Chapter - 6

Two Dimensional Analytical Geometry

Ex 6.1

Question 1.

Find the locus of P, if for all values of a, the co-ordinates of a moving point P is
(1) (9 cos a, 9 sin a)

(ii) (9 cos a, 6 sin a)

Solution:
(i) Let P(h, k) be the moving point.
We are given h =9 cos a« and k = 9 sin a and

h . k
= cos=—andsinx=—
9 9

; ., o EY
We know cos‘a+sm'tx:1=b[g] +{E) =]

3

2
(i.e.) h-—+i—=l:s ' +k* =81

81 81
= locus of the point is x2 + y2 = 81

(ii) Let P(h, k) be a moving point.
We are givenh =9 cosaand k=6 sin a

h ’ k
=cosa=—and sinag=—
9 6

; . h 2 k 2
cos" a+sin"a=1=|—| +|—| =1
9 6
Wk
&1 36
2 2

Locus of the pointis X 42—

81 36

Question 2.

Find the locus of a point P that moves at a constant distance of
(i) Two units from the x-axis

(ii) Three units from the y-axis.



Solution:

(i) Let the point (%, y) be the moving point.

The equation of a line at a distance of 2 units from the x-axis is k = 2
Sothelocusisy=2 (i.e)y-2=0

(ii) Equation of a line at a distance of 3 units from y-axisish =3
Sothelocusisx=3 (i.e)x-3=0

Question 3.
If O is a parameter, find the equation of the locus of a moving point, whose
coordinates arex =a cos30,y=asin3 0

Solution:
Py

1
X xy
x = acns’ﬁzﬁcnf&:—:-msﬁ:[“]
a a

.1 i
y=asin’ = sin’ ==
o
J/‘:

"—,"~sim9=('—y}-
o
But cos’ @+sin’ 8= 1:&{ } {l }
{2'
5

% %5
X ¥
Gie) X 42

e

2/ 2 1"
—1=> x3 +y3 =a”

Question 4.
Find the value of k and b, if the points P (-3, 1) and Q (2, b) lie on the locus of
-5x+ky=0.

Solution:

Given P (-3, 1) lies on the locus of
-5x+ky=0

~(-3)2-5(-3)+k(1)=0

9+15+k=0

=>k=-24

Also given Q(2, b) lies on the locus of
-5x+ky=0



x2-5x-24y=0
#(2)2-5(2) - 24(b) =0
4-10-24b=0=>-6-24b=0
_ _ 6 _ 1
>2b=-6=>b=—-=—1
Thusk:—24,b:—i

Question 5.

A straight rod of length 8 units slides with its ends A and B always on the x
and y-axis respectively. Find the locus of the midpoint of the line segment AB.

Solution:
Let P (h, k) be the moving point A (a, 0) and B (0, b) P is

a b

= P= 55 f
N

) a b
Given E=haﬂa’5=k = g=2hand b=2k
OAB is a right angled triangle = OAZ+ OB2=AB?
(le)a*+ b2 =82 [**AB=8]
= (2h)? + (2k)% = 8% (i.e) 41 + 4K% = 64

the midpoint of AB.

LY
B(0, b)

(= byd) W2+ =16 0
So the locus DfPiSIZ"‘}’Z =16

Question 6.
Find the equation of the locus of a point such that the su
the distance from the points (3, 5), (1, -1) is equal to 20.

Solution:

Let the given points be A (3,5) and (1, -1).

Let P (h, k) be the point such that

PA2 + PB2 =20 ............. (D

PAZ2 =(3-h)%+ (5-k)?

PB2=(1-h)2+ (-1-k)?
(1)=>B-h)2+(GB-k2+(1-h)2+1+k)?2=20
9-6h+h24+25-10k+kz+1-2h+h2+1+2k+Kk?
2h2? + 2k?2-8h -8k + 36 = 20

2h2 +2k?-8h-8k+16=0

Ala, 0)

m of the squares of

=20



hz+kZ2-4h-4k+8=0
The locus of P ( h, k) is obtained by replacing h by x and k by y
~ The required locus is x2 + y2-4x-4y+ 8 =10

Question 7.
Find the equation of the locus of the point P such that the line segment AB,
joining the points A (1, -6) and B (4, -2), subtends a right angle at P.

Solution:

Let P (h, k) be the moving point

A(l-6)

] \x

P (hk) B(4-2)

Given A (1,-6) and B (4, - 2),

Since AAPB = 90°, PA2 + PB2 = AB2

(e) (h-1)2+(k+6)2+ (h-4)2+ (k+2)2=(4-1)2+ (-2 + 6)2
(i.e)h2+1-2h+k*+36+12k+h2+16-8h+k2+4+4k=32+42=25
2h% 4+ 2k?-10h + 16k +57-25=0

2hz 4+ 2k?2-10h + 16k +32=0
(+by2)h2+k2-5h+8k+16=0

So the locus of Pisx2 +y2-5x+ 8y + 16 =0

Question 8.
If O is origin and R is a variable point on y? = 4x, then find the equation of the
locus of the mid-point of the line segment OR.

Solution:
Let P(h, k) be the moving point
We are given O (0, 0). Let R = (a, b)

a b a b
: : OR = | —,— |=| —=.— |=(h,k
Mid point of OR (2 2] (2 2] ( )
= a=2hb=2k

Substituting a, b values is y? = 4x
we get (2k)2 =4 (2h)



(i.e) 4k?2 =8h
(= by 4) kz2=2h
So the locus of P is y2 = 2x

Question 9.

The coordinates of a moving point P are [g (cosec+ sin 8),%{(:()3&(: @—sin EJ]] where 0

is a variable parameter. Show that the equation of the locus P is b°x” —a” y2 =a’b’.

Solution:
Let P (A, k) be the moving point

ko | o=

We are given P= [—;- (cosec@+ sin §),—(cosecA—sin ﬁ']]

= h= g (cosec@+sin 6) (i.e.) a[cosec @+ sin 6] = 2k

: 2h
=cosec O +smb=— .. (1)
i
g(msccﬁ—sinﬁ) = k = cosecf - sin 5':2—: IS .,
(H+@2) = 2(:1::~s-:-::|9=2£+E
a b
(+ by 2) =>cnscc9=g+~f; S (c )
2h 2k : h k
()-(2) =2sin@=——-"—(+by2)=>sinf=———. ...14)
a b a b

: h k\(h k
But cosec @ sin @ =1, So from (3) & (4) = ;+-5 ———=1=1
hz kl

e Rl 1
a’ bz 2 ol
So the locus of (h, k) is 2 -2 =]
a b
2.3 2.3 X
(i.e) “1—?'1:1 = b2x? —a’yt =a’h’
ab
Question 10.

If P (2,-7) is a given point and Q is a point on 2x% + 9y2 = 18, then find the
equations of the locus of the mid-point of PQ.



Solution:

P = (2,-7); Let (h, k) be the moving point Q = (a, b)

: ; 24a -T+6b

Mid point of PO = > = (h, k) say
a+2:h* b__?_;;‘.
2 2

=>a=2h-2,

b=2k+1

Qis a pointon 2x2 + 9y2 =18 (i.e) (a, b) ison 2x%2 + 9y2 =18
= 2(2h-2)24+9 (2k+7)2=18

(i.e) 2 [4h2 + 4 -8h] + 9 [4kz + 49 + 28k] -18 =0

(i.e) 8hz + 8 - 16h + 36k2 + 441 + 252k-18=0

8hZ + 36k? - 16h + 252k +431 =0

The locus is 8x2 + 36y2 - 16x + 252y + 431 =0

Question 11.
If R is any point on the x-axis and Q is any point on the y-axis and Pis a
variable point on RQ with RP = b, PQ = a. then find the equation of locus of P.

Solution:

P=(x0),Q=(0,y), R (h, k) beapointon RQ suchthat PR:RQ=b:a

" P= L ¥ bp ]':} o £l h}} "__{h!k]
a+b a+b a+b a+b

=ax=(a+b)h=x= a+bff
i
a+b
by=(a+b)k=y=—""k

b
From the right-angled triangle OQR, OR2 + 0Q% = QR?



(i.e) X2+ Y2 =(a+ b)Y’

::»[”*"’h]:[“;bq =(a+b)

a
s (ﬂ +2b) ;?'1 -i-{i-t_;ﬂ k: ={ﬂ'+b]2
a b
Wk
+byla+b 2, —+—=1
£ ( ) a bz
Locus is x'_l_y*' -1

=

a’ bl

+

Question 12.

If the points P (6, 2) and Q (-2, 1) and R are the vertices of a APQR and R is the
point on the locus y = x2 - 3x + 4, then find the equation of the locus of the
centroid of APQR.

Solution:
P(6,2),Q(-2,1).LetR=(a, b) be apointony = x2? - 3x + 4.

Centroid of APQR is ﬁ_2+”.2+1+b]

‘ 2 3
_ (4+a 3+b)
(l.e)( 3 3 ]—{h,k)
4*3"": a=3h-4
3+b

2 e k=b=3k-3
3

But (a, b) isa pointony =x2-3x + 4



b=a?-3a+4

(i.e) 3k-3=3Bh-4)2-3(3h-4)+ 4
(i.e) 3k-3=9h?2+16-24h-9h + 12+ 4
= 9h%2-24h-9h+32-3k+3=0

(i.e) 9hz-33h -3k + 35 =0,

Locus of (h, k) is 9x2-33x-3y+35=0

Question 13.

