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SECTION-A
Answer ALL the following VSAQ: 10 x2=20

% MATHS-2B AP-IPE 2023 SOLVED PAPER

I
1. Find a if 2x2+ay2-3x+2y—1=0 represents a circle,also find its radius.

2. Find the value of k if the points (1,3), (2,k) are conjugate w.r.to the circle X2 + y2 =35.

3. Find the equation of the radical axis of x>+ y?—5x+6y+12=0, x>+ y>+6x—4y—14=0.
4. Find the value of'k, if the line 2y = 5x + k is a tangent to the parabola y2 = 6X.

5.  Ifthe eccentricity of a hyperbola is 5/4, then find the eccentricity of its conjugate hyperbola.

6

Evaluate _[Vl—cost dx 7. Evaluate | eX(tanx+log secx)dx
2 n/2
8.  Evaluate J'|1-xij 9. Evaluate _l. sin®xcos*xdx
0
10.  Findthe oré)er of'the differential equation of the family of all circles with their centres at the origin.
SECTION-B
II. Answer any FIVE of the following SAQs: 5x4=20

11. If a point P is moving such that the lengths of tangents drawn from P to the circles
x2+y2—2x +4y —20=0and x2 + y2—2x — 8y + 1 = 0 are in the ratio 2:1 then show that the
equation of locus of P is x2+y2—2x — 12y + 8 = 0.

12. Find the equation and length of the common chord of the two circles. X2+ y2 +3x+5y+4=0and
x2+y2+5x+3y+4=0

13. Find the eccentricity, coordinates of foci of the ellipse 3x2 +y2—6x —2y —5=0

2 2

14. If the normal at one end of a latus rectum of the ellipse 2z + b =1 with eccentricity e,passes
through one end of the minor axis, then show that etrel=1

15. Find the equations of the tangents to the hyperbola 3x2 - 4y2 =12, which are

(1) parallel and (ii) perpendicular to the liney =x —7
/2

16. Evaluate I ﬁ 17. Solve %zexuxzey
° SECTION-C
III. Answer any FIVE of the following LAQs: 5x7=35§
18.  Find the equation of the circle passing through (4, 1) ,(6, 5) and having the centre on theline
4x+y-16=0.

19. Find the equation of the circle which touches the circle x2 + y2 — 2x — 4y — 20 = 0 externally at
(5, 5) with radius 5.
20. Show that the equation of the parabola in the standard form is y2 = 4ax.
21. Evaluate IM dx
sinx+cosx+1

22, Ifl,= J' cos""xdx, then show that 1, = %cosn'lxsi nx + nT-l I . and hence deduce the value of leos*xdx

1+x

1
23. Evaluate jwdx 24. Solve (1+x2)g—z+2xy-4x2:0
0
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SOLUTIONS
SECTION-A
1. Find value of 'a' if 2x2+ay2—3x+2y—1=0 represents a circle and also find its radius.

Sol: In the equation of a circle, we know

Coefficient of x2=Coefficient of y2:>2=a

3 1 1
- Circleis 2x242y2 3x4+2y-1=0 = X2 +y?—Sx+y-—-=0=g=—,f ==
.. Circle is 2x4+2y4+—3x+2y—1=0 y 5 y 5 g 2 > 5

2 16 4

radinsre ([ 2BV 4[4V 21 3+1+1_J9+4+8_@
aalus r= 16 4 2

2.  Find the value of k if the points (1,3), (2,k) are conjugate w.r.to the circle x2+y2=35.
Sol: The points (1,3), (2,k) are conjugate to w.r.t the circle S= x2+y2—35=0:> S, =0

= XXty 1773520 = (1)(2)+(3)(k) -35=0 = 3k =33 =k = 11

3. Find the equation of the radical axis of the given circles x> + y> — 5x + 6y + 12 = 0,
x>+ y?+6x -4y — 14 = 0.

A:  The given equations are S=x2+y2 —5x+ 6y + 12=0and S' =x2 +y2 + 6x — 4y — 14 = 0.
Now the equation of radical axis of the given circlesis S —S'=0
= —5x-6x+6y+4y+12+14=0 = —11x+10y+26=0

