9 ' PARABOLOIDS
J o

| THE PARABOLOIDS
The surface represented by the equation

a’ + by’ =12z, (1)
. central conicoid as it does not possess a centre i.e., there is no single point
vsl}oltl iti)isccts all chords of the surface passing through itself.
P There are two different types of paraboloids represented by the equation (1),
coording to the coefficients a and b have like or unlike signs. They are known as

oloid and the hyperbolic paraboloid and their standard equations

§9.0

i elliptic parab
¢ written in the forms
2 2 xZ XZ_
2 Y —2; and A7, 22
&L b = %b

tespectively.

{1902, THE ELLIPTIC PARABOLOID |
The section of the surface represented by the equation

2 2
X 4L =12,

2 b2
' : is g ations
{ byaplane paralled to the'xy—planze, is given by the equ
| 2

S

e k, "—2" St 2 ﬂ(’
a b

which [epresent an ellipsc Wlth itS CCHU‘G

1 Onthez-axis, and its axes parallel tox——allllld
1 ~coordinate axes. The ellipse is.real 0 r};
{ Menkis positive, so that there 1s 00 151::21

; -~ of the surface below the xy-—pl'fmc. i X

'ff“_‘;',?iﬁesfmmo to o, the ellipse mcrez:ls:3 ’
; 1115126‘, from a point- ellipse at 0 t0 0

1 Winite dimens- ions.

1 The surface is therefore

1 % 2 variable cllipse parlc
‘and onseqt}cnﬂy )

lang and is ©

Scanned by CamScanner

T el

avcanw

vhats S WA AR

122 Yemina allatbnd fMa !



—Jy,

/

kZ

9 2 At

ik, positive oF ncgative. Thc sizc of. this Parabg], |
from the origin as k increaseg oy Tepy:

. L3 - “ O
which 18 real for all values m )
P

' i os [arther away

: oy only it MOVCES fart : igin :
%‘;t‘l{s‘:ﬁ; i lhz case with the scction pa.rallcl lo'thc yz—plane. Thus the parabg?l{y,_
is ‘ﬂqn gcnbratcd by a variable parabola in tWO different ways. Y

When a = b, the surfacc becomes a para

boloid of revolution, formed by reyyy
oby

the parabola

2 2
y=0x"= 2a” 2,
about the z—axis.

§ 9.03 THE HYPEROBOLIC PARABOLOID
The section of the surface represented by the equation

2 =2
& b
by a plane parallel to the xy-plane is given by the equations
2 2
X ¥
=ik, = n = 2K,
2 2

which is a.hyperbola, similar to the elliptic section of the previous surface. But
hyperbola is real for all values of , positive or negative, changing into the conjugite}

h . : : o}
oﬁggsola as k changes sign. When k is zero, the hyperbola degenerates into the pzur‘

=0+
Z= =
O’a_b 0,

which are parallel to the aysmptotes of all hyperbolic sections.

The surface is therefore ]
— generated by a vari lel to the?
xy-plane and it is called the hyperbolic pamngOidVarlable hyperbola paralle __‘

The section of the surface by planes parallel to the zx—

similar to the section of the elliptic paraboloid

or yz— planes is a parabolé
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" pAHABOLOlD AS LIMITING FORM OF CENTRAL CONICOID

9'0 . L o H I v \
§ e elliptic P! aboloid can be c_cmsndcrccl as the limiting form of the cllipsoid
oy crlaol‘md of two sheets, while the hyperbolic paraboloid can be obtained
o: the imiting form of the hyperboloid of one sheet. This is seen as follows.
a . . = . . .
Changing the origin to the point (0,0, ~c¢), thé equation Pk +
) /112 + 22/62 = 1 of the cllipsoid becomes
Y o) 2 2
) 2 . o 5 s
) z—C
Lt =1, ie. XLy o,z 2z
2 2 2 H 2 2 2 4

