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###4# Haversine formula
$h(\theta)=sin™2(\frac{\theta}{2})=\frac{1-cos(\theta)}{2}$

0 $h(\theta)=h(\frac{d} {R})=h(\Delta \beta)+cos(\beta_1)cos(\beta 2)h(\Delta \alpha)$

-$RODODOC0OD00dOOODO0OO)NhetaD DODOO0O0OOO0OO0O%-%$\alpha iD000O0000O0O \beta i
O00oogg\beltaOOOO$-00000O0O O $half-versine$,d $versine: 1-cos(\theta)D O O $-00 0O
000 000»%$cos(\theta)=sin(\beta_1)sin(\beta_2)+cos(\beta_1)cos(\beta_2)cos(\Delta \alpha)$
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00O O $\overset{\frown} {AB}$[100 O O O $|AB|$0 O

00 $OEF$0 O O$\angle OEF=\Delta \alpha,|EF|=2sin(\frac{\Delta \alpha}{2})$RIO 0 00O O
0 $|AC|=2sin(\frac{\Delta \beta}{2})R$

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

O0O00O$ACBD$OOODODODO
$CH=\frac{BC-AD}{2} AB"2=BH"2+AH"2=(BC-CH)"2+AC"2-CH"2=AC"2+BC*AD$

$|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 $h(\theta)=h(\Delta \beta)+cos(\beta_1)cos(\beta 2)h(\Delta
\alpha),\overset{\frown} {AB}=d=R\theta$

00000 $1-cos(\theta)=1-cos(\Delta\beta) +cos(\beta_1)cos(\beta 2)(1-cos(\Delta \alpha))$
$cos(\Delta \beta)=cos(\beta_1)cos(\beta 2)+sin(\beta 1)sin(\beta 2)$

0 O $cos(\theta)=sin(\beta_1)sin(\beta 2)+cos(\beta_1)cos(\beta 2)cos(\Delta \alpha)$
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