—11x-10y-26=0

4.  Find the value of k if the line 2y=5x-+k is a tangent to the parabola y2=6x.

Sol: Given parabolais y?=6x = 4a=6=> a=:61r =g

N =

5 k 5
Given line is 2y=5x+k =Y = 5 X+ 5 Comparing with y=mx+c we get M= > Cc=

Tangential condition is c=a/m

:E=§:k=2(§j=§
2 5

k
- —=
2 5/ 5

Nor oo
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5.  Ifeccentricity of a hyperbola is 5/4, then find eccentricity of its conjugate hyperbola.
Sol: Let e= 5/4 and the eccentricity of the conjugate hyperbola be ¢;
i+i—1: 1 +i—1:>i—1—E—3:ef —§:>e1—§
Then, ‘2™ 2 G142 & € 25 25 9 3
6.  Evaluate I\/ 1-cos2x dx
Sol: | = [\1-cos2x dx = [Vasin?x dx = V2 fsinxdx = —/2cosx +c
7. Evaluate [ eX(tanx+log secx)dx
Sol: Here, f(x)=1 P — secX tanx = tanx
ol: Here, f(x)=logsecx = f'(x)= Z
Iex (logsecx + tanx)dx = g* logsecx + ¢
2
8.  Evaluate j| 1-xdx
0
Sol : From the definition of Modulus function,

we have |1-x|z1-x for 1-x>0=>x-1<0=>x<1

|1-x |z -(1-x)=x-1for 1-x <0 =>Xx-1>0=>x>1

2 1 2
j|1—x|dx= j(l—x)dx+j(x—1)dx
0 0 1

P g 5] PG S
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9. Evaluate J' sin®xcotxdx
0
nifzsina xcostx dx = [(OEO][CD]r _ 3n
ol 0 ~ (10)(8)(6)(4)(2) 2 512

& Note the factor g( m,n are even)

10. Find the order of the differential equation of the family of all circles with their centres

at the origin.

Sol:  The equation of the family of circles with centres at origin is x2+y2=r2, (r)

Differentiating w.r.to x, we get 2X+2y j—i =0=> X+ yj—i =0

c.oorderis 1
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11.

Sol:

6 |
L
SECTION-B

If a point P is moving such that the lengths of tangents drawn from P to the circles

x2+y2-2x+4y—-20=0and x2+y2-2x—8y+1=0 are in the ratio 2:1 then show that the

equation of locus of P is x2+y2-2x—12y+8=0

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

Let PT; = length of the tangent P to S= x2+y2-2x+4y-20=0

and PT, = length of the tangent P to S' = x2+y2-2x—8y+1=0

Given that PT, : PT, = 2:1 :% =%=>1PT1 = 2PT, = (PTy)® = 4(PTp)*

:>[x12 +y12 —2%q + 4y, - 20] = 4{x12 +y12—2x1—8y1+1] [~ PTy=1/Sy1,PTy =4Sy |

:>x12+y12—2x1+4y1—20:4x12+4y12—8x1—32y1+4

= 3x{ +3y5 —6x1 ~36y1 + 24= 0 = X{ + Y} — 2x ~12y3 +8=0

Equation of locus of P(x,,y,) is x2+y2-2x—12y+8=0

12.

Sol:

Find the equation and length of the common chord of the two circles.
2442 - 2,42 =

X“+y +3x+5y+4=0and x*+y*+5x+3y+4=0

Given circles are S=x2 + y2 +3x+5y+4=0 and S'=x2 + y2 +5x+3y+4=0

Equation of the common chord is S—S' =0 = —2x +2y=0 = x—y =0

-3 -5
Consider the circle S=x2 + y2 +3x+5y+4=0 . Its centre C

2°2
Radi r= g+_25_4— _18— g
adalus 1f4 4 ,’ 4 ﬂ/z

N 3.5
Length of the perpendicular from C(?-?] to the line x—y =0 is p =12 _2[_ 1
1+1 2

9 1
-.Length of the common chord = 2y r?—p? = 2, /E —5= 2J4=2x2=4 units.
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13.

