jdeas—by starting with simple situations and going on to more and more compli=

)
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Differential Caleulis of Vector Fields

Teynirin, Dy scen Vel

2~1 Understanding physics -

The physicist needs & facility in looking at problems from several points of 2-1 Understanding physics
view. The exact analysis of real physical problems is usually quite complicated, -
and any particular physical situaion may be too complicated o anslyze direcly 2 Doy 20 TESr felds—T
by solving the differentia] equation. But one can still get 2 very good idea of the o e :
behavior of 2 system if one has some feel for the character of the solution in différ- 2-3 Derivatives of fields—the
ent circumstances. Ideas such as the field lines, capacitance, resistance, and in-, gradient :
ductance are, for such purposes, very nseful. -So we will spend much of our fime 24 The ator ¥
analyzing them. In this way we will get a feel as to what should happen in different oper
electromagnetic situations. On the other hand, none of the heuristi modsls, suc
as field lines, is really adequate and accurate for all situations. There is only one
predise way of presenting the 1aws, and that 1s by meats of dliferential equALONS.
They have the advantage of being fundamental and, so far as we know, precise.
If you have learned the differential equations you can always -go back to them.
Ther¢ is nothing to unlearn, = ' leld

It will take you some time to understand what should happen in different > il
circumstances. You will have to solve the equations. Esch time vou solvg the -
equations, you will learn something about the character of the solutions. To keep
these solutions in mind, it will be useful also to study their meaning in terms of field

2-5 Operations with V

2.6 The differential eqnation of
heat flow IR

derivatives of vector

lines and of other concepts. :%'g 15 the way you will really “understand” the equa-
. f0Ds. 118 erence ma tics and physics. Mz tic\lﬂ:nsjl Review: Chapter IL.Vol. 1, Vectors

or people who have very mathematical niinds, are ofter led astray when “studying” |
physics because they lose sight of the physics. They say: “Look, these differential |
equations—the Maxwell equations—are all there is to electrodynamics; -it is !
admitted by the physicists that theze is nothing which is not contained in the equa-
tions. The equations are complicated, but after all they are only mathematical

equations and if T understand them mathematically inside out, I will anderstand A
the physics inside-out.” Only it doesn’t work that way, Mathematicians who study | Y |
physics with that .point: of view—and there have been many of them——ustia]lyli .

make litdle contribution to physics and, in fact, litle o mathematics. They fafl |
because the actial physical situations in the real world are so complicated that it'is \

necessery to have a much broader understanding of the equations.
" What it means really to understand gn equation—that 18, in more than a

strictly mathematical sense—was described by Dirag, He said: “I understand what | Ay s NoW ut M
an equation means if T have & way of figuring out the characteristics of its solution
without actually solving it.” So if we have a'way of knowing what should happen 1‘& mmn.m\, v ,_,L,,_

in given circumstances without actually solving the equations, then we “under-
stand” the equetions, as applied to these circumstances. A physical nnderstanding AN A-UH: bl

is a completely unmathematical, imprecise, and inexact thing, but absolutely neces-

1VEICISL, =

sary for a p ~ S =,
STdinarily, & course like this is given by developing gradually the physical Gk foma

cated situations. This requires that you continuously forget things you previously :
Isarned—things that are true in certain situations, but which ére not true in general. o Ve “;""‘ * Tlagors -~ 'h"F“
For, example, the “law” that the electrical force depends on the sqiare of the - .

3 ¢ MTMw

* distance is not always true. We prefer the opposite approach. We preéfer to take

first the complete laws, and theén to step back and apply them to simple situa- . o & L :
tions, developing the physical ideas a3 we go-along. And that is what we are going e "UI'D- :

to do. :
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Figure3.14 Deformstion of elements in a parallel shear flow. The elementis stretched along the principal
axis %1 and compressed along the principal axis .
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A - B = scalar = A,B;, + A,B, + A.B,

A X B = vector
(4 X B), = ABy — AyB;
(4 X B); = AyB, — A.By
(A X B), = A,B, — A.B,

AXA=0

A - (AXB) =0
A-(BXC)=UXB):C
AX(BXC)=BA:C)— C(4"B)

2.1)
2.2

2.3)
2.4)
2.5)
(26)
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Figure 210 Tustratiop of Gauss' dheorem.

Fijeie 241  Niustration of Stokes’ thearem,



