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Der Inkreis

Gegeben sei das Dreieck AABC .

WO(
Berechnung des Inkreis-Mittelpunktes | :
(c b ) (c b )_ (c—; b ) (c b
w, — -1z -\ - =12 =T -=IA - | — —
cl Il e[ bl e[ bl e[ bl
a C a C |= a C a C
S N R
la| el la| el la| el lal el
W, c b| e bl _fc bl [c _b
e[ Il el |b] e[ [b] el |b]
a c a C |- a c
w ———z————z:———(A+c)—(——
' (\al \cl) (Ial Ic\) (Ia\ Ic\) al
W, MW | = %
N:(ﬁ__&)(fﬂ__fs_)_(c;_b_)(é__é_)
el Il \lal fe[) \le[  Iol)\la] el
N = a _cc _ ba cb  ac cc ba  cb
lallc] felle| Iplla] ~ lellbl falle] " lellel  |blla] [c]lb]
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_ac ba cb ac ba cb

N = — + — + -
lallel  Ibllal * le[lb] lallc] "~ [olla] [c]b]
N- _a ,ac _ba _ba _cb _cb
lallc] ~ lalle]  blla]  [blla] " lcllo] c[lb]
N = ac —ac ba—-ba ¢tb-cb

allel Dollal ~ [cllbl

Wegen ac — ac = ba — ba = cb — cb = —4iA,,sc folgt:

. 1 1 1
N = 4iA
Paase hanc\ " [olal \cnb|]

1 1 1
N = 4iA
Panse l|auc\ " ollal " \cub\]

4iA
N = ‘aHbﬂf‘C “b‘ + |C‘ + ‘a”
4iA
N = \aHbT{::TC [|a| + ‘b| + ‘CH
[[c b c b lsl{fa ¢ c bl\l[fa ¢ a ¢ |/~ _
z = || ja (& DAl S| - (& P |[&-C |a+c] — (B -C |(A+c
_(|c| oA~ |l o (|a| |c|) (|c| |b|)_(|a| o)A+ (|a| o)/ A+e!
;> _[fe._B VA _[c b A'(a__c_) . (c__b_)'(a__c_) Avc] (a__c_) e
_(|c| |b|) /ch‘ ol )2 T et ) = Ve o T 2! = {jar et ) A+
bl il
TN ) e e )™ e ol 1) T el e

ac cc ba cb

Z =
lallc] fcllcl [bllal |c||b|)

|
- el bla

" Tollal " [el[b]
+( cc ba ctb )c+( cc ba cb )c
|a||c| "Telle[ " Tollal Tc]lbl [allcl lcllel Tollal " [cllb]

Z:aé _ba +cb A+_éc +bé _6b A
lallc]  lollal  [cllb] lallc] ~ Iollal  [cllbl

( ac ba cb ) (ac ba cb )
+ | = + — c + — + c
lallc]  [olla]  lcllb] lallc|  [ollal " [c[lb]
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Z:[_ac—ac _cb—ob_ba—ba]
lallc| lcllb] [b|al
_ac® _ bac ;/K acc  bac ccye/
allel " Ibllal ~fellol * Tallel ~ Tbllal " Iclibl
Z:[_ac—ac _cb —cb _ba—ba]
lallc| lcllb] bl al
_ac® _bac _acc _ bac
lallc]  |blla]  falle] [bllal
Z:[_éc—aé _Eb—CB_Ba—bé]
lallc] lcllb] b al
_ac’ acc _ bac _ bac
lallc]  [alle]  [bllal [bllal
7 = ac—ac _ cb—cb _ba-ba|, _ (3c—ad) + b (ac—ad)
lallc| lcllb] bl lal[c| |b]al
7 = ac—ac  cb-cb ba-ba A _C (3c—at) + b (ac—at)
|allc] lcllb] bl lal[c| b]al
Wegen ac-ac = ba-ba = ctb-cb = —4iA,,sc folgt:

AABC‘|A ‘aH |4IAAABC —

|bH | 4IAAABC

AABC [C_ B b_]
lc| ||

ER

S _ [ 4iA, ,oc 4|AAABC 4iA
all T lell bl
) 1 1 4iA
Z = 4iA A +
[|a||c| oIl |b||a|] Al
4i A 4iA
z = TParso 54 o] + [of]A + A g
allollcl fallollc
4iAxnsc c
7 = 3Parso | a4 o] 4 [of]A + [blld [— -
allblcl [ | | d
4i A
= |a||bT|’;TC [ |a]A + [b|A + [c|A + |blc — [c|b |

