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

Find the distance between parallel lines 5x —3y -4 =0and 10x -6y -9 =0.

Show that the points A(3, 2,—4), B(5, 4,—6) and C(9, 8,—10) are collinear.

Write the equation of the plane 4x — 4y + 2z + 5 = 0 in the intercept form.

If the increase in the side of a square is 4% then find the approximate percentage of increase in the area
of the square.

Transform the equation \/éx +Yy = 4 into (i) slope intercept form (ii) intercept form

af 2x
Find the second order derivative of y =Tan 1( 5 )
1-x

)
Find the derivative of €.log(3x+4) (X >§j 8. Verify Rolle's theorem for the function x2—1 on [-1, 1].

. 3F-1
Compute Lt ([X]+x) and Lt ([X]+X). 10. Find Lt | ———
P x—2% x—>2—([ 1+) x—0| V1+x -1
SECTION-B

Answer any FIVE of the following SAQs: 5x4=20

o k>x—k if x>1 . . .
If fis given by f(x)= o i xel is a continuous function on R, then find k.
if x<

Find the derivative of sec3x using first principle.
The volume of a cube is increasing at a rate of 8 cubic centimeters per second. How fast is the surface area
increasing when length of edge is 12 cm?

ex/a n e—x/a)

a
Find the lengths of normal and subnormal at a point on the curve Y= 5(

Find the locus of P(x,y) which moves such that its distances from A(5,—4), B(7,6) are in the ratio 2:3.

When the axes are rotated through an angle n/4, find the transformed equation of 3x2 +1 Oxy + 3y2 =9.

Find the point on the straight lines 3x + y + 4 = 0 which is equidistant from the points (-5, 6),(3, 2).
SECTION-C

Answer any FIVE of the following LAQs: 5x7=35

Find orthocentre of triangle whose sides are x +2y=0,4x+3y—-5=0and 3x+y=0.

Find the angle between the lines joining the origin to the points of intersection of the curve

x2+2xy+y2+2x+2y—5=Oandtheline3x—y+ 1=0.

. . . ) 2 s n?yh?—ab
S.T the area of triangle formed by the pair of lines ax“+2hxy+by~=0 and /x+my+n=0 is —————
am” - 2him + bl

Find the angle between two non-parallel lines whose direction cosines satisfy the equations
3/+m+5n=0and 6mn—2nl+5/m=0.

y-1 X
If xy+yx=ab thenshowthatg—y——[yx *y Iogy]

X xY logx + xy*~t
If the tangent at a point on the curve x2/3 + y2/ 3,23
that the length AB is a constant

The profit function p(x) of a company, selling x items per day is given by p(x)=(150—x)x—1000. Find the

intersects the coordinate axes in A,B then show

number of items that the company should sell to get maximum profit. Also find the maximum profit.
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SECTION-A

1. Find the distance between the parallel lines 5x — 3y — 4 =0, 10x — 6y — 9 = 0.
A: o We write the first line 5x -3y —4=0as 10x -6y —8=0 ....... )
e Second lineis 10x —6y—-9=0 ....(2)

o-c _ [8+9 W 1
Ja21bp2 \102+62 ~100+36 136

e . The distance between (1) & (2) is

2. Show that the points A(3, 2, —4), B(5, 4, —6) and C(9, 8, —10) are collinear and find the
ratio in which B divides AC.

A: AQ3,2,-4),B(5,4,-6) and C(9, 8, —10) are the given points

AB=1/(3-5)2 +(2-4)% + (~4+6)2

=J4+4+4=\12=23

BC=1(5-9)2+(4-8) + (-6+10)>

= 16+16+16 = /48 = 4/3

CA =(9-3)% + (8-2)% +(-10+4)2

=/36+36+ 36 =~/108 = 6/3
Now, AB+BC=213+4/3=6/3=CA
.. A,B,C are collinear

Ratio in which B divides AC is AB : BC=23:4/3=2:4=1:2

3. Write the equation of the plane 4x — 4y + 2z + 5 = 0 in the intercept form.

A: The given equation of the plane is 4x —4y +2z+5=0 = 4x—4y+2z =-5

4x -4y 2z X y z o ) X Z
:>_—5+_—5+_—5=1:>( j+( j+[ )=1wh1chlsmthemterceptform5+—+—=1

-5

4
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4.

[a |
L
If the increase in the side of a square is 4% then find the approximate percentage of
increase in the area of the square.

®  We take x as side of the square.