If Q is a point on the locus of x2 + y2 + 4x - 3y + 7 = 0 then find the equation
of locus of P which divides segment OQ externally in the ratio 3 : 4, where O is
origin.

Solution:
Let (h, k) be the moving point O = (0, 0);
LetPQ=(a,b)onx?+y2+4x-3y+7=0

P divides OQ externally in the ratio 3:4 =P = (
h k

a=——and b=—-—
3

3(a)-0 3(b)-0
5 - |

} - (_3(41', -3:!?} o= (h-.- k}

But (a, b)ison x>+ y* +4x 3y +7=0

() oA o E)-o(-£)e7=0
3 3 3 3

2 2
(i.e) -}3—+k——ﬂ+k+7 =0

9 3 3

W2+ k2 —12h + 9k + 63 =0, Locus of (h, k) isx* +17 — 12x+ 9y + 63 =0

Question 14.
Find the points on the locus of points that are 3 units from the x-axis and 5
units from the point (5, 1).

Solution:

A line parallel to the x-axis is of the form y = k.
Herek=3=y=3

A point on this line is taken as P (a, 3).

The distance of P (a, 3) from (5, 1) is given as 5 units
>(@-5)?2+((3-1)2=52
a?+25-10a+9+1-6=25



az-10a+25+4+4-25=0
az-10a+4=0
10+, /100-4(1)(4 + +
L 10xl00-4()(4) _10+V8a _10£2431 _,, o
2(1) 2 2
So the points are [5+J2_|',3],(5—\/E,3]r :

Question 15.

The sum of the distance of a moving point from the points (4, 0) and (-4, 0) is
always 10 units. Find the equation of the locus of the moving point.

Solution:

Let P (h, k) be a moving point
Here A = (4,0) and B = (-4, 0)
Given PA+ PB =10

= (=4 + & +(h+4) +K* =10
= J(h-4) + K2 =10 - \J(h+4)’ +&3
Squaring on both sides (1 —4) + &% =100+ (h+4)" + k> —20\|(h+4) + &

(ie) h* + 16— 8h + k> =100+ h* + 16 + Bh + k2 = 20 \/(h+ 4)’ + &

= -16h—100=—20 (h+4)" +k°

il
£

(= by-4)4n+25=5 \(h+4) +i°
Again Squaring on both sides we get,

(4h +25)% = 25 [(h+4)2 +kﬂ

(i.e) 16h* + 625 + 200h = 25 [h* + 8h + 16 + k%]

= 16h% + 625+ 200h — 25k — 2007 — 400 - 25k* =0
—9K? —25k> +225=0

= 9h% + 25K = 225



9h%  25k7
—+ =]
225 225

(Le}hiég-rkigf=1

R I
So the locus 1s x—+'—=1
25 9

Ex 6.2

Question 1.

Find the equation of the lines passing through the point (1, 1)

(i) With y-intercept (- 4)

(ii) With slope 3

(iii) And (-2, 3)

(iv) And the perpendicular from the origin makes an angle 60° with x-axis.

Solution:
(i) Giveny intercept = - 4,
Let x intercept be a

Now equation of the lines 1s it =1
a -4

It passes through (1, 1) ;ﬂ.l_lzlgﬁt_”ﬂ

a 4 4a
> 4—-a=4a=>4=4a+ta
(i.e) Sa=4 = a=4/5 YRV, |
So the equation of the line is 2 gk o (i.e.) E—i=]

o 4/5 —4 4 4

(le) 22V ) = 5x-y=4 (or) y=5x-4

(ii) with slope 3

The equation the line passing through the point (x1, y1) and having slope m is
y-y1=m(X - X1)

Given (x1,y1) =(1,1), m=3

-~ The required equation of the line is

y-1=3(x-1)

y-1=3x-3



3x-y-3+1=0

3x-y-2=0
(iii) Passing through (1, 1) and (-2, 3)
y=¥ _ x-x
Equation of the line passing through 2 points is *, y % —x,
: y=1 x-1 .. . y=-1 x-1 o )
Le — = ,ie) —=
el 3-1 -2-1 ( 2 =3
-3(p-1)=2(x-1) = -3y+3=2x-2
5=2x+3y
2x+3y=35

(iv) P=Distance between (0, 0)and (1, 1) = \/({I‘—I}2 +(0- 1)2 =J1+1=V2,a=60°
Equation of the line is xcos a + ysina = p :
(i.e) x cos 60° + y sin 60° = /2

x(lJ+y[£)=ﬁ o 2B

2 20
= x4+ \Ey =22
Question 2.

If P (1, ¢) is midpoint of a line segment between the axes, then show that
T L]
T c '

Solution:
P (1, ¢) is the midpoint of AB.
= A= (2r,0)and B= (0, 2¢)
(i.e) x intercept = 2r and
y intercept = 2c.

y

Equation of the line is Dol o]
2r ¢

(i.e) l[i.}.i]:l :}£+£=2_
2\r ¢ roc



AY
(0, 2¢)

P(r. ¢)

! » X
§ A(2r, 0)

Question 3.
Find the equation of the line passing through the point (1, 5) and also divides
the co-ordinate axes in the ratio 3 : 10.

Solution:
Let x-intercept be 3a and y-intercept be 10a

Equation of the line 1s i+ B4 =1
da 10a

The line passes through (1, 5)

| 5 1 1
= —+—0=]1= —+—=1
3a 10a 3a 2a

243

ba

=1=6a=5- (1)

So the equation of the line is =, ¥ o S ] == M =

3a 10a 30a

1
= 10x + 3y=30a

(ie) 10x+3y=5(6a)=5(5)=25 ....... [from (1)]

o 10x+ 3y= 25

Question 4.
If p is length of perpendicular from origin to the line whose intercepts on the

1 _ 1, 1
axes are a and b, then show that P a? b



Solution:

7 i’ 0 (O NI
a
= bx+ay—ab=0 sissiisssd 1)
p = The length of the perpendicular from the origin to (1)
—ab

= p=t—F——=
va* +b*

_ . ab

{‘-‘f) P= f'az +bz

2712
ahb
Squaring on both sides p* = ———
! ; P a’ +b*
1 _a*+bh* 1 1 I _

R P 3

=

= — =
pt &b PRI pt & b

Question 5.

The normal boiling point of water is 100°C or 212°F and the freezing point of
water is 0°C or 32°F.

(i) Find the linear relationship between C and F

(ii) Find the value of C for 98.6° F and

(iii) The value of F for 38°C.

Solution:
Given when C =100, F =212 and when C=0, F = 32

(i.e) (Jfl,yl) = (100, 212) and (x,, y,) = (0, 32) and (x, y) = (C, F )

¥—x _ &%

(i) The equation of the line passing through (x,, y,) and (x,, y,) is

F-212 _C-100 _ F-212_C-100

32-212  0-100 —180  —100

F-212 C-100
TS

Ya—»W XX

(i.e)

By dividing the denominators by — 20,

= 5F-1060=9C-900
S5F =9C - 900 + 1060
(i.e) SF=9C+ 160



pi, JCHI60 9
5 5

Again 5F — 1060 = 9C — 900
(i.e) 9C - 900 = 5F - 1060
9C = 5F - 1060 + 900

9C = 5F - 160
C= SF-160 5(F-32)
i 9 9
C= SF-160 5(F-32)
9 9
C——S-(F—'%Z)
5 (F
(if) SnF=%C+32(OR]C=%(F—32}

When F = 98.6° to find C
5

C=—(F-32
>(F-32)

When F = 98.6, ¢ = g (98.6 —32) = g (66.6) = 37°

(iif) When C = 38°, To find F
9
F= 5{38}+32=9><?.6+32=68.4+32
F = 100.4°

Question 6.

An object was launched from a place P in constant speed to hit a target. At the
15th second, it was 1400m away from the target and at the 18th second 800m
away. Find

(i) The distance between the place and the target

(ii) The distance covered by itin 15 seconds,

(iii) Time is taken to hit the target.

Solution:
Taking time = x and distance =y
We are given atx =15,y = 1400 and atx = 18, y = 800



i P X—X
The equation of the line passing through {xl,yl} and {xz*yz} is 1 }: = . ;
Y2 =0 2~ 4

G#) y—1400 _ x-15
8001400 18-15
sy 2= 1400 _X- 15
-600 3
(Denominator divided by 3) we get —% =x-15

(i.e) y—1400=-200x+ 3000

1400—y 3000
= 200x = 1400 — y + 3000 = x = ———+ ——

200 200
G0 =l02,
Taking x = Til:"IE and y = distance (D) we get T= HTIT[_}D+ 15 (1)
() LetT=0in (1)
Gf%ﬂﬁ:51400—-D+3{]00={};>D=4400m
(if) LetT=15in(1)
15=M+I5.:>33{}{}=]40U—D+3[}DD

200
(ie) 1400-D=0= d= 1400m

So the distance covered in 15 seconds = 4400 — 1400 = 3000 m

(ii1) TofindTatD=0
1400 -0
200

T= +15 = T=7+15=22 seconds

Question 7.

The population of a city in the years 2005 and 2010 are 1,35,000 and 1,45,000
respectively. Find the approximate population in the year 2015. (assuming
that the growth of population is constant).

