36

THE SPHERE

You must have played or seen students playing football, basketbd| or table tennis. Football,

basketball, table tennis ball are all examples of
geometricd figures which we cdl "spheres’ in three
dimengond geometry.

If wecons der therotation of asemi-circle OAPB about
itsdiameter AB, therotation generates aspherewhose
centreisthe centre of the semi-circleand whoseradius

Isequal to the radius of the semi-circle.

Thus, a sphere is the locus of a point in space which
movesin such away that itsdisance from afixed point,
In gpace, dways remains congtant. The fixed point is
cdled the centre of the sphere and the fixed distance
is cdled the radius of the sphere.

The difference between a sphere and a circle is that a sphere is afigure in three-dimensiona

goace while acirdeisafigure in two dimensons (in a plane).

Inthislesson, we shdl study the equation of aspherein centre-radiusform, equation of asphere
through four non-coplanar points, the equation of a spherein diameter form, plane section of a

sphere and generd equation of a gphere through agiven circle.

After studying thislesson, you will be able to find:

the equation of a sphere in centre-radius form;

the equation of a gpherein generd form;

the equation of a sphere through four non-coplanar points;
the equation of a spherein diameter form;

the equation of a plane section of a sphere; and

the generd equation of a sphere through agiven circle.
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EXPECTED BACKGROUND KNOWLEDGE

Knowledge of two-dimensiona coordinate geometry.
Knowledge of three-dimensiona geometry.

Various forms of the equations of a plane.

Straight line in space.

36.1 EQUATION OF A SPHERE IN CENTRE RADIUS FORM

Recdl that a sphere is the set of points equidistant from a
fixed point. Thefixed point iscalled thecentr e of the sphere P (X ¥ 2}
and the congtant (or fixed) distance isitsradius.

Let P (X, y, ) be a point on the sphere whose centre is
C (g Yy, 21 ). Letr betheradius of the sphere.

\ cP2=r2 . 0)
Usng distance formula, we can write (i) as
(x-x)>+(y -nF +Hz -z =2 ...(A)

which isthe equation of the spherein centre-radius form.

Fig. 36.2

Corallary : If the centre of the sphere is a the origin, the equation of sphere with radiusr is
X2 + y2 + 2 =72 (||)

Note: Theeguation (A) isan equation of second degreeinx, y and z.
We observethat :

(@ Theco-eficientsof thetermsinvalving x2 y2 and z2 are dl equd (in this case each is
equal to 1).
(b) There are no terms involving the products xy, yz or zx.

Thus, you will seethat agenerd equation of second degreein x,yand z will represent aphereif
it satiSfies the above two conditions.

(© Condder an equation of the form
ax? +ay’ +az® +2x emy 2z & © (ar0) .. (iii)

On dividing throughtout by 'a, equation (iii) can be written as
x2+y2 +72 +2—Ix ﬂy =|2£z 2, c . (B)
a a a a

(B) canbewrittenintheform x2 + y2 +72 +2gx 2fy 2hz & O .. (iv)

d

wheeg=+.f =M b Ladc=2,
a a a a

Equation (iv) can be written as
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(x+a) +(y #)* £z wY (2 1% h% c) ..

Comparing (v) with (A) above, we have centre of the sphere(iv) as (- g, - f, - h) and radiusof

the sphere (iv) as \/g2 + f2 +h2 - ¢
Equation (iv) is cdled the generd form of the equation of the sphere.

In order that the spheremay bered g2 +f2 +h2 -¢ 30.

(d) In caser = 0, the sphereis a point sphere.

(e The sphere whose centre is same as the centre of (iv) is called a concentric to spherein
(iv).The  equation of the  sphere  concentric  with (iv) is
X2 +y2 + 72 + 2gx + 2fy + 2hz + k = 0 where k is a constant and this can determined
from some other condition.

36.1.1 Interior and Exteroir of Sphere

Let O be the centre of a sphere with radiusr. A point
R, liesintheinterior of the sphereif OR < r. Thepoint

Sphere

Intorior
P, lieson the sphereif OP, =rand apoint Psliesin of the
sphere

the exterior of the sphereif OP; > .

