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Fundamental Theorem for Definite Integrals

b
If F'(x) = f(x), then / f(x)dx = F(b) — F(a).
a
By substituting, we can also write the conclusion as

b
/a F'(x) dx = F(b) — F(a).

Note: In the above and following theorems, a hypothesis on
continuity of the integrand is omitted in order to focus on other
details.
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Fundamental Theorem for Line Integrals

Let C be a curve that starts at A and ends at B. If VV = :E then

/ﬁ-d?: V(B) — V(A).

C
By substituting, we can also write the conclusion as

/ﬁv-sz V(B) — V(A).
C
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The Divergence Theorem

Let D be a solid region with the closed surface S as the edge of D
and area element vectors dA for S oriented outward. If V- F = f,

then
///de:#ﬁ-dZ\.
D S

By substituting, we can also write the conclusion as

/D//(ﬁ./?‘)dvzé[ﬁ.dﬁ.
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Stokes’ Theorem

Let S be a surface with the closed curve C as the edge of S.
Orient the area element vectors dA and the curve C to have a
right-hand relation. If V x F = G, then

//é.dz\’—fﬁ.df.

S c

By substituting, we can also write the conclusion as

//(Wﬁ).dz\_j{ﬁ.da
S C
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Green's Theorem (as a special case of Stokes’ Theorem)

Start with F = P(x,y) i+ Q(x,y)j+ Ok.

ﬁxﬁ:(0—0)2—(0—0)j+(g§—gs)/§:(Zf—g';)k

D: region in the xy-plane with closed curve C as edge.
Orient curve C counterclockwise.
Express area element vectors as dA = dx dy k.

Stokes’ Theorem for this case:

0Q P N
//((%(—a)/)dxdy:f(Pz—l—Qj)-dr.
D C
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Green's Theorem (alternate notation)

Using an alternate notation for line integrals, Green's Theorem can
also be written as

//w—apddy %de%—Qdy.
C
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All together now

FTC /b F'(x) dx =F(b) — F(a)

FTC for line integrals /ﬁV -dr =V(B) — V(A)
C

Divergence ///(6 . lj_) dv :#F_ - dA
D S
Stokes' //(ﬁxﬁ)-dﬁzfﬁ-dF
C

Green's //(&(—ay)dxdy—j{dejLQdy.
D

C
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