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INDEX OF NOTATION

This list indexes recurring symbols introduced in Chapters I through III (pages
1–125). In the list below, each piece of notation is regarded as having a key
symbol. The first group consists of those items for which the key symbol is a
fixed Latin letter, and the items are arranged roughly alphabetically by that key
symbol. The next group consists of those items for which the key symbol is a
Greek letter. The final group consists of those items for which the key symbol is
a variable or a nonletter, and these are arranged by type. To locate an item below,
first proceed on the assumption that the key symbol is a Latin or Greek letter; if
the item does not appear to be in the list, then treat it as if its key symbol is a
variable or a nonletter.

A, 18
Bδ, 111
cX (ω), 50
C∞, 4, 63, 99
C∞
com, 5, 64, 99
Cp(M), 7, 64, 99
curl, 29, 76
d, 28
d f, 11
(d f )p, 11
D, 9, 65, 99
(DF)p, 9, 99
D(x, E), 106
div, 29, 76
grad, 29, 76
Hm, 59
Hm

+, 59
I 0, 13
i, j, k, 75
M`(E), 109

n, 77
N (E, δ), 111
Nsep(E, δ), 111
Qm, 93
Qm

+, 93
@Qm, 93
Sn, 2
Sk(M), 100
Sn, 18
T (V ), 13
T n(V ), 13
Tp(M), 7, 64, 99
T ∗
p (M), 10, 65, 99

Greek
8∗, 22
8∗ω, 23
8#
p, 23

ƒk(M), 22
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148 Index of Notation

Unary operations
M+, 61
@M, 61
∇, 76
| · |, 106

Binary operations
⊗, 13
∧, 13
×, 76

Other symbolsV
(E), 13Vn(E), 13

eVn
(E), 18

£
@

@xj

§
p, 7, 64, 99R

M f ω, 39
Eδ, 111
(Mα,α), 2, 60, 95, 119
(U, B, E), 107



INDEX

alternating, 13
antisymmetrized tensor, 18
antisymmetrizer operator, 18
atlas, 2, 60, 95, 119

boundary, 61
boundary point, 61, 96, 119
Bourbaki, xiii
Brouwer Fixed-Point Theorem, 91
bundle
cotangent, 11
exterior k, 21
tangent, 8

Cartan, Elie, xiii
Cartan, Henri, xii
chart, 2, 60, 95
about a point, 60, 95, 119
compatible, 2, 60, 95, 119
positive compatible, 37

circle, 48
compact convex polyhedron, 122
compatible chart, 2, 60, 95, 119
positive, 37

contraction, 50
convex polyhedron, 122
coordinate system, local, 4
corner point, 96
cotangent bundle, 11
cotangent space, 65, 99
cotangent vector, 10
countable, xvi
cross product, 76
curl, 29, 76
curve, 75

degree of differential form, 21
derivation, 7
derivative, 65, 99

exterior 28
of smooth function, 9
smooth map, 9

diffeomorphism, 6, 60, 94
differential, 11
of function, 65

differential form, 21
degree of, 21

differential 0 form, 22
differential 1 form, 11
smooth, 12

differential k form, 21
differential m form, everywhere positive, 42
differentiation, exterior, 28
dimension, 2, 60, 95, 119
distance to set, 106
divergence, 29, 76
Divergence Theorem, xi, 81, 123
Whitney’s form, 106

elementary smooth k form, 50
embedded submanifold, 53
embedding, 53
everywhere positive m form, 42
exceptional point, 119
exhausting sequence, 3, 48
extent, 125
exterior algebra, 13
exterior derivative, 28
exterior differentiation, 28
exterior k bundle, 21
exterior product, 14

flux, 27
function, smooth, 4, 6
Fundamental Theorem of Calculus, x, 74

Gauss–Ostrogradsky Theorem, xi
generalized quadrant, 93
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150 Index

germ, 7, 64, 99
gradient, x, 29, 76
graph, 53
Grassmann algebra, 13
Green’s Theorem, x, 80

half space, 59

immersion, 47
implicitly, 54
index of a point, 94, 96
indicator function, 33
induced orientation, 68, 70, 102
integration of differential along a curve, 88
integration of smooth m form, 39

Kelvin–Stokes Theorem, xii, 84, 90
Kronecker delta, xvi

line integral, x
Lipschitz condition, 112
local coordinate system, 4
local Whitney domain, 119
locally finite, 35

manifold, 2
defined implicitly, 54
defined parametrically, 54
smooth, 2
-with-boundary, 60
-with-corners, 95

manifold point, 61, 96, 100
map, 6
smooth, 6

Minkowski content, 109, 124
Minkowski content zero, 114
minor, 117
Möbius band, 37, 47
Möbius strip, 37
negative, xvi
normal vector, 77
not orientable, 36

on the left, 78
open subset, 59, 93
opposite orientation, 43
orientable, 36, 66, 102
orientation, 36, 38, 43
induced, 68, 70

opposite, 43
orientation preserving, 46
orientation reversing, 46
oriented, 36, 66, 102, 120
outward pointing unit normal, 78

parametrically, 54
partition of unity, 33, 65, 100, 120
piecewise smooth function, 124
polyhedron, compact convex, 122
polytope, 114
positive, xvi
positive compatible chart, 37
product of manifolds, 49
projective space, 49
pullback of 1 form, 23
pullback of differential form, 65
pullback of function, 22
pullback of k form, 25, 99

quadrant, 93

retraction, 91

separable, 2
singular set, 115
skew symmetry, 14
smooth differential form, 21
smooth differential 1 form, 12
smooth function, 4, 6, 59
derivative of, 9
piecewise, 124

smooth manifold, 2
smooth map, 6, 60, 93
derivative of, 9

smooth partition of unity, 33, 65, 100, 120
smooth real-valued function, 63, 93, 98
smooth structure, 2
smooth vector field, 9
sphere, 2
Stokes’s Theorem, xii
for manifold without boundary, 57
for manifold-with-boundary, 71
for manifold-with-corners, 102
for Whitney manifold, 118

stratum, 100
submanifold, 53
subordinate, 33, 100, 120
support, 5, 63, 99
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surface, 75
surface integral, 78

tangent bundle, 8
tangent space, 7, 64, 99
Taylor’s Theorem, 8
tensor algebra, 13
triangulation, 33, 96, 97

unit normal to a subspace, 79
universal mapping property
of exterior algebra, 15
of exterior power, 15

vector field, 8, 75
smooth, 9

vector product, 76

wedge product, 14
Weil, André, xii
Whitney, Hassler, xiv
Whitney chart, 119
Whitney domain, 107
Whitney’s form of Divergence Theorem, 106
Whitney’s form of Stokes’s Theorem, 118

zero ` extent, 125