Exteri
SElJRNE Find the equation of the sphere with ofx u?.(:m
centre at origin and radius 4. p sphere

Solution : The required equation of the sphereis Fig. 36.3
(x-0)*+(y -0)* +(z -0)° =4

or X2 +y2 +72 =16

Find the equation of the sphere with centreat ( 2, - 3,1) and radius,[7 .

Solution : The required equation of the sphereis

(x- 22 +[y- (-3)2+(z- D2 = (V7)

o (x- 22 +(y +3F 2z if 7
or X2-4x+4 +y2 w6y ® # 22 B 7 O
or X2+y2 +72 -4x By -2z H ©

SECRE Find the centre and radius of the sphere whose equation is

2x2 +2y? +272 -4x 48y -6z 19 D

Solution : The given equation of the sphereis
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B The Sphere

OPTIONAL - | 2 > 2 P
Vectors and three 2X° +2y° +2z 4x 48y -6z -19 B
dimensional Geometry
or x2+y2 +72 -2x Hy 3z 1—29 23]
3 19
\' H =4 f =2,h ==,c ==
ae 2 2
Notes 35
\' Centre =(-g,-f, -h) =§e.L -2, >
2
and radius \/ 2 4§22 —\/( -1)? +(2)? 42 3(?2 »
=N T Rt e & 2o 2
:\/1 +4 -lg E :@
4 2 2
SR Fnd the equation of the sphere which hasiits centre a the origin and which
passes through the point (2,3,6).

Solution : We are given the centre of the sphere as (0, 0, 0).
-+ The point (2,3,6) lies on the sphere.
\ Radius of the sphere = Digtance of the origin from the point (2,3,6)

= \(2- 0)2+(3- 0)%+(6- 0)2
_ %

=7

\ Equdtion of the required sphereis
(x-0)?+(y- 0)% +(z- 0)? =72
or X2 +y2 + 72 =49
For the sphere x2 +y2 + 72 - 2x + 4y - 6z- 2= 0, find if the point
(2,34) liesintheinterior or exterior of the sphere.
Solution : The equation of given sphereis
X2+y2 +72 -2x +4y -6z 2 D.

Here =-1f=2h=-3andc=-2
\ Centre of the sphere = (1, - 2,3)

Radiusof thesphere= 1+ 4 +9 +2 =4
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The Sphere

The distance of the point (2,3,4) from centre

=J(2-172 +(3 2 4 37 33

As 3,/3 > 4, thepoint (2,34) liesin the exterior of the given sphere.

Q CHECK YOUR PROGRESS 36.1

1.  Findtheequation of the sphere whose centreis a the origin and whose radiusiis 5.

2. Find the centre and radius of the sphere
3x2 +3y2 +372 - 3x+6y- 92-17=0
3. Findthe equation of the sphere which passes through the origin and

(i) hasthe centre at the point (3,- 3,- 1).
(ii) hes the centre a the point (2,- 2,- 1) .

4.  Find the equation of the sphere which has its centre a the point (3,- 3- 1) and which
passes through the paint (5, -2,1)

5. Forthesphere x2 + y2 + z2 - 6x + 8y - 2z + 1= 0, findif thefollowing paintsliein
the exterior, interior or on the sphere

i) (2-34) Gi)(-1-4-2) (i) (- 1,2,3)

36.2 EQUATIONS OF A SPHERE THROUGH FOUR
NON-COPLANAR POINTS

Recdl that the generd equeation of aphereis

X2+y2 +72 9x Rfy 2z ¢« ¢ .. (i)
This contains four congtants g, f, h and c. If somehow we are able to determine the vaues of
these congtants, we can determine the equation of the sphere.

If it isgiven that the sphere passesthrough four non-coplanar points, it will give usfour equations
which will enable usto evauate the four congtants.

Let (X3, Y1, 21), (X2,Y2,25 ), (X3,¥3,23) ad (X4, Y4, 24 ) befour non-coplanar points.
These pointswill stisfy equetion (i) asthey lieonit.