Sol:

[ 7 1
Ly
Find the eccentricity, coordinates of foci of the ellipse 3x2+y2—6x—2y—5=0
Given that 3x2 + y2 — 6x — 2y -5 =0

=3x2+y2-6x-2y=5

= 3(x2 2x)*H(y?-2y)=5

= 3(x2-2x+1)+H(y22y+1) = 5+3+1

= 3(x—1)2+(y-1)2=9

B o
3 9

x—h 2 —k 2
Comparing this with ( 5 ) + (y > )
a

=1, we geta2=3 = a=+/3, b2=9 = b=3

Here a<b
.. the ellipse is vertical

Also (h, k) = (1, 1)

ey - (P2 3.6 2
(i) Eccentricity e = 2 V9 Vo \3

(ii) Foci = (h, kibe) =11+ 2 [QJ) = (11+3(v2)) = (11 /6)

A
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14.

Sol:

[g |

L
X2 y2

If the normal at one end of a latus rectum of the ellipse s + b2 =1 with

eccentricity e, passes through one end of the minor axis, then show that e4+e2=1

2 2
. . ax b
The equation of the normal at (x;,y;) is — DY aZ - b?
X1 Y1

Let L=(ae,b*/a) be the one end of the latus rectum

2 2
a’x b ax
Hence equation of the normal at L is - o2 /y =a?—b? 2_p?..... @
a

But (1) passes through the one end B'(0,—b) of minor axis

:@—a(—b):az—bZ:ab:az—az(l—ez) Szl e =2
e a

b2 a?(1-é€?
P ol 2 NP TP S S S
a2 a2

15.

Sol:

Find the equations of the tangents to the hyperbola 3x2—4y2 =12 which are
(a) Parallel (b) Perpendicular to the line y =x—7

2 2
Given hyperbola is 3x2-4y2 =12 = XT _y? =1=a’=4,b’=3

Slope of the given line y = x—7 ism =1
= Slope of its perpendicular is —1

Formula:

Tangent with slope m is y = mx ++a?m? - b?
(i) Parallel tangent with slope m=11is y=1.x + 4 /4(]_)2 —3=x+1=>X-yx1=0

(i))Perpendicular tangent with slope m=-11is y = (~1)x =+ 4 /4(1)2 -3=-x=+1

=>X+y+1=0
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16 Evaluat ni.? o
. aluate | —————
vaid 5 4+ 5c0sx
X 1-t2 2dt
Sol:  Put tan= =t then cosx = 5 and dx =
2 1+t 1+t

Also, X=O:>t=0,x=g:>t=1

(2dt) / M I Zf ot
69— 2

tedyra+t?) |
I 1-t I4(1+t )y 51-t2) 32—t2
04+5

[1+t2] 1612

1

3

1 3+t 1 4 1
=2— log|—— | == log—== log2
g{ } 0373

2(3) 3-t 0

d _ B
17, solve Y =X yx2eY
dx

d _ vy € x2 e +x2
Sol:  Given D.E is—y= XY yx%eY == =

dx T &

,ﬂ_e’%xz
Tdx @Y
3

— &Vdy = (& + x2)dx = J&¥dy = J(€“ +x?)dx = &’ =& +X?+C




% MATHS-2B M0 | AP-IPE 2023 SOLVED PAPER
- 110 § \
SECTION-C

18. Find the equation of the circle passing through (4, 1) ,(6, 5) and having the centre
on the line 4x +y — 16 = 0.

Sol:  Method II: Let the equation of the required circle be S=x2 + y2 + 2gx + 2fy + ¢ =0
A4, 1) lieson S=0 =16+ 1+8g+2f+c=0=>8g+2f+c=-17 ........... (1)
B(6, 5) lies on S=0 =36 + 25+ 12g + 10f+c=0= 12g + 10f + c =-61.....(2)
The centre (—g, —f) liesson4x +ty— 16 =0=>4g—-f-16=0=4g+ f=-16....(3)
Now (2) — (1)=>4g + 8f=—44.......... (4); Now (4)-3)= 7f=-28=f=-+4
From (3),4g-4=-16 =>4g=—-12=>g=-3
From (1), 8(-3) +2(-4) +c=-17 =>c=-17+24+8=15
Substituting g =-3, f=—4, c= 15 in S=0 we have
Equation of the required circle is x2 +y2 —6x — 8y + 15=0

