b-a)
Sol: Lt Cosax—codx _ . 2sin=— X sin ; X

Xx-0 X2 X0 X2
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sin(b + a)l sin(b - a)5
= 2. Lt 2 Lt 2
X-0 X X0 X

sin(b + a)g (b + a)

=2. Lt
2

X-0 b+a§
(b+a):

sin(b - a)g (b - a)

Lt
2

X0 (b—a)g

_ 2.(b;a)(b—2a) _ %(bz _ a2)

15. f (X):CO§X

_ f(x+h)-1f(x)
Sol: 00 = hllto h

= Lt cog (x + h) - coé x
h-0 h
—(coszx— co§(x+h))

t
h-0 h

- Lt =sin(x + h +x) sin(x+ h - x)
h-0 h

= -sin2x.1= - sin X

16. Show that the curvedsy’= 2 and 3x?+x? = 4x have a common tangent at the
point (1, 1).

Sol: Equation of the first curve i& +y? =2

Differentiating w, r, to x

= 2x+2yd—:0:>2yd—:—2x 4y __eX_ X
dx dx dx 2y y
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Atp (1, 1) slope of the tangent -—-_l—l =-1
Equation of the second curveds? + y? = 4y.

. L d d
Differentiating w. r. to x,6x + 2y.& =4 = 2y.& = 4- 6X

:>ﬂ: 4-6x_ 2y- 3x
dx 2y y

At p(1, 1) slope of the tangentil—3 =-1

==

The slope of the tangents to both the curves,dt)(dre same andpass through the
same point (1, 1)

U The given curves have a common tangent p (1,1)

17. The volume of a cube is increasing at the o&#® cni/sec. How fast is the surface
area increasing when the length of an.edge is 2 cm

Sol. Suppose ‘a’ is the edge of the cube andthée&olume of the cube.

v=a ..(1)
. dv
given— =8cnt /séx

a=12cm

Surface area of cube S =*6a

B_12.% (9
dt o dt

From (1),Q —32 98
dt dt

8= 3(144

=y
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da__8

dt 3(144)

95_12%2

dt dt

_ 8 _ 8 _8

—12(12)3(TM)— 144 3144) 3.g:m /s
SECTION-C

18. If p and q are lengths of the perpendiculaymfthe origin to the straight lines
Xxsea + ycosea = and xcoso — ysim = acos@, prove that4p2 + q2 = &.
Sol: Equation of AB isxsea + ycosex =

x+y

co  Sim

=a

XSino + ycox = asim Ccos

XSsina + ycosx — asim cos =

I510_+ 0-asim cos|

\/sin2 a+cofa

p = length of the perpendicular from:O on A

. sin 2
=asina .cos = aT =

2p=asin2 --(1)
Equation of CD isxcosn — ysira = acos®

X COSO — ySin — acos@ =

g = Length of the perpendicular from O on dw 0 acosﬁ| =acos2 --(2)
JeoZa + sirfa

Squaring and adding (1) and (2)
4p2+q2: & sif 2+ & cod @

=a2(sin2 21+ co$ ﬁ)= 44 2
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19. The area of triangle formed by the lines ax2 + 2hxy + by2 = Oand Ix +my+n =0is

n*vh?-ab

‘am2 -2h/m+ bﬁz‘

Let ax® +2hxy +by” = 0 represent the linelsx+my =0 -- (1) andl,x+m,y=0 -- (2).
Thenijl,=a,lm,+I,m=2h, mmo = b.
The given straight line isk+ my+n=0 -- (3) Clearly (1) and (2) intersect.at the origin
Let A be the point of intersection of (1) and (Bhen
X y 1
mq 0 Iy mq
m n I m

x _y _ 1
= = =
mn-0 O-nl; I;m-Im

= X= mn andy:Lll
[;m—1my l;m—1m,

_( mn -Iin ) _
UA= , =X,
[Ilm—lm1 Ilm—lmlj (4, %)

B=( -l LN j:(xziyz)

lL,m—Im, " [,m-Im,

[The area ahOAB = %|X1y2 — XY

o

1l mn®-1mn® |
2‘(I1m—lml)(lzm—lm2)‘

_n
2

| (I;m, =1,my)
[1,mP = (Im,+1 m)Im+mm}

2‘_
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_ 2 [Jum m)? —amy )
2‘ am? — 2him+bl 2 ‘
_n°  y4h’-4ab _  n*Vh*-ab
2 ‘am2—2hlm+blz‘ ‘am2—2hlm+blz‘

20. Show that the lines joining the origin to theens of intersection of the curve
x2 —xy +y? +3x+ 3y- 2= Oand the straight lin&-y-+2=0 are mutually

perpendicular.
AY

sal. °
Le t A,B the the points of intersection of the l@ed the curve.

Equation of the curve i8* —xy +y*+3x+3y=2=0....... Q)

Equation of the line AB i~y -+/2=0

= x-y=\2= %: 5(2)

Homogenising, (1) with the help of (2) combined&ipn of OA, OB is
X? =Xy +y?+3x.14# 3y.1- 2.1= (

2
X_y_z(x_y) =0
J2 2

= x* - xy+y*+3(x+Y)
= X2—Xy+y2+%(x2—y2)—(x2—2xy+ y2)= 0

:>x2—xy+y2+ix2— -x?+2xy-y*=0

3.,
NN

3
= —=x*+xy-—=y*=0
NN
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—izo

— coefficient of X +coefficient of y =a+ b= >

S0

[0 OA, OBare perpendicular.
21. Find the direction cosines of two lines whick eonnected by the relation

|-5m+ 3n=0and 4% + 510" - 3°= (
Sol. Givenl -5m+3n=10

=1=5m-3----- (1)

and 71%+5m - &= 0---(2

Substituting the value dfin (2)