\ xP2 +y2 +z2 29« 2fy; hz; o+ = .. )
X2 +y,2 +2,2 2k, Bfy, 2z, & & . @)
x32+y32 +232 +20x3 Rfys 2hzg e+ ¢ .. (3)
X2 +y2 +z,2 2gx, 2y, 2hz, & & .. 4)
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Solving (2), (2), (3) and (4) for g, f, h and ¢ and substituting in (i), we get the required equation
of sphere as

x2+y2 +22 x y z 1

2,2 2
X1"+ty)” +z1° Xy z1 1

Notes

2 2 2
Xo© +yp~ +Z)° Xp ¥y 221 =0

2 2 2
X3~ +Yy" +Z3" X3 y3 231

Xg® Y +24 Xq Y4241
Note : The student is not expected to evauate the above determinant.
SENERAE Find the equation of the sphere passing through the points (0, 0, 0) (1, 0, 0),
(0,1,0)and (0, 0, 1). Find dso itsradius.
Solution : Let the equation of the sphere be

X2+y2 472 gx Rfy 2hz & O .. (i)

Since it passes through the point (0, O, 0)
\ c=0
Again (i) pass through the point (1, 0, 0)

1
\ 1+0+0 ¥2g ® & 6 Oorg= 5 [Asc=0]
Similarly, since it passes through the points (0, 1, 0) and (0, 0, 1)
1
wehave, f = Ladh=-2
2 2

\ Theequation (i) reducesto x2 + y2 +z2 -x -y -z =0

which isthe required equation of the sphere.

Radiusofthesphere=\/1 +l +1 -0 =\/—§
4 4 4 2

| SENCKNA Find the equation of the spherewhich passesthrough the origin and the points

(21,-1), (15,-4)and (-2,4,-6).Findits centre and radius.

Solution : Let the equation of the sphere be

X2+y2 +72 29x Rfy 2hz & ¢ .. (i)
Sinceit passes through the point (0, 0, 0), c=0
Again (i) passesthrough the point (2,1, - 1)

\ 22+12 +( 1) #g ®f 2h ©
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The Sphere

or 6+4g +2f -2h =0
or 3+2g +f -h =0 . (i)
Smilarly, asit passesthrough the points (1, 5, - 4)and (- 2, 4, - 6)
Wehavehave 42 + 29 +10f -8h =0 . (iii)
56- 49 +8f -22h =0 L. (iv)
Substituting the vaue of h from (ii) in (iii) and (iv) we get,
42 +2g +10f -8(3 +2g f) ©
or 18- 149+ 2f =0
or 9-7g-t=0 (V)
and 56- 4g +8f -12(3 +2g ) B
or 20- 28g- 4 =0
or 5-79-f=0 .. (vi)

Solving (v) and (vi) forgandf,weget g =1, f = -2.

Putingg=1and f = -2 in(ii), wegeth=3.
\ Therequired equation of the sphereis

X2+y2 +72 +2x -4y €z ©
Centre of the sphereis (- 1, 2,- 3).

andradius:«/(l)2 + 2) 32 o =14
Sel]ERERE Find the equation of the sphere which passes through the points (2,3,0),
(3,0,2) (0,1,3)and (2,2,0).

Solution : The required equation of the sphereis

X2+y2 +722 x 'y z 1 X2+y2 +72 x y z 1
22+32+02 2 3 0 1 13 2 3 0 1
32+02+22 3 0 2 1] = 0b 13 30 2 1 =0
02+12+32 0 1 3 1 10 01 3 1
2+22+02 2 2 0 1 8 2 2 o 1
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Q CHECK YOUR PROGRESS 36.2

1.  Findtheequation of the sphere which passes through the four non-coplanar points given
below :
(i) (0,0,0), (a 0,0), (0, b, 0) and (0, O, ©)
(i) (0,0,0), (-a,b, ©), (&, - b,c) and (a, b, - ¢
(i) (0,0,0, (0, 2,- 1, (-1,1,0)  ad (1, 2, - 3)
Find the centre and radius of each of the above spheres obtained.

N

Find the equation of the sphere passing through the points (1-1,-1),(3 3 1),
(-2,0,5) and (-1,4,4) .

