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Chapter 1.
Polar Coordinates

Find the equation of the conic whose ecentricity, focus and
the equation of corresponding directrix are respectively ¢,
(p. P) & rcos (0 - o) =p and also find to latus rectum. (2014)
Find the oquation of the chord joining points ‘a’& ‘P’ onthe

o
conic =1+ecos(0-r). (2014)

,

: [ : :
Find the pole of line = acos0+bsin8 with respect to
r

[
the conic =1+ecos(0—r) (2014)
-
Find the equation of the directrices of the ellipse
(2015)

=1+ecos(0-7v).
’
Find the equation of the director circle of the circle

=1+ecosB,e#1. (2015)

,
Define the polar of a point with respect to a conic. Obtain the

equation of polar of the point (r,, 6,)with respect to conic

=1+ecosH. (2015,2018)

r

' /
If the line -r-= A cos 6 + B sin 0 touches the conic

/ _
=1 + ecos 0. Then prove that (A -e)>+B*=1.  (2016)

r

Find the locus of the pole of a chord of the conic —=1+¢
r

cos 0, which sustends a constant angle 2 at the focus of
conic. (2016)

If a chord PQ a conic whose eccentricity and the length of
semi-latus rectm are e and | respectively. Subtends a right

angle at  the  focus S, prove that

2
(1 1)2+(1 _1) e o17)
SP 1 so 1) |
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Q10.  Find the cquation of the chord joining two points whose

-1
vectorial angles arc a and 3, on the conic
|
—=1+ccos(0-y) (2017)
: ' 0,) with
QI1.  Find the equation of the polar of the point (r,, 0,) with re- 13
[
spect to the conic . =1+ecos(0-Y). (2017)
Q12.  Ifthe normal at onc of the extremities of the latus rectum of 14
the conic — = | + ¢ cos O meets the curve again at P, Show
p
1(1+3e +eh)
that Sp = (1+3e 3 , where S is the focus of th¢
1+ e2 +e')
conic. (2017)
Q13.  Provethat the sum of the reciprocals of the segments of any -16
focal chord of'a conic is constant. (2018)
O14.  Findthe equation of directrix of a conic section.  (2018) -17
O15. Prove that the locus ol the middlce point of focal chord of a -19
conic section is a conic section. (2018)
Qlo.  IfPSP"isafocal chord of a conic show that the angle b/w the 20

. 2esina
tangentsa thepaint P& P.is tan"! [

2 } where a is
the angle b w the axis & chord.

(2019)
Q17. Show that polar cquation of the circle circumcribing the tri-

l-e

=21
/
angle formed by the tangents to the parabola =1 + cos 0
r
at points whosc vectorial angles are 2q, 2B &2vyis2ycosa
cosfeos k= Teos (0-o-B-v). (2019)
R Ifthe c -1 ‘
Ql [fthe normal to the conic T 1+ ecos 6 at the point o again 24
meets the curve at the point ‘B’ then prove that -
1+ 2ec052 ¢ + ez
tan 5= 5 cot a.
- 2¢'sinz 2 2

te (2019)
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Chapter-2
Straight Lines & Planes

QL. Find the cquation of the planc passing through the points 24

(5,2, - 3) and perpendicular to the planes F(2i - j + /c) =9

& F.(i +3) - 5k)=-3. (2014,2016)
Q2. Find the equation of the projection of the line Y

x -1 - -3
, = Y 3 £t n on the plane 3 x +4y+5z=0.(2015)
Q3. Find the symmetrical form, the equation of linex +y+z+1= 26
0,4x+y-22+2=0 (2015)

Q4. Find the length & the equations of the s.d. between the lines. 28

x=2 y-1 z-6 x+3 y+3 z+3
L T & T T
Q5. Find the equations of the perpendicular drawn from the point ~ — 29
x=15 y-29 z-5
3 8 5
Find also the coordination of the foot & length of the per-
pendicular and the equation of the plane in which the per-
pendicular &the given straight line lie. (2016)
Q6. The plane x - 2y + 3z = 0 is rotated through a right angle ~ _ 3
about its line of intersection with the plane 2x + 3y-4z- 5=
0. Find the equation of the plane in its new position. (2017)
Q7. Find the equation of the plane through three non-collinear - 30

(5,7, 3) to straight line

: point 5,5,5 & find its distance from point . (2016)
Qs. Find the image of the point (1, 2, 3) in the planex + 2y +4z=  —31
38. (2017)
Qo. Find the vector equations of the bisector planes of the angle
between the planes -32
Ix-2y+6z+8=0 &2x-y+2z+3=0 (2018)
Q10. Using vector technique, show that the lines, _133

r _(2] 3k)+k(1+2]+3k)&
7 = (31 + 6 +3k) + u(2i + 3 + 4k) arecoplaner. (2019)

QI11.  Using vector technique, find the equation of plane passing ~ — 34
through the line of intersection ofplanesx +2y+2z-4=0&
2x+y-z+ 5 0 and perpendicular to the plane 4x + 5y - 3z=
8 (2019)
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Using vector technique find the equation of the plane pass-
j+ 3 andparallel to

ing through the points 3i 4 j+ /2 -2
(2018)

X~AXIS.

Define the shortest distance between any two line and find
the shortest between the lines
Faip+dy=0="ru, +d,
Faiy +dy =0="Fiiy+d,
Using vector technique obtain the non-symmetrical form of
cquation of the orthogonal projection of the line

(2018)

x-1 y-2 z-3
> =3 on the plane 3x +4y+5z=0. (2018)

Chapter-3
Sphere
Find the centre & radius of the circle passing through the
points (2,0,0), (0, 3,0) & (0,0, 4). . (2014)

Find the limiting points of the co-axial system of sphere de-

termined by

xX2+y +272+3x-3y+6=0&x*+y*+2’- 6y-6z+6=0 (2014)
Find the enveloping Cylinder of the sphere
x2+y*+2z2+2ux+2vy+2wz+d=0

X
whose generators are parallel to the line 7 =—=—_(2014)
m n

Show that the polar plane of any point on the line

x y-1 z+3

E=—3—= 4 . with respect to the sphere x> + y? + z2= 1,
o 2x+3 _y-1 2

passes through the line 3 3 =T. (2013,2015)

Find the equation of sphere having the circle X2+ y*=a2, z=
0 for a great circle. Determine its centre & radius. (2015, 2019)
Find the equation of sphere which touches the plane 3x + 2y
-z +2=0atpoint (1, -2, 1) & cuts orthogonally the sphere
x2+y2+22-4x+6y+4=0. (2016)
Find the limiting points of the coaxal system of sphere de-
termined by the spheres -

x2+y2+zz+3x-3y+6=0

&x2+yz+zz+4x-2y+22+6=0 (2016)
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Find the coordinates of centre & radius of the circle
X+2y+27+=15,

X'y 22 2y-47 11, (2016)
Show that the centres of all sections of sphere x* - y* + 72 = a?
by the planes through the point (a, B, v) lie on a sphere.
(2017)

Find the equation of tangent line to the circle 3x2 + 3y*+37
-2X-3y-42=22, 3x + 4y + 5z=26atpoint (1,2,3). (2017)

Find the equation of sphere circumsribing the tetrahedron
whose faces are-

Z+£=QE+£—O£+Z=

b ¢ c a a

X y z

—ht—= 2017
a b c ( )

Show that the equation of the sphere through the four points
(0,0,0), (-a,b,c), (a, -b, ), (a,b,-c)is

2 2 2
X“+y“+z° x Z

5 y2 5 -=-2_Z_9 (2018)
a“+b"+c* a b c
A points moves so that the sum of the squares of its dis-
tance from the six faves of a cube is constant, show that its
locus in a sphere. (2018)
Find the equation of sphere having the circle x2 + Y +z?=9,

X - 2y +2z=6 as a great circle determine its centre & radius
(2018)

Find theradical axis of the following spheres -
(x-2P+y+22=1

x2+(y-3P+22=6

(x+1P+(y-1y+(z-2y=6. (2019)
Prove that the centres of sphere which touches the line y=
mx, z =c & y=-mx, z =c, lies on the conicoid.

mxy+c (1 +m?)z=0. (2015)

Chapter-4
Cones, Cylinders & Generating lines

Find the equation of the cone whose centre is (1, 2, 3) &

guiding curve the circle X’ +y* + 22 =4, x+y+z=1 (2014)
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Q2 Find the cquation of the generating line of the hyperboloid

~ -~ ~

A\ v o

— e — =1
4 9 16

which passing through the point (2, 3,-4).  (2014,2016)

Q ) Findtheo n‘uahnn ofthe r‘vln'\rim- whose gf’qcra!(}‘.’ are para!-

lel to the line ~x—2 = 21)- =-§- and whose guiding curve is x +
w=1,2=3, | (2015)
Q4. Show that there are two systems of generators of a hyperbo-
loid of one sheet such that any generator of one system
intersects any generator of the other system. Find the
pal:ametlc equation of the hyperboloid of one sheet.

W (2015,2017)

QSs. Find tw Qmutually perpendicular generators of the cone Syz

- 8zx - 3xy = 0 Which are also perpendicular to the line
x_y_z

15" 3 ‘ w' (2015,2017,2019)

Q6. Find the equatmnofthe cone whose vertex is the point (a, B3,

v) and whose g enerating lines pass through the ellipse

(2016)
Q7. Find the equat ‘

Q8.  Findthe equation ofthe

x Y
Q9. Theplane —+—+—=

Q1lo.  Show that the lines drawn thra
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= 0, generate the cone.

ax-0) tb(y-py te(z-yY -0 (2018)
Find the equation of the cone formed by rotating the line 2x
t 3y =6,z=0about the y - axis. ' (2018)

Find the equation of the right circular cone which passes
through the three lines drawn from the origin with direction
numbers 1,2,2  ;2,1,-2 ;2,-2, 1 (2018)

Find the equation of enveloping cylinder of sphere x2 + y* +
z' - 2x +4y= 1 having its generator parallel to the linex =y =
z (2019)

Show that in general three normal can be drawn from a given

point to the paraboloid of revolution x? + y? = 2ax but if the
point lies on the surface.

27a (x*+y?) + 8(a -z)* = 0 two of them coincides. (2019)

Chapter-5
Central Conicoids & Paraboloids

Prove that the locus of the foot of the perpendicular drawn
from the centre of the ellipsoid to the tangent planes is

a’x? + b2y + 222 = (x2 + y2 + Z2)2. (2014,2017)
Prove that the sum of squares of the projections of three
con)ugjate semi-diamter of an ellipsoid on a given plane is

constant, (2014,2015)
-Show the ﬁve normals in general, can be drawn to a parabo-

loid from a given point. (2014,2017)

2 2 2

Find the locus of a luminous point x_ + 2 +Z2 =1,
i a b2 C

the ellipsoid , costs a shadow on the plane z = 0. (2015, 2017)

Prove that the plane 3x + 4y = 1 is a diametra] plane of pa-

raboloid, 5x* + 6y’ =2z. Find the equation to the chord through

‘the point (3, 4, 5), which bisects it. (2015)
Find the equation to the tangent planes to the hyperboloid

2x? - 6y*+ 32” = 5 which passes through the line
3x-3y+62-5=0 %

x+9y-32=0 ‘QH‘ (2016)
Find the equation of polar plane oﬂg point with respect to
the paraboloid ax? + by? = 2z, h (2016)

Prove that the length of norma] chardithrough P (a, B, v) of
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h) D
: X"~ ) z"
the ellipsoid St + = I isequal to4PG (2016)
a )
Find the equations to the two planes which contain thelien  _ 7
given by 7x + 10y-30=0 & 3y-3z=0& touches the ellipsoid |
IX*+ 5y + 322 = 60 (2013)
Show that the normal form (a, B, y) to the paraboloid 7
2 2 -
X y :
2 T 5 =2z lie on the cone
a~ b
2 2
L LA Ay (2018)
T-o y-B  z-y
Show that the plane 2x - 4y- 7 + 3 = touches the paraboloid _7
X?- 2y’ =3z & find the point of contact. (2018)

Find the locus of straight line drawn through a fixed

g, h) whose polar lines with respect to the quadrics
ax’+by’+cz2=1 &

point(f, _=73

b

ax*+ By? +yz2=1 are coplanar . (2018)

Show that the locus of the poles of tangent planes of ax2 +

~74
by® + cz?= 1 with respect to ox? + By? + yz> =1 is the surface
2.2 2 2.2
@ x| gy Ny A A (2019)
a b c
x2 2 22
A cone envelops the surface ~. ;Y + 5 =1and is cut
a b2 c2 =75
by plane z=0in a paraboloid. Show that its vertex lie on the
planez = + c. (2019)
Prove that the centre of the section of the ellisoid —76
2 2 2
x Y z
1+ s+ =
a? > o

by the plane through the three entermities of the different
axes is the centroid of the triangle formed by those
entermities. (2019)

Q.1. Findth
the eqL
(pb) &
Ans. Let the ¢

(p, B) & rcos (0 -

This ma
{1-e cc
p cos (6
Therefo
{ 1-e°c
Let L be

of semi-latus recti
L from the directri

|=-ethe
=2(p-
|
p= -
[

Q2

Find th.