* Givenﬁxlooz 4
X

e Area of the square A = x?2

* = dA=2xdx

dA _2Xdx _ dA (dx)
X

= —=2

* A Xz A

*.'.d—Ax100:2(dX
A

—) x100 =2(4)=8
X

Transform the equation V3x + y =4 into (i) slope intercept form(ii) intercept form
(i) Slope intercept form is y = mx + ¢

«/§x+y=4:>y:—«/§x+4

<

X
(ii) Intercept form is a + ==

b

NEY y X y
..\/§X+y 4= 2 +4 413 4

Find the derivative of Tan_l( & 5 J
1-x

We take X =tan® | then 0= Tan x

Tan‘l( 2x J:Tan‘l(—z'[ane J
1-x2 1—tan?0

=TanY(tan 20) = 20 = 2(Tan"x) [+ X =tan® = 0 =Tan " x]

.'.£(2Tan_ x):ZiTan_lx =2[ = J— 2
dx dx

1+ x2 1+ x2
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7. If y =e*.1og(3x+4) then find :—y
X

d d d
A: Formula: &(W)=u.&(v)+v.&(u)
. dy eZX d d X
= e = e® —log(3x +4) +log(3X + 4)— €
Given y = e™ log(3x +4) , then o i og( ) +log( ) i

= e (L(@j +log(3x + 4)e?* .2
3x+4

:eZX( 3
3X+4

8. Verify Rolle's theorem for the function x2 -1 on [-1, 1]
A: Givenf(x)=x2-1 =f'(x)=2x

+ 2log(3x + 4)}

f(x) is (i) continuous on [-1, 1] and (ii) differentiable in (—1, 1)
(i) f(-1) = (-1)>~1 = 1-1 = 0; f(H)=12-1=1-1=0
=>f(-1) = (1)

So, from Rolle's theorem, f'(c) =0 =2c=0 =c=0

. c=0e (-1,1) Hence, Rolle's theorem is verified.

X—>2+

9. Compute Lt ([xX]+x)and Lt ([x]+X)
X—>2—
A: Whenx — 2+ then[x]=2 Now RH.L= Lt ([x]+x)=2+2=4
X—2+

when x—>2— then [x] =1 Now LHL= Lt ([x]+x)=1+2=3

X—2—

X
10. Find |t - =~ 31
x—=041+Xx -1

i S 3"—1( X ]
A x—>0\/1+X 1 x>0 X V1i+x -1

e ¥t X —log3. Lt —~
x>0 X x501+x -1 x501+x -1
_log3. X(V1+x +1) _log3. x(\/1+x +1) _log3. Lt X(V1+x +1)
x—>0(\/1+x H(V1+x +1) x—>0 1+x-1 x—0 X

=log3. Lt (V1+x +1)=log3.(+/1+0+1) = (log3)(1+1) = 2log3
x—0
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SECTION-B

2 .
11. Iffis given by f(x) = KEx =kt x=1 is a continuous function on R, then find k.
2 if x<1
A: (@) Whenx<l,  LHL= Lt f(x)= Lt 2=2.ccccceene. (1)
X—1- X—1-
(b) When x>1, RHL= Lt f(X)= Lt kX —K=K2(@) —K =KZ =K -eeeeereernee (2)
X—1+ X—1+
From (1) & (2), L.H.L=R.H.L [-. f(x) is continuous at x=1as it is continuous on R]

So,k2-k=2 =>k?-k-2=0 = (k-2)k+1)=0=k=2 (or) -1

12. Find the derivative of sec3x using first principle.

A:  We take f(x) = sec3x, then f(x + h) = sec3(x + h) = sec(3x + 3h)
fx+h)—f(x) _ ¢ sec(3x + 3h) —sec3x

From the first principle, f’(x) = Lt

h—0 h h—0
_ . 1 1 1 ) Lt 1( cos3x —cos(3x +3h)
h—oh{ cos(3x+3h) cos3x ] h—»oh{ cos(3x +3h)cos3x

2§n(3x+(32h+3x)jsin((;%%+32h)73ij

[ cosC—cosD = Zsin(%jsin(%)]

h>0h cos(3x + 3h) cos3x

- h>0h cos(3x + 3h) cos3x

1 sin(3x+3;1jsin(32h) sin[3x+32hj sin(gh)
=2 Lt 2L Lt 2

hoh| cos(3x +3h) cos3x h—»0cos(3X + 3h)cos3x h>0 h

=Z sn(3x +0) 3 _3 sin3x 3 1 (sin3x

. . =3—— = = . j = 3sec3x.tan 3x
cos(3x +0) cos3x 2 cos3xcos3x  €0s3x \ cos3x
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13. The volume of a cube is increasing at a rate of 8 cubic centimeters per second. How