36.3 DIAMETER FORM OF THE EQUATION OF A SPHERE

LetthepointA( X1 Yp 21) and B(x5,Y»,2, ) bethe extremities of a diameter of a sphere

with centre O. Let P (x, y, z)be any point P{xy, 2)
on the sphere.

\ PA and PB are a right angles to each other.
Thedirectionratiosof PA andPBare ( x - X1 ), A

{X:y:Z) ¢ :
(y-y1), (z-z) and (x-xp), """ o (*o, Yo, 22}
(y-vy2), (z- zp)respectivey. Fig. 364
Since PA and PB are a right angles.
V(- x) (%= %)+ (Y (Y - y2) Kz m)(z z) o 0
which isthe equation of the soherein diameter form

Note : The equation (i) can be rewritten as
X2+y2 +72 (x; o)X {yr ¥2)y €zx %)z
+X1Xo +Y1Yo 212, B ~(A)
Let ustry to find the equation of the sphere by an alternative method
As O isthe mid-point of AB

+ X + Zi +Zo
\ The co-ordinates of O are & 2 ) Y2 , L 29
& 2 2 2 g

and radius of the sphereis

%\/(Xz - X1)2+ (y2 - )/1)2 +(z '21)2

\ Theequation of sphereis

2 , 2
CGatxo)d 6 (tya)U

é

X A - - =7 .,
g Teé g Té G

2 ua & 2 a & 2 a

D> (D~
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The Sphere

(x2 'X1)2 +(y2 -y1)2 +(2; '21)2

_a&Xo - X 9 aEY2'Y1o +aezz'2192
& 2 5 8 2 5 & 2 b

which on amplification gives

X2 +y? 422 (x #o)x {y1 ¥2)y €z #)z

eae><z+x102 Xz % %, Yo 8188 YD -v1
TS e 276 2§ & 2 o
+8922+2162& Z - g Zl‘:l_o
— =+ C, = U=
& 2 g fe 2 2 g
or X2+y2 472 (xg ™o)X {y1 ¥2)y €z %)z
1
+Z(4X1X2 +4y1y, Hzz,) D
or X2 +y2 472 (xg o)X {y1 ¥2)y €z %)z

+(XXg Y12 #12p) B
which isthe same as (A) above.

=SenldlRRR Find the equation of the sphere having extremities of oneof itsdiameter asthe
points (2,3, 5) and (- 4, 7,11) . Find its centre and radius a so.

Solution : The required equation of the sphereis
(x-2)(x+4) +(y -3)(y -7) {z 5)(z 11) ®
or x2+y2 +72 #x 10y 16z 68 9

|

Centre of the sphereis (- 1, 5, 8) and radius
= J(-1)? +5% 8 68 =22.
SENNI] Oneend of adiameter of thesphere x2 + y2 + 22 - 2x- 6y - 2z+2 =0

isthepaint (3,4, - 1). Find the other end of the diameter.

Solution : Let the other end of the diameter be the point (xq,y1, z1).
\  The equation of the sphere described on the join of two given points ( xq, yy, Z; )and
(3 4,- 1) is

(x- x1)(x- 3)+(y -)(y -4) {z -z)(z 4) #
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The Sphere

OPTIONAL-1 Jor  x2+y?2+22- (x +3)x- (y1+4)y- (z1- 1)z

Vectors and three

dimensional Geometry +3x1+4y;- =0 .. (i)
Now equation (i) isidenticd with the given sphere
x2+y2+27%2- 2x-6y-2+2 0 .. (i)
Notes Comparing the co-efficients of each terms of the equation (ii)

We have, X; +3 =2 or Xp = -1
yp +4 =6 or yp =2
z1-1=2 or z1=3
and ¥ +4y; -z =2 (i)
X1 = -1, y; =2 and z; = 3 stidy (iii) dso.
\  The co-ordinates of the other end of the diameter are (- 1, 2, 3).