Now let a,b,¢ all tend to infinity in such a way that 4.fz?‘/c-+o:2 and

e B Then in the limit it is obvious that the above equation reduces to
2 4 2
X
S+i=2
2
p

which is the elliptic paraboloid.
In the same way, the hyperboloid of two sheets, viz. —X/a" -

2 2
yl/b2 +72/ct = 1 is transformed into 5-2- + y—z = — 2z,
a

shich is the elliptic paraboloid with its axis in the negative direction, and the
hyperboloid of one sheet, viz. ¥*/a" - yz/b2 +z2/¢ =1 is transformed into the
2

hyperbolic paraboloid % -
o

Since the centre of the conicoid, which is the
* origin, moves away to infinity in the limit, we may consi
fo be situated at infinity.
§ 0.05 INTERSECTION OF A LINE WITH A PARABOLOID
Let A be the point (¢, 5, 7) and the equations of a line through 4 be
) il - L:E = z=Y _,

T n

Y
2—-22.

oint (0, 0, ¢) referred to the new
der the centre of the paraboloid

_ This line intersects the paraboloi points P and Q whose
| Gistances from A are given by the roots
2 7 (aI2 + bmz) +2r(@aal+b pm :
' Ifthe line through A is parallel to the Z—ax1S,
' ®quation is infinite. Say @, is at infinity, while the other po
Id its distance from equation (1) is given by
' ' el b=
o s , o il e ood P s the extremity of the
. Suchaline is called @ diameter of the paraboloid 2 |

of the equation

2
._n)+(aa2+bﬂ — 2y) =0 (1)
ie,ifl=m= 0, one root of this
int P is at a finite distance,
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2 oint on the surface of the paraboloid, the Langey

There is only clmctg (he diameter through that P"’}‘:‘ Tl}“" point is (p,, E(i:z(’
which is at ri.ght angles meler through the verlex 1 the axis of the pafabol(;;;
the parabolmd an tion therefore reprcscpts a paraboloid referreq ¢, the y,.. B
The standard [egl?paraboloid a5 the z-axis, and the tangent plane ¢ gy vz"‘fs'
g axis Of F 8

as origin, th ¢ principal plancs as co-ordinate plancs.

. NT PLANE (Gorak 1

TANGENT LINE AND TANGENT P orakhpur 2nry, o &

§ 9.06 i )
A (@B 7) lies on the surface (ax” +by = 2z), we have

aa2+bﬂ2-‘27=0, ) 1
Which shows that onc root of equation (1) of art. 9.05 is zero. The ofhe »

et ‘e +bpBm—-n=0.
* alsovsifo: :fn‘: i: (i?:lzo?he ‘;ixcl‘elbccolrgncs a tangent linc to the surface at 4, 1
If \:; eliminate l,,m, n, between this and the' qu:lati?ns of the line, we Bet )
o all the tangent lines through (a, B,7), which is given by
qa@x—-a)+bpy—pF—C-1N=0

ie. aax+bﬂy—z=aa2+bﬂ2—y=y,
ie., aax+bPy=z+Y.

This is the equation of the tangent plane at (@, B,7) to the paraboloid,

locus

§ 9.07 CONDITION OF TANGENCY q.
Let the plane I + my + nz = p be a tangent plane at (, B, 7) to the parabolid 3

ax’ + by’ = 22. The equation of tangent plane at (a,f,7) to the paraboloid &}
aax+bfy—z=y. | 8
Therefore, on comparing, coefficients of x,y,z and constant, we have

aa_bf_-1_

Y
l m n p
These equations give ¢ = — d g _mils vp
_ & an”B bn’” n
Since the point (a, 8, 7) lies on the paraboloid.
Hence, we have

) :
[ m> : r m’
T R A L e
which is the required conditon of tangency.