Solution:
Taking the year as x and population as y
We are given when x = 2005,



y = 1,35,000 and

when x = 2010,
y =1,45,000
(ie) (x,,,)= (2005, 135000), (x,, ¥,) = (2010, 145000)
The equation of the line passing through (x,, »,) and (x,, y,) is Y=h _X°H
= Xa = X
3 —135000 x—2005 Y2=h X2

(-€) 125000135000 _ 2010 — 2005

y—135000 x—2005

) 10000 5
5
2 (y=135000) = x — 2005
10006 )=
1
ie) ——(y—135000)= x— 2005
L) ool )=z

y - 135000 = 2000 (x - 2005)

y = 2000(x - 2005) + 135000

Atx =2015,y=2000 (2015 -2005) + 135000

(i.e) y=2000 (10) + 135000 = 20000 + 135000 = 1,55,000
The approximate population in the year 2015 is 1,55,000

Question 8.
Find the equation of the line, if the perpendicular drawn from the origin
makes an angle 30° with x - axis and its length is 12.

Solution:
The equation of the line isx cos « + y sina = p

Hete &= 30° , cbkio =008 3n°=73 . sina=sin30°=1/2;P=12.

o1

So equation of the line is x-?— + yE =12

(i.e) 1»EJHy:12:J~<2:24=‘:-\.E.1¢+y—-24:{]

Question 9.
Find the equation of the straight lines passing through (8, 3) and having
intercepts whose sum is 1.



Solution:

Given sum of the intercepts = 1 = when x-intercept = a then y-intercept =1 -
a

Equation of the line is —+—>— =1
a l-a
The line passes through (8, 3) = E+i=l
a l-a
8(1l-a)+3a=a(l1-a)
8-8a+3a=a-a?
a*-6a+8=0

(@a-2)(a—-4)=0 =>a=2 or 4

1. When a = 2 equation of the line is £+Ty_2=l = %—y:l = x-2y=2
2. When a = 4 equation of the lineis >4+ —2— =1 = ~— Y -1 = 3x—4y=12
4 1-4 4 3
Question 10.

Show that the points (1, 3), (2, 1) and (%,4] are collinear, by using (#) Concept of slope

(if) Using a straight line and (/if) Any other method.

Solution:

Let the given points be A (1, 3),B (2, 1),and C (154)
1-3 -2 L
) Slope of AB= ——=—=-2=
(i) Slope o T m,
4-1 3 92— m
Slopeof BC= 77 3¢ = "4
-2

a

Slope of AB = Slope of BC = AB parallel to BC but B is a common point
=> The points A, B, C are collinear.

(if) Equation of the line passing through A and B is Pl w2 ¥l %2
2N +y=5 e (1)




Substituting{";(%,cl] in (1),

1
we get LHS = 2 (E)+4= 1 +4=5=RHS

C i1s a point on AB

= The points A, B, Clie on a line
= The points A, B, C are collinear

I
(i) Area of AABC=—(x (y2 = y3)+ % (y3 =)+ (% - 2))

=H1(1 —4)+ 2{4—3)+%(3—1)} =%(—3+ 2+1)=0

=" The points A, B, C are collinear.

Question 11.
A straight line is passing through the point A (1, 2) with slope 5/12. Find
points on the line which are 13 units away from A.

Solution:
m=75/12

A

B 13 A(l.2) 13 B (x, ¥)

Equation of the line in parametric formis =~ - 7N _

cos® siné 5 13
Here (x;,y))=(1,2),r=13,m= tan 6 =5/12 :
sin 8=5/13, cos 6= 12/13 ' 12
= i .o 13(x—-1) 13(y-—-2
8 l=.y_£=ii3,{l.i:] {x )= [y )=il3
12 5 12
13 /13
(:—by]3)£:_l.=f;2.=i1
12 5
x—1 x-1
?=l=>x=12+1=13 "T"—"=—1:}_I=—lz+l=—“

___;2=+1:}y=5+2=T y—;%‘;—l:?y=—5+2:—3

So the points are (13, 7) or (—11, -3)



Question 12.

A 150m long train is moving with a constant velocity of 12.5 m/s. Find
(i) The equation of the motion of the train,

(ii) Time taken to cross a pole,

(iii) The time taken to cross the bridge of length 850 m is?

Solution:
(i) Nowm =y/x =12.5m / second,

The equation of the lineisy =mx + c ....(1)
Putc=-150,m =12.5m,
The equation of motion of the trainis y = 12.5x - 150

(ii) To find the time taken to cross a pole we take y = 0 in (1)
= (0=12.5x-150=12.5x =150

150
x=——=12 seconds
12.5

(iii)) Wheny =850 in (1)
850=125x-150=12.5x =850 + 150 = 1000

b Al 80 d
== = —— =

175 seconds
Question 13.

A spring was hung from a hook in the ceiling. A number of different weights
were attached to the spring to make it stretch, and the total length of the
spring was measured each time shown in the following table.

Weight (kg) | 2 4 = 8

Length (cm) 3 4 4.5 6

(i) Draw a graph showing the results.
(ii) Find the equation relating the length of the spring to the weight on it.
(iii) What is the actual length of the spring.

(iv) If the spring has to stretch to 9 cm long, how much weight should be
added?



(v) How long will the spring be when 6 kilograms of weight on it?

Solution:
Taking weight (kg) as x values and length (cm) as y values we get (x1, y1) = (2,

3)' (Xz, yz) = (4' 4)

{:} ;_'::..s'i}l_::_'_ b Eoem Tl e e D

The equation of the line passing through the above two points is
P X=X y—3 x-—2

= Le)= =
yg __v| IE_._Y]. I: }4_3 4_2

y—=3 x-2
l.

e, x=2y=—4=x-2y+4=10

(iii) Whenx=0,2y=4=y=2cm

(i)

= dyp—-6=x-12

(iv) Wheny =9cm,x-18=-4
x=-4+18=14kg



(v) Whenx =6 (kg),6-2y=-4,-2y=-4-6=-10
=>2y=10=>y=10/2=5cm.

Question 14.

A family is using Liquefied petroleum gas (LPG) of weight 14.2 kg for
consumption. (Full weight 29.5 kg includes the empty cylinders tare weight of
15.3 kg.). If it is used at a constant rate then it lasts for 24 days. Then the new
cylinder is replaced

(i) Find the equation relating the quantity of gas in the cylinder to the days.
(ii) Draw the graph for the first 96 days.

Solution:
(i) Let x represent the number of days.

y represent the weight of gas. I 0 24
y 142 0
. Equationis X 4. ¥ 15 Y (%X
24 142 14.2 24
.- JEVY)

v=—E+l4.2,0£x£24
g 120

(i1)

e

142

24 48 T2 96

Question 15.

In a shopping mall, there is a hall of cuboid shape with dimension 800 x 800 X
720 units, which needs to be added the facility of an escalator in the path as
shown by the dotted line in the figure. Find

(i) The minimum total length of the escalator,



(ii) The heights at which the escalator changes its direction,
(iii) The slopes of the escalator at the turning points.

Solution:

(i) the minimum total length of the escalator.

Shape of the hall in the shopping mall is cuboid. When you open out the
cuboid, the not of the cuboid will be as shown in the following diagram.

| A
720 | B ¢
I 180 800 P
180 00 C + 720
800 B'
> 180
O g0 E s0 F g0 © go H
The path of the escalator is from OA to AB to BC to CD
In OAE, QA2 = AE? + OE?
2
= 0A? = E{Tzn}] +OE?
=X 0A? = (180)* +(800)
= 32400 + 640000 = 672400
OA = 820m

Total length of the escalator= OA+AB+ BC+CD
= 4 x0A (since AOAE=A ABB'=ACDD'

= 4 %820
The minimum length = 3280 units



(ii) The height at which the escalator changes its direction.
AE = % (720) = 180 units

BE = %{?20) = 360 units and GE = %{?Zﬁ} = 540 units

(iii) Slope of the escalator at the turning points

Let [f’\OE =0
opp _ AE _180 _ 9
InAOAE, tan® = 74" " OF ~ 800 40

. 9
.. Slope at the point A = —
p po 20

Since AOAE = AABB’ = ABCC’ = ACAD
Slope at the points B, C will be 9/40

Ex 6.3

Question 1.
Show that the lines are 3x + 2y + 9 = 0 and 12x + 8y - 15 = 0 are parallel
lines.

Solution:
Slope of 1 li (3] .
=M =—] — |=—
ope of I line = m, 5
Slope of 11 line = m, = _(E] e 5
3 )72

Here m1 = mz = the two lines are parallel.

Question 2.
Find the equation of the straight line parallel to 5x - 4y + 3 = 0 and having x -
intercept 3.

Solution:
Equation of a line parallel to ax + by + ¢ = 0 will be of the form ax + by + k =
0



So equation of a line parallel to 5x - 4y + 3 = 0 will be of the form 5x - 4y =k

5x 4y : x y
| ey — 4 < -
= (}kf Y 1
3 S —4
Here we are given that x intercept=-3 = —=-3 =}k =-15

So equation of the line is % 4 ];1; =1
-3 4
ey =y By oy SN,
15 15

—S5x+dy=15=>5x—-4y-15=0

Question 3.

