Concept of Surface Integration of a Field Vector:

We now consider a surface S which can now be divided into a large number of small
elementary surface segments as shown in figure. Here we take such a surface element ds

where is the unit normal to it. A is the field vector at the location of that surface element
and since any field vector indicates the flow of filed lines or tube of flow, the quantity

A.ds (where Ad gives the component of the field vectorKanng the sense of surface
element ds ) is a measure of flux out flow i.e. the out flow of the physical quantity in the
sense normal to the surface area.

Thus the net flow of outward flux through the whole surface

Js A.ds§ = Js A.fids and it is the surface integral of the field vector o
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dxdy  As shown in figure, consider that for the given

iy surface S, its projection (shadow region) R is

,/\ dy taken in xy — plane. Thus obviously, the
X \dR projection surface of the elementary surface ds
on that xy — plane must be “dxdy” as shown.

Since th jection surface element “dxdy” has unit normal k (as it is in xy — plane), it is
basica ponent of ds on xy — plane.
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So we can now write dxdy = dsCos® = ds = Cos; = Tok

Hence finally the surface integral of that field vector A over the surface S is given by
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This is the surface integral of the field vector A over the surface S.



As for example, let us solve a problem 5.58 (a) (Supplementary Problem 5.58 (a), Spiegel)
where the field vector is given by A= yi + 2xj — zk and the surface S is the surface of
the plane 2x + y = 6 in the first octant cut off by the plane z = 4

Thus in the case we have for ® =2x+y, n = % = % and by taking projection on

xz — plane, we get the surface integral
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