Small Loop Antenna

For the small square loop antenna, we approximate the loop by four ideal dipoles located at the centers of
the side of the loop
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The vector potential for a z-oriented, ideal dipole, located at the origin is
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The four dipoles, indexed by #, have distance from current element to field point, R;, current, I;, and
length, /
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For the far-field we can approximate R; in the exponential with the usual first order expansion. (In the
denominator we will use the zeroth order expansion, r.)
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where in the last equality we have used the expression for the radial unit vector in cartesian coordinates
I = sin @ cos@PX + sin Osin Py + cos OZ

The total vector potential is
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Plugging in from above and simplifying

—jﬁ(r-%—ésin&sim)) —jﬁ[r—ésinecow)) —jﬁ[r—ésinesinq)) —jﬁ(/‘-%—ésinOcosq))
na e L e . e L e .
A= pp (BI) b X+ b Iy 5 Ix 5 Iy

1 —iBr ( jﬁisinesim} —jﬁisinesin¢)A ( jﬁlsinecow —jﬁisin6c05¢)A
'u(ﬁl) e ? —e 2 x+\e 2 —e 2 y

Br

~2; 4 ) -'ﬁ’[_. (,Bi' o5 )A+ . (ﬁi- 0 )}
]47r Br sin 2sm sing |X+sin 2sm cosq |y
e B
~2] (ﬁl) 5 [ﬁ sin@singx + f— schosq)y}
e P

_ ]_(ﬁl) sin @[ —sin gk + cos ¢F |

ﬁ

(ﬁ S)— 5 "~ in6b

in the third step we approximate the sine function by its argument, which we can do because f/«1. We
also replace the square of the side length, /, by the area, S. Though derived for the square loop, the
resulting expression is correct for a loop of any shape with area S. The electric far-field is simple related
to the transverse component of the vector potential
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The electric field units are obviously correct in final expression.
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