Find the distance between the line 4x + 3y + 4 = 0 and a point
D (-2,4)

(i) (7, -3)

Solution:

The distance between the line ax + by + ¢ = 0 and the point(x1, y1) is given by
Lt by, +c

Ja* +b°

(i) Now the distance between the line 4x + 3y + 4 = 0 and (-2, 4) is
4(-2)+3(4)+4 -=&
" (—2)+3(4) _ 8+12+4—%units

V42 +3? 5

(ii) The distance between the line 4x + 3y + 4 =0 and (7, -3) is
3 4(7)+3(-3)+4 _28-9+4 23

= — units
V42 +32 5 5

Question 4.

Write the equation of the lines through the point (1, -1)
(i) Paralleltox+3y-4=0

(ii) Perpendicular to 3x + 4y =6




Solution:

(i) Paralleltox+3y-4=0

The equation of any line parallel to the line
Xx+3y-4=0isx+3y+k=0........ (D)

This line passes through the point (1, - 1)
~(1)=>1+4+3(C¢-1)+k=0
1-3+k=0=>k=2

= The equation of the required line is
x+3y+2=0

(ii) Perpendicular to 3x + 4y =6

The equation of any line perpendicular to 3x + 4y = 6 is
4x-3y+k=0....... (2)

This line passes through the point (1,-1)
2)=4)1-3(-1))+k=0

44+3+k=0=>k=-7

-~ The required equationis4x-3y-7=0

Question 5.
If (- 4, 7) is one vertex of a rhombus and if the equation of one diagonal is 5x -
y + 7 = 0, then find the equation of another diagonal.

Solution:

Let the equation of the diagonal ACbe 5x -y +7 =0 .......... (D

Since (-4, 7) does not satisfy equation (1), (- 4, 7 ) represents neither A nor C.
Let (-4, 7) represent the vertex D.

The diagonal BD is perpendicular to AC

The equation of any line perpendicular to line (1) is-x-5y + k=0 .......... (2)
This line passes through the point D (-4, 7)

~(2)=>-(-4)-5(7)+k=0

4-35+k=0=>k=31

=~ The equation of the other diagonal is

-x-5y+31=0

x+5y-31=0



Question 6.

Find the equation of the lines passing through the point of intersection lines
4x-y+3=0and 5x+ 2y +7 =0, and

(i) Through the point (-1, 2)

(ii) Paralleltox-y+5=0

(iii) Perpendicular tox - 2y + 1 = 0.

Solution:
To find the point of intersection of the lines we have to solve them
4x—-y =-3 swl(L)
S5x+2p =-7 .(2)
(Dx2) = 8x-2y =-6 .(3)
2y = 13 =-13 = x=-1
Substituting x = -1 in equation (2) we get
S5+ 2y=-7
=>2y=-7+5=-2
>y=-1

So the point of intersection is (-1, -1)

{i) NUW(II,_}’I) = (_]s _]}! (—rzs_}’z) == {"]j 2) .
Equation of the line passing through 2 points is S R i
Y2=n X27X
y+1 x+1  y+] x+1

= =
241 -1+1 3 0

=xt+1=0=x=-1

(1.e)

(ii) Paralleltox-y+5=0

Given that the line (1) is parallel to the line
X-y+5=0...... (2)

=~ Slope of line (1) = Slope of line (2)
(4x-y+3)+A(5x+2y+7)=0
4x-y+3+5x+ 20y +71=0
(4+50)x+ (2A-1Dy + 3 +7A=0

ST _ 4+5A
Slope of this line = — 51—

1
Slope of line (2) = —_il =1

These two slopes are equal




445X\
2A-1 1

—(4 +5AN) =2A-1
—4-5A=2A-1
2AN+5A-1+4=0

AN+3=0=A=—3

Substituting the value of A in equation (1), we have
(Ax-y+3)-—2 (5x+2y+7) =0
T(Ax-y+3)-30B5x+2y+7)=0

28X — 7y + 21— 15x — 6y — 21 =0

13x-13y =0
x-y=0

(iii) Equation of a line perpendicular to x - 2y+ 1 =0 will be of the form 2x +y
+ k = 0. It passes through (-1,-1) > -2-1+k=0=>k=3.
So the required lineis 2x +y+3=0

Question 7.
Find the equations of two straight lines which are parallel to the line 12x + 5y
+ 2 = 0 and at a unit distance from the point (1, -1).

Solution:

Equation of a line parallel to 12x + 5y + 2 = 0 will be of the form 12x + 5y + k
= 0.

We are given that the perpendicular distance form (1, -1) to the line 12x + 5y
+ k=0is 1 unit.

=}i12(}}+5(-—1]+ﬁ: 1(e) 12-5+k
V122 +5°
T+k=13 T+k=-13
= k=13-7=6 | 2k=-13-T=-20
So the required line will be 12x + 5y + 6 =0 or 12x + 5y - 20 =0

=41 = T7+k=%13




Question 8.
Find the equations of straight lines which are perpendicular to the line 3x +
4y - 6 = 0 and are at a distance of 4 units from (2, 1).

Solution:

Given equation of line is 3x + 4y - 6 = 0.

Any line perpendicular to 3x + 4y - 6 = 0 will be of the form 4x -3y + k=10
Given perpendicular distance is 4 units from (2, 1) to line (1)

(4(2)=-3()+%)

s4=t
42 +(=3)
(8—3+k)
= d=+"_—"°°
J16+9
- 4:i(5+kj
5

~20=+GB+k)or20=-(5+k)

=>k=20-50rk=-(20+5)

k=150ork:=-25

~ Required equation of the lines are 4x - 3y + 15 =0and 4x-3y-25=0

Question 9.
Find the equation of a straight line parallel to 2x + 3y = 10 and which is such
that the sum of its intercepts on the axes is 15.

Solution:
The equation of the line parallel to 2x + 3y = 10 will be of the form 2x + 3y =
k.

. . 2x 3y X y
(ie) —+—=]1=—+—=1.
k k kiz2 ki3
g k
Sum of the intercepts = 15 =:~~§-+E=I5=>3k:;2k-=ﬁ

5k=90 = k=90/5=18.
So the required line is 2x + 3y =18 or 2x + 3y — 18 =0

Question 10.
Find the length of the perpendicular and the co-ordinates of the foot of the



perpendicular from (-10, -2) to the linex +y -2 = 0.

Solution:
Length of the perpendicular from (-10,-2) tox+y-2=0is

-10-2-2) 14 142 ,
g Tt L W SN e piniils

[ VI +12 ) V2 242
Let A (a, b) be the foot of the perpendicular the given lineisx+y-2=0=a+b-2=0
=at+b=2 s

b+2

So of line joining A (a, b) and B (-10, -2) is
a+10

m]-
Slope of x +y—2=01is L= _|=m,
]

We are given m m, = -1

::»(b+2J[_1)=_1 = b+a =] =>b+2=a+10

a+10 a+10
Solving (1)and (2) > a-b=-8 I e
(D)= a+b=2
a—b=-8
) =5
@ 2a=-6
=3

Substitutinga=-3in(l)weget-3+b=2 = b=2+3=5
So the foot of the perpendicular is (-3, 5)

Question 11.
If p1 and p: are the lengths of the perpendiculars from the origin to the
straight lines. sec 0 +y cosec 0 = 2a and x cos 0 - y sin 8 = a cos 26, then

. 2 o2
provethatp1+p2_ﬂ"

Solution:
p1 = length of perpendicular from (0, 0) to x sec 6 + y cosec 8 = 2a



2a

= = = COPE—
sec” &+ cosec” &
7 4(‘-2 402
Lpp = =
sec’ @+cosec’d@ 1 + o O

"" -
_4a” cos® @sin’ @
sin’ @+ cos” @

=a’ [2 sin 6'0056‘]2 = a’ (sin 21‘.?)2 =a’sin® 28

=(2asin fcosb)’

Py= ]e:pgth of perpendicular from (0, 0) to x cos 8 — y sin 8 = a cos 20

acos28 2D

Py=x
sfcnsz B+sin’ @

P = (aCGSEQ)z =a’ cos” 28

LHS = p} + p? = a’sin? 20+ a* cos’ 260 = o° [sin2 26+ cos” 28} =a’(1)=a* =RHS

Question 12.
Find the distance between the parallel lines

(i)12x+5y=7and 12x+ 5y +7 =0
(i) 3x-4y+5=0and 6x-8y-15=0.

Solution:
(7) The distance between the parallel lines ax + by +c=0and ax+ by +d=01is * Cz— 2 -
The distance between 12x+ 5y —7=0and 12x + 5y + 7= 0 is a+b
+7-(<7)/ 122 +52 = % units.
(i1) 3x—4y +5=0 (multiplying by 2) 6x -8y + 10=0, 6x —8y—15=0.
10-(~15) _ 10+15 25 5 .
= =-—=— Uunits

The distance between the parallel lines is + = =
J6r +8  f36+64 10 2

Question 13.

Find the family of straight lines
(i) Perpendicular

(ii) Parallel to 3x + 4y - 12 = 0.



Solution:

(i) The equation of the family of straight lines perpendicular to 3x + 4y - 12 =
0is4x -3y + k=0whereke€R

(ii) The equation of the family of straight lines parallel to the straight line 3x +
4y -12=0is3x+4y+A=0,A€R

Question 14.