/
conic ’

Ans.

then

Let the ¢
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Chapter - 1
Polar Coordinates

Find the equation of the conic whose ecentricity, focus and
the equation of corresponding directrix are respectively e,
(o, b) & r cos () = p and also find to latus rectum. (2014)

Ans.

Let the ecentricity, focus & equation of corresponding directrix bee,

(P. B) & rcos (- a)=p. Let (r,,0,) be any conic.

The distance of the point (rl - 91) from the focus (p, ,6’)
e= ——— — —— —
The distance of the point (rl 6, ) from the directrix

\/r22' + p2 - 2r1p cos(0 —B)
lpf cos(®) —a)|

e =

This may be written as

{l1-€’cos’(@,-a)} r’+2 {e’pcos(0-a)-

pcos(8,-B)}r +p*-ep?=0

Therefore the equation of conic is -

{1-e’cos?(B-a)}r’+2 {pcos(0-a))-pcos(0-P)} +p?-ep*=0
Let L be one of the extremities of the latus rectum and 1 be the length

of semi-latus rectum. Then the distance of L from the focus = e, the distance of
L from the directrix. i.c.,

| = e the distance of the focus from the directrix.
=2(p-pcos(f-a)).

1
p= +pcos(fp-a)
e

Q2

Find the equation of the chord joining points ‘a’& ‘#’ on the

/
conic = I +ecos(d -r), (2014)

Ans.

then

Let the coordinates of the extremities of the chord be (r, &) and (r,, B),

=1+ecosa \ (1)

1 N
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1
and n =1+ecosp -2

If the equation of the chord is

|
= Acos0 + Bsin® R (]
r ' S
: =A Bsi
Then = Acosa + Bsina )

1
and r = AcosB + Bsinp (4

=

from (1) and (3), we have
Acosa+Bsina=1+ecosa
or (A-e)cosa+Bsina=1 ..(5)
and (2) and (4), we have
AcosB+Bsinp=1 +ecosf3
or (A-e)Acosp+Bsinp ..4(6)
Multipling (5) by sin B and (6) by sina,, and subtracting, we get
(A-e)(cosasin B -cosB - sin a)=sin B - sin o

sin B — si
= SiP-sina

or A- -
sin(f — a)
2cosB+asjnB—a
= 2 2
2sin P "% cos B0
2 - 2
Cosﬁ+a
2
-a
cos
2

get

3
B.Sc. I* Year- Mathmatics : Paper -1

acting we
Again, multiplying (5) by cosp and (6) by cosa., and subtracting

B (sin a cos p - sin cos o) = cosp - cosa
cosp —cosa: _ sin(?f q) sec([? - a)
e ~ sin@-B) 2 2

putting the values of A.and B in the equation

) = AcosO+ Bsin0 | we get
e

! = [cos(B;aJ sec(ﬁ‘;’_‘x +e):|cos+ [sin(ﬁ ; a] sec(ﬁ; a):]sine‘

r

i B-a B+a . (gg) .
or f=ecos(-)+sec( 5 )[cos(‘z—)cosa+sm > sin©

r

(B— +
or 'l =ecose+sec(ﬁ ,a)co’s(B' E—O)‘
. 2 2

r

Which is the required equation of the chord.

]
Q3., Findthepoleofline = acos6+bsin6 with respect to the
< r

1
ic =1 -
conic . +ecos(0 —r) (2014)

Ans.  Let the role of the given line with respect to the above conic be (r,0).
The polar of (r, 8,) with respect to the conic is given by -

1
[r - ecos(@ —v)][fl - ecos(d, _y)}

=cos(0-06)
which can be written as

/
. = (ecosy +qc0591)cose +

(oein vt mvoeim DN oo N
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| Therefore,
where ¢4 -
| 0 = la 2
. - ecos(8y - v) L e(acosy +bsiny)— (e~ —1)

Since, the straight line (1) & (3) are the polar of the same point. ! a2 ¥ b2 ¥ 82 —2e(acosy + bsiny)

we have, r = 2
a=ecosy+ qcos, @) e(acosy +bsiny)—(e” = 1)
b=csiny+qsin0, (5 Thus, the pole of the line (1) with respect of conic (2) is -

From (4) & (5), we get

l\/az + b2 + ez - 2f(q cosy fb sinﬁy)ﬁ

h—esiny
tan0, = :
! a—ecosy e(acosy+bsm~y)—(e2 -1
‘/:\/(”““057)2+(/7—esiny)2 tan~! = b—esiny

a—ecosy

‘I=\/a2+b2—2e(acosy+bsiny)+e2 -
Q4. Find the equation of the directrices of the ellipse

1
= I
q / =1+ecos(0-7). (2015)
But —ecos(8) - y)} L
L Ans. Let {P(r,0)} be the point on the directrix ZM, and P'(r’,8") be any point
on the directirx Z M’ and SZ' the perpendicular fronS, then SP'=r1', / P'SZ'=
I 1 / QT =t _
Hence, ,]="°°5(91—Y)+— 0',then / P'SZ'=7"-0".
M
= e(cos6) cosy +sin0 siny) + ! o
/ =e(acosy+bsiny)—e2+1 ,
n q ?
for cosf = @-ecosy
q
r _b-esiny
sinf = SZ'=r' {cos (n- 0")}

q
But SZ'=SC+CZ
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a X \
= ae+ —e+cosa (e + cosPB)
e m = , 2= -
sina sinf

whereais the length of semimaior axis So, if tangents will be perpendicular

ha(u2+|) mlxmz=-l
¢ ) [ e+c05uJ[’ e+cOSﬁ]__]
I ,)2 (lzu_cz) sina l_ sinB
Al 1= . =afl-¢] e +e(cos a + cosP) +cos (- B)=0
_ a-p
(2 e2+2ecos(a+ﬁ).cos(a ﬁ)+ 2c052( ]—]=0..(3)
Hence - oy /(7 7 1) 2 2 2
=ty Again for point of intersection, we have to solve (1) & (2)
cos (6 -a)=cos (0-P)
I —e(l-¢?)
or , <= 2 cos0' a+p
\ r (1+8 ) 0= 5

This relation holds good for cvery point P/(r. 0"y on the dircctrix a+p
Z'M', Hence its equation is Putting 6 = 2

| (l—e2\

X r=Ll+e2}ecose l=ecos(u;Bj+cosli(a;B]—a]

in(1)

-
\0-5./Find the equation of the director circle of the circle . ! = ecos ( ar B] + cos( o B]
r 2 2
=1+ecos0,e = | (2015)
,
cos a-p = —ecosh
2 r

. /
Ans. The tangents at the point ‘o’ & ‘B’ of the conic —=1+ecosO are
r o-
Putting value of 8 & cos ) P in(3)

/
i :ecose+cos(0—u) ) )
e2 +2e[1 -ecosﬁ) cos9+2[1 —ecose) -1=0
/ r r
& r = ccost+cos(0-p) ~(2) e’r’-2ecos 6. /+2P-r2=0

Slope of (1) & (2) are m &m, rP(1-¢e)+2elcos0-2P=0
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This is the required equation of director circle.

Q6. Define the polar of a point with'resp

ect to a conic, Obtaip,
the equation of polar of the point(r,, q)with respect to Conic

7¢

; =1+ecos0. (2015, 2013)

Ans.  Thepolarofa point(r,', 8,) w.r.ta conic of the chord of contact of the
tangent drawn to the conic through the

B.Sc. I* Year- Mathmatics : Paper -1
Subtracting (6) from (5).
cos(6, - a)=cos (6, - B)
o o
a=

(8)
&0 - %P

2
Putting values of 0, from (8) in (5)

+
¢ =ecosf, +co{u B —a:I
q 2

—ecosf) =cos B ; ¢ -(9)

1

B—a

Putting 61 = * ; P & value of COS = from (9) in (2).

(1 —ecose)( ! —ecosel) =cos(8-9)
4 n

! =ecosf +[ ! —ecosf ilcos(e -9))

r 1

Which is the required eq" of polar or chord of contact.

l -
If the line = A cosé@ + B sin6 touches the conic
r

! ~14ecose. Then prove that (A )2 + B2 = 1.
r

(2016)

point(r’, 8") Pra
o
Let RP & RQ be the two tan-
gents from the points R(r‘,el) to the
conic R, 67)
/ —>
. =l+ecos® (D)
Join PQ, PQ is chord obtained
from joining the point of contact.
Equation of chord PQis given
by -
/ B-a a+p
S =€cos 0+ sec > cos[ 5 —eJ -2
Now, the equation oftangent RP & RQ-
! 0
~ ~ecosB+cos(0-a)
. ..(3) Q.7
/
. —ccos9+cos(9-B) ..(4)
As these tangents passes through (r, 0, Ans.
1
P =ccosH +cos 0 -a) (5
/
ccos B +cos (0, - ) (6)

Suppose the given line is a tangent to the conic at a.. The equation of

the tangent at a is -

!
=ccos 0+ cos(0-a)
r

=(c+ cosa)cos O + sin a sin 0
’
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Squarings & adding these we get,
q = scc B.
1

(1 . )
k"] —ecosOIJ= secP

IsecP
n

Therefore, the locus of point (r,6,) is the conic

=1+ esecPcos;

IsecP

r

=1+esecPcosO

(2016) q o

10 B.Sc. I* Year- Mathmatics : Paper - 1
The equation of the given line is
l .
—=Acos0+Bsin0
r
Since two equations represents the same line, we have
A=et+cosa & B=sina
A-e=cosa,B=sina.
Squaring & adding, we get -
(A-e)?+B?=1,
Q. 8. Find the locus of the pole of a chord of the conic i =1+e
r
cosé, which sustends a constant angle 2 B at the focus of
conic.
Ans. Let the pole of the chord joining the pbint o+ B & a- B on the conic be
(r,8).

Equation of chord -
/
: =ecos 0+ sec B cos (0 - a)

/
- = (e +sec B cos a) cos  + sec B sin o sin O .

The equation of polar of the point (r,, 6,)

(l-ecose)(—l_ 9\_
’ L'] ecos IJ—cos(O -61)

N |~

=(e+qcos9l)cose+qsin9]cose.

! 1
where — =€c0sf, =—
" q-
Since, the lines (1) & () are
°+q°0591=°+3inl3cosq:>

&qsin9]=SCCBsina=>qsin9 =sec B sin a
1

If a chord PQ a conic whose eccentricity and the Iengt{r of
semi-latus rectm aree and | respectively. Subtends a right
angle at the focus S, prove that

2
(1 1)2+(1_1) <
sP I so 1 2

(2017)

Ans.

Ol

angle of Q is 12[ + o . Therefore

Q)

Polar of same point (r,,0,), we have
qcos 0, =sec B cos a.

Let the equations of the conic be

£=1+ecose
’

and the vectorial angle of P be a..
Since the chord PQ subtends a right angle at the focus, the vectorial

l T
.—SF =l+ecosa& §Q=l+ecose E+u

; = eCOS(l (l)

so | !
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Squaring & adding the corresponding sides of these conditiong
s W

ESE:
= = + _ —
SP I Yo R 2

Q 10.

