EE331—EAMPLE #12: VECTORFIELDS

A vector field is given byE(z, y, z) = 24xya, + 12278, + 182?a, V/Im. Find (a) the magnitude of
E in the plane ¢, y,0)—i.e., thez = 0 plane, (b) the value dE along the line @, 4, z), and (c) the
vector component dE parallel to ther axis. (d) Plot E| along the line @, 4, z) for —2 < 2 < 2.

(a) You're given the vector fiel&(x, y, z) which is a function ofz, y, andz. Its magnitude and
direction vary everywhere in space. In part (a) we just warkriow the magnitude d& in the
z = 0 plane. It will vary in this plane depending on what point ie fhlane we’re considering.
For example, at = 2 andy = 3, the magnitude of is:

y [E(2,3,0)] = [24(2)(3)a, +12(2)"a, + 18(0)*a|
| E (X,y, O)l z=0 p|ane = ‘144395 + 48%‘
/ = /(144)% + (48)2
\ = 151.7893 V/m
- =y
LA - \ We knowE everywhere in space. It’s:
P (2,3,0)

E(z,y,2) = 24rya, + 12278, + 182°a, V//m

In thez = 0 plane, it's:
E(z,y,0) = 242ya, + 122°3, V/m

Hence, its magnitude in the= 0 plane is:

E(z,y,0)| = /(24y)? + (1242)2 = 12[z]y/2? + 4y V/m

Note the absolute value! Question: WhaEii they = 2 plane?

(b) Note that a line in space is designated by 2 fixed pointslanariable. The lind0, 4, z) has
x =0andy = 4.

The value ofE along this line is simply:

(040) E(0,4,2) = 0&, + 08, + 1828, = 182”8, V/m

y Thus,E points in the positive direction and has a magnitude
of 1822. Question: What i€ at (0,4,0)?

/
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(c) Next we want to find the vector componenttbparallel to ther axis. This is given by:

{(24xyﬁw + 12x2§y + 18z25.2) . ﬁw} a,
= 24xya, V/m

(d) Finally, plot the magnitude dt along the line(0, 4, z). First, note that we want to plot the
magnitude which is a positive scalar function amat a vector. Second, note that we don't
really know how to ploE itself because we don’t know how to plot direction. Third,emhwve
say “along the line,” we mean we want to know the valuékifas a function ot for a fixed
x = 0 andy = 4. Thus,

|E(0,4,2)] = /(1822)2 = 182> V/m

Plotting this gives:
IE(0,4,2)| [V/m]

72
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What this says is that the value |&]| at (0,4, 0) is 0; at(0,4, 1) it's 18 V/m; at (0, 4, +-2) it’s
72 VIm; and so on.