Also the point of contact is (—L m _p
an’ bn’ n)°

C .
is a tan:gta:,];he Plane 20 (i + my + ng) + /g + m¥/b = 0,
© to the paraboloid for al] va]
Ex. 1. Show that _ values of /, m, n. e
e Zy2 =%, F 'at ' ;he' Plane 2r —4y —z+3=0 touches the P? ;
L) ind 1 ha e . e
.. , -a S° »t‘!,‘f.c_o.(‘):rd.l,nates”ot- the point of contact. 10 i =

(B3
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2
, i
Sol. Using the condition .

m _
¥ b t2p=0,it may be verified. Further the

cquation of the tangent plane at (@,,4) to the paraboloid ax? + by? = 2z is
gex bfy = z.+ Y )
Comparing the equations of the paraboloids, the coefficients @ and b are
a= Z b=—2
¥y 03
then the equation of tangent plane at (,f,y) is %a x — % By=z+y
Comparing it with the given plane, we get
a=3,ﬂ=3,~/=—3,
the point of contact is (3,3, — 3), the point satisfy the equation of paraboloid.

2 2
Ex. 2. Find the condition that the paraloloids x_2 + 1—, = 2—7',
a bf €1
2 2 2 2
x 2z
% + 1—2 = }_z_’ — 1—2- =, may have common tangent plane.
e, by 2 a3 by 3 !

Sol. Let the common tangent plane be & + my + nz = p.
It will be tangent planes to the given paraboloids, if

12 a12 + m2 b12 + 2npc; =0
P a? + m? bt + 2pc, =0
I a32 + m? b32 + 2npe, = 0.

On elementaing the unknown I ; m” and 2np we get the required conditions as

Ex. 3, Find the locus of the point of intersection of three mutually perpendicular

tangent planes to the surface ax® + by = 2z. (Gorakhpur 2004, 07)
Sol. Since the equation of a tangent plane to the given surface in the parametric
vform is (b + my + nz) + Pla+m’/b= 0, we assume that the equations of the
three tangent planes which are mutually at right angles, are
2 2

' l m .
2"r(lrx+m,y+n,z)+—£’Z—+—b'—=0,r-—- 1,73,

and that f, ry,, n, are the direction cosines of the normals to these planes. It is obvious

_ﬂl‘f’”he three lines whose direction cosines are I3, mq, 1, b, Mz na3l3, m3,ny are

“‘Fl:l:tllluaHY'at right angles, then 7y, I, I3 ; my, my, M3 ; 11 Ny, 13 are also direction cosines |
3 of Fmg'mutuﬁy'.pcrpcndicular st. lines. |
o Hence Snl = g n, = 0 and 3 = Zmf = Zny = 1
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e ] ) Ialy[ical f B
On adding threc equations of the tangent plancs, we get Gc%q 1

wEn, by + 2y Zmphy + 2z Enf + %2[3 + %Zrnf =0

2Z+1/a+1/b=0
Hence the required locus is 2z + 1/a + 1/b = 0, which is a p|,
to the axis of the paraboloid. 1€ at righ, g i
&3

EXERCISE

ie.

1. Show that the plane 8 —Gy—z=3 touches the paraboloid x2/7 __ 2
and find the coordinates of the point of contact. IREETY :

2. Ghow that the plane k+my+nz=p touches the paraboloid g 4 ;2
by® <

2 2
if £a— + -’1’;— + ZECE = (), and the point of contact is then
(— lc/an, — mc/bn, —p/n.)