Find ﬂte equation of the chord joining two points whose
vectorial angles are a and S, on the conic

/
;-14-9605(0-7) (2017

Ans.

be

The polar coordinates of P & Q are

,a
1+ ecos(a—7y) 1+ecos(B—7v) ’BJ

respectively. Let the equation of the chord joining the points P & Q

<
;

=acos0+bsin 6, i.e.,

/
7=Acose+Bsin9

al bl
where A= & B=
C
Since, point P & Q lie on the chord (1), we have
1 +ecos(a-y)=Acosa+Bsin o ()]
& 1 +ecos(B-y)=AcosB+Bsinp ".(3)

Solving (2) & (3), we get

i 13
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A +sinl3—sina
= ecos
Sl sin(B — @)
- +

A=ecosy+sec|:ﬁ2a].cos[azﬂ:| )]
.(3)

B—_uj|sin‘:a+ﬂ]
2 2

Using (4) & (5)in equation (1), we have

&B=esiny+ sec[

= (cos B cosy+sin 0siny)
- . a+
4»sec(B u)[cosecos(”’ﬂsin()sm B:l
2 2 2

\ r A5
—aJcole- (x+pJ
0

' 7
"'~ ecos(@—7)+ sch P
r 2

!
,4

Q11.

Find the equation of the polar of the point(r, 6,) with respect

/ :
to the conic — =1+ecos (6-7)- (2017)

Let the equation of the conic be

Ans.
L —1+ecos(0-7) (1)
-
- &P (r 0,)bethe given point. Suppose 2 line through P meets the
conic at the points B& C, and the tangents at B & C meet at the point Q (p, @)

Then the chord BC is

the chord of contact of the point Q with respect to the

conic. Therefore, its equation 1s

[i —ecos(0— y):l[% —ecos(a— y)] =cos(0—a)

r

Since, this line passes through the pount P (r,, 6,), we have

[L =ecos(0; — y)}[—lp— —ecos(a— y)] =cos(6; -a)

h
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Hence the locus of Q (p, @) is

[i —ecos(0 - y)][i— ecos(6, — V)J =cos(0-6,)

This the equation of the polar of the point (r
conic (1)
This equation may be written as-

/
;‘ =ecos(9-y)+qcos(6-9,)

Where g=— -

![ —ecos(f, —y)}
N

The equation (2) may be written as
/
(ccoxy t geos ) cos B +(esiny +qsin 6,)sin 0

or ~acos0+bsing

where a “cecosy+qcos0,
& b=csin 7+qsin@,

This shows that the polar of a

. point with respect to ic i
straight linc. ’ T

Q712. [fthe normal at one of the extremities of the latus rectum of
the conlc — =1+ecos Omeets the curve again at P, Show

l(1+3¢” +¢ )
that SP = —_— 7 :
(142 27 y where S js the focys of the conic.

(2017)
Ans. The equation of conjc is -

;:]*ccosﬂ (1) &Sp=;

1» 0,) with respect to th,
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n
The coordinate of one extremity P is [1- '2—}

The equation of the normal at (1. v2) is

~

£ ﬁin_ni :esin9+sin[9-£}
- 2

1 S -

(+eco >

~

le

— =esin0-cosO
,

!ﬁ +cosB=esin 6 -2
r

from (1), we have,

e 1. 1-’]1
c059=;: |y e

Putting the value of cos 6 in (2), we get
le [1 r] (/—rT 1
—+ —=e,(1— 3
r r Je r e
le+(1-1)=e\e’r’ —(I-r)*

Squaring both sides, we get
Pet+2le*(l-1)+([-1)*=¢e'r-e(l-1)
(I-n(1+e)(U-n+2le+e*(+r)]=0
(+e’)(-r+2let+e[l+1r]=0
r[l1+e-e'l=l+le+2e+e'l

_1(1+3e% +€')
T (1+e—e)

SP=i=
(+e” —e*)
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_ W13. Prove that the sum of the reciprocals of them SP=r SPSZ=0
! focal chord of a conic is constant, (201g) then /P'SZ' =n-0.
Ans.  Let the equation of the conic be
l
~ =l+ecos0
r
Let PSP’ be any focal chord at on angle a to the axis
P(SP.a)
z N
a
! = SZ'=r [ cos (n- 0]
P*(SP n+q) .
\ a
ButSZ'=SC+CZ'= ae+;
/
- §=l+ecosu (- r=SP,0=q) (1) o p a(e2+l)
: where ais the length of semimajor axis= e
/
| &*'=l+ecos(n+a) > 2
“1 5 Also,l=b—=M=a(l_ez)
\ L, “
| or — =l-ecosq
‘ Sp ~2) I —e(l _ez)cosﬂ'
Adding (1) & (2), we get Here, 70 (1+€?)
L + L = This relation hold good for every point P'(r’, 8') on the directrix Z’'M'.
SP Sp Hence its equation is -
L+L=2 I l_‘); ecos@
SPSpP' r I+e

which is a constany as / is constan,

Q15. Prove that the locus of the middle point of focal chord of a
4. Find the equation of directrix of a conic section.  (201g) conic section is a conic section. (2018)
Ans. LetP(r.G)bclhcpoinlon(h i

thedirectrix Z’M’ & §7/ the perpendic

oint on Ans.  Let the given conic be
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/
—=1+ecos0
=

Let PSQ be the focal chord of the conic (1) and R be the mid pojn¢ of :

PSQ. Let the vectorialangle of P be ..

Q(m+a)

- Vectical angle of Q is (r + a) and that of R is ‘a’

R i
olar coordinates P and Qare (SP, o) and (SQ,t+a) respectively.

Let the coordinates of R be (SR, o)

» PandQlican (1),
§=l+ecosa
d / 1
an —_—=] -
50 ecosa

Now  SR=SP-PR=SP- L (sp 4 s50)= SP =50
2 T
or 2SR =SP-SQ
! |

l+ecosa I-ecosg [Min8(2)and(3)]

—ele
1-¢?cos? or SR = %
—€ COS“
Hence locus of R (SR, )i r = ~el cos )
t'z co.&»'2 0

Q)

3)

?—f

19
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or r(1-¢ cos’0) =- el cos
12 (1 - ¢'cos’0) + elr cos 0=1

or

Changing thc above equation in Cartesian form, we get
x2+y-eixitelx=0

or (l-cz)x2+yz+el.r=-()

This is second degree quation in x and y, so it represents a conic

section. ‘ 1
bola or a hyperbola according as #*

It will represent an ellipse, a para

= 290 e ichi dition
_ab — 0 i.e.according as 0-(1-e) ->— 0i.ec.as ¢ ; 1 which is also conditi
>

that the original conic is an ellipse, a parabola or a hyperbola.

Q16. IfPSP’is afocal chord of a conic show that the angle b/w

2esina
the tangents at the point P & P’ is tan’ ': e ] where a

is the angle b/w the axis & chord. (2019)
Ans. The equation of conic is
/
— =1+ecosB (D

,
Let PSP’ be a focal chord of (1) which makes angle a with the major

axis.

(SP.x)
P .

P(SP’' x+x)

So, the vectorial angle of P & P’ are aand &t + @, respectively
Now cquation of tangent at a is

l
— =cos(0-a)tecosO
,

/
or — = cos 0 ¢cos o+ sin 0 sin & + e cos 6
r
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=/=rcos0(e+cosa)+rsinOsina
.. Changing into cartesian form, we get ~(2) angles, are 2¢, 2B and 2yare _
n I=(e+cosa)x +ysina ! / '3
= Slope of the tangent at P=m, P(Z secp,sec,p + y) ,0 2 seca,secy,a Ty
__etcosa
sina ~(3) and R(isec a,secp,a + BJ
Replacing a by 7 +a in (3), we get 2 ” ) -
Slope of tangent at P', say m, Let the equation of the circle circumscribing triangle PQR .
_ _e+cos(m+a) r=dcos(0-1) )
sin(x + a) where d is diameter of the circle
IfP, Q, R, lies on (1), then @
SE t08a 1/2 sec Bsecy=dcos (B+y-A) ~--(3)
T 1/2 secyseca=dcos (y +a-A)
e 1/2 sec asec B =dcos (a+B-1) -4
Let ¢ be the angle b/w t tial 5 and sec
g angnetial at P and P’, then Diving (2) by (3), we get

secp _cosa _ cos(B+v+1)

m2 - m]
T cosp  cos(y +a—1)

tan¢ =
¢ 1+ mm,
seca

It is possible whenA=a + B + A
Putting value of A in (2) we get

e—COS(1+ e+ cosa

= sina sina
1| €208 )f &+ cosa Lsechec1=dcosa
i 2
sina sina
/

i or d= 7 sec a sec f sec Y
= 2esina 2esma . ‘ ‘
Again, putting the values of A and d from above in (1), we ge

‘ 2
sin’a - (e? - cos’a) l—e

/
= —sec a sec  secycos (6 - a-B—7)

4= m_;[Zesina]
I-¢? or 2 r=1Isec asecpsecycos(0-a—-Pp-y)

or 2rcosacosBcosy=/cos(@-a-B-y)

Q77.  Show that polar equation of 7
* S iciicie clreumcribing the Q 1@. If the normal to the conic ot 1 +‘e 'cos 6 at th:h ;::mt a
triangle formed by the tangents to the parabola ! =1+ cosd —"  again meets the c:(llrv. at the point ‘g’ then prove
I+ 2ecos” _ +e°
at points whose vectorial angles are 2a, 2082y /3 2rcosa tan L = — ik ,\ 2 ROt
2% vt 2 (2019)

co:ﬂcosl-lcos(o-a -f4- ). (2019) | -2esin” _ +e&

‘\D

(3]

Ans. Th i intersect »
¢ point of intersection of langents at the points whose vectorial
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Ans.  The equation of the normal B to the conic s B.Sc. I* Year- Mathm p
i —=1l+ccosH e :[anatanB (l1+ecosa+e’-e)=
—— r ) 2 2
i -(l+ecosa+e?)
lesina . . .
(I+ ecosa)- =€5in 0 +sin (8- ) ~(2) B I+e(l+cosa)+e t
= tan =- 9 CO 2
The conic (1) & the line (2) meet at the point whose vectorial ang]e 2 I+e(l+cosa) +e
B.
2a 2
! B 1+ 2ecos 5 +e
2 Therefore the point 1+ écosB B | lies on the line (2), j.e., Stpr-o__ 2 5 cot —
t

2 l—2esin2 a+e
2
| | esina(l+ ecosp) . .
J I+ ecosq =esmﬁ+sm(ﬁ-a)

=e(sina - sin B)+e*(sin a cos B - cos a sin B)
=sin(ﬁ—a)(l+ccosa)

a—
=2ecos a+Bsin 2 B=-sin(a-B)(l +tecosa+e?)
2

a+p a-8
=2ecos 5 =2cos 2 (1+ecosa+e2)

. a-P
‘ - for sin 3 #0asax=p.
a B q B
€[ cos _cos” —sin - sin
= [ 2 2 7 2]
=—[ cos acosB+sin asinﬁ
2 2 2 2

(1 tecos o+ e?)

1 - tan “tan P |- _ I+ tan *
= e 9 2 anztanB

[1] +ccosou—cq
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Chapter - 2
Straight Lines & Planes

Find the equation of the plane passing through the points

Q1.
(5, 2, - 3) and perpendicular to the planes 7.(2 — j + /Q) =9
& F.(i+3j—5k)=-3.. (2014, 201¢)
Ans.  Asthe required plane passes through the point g = (5 + 2j - 3)

& perpendicular to the given plane
F2i-j+k)=9 ()
& F.(i+3j-5k)==3 Q)

Therefore required plane passes through g & parallel to the normal i-

vector of planes (1) & (2).
Hence, equation of required plane is -

(F-a).(bxb)=0

Now,
bxb=2 -1 1
1 3 -5

=i(2)+j(11)+k(7).
Vector equation of the plane is

[= i e2. 5% af 2 : ;
| 7= +z/—3/{)}.[2i+11j+7/(]=0

FA2i+11j+7k)=11=0

e., it is normal tothe given plane and as such

_ B.Sc: I Year- Mathrhatics : Paper -1 155 25

T yoll
et _y=2_zo .._m
3 4 e Y
Any point on this line A is I eersdo?
{

2
(1+2r,2+3r,3 +4r) ...(2)
If A lies on the given plane
3x+4y+5z=0, we have
3(1 +2r)+4(2+3r)+5(3+4r)=0
3+6r+8+12r+ 15+20r=0

r=-1 )
from equation (2), the point Sl o

Ais (-1,-1,-1) .