19. Find the equation of the circle which touches the circle x2+y2—2x—4y—20=0
externally at (5,5) with radius 5.

Sol:  For the circle x2+y2-2x-4y-20=0 centre C; = (1, 2)

radius ry = mz\/ﬁ:5

Let C, be the centre and 1, be the radius of the required circle. Here, ry = 5
The point of contact P=(5,5)

The two circles touch each other externally.

Since Radii are equal, P(5,5) is mid point of C;C, where C; = (1, 2) and C,=(x},y;)

:>(X12+1’y1';2}:(5,5)3X1;1:51 yl;2=5jxl+1=10,)’1+2=10

=x;=9,y;=8 .. C,=(9,8)

The equation of the required circle is (x—9)2+(y—8)2=52 =>x2+y2—18x—16y+120=0




% BABY BULLET-Q M1 1 AP-IPE 2023 SOLVED PAPER
- | | \

20. Show that the equation of the parabola in the standard form is y2 = 4ax.

Sol:  Let S be the focus and L=0 be the directrix of the parabola.

Let Z be the projection of S on to the directrix Yoaxis
P
Let A be the mid point of SZ MF N
SA 1
= SA=AZ = N 7 A0O)  S(a,0)  X_axis
=0
= Ais a point on the parabola.

Take AS, the principle axis of the parabola as X-axis and

the line perpendicular to AS through A as the Y-axis = A=(0,0)
Let AS=a = S=(a,0), Z=(—a,0)

= the equation of the directrix is x=—a => x+a=0

Let P(x;,y;) be any point on the parabola.

N be the projection of P on to the Y-axis.

M be the projection of P on to the directrix.

Here PM=PN+NM=x;+a (PN = x —coordinateof Pand NM = AZ=AS=3a)
Now, by the focus directrix property of the parabola,

we have F?—I\F/I)=1:SP=PM — SP? — pM2

= (X1~ @)%+ (yp - 0)% = (x1 +@)°
= yE = (xg +a)% ~ (x, - a)?

= y? = dax, [+ (a+b)? — (a— b)? = 4ab]

.. The equation of locus of P(x,y;) is y2=4ax
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COSX +3sNX +7
21. Evaluate J. - dx
COSX +SnX +1

Sol:  Let cosx+33inx+7:Adi(cosx+sinx+1)+B(cosx+sinx+1)+C
X

= CcosX +3sinX +7=A(-sinX +cosx) + B(cosx +sinx+1)+C............... 1)

= CcosX +3sinx + 7 =cosx(A + B) +sinx(-A +B)+(B+C)

Equating the coefficients of cosx, we have A+B=1 ............... (1)
Equating the coefficients of sinx, we have —A+B=3 ............... 2)
Equating the constant terms, we have B+C=7 ............... 3)

Now (1) + (2) = 2B=4 = B=2

From (1) , A=1-B =1-2=-1

From (3) , C=7-B =7-2=5

Putting A=—1, B=2, C=5 in (I) we get Nr.