3. Prove that the equations to the two tangent planes to the
Surfagy |

a’ + by2 — 2, which pass through the line u=k+my+ n;
) )2 “p=
g =Ix+my+nz—p = Oisu %+%—+ 20'p’

. omm' 2 P oom
! ! ! ' _
- 2uu (—a+ b + np +np)+u —a+-——b + p| =0,

4. Find the condition when plane &x +my +nz=p touch the paraboloid |

x2 )’2 22 |
S+t53=72 (Purvanchal 2005)
a b ¢
5. Find the locus of the point of intersection of three mutually perpendicular
22
tangent planes to paraboloid % - Lz- =2
a- b (Gorakhpur 2009)

§ 9.08 THE POLAR PLANE

Let A be the point (2, f,7), an
x—a_y=f_z2-¢_,
[ m n
where /,m,n are its direction cosines. If this line 1
a’ + by2 + 2z at points P and Q then AP and AQ are roots 0
9.05. Therefore

d the equations of a linc through A be

nterscct the PambOlold

f cquation (1) of ol

—2 (acl + bpm — 1)
al® + bm* ’

AP +AQ =

\ ; 2. .42
N AP.AQ:aa -;—bﬁ -—22}'
al® + bm
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vPﬂfabo
| /Ij;;é,ﬂ, §) is a harmonic conjy
{ , o line 4PQ. Then
ZAPAQ 2. 2
AR =-2C0  aa” 4 ppt - o,
AP+ A0 ™ ™ aaly b =

b—a_1=8_t-y_

nd l m n AP

Thereforel . AR =§ —a,m . AR = n-B,

On eliminating /, m, n, we get
aa(§—a)=bp(y ~BE -y +aa2+b132_2y=0’

{ic., aa§+bﬁn—§—y=0,
Hence the locus of R is

| acax+bfy=z+y,
{ which is the polar plane of (a,B,y
'159.09 THE POLAR LINES

The polar plane of any point (@+ir, B+mry+ nr) on the line
X—a_y=f _z-y
l m ~ on

gate of 4 with respect to P and Q and lies

Pl.AR=§—-y,

) with respect to the paraboloid ax® + by’ = 2.

¥ith respect to the paraboloid ax® + by2 =2z, is
ax(e+I)+byB+mry=z+y+nr,

{ie, (aocx+bﬁy—z—y)+r(abc+bmy—-n)=0

j This plane, for all values of r, passes through the line of intersection of the
{ Planes @ax+bfy=z+yandalk +bmy—n=0
{ Mhich is the polar of the given line.

11510 ENVELOPING CONE
q . x_a_!!—gi_z—y ..-1
- Let the line T - m  n @

] ;ihlérsect the paraboloid ax’ + by2 = 2z in two coincident points, >0 that the ﬁn? is a
Flanger ling' ol (@,fB,7) to the paraboloid. The condition for this is
il My

L

)

i 2 2 = —n ) .
| +"II‘)(:n ol))t(:iz t:eblfcu-; %))t{)tl:e(faifg;f i?rr:;s, Wt)3 eliminate /,m,n, from (1). Thus
& Quation of the enveloping cone is
| Ge-orrro-pireceor-m
| —faa@—-a)+bBO-BH =N
ﬁi'c.l?bnzrsimpliﬁclation becomes
@R 2) (@t +bfi - )= @ +bPy
3 e synﬂ’(’lshavmg their ﬁs;lal meaning i€

T of - 2 g2

—z=7),ie, S5 =T

_2},,7*=aax+b,3}"2‘7
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§ 9.1 ENVELOPING CYLINDER

ul.'()}n ',; b

\

As in the preceding Article, the linc z l 2= mﬂ = ETV. 5 2 tangey ol
(a12+bm2) (aa2+bﬁ2—2y) = (acl +bpm —n)z. |
The locus of the tangent lines parallel to the fixed linc x/1 =y, =Z/n-"
thercfore given by V1§
(aI2 + mbz) (wc2 + by2 — 2z) = (alx + bmy 11)2
which is the equation of the enveloping cylinder.

§ 9.12 SECTION WITH A GIVEN CENTRE
If (a,B,y) is the middle point of the chord whose cquations are
x—a _y=—f_z-v
I ~ m  n’

the equation (1) of § 9.05 has equal and opposite roots.

