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SHORT ANSWER

Problem 1:  Write the equation of the tangent plane at (1. 5. 7) to the
sphere (A\'—2)2 +(_1'—3)2 +(:—4)2 =14.

Solution:
The equation of the tangent plane to the sphere

¥*+ 97+ 27 +2ux + 2w+ 2wz +d =0at(x,. v,. 7, )is

xx, I tu(x+x ) +v(v+y ) +w(z+z)+d =0 (D)
Given:(x—2) +(v-3)’ +(z-4)" =14

(" —4x+4)+(1» =6y +9)+(z* -8z +16)=14

X474+ —Ax—6y—82+29-14=0

Here 2u=-4,2v=-6,2w=-8,d=15

Xlzl. }-'1:5.. = 7

(D= x()+v(5)+z(7)+(2)(x+1)+(=3)(
X+5y+7z-2x-2-3y-15-4z-28+15=0
—x+2y+3z-30=0

7e, x—2y-3z+30=0

Vv+5)+(-4)(z+7)+15=0

Problem 2:  Test whether the plane x = 3 touches the sphere x’+y*+z°=9.

<

Solution: The condition that the plane /x +my +nz = p to touch the sphere

¥+ + 2 2ux+ 2w+ 2wz +d =0 is

(=) +m(—)+n(-w)—p _ \/Hz o
N

e, (Tu -I-IH‘I»‘-FH'II;‘-I—]))E = (]3 +m? +Hz)(lf3 +v' +w —n’) (1)

U=0v=0w=0,/=1m=0,n=0.p=3.d=—4

Hence (1) = (0+0+3)° =(1+0+0)(0+0+0+9)

Le., 3=
The plane x=3 touches the sphere x2+}’2 +72=9,

+w' —d

Problem 3: Find the equation of the sphere which has its centre at (-1, 2. 3) and
touches the plane 2x-y+2z =06

Solution: Let the equation of the sphere be

X+ v+ 22+ 2ux+ 2w+ 2wz +d =0 (1)
Given: —u=-1, —v=2, —w=3
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u=1 v=-2, w=-3
()= + v+ +2x—4y-62+d =0 (2)
To find d:
Since the plane 2x-y+2z = 6 touches the sphere whose centre 1s (-1. 2. 3).
The radius of the sphere is equal to the length of the perpendicular drawn from the centre
(1, 2, 3) to the plane 2x-y+2z =6
Length of the perpendicular
_ax,+by, +ez +d
Nat +b0* +¢°
_()()H()(2)+(2)(3)-6
Va+1+4
_2-246-6_4_

S :

We know that 7 =+u?> +v* +w* —d

2 2 2 2
Fr=ut v +w —d

3l 3l 2
d=u>+v*+w* =

e o er - 2

3 )
1444920y 16 110
9 9 9

(2)=>x*+y +2 +2x—4y—6: +% =0

9(x*+37+27) +18x—36y-542+110=0

Problem 4:  Find the equation of the sphere having the points (-4, 5, 1) and (4, 1, 7) as
ends of a diameter.

Solution: Formula: (x—x )(x—x, )+ (v—»)(y=»,)+(z—3)(z—2,)=0
Therefore the equation of the required sphere is
(x+4)(x=4)+(v=5)(v-1)+(z-1)(z=7)=0
Xy rz-6y-82-4=0
Problem 5:  Check whether the two spheres
Y+ 46y +22+8=0and x> +y* +2° +6x+8y +4z+20 =0 intersect each other
orthogonally.

Solution: Given

Xy +P+6y+2248=0 (1)
X+ 4+ +6x4+8y+42420=0 )
Here #, =0,v;=3,w;, =1,d, =8
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uy, =3,v, =4w, =2,d, =20

Condition for orthogonal spheres is 2ujuy + 2vivo 2wywr, =d; + do
LHS=0+24+4=28

RHS=8+20=28

LHS=RHS

Hence the two spheres intersect orthogonally.

Problem 6: Find the equation of the sphere with centre at (2, 3, 5), which touches the
XOY plane.

Solution: Let (x,.1;.2,)=(2.3.5)
Formula: Radius = perpendicular distance from(x,. y,.z, ) to the plane ax + by +cz+d =0
_ L ant by, +cz, +d

N+
Radius = perpendicular distance from (2, 3, 5) to the plane z=0

=t =15
JO*+0°+1°
The required sphere is (x—x, ]2 +Hy-wn ) +(z—-7 ]2 =7

2

(x=2)" +(y=3) +(z=5)" =5
¥’ —Ax+4+3" —6y+9+2"—102+25=25

_\-2 +.‘1,‘2 +:2 —4.‘\’—6}'—10:4‘13 =0

2

Problem 7:  Find the equation of the cone with vertex at the origin and passing through
thecurve x> +y =9,z=3

Solution:

z=3 1mplies /3 =1

Homogenizing x° + y> =9, we get x° + y> = 9.17=9.(z/3)
le. x>+ y2 =7

This 1s the equation of the required cone.

