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Math 259 ' _ Winter 2009

Handout 3: Classifying Quadric Surfaces

“The key to classifying conic sections (in polar coordinates) was the eccentricity. 1t is possible to calculate similar
numbers that can be used to classify quadric surfaces but this is much more complicated than eccentricity. We will
classify quadric surfaces by the structure of the equaiion for the surface. The formula for each quadric surface is
summarized in the table given below (were we assume that a, # and ¢ are all non—zero constants).

Surface Graph Equation Comments

ElllpSOId - o o ] Sphere is the
2 2 2 case when a
(y"yo) (Z_Zo) _ =b=c.
+ > + > =1 :
b : C The point

(X, Yo, Zp} 18
at the very
center of the
ellipsoid,

Cone _ The point (x,,

2 2 2 , Zo) s the

(-a)f _(-x) -ve) [ b

c a b? the two parts
' of the cone
meet.
If either x or
Y appears as
the subject of
the equation,
then the cone
opens along
that axis
instead.

Elliptic _ One of the

araboloid V2 NRY: variables will
g : TR £ % (x }CO) + (y }’0) be raised to

c at - b* the first
power. This
gives the axis
that the
paraboloid
opens along.
The case ¢ >
0is
illustrated
here.

The point {x,,
Yo, Zo) 15 the
lowest point
on the
paraboloid.




Hyperboiloid
of one sheet

Only one of
the terms will
be
subtracted.
This gives
the axis
along which
the

Ly perboloid
opens.

The point

(%o, Yo. %) I$
at the center
of the
thinnest part
of the surface

Hyperboloid
of two
sheets

Only one of
the terms will
be added.
This gives
the axis
along which
the
hyperboloid
opens.

The point
(X0, Yo Zo) 18
at the
hatfway point
between the
sheets.

Hyperbolic
paraboloid

This surface
has a saddle
shape like a
Pringles
potato chip.
It is also
possible for x
1o be
subtracied
and y added.
The case
c<{is
illustrated
here.




1. Gfﬂp\fj_ﬂg Quadric  Surfaces,

‘ Tweo _pa.mn"a"&) of Quadric Surfaces:

| K3 : z?
Ellipric Parabeloid —

-Zo . ‘Y Xo)t (1 !)z

l.l.,pcrbohlic Paraboloid

29

2720 - (x=X)'_ (y-7a)'
C- a,‘ b‘&






Drawung G'mpln.f O-C Qu.adt‘iCﬁ

Surfaces

o Good things o identify:
o The #ype of sucface.
8 Intercepis (°r’-"‘17/% dxef)-

a 'Hyperbob‘cd (1 or 2 sln.cet\'t)l P
‘P&(&bo'oid ' Qx'u' of Sypnmgal-(‘r.

D Open upwerds o~ down wards?

E )Lampfe
Ske-l-cl-s ‘e set of SaluhoM o :
f(’(z Y,l) = =36 |

f(x,y,2)= -4#2— 772
- =362°,







Exomple . _
Sketch H'\_e. 3!‘4'9‘-\ of *
42* - x* — yz _-_-_- |

Sclufton

® Surface is a hyperbola of
+wo sheets |

e Ax1S of "Symmcky" or ._‘roPaHon “
is the Z-axig

o Intercepts: (0,0,'%) (o,0,9°%)

To 9get the Cross- sechional Shepe

of each sheet of +he hypetbolod,

find  the e?uaHon of a Contour,

E= 4 = x?* -~ yz = |
% 4+ y* = 3
Ci:‘:'e, -

So cross-SecHont are circular



x> + 42°—-(y) = O

Solution | one +erm Mﬂ-

: | . $1uar¢d.

o Elliptic paraboloid.
vy = 4EF' « xZ

o Axis of Symmeky s Y- axis

o Opens aleng posidue Y'dxi'_r_'



o To HFind cress- Sechon,

bl 4% 4+ y¢r = |




2 Formulas for Quadric

- Surfacen.

E%amp!_s_ |

F;ﬂd Ok -po(mu\a &r +he foFace
cceared whea y= X* (in 2D)
1S ho-l-okd Ground +he Yy-axiS
(in 3D). |

Solukon

e

20




This ¥ 0n elliphc pareboloid,
to i¥s foremula will (sok like:
y-Ye (x-x)*  (2-2.)°
b a? c? o
Need 4o Had X, ¥,%., G, b, C.
(e, Yo, Be) {5 Hhe "dop " of 4he bell,
- (0,0,0). Ss:




Eiuah‘o- of conbour (S equah'on
oE circle with redivy 1, i.e,

1 = x* + 23
This ocweurred For Yy =1,
y = x* 4+ 2*

So a = L= ¢C =]



