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212, Cylinders @d Quadretic Surfaces
by KaH-y Yockman

Q_e'__.‘o' A trace s the sef oF POI‘I’\'ILS at which a surface
ntersects o plane that s 'Para“e_( to one
oF the coordinate planes.

Xy -trace ! intersecton with 2 =0 (the xy—;ﬂan&)
\_{z_-—-i-mm; intersection with X=0 (+he yz—p!ane.)

XZ - trace: infevrsection witA N =0 (the Xz—P)ane)

Note! Thtersecton with coordinate oxes
X-axis + det Y:O ond 2=0
\/'oux{s'. Set x=0 ad 2z =
z -axist Set x=0 and y=0

Def. A cylindee is a sucface that consists of all
lines that are pam\\e.l to a given Iine and

pass +hrou<?f"\ o aiven curve.
Ex. N = x &
Because +there is

ne. r‘es‘h‘l c:horl on 2}
thi's rtace consists
of all [ines parall ICT
to Hthe Z=oXIis Fhat
pass Hiro the,

curve y=%&2 (in the
xy - plane).

Ex x® rzf=b
No re,sh"nchon on v,
So [1N —AXIS
H’\rouih 74 & c,mae. '
> ke o |

R~ p\amz_) !
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Sticky Note
Lecture Note by Katty Yochman
(Section 13.6)


Ex. x-sinz =0

See H% 13,82 (below) from Pﬂ' 857 of +he text

DCF'. Quadr"a‘{'fc. SLL'r‘F’aCe-S have, 'Hfle. %&nuaf For-m
Ax?+ By2+ C2% +Dxy+* Exz+ Fyz + Gx+ Hy + Tz+J=0
where  not all of A B C)D,E, and F are O.

We wi focus
D=E=F =0.

on a smaller class whure

Note ! ax + by *rcz =d is a plane
~ T — .
all variables |ingor — l‘_\_-‘i*' a Cy_;.aolm.ﬁc. surface.
x® +y2 ¢ 22-2 |5 a gphere
yioptart is o spher
all 5c.buare<1 — Quadrohe Surface

Also, some. cyh'nd_u-s acre ovu.a&r* atic surfaces
(like \{'-"-XQ' and x2+22=U4", put x=snz is not).



De f. Ellfpsofols hove the Porm %;4— —%;- + —Z’—; =1,
Al( f"rac.es oxre. e.“l'PSC.S_ A 5Ehe,re_ when a=b= C.

Ellipsoid
x2 22
@ rte?

Traces

In plane z = p: an ellipse —_ . .
In plane y = g: an ellipse — EHIPSOPOI
In plane x = r. an ellipse ~

If a = b = ¢, then this surface is a sphere.

2 X, % i

Elliphc paraboloids have the form &= 2= + %=

T—maes N two cﬂjred-eons ore. Pambolas. In 4—k;%

=
case) whan y=0: &= 25 and whan x=0:Z= Yz,
Troces in one Jdirechon are eélipses. Tn +his

Erf;f‘ case, when z=c; {= X2 +

o

o ! ° A
50 When  2=0, +he “ellipse* (s +he point (0,0,0).

o

Elliptic Paraboloid

55
BZ
Traces

In plane z = p: an ellipse — E_ |l I‘P'H.c.

In plane y = g: a parabola ~__ '
In plane x = r: a parabola — Para bOL?L‘i

The axis of the surface corresponds to the linear variable.




I’i"IPC-r*boI:t parabolo ids have +he &m E:—ﬁ% —_ %ﬁ

c.
Traces in +wo direchons are para bolas. Tn +hs
case, whan y=0: 2 = X2 a2 2
) V=20 i &= S7 and whan x=0: -—#,

.
Troaces in one Jdirechon 2c:nme. hy perbolos. Th fus
case, when z=c i {= X1 — '\*),,T )

o
Hyperbolic Paraboloid

5%

Traces b {

In plane z = p: a hyperbola — Hy perDolic
In plane y = q: a parabola .
In plane x = r: a parabola = Para bolor ol

The axis of the surface corresponds to the linear variable.