SEnllRNUR Find the centre and radius of the sphere

(x- 2)(x- 4)+(y -1)(y -3) +(z -2)(z B) 9
Solution : The equation of the sphereis

(x-2)(x-4)+(y-1)(y -3) +(z -2)(z B) @
or X2-6x+8+y? -4y 3 ¥2 = 6 &

or x2+y2 +72 -6x -4y b ©
Here, g= -3,f = 2andh =;—

1.6

\ Centre of the sphereis §93,2, " 5, andradiusis

CRCE A

or 1/9+4 +% -5 or %

Q CHECK YOUR PROGRESS 36.3

1.  Findtheequation of a sphere whose extremities of one of the diameter are
(i)(2-34) ad (-5, 6,-7)

i) (2- 3,4)ad  (-1,0,5)
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(i) (5,4,-1) ad (-1,2,3)
Also find the centre and radius of each of the above spheres.
2.  If oneend of adiameter of the sphere

x2+y2 +72 -2x +4y -6z -7 9 bethepoint (-1,2,4),findtheother end of
the diameter.
3. Find the centre and radius of the sphere

(x+1)(x +2) {y B)(y 5) fz 7)(z 3) &

36.4 PLANE SECTION OF A SPHERE AND A SPHERE
THROUGH A GIVEN CIRCLE

(i) Let usfirst consider the case of plane section of a sphere. (a, » c}
222

We know that the equation of the sphere with origin as centre v\\

andradiusrisgivenby x2 + y2 +Z2 =r2...()) ,

Let C (a b, c) bethe centre of the plane section of the sphere
whose equation we have to find out. The line segment OC
drawn from O to the plane through C (ab,c) is normd to the
plane. The direction ratios of the norma OC are a, b, c.

Let P(x,y,z) be any point on the plane section. Fig. 36.5
Thedirectionratioof PCare x - a, y- b,z- c anditisperpendicular to OC.
Using the condition of perpendicularity, we have

(x-a)a+(y-b)b +(z -c)c =0 (i)

Equation (ii) is satisfied by the co-ordinates of any point P on the plane. Hence (i) and (ii)
together condtitute the equation of the plane section of the sphere.

Coroallary 1: If the centre of the sphereis (- g, - f,- h), then the direction ratios of the
norma OCarea+g,b+f,c+h.

Hence (x - a)(a+g) +(y -b)(b #) €z e€)(c h) & ...(A)

and the equation of sphereis x2 + y2 +z2 +2gx #fy 2hz & 0 ...(B)

(A) and (B) together, in this case, condtitute the equation of plane section of the sphere.

Corollary 2 : The plane section of a sphere by a plane passing through the centre of the
gphereiscaled aGreat Circle. You can seethat

(i)  thecentreof thissection coincides with the centre of the sphere. Y ou may note that a
great circleisacircle with greatest radius amongest dl the plane section of the sphere.

@) theradiusof the great circleis equa to the radius of sphere.
Now we consider the case of the sphere through a given circle.

(2) Let us consgder the sphere
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Sox2+y? +72 gx Rfy 2hz & G 00 .. 0]
adtheplaneL © IX+my +nz +k 6 . (i)

Equations (i) and (ii) together represent the equation of acircle, being the intersection of S=0
andL =0.

Theequation S+ [L =0, L. (iii)
where | isacongant, gives the equation of the sphere passng through the circle given by (i)

and (ii) together, for S+ |L =0 is satidfied by the co-ordinates of the points lying on the
circle.

el Find the centre and radius of the circle given by the equations

x2+y% +7%2 -6x -4y A2z 36 B, x+2y-2z =1

Solution : Let So x2 +y2 +72 -6X -4y ¥2z 36 ® 0 .. 0]
Lex+2-22-12=0 .. (i)

(1) and (ii) together represents the equation of acircle.

We have, ( radius of the circle)2 = (radius of the sphere)2 - (perpendicular distance from the

centre upon the plane)2

The co-ordinates of the centre of (i) are (3,2, - 6)

