SURFACES 1N SPACE

GRAPHS IV SPACE OF EQUATIONS 1IN X,y AWD 2, E.G.,

xteyte gtz CKNowWN TD BE A SPHERE )
xty® = (XWOWN TD BE A CYLINDER )
Ax+3y = 5 (KNowN TD BE A PLANE )
2 = xttyt

| 3
x‘n,lwe = 3¢
PLOTIING POINTS To OBTPIN THE CRAPH 1S GENERALLY USELESS,

PROCEDURE : JINTERSECT THE SURFACE wiTH COORDINATE PLANES

(By SETHOG X, ¥, 2 = O ) AND VBRIOVS OTHER PLANES oF ConsTONT
X,y, AND 2 T0 GET CURrES ( TRACES OF THE SURFACE ) 'NDICATING

SONETINES BEST To 1iT1ALLY RESTRICT

THE SHAPE oF THE SuRFACE .
THE GLOBAL

ATTENTION To THE FIRST ocTANT AND LATER DRAW

PICTURE ,

EXPNPLES :

o2 Xyt



INTERSECTION WiTW Y2-PLANE : X:= O
2= oliya‘
2= y*

INTERSECTION wITH X2 -PLANE : Y= O

INTERSECTION WiITH Xy-~PLANE : 2 =0
o = x"&y‘

x,y)=10,0)

A POIVT ( THEORIGIN )

TNTERSECTION WY THE PLANE AT  HEIGHT 2,

2, i,
X4y =2
EnPTY IF 2, < ©

ﬁ P"MT 'F 2’ s o ’//"

A CiReLE IF 2,70 <

2-2,
t x"’y‘: e,
y




GLOBALLY, THE GRAPH 1S A STACK oF CIRCLES CLINBING 0P PARABOL;¢

SIDES ; "BowL"” ( YEcHwIC, '
PES: 5 “ BowL c'rscilmcaug A CiRCcULAR PARABoLOID )

2
2 2,
'b (l/x ‘y - Zo
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o 2
Lo aey
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zzx" \ 5'}‘
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2 2= axt + .?y 2

CRAPH 1S SIMILAR To ) EXCEPT THAT THE CROSS-SECTIONS AT HEIGHT
ELLIPTICAL PARABOLOID

‘ ‘ nol, o L
2, PRE ELLIPSES Ax"+ 3y =2,

3. y = xz'l' lt

A CIRCULAR PARABOLOID, BUT ALONG THE y -AXIS ( CRosS-SECTIONS
AT Y= % ARE CiRcLES X128 =), ). ye 2t




Y. 2= fxteyt

X=0: 2=yt y=o: 2=Vx* 2=2 : Vxhyt =g,
2= \yl z 1X) x"-+y"=a"

A STéCk OF CIRCLES CLINBING LP STRAIGHT LINE SIDES :

cmcutﬁl; CONE

s x: W ELLIPTICAL CONE  (ALONG X-AXIS )

6. 2%=x"+y® cop xPiy-it:0)

TAKE SQUARE RooTS T GET
2= \Ixiiyi oR 2:=-Vxtiyt

So THE GRAPH 1S A DOUBLE CIRCULAR ConE




2z Ix)

2:-1

e

, ‘?’1.
7. -xz-ldyz**i =0

DOUVBLE ELLIPNICAL CONE CALONE THE X-AXIS )

REWRITE AS
2= - wxtiyt) + 4
Bowt

W—J
TNVERTED BowlL

[ - )

oY
TNVERTED Bowl LIFTED 4 uMiTS UP on THE 2-AXIs




SQUARE Bom) SIDES : gtz y-x'ey?
x%y‘f ét =4

SPHERE OF RADIVS 2 HBoLT THE ORIGIN,
BUT only THE Top MLF (2 »0)

 }
M2z y (2%0)




NOW INTERSECT WiTH Y=y  (To S6€ How E=zy® AND y=X ARE
p L1
“ConnECTED o THE SURFACE ) @

- 7’ - X

2

T, 2
-X" +7, C SANE PARABOLA AS
2=-x% gur uFrep

vy oirs )

PICTURE THE SURFACE NS FOLLOWS : THE PARABoLA 2=y WAS, AT
EACH PoINT, A COPy oF THE PARABoLA 2= -X% HANGING BENEATH
IT AND THESE HANGING PARABOLAS INTERSECT THE XY -PLANE
Along THE LINES y =X Aw y = -X



IT'S A “sapme ", TECHNICALLY , B HYPERBoLIC PARABOLOID

(Nonce 77»97 THE INTERSECTION wiTw B PLANE oF comsTHnT
WEICHT 222, 1s A HypeRBown  yi.xt : g, ).