If the line joining two points A (2, 0) and B (3, 1) is rotated about A in an anti-
clockwise direction through an angle of 15°, then find the equation of the line
in the new position.

Solution:

Slope of A(2,0)and B (3, 1) is m1ﬂ2%=1

(ie)tan O =1=> 0 =45°, 3=2
This line is rotated about 15° in an anti-clockwise direction
= New slope = tan (45° + 15°) = tan 60° = 3-V (i.e) m = 3—V.
Point A= (2, 0)

Equation of the line is y — 0 = NG (x-2)

y=Bx-2 = Br-y-2=0

Question 15.
A ray of light coming from the point (1, 2) is reflected at a point A on the x-axis
and it passes through the point (5, 3). Find the coordinates of point A.

Solution:

The image of the point P (1, 2) will be P’ (1, -2).

Since 20AP = £XAQ (angle of inches = angle of reflection) So ZOAP’ = 2XAQ
= a (Vertically opposite angles)

= P’, A, Q lie on the same line.



pY

Q (5, 3)
P(1,2)
| I-"ﬂ
; ii? o i
o] i a¥a " A
P, 2)

Now equation of the line P’, Q is [where P’ = (1, -2), Q = (5, 3)]
y+2 x-1 y+2 x-1
= — =
3+2 -5-1 5 4
4y+8=5x-5
51=4_v+-13:x=4y;l3.

Since we find a point of intersection with the x-axis we puty = 0.

Sﬂy={]=-x=?.

.. The reflection point is [%,D)

Question 16.
Aline is drawn perpendicular to 5x =y + 7. Find the equation of the line if the
area of the triangle formed by this line with co-ordinate axes is 10 sg. units.

Solution:
Equation of the given lines 5x =y + 7= 5x-y=7.
So its perpendicular will be of the form x + 5y =7

= %030 S e e

kK k ko kg
Now x intercept = k and y intercept = k/5 .
1 k?
g k [ p— 1
Areaof the A= 2(;c)(A] =10 (given)

= K =100 or k = 10.
So equation of the line is x + S5y =+ 10



Question 17.
Find the image of the point (-2, 3) about the line x + 2y - 9 = 0.

Solution:
The coordinates of the image of the point (x1, y1) with respect to the line ax +
by + ¢ =0 can be

obtained by the line =% _ ¥~ _ ~2(@ +5y ¥ ¢)
a b a’ + b’

Here (x;, y;) = (-2, 3) and the given line is x + 2y —9=0.

x+2_y-3_-2[-2+2(3)-9]
T2 1+4

So the image is

(i.e) x+2 =J’—3= —2(—2+6—9}

1 2 5
___11+2=y-3=-2(-—5)=2
1 2 2
I+2—=2 i’:_=2
1 2

=x=2-2=0|=y=4+3=7

So the image is (0, 7)

Question 18.

A photocopy store charges Rs. 1.50 per copy for the first 10 copies and Rs.
1.00 per copy after the 10th copy. Let x be the number of copies, and let y be
the total cost of photocopying.

(i) Draw a graph of the cost as x goes from 0 to 50 copies.

(ii) Find the cost of making 40 copies

Solution:



() y

A
)
50 — &
o
40 = @
n{?\
07 =2 i
{3 n'l-.:‘"-. @
20 Sl
4;\ &
10 o
| 1 I | T =X
10 20 30 40 50
Number of copies
1.5x D0<x<10
}_r:f{x}: 15+ 1 (I_]ﬁ} Ifx}lﬂ
(ie)x+35
x | 10 ] 20 30 40 50
v 15 25 35 45 55

(#f) The cost of making 40 copies is 40 + 5 = Rs. 45.

Question 19.

Find atleast two equations of the straight lines in the family of the lines y = 5x
+ b, for which b and the x-coordinate of the point of intersection of the lines
with 3x - 4y = 6 are integers.

Solution:
3x-4y =6 ........ (2)

Solving (1) and (2)
Substituting y value from (1) in (2) we get



y=5x+5b RURUROON | 1}
Ix—-4y=6 werrrrnnnreanenil 2)
Solving (1) and (2)

Substituting v value from (1) in (2) we get

Ix-4(5x+b) =6

3x-20x-4bh =6
—17x =6+4b
- _ 6+4b
-17
S0,y = 5 6+ 4b e 30+ 3b
“ -17
6+4b 30+ 3b
So, (x,y) = .
*.7) [-1? -17 ]

Since x coordinate and 6 are integers 6 + 46 must be a multiple of 17
(ie)+£17,+34

= 6+4b =+34 6+4b =-34
4b =28 4b =-34-6=—140
b =17 b =-10

. Equation of linesy=5x+ bwillbe y=5x+ 7, y=5x- 10

Question 20.

Find all the equations of the straight lines in the family of the lines y = mx - 3,
for which m and the x-coordinate of the point of intersection of the lines with
X -y = 6 are integers.

Solution:

Equation of the given lines are
y=mx-3 ....... (D

andx-y =6 ....... (2)

Solving (1) and (2)
Xx-(mx-3)=6



(i.e) x—-mx+3=6

x(1-m)=6-3=3

= =3
= g L
l=m
Now (2) = x—y =6
(i.e) y=x-6
3, y = 3 _6=3—E}+6m=6m—3
l—m l—rr_: 1—m
3 6m-3
-Z(I,y]*( o ]
Il=-m 1-m

Since m and x coordinates are integers
1 - mis the divisorof 3 (i.e) + 1, + 3
l-m=+1 l—-m=+3

l—m=-1 l—m=-3

=m=0 =m=2 |=2m=-2| =>m=4

So equation of linesare (y=mx-3),y=mx -3
(i) Whenm =0,y =-3

(i) Whenm=2,y=2x-3

(iii) Whenm =-2,y=-2x-3or2x+y+3=0
(iv) Whenm =4,y =4x-3

Ex 6.4

Question 1.
Find the combined equation of the straight lines whose separate equations are
Xx-2y-3=0andx+y+5=0.

Solution:

The given separate equations of the lines are
x-2y-3=0andx+y+5=0

= The combined equation of the straight lines is
x-2y-3)(x+y+5)=0

X2 +xy + 5x-2xy-2y2-10y-3x-3y-15=0
X2 -xy-2y?2+2x-13y-15=0



Question 2.
Show that 4x2 + 4xy + y2 - 6x - 3y — 4 = 0 represents a pair of parallel lines.

Solution:

Comparing this equation with ax? + 2hxy + by? + 2gx + 2fy + c =0
wegeta=4,h=4/2=2,b=1,g=-3,f=-3/2,c=-4

The condition for the lines to be parallel is hz-ab =0
Nowh?-ab=22-(4)(1)=4-4=0

h2 - ab = 0 = The given equation represents a pair of parallel lines.

Question 3.
Show that 2x2 + 3xy - 2y%2 + 3x + y + 1 = 0 represents a pair of perpendicular
lines.

Solution:

The equation of the given pair of straight lines is
2x2+3xy-2y?+3x+y+1=0 ... (D)
Compare this equation with the equation

ax? + 2hxy + by? + 2gx + 2fy+c=0 ......... (2)
a=2,2h=3,b=-2,2g=3,2f=1,c=

The condition for pair of straight lines to be perpendicularisa + b = 0.
2-2=0
Hence the given pair of lines represents a perpendicular straight lines.

Question 4.
Show that the equation 2x2 - xy - 3y? - 6x + 19y - 20 = 0 represents a pair of
intersecting lines. Show further that the angle between them is tan-1(5).

Solution:

19
Comparing the given equation with general form we geta=2,b=-3,¢=-20, f = 5

g=-3,h=-1/2
The condition for the given equation to represent a pair of straight lines is
abe +2 fgh— af * —bg? — ch* =0



Now LHS = abc + 2 fgh — af* —bg” — ch*

) (2){—3)(41})+2[g)(-3)(-%] fz{%] +3(3)" +20(- 1)
:12U+£—£+ 27+5_=[8{}l—18|}l=0
2 2 2 2

The given equation represents a pair of straight lines.

2Wh—ab

The angle between the pair of straight lines is given by tan8=+ 7
a+

2,|Ié+6 21#% 5
.e) tand=+ =1 =2x==5=6@=tan" (5
(i.e) 2+(33) 1 5 an” (5)

Question 5.
Prove that the equation to the straight lines through the origin, each of which
makes an angle a with the straight line y = x is x2 - 2xy sec 2a + y2 =0

Solution:

Slopeofy=xism=tan 0 =1

= 0 =45°

The new lines slopes will be

m = tan(45 + a) and m = tan (45 - o)

=~ The equations of the lines passing through the origin is given by
y =tan(45 + a)x and y = tan(45 - a)x
(le)y=tan(45+a)x=0andy =tan(45 -a)x =0

The combined equation is [y — tan (45 + a)x] [y -tan (45 - )x] =0
y2 + tan(45 + a)tan(45 - a)x? - xy[tan(45 - a) + tan(45 + a)] =0
I+tang l-tana , {sin“ﬁ—a] sin(45+a) | _

|-tane l+tana cos(45—a) cos(45+a)

(ie) y*+

[ sin(45 - @)cos(45+ @) + cos(45 — @)sin (45 + )
4 cos(45— a)cos(45 + ) -

(i€) x2 47 —

in (45 +45
(i) x* + 5% ~ - [sin{ ) -0
5 [2cos(45— a)cos(45+ a) ]
L S S W) L

cos90+cos 2 cos2¢x



(f.e}xz-nysecEa+y2=ﬂ
Aliter:

Let the slopes of the lines be m, and m, where

| —tan e 1+ tan e
— and m, = tan (45 + a) =
|+ tan e

=tan (45 —a) =
i % 1-tan o

1 —tanec i 1+ tan o
l+tanx 1—tang

m|+m2=

= [ ):25602&'
cos2a

l-tanrxxl—tanrx_t

 l+tana 1-tana

Let the equation of lines passes through the origin
So the equationsarey =mix=0andy =mzx =0

So the combined equations is (y - mix) (y - mzx) =0
(l.e)y?-xy(m1 + mz) + mimex =0

(i.e) y2-xy(2seca) +x2(1) =0

(i.e) y2-2xysec2a+x2=0

Question 6.

