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MATHEMATICSPAPER - 1B

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

1. Find the condition for the points (a, 0), (hakid (0,b)whereab# O to be collinear.

2. Find the angle between the following straighes.

3. Find the distance between the midpoint of the Begmen®B and the point (3,-1,
2) where A = (6, 3, —4) and B = (-2, =1, 2).

4. Find the equation of the plane passing throlghpoint (1, 1, 1) and parallel to the
plane x + 2y + 3z — 7 = 0

sin(a + bx) - sin(a=bx)

Lt
5. X—>O X

TR
6. x-0| V1I+x—1
7. y =log; (logx)(x > 0)
&y
dx
9. The time t of a complete oscillation of a simpkendulum of length | is given by
the equation t = where g is gravitational consteimd the approximate

percentage error in the calculated g, correspontiragn error of 0.01 percent is
the value of t.

84 Ify = cot (cozc X)find
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10. Verify Rolle’s theorem for the following furiehs. ¥ — 1 on [-1, 1]

SECTION-B
Short answer type questions

Answer any five of the following. 5X4 =20

11. A(5, 3) and B(3, —2) are two fixed points. Fihé equation of locus of P, so that the
area of triangle PAB is 9.

12. Show that the axes are to be rotated througangte of%Tanﬂ(z—hb) SO as to
a_

remove the xy term from the equat@xd + 2hxy +by? = 0, if a# band through the

T
angle—, ifa=Db
g 4

13. A straight line parallel to the ling=+/3x passes throug(2,3 and cuts the line
2x+4y- 27= 0 at P. Find-the length of PQ.

(7513

14. Evaluate. a[ (\/ﬁ X 2&)

15. A balloon which always remains spherical otaiindn is being inflated by pumping
on 900 cubic centimeters of gas per second. Fiedrdlte at which the radius of

balloon increases when the radius in 15 cm.
=X

16. Find the angle between the cuye= e2 and y-axis.

17 1f f and g are two differentiable functions at xeththe product function f.g is
differentiable at x and
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(fg) (x) =1'(x). 9(x) + f(x) . g'(x)

SECTION-C

Long answer type questions
Answer any five of the following. 5x7=35

18.

19.

20.

21.

22.

23.

24.

Find the equation of the straight lines passitigrough the point (-3, 2).and making
an angle of45° with the straight line 3x —y + 4 =0.

Write down the equation of the pair of strailymes joining the origin to the points

of intersection of the lines 6x —y + 8 = 0 witketpair of straight lines
3x* +4xy— 4y’ - 11x+ 2y+ 6= (. Show that the lines so.obtained make equal angle
with the coordinate axes.

Show that the straight lines represented By+348xy + 23y = 0 and 3x — 2y + 13

=0 form an equilateral triangle of are\l]% $g. units.

If a ray makes angler, 3,y and o with the four diagonals of a cube find
cosa+ codfB+ cosy+ “eé9

2 2
If y = Tar Vi 12 | o x| < 1, find®Y
V14 X2 -1- X dx

If the tangent at any point on the curve
x?3 +y2/3 = a?/3intersects the coordinate axes in A, B show thaiéngth AB is

constant,
Show that when curved surface area of a cylimderibed in a sphere of radius R is

a maximum, then the height of the cylinder/® R.
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SECTION-A
1. Find the condition for the points (a, 0), (h, kand (0, b) whereab# C to be

collinear.
Sol. A(a, 0), B(h, k), C(0, b) are collinear.
u—_—b:>ak——bh+ ak
h-a a

= Slope of AB = Slope of AC h K
bh+ ak= ab= — +—b— 1

2. Find the angle between the following straight fies

——\@X 5y—\/, \f

Sol. slope of ! line ism; =—/3

Slope of 2 line is m, -1 m;m, = ( \@)— -1.

NE RE

The lines are perpendiculﬁr:g

3. Find the distance between the midpoint of therle segmentAB and the point
(3,-1, 2) where A = (6, 3, =4).and B = (-2, -1, 2).