WE wWiLL Do TYHREE NoRe Expnpies. m™E EQUATIONS ARE Sln!l.ﬂk,
BuT THE GRAPHS MRE QUITE DIFFERENT,

2 2 x _ " 2 2
. X*Qy-}-‘lé-g(, (41{*%":;:’)
2 Y xl- F ] zz.
2, X*le-"/Z = 3¢ (zr*ﬁ—-‘;;—')
x* _ oy, 2t
13, -x*-ayt+yets 3¢ (g -t =)



ih.

x 44yt 42t = 20

Xz0:

x 1 qy"-:

15T 0cTANT PICTURE :

yzo : x*442t= 3¢

ayts 4z’ : 30 ELLIPSE WITH INTERCEPTS AT

y=2a A 2=13

ELLIPSE worTy INTERCEPTS BT
xX=+¢ Ao 243

2 ,
DX 4yt = 3¢ ELLIPSE ewiTH INTERCEPTS AT

X= %6 Awvo ys+2

3- Vlf THIS 1S AN ELLPSE IF -3<2,¢3
A PowsT IF 2, = -3 oR gbg 3,
AND ENPTy 1F Z,¢-3 oR 2, >3
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10.

IN GENERAL,

F 3 2
2
-L#'-Z:«t—".:l
Q b c

16 AN ELLIPSOID wiTH INTERCEPTS AT X = ta ystb 2=22cC

¢ ?

R, xt+9 -42%=3¢
]
7

x:0: A9yt-42t =3¢ : nYPERBoLA

yzo : ¥ -H2" =3¢ : HYPERBOLA

2:0 : x’+97‘=3o . ELLIPSE

)
- . l
22, : x"44y%:3012 ALL ELLIPSES. SNALLEST AT 2, = O,

GCRowING AS Z, >® AnD 2 - - %,



xt+ le- y2'= 3¢

SINILARLY FOR ANY

x* oyt _ 2
— + 5 - =
at b c*
1 3
, . 2 L
X_-—--}-z-:'.l oR 'zi’-bzi*f—i':')

1),



y=0: -x'+42 =3¢  wyrersoLn

x* 4 Gy : -3¢ EnPTy
. LS | z
22, -%X-9y° = 3¢-1%,
2 (X X
X 4ay = H2 -3¢ ENPTY FOR -3<¢2,¢3

A POINT FoR 2 _ = ¢ 3

o

ELLIPSE FOR 24, >3 AND 2, < -3

o Adaytz 42 o3

T~ Laytiyetae

/ ’

HYPER BoLoID o TWO SHEETS




13,

SINILARLY FOR ANY

B
a b c
¢ Lot 1 1
x . X.2, x 2 2t
(oR %7 c"’ oR "at"ba,’:,,:’)

JUST LIKE SPHERES, ALL OF THESE SURFACES CAN BE ' TRANSLATED

ESSENTIALLY BY REPLAcING X,y AND 2 B X=X, Y-y AND 2-2, .

'-lx‘;'ly"-;z"-f?y-‘lz +H4 =0

EXANPLE :
yx* + (Hy®+8y ) + (2:-42) = -4
Ixt + ‘Hyz#ay ) ¢ @ a2 ) = -4
Ut + 4 uyleay +1) 4 (2h-qz ) = -4 +4 44
Yix-0t + qeys )t + (2-2) = 4
(x-0)* . (f -’ 2-2)" o

1t 1z at

[ o

AnD THIS 1S THE ELLIPSOID  —3

K

FRon (o0,0,0) TOo (o,-1,)