Problem 8: Find the equation of the cone whose vertex is the origin and guiding curve

2 2 2

18 "—+;+~ =1, x+y+z=1
Solution:
The required equation of the cone is obtained by homogenizing Yﬁ +% + ? =1with
x+y+z=1.
ie.. £+ﬁ+i:12 =(x+y+z)
4 9
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2 2 2
Xty oz

le., et =y 2 2y + 2y 4+ 22
4 9 1 ' o
Le.. 9x? +4y? +3627 =36(x* + 37 + 27 +2x1 + 212 +22x)
ie. 27X +329" +72(xy +yz+2x) =0
Problem 9:  Show that the line ? =Y=Z subject to 1% +m” —4n* = 0 generates the
mon

2 2 2
cone x +y -4z =0

Solution:
. X _v_ =z .. L :
The line — =-—= = passes through the origin. Hence origin is the vertex of the required
moon

cone. Also the direction ratios 1, m and n should satisfy the equation of the cone.
I* +m* —4n* = 0implies 1. m. n satisfy the equation x? + 3> —4z* = 0. Hence the equation

- - 2 9 l
of the required cone is x~+ vy~ —4z"=0.

1"‘ B ¥ el
T is a generator of the cone x” + v —z” =0, find the value of k.

Problem 10: If % =

=y

Solution:
Origin is the generator of the cone. The direction ratios 1. 1. k of the generator should

satisfy the equation of the cone. Therefore, ’+1°-K’=0. 1e., k=+ \/5

Problem 11: Find the equation of the right circular cone whose vertex is the origin,

X _y

whose axis 1s the line T =-—= —and which has semi-vertical angle of 30°.

W | Ly

2

. X _v_ =z T

Solution: Let a generator of the cone be n === where 1, m, n are its direction
moon

ratios.
Direction ratios of the axis are 1, 2. 3.

. N [4+2m+3n
Therefore cos30 = — —

NP+ 22+ 3P+ + 07
_ (I+2m+3n)

C05230 e e N T
14" +m~ +n7)

14 +m* +n*)(3/4) = (1 +2m +3n)°
2 +m* +n*) =40 +2m+3n)’

Hence the equation of the cone is
27+ +27) =4(x+2y+32)°

ie. 19x” +133” +327 —8xy—42yz—12zx =0

Problem 12: Find the equation of the cone of the second degree which passes through
the axes



SNS COLLEGE OF TECHNOLOGY

(AN AUTONOMOUS INSTITUTION)
COIMBATORE-35

WESITUTIONS
DEPARTMENT OF MATHEMATICS

Solution: The cone passes through the axes. Therefore the verrtex of the cone is the
origin. The equation of the cone is homogeneous of second degree in x, y and z.

ie. ax’ +byv' +cz? + 2z +2gzx + 2y =0 (1)
Given that x-axis is a generator. Then y = 0, z = 0 must satisfy the equation (1).
Therefore, a = 0. Similarly, y and z axes are generators imply thatb=0and c =0

Hence the equation of the cone is fyz+ gzx+/ixy =0

Problem 13: Find the right circular cylinder, whose axis is z-axis and radius a.

Solution: Let P(x;, y;, z;) be any point on the surface of the cylinder. Draw PM
perpendicular to the z-axis. Then PM = a and OM = z;, where O is the origin.
OP” = OM” + PM’
le.. X12 + yf + 212 = 212 +a°
le.. X12 + yf =2’
Locus of (X1, y1. 1) is x>+ ¥° = a°. which is the equation of the required cylinder.

Problem 14: Write down the equation of the right circular cylinder whose axis is the
X—a _y-p_z-y
m n

and whose radius 1s a

straight line

Solution: (.Y—C{’)E +(r— /8)2 (o }’)2 _ |:(T - C(); + (1 —B)m+(z— }/)H :|_ e

\/ij i n’
1s the required equation of the right circular cylinder.

Problem 15:  What is the general equation of a cylinder whose generators are parallel
to the z-axis?

Solution: The general equation of a cylinder whose generators are parallel to the z-axis
is f{x, y) = ax? + 2y +by? +2gx+ 2/ +c=0.

23MAT101-LINEAR ALGEBRA AND CALCULUS Mr.P.M.Chellapandi,AP/Maths