Sol.Given points are
A= (6, 3,-4), B=(-2,-1, 2)

Coordinates of Q are :

(6—2’ 31 -4 21:(2’1,_ A
2 "2 2

Coordinates of P are: (3, -1, 2)

PQ=\/(3- 2f+ € + 1§+ (2 B

=1+ 4+ 9=/14units.
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4. Find the equation of the plane passing througthe point (1, 1, 1) and parallel to the
plane x + 2y + 3z -7 = 0.

Sol.  Equation of the given plane is

X+2y+3z—-7=0

Equation of the parallel plane is
X+2y+3z=k

This plane passing through the point P(1, 1, 1)

=1+2+3=k=k=-6

Equation of the required plane is
X+2y+32=6

sin(a + bx) - sin(a — bx)
X

Lt
5. x=0

Sol Lt sin(a + bx) — sin(a~bx) S Lt 2cosa .sirbx _ Lt 2cosa. Lt SII‘IbX.b

=2cosa. b= D .cosa

Lt &
6. x-0l v+ x =41

Lt &
x50 ¥1l+x -1
Solva | ¢ -1 VJi+x+1

-y X
x-0 V1I+x -1 ~1+x+1

(rationalise Du).

www.sakshieducation.com



Sol:

Sol:

www.sakshieducation.com

’ (3 -1)(Vi+x+ 1

X-0 1+X_1

Lt §-1 (Vi+x+1)

. Lt
Xx-0 X X-0

= (IogB)(x/1+ 0+ ]) = 2.log:

y = logy (logx)(x > 0)
y = log, (logx)(x > 0)
dy 1 1 1

dx  log, logx x

_ 1 _ log7
x(Iogx)(IogZ) x logg
y = cot }(cozc X)find Y
dx
If
Y icot‘l(cos;ec %)
dx dx
= —;.i(cosec X)
1+ cosec?® dx
__ 1 __(~cosed -3 cot 3)1( 3) = 3.COEC 3<écot8
1+ cosec” X dx 1+ cosec” X

The time t of a complete oscillation of a simplpendulum of length | is given
by the equation t = where g is gravitational castant. Find the approximate
percentage error in the calculated g, correspondingp an error of 0.01

percentis the value of t.

Sol:‘percentage errorintis =0.01

Given t=
Taking logs on both sides

logt=log () + {(log (I) - log g}
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Taking differentials on both sides,
=0+

Multiplying with 100,

Percentage error in g = -0.02
10. Verify Rolle’s theorem for the following functions. ¥ — 1 on [-1,1]
Sol. Let f(x) =¥ — 1

fis continuous on [-1, 1]

since f(-1) = f(1) = 0 and

f is differentiable on [-1, 1]

[0 By Rolle’s theoremc O (-1,1)

Such that'{c) =0

ff(x)=2x=0
O0=f(c)=0
2c=0=c¢=0

The pointc = Q1 (-1, 1)

Then Rolle’s theorem is verified.
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SECTION B

11. A(5, 3) and B(3, —2) are two fixed points. Finthe equation of locus of P, so that
the area of triangle PAB is 9.

Sol. Given points are A(5, 3), B(3, -2)
Let P(x, y) be a point in the locus.

Given, area oAAPB = 9.
1

X=5 y-3 g
2|13-5 -2-3

X-=5 -
N Y™4_.18
2 -5

=|-5x+ 25+ 2y- 6F 1

—|-5x+ 2y+ 19% 18
— —5x+ 2y+19== 1¢

= -5x+2y+19= 18 or- 5% 2y 1% 1
=5x-2y-1=0o0r 5x 2y- 3% 0

O Locus of P is (5x =2y —1)(5x — 2y — 37) = 0.