Wegen c = B-A ,

4iA,p5c
lal|bllc]

Z =

b =

A—-C folgt:

[ |a|]A + |b|A + [c|A + |b|(B-A) —

lcl[A-C] |
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4iA,

Z =

22C [ [g|A + W/* W blB - M - W c/c]
al[o][c]

_4iA

AABC

= [ |a]A + |b|B + [c|C]
EllI

Damit folgt weiter :

I_Z

N

4iAsnsc

[al[ollc] [ |a|A + |b|B + |C‘C]
| =

4iA, asc

bl

bl + [c]

|- la|A + |b|B + |c|C

_lal + |b[ + |c

Inkreis-Mittelpunkt

Berechnung des Inkreisradius p :

1 1 1
Aspsc = > ‘a‘p + 2 ‘b|p + 2 ‘C|p

1
Asnsc = > Ha|+|b‘+|CHp
L 2Aue
|al+[b+|c|
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Wegen ac-acC = ba-ba = cb—-cb = —4iA,,sc und a=C-B , b= A-C,
c = B—A folgt zunachst :

c—ac

Q|

—4iA apc =

~4iA, e = [C-B|(B-A] - [C-B|(B-A]

—

—4iAsc = CB — CA — BB + BA — CB + CA + BB — BA
—4iA,asc = CB — CA + BA — CB + CA — BA

—4iA,,sc = A[C-B) + B[A-C| + C[B-A]

—4iAasc = Aa + Bb + Cc

A _ Aa +Bb + Cc
AABC — _4|

Damit folgt weiter :

p = 2'A‘AABC
[al+[b|+[c]
zﬂa + Bb + Cc
0= — 4i
[af+[b]+|c]
p = — A.a + Bb + Cc Inkreisradius
2il|al+[o|+[c]]

Abstande der Berithrpunkte T, , T, , T, des Inkreises vonden Ecken B , C ,
A :

Der LotfuRpunkt des Lotes von | andie Seite a sei T, .Man erhaltihn wie folgt :

BC az — az = aB ;aE ]
I —jaz — —iaz = —ial — —ial
BC _z—aZ—aB—aB_

I iaz + iaz = ial + ial

BC: éz—aZ:aB—_aB

I : az + az = al + al
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a(l+B) + a(l-B)
Z = —
2a
T = é(_I+B) + a(l-B)
2a
T.-B = é(_I+B) + all-B) B
2a
T8 = é(_I+B) + a(l-B) — 2aB
2a
T.B = al +aB + all-B) — 2aB
2a
T.B = al — aB + a(l-B]
2a
T.B = é(_I—B) + al(l-B)  TB - a(l-B) + a(l-B|
2a 2a
T B = a(l-B) + all-B)
2a

T.-B[ = (T,-b) T,-B

T8 - a(l-B) + a(i-B] all-B| + a[i-B]
@ - 2a 2a

-8 = (al-B) + ali-BJ)

) 4laf

Nebenrechnung :

| la|A + |b|B + |c|C

|al + |o| + [c|
B - la]A + |b[B + [c|C B

B

B

-B

B

B

lal + |b| + |c]
_|a]A + |p|B + [c|C

— |alB — [blB — |c[B

~ [al + Ibl + |
_ [a]A + |c|C - |a[B

— lc|B

~ fal + Ibl + I
_ lclc —[c[B - |aB

+ \a|A

~lal + [b] + [c]

_ ldlic-BJ| - |a|(B-A]

~ fal + ol + [c]

_ lcJa — Jale
[al + Ib[ + |cl

—B = cla — |alc
la] + |b[ + |c|
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Jetzt folgt weiter :

(al-B) + ali-BJ)
4\a|2

T8 -

e _ [ llela ~ lale] + a {ldfa  falo)f
41af lal+/ol+[cl

T

T8 = (\a|2\20| ~ fafac_+ afic| - [alac]
4|af(lal+/bl+/cl]
|Ta—B\2 _ (2|az\2\c\ — \a|(a2c + aé))z
4|af (|al+/b] +lc|)
T,~Bf = |a\2(22|a\|c\ — (ézc + aclf
4laf (|al+b|+[c]]
T, B = (2[allc|] - (ac + ac]]’
" 4fal+lolelelf
Nebenrechnung :
ac + ac = (-b—cjc + al-a-b)
ac + ac = -bc — ¢cc — aa — ab
ac + ac = —bc — ab — aa — cc
ac + ac = b[-c-al — aa - cc
ac + ac = bb — aa — cc
ac + ac = |bf* - |aff - |cf

Damit folgt weiter :