Therefore  aal +bpm—n=0.
Hence the locus of all chords which are bisected at (e, f,7), is the planc
aa(x—a)+bfy—-PF)—@z—-v)=0.
This can be written as T = Sq, where T and S have their usual meaning,
The section of the paraboloid by this plane is a conic such that all chords
through (a, B, ) are bisected at it, i.e. (@,f,y) is the centre of the conic.

|

i
|
:
‘
1
|
-
_

= ’ s
e e

§ 9.13 DIAMETRAL PLANE (Goralpur 2004)

Let the chords be parallel to a fixed line OP whosc cquations are

x/l=y/m=z/n.

If (@, f,y) is the mid-point of any one of these chords, we have

aal+bpm—-—n=0. 1

Thus the mid-points of all such chords lic in the planc 1_

alc + bmy —n = 0. "

This is the diametral plane of OP which is parallel to z—axis.

If OQ is another line given by x/I' = y/m’ =z/n’, which is parallel to the ¢
diametral plane of OP, we have |
all' + bmm' = Q. A1) 4

The symmetry of this result shows that OP is parallel to the diametral plan® of
00, and therefore the diametral planes of OP and OQ are conjugate to each other:

Ex. 4. Show that the planes x + 3y =3 and 2x —y =1 are conjugate diametral 1

planes of the paraboloid 2% + 3% = 4z, ~
Sol. The equation of any diametral plane with respect to the par aboloid
_arz +'by2=22is alk +bmy—-n=0 _
In this case @ = 1,0 = %, therefore the equation of diametral plane is

2k +3my —2n=0.

T S
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Let this plane and the given plane x + 3y — ]
the cocfficients, we have Y = 3 are same planes, then comparing
- - . or Lt _m_n
2 3 1251 37

ie. the direction cosines of the chords which are bisec
are proportional to 1, 2,'3. It can be seen that these chords are parallel
2¢ —y = 1. Hence the given planes arc conjugate diametral pla:cs. £ (e plan

Ex. 5. Prove Fhat any diametral plane of a paraboloid cuts it in a parabola
and that parallel diametral planes cut it in equal parabolas. ’
Sol. Let the diametral planc of the paraboloid

ted by the plane x + 3y = 3

ax2 + by2 = 2z. (1) l-

which bisects chords parallel to the line '
x/1 =y/m=2z/n w(2)

alx+bmy —n=\, (3 !

To prove that the section of the paraboloid by the plane (3) is a parabola, it is
sufficient to consider the projection of the section on a coordinate plane; for the
projection of a conic is a conic of the same specics We shall take the projection on
the yz — or zx —plane but not on the xy-plane in this case, for the plane of the section
being parallel to the z—axis, thé projection on the xy-plane reduces to a straight line.

Now the projection of the section of the yz—plane is obtained by eliminating x ‘r;
between the equations of the paraboloid and the plane of the section. Therefore the
equation of this projection is

a(bmy — n)z/azl2 + by2 =2z, ie. (bmy-— n)2 + al’ (by2 -2)=0
Jie. b(al'2 + bmz)y2 — 2bmny + n® = 2al’z.

This is obviously a parabola whose latus rectum I.?alz/b(al2 +bm®) is inde-
pendent of n.

Hence it also follows that sections by parallal diametral planes are equal
parabolas.

A AR T EOTT AT T L

EXERCISE

The plane 3x + 4y = 1 is a diametral plane of the paraboloid % + 6y° = 2.
Find the equations to the chord through the point (3,4, 5), which it bisects.

gt 2 2
Show that the centre of the section of the paraboloid ax™ + by™ = 2z by the
Plane x + my + nz = p, is the point

1 _mE 2
an’ bn’ 2|’