B

Find the equation of the pair of straight lines passing through the point (1, 3)
and perpendicular to the lines 2x -3y +1=0and 5x+y-3 =0

Solution:

The equation of the given lines are

2x-3y+1=0 ... (D

5x+y-3=0...... (2)

Equation of any line perpendicular to 2x -3y + 1 =0 is
-3x-2y+k=0

3x+2y-k=0

This line passes through the point (1, 3)
~3(1)+2(3)-k=0
346-k=0=>k=9

Substituting the value of k in the above equation we have

3x+2y-9=0 ... 3)
Equation of any line perpendicular to 5x +y -3 =0is
x-5y+ki=0



This line passes though the point (1, 3)
~1-5@3)+ki=0

1-15+ki=>ki =14

Substituting the value of k; in the above equation we have
X-5y+14=0 ... (4)

The combined equation of (3) and (4) is
(3x+2y-9)(x-5y+14)=0

3x2 - 15xy + 42x + 2xy - 10y2 + 28y -9x + 45y -126 =0
3x?2-13xy - 10y? + 33x + 73y - 126 = 0 Question 7.

Find the separate equation of the following pair of straight lines
() 3x2+2xy-y2=0

()6 (x-1)2+5x-1)(y-2)-4(y-2)2=0

(iii) 2x2-xy - 3y2-6x+ 19y -20=0

Solution:

() 3x2+2xy-y2=0

The given equation is
3x2+2xy -y?2 =0 ....... (D
3x2+ 3xy-xy-y2=0
x(x+y)-yx+y)=0
Bx-y) x+y)=0
3x-y=0andx+y=0

-~ The separate equations are
3x-y=0andx+y=0

(i)6(x-1)2+5x-1)(y-2)-4(y-2)2=0
=>6(x2-2x+1)+5(xy-2x-y+2)-4(y?-4y+4)=0
(i.e) 6x2-12x+ 6 + 5xy - 10x -5y + 10 - 4y2 + 16y -16 =0
(i.e) 6x%2 + 5xy -4y2-22x+ 11y =0

Factorising 6x2 + 5xy - 4y2 we get

6x2 - 3xy + 8xy - 4y2 =3x (2x-y) + 4y (2x-y)
=(Bx+4y)(2x-y)

So, 6x2 + 5xy - 4y?2 - 22x+ 11ly=(3x+4y +1)(2x -y + m)

Equating coefficient of x = 3m + 21 =-22 ....... (D
Equating coefficientofy > 4m -1=11 ....... (2)



Solving (1) and (2) we getl =-11,m =0
So the separate equations are 3x +4y-11=0and 2x-y =0

(iii) 2x2 -xy - 3y2-6x+ 19y -20=0

Factorising 2x2 - xy - 3y% we get

2x? - xy - 3y? = 2x% + 2xy - 3xy - 3y?
=2x(x+y)-3yx+y)=(2x-3y) (x+vy)

S 2x2-xy-3y2-6x+ 19y -20=(2x-3y+D)(x+y+m)

Equating coefficient of x 2Zm + 1= -6 ....... (D
Equating coefficient of y -3m +1=19 ....... (2)

Constant term -20 = Im
Solving (1) and (2) we get] = 4 and m = - 5 where Im = - 20.
So the separate equations are 2x -3y +4=0andx+y-5=0

Question 8.
The slope of one of the straight lines ax? + 2hxy + by? = 0 is twice that of the
other, show that 8h? = 9ab.

Solution:

ax? + 2hxy + by2 =0

We are given that one slope is twice that of the other.
So let the slopes be m and 2m.

Now sum of the slopes = m + 2m

O p— S /|

b 3b
Product of the slopes = m x 2m = 2m* = alb

2 a
ol (B)

2
Eliminating m from (A) and (B) we get (ihj oy 80
(o) 4 a e
ie) ——=——
9% 2R
8h* = 9ab

Question 9.
The slope of one of the straight lines ax? + 2hxy + by? = 0 is three times the
other, show that 3h? = 4ab.



Solution:
Let the slopes be m and 3m.

anm+3m=4m=—-2-§-

4b 2b
mx3m=2=3m=2om*=2L . ...0Q

b b 3b

Eliminating m from (1) and (2)

h 2 a h* a
we get —— | e St = =5 3B = dab
&5 (ZEJ 3 4p% 3R =

Question 10.

A AOPQ is formed by the pair of straight lines x2 - 4xy + y2 = 0 and the line
PQ. The equation of PQ is x + y — 2 = 0. Find the equation of the median of the
triangle AOPQ drawn from the origin O.

Solution:
Equation of pair of straight lines is x2 - 4xy + y2 =0 ..... (1)
Equation of the given lineisx+y-2=0=>y=2-x ........ (2)

On solving (1) and (2) wegetx?-4x(2-x) + (2-x)2=0
(le)x2-8x+4x*?+4 +x2-4x=0

(ie) 6x2-12x+4=0

(+by2)3x2-6x+2=0

L 6£436-24 _ 62V12

6 6
6+23 _ _3:3_ 1 Ay p
i __ ;T
6 3 3 .
1 1 ke
x=l+—= , l-—F e
N NE
W T ST IS :
cn @:y -Jlg )/\"E /
Whes g2l= Vi, pe2alprcsipa oo "
VAR o ’

il



The midpoint of PQ is

1+L+l—i I—L+1+L
V3 33 Bl=q,
2 d 2

y=1. x=1

0-1 0-1

Now the equation of the median through (0, 0) and (1, 1) is

(i.e) y_l:x—_llz:‘y—lz.r—l

(ie)x—y=0=>y=x

Question 11.
Find p and q, jf the following equation represents a pair of perpendicular lines
6x% + 5xy - py? + 7x + qy - 50

Solution:

6x% + 5xy - py? + 7x + qy - 50

The given equation represents a pair of perpendicular lines
= coefficient of x2 + coefficient of y2 = 0
(ie)6-p=0=>p=6

Now comparing the given equation with the general form

ax? + 2hxy + by? + 2gx + 2fy +c=0
wegeta=6,b=-6andc=-5f=q/2,g=7/2andh=5/2

The condition for the general form to represent a pair of straight lines is abc +
2fgh — af2 -bgz-ch2=0

oo AR )2

35¢ 6g° 294 125
4q_ j Y4 s
—6q° 359 720+294+125
4 4 4
—6g% +35g +1139=0
Changing the sign throughout we get 6g> — 35¢-1139=0

(i.e) 180+ 0

0




_35+,/1225+4(6)(1139)

2(6)
_ 35++/28561
q‘ —— R U
12
_ 35£169
12
_35+169 35-169
9 12 7 12

g =17 or —6—; andp =6

Question 12.

Find the value of k, if the following equation represents a pair of straight lines.
Further, find whether these lines are parallel or intersecting, 12x2 + 7xy -
12y2-x+ 7y +k=0.

Solution:
Comparing the given equation with the general form ax? + 2hxy + by? + 2gx

+2fy+c=0
wegeta=12,b=-12,c=k f=7/2,g=-1/2,h=7/2

Here a + b = 0 = the given equation represents a pair of perpendicular lines
To find k: The condition for the given equation to represent a pair of straight
lines is abc + 2fgh - af2 - bg2 - ch2 =0

i) (m]{-u}(:&h‘x[%][—%}@)—12(-%9-)“2(%)—}{[?):0

14852 _14743-2% ¢
4 4

576k — 49 _ 49+ 58812
4 - 4

625k _ 625

4 4

=k =-1



Question 13.
For what value of k does the equation 12x2 + 2kxy + 2y%, + 11x-5y+2 =0
represent two straight lines.

Solution:
12x2 4+ 2 kxy + 2y2+ 11x-5y+2 =0
Comparing this equation with the general form we get

2k
a=12, b=2, =2, f=-512,g=1112,h=—- =k

The condition for the given equation to represent a pair of straight lines is
abc + 2 fgh — af > — bg* — ch* =0

(i,e}{IZ}{2}{2}+2(—%J(}E})(fc)-lz{zj] 2(121) 2(k*)=0

482k 75 121 52y
2 2 -
_2?__5_5__E_2k2=
> 2
(x by 2) — 4k ~121-55k— 54 =0

4k% + 55k +175=0

4k? + 20k + 35k + 175=0
4k(k+5)+35(k+5)=0
(4k+35) (k+5)=0
k=-50r-35/4

Question 14.
Show that the equation 9x2 - 24xy + 16y2 - 12x + 16y - 12 = 0 represents a
pair of parallel lines. Find the distance between them.

