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Waves & Coffee - It’s the
end of the year, so... 73?

Is 73 related to the halfwave dipole antenna?
By Stephen W2WF

This is the last installment of this column for the year and as Hams we’re tempted to
immediately say: “73!”, which means “goodbye” to us. But, why do we say 73? What’s so
special about that number?

Well, according to the insufferable genius in the hit TV comedy “The Big Bang Theory”,
Sheldon Cooper, he’s quoted as saying the following:

“What is the best number? There’s only one correct answer and 5318008 is not it (inside joke).

The best number is 73. 73 is the 21°' prime number, its mirror 37 is the 12" and its mirror 21 is
the product of multiplying 7 and 3. In binary, 73 is a palindrome 1001001which backwards is
1001001. Exactly the same!”

Of course, CW enthusiasts learn early on that 73 is also a palindrome in Morse code: dah-
dah-dit-dit-dit dit-dit-dit-dah-dah.

So based on this, | tend to agree that 73 is an awesome number.

We could go on to mention “Code 92” of Western Union, published back in 1859, as the first
place where 73 was written down to mean “Best Regards”; however, | refer those interested in
that part of the story to their favorite internet search engine.

Here I’d like to show how 73 comes out of the equations for the halfwave dipole antenna and
refers to the input impedance of 73 ohms for that antenna.

We’ll start with the equation for the E field and the equation for the B field that were derived
for the halfwave dipole antenna in a previous installment of this series and go from there.

From previous work recall that ourE and B equations, in the far field for a halfwave dipole
antenna, are the following:

E(T, 9, (p) = ag

2T T sin @

jz,1, e”Jkr [cos (g cos 9)‘




W2WF November 1, 2024

iyl e~ Jkr | cos (% cos 9)
21 r sin 6

E(r, 0,p) = a

We also know that in a vacuum, the vector quantity E(r, 0, p), the density of the magnetic flux,

is related to the vector quantity ﬁ(r, 0, p), the intensity of the magnetic field, by a multiplicative
constant g, the vacuum permeability.
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First, we obtain a quantity that is related to the power flow of the electromagnetic wave being
radiated by a halfwave dipole antenna. This is a vector quantity, whose magnitude is

measured in 2222 and it’s called the time averaged Poynting vector.
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Note that here we use a mathematical operation called complex conjugation which is denoted
by the star *.

The complex conjugate means that whenever we encounter the imaginary constantj (v—1) we
replace it with —j.

Writing down the time averaged Poynting vector after substituting E and H we get,
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Multiplying out the j x (—j), and using the relationship,
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We get,

- 1
S(r,0 = =
() 0)av ( r) sin 6 27 r sin @

@Z I, eﬁICOS COS@) (=), e cos cosH H
x

We note that when we use the vector cross product, the resulting vector will be in the r
direction.

After multiplying this out,
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Now that we have the time averaged Poynting vector, we can integrate it over a sphere and
get the total radiated power, measured in Watts, coming from our antenna which is our goal.
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We readily integrate over ¢ to get 2w, and then proceed to cancel out terms,
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And get the Radiated Power, or Radiation Power, coming out of the sphere to equal,
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Let’s unpack the right-hand side of this equation. First, we notice that there are constants in
front and they are highlighted in the blue box,

Z,1,°
41

Next, we see that there’s a definite integral that at first looks daunting, but isn’t really when we
realize that it’s simply a weird way of writing a number,
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Again, this definite integral is really just a “number” and to find out the value of the integral we
can:

a. use the online integral evaluation program “Wolfram Alpha”, link in the bibliography, or
b. use another similar online program that evaluates definite integrals, or

c. write our own program. The bibliography at the end of this article shows how to write a
single page Python program to evaluate this integral. It’s not that hard so try it if you're
keen.

Whichever method we choose to do the integral, we find its value to be:
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Once we have that value, we can plug it into our equation for Radiated Power Pg,,; and get,
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We’re all familiar with the expression for power P = I?R. However, since we’re dealing with
sine wave currents, we need to use RMS or ‘root mean squared’ quantities. The formula for

I
V2
radiative resistance, looks like this,

RMS current is I, = —= and that makes our radiative power, when written in terms of the
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This implies that,
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This good news is that we know that in ‘free space’ or a vacuum, Z, = 377 ohms which we can
plug into our equation:
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This is nothing but our old friend the input impedance of the halfwave dipole antenna in free
space due to our thin wire antenna!

That’s it! We’ve just derived that the real part is 73.1 for a halfwave dipole antenna! So, with
that, | say to you 73!
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