Ccosx +3sinX + 7 =-1(-sinX + cosX) + 2(cosx +sinx+1) +5

_J-cosx+35inx+7 (—A(—sinx +cosx) + 2(cosx +sinX +1) +5

- dx = J k dx
cosx+snx+1 cosxX +sSinx+1

__[-sinx+cosx 2J-g)smn/ SJ- 1

- - dx
COSX—+STTX +1 CoSX +Sinx+1

cosx+sinx+1

:—Iog|cosx+sinx+1|+2x+5j'md ...... an [ J‘()dX Iog|f(x)|+cJ

Now, wefind |; = j;_ldx
COSX +3NX+

2

1- 2
—,C0sX = t2 and dx = dt2
1+t 1+t 1+t

X .
Put tanE:t — SNX=

SO S (Zdtj [
Tt e ) T@earene ;/./f

+ +1
1+1t2 1412 %
ZJ' 2dt ZI 2t :I dt =|og|1+t|+c=|og|1+tan5|+c
242t YZ@A+t) 1+t 2

From (1), | =—log|cosx +sinx +1|+2x+5|og|1+tan%|+c
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22.

Sol:

) S 4

Evaluate the reduction formula for In=fcos“xdx and hence find Jcos#xdx

GivenI = Jcostxdx=cost~x(cosx)dx.

We apply the "By parts rule"

We take First function u=cos"!x and Second function v=cosx = | v = sinx

From By parts rule, we have

I,= cost1x (sinx) —[(n—1)cos"2x (—sinx)sinx dx

=cos" x(sinx)+(n—1)Jcos™2x (sinx)sinx dx

= cos~ Ix (sinx)+(n—1) lcos"2x (sinx) dx = cos1x (sinx)Hn—1)Jcos"2x (1—cos?x)dx
= cos" Ix (sinx) +(n—1)Jeos"2xdx —(n—1) fcosx dx

= cosn~Ix (sinx)+(n—1)I,,_,—(n—D)I,

- 1, = cos"Ix (sinx)+(n-1)I,,_y—nl, +I,

=l =08 X(ENX)+(-Dln o+ 4 4

_cos"Ix(sinx) (-,

a _o...(1
n . n-2---(1)
Put n=4, 2,0 successively in (1), we get
- cos® xsinx +§|
4=+l

:>cos3xsinx 3[cosxsinx 1 } cos® xsinx
4 4

+=lg _—+§cosxsinx+§I0
2 2 4 8 8

B cos®xsinx 3

+—cosxsinx+§x+c [ 1g=x]
4 8 8
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"log(1+x)
23. Evaluate J.g—zdx
1+X
0
Sol:  Put X =tan®=> dx = sec? 6do Also,X=0:>9=0;X=1:>9=%

And 1+ x% =1+ tan®0 =sec?0
n/4

1
Crlog(l+x) . e log(l+tan®) .
S|———=2dx= 756(529(19—
(')[ 1+ x2 (')[ 33:29

n/4

o= j log[1+ tan 0]d0
0
n/4

- g |og{1+tan(%—eﬂ do

tanE—tanG
1+4—
0 1+tan%tane

1+1—tan6 0

| 1+tan®

[ (1+tan ) + (1—tan ) "
1+tan®

/4 2
= Ilog jde
1+tan6

= [ llog2-log(1+ tan)] do
0

n/4 n/4 n/4
=log2 jlde— j|og(1+tane)de:|ogz jlde—l
0 0 0

do

/4 _
0

T T
=l+l= (Ing)(ZJj 2l =(Zj(|092)

=log2[6] I

| =(g](|092)

n/4
j log(L+ tan 6)do
0
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24.  Solve (1+x2)%+2xy—4x2=o
X
dx

d
It is in the form %ﬂL yP(x) = Q(X) where P(X) =

Now, IF=elPdx _gogtex®) _g, 2

. The solution is y(LF)= [(1.PQ(x)dx

rd

2 ax°3
.. The solution is Y(1+X“) = Y +C

Sol:  GivenD.Eis (1+ X2) dy +2xy _al-0> (;ﬂx +y

2X

1+ X

Here, P(x) :iz = [P(x)dx = jizdx =log(L+x?) ( [
1+x 1+x

(1+ x2

AP-IPE 2023 SOLVED PAPER

2x j _4x?
1+x2

ax2

and Q(x) = ——

2 1+ X

09

00 dx=|ogf(x)]

2 3
= y(+x?) = j(M){ ax de= J.4x2dx:4%+c
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