Solution:

Comparing the given equation with ax? 4+ 2kxy + by2=0we geta=9,h =
12,b = 16.

Now h2 = (-12)2 =144,ab = (9) (16) = 144

h2 = ab = The given equation represents a pair of parallel lines.

To find their separate equations:
9x2 - 24xy + 16y% = (3x — 4y)?
So, 9x2 - 24xy +16y2 - 12x + 16y - 12 = (3x-4y +1)(3x -4y + m)



Here coefficientof x=>3m +3l=-12=>m+1=-4
coefficientofy = -4m-41=16=>m+1=-4

Constantterm I m =-12

Nowl+ m=-4andlm=-12=>1=-6and m = 2

So the separate equationsare 3x-4y-6=0and 3x-4y+2=0

2+6 8
The distance between the parallel lines is £——== 3 units
gt

Question 15.
Show that the equation 4x2 + 4xy + y2 - 6x - 3y - 4 = 0 represents a pair of
parallel lines. Find the distance between them.

Solution:

42+ 4xy +y?-6x-3y-4=0
a=4,

b=1,

h=4/2=2

hz-ab=22-(4)(1)=4-4=0

= The given equation represents a pair of parallel lines.

To find the separate equations 4x2 + 4xy + y2 = (2x + y)2
So,4x2 +4xy +y?2-6x-3y-4=2x+y+1)2x+y+m)
Coefficientofx=2m+2l=-6=>1+m=-3 ...... (1)

Coefficientofy=1+m=-3 ........ (2)
Constantterm=>1m=-4 ......... 3)
Nowl+m=-3andlm=-4=1=-4m=1

So the separate equationsare 2x +y+1=0 and 2x+y-4=0

5
The distance between the parallel lines is +—~——— = 5 units
Jarl 5

Question 16.
Prove that one of the straight lines given by ax? + 2hxy + by2 = 0 will bisect
the angle between the co-ordinate axes if (a + b)? = 4h2.

Solution:

Let the slopes be l and m

 One line bisects the angle between the coordinate axes = 6 = 45°
Sotanf =1



The slopes are | and m

Sum of the slopes = _Eb_h
2h 2h 2h—b
= l+m=——2p=—— == ———
b
Product of the slopes = f;—:'; (l](m}=%=: m:ﬂ
—2h-b a
=%

=—=ag=-2h-b=a+b=-2h
b b
So (a+ b)? = (—2h)% = 4K*
(i.e) (a+ b)* = 4k*

Question 17.

If the pair of straight lines x2 - 2kxy - y2 = 0 bisect the angle between the pair
of straight lines x2 - 2Ixy - y2 = 0, show that the latter pair also bisects the
angle between the former.

Solution:
Given that x2 - 2kxy -y2 =0 ....... (D
Bisect the angle between the lines x2 - 11xy -y2 =0 ...... (2)

g .4
Equation of the angle bisector of line (2) is [x y -

a+b h
2 2
ray 2 Tk AN
I.€ ——
ey
— xz —.};2 =_2Txy=}x2 —-%x}}—yz IU ...[3)

Equations (2) and (3) represents the same

1=.._2_{r=__1:5]=ﬁ=|=bfk=—'l

=12

1 /{ -1
To prove that X% = 2ixy —y* = 0 is the angle bisector of ©- 2exy — y2 =0
Equation of the bisector of the lines x* — 2kxy — y* =0 is

2 2 2 2
i S PPN et PR 2 _2_2xy
= = = - =
[ a+h h) 2 2% YT



; 5 - 2xy
ie) x* —yt=-"2L
(ie) x* -y k

(i.e) x2+2£—y220
k
Using lk=-1wegeth=-1/1

So, x° + _lj%y“ - y2 =0 becomes x* — 2Ixy —yz =1 1is the bisector of the pair of straight lines

x?-2kxy-y?2=0
Question 18.

Prove that the straight lines joining the origin to the points of intersection of
3x2 + 5xy - 3y?2 + 2x + 3y = 0 and 3x - 2y - 1 = 0 are at right angles.

Solution:

The equation of the pair of straight lines is
3x2+ 5xy-3y2+2x+ 3y =0 ......... (D
The given lineis3x-2y-1=0
3x-2y=1....... (2)

The equation of the straight lines joining the origin to the points of
intersection of the pair of lines (1) and the line (2) is obtained by
homogeneous using equation (1) by using equation (2)

(1) =(3Bx2+5xy-3y?) + 2x+ 3y)(1) =0
(3x2+5xy-3y?)+ (2x+3y) (3x-y)=0
3x2 + 5xy - 3y2 4+ 6x2 - 4xy + 9xy - 6y2 =0
9x%2 + 10xy - 9y? =0 .......... 3)

Coefficient of x2 + coefficient of y2=9-9 =10
=~ The pair of straight line (3) represents a perpendicular straight lines.



Ex 6.5

Choose the correct or more suitable answer

Question 1.

The equation of the locus of the point whose distance from y-axis is half the
distance from origin is ........

(@A) x2+3y2=0

(b) x2-3y2=0
(0)3x2+y2=0
(d) 3x2-y2=0
Solution:
(c)3x2+y2=0
Hint:
Given that PA = \([\frac{1}{2}/latex]OP
2PA = 0P

(0, )

A P(x,»)

(0,0)

4PAZ = QP2

4(x)2=x2+y2=>3x2-y2=0

Question 2.
Which of the following equation is the locus of (at?, 2at) ......
% 5 B
{a)g-z--i}-fﬂ [b}%+%=l © x*+y’=a® (d)y =4ax
Solution:
(d) y?2 = 4ax
Hint:

Given x = at?, y = 2at



y = 2at = t = [latex]\frac{y}{2 a}\)

Xx=at2=>x=a x (i)2

2a
2 2
_ . o_ oy
X=ax = =
4q? 4q?
y? = dax
Question 3.

Which of the following point lie on the locus of 3x2 + 3y2 -8x - 12y + 17 = 0?
(@) (0,0)

(b) (-2,3)

(©) (1,2)

(d) (0,-1)

Solution:

(©(1,2)

Hint:

The equation of the given locus is

3x2+3y?-8x-12y+17=0

(0, 0) does not lie on the locus since the locus contains constant term.

Substituting (-2, 3) in the locus
3(-2)24+3(3)2-8x-2-12x3+17
=3X4+3%x9+16-36+17
=12+27+16-36+17+0

~ (- 2, 3) does not lie on the locus

Substituting (1, 2) on the locus
3(1)24+3(2)2-8x1-12x2+17
=3+12-8-24+17

=32-32

=0

~ (1, 2) lies on the locus

Question 4.
2 3
If the point (8, —5) lies on the locus Ll A k then the value of kis .....................
16 25
(@0

(b) 1



(c) 2
(d)3

Solution:
(d) 3
4
Sub {I,y): (87 _5) e i—ézk
25
4—_1=k=>k=3

Question 5.
Straight line joining the points (2, 3) and (-1, 4) passes through the point (q,
B) if

@a+2=7
(b)3a+B=9
()a+3=11
(d)3a+3=11
Solution:
(c)a+3p=11
Hint:

Equation joining (2, 3), (-1, 4)
.P'"4= x+1 :}y—4=x+1
3—-4 2+1 -1 3

3y-12=-x-1=2x+3y-11=0, (o, ) liesonit=>a + 3 -11=0.

Question 6.
The slope of the line which makes an angle 45° with the line 3x -y = -5 are
(@1, -1

(b) 5,—2
1,3

(d)2,—+
Solution:

1,3



Hint:
Equation of line3x -y =-5,y=3x+5,m; =3
Angle between two lines 6 = 45°

AT g50 = T T2 4 angse
1+ mym, l+mm,
3"‘”?2 _1 3_m2 i
1+ 3m, L+ 3m,
3—my=1+3m,|3—my =—1-3m,
2=4m, 2m, =4
= 4

The slopes are -2, %

Question 7.

Equation of the straight line that forms an isosceles triangle with coordinate
axes in the I-quadrant with perimeter 44+2v2 is

(ax+y+2=0

(b)yx+y-2=0

©x+y-v2=0

(dx+y+vV2=0

Solution:

(b)yx+y-2=0

Hint.

Let the sides be x, x
B

b




L AB=vx? +x* :x\/i,Pcrimcterﬁd+2 J2
2x+x\2=4+22
x(2+v2)=2(2++2)
x
x, y intercept = 2, Equation of line is —+£=1
2
x+y=2=x+y-2=0

Question 8.

The coordinates of the four vertices of a quadrilateral are (-2, 4), (-1, 2), (1, 2)
and (2, 4) taken in order. The equation of the line passing through the vertex
(-1, 2) and dividing the quadrilateral into the equal areas is .........
@x+1=0

(b)x+y=1

©)x+y+3=0

dx-y+3=0

Solution:

(b)x+y=1

Hint:

This equation passes through (-1, 2)
14+42=1=>1=1

D (-2, 4) EX0. 4) C (2, 4)

A(-1,2] B{(1,2)

Question 9.

The intercepts of the perpendicular bisector of the line segment joining (1, 2)
and (3, 4) with coordinate axes are ..........