2
(Eliphc) cones have +he form 2% _ x*  y=

Traces mn two directions pre two lines. Th ths case
fer -~ *=_ y? =l _ lyl '
Eh?; red.wm X=0: 'ET‘%?R = 164“119;[ = Y
s TIIND) - 2% _ XZ lz — Ix[ _
N 5‘%,5\0-'“' Y'—O ) c T a® = lel lal 7~
& . - . LY
V‘}qﬁ\u“ﬁ Traces i one direction ore e',“i pses. In Hus case,
e _ X* & . N
S when z=c: = Xz« %5_ . A%wn, when z=0,
o5

s, the “ellipse® (s +he. point (6,0,0). This point
%*%’m'fs +he center of +the cone.

Elliptic Cone
x? 2?
atw @0

Traces o
In plane z = p: anellipse — E H|p1L| c
In plane y = q: a hyperbola
j_zl._l_ _ Ixl In plane x = r: a hyperbola
cl| ,;_' Tel €—Inthe xz- plane: a pair of lines that intersect at the origin
h‘l In the yz - plane: a pair of lines that intersect at the origin
=

X The axis of the surface corresponds to the variable with a
,=- M negative coefficient. The traces in the coordinate planes
'|zl" M parallel to the axis are intersecting lines.




H\_[Pe,r‘ boloids of one sheet have the Porm

X 2 y % 22

sz vtz — ez = 1.
Traces in two directions are hxrper'bo\as. Tn +his

case, whan y=0: %—-;f-—zg,r:f
. 2 “
when x=0: 5 = 25 =1
Traces in one. direction are ellipses. Tin tnis

. 2 2
case, whon 2=0: %;; + 3% = 1. The cenfer

_ b
of this ellipse |5 the center of the surface.

Hyperboloid of One Sheet

.

Traces
In plane z = p: an ellipse

In plane y = g: a hyperbola ~— :
In plane x = r: a hyperbola ~~ H\{ Pe‘_bDIOIA

In the equation for this surface, two of the variables have
positive coefficients and one has a negative coefficient.
The axis of the surface corresponds to the variable with
the negative coefficient.

Note! Center could be shifted.
For mstance, (x-2)%+ (Y F)® = (2 +a)t=1,

To determine 1€ cone, hypa‘boiaf& of one sheed
o~ hy perbo(oici of hoo sheets, check

X=%2: hyperbola _} .

—-! hioerbol h rbolord oL one sheot
335 Ui i) YperBeeE @ ;




H\!perboloids o-p two shwods have +Hie form
~ x* _\,LE. + .La—‘- =1.

a b+ c

b: c.";
— A X
y=or —Xi.22.p

Traces (n one  direchion are ellipses.

—_—

2 2 2,
%5—1 :*ﬁ—if—%z = I+ -%—';—lio) -C<zec,
the +he eguaton s not
valid, so +Jc'@j~e ace no
traces.
a 2
= When 2 =t¢, O=%z+gﬁi
so +the ‘vertices of the
sheats ore (0,0, ond
(O, O,—C.SJ and the distance
betweon the sheads |5 e,
Hyperboloid of Two Sheets
R
Traces

In plane z = p: an ellipse or the empty set (no trace)

In plane y = g: a hyperbola ~ :
In plane x = r: a hyperbola -~ ]"-Y P"-“'—bb lo

In the equation for this surface, two of the variables have
negative coefficients and one has a positive coefficient.
The axis of the surface corresponds to the variable with a
positive coefficient. The surface does not intersect the
coordinate plane perpendicular to the axis.

Ex, (x-2)* = (y= M- (2 +3)%=
=2 —(y-DE- (2+3)F =1
X C\\{;“'?)z . E%,,g)ﬂ =-| Not POSSl'bfe.
\,-.-.'_f: H'YPU'bDIﬁ (I\Jo‘! 1'1*0.62..)
2. =-3! H\,P&l"bb‘d

Hy perboloid of two sheets
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