12. Show that the"axes‘are to be rotated through aangle of%Tan‘l(Z—hbj SO as
a_

to removethexy term from the equation ax®+2hxy+by?=0, if azband
T
through the anglez, ifa=Db
Sol: “Given equation isax? + 2hxy +by? = 0

Since the axes are rotated through an anfle then x=Xcosf-Y sird,
y = Xsind+Y cod

Now the transformed equation is
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a(Xcosd-Y sing)*+ B(X cof-Y sif)(X s+Y ch+b(X @Y @S=
= a(X?cos 0+Y? sif6~ KY cof sid)+ 1§ X* cas v XY( CB- SH-Y® @in
+b(X?sif@+Y? codf+ XY cod sifl)= 0
= lItis in the form
AX2+2XY[—acos9$ir€+h( cosf- s?n?)+b cés sﬂ]+BY2:
Since XY term is to be eliminatefh—a)cosé sirg + h( cod6 - siﬁe) =

= 2hcosB= 4a-b) sif co8=(a-b) sin------------- (1)

sin2d _ 4

= tan¥ = =
cosd¥ a-b

= Angle of rotationd = ETan‘lﬁz—hj
2 a-b

If a=b, then from (1) 2hcos ¥ = 0= cos@= & e:g:w:’—:

13. A straight line parallel to thediney =+/3x passes throughQ(Z,@ and cuts the
line 2x+4y-27= 0 at P./Find the length of PQ.
Sol: PQ is parallel to the straight liney =/3x
tana =+/3= tan60'
o =60°
Q(2,3is.a given point

Q2,3

P
2x +4y-27 =0

y =+/3x
Co-ordinates of any point P are

X4 +rcosa , y + rsim
1 il
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(2+rcos60°, 3 rsin6Q)
= P[ 24l 3B rj
2 2

P is a point on the line2x+ 4y-27= 0

2(2+1J+4£3+£ r]— 27= (
2 2
A+r+12+ 2/3r- 27= (

r(2f3+1)= 27- 16= 1.

11 A/3-1 11( 2/3- 3)
C2/3+12/3-1 11

) Vo]

X-a

14.
Sol. Rationalize both nr.and.dr.
¥ (Va+2x - /3x)(Va+2x +y/3x)
X—a (\/a +2X + @)

 (EdE)
(V3a+x -d/ax)(Vaa + x + %)

a+2x=8x  3a+x+Vax _ Lt (a-x)(v3a+x+ax)

=x|:.ta\/a+2x+@ 3a+x-4X x-a («/a+2x+x/§)3(a—x)
_ 2(2a) _ 2
2(Va)s 3/3

15..A balloon which always remains spherical on itdtion is being inflated by
pumping on 900 cubic centimeters of gas per seconiéind the rate at which the

radius of balloon increases when the radius in 151t

SoI.ﬂ =900c.c./se
dt
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r=15cm
Volume of the spherev =grtr3

429 g00= 4n(15§ﬂ
dt 3 dt dt

900 _ dr 900 _ di

==
4x2251 dt 900t d

=X
16. Find the angle between the curv@y=e?2  and-y-axis.

Sol: Equation of y-axisisx =0

=X

The point of intersection of the curve2y.= e2 andx 0 is!E G;—J

=X
The angley made by the tangent to the curvey=e?2  atWwith x — axis is

given by tany _dy

dx|lo

—-X

Further, if @is.ithe angle between they —axis and 2y= ?, then we hare

tar(l;—tpj‘ ~| cotp|= -

[ The angle between the curve and the y-axis tan™ 4

tan@=

17. If fand g are two differentiable functions at x then the product function f.g is

differentiable at x and (fg)' (x) = f '(x). g(x) +f(x) . g'(x)
Proof:

Since f and g are differentiable at x,therefore
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f'(x)and g'(x) exist and

F1(x) = thO f(x+h;— f(X)

g(x+h)-g(x) _
h

and Lt
h-0

g '(x)

L (F9)(x+h) = (19)(¥) _
h-0 h

¢ Fx+h)g(x+h) -~ F(x)9(x)
h-0 h

LETFOcrRLgOcrh) = FgO ]+ LESTFO90c+H) = (9 (0]

- hllto[ e hti_ f(X)}hlltog(X-F )+ 10). hlito{g(XJr hr)1_ g(h)}

U (f) ()= 1"(x) g(x) + f(x) g'(x)
SECTION-C

18. Find the equation of the straight.lines passing through the point (-3,2) and
making an angle of45° with the straight line 3x —y + 4 =0.