(a)5,-5

(b) 5,5

(©5,3

(d)5,-4



Solution:

(b) 5,5
(1,2), 3,4) :»M:dpmm-{? ?) (2,3)
Slope = an 2=E=1 ; Perpendicular Slope = __1=_1
3-1 2 m
Equation of the perpendicular bisector is y — y, = m(x —x,)
y-3=—1(x-2)=> y-3=-x+2= x+y=5 = §+§=1

x, y intercepts are (35, 5)

Question 10.
The equation of the line with slope 2 and the length of the perpendicular from
the origin equal to V5 is ......

(@) x+2y=+5
(b) 2x +y =5
(0)2x+y=5
(dx+2y-5=0
Solution:
(0)2x+y=5
Hint: y=2x+c¢ 5
Perpendicular distance from origin = =
rp . _ -u'a +b2
=\f5-=-c'=v'g-\/‘§=5
«JI+4

The required lineisy =2x+5=2x-y+5=0

Question 11.
A line perpendicular to the line 5x - y = 0 forms a triangle with the coordinate
axes. If the area of the triangle is 5 sq. units, then its equation is .......

(a) x+5yiSJ§=0 | (b) x-syis,/f:u
(©) Sx+y+5J2=0 (d) 5x-y+5J2=0
Solution:

(@) x+5y+5V2=0



Hint:
Equation of a line perpendicular to 5x -y =0 is
Y+SymE X X g
k &
S, &
x, y Intercepts are k, ©
Area=>5 3

%k x%=5,k2 =50, k2 =452

Equation of lineisx + S5y + 52 =0

Question 12.

Equation of the straight line perpendicular to the line x -y + 5 = o, through
the point of intersection the y-axis and the given line .......

(@Qx-y-5=0

(b)x+y-5=0

(©)x+y+5=0

(dx+y+10=0

Solution:

(b)x+y-5=0

Hint:

X-y+5=0=>putx=0,y=5

The pointis (0, 5)

Equation of a line perpendiculartox-y+5=0isx+y+ k=0
This passes through (0, 5)

k=-5
x+7-5=0
Question 13.

If the equation of the base opposite to the vertex (2, 3) of an equilateral
triangle is x + y = 2, then the length of a side is .........

(@) ‘E (b) 6 () V6 d 32

Solution: (b) V6
Hint:



In an equilateral, A the perpendicular wall bisects the base into two equal
parts. Length of the perpendicular drawn from (2, 3) to thelinex+7-2=0

2 + 3 2
=1-17A
This is equal to .. l@!
V2 2
a=6/\6 =6
Question 14.

The line (p + 2q) x + (p - 3q)y = p — q for different values of p and q passes
through the point ......

3 5 22 34 23
{“)(2 2) ®) (5 s] {C)[S’S) « (5’5)
Solution:

@ (3, 3)

Hint:
P+29x+(p-39y=p-q
px+2gqx+py-3qy=p-q
P(x+y)+q((2x-3y)=p-q

The fourth optionx =2/5,y =3/5

o5 )l -5)-o (5

=p-q=RHS

Question 15.

The point on the line 2x - 3y = 5 is equidistance from (1, 2) and (3, 4) is ...
(@) (7,3)

(b) (4, 1)

(©@,-1)

(d) (-2,3)



Solution:

(b) (4, 1)

Hint:

Let (a,b) beon2x-3y=5=2a-3b=5
It is equidistance from (1, 2) and (3, 4)

V=17 +(b6-2) =\(a=3 +(b-4)?

(@a-12+(b-2)2=(a-3)2+ (6-4)2
-2a+1+b?2-4b+4=2a2-6a+9+b2-8b+ 16

4a + 4b =20

2a+2b =10

2a-3b=5

5b=5

b=1~a=4

~ The pointis (4, 1)

Question 16.

The image of the point (2, 3) in the liney = -xis .........

(@) (-3,-2)
(b) (-3,2)
(©) (-2,-3)
(d) B, 2)

Solution:

@ (-3,-2)

Hint: X=X _Y=-n_ —2(:1,1‘1 + by, +::']
9 b ‘jaz +b

x—Z y—} —2(2+3)

x2y3 ,}0}1

1 1

-2=-5y-3=-5
x=-3,y=-2
('3r'2)

Question 17.

The length of 1 from the origin to the line 3

......



11 ' 5
(a) " (b) % (¢) — Gl i

Solution:

(c) 12/5

Hint:

4x -3y =12=4x-3y-12=0
¥ -12 12

J16+9| 5

Question 18.
The y-intercept of the straight line passing through (1, 3) and perpendicular
to2x-3y+1=0is ...

3 9 2 2
(a) 5 (b) > (c) = (d) 5
Solution:
(b)9/2
Hint:

Equation of a line perpendicular to 2x - 3y + 1 = 0 is 3x + 2y = k. It passes
through (1, 3).

3+6=k=>k=9,3x+2y=9

To find y-interceptx =0,2y =9,y =9/2

Question 19.
If the two straight lines x + (2k-7)y + 3 =0and 3kx + 9y -5 =0 are
perpendicular then the value of k is ......

- - o2 "
(a) k=3 (B) k=3 ©) k=3 @ k=3

Solution:
(@A k=3
Hint.



x+Q2k-T)y+3=0= ml:%’*;%

3k k
x+%-5=0,m=—-=——
Y YT

Since the lines are perpendicular mimz; = -1

(‘_‘](_E)r; = k=-32k-T)= k=—6k+21 = Tk=21 = k=21/7=3

2k -7 3
Question 20.
If a vertex of a square is at the origin and it’s one side lies along the line 4x +
3y - 20 = 0, then the area of the square is ........
(a) 20 sq. units
(b) 16 sq. units
(c) 25 sq. units
(d) 4 sq. units

Solution:
(b) 16 sq. units
Hint:
One side of a square = Length of the perpendicular from (0, 0) to the line.
- 20 - E , a=4. Area of square = =16 Sg. units
v16+9 5
Question 21.

If the lines represented by the equation 6x2 + 41xy - 7y? = 0 make angles a

and 3 with the x-axis, thentan a tan § =

6 6 7 7
(@~ ) = () = @ -
Solution:
(@) —3

[

Hint.
6x% + 41xy - 7y =0
= 6x2-xy +42xy-7y?=0
=>x(6x-y)+7y(6x-y)=0
= xX+7y) (6x-y)=0



=>x+7y=0,6x-y=0

-1 -6
—,mz -
7 -1

tanr;.-':-%,tanﬁ:ﬁ

m = 6

tana tanf = (-1/7) (6)
tana tan f= *%

Question 22.
The area of the triangle formed by the lines x2 -4y2=0and x = a is

NE 1, 2,
?a (¢) Ea (d) ﬁa

(a) 2° | (b)

Solution:

(c) ya°

Hint:
x2-4y2=0,(x-2y) (x+2y)=0=>x-2y=0,x+2y=0

1 1
Area = Ebh; E xaxa= a%

(a, al2)

x—2y=0

2a

shdy=0 N BT

Question 23.
If one of the lines given by 6x2 - x + 4x2 = 0 is 3x + 4y = 0, then c equals to



Solution:

(@) -3

Hint.

6x%2-xy +4cy?=0,3x+4y=0

The other line may be (2x + by)

(3x + 4y) (2x + by) = 6x2 - xy + 4cy?

6x2 + 3xby + 8xy + 4by? = 6x2 - xy + 4cy?
6x2 + xy (3b + 8) + 4by? = 6x2 - Xy + 4cy?
paring, 3b + 8 =-1

3b=-9=>b=-3

4b =4c=4(-3) = 4c

-12=4c=>c=-3

Question 24.
@ is acute angle between the lines x* —xy—6y* =0 then 2 C_DSS_FBSIHB i
4sin@+5cosé
1 5 1
(@) 1 (6) —— (c) = (d) —
9 9 9
Solution:
(©)5/9
Hint:

Hint: x*—xy—6y"=0,a=1,b=-6,h=-1/2

2k —ab
=t311-l—
Q a+b
1 2x5/2
{2746 = =t P2 |
Q:tani 5
-5
1
=tan~'(1)| sin45° = cos45° = —
Q= &
Q=45°
1 2 4 3/ 5
2cosf+3siné _ /2 ﬂ /)}‘_2/ y
4sinf+5cos6 4 S 9 9
V2 2 A

lllllllllllllllllll



Question 25.

The equation of one the line represented by the equation x2 + 2xy cot 0 - y2 =
0is .........

(@A) x-ycotB=0

(b)x+ytan6=0

(e)xcosO+y(sin8+1)=0

(d)xsin®+y(cos8+1)=0

Solution:
(d) xsin©® + y(cos 8 + 1)=0
2
Hint: x*+2xycot@—y* =0 = x*+2xycotf =’ =:r:r—2+£r-cnt€=l

By completing the squares ¥ X
( \

—+cot@ | =1+cot’ @

\ Y )

( x \?

—+cot@| =cosec’d

£ J

x

—+cot @ == cosect

y
x+ycot @ =ycosec ¢ x+ycot@ =-ycosec &

cosé y
cosé X+ y——=—m
x+y =2 ysmﬂ sind

sinf sin@

xsin@+ ycosf =—
xsin@+ ycosf@=y z y

xsin@+ ycos@+y=0
xsin @ +y(cos & +1)=0