Now Let B be the point of the perpendicular from C on the given plane

the direction ratioare3,4,5
The equation of BG of. {metgassmgglrwghqgl?%,.‘i)& having (3, 4,

5) as direction ratios are ;
c- 1-

x— _y—2_z—3 L0, ot
3 4 5 ' 1
Any point on this indBEIs

(1+3r, 2+4r,3+ 5r). Ifpoint B i.e., ifthe point lies on the given plane,

1 (C)Aiipam:

then we have

3(1+3r)+4(2+4)+53+50)=0
349r+8+16r+15+25r=0

r=22

The point B (-7,-6,-7) - -
The direction ratio of the projection AB of given lineare

(‘7+"'§+l"7*1)=,(7§‘;75»‘6) e L
The required equations of projection AB are e

x+1 _ y+l_z+l

FA2i+11)+7k)=
J+Tk)=11 s %
Q2. Find the e A Q3 Find the symmetrical form, the equation of linex+y +z +1
x—-i y-=2 quatlon of the projection of the line =0 4x+ );V- 2z+2=0 E (2015)
—_. =4 _z- 3 ) 'y -
- 3 4 9" the plane 3x + 4y + 5z = ¢, (2019 Ans.  Let/, m, nbe the dc’s of the line. ; T
Ans.  Thegiven lineis Then as this line lics on both the given planes,‘so itis P?I'Pendicular
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to the normal to these planes.

. Wethave

I+m+n=0,4]+'m-2n=0

Solving these we get,
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x+3 _y+3 z+3 2) -
7 -6 1 -2

Let/, m, nbe the directions cosines of the line of S.D. to the two given

fines
I m n Then we have
m=+2_4=4_1 41+3m+2n=0,
-4l+m+n=0
L _m_n A Solving, we get
1 =2 1
i =0,i i " have ! == ==
f‘i"y"lgf4 f;uyl ;hez given eq” we 3-2 -8+4 —4+12
solving,x=—_—l,y=_—2 1_:m=n= 12+m2+n2 =1
3 3 1 4 8 ’12+(—4)2+82 9
.. The required line meets the plane z=0 .
- Thed.c’sof the S.D. are (1/9), - (4/9), (8/9) .13
Y [__1,__2,0] @ &thedr’sofS.D.arel, 4,8
3’3 & Also A (-3, 6,0) is a point on the line (1)
-~ from (1) & (2), the required equation in symmetric form are- S4B 2.0, Tisa point oa hé fine (2)
1 , . The length of SD = projection of join of A & B on the line whose d.c’s
X+ y+5_z—0 R
1 =2 1

3x+1 3y+2 =z
or ——_—=—_—=—

3 -6 1
& its direction ratioare 3, -6, 1.

Q4. Findthelength & the equations of the s.d. between the line
x=2 _y-1 z-6
T2 T
X+3 y+3 z43
s T Lo
Ans.  Thegiven lies are
x-2

-2

y-1_z-6 A
]

1 4 8
= 9[(,—3)—(—2)]—9[6—01+9[0—71

9 9 9
Equation of SD-
The equation of the plane through the line (2) & SD is

x+3 y-6 zZ
—4 3 21=0
1 -4 8
=32x+34y+13z=108 (4)

And the equation of the plane through the line (2) & S.D. is
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x+2 y z-7
-4 1 1 [=0
1 -4 8

=4x+11y+5z=27

<. from equation (4) & (5) the equations of the’S.D. are
32x+34y+132=108

4x+ 1ly+5z=27.

v
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Again the equation of the plane contaming the given line (1). is
A(x-15)+B(y-29)+C(z-5)=0 (4
where, A (3)+B(-8) +C(-5)=0 -5
If the plane (4) passes through
P(5,7,5)=0

-5

T+ ¢

(5,7, 3) to straight line *=2 - ¥~29 _z-5
> 3 8 5

ind also the coordination of t
Perpendicular ang the e

Perpendicular &the given straight line fje,

Ans.

Find the equations of the perpendicular drawn from the point

he foot & length of the
quation of the piane in which the

(2016)

The given pointP (5, 7,3) & the line s

1—15=y—29_z—5
3 8 s
' AnypointonitisN(15+3r,29+
"'.’."I'hed.f;’sofﬁn’ePNare
§15+3r)-5,(29+8;}7,(5-5:)-3
1.e.,10+3r,22+8r,2-5r
Lethethefootofth
dicular to (1), and so we have

3(10+3r)+8(22+8r)-5(2-5r)=0
r=-2

.'].Sfrom (2), the foot N of the Perpendicular PN jg
( —6,29-16,5+10)0r(9,13,15)

Quired eql::::o&m? ). the d.r's of the perpendicular PN
N of perpendicylar PN are giver by -

8r,5-5r)

x-5 =
=y\7‘z_3

2 =Z73
6 12

. PN=gj
: istance by, p $.73)&N (9,13, 15,
(O-sy +(13-7)2

+(A5-3)2 <14

‘

€ perpendicular from P to (1), then PN is perp

&)

are4, 6, 12. The re-

If the plane (4) passes through P(5,7,3), also then
A(5-15)+B(7-29)+C(3-5)=0

5A+11B+C=0 -(6)
Solving (5) & (6), we have .

A B  C
8+55 -25-3 33-40

4_8_¢€
9 4 1
.. From (4) the required equation of the plane through the line (1) and

or

the perpendicular PN is

9(x-15)-4(y-29)-(z-5)=0
9x-4y-z=14. ¥

Q6. The plane x - 2y + 3z = 0 is rotated through a right angle

about its line of intersection with the plane 2x + 3y-4z-5=
0. Find the equation of the plane in its new position. (2017)

Ans.  Here, we are to find the equation of the plane through the line of
intersection of the plane x - 2y +3z=0 and 2x + 3y- 4z - 5=0andatright angle
tothe plane x-2y+3z=0.

Now the equation of the plane though the line of intersection of the
planes.
x-2y+3z2=0&2x +3y-4z=35
is(x-2y+3z)+A(2x+3y-4z-5)=0
(1+20)x+(3A-2)y+z(3-41)=5SA (D
If this plane is perpendicular to the plane x - 2y + 3z =0, then we have
aga, + b|b2 X cC,= 0
1(1+20)-2(3A-2)+3(3-41)=0
or A=7/8
Substituting the value of A in (1), the required equation is
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7 21 7 35
- — +|3-=|z=—
[”4]”[ 0 2]y [ 2] ]
22x+5y-42=135.
Q7.  Find the equation of the plane through three non-collinea,
point ib,c & find its distance from point d.
Ans.  Let 3 b & ¢ aretheposition vectors of the three non-collinear points, f

A, B & Crespectively then the line segment AB, BC & AC lie on the

planeon which A, B & C lie.

points.

-, A vector perpendicular to plane

Equation of plane
r.n=an

v'.:'?"

becomes
F.(bxC+Exd+axb)
= @(bxC+CExa+axb)
=a.(bx3) A1)

Hence, equation (1) represent the plane passing through three given

Perpendicular distance of a point from the plane, perpendicular dis-

tance P, of the point A (x, y,, ) from the plane ax + by + cz+d =0 is given by

_le tby v +d)

a2+b2+c2 B

Q8.  Find the image of the point (1,2, 3) in the plane x + 2y + 42
= 38. (2017)
Ans.  Wehave, x+2y+4z=38

1)
Letimage of the point P (1,2, 3)in theline (1) be Q (B, y). Then PM

(2017)

is pP”

d_ 's
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dicular to (1) & M is the mid point of PQ.

Therefore, direction cosines of PM are perpendicular of (1, 2. 4) which
of thenormal to (1)

Thus equation of PM is

y-z_z-3

s
Atpointon (2)isM (k+1,2k+2,4k+3)
M lies on (1), hence we get

(k+ 1)+2(2k+2)+4(4k+3)=38

=k -1

Therefore, M (2,4,7)

x-1_
1

-2

l+a
Hence, 2=-2— =a=13

2
3+y
T=—=y=1l1
2 Y

Therefore, co-ordinates of Q are (3,6, 11)

Find the vector equations of the bisector planes of the angle

Qs.

between the planes

3x-2y+62+8=0&

x-y+2243=0 (2018)
Ans.  Vector equations of the given planes are

F'ﬁl =-8 where il = (3;—2_;'4' 6/;),0" =-8
and  Fiy=—3 where iy = (21 - j +2k),d, = -3
The equations of the two bisector planes are

D L T
AN

e _dl i’_dz_

md PRSI
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] o a
or 7. (31 =2 +6k) -j+2k a'=(2i+6j+3k)
2 ! T . .
\13 +(=2) +62 \, +(- ]) +(2) b'=(2i+3j—4k)
-8 3 The twolines will be coplaner iff -
W+4336  Jariea @-a)(hxb,)=0
and o
; ‘ Now, @-a=(2i+4j+6k)
[(?}-_Zi(ﬂ‘)_zl j+2k] -3 )
9 | i j ok
*4+36  Var1+4 | 914136 m | Bl 2 3
K 2 3 4
[(3' 2jv6k)_20-j2f] g 3 ~i(8-9)-j(4-6)+k(3-4)
~LTJ+2ki 8 3 \ ‘ -
’ 3 7173 { =177 +10j =k
l s
‘ s(@a-a).(by xb
and 7 [(3‘ 2+6k) 2-jirf] g 4 | (@-a)(by xby)
7 Elh 773 ‘ = (20 +4] + 6k).(-17i +10j — k)
or P97 -6 =-34+40-6=0
( J+18k —14f 47 J+ l4k) =-24+2] Hence, the given lines are coplanar.
nd Rl ~6j+18k+147 7 Q11. Using vector technique, find the equation of plane passing
~Ti14R) = 24 _ 5, 9 !
or FA=5(+j+ar through the line of intersection of planes x + 2y + 2z-4=0
' Jra)=-3 & 2x +y -z + 5=0and perpendicular to the plane 4x + 5y -
and

3z=8. (2019)

Ans.  Vector equation of plane are -

71231 -13] 4 324) = 45

Q10.
Using vector technique, show that the lines,

, rb =4 where, p=x+zy+xz ()
F= (2/ 3k)+x(l+2_]+3k)& | ] . 3 E ) o
b =-5,where, b'=2x+y-z
r=Qi+6j+3% AR r
LrQivjs 3k) are coplaner. (2019 As the required plane passes through the point. g=4x+ Sy - 3z&
an Fs (2/-3k)+ AMi+2j+ 3[2) : perpendicular to given planes,

Hence, equation of required plane is-
(F-a)bxb)=0

j k
-=(2i+6j+31;)+‘u(2i+3j_4k) Now‘5x5'=12 2l :

—




y ?———
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=1y P
‘(-—392)(;(,,4”“2.4) aper. |

++ Vector equation of the plane i;h K

A7~ (a (

[ RVESTHY 140+ 85 24 =
F(-4r

, (41 + 8 ~2k)’=(4H5j~3k‘).(-4i+5j-2k)
F -4l 48 2k)=-16+25+¢

F-47 4 5_,-_2,()_3:0

Q12 ’ ‘
Using vector technique i nd : _

passing through 3 + j+ £ be equation of plane |

[r—(3l’+}+E)J.NI‘=0

e Q) |
‘ e, the plane (2), passes through § _ 2% 3¢
to plane (1), we get e
(G -25+38)- 30 4 J+B]N =0
&N x N=0
Or (<20 -3j+2£) .N,=0 &N N=0
Equation (3), suggest that if we taken o

N,=A(-27-3j+2k)x N
=A(2{ -3j+2k)x(; -0} +0k)
= MOj 42] +3k)=M2 j+3k)

Putti .
utting the value of N, in equation (2). we get required equati
A s e uation as-
(7 +yj +2K)-G +f +hNM2 43 f)=0
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[ (x-3)F +O-D)] +z-DkIAQ2 ] +3k)=0
or(x-3)0+(y-|)2+(z- 1)3=0
or2y+3z-5=0

&rn,+d,=0=r. n,+d,
The given line are parallel to the vector N, x N, & N, x N, respec-

k We the shortest distance between any two line and find
i the shortest between the lines
} 7y +dy =0=Fii +d,
} Fiiy+dy=0=Faig+ d, .(2018)
.

| Ans. A straight line perpendicular to both the given non intersecting lines
E (skew lines), is called the line of shortest distance and the portion of the line,
| intercepted between the non-intersecting lines, called length of the shortest
3 distance between the lines.