fast is the surface area increasing when length of edge is 12cm?
A: For the cube, we take
length of the edge = x , Volume =V and
Surface area = S
Given dd_v_8 and x =12 cm
t
Volume of the cube V = x3
On diff. w.rt't t ﬂ—SXZd—X
n diff. wrt't, weget -~ at
= 8= 3x?2 d—X = d_x = i
dt  dt  3x?
Surface area S=6x2
ds dx 32 32 8 5
1 P_1x2 = — —cm“/sec
On diff. w.r.t't, we get p 12th (2%] X ~3
14. Find the lengths of normal and subnormal at a point on the curve y= 2( e/ay 7X/a)
/la | xla
/ _x/ e? e X
A: Giventhat Y= ( e a) p a[Tj - acosh(;}

:j-i: ,a{sinh(gj(%j =sinh(§] —~m =sinh(§j

x) [ X
(i) Length of the normal at (x,y) = Y41+ (m)? | = |3003h(5)- 1+3mh2(5j |
= |acosh(§j.cosh( )l_ |acosh2 |

X . X a,.. X X, a_.  2X
(ii) Length of the subnormal at (x,y) =| ym|=|acosh—sinh—| =|-.2sinh—cosh— |5 -.sinh—|
a a 2 a a 2 a
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15. Find the equation of Locus of P, if the ratio of the distances from P to A (5, —4) and
B(7, 6) is 2 : 3.
A: LetP=(x,y)and A= (5,-4).B=(7,6)

. .. PA 2
Given condition is E = 5 = 3PA=2PB = 9PAZ2=4PB2

= 9[(x =52+ (y + 4] = 4[(x = 7)* + (y — 6)°]

= 9[(x2— 10x + 25 + y2 + 8y + 16] = 4[x% — 14x + 49 + y2— 12y + 36]

= 9x2 — 90X + 225 + 9y2 + 72y + 144 = 4x2 — 56x + 196 + 4y? — 48y + 144
= 5x%+ 5y%2—34x + 120y + 29 =0

. 5x2+ 5y —34x + 120y + 29 = 0 is the equation of locus.

16. Find the transformed equation of 3x2+10xy+3y2=9 when the axes are rotated through
an angle n/4

A: Given equation (original) is
3x2+10xy+3y2=9 .....(1)
Angle of rotation 6=1/4=45°, then

X =X00s0—-Y9In0=x=X00s45°-Y 9n45°
1 1 X-Y
=X|—=|-Y|—=|=2>X=—F—
SN
y=Yas0+X9n0=y=Y aosdFP+X9n4P
1 1 X+Y
=Y| —=|+X| = |Dy="-——
(ﬁj (ﬁ) S
2 2
L. X-Y X=Y\ X+Y X+Y
From (1), transformed equation is 3(?) +10[ 7z J( 7 J+'{ 7 J =9

2 2 2 2 2 2
:3(X LY —2xv)+1o[x -y j+3(x +Y +2XYj:9
2 2 2

_ X438 +10¢ 107 43¢ 4367
— 2 =

—16X2 - 4Y? =2(9)

= Z(@X?-2Y%) = Z(9) = 8x2-2y2=9
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17. Find the point on the straight lines 3x + y + 4 = 0 which is equidistant from the points
(-5, 6) and (3, 2).

A: Let P(xy,y;) be the required point on the line 3x +y +4=0 =3x;+y;+4=0.......... (1)
P(x{, yq) is equidistant from A(-5, 6), B(3,2) = PA=PB = PA2=PB2.
(x1+5)° +(y1-6)% = (X, =3) + (y1 - 2)°
= (xl2 +10x4 + 25) + (y12 -12y, +36) = (x12 -6x1+9)+ (y12 -4y, +4)
=16X; -8y, +48=0=>8(2X1 -y; +6)=0=>2X; —y; +6=0......... (2)
Solving (1), (2), we get (X1, ;)
() +@2) =5x+10=0 = 5x; =10 = x;=-2
From (2), y;=2x;+6=2(-2)+6=-4+6=2=y,= 2

(X, y)=(2,2)




[10 1
1 10 f

SECTION-C

18. Find the orthocentre of the triangle whose sides are x + 2y =0,4x +3y-5=0,3x+y=0

% JR MATHS-1B AP-IPE 2023 SOLVED PAPER

A: Givenlinesare x +2y=0 ...(1), 4x+3y—-5=0 ...(2), 3x+y=0....(3)
To find altitude through A: “

. . + e
Solving (1) and (2), we getA; x +2y =0 (1) 2)

