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Equation:

Cross sections:

2 2 Hyperbolas whose branches open along the

x=k: T (ke 1 z-axis, collapsing to a pair of lines through
(ck/a) (bk/a) the origin when k£ = 0.

2 22 Hyperbolas whose branches open along the

y==F: 5 = > =1 z-axis, collapsing to a pair of lines through
(ck/b) (ak/0) the origin when k = 0.

I x? y? _1 Ellipses whose dimensions increase linearly

: 5=

with |k|, collapsing to a point when k = 0.

(akjc)? " (okjo)




ELLIPSOIDS

Equation: Graph:

113'2 y2 22

a? b2 2

Cross sections:

Ellipses whose dimensions decrease as

k- y N z _1 |k| — a~, collapsing to the origin when
(a2 kD)2 (5Va2— k22 |k[ = a. Cross sections with [k| > a are
¢ empty.
Ellipses whose dimensions decrease as
ke z? " 22 _q |k| — b~, collapsing to the origin when
y ’ (eVB2 —k2)2 (VD2 — K2)? N |k| = b. Cross sections with |k| > b are
empty.
Ellipses whose dimensions decrease as
I z? y? 1 |k| — ¢, collapsing to the origin when

(42— k?)? + (2 —k2)? - |k| = c¢. Cross sections with |k| > ¢ are

empty.




ONE-SHEETED HYPERBOLOIDS

Equation:
22 2 2
L
a b2 2
Cross sections:
Hyperbolas. Sign matches a? — k2.
2 2 For |k| < a, they open along y-axis.
r=Fk: — = +1 For |k| > a, they open along z-axis.

When |k| = a, hyperbolas collapse
to a pair of lines through the origin.

Hyperbolas. Sign matches b* — k2.

2 2 For |k| < b, they open along z-axis.

y==k: — ==+1 For |k| > b, they open along z-axis.
When |k| = b, hyperbolas collapse
to a pair of lines through the origin.

Ellipses whose dimensions increase

= x n Yy 1 roughly linearly as |k| increases,
' eV + k22 (Ve +k2)? achieving their minimum (positive)

size when k = 0.




TWO-SHEETED HYPERBOLIDS

Equation:

ZIZ’2 y2 22

EwEtaT!
Cross sections:
9 2 Hyperbolas opening along the z-axis whose
rx=k: Y =1 z-intercepts increase roughly linearly with

_|_
(% /a2—|—kz2)2 (g,/a2+k2)2 |k;|

2 2 Hyperbolas opening along the z-axis whose
y==~Fk: =1 z-intercepts increase roughly linearly with

+
(%\/W)Z (%\/m)Q IK|.

Ellipses whose dimensions increase roughly
x Yy linearly with |k, collapsing to points when

(2vk2 — 2)2 + (LVE2 = 2)? ~ " |k| = ¢. Cross sections with |k| < ¢ are

empty.




PARABOLOIDS

Equation: Graph:
A
c a? b2
Cross sections:
o ck? Parabolas opening along the z-axis: up-
r=k: z:b—2—|——2 ward if ¢ > 0, downward if ¢ < 0. 2-
a intercept increases quadratically in k.
2 2 Parabolas opening along the z-axis: up-
cx ck . .
y==k: z=—F+—F ward if ¢ > 0, downward if ¢ < 0. z-
a b2 . . i .
intercept increases quadratically in k.
Ellipses whose dimensions are proportional
ke z? N y? _q to /|k|, collapsing to the origin when k =
o —\ 2 ~——\2 0. Cross sections are empty unless k and ¢
(a k/c) (b k/c) have the same sign.




HYPERBOLIC PARABOLOIDS

Equation: Graph:

a? ? "‘\\““‘““
Ltuunueety
a? b2 BT T L

Cross sections:

Parabolas opening along the z-axis:

downward if ¢ > 0, upward if

—cy?  ck? ¢ < 0. Size of z-intercept in-
R a? creases quadratically in k. As |k|
increases, upward opening parabo-

las move downward, and vice versa.

Parabolas opening along the z-axis:

upward if ¢ > 0, downward if

_cr? ck? ¢ < 0. Size of z-intercept in-
a? b2 creases quadratically in k. As |k
increases, upward opening parabo-

las move downward, and vice versa.

Hyperbolas.  Sign matches k/c.
22 2 Open along x-axis if k/c > 0, y-
z=k: — +1 axisif k/c < 0. Intercepts increase

Yy _
(a\/ |k/c|>2 (b\/|k’/c|)2 linearly in |k|. Collapse to a pair of

lines through the origin when k& = 0.




