Integration With
Differential Forms

(see links in description to learn about
differential forms/covector fields)



Differential Forms
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Integration Covector Field/
Differential Form



Differential Form interpretation of Integrals

[bf(x)dx

® I®-

Every (single) integral....



Differential Form interpretation of Integrals

Every (single) integral involves

b
* a differential form (covector field) f f(x)dx
a

* a path
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The result of the
integral is just

the number of
covector stacks
pierced by the path.



Fundamental Theorem Fundamental Theorem
of Calculus of Calculus for Line Integrals
(“Gradient Theorem”)
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ﬁ (x)dx 94 F(b) — F(a) i -~
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i is the anti-derivative of

fbdF
—dx = F(b) — F(a)
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Work



Force Field
F =2e; + 1¢,
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Work done by Force Field
W=F-R

-

—F.R
= (2e, + 1e,) - (3e, + Oe,)
= (2)(3) + (1)(0)
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Gravitational Force Field

= tMm . —
Fe = er)

N
(73—

- b # #
2

Y "y s a e

. - "o, i & -~

- il e = B e
1' - wr ar L _, =, ~— —
- - L ., = =
o ) S
-
-2
¥ i " -

1
il

1
fed

1
-
=]
-
fed
it



Gravitational Force Field Work done by Force Field
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Gravitational Force Field D _ _ _
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“ (Neqatne Resylt)
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Gravitational
Potential



Gravitational Force Field N
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Fo = m(=Vo)




Gravitational Potential

Gravitational Force Field

ﬁG = m(—V¢)
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Gravitational Force Fielﬂ/\% dR




Gravitational Force Field dR

Fo=m(-vp) W= e 7d
dR
W= | m(—Vo¢p) —d
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Gravitational Force Field dR
Fo=m(-vg) ~ W=]legrd




Gravitational Force Field dR

fo=m(-vp) ~ W=|Teg7d
dR
W = (Vo) =
P
_ a¢
1 W =—m Pd—d
_?i W=-m g9
W = _m[¢(Pend) - ¢(Pstart)]




Gravitational Force Field
Fe =m(—=Vo)

W = _m[¢(Pend) - ¢(Pstart)]




Gravitational Force Field Gravitational Potential

ﬁG = m(—Vg¢) ¢
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Gravitational Force Field Gravitational Potential
Fo =m(—=Vg)

LI I I I I I I I L
3|
-
-
oL
- -
. S '
1L
= - - ' o
i - -
ol - - -
- -
i o -
1L
- -
- -
-
2L
-
-2l
1 | | 1 | |

1

ot}

1

fd

1

[ ]

ha b
Ll



Gravitational Force
(Covector) Field

Gravitational Potential




Gravitational
Potential

Gravitational Force

Vector Field
Fe =m(=Vo)

Gravitational Force

Covector Field



Fundamental Theorem of Calculus for Line Integrals
(“Gradient Theorem”)

Old way (hard) New way (easy)
| vprai=smr-9@ | | dp=0®)-¢@
Pla, b] Pla, b]










Differential Form interpretation of Integrals

Every (single) integral involves
* a path
* a covector field (differential form)

;
ydx + xdy [ —6x + 4)dx
0



Differential Form interpretation of Integrals
Every (single) integral involves
* a path
* a3 covector field (differential form) f d¢
e P[a,b]

The result of the
integral is just
the number of
covector stacks

pierced* by the path.

*(In the aligned direction.)




