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Waves & Coffee — The
Small Dipole antenna

The next step from the Hertzian Dipole

By Stephen W2WF

In this installment of the series where we study the physics of dipole antennas, we’ll replace
the current source. Instead of using a constant [, we’ll see the effect of having a current that
ramps up from one end of the dipole antenna up to a maximum positive value and then ramps
down to the other end of our antenna. This “triangular current”, I(z), is more realistic than the
constant current that we saw in the Hertzian dipole case last time.

We recognize that this is not the full treatment yet since we’re not using the typical sinewave
of a half wavelength antenna. A triangular current is still an idealization; however, it’ll be a
good intermediate result that is suitable for Small Dipole antennas. By this we mean antennas
where the length from tip to tip “L” is of size A/50 < L <A/10. Let’s map out how the Hertzian
Dipole case leads us to this point in the journey:

Infinitesimal Dipole Small Dipole

“Hertzian Dipole antenna” -  “Small Dipole antenna”.
L <A/50 M50 < L <A/10
Constant current Triangular current

This Small Dipole antenna model may not be very useful to those interested in HF antennas;
however, some folks may find it useful in the study of small portable antennas like those in cell
phones.

Name Frequency (MHz) | Wavelength (m)
617 0.49
AG/LTE 5925 0.05
800 0.37
Cellular networks 1900 0.158
5G 2500 0.12
28000 0.01
39000 0.007
WIFI 2400 0.12
Data networks =, ooth 5000 0.06
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The usefulness of this approximation is then clear, so now let’s do the physics.
We begin by noting that the triangular current distribution will be a linear function split into two

parts. The first one will start at z=-1/2 and rise to its end at z=0. The second part must
descend or slope down from 0 to +1/2 as in the following:
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Our approach will be to first find the Vector Potential A(x,y, z) since we now have an
expression for the current. It’ll then lead us to the Magnetic field and then to the Electric field.
So, from a previous installment of this column, we have in the far field:

U, € jkr L ,
A(x,y,2) = - JI(x',y', 2")dl
Recall also from the last time that in the case of the Hertzian Dipole, we simplified our life by
taking the current I.(x’,y’,z") outside of the integral. This time the current I, (x',y’,z")
depends on z and so it cannot be “taken out of the integral”. So, life will be a bit more
complicated, and we’ll have to do a few simple integrals. Fortunately, they’re simple integrals!

We start with the vector potential A(x,y, z), plug in our triangular current distribution and get:
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Evaluating and putting in the limits of integration,
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Getting rid of the terms that go to zero and cancelling,
Yo eI I()l_|_7210 1/12 +Iol 21, (1 /(12
Tanr |27\ T2\ 2 T \2\2
Combining the terms,
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We get the following,

_ po eIk (101)
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Finally, rearranging terms we get the final result,

. 1 [ Ile™ ¥
Ay, z) =a,4A, = azz[ﬁOT

As we’ve done before, we refer to the coordinate transformation matrix to convert rectangular
cartesian coordinates (x,y, z) to spherical coordinates (r, 9, ¢):

A, sinfcos¢ sinfsingg cosb A,
[A(,] = [cosecosd) cos 0 sin ¢ —sinﬂl [Ay]
Ay —sin¢ cos¢ 0 A,
And we get the radial and azimuthal expressions for our vector potential expression:

A, = A,cos(0) = ;[“—"% ! T] cos(6)

41T
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Ag = —A,sin(09) = —1[”—°M ! T] sin(8)

24T r
o =0

Now that we know A, we can get the magnetic flux B from the following definition:
B(r,0,9) = VX A(r,0,p)
Since the A4, and Ay components don’t have any ¢ dependence and since 4, = 0, only one

component of B is non-zero, the a, component:

1r1d d
B(r,0,9) = VXA(1,0,9) = a, = |5=(rdg) — —Z A,
r ldr daeo

Since we know what Ay and A, are from the previous step, we substitute and do the
derivatives, cancel some terms, and factor,
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So, we get as our result for the magnetic flux:

Jku,l,1lsin(6) [1

B(r,0,9) = a, y—
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Lastly, since we’re looking at the “Far field” where r is very large, the second term in the
brackets goes to zero and our B field equation finally becomes:

iku I le kT
B(r,0,¢) = a,B, = a, ]u#sine

Once we have B we get E by multiplying times the intrinsic impedance Z, and dividing by p,.
We also note that the direction of the E vector will be perpendicular to both r and ¢, so it will
point in the 8 direction:
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jZokl, le Ik
E(T, 9,(p) = agBy = a, TSIHQ

The fields are then the real parts of these two final equations. That concludes the derivation
of B and E for the Small dipole antenna, and we notice that this result is like the Hertzian
dipole result from last time. So, insights gained for the Hertzian dipole antenna carry over to
this antenna.
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