\ Redius=,/32 +22 { 6)° 86 <85
Perpendicular distance from the centre (3,2,- 6) upon the plane (i)
13+22-2(6) -1_,
V2 + 2 +22
\ (Radius of thecirde)2 = 85 - 36 =49 or, radius=7
The equation
x2+y? +72 -6x -4y ¥2z 36 +(x 2y 2z 1) €

represents a sphere passing through (i) and (ii)
The above equation can be rewritten as

x2+y2 +22 (6 - )x -(4 -21)y {12 -21)z 36 - | =0 (i)
o gb- &
Now, the centre of the sphere givenin (iii) ISST,Z- I,l- -
. 2
mdradiusis\/aeG' 0% (212 +(1-6)2 +36 +
& 2 o
. 2
\ 286_2'9 +(2-1)2 +(1-6)* +36 +| 2
(%)
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or 36-12+ 12 +4(4 -41+P) «4( ¥ 12186) 4(36 +)1 186

or 912-72 +144 =0
or 12- 8 +16 =0
or (1 - 4)*=0
or | =4, 4
6- 4

\ The co-ordinates of the centre are g = 2-4,4- é?—gi.e., (1- 2 - 2).

Hence, the required radius and centre of thecircleare 7and (1,- 2, - 2) respectively.

el RINK] Find the equation of the sphere for which the circle given by

x2+y2 +72 +7y 2z 2 Hand2x + 3y +4z- 8= Oisagreatcircle
Solution : The equation

X2+y2+ 22 +7y- 22+ 2+ (2x +3y + 4z - 8) = 0 represents a sphere passing
through the circle given by

x2+y2 +72 41y 22 R B

and 2x +3y +4z -8 =0
The centre of thissphereisgeq - w,l_ 29,
2 ‘g

Thisshould satisfy 2x + 3y +4z -8 =0, asits centre should coincide with the centre of the
sphere

21+ 91

\ -2 - +4-8] =8

or, -4 -21- 9 +8-16l =16 or =-1
\ Therequired equation of the sphereis

X2+y2 472 +7y 2z ® 2x 3y 4z 8 6
o, x2+y% +72 -2x +4y -6z 40 B

Q CHECK YOUR PROGRESS 36.4

1.  Findthe centre and radius of each of the following circles:
() x2+y2 +72 -2y -4z -11 =0and x+2y +2z =15

() (x- 3)%+ (y +2)® z 1)®> 400ad2x- 2y- z +9 =0
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i The Sphere
Show that the circle in which the sphere

x2+y2 +72 -2x -4y -6z =2 iscut by theplane x + 2y +2z =20 hasits
centre a the point (2, 4, 5) with aradiusof /3 units.

dl LET USSUM UP

A sphere is the set of points in space such that its distance from a fixed point aways
remains constant. The fixed point in the space is called the centre and the congtant dis-
tanceis cdled the radius of the sphere.

The equation of a sphere with centre ( Xy, ¥4, z1 ) and radiusr is

(x-x)°+(y - ) +z -z ) =2

Thisiscdled centre radius form of the equation of a sphere.
The equation of a sphere with centre at origin and radiusr is

x2+y2 +2 =2
A genera eguation of second degreein X, y and z represents a sphere if
(i) The co-efficients of thetermsinvolving x2 y2 and 7% aedl equdl.

(i) There are no termsinvolving xy, yz or zx.
The centre and radius of a sphere

x2+y2 +22 9gx efy 2z o cae(-g -f,-h)
and ng +f2 +h2 -c respectively.
The equation of a sphere through four non-coplanar points

(X1 Y1, ) (X2 Y2, 22), (X3, Y3, Z3) and (X4, Ya, 24) IS

X2+y2 +72 X y z
2 2 2

X{7+y1" 3~ Xy Y1 71
2 2 2

X"ty +Z" Xo Yo  Zp

2 2 2
X3" ty3 tZz X3 Y3 Z3

N e
I
o

2 2 .2
Xg~ tys *Z4 X4 Y4 zyp 1

The equation of asphere, with (x4, y1, 7 ), (X2, Yo, Z5 ) asextremities of adiam-
eer, is
(x- x)(Xx- x2)+(y -y1)(y -¥2) H(z -z1)(z -z2) 0.
The plane section of aspherewith origin as centreand r, the radiusis determined by joint
equations :
x2+y2 +Z2 =r2anda(x- a)+b(y -b) +c(z -c) =0

MATHEMATICS



The Sphere

The sphere So x? +y? +72 +2gx ®fy #2hz & 0 and the plane
L°Ix+my +nz +k =0, together represent the equation of acircle being intersec-
tionof S=0andL =0.