Sol. Given point P (-3,2)
Givenline 3x —-y+4=0  ----—-- 1)

Slope m= -%: 3

3Ix—-v+4=0

Let m be the slope of the required line.
m-3
1+3m

Then tan45 =
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1+3m 1+ 3m

m—S‘: m-3_,

=>m-3=1+3m=2m=-40rm=-2

m-3

= =-=>m-3=-1-3m
1+3m

=4dm=2=m=1%

case (1) m =-2 and point (-3,2)

Equation of the line is
y-2=-2x+3)=-2x—-6 =2x+y+4=0
case (2) m % Jpoint (-3,2)

Equation of the line is

y—22%(x+3):>2y—4:x+3 =>x-2y+7=0

19. Write down the equation of the pair of straightlines joining the origin to the
points of intersection of the lines 6x =y + 8 =With the pair of straight lines
3x* + 4xy— 4y’ — 11x+ 2y+ 6= (. ‘Show that the lines so obtained make equal
angles with the coordinate axes.

Sol. Given pair of line is3x*+ 4xy~ 4y - 11x+ 2y+ 6= (...(1)

Given line is 6x—y+8:0:>6x—;y:1 :y—_6x:1 ..... (2)

Homogenising (1) w.r.t (2)

2
3% + Axy= 4y’ —(11x- 2;)(3’ 86XJ +6(y'86xj =0

64 3% + 4xy- 47 |- § 1lxy- 66%- 2§+ 12x) +6y*+36x° —12xy|= C

= 936X + 256xy- 256xy- 234%=

= 468X — 117y = ( = 4x? - y? = 0----(3)

is eq. of pair of lines joining the origin to theint of intersection of (1) and (2).

The eq. pair of angle bisectors of (3) is h(x2 - yz)—(a— b) xy= G
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Sol.

. tansa:‘M‘:f=
1+mm,
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:>O(x2—y2)—(4—1) xy=0 =xy=0
x =0 ory = 0 which are the eqgs. is of co-ordasahxes

0 The pair of lines are equally inclined to the adioate axes
Show that the straight lines represented by 3% 48xy + 23y = 0 and 3x — 2y +

13 =0 form an equilateral triangle of areaszsq. units.

Equation of pair of lines Bx*+ 48xy+ 23y = (  ............. (1)
Equation of given lineis 3x -2y + 13 =0 ...... (2)

= slope =3/2

[Cthe line (2) is making an angle axin‘lg with the_positive direction of x-axis.

Therefore no straight line which makes an anglé®iwith (2) is vertical.

Let m be the slope of the line passing throughilorand making an angle of %0
with line (2).

3om
2 | g2 am

1+gm 2+3m

. . - 2m)° L .
Squaring on both S|de53;8 3:32 = 23m° + 48n+ 3= (,which is a quadratic
+

equation in m.
Let the roots of this quadratic equation bgrm, which are the slopes of the lines.

Now; ml+mz:_2—4;3 and mlm22733.

The equation of the lines passing through origith laaving slopes pm, are mx —
y =0 and mx -y =0.
Their combined equationis (R+y )( mx -y )=0
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= mmx* —(m,+m,) xyy> =0

3 48 2
— X -—— + =0
~ 23 [ 23jxy y
= 3x*+48y+ 23/2= 0
Which is the given pair of lines.
Therefore, given lines form an equilateral triangle

| ondr—an | 169/576- 69
0 AreaofA= 5| = :

jart = 2H me ] J3(-2)" - 48.9- 3+ 2¢ ¥

169/507 _ 169.1§ :_13/3_ 13

= = =—=s(q.units
12+ 288+ 20 507 3 3

21. If a ray makes anglea, 8,y and 0 with the four diagonals of a cube find

cosa+ codfB+ cosy+ cOP

Y
o
B | (0.a.0) 0@al)
R
(0.a.a) ] plaaa)