6. Find the locus of points from which three mutually perpendicular tangent lines .
can be drawn to the paraboloid axz =+ by2 = 22, (Gorakhpur 2007)
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7. Show that the planes x+my+p =0 and'lx+my+p: =0 o - ety &
: . ! ' n ,':;
diametral planes of the parabolaid ax* +by2 = 2cz, if .1‘12_ + _mbi - gy,
§ 9.14 NORMAL |
The equation of the tangent plane at (g8, 7) to
ax2+by2=?z, isaax+bfy=z+1.
Therefore the normal at (e, 8,7) is given by the equations

x=a_y-f_z-y
aa ~ bB -1

where a a,bf, — 1 are the direction numbers of the normal.
§ 9.15 NORMALS FROM A GIVEN POINT
The normal at any point (x/, y',2') of the paraboloid, is

x—x’_y—y’=z—z'
ax' by’ -1

If this passes through a given point (, 8, ), we have
a=x B-y y-z

(Gorggy, ur 24 -
the g 2
Pitabuiyy §

axl byl o 1 =r (SaY)) N}
[ a cy! = L :
We get x—1+ar,y T+ppZ =7 +r

But (x',y",z') lies on the paraboloid. Therefore we have

aa’ bﬂz i
!

+ =20y +r).
A+a® 1+ ( )
This being a fifth degree equation, gives five values of 7, from which it follows
that there are five points on the paraboloid, the normals at which pass through the °

given point (a, 8, ). In other words, five normals in general can be drawn to a paraboloid
from a given point.

§ 9.16 CUBIC CURVE THROUGH THE FEET OF THE NORMALS
If the normal at (x’, y',z"),

to the paraboloid passes through a given poit
(2, 8,7), we have as above |

f = '-_-'_L L7 '
‘x 1+ar’y 1+br,z —'}’+r. |

. : ed
Thus the parametric €quations of the curve passing through the feet of & |
normals, are ' 4

K Syt o P
1+ar’y_-,L-i_7br’z=y+r'

X =

The points where this curve meets a given plane, say ux + vy + wz +4 = g
- determined by the equation

ua + ‘Ué

1+ar 1+m+w@+ﬂ+d=&

a |
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A
/:c;l;nc in 7, which gives in general three values of r, Therefore the plane

Th;s 15
] s the curve in threc points, i.e. the curve through the feet of the normals is a cubic

1"”6 The feet of the normals from («, 8, ) to the paraboloid are the intersections
e parabolmd and this cubic curve, .

\Ai"9. 17 CONE THROUGH THE FIVE NORMALS (Gorakhpur 2006, 15)

| iftheline k= @)/l = (y = f)/m = (z — y)/n is the normal at (¢, ', z') to the
;Wbolold: it must be the same as
: y = .Y I m
= : T = =10
| . by . 1 herefore o by =TT
| substituting the values of x',y’, forms § 9.15
] (+ar) _m@+b) _n
ac b T -1
| 1/a+r=1/b+r‘_—1_1/a—1/b
& a/l B/m "~ 1/n" a/l-B/m
a 1 1)1
Hence 7" '}% = - (Z - E); , and the locus of the normals is the cone
a B b—a
x-a y-B ' dG-7n "
The five normals from (e, 8, 7) to the paraboloid are generators of this cone.
Ex. 1. Two perpendicular tangent planes to the paraboloid /0 + yz/b =2z

It;rsect in a straight line lying in the plane x = 0. Show that the line touches the
bola x = 0,y = (a + b) (22 + a).

Sol. Let the straight line in the plane x = 0 be given by the equations

! x =0,my +nz =p,

1t two planes through this line be

| bt +my+nz=p and 1’x+my+nZ=P

:. 2
- These are the tangent planes of the parabolOId =t % 2t
: 2 a

al? + bm? + 2mp=0 and al’ +bm’ +21p =0.

