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Haversine formula

$h(\theta)=sin™2(\frac{\theta}{2})=\frac{1-cos(\theta)}{2}$
O $h(\theta)=h(\frac{d}{R})=h(\Delta \beta)+cos(\beta_1)cos(\beta_2)h(\Delta \alpha)$

-SROCO0O0O0O,dO000000 thetaD OODODODOOODOOS$-$\alpha iD0OOD0O0O0ODO \beta_i
OOo0oD0og\DeltaO OO D$-000000O DO $half-versine$,d $versine: 1-cos(\theta)D O O $-00 O
00000 O[QO%$cos(\theta)=sin(\beta_1)sin(\beta 2)+cos(\beta _1)cos(\beta 2)cos(\Delta \alpha)$

O O O $\overset{\frown}{AB}$00 O O O $|AB|$0 O

0 $OEF$0 O O$\angle OEF=\Delta \alpha,|EF|=2sin(\frac{\Delta \alpha}{2})$ROO 0 O O O
0 $|AC|=2sin(\frac{\Delta \beta}{2})R$

0 0O O $|BC|,|JAD|$0 $AG\perp OE,BH \perp OE$T 0O [1$|AD|=2sin(\frac{\Delta
\alpha}{2})(|OE|cos(\angle AOG))=2sin(\frac{\Delta \alpha}{2})Rcos(\beta_1)$

OOO0O0O$ACBDSOOODODOO
$CH=\frac{BC-AD}{2} ,AB"2=BH"2+AH"2=(BC-CH)"2+AC"2-CH"2=AC"2+BC*AD$

$|AB|"~2=4sin"2(\frac{\Delta \beta}{2})R"~2+4sin~2(\frac{\Delta
\alpha}{2})cos(\beta 1)cos(\beta 2)R"2$

00000 $\theta=\angle AOB,|AB|"~2=4sin"2(\frac{\theta}{2})R"2$

000000 $h(\theta)=h(\Delta \beta)+cos(\beta_1)cos(\beta_2)h(\Delta
\alpha),\overset{\frown}{AB}=d=R\theta$
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00 000 $1-cos(\theta)=1-cos(\Delta\beta) +cos(\beta_1)cos(\beta 2)(1-cos(\Delta \alpha))$
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$cos(\Delta \beta)=cos(\beta _1)cos(\beta 2)+sin(\beta_1)sin(\beta 2)$

0 O $cos(\theta)=sin(\beta_1)sin(\beta_2)+cos(\beta_1)cos(\beta_2)cos(\Delta \alpha)$
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