Let the equation of the line be

rn,+d=0= rn,+d,
n
n

tively.

‘ Let the line be passing through the point ‘a’ & ‘¢’ respectively, then,

i aN,+d,=0, aN,+d,=0
cN,+d,=0 cN,+d,=0 (1)
& the equation of the line are -

! r=a+t(N xN)

t &r=c+sN,xN)

! Therefore, the shortest distance (SD) between the lines is -

l SD#i(a—C){(leNz)x(Ns"NU} 0

\(Nl"Nz)X(Ns*Nﬂ\

But(a-c) { NNx N x (N, xN)}-
—a { N, xN)x (N, xN)} -

C { (NXN)x (N, XN}

=a{ [NINsNA]Nf[NzNJNJNx} -
C{INNNJIN,-INNNN

—_d.[NNN1+d [NNN +d NNNJ
L INNNJ+d, [NN, '.]d[N'NN,J ™

Putting the value of equation (3) into eqution @

L
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+d1[N2N3N4] - d2[N3N4NI1] + d3[NANIN2]
_ TH4NIN2Ng,
- . |(NTx N2) x (N3 x Nd)
. PRI Ty
Q4. Using vector technique obtain the non-symmetrical form o
equation of the orth

2

ogonal projection of the lineg
P L R

= = +
3 4 On the plane 3x

4y+52=0, (2018
Ans.  Equations of the given lines & plane are ‘ i“, il 1o,
Ir=a+tb, a=(l,2,3), : b=(2,3,4) st bty (l)
&r.N=0, N=(3,4,5) ; R )
The required Projection of line (1) on the pl?n%;(‘Z;)l and “tpe line of
intersection of the plane (2) and the plane passing ‘thrgug}}) the (li}ne ) &
Petpendicular to the plane ). ; ', y Gl 2
Let the equation of the plane passing throtlx‘ghtlﬁ line ( 1) is
(r-a).N=¢ P -(3)
‘where,N.b=0 & )
Since, the plane (3) js Perpendicular to the plane (2),
N.N=0 i
Now (4) & (5) imply that N, is collnear with b‘r‘l:\‘{m‘: _
N =A(bxN).

perpendicular to the Plane (2) is

thch'nc(l) on the plane (2

Which is cquivalent.to sym

B v
Hence, the €quation of the plane passing through the line (1) and
(r-a. (bxN)=0

Thus the no Symmetrical form of the e

quations of the Projection of
) are -

rN=0

or 3x+4y+5z=0
(r-a). (bxN)=¢

or x-2y+z=0
metrical form

N
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Chapter - 3
Sphere

4

- ing through the
f the circle passing
Vi d the centre & radius o (2014)
mz,o.w. (0.3,0)£(0,0,4).

/Thtgeneral equation of the sphere is
Ans.

xz+)ﬂ+zz+2ux+2vy+2wz+d=(;O)&(O 0, 4), then
Since, itpass;s“through (2,0,0),(0, 3, X
4+0+0+4u+0+0=0
4+4u=0

=-1
0+9+0+0+6v+0=0

v—:z o

2
0+0+16+0+0+8w=0
=-2

Centreis (- u, -V, - W)

I
11,=,2
c‘(lz )

(1)

-(2)

-(3)

Radius is [y 2 +v? + 22

2

3 2
2412 +@
1 +(2)

9
= J1+=+4
R—Jl—.*.T

¢ R=—J§Emﬁt —= 1

R

of<

S here
F " 'ﬂng points o' the CO-aXlal system o p

termined by
:‘e+y‘+z’+3x'3y+sso&

em of sphere is

xi+y'+22-6y-62+6=0(2014)

. o
Ans.  The equation of co-axial sys!
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(x--#-y’-b-z’+3x-3y+6)-0-},()(2+y-?+z2

-6y-6z+6)=0

2 3-

(x_+y,+r,)+( Mx  (3-61)  (0-61)2
(1+2) (1+2) (1+2) *0=0
its centre js [ = ‘3i,6}L 61
20427 20+2) 2142, |-

& radius js equal to zero, gives -|

?o0eay? g2
+® 4 (1492 +(T:xi2"6=°

9+9(1+ 202+ 3602

. 6
X1+ 14432 (1+2)

+4A+4LZ)=6(,+1)2
a=l -l
2’4

Putting theg, i
o evalumm(l), we get limitj i
. )&(-2’1’-1). ngpoint as -

! any point on the line

4 - Withrespectyo the sphere x2 4 Y+ 2z
22=1,

Passes through the line LAk =71

Ans. (2019,2015)

P(2r, 3r+],4r_3)

] he polal p]ane of the point P Wlth lespeC‘ to the Sphel X

+y + 2=

~

x.2l y. (3| ]) z. (41 ‘3)‘ 1 . ])
Ifth P q s .
1S lalle [ uation 1 1S to paSS thl Ough the ven
, gl (4 l[ﬂe

- z
13 -3 ‘—l
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x+3/2 y-1 z-0

or 13 &5 "2 ~2)

then the point (-3/2, 1, 0) on this line must lie on the plane (1) & so we
must have

(-3/2)2r+1.(3r+1)+0.(4r-3)=1
which is true for all values of r
.. the point (-3/2, 1, 0) lies on the plane (1).’

Also normal to plane (1) must be perpendicular to the line (2) with
dr.’s13,-6,-21i..e, we must have

2r (13)+ (1 +31). (6) + (-3 +4r) (-2)=0
which is also true for all values of r
v .. Polar plane (1), passes through the given line (2).
Q4. Find the equation of sphere having the circle x* + y*=a’, z
=0fora gieat circle. Determine its centre & radius.
(2015, 2019)

Ans.  The equation of sphere through the given circle is

(2+y-a)+Ar(2)=0
x2+y+22+0x+O0y+Az-a*=0
&itscentreis-[0,0,-A] ~ -

If the given circle is the great circle sphere (1) then the centre of the

circle (1) must lie on the plane of circle.

0+0+(-A)=0

A=0

Equation of required sphere is -

(x+y +z2=2’)

&its centreis (0,0, 0)

;. radius ,102 202402 4402 =2

Find the equation of sphere which touches the plane 3x +
2y-z+2=0at point(1,-2, 1) & cuts orthogonally the sphere
x2+y=+z’-4x+6y+4=0. (2016)
Ans.  The given sphereis

x’+y’+z’-4{(+6}'+4=0 : Q)
and the plane i
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e ——|

X+2yz+2= 0

Centre of the Sphere (1) is 2,
Suppose the sphere meets th,
Then dr’s ofACI are(3,2,-1)
Now equation of AC, is

-3,0)and radius = 3
eplane at A

X\-l _Y+2 2
32 T Gay)
any point on it, isl+3r,- + - U
But AC, = radiys ofthe spzherzer ilr » “M‘“p R
r’,=(l+3r~l)’+ ,
P =944, r
or P =14p
a. n= "\/l_4
Since the spheres cut onhogonally, therefor,
(PCY+(PC,y=(c,Cy )
(1 43r-204 (24904

|
(-2 +2r+2)2+(| -r-1p

3)2+(l-r-0)2= |2r2+9

or S>r2+l-6r+4ﬂ+4r+1a,rzﬂ_zl,:l“rz
o 14r-4r43= 1404 +9
or r=-3/2

Hence, centre ¢, of the required sphere is

e e
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ol ()

or (—75*-5,"5/2)%% radivs = iar = Jfid x =7 Vs

Hence, required equation of the sphere by using,
(X-uy+@y-vy+@E-w)y=ris

2 2
7 2 (7_5) 294
(x+£) +(y+5)" +|: 5 4

ar xX+y+2+Tx+10y-52+12=0

Q6. Find the limiting points of the coaxal system of sphere
determined by the spheres-
v+ + 22 +3x-3y+6=0
X+ e P +dx-2y+2246=0 (2016)

Ans.  The equation of the coaxal system sphere is ‘
X2+ +2+3x-3y+6) +A (X +y + Z2+4x-2y+22+6)=0

3+4)% 3+2;) 2] 620
"”Vz”z*(flu)x_(’lu A FPeY
3+40 3420 2
Iscentreis | 5y 5 > @+ "1+
Equating, its radius to zero, we get
2 2 2
3+41) +(3+21) R
1+ 1+) A+
1802 +240+12=0

4+\24% —4x18x12 _-24£169i

-1

: 2x18 36
= 471
&lbs(:l:t:\:: these values of A in the coordinates of above centre, the
required limiting points are-
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3 ) Y
:1 4(-0.66 1 0.47i) B+2-0.66+0470) 20,66+
-0.66 + 0.47i) 1-0.66 +0.47; 2

=(298+1.39;,3.] 39i,2.64 -0.891)
&(2.98-139 1,3+139,264+ 0.89i)

Find the coordi
inates of i
X+2y+2z=15, centre & radius of the circle

: 0.47;
- 120,66 4047

|

g L=

bl

Ans, X422y gz 1y,
> Given circles are. (2014
x+ 2y+Zz =15 (l)

1

20x+0y 4024 2.2
- 22+ 2,
2x+2.1.y+2_].2_15=0

So, the centre of circle js-
(u,-v,-w) = (‘l’*l -1
2 ')
&radius= u2+V2+ 2
v w'—d

_ 1
4~1+1‘15

Now, the :

’ €quation ofoth : .
XY+ 20y 4r- 1 SSieei
U=0,V= 1’2=2'&d=-ll
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Any plane through (a, B,7) is

I(x-a)+m(y-B)+n(z-y)=0

& the line perpendicular to it form the origin is
z

g i
n

I m
The foot of the perpendicular is the point of intersection of eq (1) &

()

-2)

Thus to find the locus of the foot of perpendicular, we should elimi-

nate [, m, n between eq (1) & (2).

L x(x-)+y-B)+z@E-1)=0

=x-xat+y-ypt+zt-zy=0

=>x+y +2*-ax-By-yz=0.

Find the equation of tangent line to the circle 3x* + 3y? + 322
- 2x- 3y - 42 =22, 3x + 4y + 5z = 26 at point (1, 2, 3). (2017)

Equation of circle is given by sphere .

3x2+ 2y + 322 -2x-3y-4z-22=0
&the plane 3x +4y+5z-26=0

Now, equation of tangent plane at
(1,2, 3) tosphere (1) is -

()
-2

=1
= x()+y@)+z@)+ (?)(xﬂ)

+(:%)(y +2) +(—%}(Z +3)-22=0

then the centre of circle j-
('ua -v,- W) =(0v -l ,'2)

&radius= /o2 +(=1)? +(=2)2 ~(-11)

4

J
Q8  Showthatthe centres of all section f
S o

by the planes througp ¢e point (¢, SPhere x:. iy 2o

?)lieon 4 sphere.
(2017)

2_x_+§¥_+z-z———l-—l—2.-22=0
¥ 7 Tes |
:4x+9y+141-2'25x6=°
:4x+9y+l4z-152=0.