Theeguation S+ |L =0 represents the equation of the sphere passing through the
circlegiven by S=0and L =0 together.

e SUPPORTIVE WEB SITES

http: //mww.wikipedia.org
http: //mathwor|d.wolfram.com

q'l TERMINAL EXERCISE

10.

11

Find the equation of the sphere which passes through the point (2, - 2,3) and which
hasits centre at (O, O, 0).
Find the co-ordinates of the centre and the radius of the sphere

2(x2+y2 +22) -4x 46y -5z D
Find the equation of the sphere concentric with

x2 + y2 +72 -2y - 4y -6z -11 =0 and withradius 10.

Find the locus of a point which moves such that the sum of the squares of its distances
from the points (1, 2, 3), (2, - 3,5) and (0, 7, 4) is 147.

Forthesphere x2 +y2 +z2 #2x 4y 6z % 6, findifthepoint (1 - 1,3) lies
intheinterior or exterior of the sphere.

Find the equation of the sphere passing through the points (0, 0, 0), (1, 0, 0), (0, 2, 0) and
(0, 0,3).

Find the equation of the sphere having extremities of oneof itsdiameter as (- 1, 2, - 3)
and (3,1,- 1).

If oneend of adiameter of thesphere x2 + y2 +z2 - 7x -3y +1 =Histhepoint (4,

5, 1), find the other end point of the diameter.
Find the equation of the sphere passing through the origin and cutting intercepts a, b and
¢ from the positive directions of the co-ordinate axes.

Find the radius of the circular section of the sphere x2 + y2 +72 =49 by the plane
2X +3y -z -5/14 =0.

Find the equation of aspherefor whichthecircle x2 + y2 +2 =4, x+y +4 =0is
agredt circle.
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B) CHECK YOUR PROGRESS 36.1
= 39 ; radius = \/5—75
12} 6

Noes | &+ X2+ Y2 +22 =25 2. Centre: o' 1’5

3. () (x-3)%+(y +3f #z 1f 9
(@) (x- 2)%+ (y +2)> Hz 4 8
4. (x-3)%+(y+3f Hz 4 9
5. (i) interior (i) on the sphere (i) exterior

CHECK YOUR PROGRESS 36.2

i b co. Va2 +b? +c?
1. | 2 2 2 . &E M
(i) x4 +y* +z¢ -ax -by -cz =0, 3’ 2 2 >
X2 +y2 #2 x 'y z
- J - — - —=0-
(")a2+b2 +Z a b ¢
e +b? +@ R HE 2 R B R
S22 ' 2 T 2 4
2
aZ+b® +c +02\/b2 +c%a? +a%h?
2 abc
7 1 175 /339
2 1y2 4,2 el
(|||)6(X +y< +z ) H4x Ry 34z @:,8 6 660 ¢
2. X2 +y2 +72 X y z 1
3 1 -1 -1 1
19 3 3 1 1 =0
29 -2 0 5 1
33 -1 4 4 1
CHECK YOUR PROGRESS 36.3
, e 3 3 I . V2Bl
1 (@) x2+y2+22 +3x -3y 3z 56 9; 8 5 2 oy 2
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) el 3 9% . 19
(i) x? +y? +22 -x By 9z 18 ©:§, o T,
(i) x2+y? +7%2 - 4x -6y -2z =0;(231); V14
2 3 6 105
] 2204 8,2
2. (3-62) 3 g AEI
CHECK YOUR PROGRESS 36.4
1 ()L34); 7 (i) (-1,23);8
TERMINAL EXERCISE
3 5  ~NTT7
1 x2+y2 +72 =7 2. ?-E’Z+’T

3. X2 +y2+2% -2x - 4y -6z -86 =0

4, x2+y2+272-2x- 4y- 8z -10 =0
5. Interior of the sphere

6. x2+y2 +72 -x -2y -3z =0
7. x2+y2 +72 -2x -3y #z € ©
8  (3-2-1) 9.

10. 26 11.

X2 +y2 +72 -ax -by -cz =0

X2+y2 +72 +x 4y 12 6.
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