
MATH 4230/5230: Differential Geometry of Curves and Surfaces

Quiz 7
Friday, October 16, 2026

Name:
Score

/10

Problem (Tapp, Example 4.3). Let r > 0, and give the sphere of radius r,

S =
{

(x, y, z) ∈ R3 : x2 + y2 + z2 = r2
}

its standard (outward) orientation. Compute the Weingarten map Wp : TpS → TpS at an arbitrary point
p ∈ S. Show your work.



MATH 4230/5230 — Quiz 7 Solutions

The Gauss map is clearly the map
N : S −→ S2 ⊆ R3

p 7→ p

|p|
=

p

r

The Weingarten map W is the negative of the differential of the Gauss map; the differential of the Gauss
map at a point p ∈ S is

TpN : TpS −→ TpS
2 = TpS.

Considering that the Gauss map is the identity map divided by r, we see that its differential is given by

TpN =
1

r
IdTpS

so that

Wp = −1

r
IdTpS .

To compute in a little more detail, we have a commutative diagram

R3 Ñ

(x,y,z)7→ 1
r
(x,y,z)

// R3

S
?�

OO

N // S2
?�

OO

by which we mean that the Gauss map is induced by the restriction of the smooth map Ñ to S. As we
saw in class, by commutativity, the restriction of a differential is the differential of a restriction, and so we
have

TpR3 = R3 TpÑ

JÑ= 1
r


1 0 0
0 1 0
0 0 1


// TpR3 = R3

TpS
?�

OO

TpN
// TpS

2 = TpS
?�

OO

The restriction of 1
r IdR3 is exactly 1

r IdTpS .