Theref(’fe P=1?ie,1=-1I.
L [Note that 7 = 7', ;'or otherwise the two planes would become 1dcnt1cal]
F“Tﬂlcr the two planes are at rlght anglcs if
W mEnt =0,

erefore 2 = m? 4 n?, ie. a(m’+n’)+bm’ +2p=0
he;cquatlons of the hnc now become
: = x= 02:z(my+n2)+a(m +")+b’" =0,
R x -0, (@ + bym® + 2mny +(Z+ ayn’ =0,
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Hence the enevclopc of the line is the locus given by the Quatiy
x=0 and y = (@ + b) (2 + a),

which respresent a parabola.
Ex. 2. Prove that in general three normals can be drawy from 4 ag
Ven o

to the parabolmd of revolution x> +y + 2az, but if the Point lies on fy, |
© Suy

27a (x +y ) +8(a - z) = 0, two of the three normals commde
| Sol. The normal at (x ,y's2") to the pa:aboloxd 2+ y =2z, is

=y y = .
x' y' -a
This passes thiough a givcn point (a B, 7), if
, Ay —}( say,
x y' -a
so that we have @ —x' = 1, ora X(1+A)ie,x' =a/(1+1),
and similarly =B/(a+A),z' =y +al.

Now the point (x’, y, z’) lies on the paraboloid. Therefoere

a® +ﬁ =2a(y +ad) (1 +l) A
which being a cubic in A, determines three values of A, and so three points on
paraboloid, the normals at which pass through the given point.

The equatlon (1) has two equal roots 1f fA)=0,f"(A) =0, where
F@)=2a(y+al)(1+1)° - a®— g~

Thus 0= m@a+f)+@+d)2a+n}
e, a(l+)+2(y+al)=

ie., 1+A=L+ =a(1+'1) (}’+al) u
-2 a —Za_.a 3
2
ie., 27a (@ +B)=8(y - a)’,

Hence if the point (o, 8,7) lies on the surface
27a(x +y) 8(z—a) ,
two of the three normals drawn to the paraboloid coincide.
Ex. 3. Show that the feet of the normals from the Point (o, 8, y) to the parabtl ',
2+ y = 2az lies on the sphere

2 2
2 a +é
x2+y2+z —y( 28 ]—z(a+y)=0‘

Sol. Normal at any point (x',y’,z') to the given Paraboloid s given by_
equations &
y=y _z=2z

o - a o
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. s throueh (2,,), then
ff )

a-x _B=y _yv-z

@ B,

= T= _c:z =j£y)=x’;1+l’y 1fﬂ’z y+al
m’1+1”'+“’1)

| lies on the paraboloxd; therefore :

) ) capra
a2+ﬁ2=2a(y+wl) (1 +2)2 (1)
© given sphere i

(ITI)2+ (1—%)2+(y+a1)2~;‘% (&\;ﬁ)-(ywz)(aw):o
%}%~%‘%+(y+al)(y+d-—a-y)=0

zoiia; @12

2(1113)2 [(a2+ﬁ2) ~2(+ay

g feet of the normals are
{

‘“(1‘1)(}'+al)=0

+1)2] =(

“2+ﬁ2-2a(r+az)(1+
A=

1)2 =
ich s same as (1),

C cruve through the feet
a givep Point, Jjeg on th

of the NOrmalg drawn a parabg]p;
€ Ccone through the DOrmals e vef. oo

S

MG

~land had _been allotted

B ¢ 1 11 Ra Vo poTe—
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Xt « pou i he equation of normal at (o, £, ) iy
[Hint : p 7 2+b2ﬁ2+1.ﬂ] €q |

- y—f _z—1
direction cosine form arc ——— = b8 = k

4 4
2
Since z = 0 is the tangent plane at the vertex, so 7 =y /p.]

N B
Find the cquation of the normal to the hyperbolic paraboloid 2x™ — Jy? = 1}
at the pomnt (2, 4, — 4). (Gorakhpur 2013)
Find the equation of normal at a point (a,f,y) to the elliphic parabolo

2 2
T+l=2
a b (Gorakhpur 2014

S—

Scanned by CamScanner