The required tangent line is the intersection of plane (2) & (3) if [, m.n

\ ared.r.’s of tangent line, then,

=3

31+ 4m+5n=0
‘ 41+9m+ 14n=0

A3
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Solving (4) & (5), we have

T
56-45 20-52 27-16

! _m n

1 =32 11

. Therequired tangent line at (1,2,3)
x—l_y—2_z—3

11 32 11
Q10. Find the equation of here cii i hedro,
rcumsrib P
N whose faces are- 2 U ‘mg o
y+z=mz+x=qx+y=0
b *oul Sanog a b
x+:+z=l :
a c ?
- m
Ans, Given faces of tetrahedron are :
y+2=0
b ¢ . (1)
z x ‘
+ =0
c a -2
x+y=0
a b )
Xy oz I
a b ¢ )
Adding (1), (2) and (3), we get
2( +y+z)=
a b ¢ 0
or & + Y + 2 =0
a b ¢ %)
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x=0

z=0

Hence (1), (2), (3) meet at (0,0,0)
Adding (2) and (3), we get

x +(1+l+£)=o (6

a b ¢

o =g

putting x=-a in (2) and (3), we get
y=bandz=c -
Hence faces (2), (3) and (4) meet a.t (-a.b.c S
Similarly other points of intersection arc (a.-b.c)and(ab.
Let the sphere be 98 o
2 2wz +d=
X2+ Y+ 22+ 2ux+2vx + ) o
; Efuation (7) passes through (0,0,0),s0d=0 bt
Xgain when (7) passes through (-2, b, ¢), (a,-b, c)and (a, b,
)]
i al+ b+ 2 -2ua+2vb+2we =0 (to)
a’+b’+c’+2ua.—2vb+2wc=0 ......(“)
az+b2+c2+2ua+2vb-2wc=0
Adding (9) and (10), we get
2(al+b1+c1)+4wc=0

Y A
a+b+c”
or 2w=- ¢
Similarly, we get
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2u=_a2+b2+02,2 =_1124-'b2+02
a b
Putting these valyes in (7), we get

2 +",2+22_a2+b2+c2x_ g o SR

a b c

2.2 9
il S g ¥ ‘(02+b2+c2)(£+ 0

a

)

2y
b

2vb+2WC =0
2vb+2Wc =0

T 2uaifZVb‘ZWc:O
-th
ua = \/b -

PR, C+ 2Ua )
J ’

Suor;
Ao those pair, we get

jal +62 4 2

)
Q)
)

ZtO
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' Hence, equation of sphere is-

X y z
x2+yz+zz-(az+b2+c2)[;+;+~}=0

c

The radius of sphere is ,/uz o we

| PSS SOl ) R |
—(@a” +b" +¢ )f*+~+—
a . 02 b2 ::2

A points moves so that the sum of the squares of its distance
from the six faces of a cube is constant, show that its locus
in a sphere. (2018)

Let six faces 6facﬁi>eisgivenby— £
X=ta,y=tbz=tc
Let the point P (x,, y,, z,) moves in the cube such that its square of

distance from six faces are constant. Then using distance formula we have

(x,-a) +(y, -by+(z, ©) =k?

orx’+y?+z?-2ax -2by -2cz, + a> + b+ 2 = k?
Nowreplace (X, ¥,,Z,) byx, yz, , we get

X +y +7-2ax-2by - 2cz+@* + b2+ 2- k2 =0
which is a sphere. -

Q13. /Find the equation of sphere having the circle x? + y? +z =9,

" x-2y+2z=5asagreatcircle determine its centre & radius.
: (2018)

»}“s.

Equation of circle is -
X+ +22=9,x-2y+2z2=>5. )
Equation of sphere passing through circle (1) is
T2 9+ (X-2y+2z-5)=0
X+ +2-9-Ax- 20§+ 2Az-5A=0 .
X2+ Y+ 22+ h-20y+2Az-5A-9=0 Q)

-A
Centre of sphere (2) i {'{ A -X]
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Since, circle (1) is great circle for sphere centre & radius of
equal to centre & radius of circle. Centre of sphere (2) lies on plag " ' ‘

X-2y+2x-5=0

LA
Sy Re2-5=0

9i=10
-10

A= —

9

So centre of circle js
[5 -10 10
9° 9 g

Punting 4, i

4 evalueofkmeq(Z),wegetequation of sphe

Te

Xbyg g, 10x+2‘y‘20: 50

9 9 9 ¥ 9

x+9y24 9,2 '
) -10x+20y .
Radlus Ofsphere tk y 202_31 =0

_ (25 100
Ve * +1'°0+3l
8

1 31 9

‘9:0

Ccal g
(X-2p4y2y XS of the following sphores

’1+(V‘3)z+z’=6
X314 (y. gy
S,=(x-2)2+y2+zz_,=0

Sz=X2+()’-3)2+zz-6=0
S,=(x+ 1P +(y

’(1'2)’=6'

+l)’+(7.-2)2_6:0

Radical planc(l) and(2) js
| S, -S,=0
ic, 4x-6y=(

‘

()]

Y

Cre it
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or 2x-3y+0,z=0 (4
and, radical plane of (1) and (3)is
8x+2y-4z=0
or 4x+y-2z=0 (5

Planes (4) and (5) don’t have constant term, so it as clear that the
ical axis is passing through origin. i.e., (0, 0, 0)

T If [, m, n dc’s of radical axis, then we have

21-3m+0,n=0 and4/+m-2n=0

solving, we get

I m _n I' m_n
6.4 14 T3 27
\ ASH) { { A P v.’ '\\ i 5  add i ! ,
. Hence, cquation'of radical axisis ) "~ ' :
x-0 y-0 z-0 x"y z
= = “ = =
3 2 meRa g

Prove that the centres of sphere which touches the liney =
mx, z2=c & y=-mx, z=- ¢, lies on the conicoid.

mxy +c(1+m?)z=0. (2015

Let the equation required sﬁher&s be

X2 +y + 22+ 2ux+2vy+2wz+d=0 (1)
This sphere mets the plane z= c in a circle given by

X2+ Y+ +2ux+2vy+2we +d=0,z=c

or x2+y? +2ux +2vy+2we+d+c?=0,z=c -Q)

This liney= mx, z=c meets to sphere is point which this line meets
the circle (2). Thus putting y =mx in (2), we get
x2(1+m)+2x (ot mv)+(Qwct+Z+d)=0 -3)
This equation being quadratic in x, gives two values of x. Ifthe liney
= mx, z = ¢ touches the given sphere then the roots of the equation (3), must be
equal and for this the discriminate of the equation (3) must be zero.

i 20+ myp-4(1+m) Qwe e +d)=0 Q)
Similarly the liney=-mx,2=¢ will be a tangent to the given sphere if
[2(u-l\\v)]’—4(\+m1)('2W°+¢1+d)=0 i 5

Sublracting cquation () from equation (2), we get
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g'ﬁm

=4 +m

(¥ +m + 2muv) -4 2we + 2+ d + 2 wem? +

Cones, Cylinders & G .
enerating lines

¢’m?+dm?) 2 m
dm -4(u2+m-vz-2muv)+4(-2wc c¢+d 2we
+ct+d- 2

dm?*)=0

= 4muv - 4w - dwem? =
=muv=wc(l +m?)
ThiS can be .
Written as
Ans.

+c
+ /—.—-
2 t\/nrfdr'the equation of the cone whose centre is (1, 2,3) &
guiding curve the circlex’ + y' +z’ =4 x +y +z = 1(12014)

The equation of the guiding curve are given by

m (-u) (-v) + 2
Iocusoftl:ec(l-:rm)('w)c=0 L A M
_rme=0 2
(-, -v,-w)is mxy+ (1 + m?) zc =, :;,d x'+y:z—l ' -(2)
o ¢ equation of any line through (1,2,3)are
x-1 =y—2_z-3_x+y+z—6
I m n I+m+n )

y=2_2z=3 . 1-6 -5

gl =2 1265
!

m n l+m+n l+m+n

i.e. at the point (l—’—il——,z—’sm———,B— o
l+m+n [+m+n l+m+n

8> covdi
> ’T’dJ #@n 7[‘0")1 (9‘7\%}\(%0'][)/([‘}(7 The line meets the plane x +y+2z= 1 at the point given by

Y
’ m+n+4l 21+2n-3m 31+3m—2nj
—— or AR e

l+m+n l+m+n l+m+n
it this point lies on (1), then we get
(m+n+4l)2-(21-3m+2n)’+(31+3m-2n)2=4(1+m+n)z
Eliminating (1, m, n) from (3) and (4), we get
[(y-2)+(z- 3)-4(x-P*+ 2(x-1)-30-3)+ 2z-2))

+'[3(x-l)*!—3(y-2)-2(2-3)2 =4[(x +@-)+@E-IF

or (y+z-4x -1)’+(2x-3y+22-2)2+(3x+3y-2z-3)3
=4(x+y*2)’

y+102-20=0

(4

. 5x1+3y:+22-6yz-4u-2xy+6x+8

ich is the required equation of the cone.
Q 2" 7d the equation of the generating line of the hyperboloid
\ , B 3 . _
aVE:
4 9 16
4. (2014, 2016)

which passing through the point (2 3,
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x-2 y-3 z-4

T e W

Then co-ordinates of any point on theline (1)is
2+0,3 +mr, 4 +nr)

As (1) is the generator of the hyperboloid
&,
4 9 16

So, the above point will lie on (2), therefore, we have

2
(I+2r) i (3+mr)? _(—4+nr)2 -1
4 9 16

2o P m? n?
rr (7+T—_ —2r(£+3—m+ﬂ + i+
16 4 9 16) 4 T¢

*+ This is ture for al] value of r,

L n?
- T+?__=O i )
16 &

m n

and —t—+—

2 3 4

Eliminating n from/(3) and (4), we get
2. m (6l+4m) |
PR 3 -B=0 this gives,

when /=0, then from (4), we have

n

-4
Hence dr’s of the first generating are

4m+3n=0 3?

I_m_n
0 3 4 sud

Let the equation of the generating line through (2, 3, <) be

Nl

(]

-5

(,ﬁh
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when m = 0, then (4) gives, second generator with dr’s as,
N
1 0 -2 ~(6)
Hence equations of required generators will be
x-2 y-3 z+4
0. %83 —4
x-2_y-3_z+4
md SRR

&

Find the equation of the cylinder whose generator are parallel

to the line -£'=Z=§ and whose guiding curveisx + 2y* =
-2 1 19

1,2=3.

Ans.

tion of its generator through this point are,

Let (a, B, 7) be any point on the surface of cylinder so that the equa-

x—a=}"ﬂ=§:1
1.5 2w

e A0 3)
(Q+T’B+ 3

This point will licon the surface
x+2y=1

5 2 27—6 =1
{a+13~1-] +2Kﬁ+—?_]
o+ 3+ 208+ 21679

Hence, locus of point (@B e bc— 9
(ox-z+ 3P+ 20y 226

3 +2(9y +42=36
oy +72+9- Gz 62+ 188+ 2 ke
.542-72=0
| '9x’+18y‘+9z’+24yz-6xz+18x-72y 54z
| ;':h i ﬂxerequiredequationsofcyhnder.
1S 1S A

R
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Q 4 Show that there are two systems of generam
hyperboloid of one sheet such that any generator of o,
System intersects any generator of the other system. Fip,
the parametic equation of the hyperboloid of one sheet,
(2015, 2017)
Ans. Consider the generators of two different systems
—+—=A|1+ Y
a c ) (1)
S T AR '
———=Al1- pA :
N Cas il %D )\
—+—=pu|l- Z:I
c L b 0)
X
=z 1+ X:l
a c | p

A4)

known x, y, z. We show that : ey
z obtained from any three cquatl('ms

.These are four equations in three un

are consistent, i..e, the vlaues of x, y,

: )
satisfy the remaining one.

Now, egs (1) & (3)

(53]

Theneq (1) & (2)
X 2 2w

a c p+Ai

X z 2

a c_p+l

Adding & substracting these, we get

B.Sc. I Year- Mathmatics : Paper -1

N
‘N

pA+1

- p+A

Q | =

—

_BA-
TEY

’
a N

v

X
Substituting these values of o

o N

in ¢q (4), we obtain

pA+l ph-1_1 o p-1
TR W Ty S TY TR Y

The four equations (1) to (4) are consistent for the above values of'x,
y. z Hence. any member of A system intersects any'member of i system in the
oint

{uwm B CA+1) C(Ml-l)]
M+ )T )

Thesc parametric cquations of the hyperboloid of onc shecet arc

4 Ap+1)
(A +p)

-b (-Mp)
A +w

Ap-1)
(A +p)
q% where, A & i are parameters.