4x+3y-5=0

X y 1 x y 1
= = = = =
-10-0 0+5 3-8 -10 5 -5

=>x=2y=-1 ~A=(2-)

) -a -3
From (3), slope of 3x +y=01is m:F:T:_B

The slope of the opposite side BC, 3x +y =0 is -3

So slope of its perpendicular is 1/3 [ mym, = -1]

Equation of the altitude passing through A(2, —1) and with slope 1/3 is
y+1=(1/3)x-2) =23y+3=x-2 =>x-3y-5=0 ...(4)

To find altitude through B:

By solving (1) & (3) we get B(0, 0)

The slope of the opposite side AC, 4x + 3y —5=01is —4/3

So slope of its perpendicular is 3/4 [ mym, = -1]

Equation of the altitude through B(0,0) with slope % is y0=% (x—0)= 3x—4y=0 .....(5)
Solving (4) & (5) we get orthocentre O;  From (4),x =3y +5 ........ (6)
From (5),33y +5)4y=0 =9y +15-4y=0 =5y=-15 =y=-3
From (6),x=3(-3)+5 =>x=-9+5=>x=-+4

.. Orthocentre = (4, -3)
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19.

Find the angle between the lines joining the origin to the points of intersection of the
curve x2+ 2xy + y2+2x + 2y - 5=0 and the line 3x -y + 1 =0.

Hence angle between the lines|f=Cos ~——

[11]
iy

3X-y

Givenlineis3x -y +1=0 =>3X-y=-1= =1 ..(

Given curve is X2+ 2xy + y2+2x + 2y - 5=0............ (2)
Homogenising (1) & (2), we get

X2+ 2xy +y2 + 2x(1) + 2y(1) - 5(1)%> = 0

_ _ W2
:x2+2xy+y2+2x(3x 1y)+2y(3x 1y)_5(3x 1y) =0

=X+ 2xy+y2 —2X(3x —y) - 2y(3x —-Y) —5(3x—y)2 =0

:x2+2xy+ y2—6x2+2xy—6xy+ 2y2—5(9x2+y2—6xy):0
:>x2+2xy+y2—6x2+2xy—6xy+ 2y2—45x2—5y2+30xy=0

— 50x2 + 2y2 —-28xy=0

= 2(25x2 + y2 —14xy)=0

= 25x2 + y2 —14xy =0

On comparing with ax? + by2 + 2hxy = 0, we geta =25, b=1,2h=-14

|a+Db|

- cosh =
J(a-b)2+(2h)?

, where 0 is the angle between the required lines

~ |25+1 26 26 26 26 13

J(@25-12 + (-14)° J576+19% 772 4x193 2198 1%

. c0s6= 22 g=Cost 13
h V193 J193

1 13

V193
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20. Prove that the area of the triangle formed by the pair of lines ax2+ 2hxy + by2=0

n?yh? —ab

and /x+my+n=0 is 5 5
lam? - 2him + bI?| o
S
A: * Letax?+ 2hxy + by2 =(mx—y)myx-y) ‘/4 Ix+my+n=0
e~
¢ On equating like term coeff., we get §
\4140 A
* Mp+m __2h mm, =2 1 Soull
1 2 b’ 1My oo (1) 0
®* Bysolving x+my+n=0,mx—-y=0wegetA X y 1

e

mx-y+0=0

. = X .y 1 © I'M
m(0)-(-1(n) n(my)-1(0) 1(-1)-mm, BAHUBALI -2

X 1 -n —nm
° > — = y = - A = y 1
n nmg —|l-mm I+ mmg | +mmy

L - -nm
*  Similarly, we get B = n ' 2
I +mm, | +mm,

1
*  The area of the triangle with vertices, O(0,0),A(X1,Y1),B(X5,y5)is A= 5 |X1y2 = X2Y1 |

« - Areaof AOCAB :l —n —nhmy |- -n -nmy
2| I +mmq )\ [ +mm, I +mm, J{ | +mmy
2 2 2
_E| nmasnm |_£| n<(my, —m;) |

2‘(| +mmy)(l + mmz)‘ 2‘I2 +Immy +Immy + mzmlmz‘

R n?(my + mz)? ~ 4mym, [ (a-b)=+(a+ b)2—4ab}

2 ‘I 2 1 Im(my+my) + m2(m1m2)‘

2 2
A e

= == 1
* |2+|m(_2hj+m2(a) 2_(20m) (@) =310z sy ame] L from (D]
b b o 1
B
Z(nlehz—ab] 2 [ 2
_1 n*yah’ -4 _ 1 __ nhT-ab 0. units
* T 2T? ohime b2 Z/‘amz—Zhlerblz‘ ‘amz—ZhIm+bI2‘
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21. Find the angle between the lines whose dc's are related by 3/+ m + Sn =0 and
6mn — 2n/+ S5/m = 0.