0 A
a (a,0.0) ~

a

/ C (0.o:a) S (a.0.a)
Sol: 7

Let OABC;PQRS be the cube.
Let a be.the side of the cube. Let one of théioes of the cube be the origin O and the

co-ordinate axes be along the three edgesOB and OC passing through the origin.
The co-ordinate of the vertices of the cube wittpezt to the frame of reference OABC
are as shown in figure are A (a,0,0), B(0,a,0), &) P(a,a,a) Q(a,a,o)

R(o,a,a) and S(a,0,a)

The diagonals of the cube a@®, CQ, ARandBS . and their d.rs are respectively (a, a,

a), (a, a, -a), (-a, a, a) and (a, -a, a).
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Let the direction cosines of the given ray(bem, n).
Then!*+m* +n’=1

If this ray is making the angles, 3, y and o with the four diagonals of the cube, then

l[axl +axm+axn|_|l+m+n|
cosa = =
Jai+a?+a’l V3
- l+m-n
Similarly, cos,[?:l—I
3
-I+m+n -l+m+n
cosyzl—I and coso _Id+m+n]
V3 NE

cosa+ codf+ cosy+ coP_
%{| l+m+n+|l +m-nf+ |-l +m+nf +|l -m+nf}
%[(I +m+n)’+(1+m=-n)’+(-1 + m+n)*+ (1 - m+n)’]

%[4(| 2+m’+n’)] = (sincd®+ m* + n’=1)

wlN

22.1f y=Tar V1HC 1K
V1+ X2 =1

0<|x <1, find%Y,
dx

Sol.Put X = cas ®
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y=Tar™ J1+cos®++/ F cos@
J1+cos® -+ + cos@

J2co20 +4 2siR6
J2co20 -+ 2sif6

o

= tan” (C 00+ S'ne]
i
[

-1

=tan ! tar{n+6 j

N

+
(en]

4>I:| NG

cost (%)

I\J|H

dy 1 (-1) xoy=_ %

1-x* 1- x*

dx

N

23. If the tangent at any point on the curve

x2/3 +y2/3 = 32 3intersects the coordinate axes in A, B show thahé length AB
is constant,
Y
B
P
o A "

Sol: Equation of the curve is  x?/3+y?/3=32/¢

Let x =a cos6 Y= asing

be the parametric equations of the curve

Then any point P on the curve is(a cose ,asiﬁe)
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dy a3sifo(co8) -sind

dx a.3co§6(— si§) cosd

Equation of the tangent at P is

y—asir?B: _Sigee(x—aco§9)

co
:_L—asinzez— + aco8h
sin® cod
+_L:a(sin29+ coge): {
cosB simd
X .Y _1

acod asi®

= x —intercept OA= aco8
y —intercept OB= asid

Now AB? =0A?+0B?
=(acos)” +( asiB)®
:az(sin26+ co§6) = &
= AB =a,aconstan

24. Show that when curved surface area of a cylindenscribed in a sphere of radius R

is a maximum, then the:height of the cylinder is/2 R.
Sol: let r be the radius and h be the height otciimder.

From AOAB, OAZ + ABZ2 =0B?

2

2 0. 22 h?
=T +7=R ;r"=R°——

Curved surface area2rrh
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2
:2m/R2—h—.h
4

= v 4R? - 1P

Let f (h) = thV4R? - h?

oy 1 onadar-mo.
f(h)—r{h.—zm( 2h) + 4R hzﬁ

R AR _ 2n{ 2R2 - 1P
Jar?-r2 - P

For max or minf'(h)=0

2 2R2 - 1P)

O02R%-h?=0Q

= =0

—~ h?=2R?= h=+v 2R

= V4R? - 12 (-21) +( 2R - )

\/_ Oﬁ] 4R? - h?
f"(when h=v 2RH= 2
_—M<O

\Ar? —h?

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

i.e."Height of the cylinder V2R
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