Q35 Findtwo mutually perpendicular generators of the cone 5yz
- 8zx - 3xy = 0. Which are also perpendicular to the line

zZ=cC

N |

(2015, 2017, 2019)

—_ =
w N
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Equation of the conc is | Ans.  Anylinethrough (a, B, y) s
5zy-8xz-3xy=0 (1),
and the equation of the given line is x—a Yy - _Z7Y 0
X vy =z | l m n
1 2 3 -Q) | It meets the planez=0 at
Leta line perpendicular to the line (2)be Iy my
X g z a__;B _—,0]
—==—==Z n n
Lom on o .- -
& ifit lie on the given conic we have
.~./+2m+3n=0 (4)‘
Ifthe line (3) is generator of the cone (1), then we have I 1 ly 2 my 3 -1
Smn-8n/-3/m=0 o =z a-— +;2- B-——r7r| = )
Eliminatingn from (4) and (5), we get ,
Eliminating /, m, n between (1) &(2)
(5m 81)[— [+ 2”’] —3Im=0 We get the eqution of the required cone as -
) 2 2
or (I-m)(41+5m)=0 - a z-y b z-y
when /- m =0, then we have n =-/ or b (oz- YK+ Bz~ yyF =2 (z- )
ie. l =2 Q7. Find the equation of the circular cylinder whichpasses
bro- X through the circle, x* + ' + 2= 9, x-y +z=3 (2016
‘ N\ ider di 0, 0,0) of the sphere X2 +y* +
i 5 1 Ans. O Let us consider distance from the centre (0, 0, p
A . h 4/ + = = - -
gain, when 4/+ 5m =0, then; / il i 2= 9to the planex -y +2=3 be pthen
W Lom R T X
ST AT N RE
Hence, the other two mutually perpendicular generator are p= \ﬁ
izz=iand L A IfthcradiusofthcspherebeRthenR=3
. 5 41 ' Hence the radius of the circle is given by
or X=y=-z and4x-5y=20z P2=R2-p
Find the equation of the cone whose vertex is the point (2 r=9-3
p, y) and whose generating lines pass through the ellipse r= JE
. . ; linder is the normal to the plane
£2_ + _}}.2 =1,z=0 ‘ Hence, thc. axis of right circular cylindet
42 b2 i (2016) through the centre, 1.-,
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X_y =

1 -1 1

Therefore the equation of the cylinder is

& its radius cqual to VQ\ .

[x(-1 - _\'.(l)]2 +[y.1- :(—I)]2 +[z.1- .\'.l]2
(+1+1)
(X-yP+(y+zP +(z-x)p=18

x3+yl+2xy+y2+zl+2yz+z1+x2-2xz= 18
X'ty + Z+xy+yz-zx=9

Q 8. . . .
8~ Find the equation of the cylinder which intersects the curve

2 2 -

ax‘+by?+cz2=1,Ix+ my +nz =p & whose generators are

parallel to the axis of z. (2017)

The equation of requi i i i i

equired cylinder is obtained inati

s y obtained by eliminating z be-
ax?+ by’ + cz2= |
& Ix+my+nz=p

Ans.

For this, putting the vaue of z = 7 hemmy i
n in the other equation.

We get,

2
a.x2+by2+c[p_lx_m’v] =1

m

2.2

ax“n® + by2n2

2,22
+e(p” 415+ m?y2 = 2pix 4 2imPy — o my
n - =
= ax’n’ + by’n’ + cp? + cI’x? + cmy? - cplx + 2c/ mxy- 2 cp my = n?
:x’(alnz+cF)+y2(bZn2+cm2)+2clmxy-2cp|x-

*xH . 2cpmy=n2=0
This is the equation of required cylinder. :

x y z _ . 0
Q9. Theplane <+ + =Imeetsthecoordinates axesin A,B,

C. Prove that the equation to the cone generated by the
lines drawn from 0 to meet the circle ABC is

b+c. +,X{c+a]+xvira+b =0
yz c bl Tla e b - (2018)

Ans.  Thecircle ABC is determined by the planc ABC whose cquation is
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X y z

—t+=+—=1

a b ¢ -0

& the sphere passing through the point A,B,C. Since one more point
is required to i'nd the equation of sphere, we take the origin as the fourth
convenient point the equation of the sphee OABC is now seen to be

x!+y?+2z2-ax-by-cz=0 -2

& the circle ABC is given by the equation (1) & (2).

To obtained the equation of the cone whose vertex is the origin and
which passes through the circle ABC. It is sufficient to make the equation (2)
homozenous with the help of (1). For such an equation will represent a surface
through the intersection of the surfaces given by (1) & (2) & being a homog-

enous equation it'will also represent a cone.

Both the equation (1) & (2) should be made homogeneous equation it

will be alsorepresent a cone.
. Now eliminating t,

c

. b+c"+xz E+£]+ [£+£}—0
lSyzc b i c xyb a

Q10. , Show that the lines drawn through the point (a, b, g) whose
\/ direction numbers |, m, n satisfy the relation al* + bm? +
cn2=0
generate the cone.
a(x-a)P+b(y-pr+c(z-v)=0 (2018)
Ans.  Anyline though (a, B, Y) whose dkection cosine are/,m, nis

x z
x2+y2+zz—:(ax+by+cz)|:’a‘+%+—] =0

xX—a y—ﬁ Z-Y=k

I m

x-a y-B _z-%
m=—-,n= k

==

. . e
Also it is given that [, m, n satisfies the relation a? + bm’ + cn*=0

Therefore,

L nd
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1
e w87, [==yT ﬁﬁnd the equation of the right circular cone which passes
T\ 1 e k =0 ! through the three lines drawn from the origin with direction
) ) ) numbers
= ' J2-1‘:"5‘!}‘—3)2*“0(2—7)2]:0 | 1,2,2;2,1,-2;2,-2,1 . (2018)
a ans.  Lettheaxis of the cone be the line
za-z--=y-BF+c(z-y)=0 %=f=-z‘;
1. Te= tre =gs=ton of the cone formed by rotatj -
= - =& z=0 about the y - axis. ng th;';:; L, Then since the axis is equally inclined to the generators of the cone,
E. 3 oo e z e have
Z::}'-:imzif A+2u+2v= 4+ QA+ p-2v)= + (2A-2u+v) (1)

e

T3 zmatce of the given line can be written as -

s -

| N

V| ey

>

-2
#hezz . 1.0y w the points of intersection with the y-axis is -
(-2)

e

s =,
('._;;,_ ‘( 2y is

1 (=2

—

cos”

:

¢ e arg J i
< saion of the generator in any other position be-
e y 7 ¥4

/ m P

Taking both the plus sign on the right sides, we write two cquation
A-p-4v=0,A-4p-v=0

which give
A pu v
51 1
if the equation of a generator be now
% = % Z% we have

I+mp+ny  A+2u+20
JEsm2in2 J1+4+4

is (5! + m+n)?=9 (P+ m?+n°)
Therefore, the equation of the cone is -
(Sx+y+2P=9(¢+y+7)

8x?-4y - 42>+ yz + S5zx + Sxy=0.

Find the equation of enveloping cylinder of sphere x2 + y2
+ 2% - 2x + 4y = 1 having its generator parallel to the line x
=y=2z (2019)

LY g 1
#4464 which it makes with they - axis is
Py m
;"
TV /; = »‘_:_‘L Q13.
(K} 2
\/7 v’ | n2
LU RTTU Y 132
L [N ()

f e,
frea the Sualiog ¢

, dthe cane pe . ino i
oy a4, o fane generated by revolving line is
Act iy

AT J
‘. Moyvar

ay Aoty ",y oo

Ans.
tions of the generator through P (a, B, y) are

Let P (a, B, y) be any point on the enveloping cylinder then the equa-

x-a _ y-f z-;
1 1 |

Any point on this gencrator is

=T (say)
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If this paunt lies on the given sphere, then we get ie. aaX +bBY -Z-Y =0 p
hclocusofRisaax+b y=z+Y
paraboloid axl+ by =22

(O [F"(f‘ Ay Er) -2t ) 4B ) =) Hence't
@t Pyt )+ (e +pity- Which is polar ]aneof(mﬁ,y)MmreSPEC‘w
P+y-2a+4p-1) = Fi r:: t;,:(;nvZIoping Cylinder of the sphere

& 1S ¢ '

mee this generator is a tangent to the given sphe al
SPhcre, s

e +2vy+2wz+d=0

1 abtaned fram eq (1 )
B ;Q‘(Y)*a:;m;n‘l ;n(md the conditions for the same jg alug op B +yt i+ 2uX
. NP=43(a?+ PPty -2a+ 48 x y_Z
aa+ Py -1 x_y_Z
borobrae-ap-dat3p-y-2-0 whose generators are parallel to theline . (2014)
ion of the

Ans.  Let P(a, B, y) bea point of the cylinder. Then the equat
given lines are

sofP(a, B, y)i.c. the required equation of the
envel
gencrator of the cylinder through

cvuinders is ‘
°Plng

X4y +Z-yz-7x-Xy-4x+Sy-z=2=0

P drawn parallel to the

)

Q14. Show -
oiven :‘:it t'" general three normal can be dra xa_yB_ZV_
nt to the paraboloid wn from T——‘_f -
but if the i " oid of reVOlulion X4+ y2= m n ) .
27a (x* + yp:)’:“a:laes 02n the surface. y =2 Any point on this generator is(a+lr,p+mr,Y* ar). If this point lies
-Z)* =
Ams  Let the equation ¢ )? = 0 two of them coincides. (2019 on the given sphere, wé have
(4] 5 5 5
N any secant APQ through A(a, B, y) be (o.+lr)-+(B+mr)-+(y+ nry+
a_y-B_z-y 2u(u+1r)+2v(B+mr)+2w(y+nr)+d=0
! m n =7 (say) I orr’(F+m:+n’)+2r(la.+mB+ny+ul+vm+wn)
Then r, and r, the measures of AP and - t (4 Py ua s 2B+ 2wy + ) =0 -2
a
- a(a@+Iry+ B +mrp=2 (n+AQ are the roots of Since the generator (1) is tangent line to the given sphere, s0 the two
- (al+ bm)? + 2r(ac + by Y+ nr) values of r given by (2) must be equal & the condition for the same is
Again if p is th Bm - n)+ (aa' + bp2-2y) =
€ measure of AR, we have -2y)=0 ..Q B2=4AC
AR= oo 2, [2(la+mB+n1+ul+vm+wn]=
p= n+r , Since AR is th =4 (P+ m=+n:)(a:+B:+-f+2ua+2vB+2wyfd)
AQ ¢ harmonic mean between AP and - Th R - : - .
. . The equation of’ enveloping cylinder or the locus of P (a. B. V) 1S
, (Ix+my+nz+ul+vm+wn)’=
- __aa +bﬁ2_27 (F+m1+n:)(x=+y3+f+2\m+2vy+2“rz+d)
:[I(x+u\+m(y+v)+n(z+w)]==

—(00.1+me —n)

.3 (F+m’+nf)(x1+y‘+z=+2ux+2\y+2wz+d)

.4
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Eithera=00r p=0
Case l: Ifa =0,

.0)
L1B2 ¥ | 1| y?
‘hc"{a_z} FERPE I (e i

- The locus of (a, B, y) in this case will be

32 )
7 2t 7=l
b* -a

Cc
Casell. Ifp=0

12 1 |a? y?
—— *—1 =4 —
then a2 {cz } b a2 2

- locus of (a, B.y)is

x-0,

2 2
22

+—=]
c

y:O\

a’ - p2

Qs.

Ans.

