
Trigonometry for the Loop Antenna
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r̂ = x̂sinθ cosφ + ŷsinθ sinφ + ẑcosθ

θ̂ = x̂cosθ cosφ + ŷcosθ sinφ − ẑsinθ

φ̂ = −x̂sinφ + ŷcosφ

′θ = π
2

ˆ ′r = x̂cos ′φ + ŷsin ′φ
ˆ ′θ = −ẑ
ˆ ′φ = −x̂sin ′φ + ŷcos ′φ

ψ ≡ ′φ −φ
r̂ ⋅ ˆ ′r = x̂sinθ cosφ + ŷsinθ sinφ + ẑcosθ( ) ⋅ x̂cos ′φ + ŷsin ′φ( ) = sinθ cosφ cos ′φ + sinφ sin ′φ( ) = sinθ cosψ
r̂ ⋅ ˆ ′φ = x̂sinθ cosφ + ŷsinθ sinφ + ẑcosθ( ) ⋅ −x̂sin ′φ + ŷcos ′φ( ) = sinθ −cosφ sin ′φ + sinφ cos ′φ( ) = −sinθ sinψ

θ̂ ⋅ ˆ ′φ = x̂cosθ cosφ + ŷcosθ sinφ − ẑsinθ( ) ⋅ −x̂sin ′φ + ŷcos ′φ( ) = cosθ −cosφ sin ′φ + sinφ cos ′φ( ) = −cosθ sinψ

φ̂ ⋅ ˆ ′φ = −x̂sinφ + ŷcosφ( ) ⋅ −x̂sin ′φ + ŷcos ′φ( ) = sinφ sin ′φ + cosφ cos ′φ = cosψ

ˆ ′φ = r̂ r̂ ⋅ ˆ ′φ( )+ θ̂ θ̂ ⋅ ˆ ′φ( )+ φ̂ φ̂ ⋅ ˆ ′φ( ) = − r̂sinθ sinψ − θ̂cosθ sinψ + φ̂ cosψ


