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Vector Calculus

The concept of feed in natural sciences is

Of crucial importance 它
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Now we can proceed to vector feeds
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Vector Operators

How can one describe the changes of the feeds

By their derivative ooo 0

Gradient 50 染 器 碧

Divergence TŪ ⼀ 發 器 登

are 5 ⼼ iji
录 录 录
以 Vy Vz

器 器 器 器 器 器

Laplacian 0年 器 器 器
5 can also act it 3 work it out
on vector feeds

Note 54 scalar vector

TE vector scdar

5⼼ vector vector

and 5 operator doesn'tchange tensor property
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在 inverse operations of these vector operators
are various integrals

Ě
line integral fE.ci
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Helmholtz Theorem

T describe the spatial variations of a scalar
feed 0 0 cxy Z one needs 3 derivatives

50 答 器 皆 _gradient suits the
need as expected

What about a vector field like Ě or BE

Naively one expects 3 3 9 derivatives

are needed here

器 器 ⼀四 9 9 18 derivatives

BUT Maxwell does not think SO ha

TĚ PIG 5.5 0

Ōx Ě ⻄ Ōx Bitī ⼗点
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It seems that one only need To know ⼀

I TÉ ⼆ DE to describe the

2 Ōx Ē IT vector field ĒCF



5
It turns out To be true ⼀ Helmholtz theorem
As long as D I coaster than 六 he

vector feed Ē can be uniquely expressed
in terms of the Eel owing decomposition

Ě To 5 ⼼

U Éf DIES on
I Eil o_o domb potential

Ū f 企管 di

Thus as long as the divergence DE the

cure dis is given the potentials Ū

can be constructed by the integrals_

The vector field ĚCE is uniquely
determined by its divergence cure
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Psulk Boundary Relations

o_o
divergence
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boundary bulk

TI 更多 Stokes theorem

is⾕ ⺟

i f5dE f xBJ.dā
25 系

boundary
bulk

boundary bulk
integral r integral

Observations L.H.SR.H.SII
no derivative some derivative

simple example

To Fla ⼝袋 dx
_________ ________

a b boundary bulk
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Archimedes Principle

Floating force weight of expelled liquid
In vector Em

i 5 no
surface volume
integral integral

Elaborate a bit more

ooodÉ Pdari _pdǎ臧 pressure in isotropic liquiddā is a scalar

5 fat fpdā Suna integral

W fdū fpgdt volume integral



Let us derive the field equation for the

pressure ⼝ ⼝化以 Z
0
0

dZIIIfn
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pgdxdydz ⼆ 0 Mr Cube
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1 _dxdydz
不 pcz f 是 ⼀ pg di o

不 us from 1 mǎ one obtains the equations

習 pg
⼀ 圈 扣 pg

器 翠 pressure looks like potential

Making use of the cowing theorem

fpdǎ Ōpdt

5 fpdā fōpdt fpgdt

5 Ū Achimedes principle