Prove that the plane 3x + 4y

=1 is a diametra] plane of
paraboloid, 5x2 + 6y?=22. Fin

d the equation to the chord
through the point (3, 4, 5), which bisects it. (2015)
Let the plane 3x + 4y =1 bisects the line parallel to
X_ y =z
1" m n

(1)
Then locus of the mid points of

SIx+6/my-n=(
This should be identical to
Compuring (2)and (3), we

the chordsparalle] to (1)is

. -2
given plane 3x + 4y=1

get
Si 6m n
34T
o LM _n
9 10 15
Hence the required chord is X\—J = y\—4 = L_S
10 s -

i 67
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i to the hyperboloid
—Find the equation to the tangent planes.
o ;:Se g;’ :%z’ = 5 which passes through the line
3x-3y+6z-5=0
x+9y-32=0
ns.  Anyplane through the given line 1s
(x+9y-3z)+).(3x- 3y+6z-5)=0
Qa +3x)x+(9-3x)y+(6x-_3)z=5x )
If this plane touches the given hyper
Ixt- 6y +32=5

2 2 1
X y + ‘—l'

N CENCIENTE
then a2l + bPm? + n? = P

(2016)

A1)

(2) (L+3NP+E6) O 3P (5P 6A-3F=(51F
2 :

=
- 2_54).+81) ’
N s +10(36)»2-36k+9)=150)c
= 300:A2-300=0
= A=1
A=+l _
N i i are
. From equation (1), the required tansgalt planes
(1 £3)x+0 FI)y+(£6-3)z= %
4x+6y+32=5
&2x-12y+9z=5. : s
Find the equation of polar ptane of a point witl
7. ’
h the parabo!oid 019
axz+by2=22. v
Ans. The normal at (X, Y Z)= 0to the paraboloid x™ +y"

ﬁ(x—xl) _M:-z———z‘l
ok Sadiiied A

) ) i ), then ' we have
If this passes through a paint (o, B.Y
) & |
aamx) _aB=) 1B
X N

==,
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aa
a+\

a
+A
1 ¥1»2,) lies on the paraboloid.

LX) M= Y =Y+A

But (x

02(12 2

—

(aﬂl-k)2

a2
———=2a(y+A

@iy (Y +3)

Which is cubic in A g

can be drawn from a given poi

Writing (3) as

AW =201+ 1) @@+ y2-a o+ 4y =0

S M)=2Aa+ AP +dy+1)@a+1)=0

If two normals coincide, then two roots of (4) must be cqual,

shows that (4) and (5) must have a common linear factor,
From (5), we hay

2(a+k)[(a+k+2(y+k)]=0

-(3).

ving three values of A showing that thre Normalg
nt to the paraboloid, |

|
- -(4) |
-(5)

which

= (a+k)+2(y+l.)=0 [ra+rx0)
= a+3x+2y=0
- 3= _a+2y
3
putting the value of ). in (4), we get
a+2

a+2y
3 j(“

3

2
2[(7 y) J=a(a2+ﬂz)

- 2a-2
e S
or 27a(az+[31)=—8(a-7)J
or

27 a(a?+ B+ 8(a-yP=0
Locus of (u, f3,7) is

AnS.

B.Sc. I* Year- Mathmatics : Paper -1

x—xn_Th_ 74
py P PA

2
a* b? ¢

(say)

2 2
=f—+ﬂ—+
a* b

1
e 2
wher P

Any point on (1)is

Px
X+,
( g
wherer=PQ .
1£Q lies on ellipsoid, then

—_—

nt

27a(x’+y) +8(a-zp=0

Q8. Prove thatthe length of normal chord through P (a, B, y) of

2 2 ZZ

+ 2 I'is equal to 4PG,

X
the ellipsoid 5 *" 5 (2016)

ain norma m = G
Ag al | cets 2 0 n
) 3

Y

- itude
o ma T
§ PGy = v in mag

69

Let the coordinate of P be (x , y,, z,), then equation of the normal to
' the given ellipsoid at P (x,, y,, z)) s

A1)

from (1)

I ——
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Now, iflength of Normal = 4 pG
3
2 42 (2 222
PRl b SR R
p P la® ps 6
1
o —=20| X ¥ 7
p a® p8 " 6
5 2, P 2
. “+bl‘ + =2 AN g
s ps 6
- i (2¢2 — g2 )'12 :
46 3¢ —ai )‘%F(Zcz —b2)+i=0
7 =0.
C
Now, ,locus of(x]. Y, z)is
2
X~ 2
‘(acz_zryﬁ"z i
o Izl -ph 2 g
c
Q9.  Find the eqgan
iy .hsvoq,uahons to the two Planes which contain th
. gnven.-by?x-l-10y-30=0&5y-32=0& ¥ e
g = o, ot touches the
Ans, Any plane through 7x + 10 y-30=0 =3

5y-3z=0is
X 10y-30+2(Sy-32)=0
7X+5y(2+1)-3rz=30

Let the eqauation of the planc be ' ~(D)
Ix+my+nz=p

- The equation of the planes (1) & (2) is same S0 compns -(2)
tion(1). & (2), we get paring the equa-
I=7,m=5(5+1)
n=-31,p=30

Ifit touches 7x* + 5y* + 322 =60

B.Sc. I* Year- Mathmatics : Paper - 1

1 > 2 Wél B
—X + —y +—2z" = '

‘ 60 60 60

General equation of conicoid is

ax’+ by’ +cz?=1

Comparing the equation(3) & (4), we get
R ;
60 60

Py
s

or

T 6ol
but we know that the condition tangency
12 m2 n2 5

—_—t—t—= p

a b ¢

Hence putting the value of/, m, n, a, b, cand P. We get
60 60 60
C TP x 7 +5%(2 + L) x ?+327Jx ?=30z

7 x 60+ 300 (2 +1)>+ 180A? =900
202430 +21+3=0

202+ 50+3=0

@@L +3)(30+3)=0

3
N= 3 o1

‘substituting A =-1,in eq (1), we get
Tx+10y-30-1(Sy-32)=0
10x-5y-30=0

-3
By substituting 4= z in eq (2), we get

; P
¢ 22 e 3l |25 30
7x+5}{2 2) (2) s gt

. 5 ' 9&;'_:”‘ 4:.\-'-.4
7x+10y—1—2£*4’-‘-;=36

14x+5y+92=60
Eq" (4) & (§) gives required planc.

.(3)

(4

-5
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Q10.

Ans.

: B.Sc. Iv Year- Mathmatics : Paper-1
how that th

® norm ] '
e al form (q, g, 7) to the Paraboloig
—_ 4 — - - ’ i
at B! 2z lle on the cone —— - b e

x-a y-B  z-y d

(201g)

E N
quation to the polar planc of (a, B.Y) w.r.t the paraboloid

.\'2 yz
T +2_ =

=2z
a® p? is

b
a2 hT=(Z+y)

x
—+

(1)

X—a

Any linc through (a, B, y) is y-B z-v

m n

«(2)
1f(2) is perpendicular to (1), then

p

2
b_ = —l =K (Say)
m n

a
a
/

a
L T P
/ i .

g_ﬁz 242 _—(az—bz)
I m (a b)K_T Q)

Eliminating /, m. n from (2) and (3),wc get

a B
v-a y-B

2 kil
a- —b-

=Y

0

Q1.

Show that the plane 2x - 4y - z + 3 = 0 touches the
paraboloid x? -2y’ =3z & find the point of contact. (2018)

Ans.

The cquation of paraboloid can be written as,

s =2z )
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This equation of the tangent plane at any points (a, B, y) of the given

paraboloid (1) is -

aax +bpy=z+y

2 —4
where, a = T

Z. b=

3

euqation (2), of the tangnet plane can be written as -
2 4

3% EBY =z+Y

ie.,20x-4By-3z-3y=0 )

If the given plane touches the paraboloid (1) then the given equation

| ofthe plane & equation (3) represents the same plane. Therefore comparing the

|

coefficients we have,
20_48_3_ 3
2 -4 -1 3

Thus,a=p=-y=3
Hence the plane touches the paraboloid at point (3,3,-3).

Q12. Find the locus of straightline drawn through a fixed point
(f, g, h) whose polar lines with respect to the quadrics,
al+by +Z’=1&
ax? + by? + gz* =1 are coplanar . (2018)

Ans  Let x—lf=——y_g _Z=h . Alinethroush the given points, whose
m n

polar lines with respect to the conicoids are given by
afx +bgy+chz-1 =0=alx+bmy+mz
aﬁ+5gy+yhz-1=o=alx+ﬁmy+1nz

These lines are coplanar if-
af bg ch 1
al bm cn

al ﬂm yn
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(@-a)f (B-b

‘ ~bg (r-

al bm ch)h
al ,Bm o =0

)

@-a)L @-pZ
l ® b); (Y—c)s

Hence lo
cus of the required line is the cone

(a-
% (by-cB) + B-bg (y-oh
(y—g) Ca-an+ "y (aB-ba)=0.

Q13. Sh
) ow that th
e locus of the poles of tangent planes of ax* +

bY’ + 62’ = H
1 with res;
i pect to ax? + by? + gz =1is the surface
ﬁ 2 2 2
“a\b
Ans. <

= (2019

Any tange,
gent plane of conicoid ax? + by? + cz2 =1 i
Ix+my+mz= is
P A

where p? =£ + m?  p?

—_—

( bc [hb t to
Let X »Y¥.z SpCC!
) Cpoleof(l)wlth resp

ﬁY‘ ¥zt =]
=1,th
« By + o en polar plane of (x,, y,, 2,) is
e

L({Jﬂtlbﬂ(})];,dcn . .
tical with (1), so on comparing in X, ¥, Z W€ get

—I:(—X‘}*,—__/i}fl }/zl 1
/ ==
m p p
Ip
= =2 np
a /j y &) = vr._

B _ o
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ax,p,m= By, p,n=YZ,P

orl=
s in (2), we get

Putting these value

2 2
(@xP) +(ﬂylp) L ap) _ p?
a b c
ﬂ " ra
A, =1
* a b c

-. Locus of(xl, Yy, 2,)is

'B +/_1

_’_—

2 2
b4 —1and is cut by

Q14. Acone envelops the surface _,+;_2-+—?
c

planez=0 ina parabolmd Show that its vertex lie on the
(2019)

planez = c.
). Equation of the surface is

Let the vertex of cone be (a, B, Y

Ans.
2 2 2 .
xt y .z
___+—-——+-——::1 (1
a® b? 2 : (H
Then equation of the enveloping cone of conicoid (1) with vertex (a,
B,y)is
2 yz 22 a? pz 72 ﬂy sz ‘:
L+l s+t = I+ 1
a b c a b c a” b? ct

Now, section of (1) bythe planez=0, is

5 5 2 2 2 2
<Y at B | By ) 2=
(:f*?“)(’f*b“cz {5 )
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Let the coordinates of extremeties be A(a, 0,0), B (0, b, 0y and C(0, 0. ¢)
The equation of the plane ABC is

_x_+.X.+£=l

(!
a b c )

Let the centre of section be (a. B, ¥)
~. Equation of the scction is

~ n -
& x-a)yr L= P+ L-n=0
a b” c”
ax pr oz @ B .1 :
e RO -

Planes (1) nad (2) are identical, so on comparing the cocfTicientof x. y

and z, we get

76
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2.2
a’x 2 2 -
- \4+\:}+1+2aﬂxy _2By 2ax
. b ab? g2 2=
This wil|
represent a parabola, if the product of coefficient of x2 d
. arl yz
1S €quat to the g
quare of the ¢ i .
oefficient of 5 e by using h? = ap,
1 ﬂZ 2
. 1 2
ie If az{b‘zﬁ-(%—l] L a_+ ﬁ_l aﬂ 2
c b*| o2 c? - sz)
a
Bi(a? .2
B a® 2 2
orlf — 2 +?—1]+[}'T—1)[L+ﬁ 1] o’
c 2 2T
orIf y i v
Ao B2 (2 2
; 7 2 2
a’h?  pr| 2 1}+[Z‘2‘1}[a\z+%‘ 1]= «p \
PER a2p?
2 B a2
orlf | Tl =+ E 1
bt q* 2 -
2
orIf r -1=0
c
it pic [ -+ (o, B, ¥) does not lie on the conicoid]
Hence locus of (a, b, g) is
22=¢2
or z=+c. |
Q15.

Prove that the centre of th

e secti -
2y 2 ction of the ellisoid
S+t z=L
a b® ¢
by the plane through the three entermities of the di
axes is the centroid of the triangle forme e different

entermities. d by those

(2019)

. ﬂ y 2 \ ﬂl A yZ
2 2 2
a_b_c_a b < _,(say) -(3)
| I | 1
a=a\,p=bA,y+ch
2 2 .2
9—2+—ﬂ—+7—2= A+ A2+ =3\
a- b° ¢
A=3N [using 3)]
1
or )\=§
a b _c¢
a—g,ﬂ— 35}, 3

Which is clearly the centroid of AABC.
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