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Line integral



⃗F (x, y) = ⟨P(x, y), Q(x, y)⟩
⃗r(t) = ⟨x(t), y(t)⟩

Field

Curve

⃗r′￼(t)

⃗F ( ⃗r(t))

P = ⃗F ⋅ ⃗r′￼

Power

∫
b

a
P(t) dt
Work

⃗r(a) ⃗r(b)



Positive or negative?
⃗r(a)

⃗r(b)



Fly from LA to Boston

https://www.windfinder.com/#3/39.5000/-98.3500


Examples











Applications



Electric Field Path of an

electron

in an

electric 

field ⃗E

qU = q∫
b

a

⃗E ⋅ d ⃗r

Charge q
Voltage U



Carnot Cycle

V=Volume

p=Pressure
increase 

volume 

under 
pressure

decrease 
volume 

with less 
pressure

⃗F = < − p,0 >

dU = − pdV

= − ⟨p,0⟩ ⋅ ⟨V′￼, p′￼⟩dt



XKCD



Perpetual motion



Source: Wikipedia

Robert Fludd



Mathematica Povray





To be continued....



THE END


