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Frigates l'Astrolabe and la Boussole during the expedition of La P�erouse (1786)
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George Hamilton Brodhead, Mission San Carlos Borromeo de Carmelo (1890)
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(right) spherical triangle
⇒ cos δ′ = cos ǫ′ cosφ
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(right) spherical triangle
Sides are arcs of great circles.
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p = cos ǫ′; s = p cos τ ; s = cos δ′
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Right spherical triangles

Let △ABC be a spherical triangle with sides α, β and γ. If C is a
right angle, then △ABC is a right spherical triangle.

We just showed that

cos γ = cosα cosβ.

A similar argument [exercise] shows that

cosA = tan β cot γ.
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“Methods have already been Discovered, true in Theory”

Johann Werner described how to determine longitude using the posi-
tion of the moon in 1514.

Petrus Apianus discussed how to measure the position of the moon in
1533.
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Circular parts: 5′3′1′4′2′, 1′4′2′5′3′, 2′5′3′1′4′, 3′1′4′2′5′, 3′4′2′5′′1′.
cos 4 = cos 5′ cos 3′ ⇒ sin 4′ = cos 5′ cos 3′

cos 1 = tan 3′ cot 4 ⇒ sin 1′ = tan 3′ tan 4′
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Theorems

Let (p′
i
, p′

i+3, p
′

i+1, p
′

i+4, p
′

i+2) be the circular parts of a right spherical
triangle, where the subscripts are interpreted modulo 5.

Napier (1614). sin p′
i
= cos p′
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′

i−1 = tan p′
i+2 tan p

′

i−2.

Gauß(1876). Let αi = tan2 pi. Then αi + 1 = αi+2αi+3.

Proof. [exercise]
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A frieze pattern
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0 0 0 0 0 0

Find a solution with αi ∈ N.
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Pingré, Voyage de La Pérouse autour du monde (Paris: Imprimerie de
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