A: Given3/+m+5n=0 = m=-3/-5n....(1),6mn-2n/+5m=0....12)

Solving (1) & (2) we get

6n(-3/ —5n) —2nl + 5I(-3/ — 5n) = 0

= 18/ —30n% —2/n — 152~ 25 =0

= 152~ 45l —30n* =0

= -15(2+3m+2n%)=0 = 2 +3m+2n2=0

= P+mh+2m+2n2=0 = [(+n)+2n(/+n)=0

= {(+n)(/+2n)=0 =/=-nor/=-2n

Case (i): Put /= —n in (1), then

m=-3(—n)—-5n=3n-5n=-2n

S.om=-2n

Now, | :m:in=—A:-2d: A
=-1:-2:1=12:-1

So, d.r’s of Ly= (a;, by, ¢1)=(1, 2, -1).....(3)

Case (ii): Put /=-2n1n (1), then

m=-3(-2n)-5n=6n-5n=n .. m=n

Now, | im:n=-2A A : A
=-2:111=2:-1: -1

So, d.r’s of L= (ay, by, ¢y) = (2, -1, —1)....(4)

If O is the angle between the lines then from (3), (4), we get

o lmBmrbbyrac,|  _ [1@+2A-)+DCD)

J@ 02+ D@ +b3+03) @+ (DD +(-D?+(-)D)
1242+ 1 1
- Je® V% 6
11

.-.cos@=£:>9=Cos —
6 6

Hence angle between the lines is Cos_1£
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22. If xY+yX=aP then show that Y__|Y y g{
dx xY logx + xy*~

A: Letu=xY, v=yX

Nowu=xY = logu=logx¥Y = logu=ylogx Differentiating w.r.t x we have

ldu 1 dy 1du vy dy
——=y| = |[+logx— = =—=2L 1 |ogx
y( ) J dx:>udx xJr I dx

%zu(xﬂogxﬂ] :>d—u=Xy(X+|ngﬂj .......... (1)
X dx X dx

Also, v=yX* =logv=1logy®* = logv=xlogy Differentiating w.r.t x, we have

ldv xdy

IV X2 Y oy 52N XY gy

vdx Ty dx vdx ydx

dv x dy dv [ xdy

dx {yder gy}:dx y [yd y gyj .......... )

From(D) & (2) ,d—u+ﬂ=0:>xy(x+logxd—yj+yx fﬂﬂogy =0

dx xY logx + y*x

d Y= X
- Bty (1) o) = 2L 0 ey
X y
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A

23.

) S 4

If the tangent at a point on the curve x23+ y2/3=a2/3 intersects the coordinate axes
in A,B then show that the length AB is a constant.

* The point on the curve taken as P(acos6, asin’0)
e x=acos30 and y= asin30

dy d .3

—  —(asin”0 . .
Cdy _dp dg( )z,é.Ssﬁ(pes‘e/) _dno

e 3)(; (%(acose’e) 4300520 (=sir0)  COSO

3 - 3y - sind
e So, slope of the tangent at P(acos”6, asin’0) is m= ~ 050

* .. Equation of the tangent at P(acos36, asin39) having slope — S ng 1S y—y;=m(x—X1)
COoSs

* :>y—asin36=—s—ne(x—acos36)
coso

N y—asin36 __(x—acos39)
sino cosH

y _asin36__ X  acos o
sn® snoO cos®  cosO

° :>L+L=acosze+asin26=a(cosz(9+sin29)=a(1)

cosO sno

y

TR— + =1

acosd asin®

* . A=(acosb, 0), B=(0, asin0)

* . AB =\/(acose—0)2 +(O—asjne)2

=\/azcosze+azsin26 =\/a2(cosze+sin29) =\/a2(1) =a

". Hence proved that AB is a constant.

24.

The profit function p(x) of a company, selling x items per day is given by
p(x) = (150 — x) x — 1000. Find the number of items that the company should sell to get
maximum profit. Also find the maximum profit.

Given profit function is p(x) = (150 —x) x — 1000

pP'(x)=(150-x) 1 +x(-1) =150 — 2x . Also p"(x) =-2

For Maximum profit, p'(x) =0 = 150-2x=0 =x=75

.. Profit p(x) is maximum when x = 75

.. Maximum Profit = (150 — 75)75 — 1000 = 75(75) — 1000 = 5625 — 1000 = 4625 units.
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