7(5m=- )+ B - 3% = C

= 7(25+ @* - 30m) + B 8°= (

= 1757+ 63 - 210+ B*— B=

= 180m- 210m + 60° = |

= 6 — 7T+ %= 0

= (3m-2n)(2m-n)=0

Case (i) 3m=2n,=

N|3
w2

Then m =§n1

From (1), = 5m, - 311:1—30n1— N,

:—10r11_911:ﬁ
3 3

d.rs of the first line are (1, 2, 3)
Dividing with /1+ 4+ 9=/14
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. . 1 2 3
d.cs of the first line ar , ,
E\/14 J14' 14]
Case (ii)2m, =n,
From (1)1, =5m, + 3n,= 0

= |,~5m,+ 6m,=0

=, =m
Dl_zzﬂ:&
-1 1 2

d.rs of the second line are -1, 1, 2

Dividing with 1+ 1+ 4=/6

. -1 1 2
d.cs of the second line aEe\E, %%j
Find the direction cosines of two lines which anamected by the relation
|-5m+ 3n=0and 7° + 51" -3°*= (
Sol. Givenl -5m+31=0
=|=5m-3n----- (1)
and 71%+5m - &= 0---(2
Substituting the value dfin (2)
7(5m- 3)’+ A2 S8 = (
= 7(25+ @’ = 30m) + B~ 8°= (
=175+ 63° - 210+ B*— B=
= 180m*- 210m + 60° = |
= 6’ — 7m+ 2n°= 0

= (3m-2n)(2m-n)=0

Case (i) 3m=2n,=> % :%
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Then m =§n1

From (1)1, =5m, - mlz%)nl— N,

:—10nl_9’]1:ﬁ
3 3

d.rs of the first line are (1, 2, 3)
Dividing with 1+ 4+ 9=14

. . 1 2 3
d.cs of the first line are—, —— ,—
E\/14 Jia' 14]
Case (ii)2m, =n,
From (1)1, -5m, + 3n,= 0

= |, 5m+ 6m,= 0

=, =m
-1 1 2

d.rs of the second line are <1,1, 2

Dividing with 1+ 1+ 4=/6

] -1 1 2
d.cs of the second line are=, —,—
BE\/E J6 ﬁsj

22, If y = x"¥™ + (sinx)°*, find ;ﬂ
X

Sol : wLetu = x®and v = (sinx)®°

tanx

logu = logx = (tanx) logx

1 anxts (logx) setx

u dx X

du tanx
=u

— + (Iogx).sec?'x
dx
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tanx

= xX (2 4+ (log x).seé x
X

logv = log(sinx) cox = cox .logsir

1dv 1 . .
—.— = CcoSX—— cox + ( logsi®)(— SiR)
v dx sinx

_ cos’ x

sinXx

dv _ (coszx . . j
— V| — - sinxlog sinx
dx sinx

)COSX

- sinxlog( sirt

= (sinx)“*> (%ﬂi — sinx log( sinx)j

dy _ du +ﬂ = anx

dx dx dx

(tanx + (log x)(se@ x)) +(sinx)“* (Lgx - sinx Jlog sirx)j
X sinx

23. Find the angle between the curves+y.+2=0; x* +y?-10y =0
Sol: x+y+2=0= x=—(y+2) ----(1)
Equation of the curve? +y2-10y=0 --(2)
Solving 1 and 2,(y+2)°+ Y2 =10y= 0 = y?+4y+4+y?-10y=C
= 2y? - By+ 4= 0o "= y2-3y+2=0= (y+1)(y-2)=0
= y=lory=2
x==(¥+2)
ys1=x=-(1+2)=-3
y=2=x=—(2+2)=-4
The points of intersection ar(-3,1) and ¢- 4,p,
equation of the curve ig? +y?-10y= 0

Differente x2 +y?-10y= 0 W.r.to x.
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dy ..dy_ dy dy
ox+2y Y 10Y = 00 2 W (y-5) = o) o X
= 22y ~100 = 0= 2 (y=9)=-2x= 2 y-5

Equation of the line ix+y+2=0

Slope is = -1.
Case (i):
= slopem = —atP - 8.3 and Slope is ;= -1.
1-5 4
_ M=
Let 6 be the angle between the curves, thal =—=
1+mm,
3
_7+1
=|-4 3 =1 G:tan‘l(lj
1+3] 7 7
4
Case (ii):
4 4
= slope m ——atQ 2—5 —Sand Slope is p= -1.
4
—m,| [TatY
g 57
‘1+ mlmz‘ 1+ 7

— 0=tan ! (Ej
-

24. Prove that the.radius of the right circulariroyér of greatest curved surface area
which can.be inscribed in a given cone is halfhatt of the cone.

Sol.Let O be the center of the circular base efdbne and its height be h. Let r be the
radius of the circular base of the cone.
Then AO=h,OC =r

Let a cylinder with radius x(OE) be inscribed i thiven cone. Let its height be u.
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.e. RO=QE=PD=u
Now the triangles AOC and QEC are similar.

Therefore,E - EC
OA OC
. U r—x
.e.,—=——
h r
Du:h(r—x)

r
Let S denote the curved surface area of the chodemler. Then
S =2wu
As the cone is fixed one, the values of r and hcarestants. Thus S is function of x
only.

Now, 5= 2h(r— 2x)/r andif: >4tk
dx dx r

The stationary point.of 'S is a root of

d_S: 0

dx
l.e.,mt(r— 2x)/r=0
. r
e, X==

2
2 2

d_§<0for all x, therefor d—f <0
dx dx er /2

Hence, the radius of the cylinder of greatest adirgerface area which can be

inscribed in a given cone is /2.
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