7, -gf = (2lalll = ac_+ ac]f
4[al+Jol+[cl
7 gt = (2allel = Iof + Jaf + fo?]
T aflal+lblelelf
7t = laf + 2lall] + Jof ~ Jof]
a 4(Jal+lol+lcl
2
7o < Lol —Iof |
T 4flal+lbl+lelf
e - [ Clalelel — 10l] (al+fol + Iel) |

T

~ 4{[al+lbl+lcl
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[ [al+[c| — |blf

lal+[o] + el

7.8 =
4(|al +[bl+[c]f
7,5 = L+l = Iol°
2 4
_ [ [al+le] = o]
|Ta_B‘ )
7, 5| = LIailelobl = 2P
T.-B| = M bl]| , wegen Symmetrie: ||T,-C| = M c|
Weiter aus Symmetriegriinden:
|-|- C\ \a\+\c\+|b\ — ¢l \Tb—A\ _ ‘23|+‘C‘+|b‘ — |a|
7.a) = BBl 7. 5| = EERRL
Die Teilverhaltnisse sind somit :
[af+[c|+[b]
T.-B| _ 2 ~ Ibl
TC ~ ko Bl _
2
|Ta_B‘ _ Suasc — bl : _ lal+[b[+[c|
|Ta—C‘ = N mit  Syagc = 5 ist
|Tb_C‘ — Spasc — |C‘
|Tb_A| Suasc — 1@
|TC_A‘ — Spasc ~ |a‘
|Tc_B‘ SAABC - |b‘
Das Produkt der Teilverhaltnisse ist :
|Ta_B‘ _ |Tb_C‘ - ‘TC_A‘ _ Siasc — [b] Spasc ~ c| Suasc — al
|Ta_C‘ |Tb_A‘ ‘TC_B| SAABC - |C‘ SAABC - ‘a| SAABC - |b‘
T—B| |To—C| [T—A] _ ]
IT.-C| [T,—A| |T.—B|
Nach der Umkehrung des Satzes von Ceva schneiden sich die Geraden AT, ,

BT, .

CT, ineinem Punkt, dem sogenannten Gergonne -Punkt !
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Bemerkung :

Die Abstande der Beriihrpunkte T, , T, , T, des Inkreises von den Ecken B ,
C , A kann man schneller gewinnen unter Beachtung von Kongruenzen !

To—C|

T.—A| T T.—B|

IT.-B| + |T,-C| + |T,—C| + |Tb—A| + |T.—A| + [T,-B| = [a] + [b] + [c|

2|T,-B| + 2|T,—C| + 2|T.—A| = [a] + |b| + [c]

\ o] + [c]

T.—B| + |T,—C| + [T.—A| =

Ial bl + Ic]

T8 = - (\Tb—CI + [Te=A]
T,-B| = |a| bl + fel [To-C| + [T—A]

Wegen |[T,—C| + |T.-A| = |T,—C| + |T,—A| = |b| folgt:
T.-8| = Ial bl + lel

Zyklische Vertauschung liefert :

CENCENCR

T—C| =

|-|- A\ ‘ b + ‘C|—\a|
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Berechnung des Gergonne-Punktes G

Im Skriptum ,,Der Satz von Ceva und seine Umkehrung“ gibt es folgende Formel fur
diesen Schnittpunkt :

Xyz
(1 —y)z + xyz

Xyz
(1-z)x + xyz

Xyz

G =
(1—x)y + Xyz

A + B + C

mit x,y,z €0;1] und T,-B =xa , T,-C =yb , T.—A = zc
Die Parameter x,y,z erhalt man nach dem Vorigen wie folgt :

|Ta_B‘ = Saasc — |b‘ = X‘a‘

|Tb_C‘ = SaaBc — |C‘ = Y|b‘

|Tc_A‘ = Siasc — |a| = Z|C‘

_ SAABC - |b| _ SAABC - |C|
— |a|— 1—X — ‘al—
SAABC - |C| _ SAABC - |a|
V=R Y
_ Saasc — |a| _ SAABC - ‘b‘
z = |c|— , | 1—z = |C‘—
e _ [al+[b|+[c] _ [s-lal)(s—Ibl)(s—[c]]
Mit S := S,apc = 5 folgt xyz = allbllc] und
iy = Sl T - | o o
vz = e e XY =
(S—[all[s-Ibl)(S—lc]
xyz _ [alblc] _ [s—al|(s—Ib])(s—]c]
1=ylz + vz [s—fa|" _ (s—allls—foll(s—lcl] ~ [s—fal[a] + [S—fall(S]bl/(s—[c]
bl [allollc]
(s—]al)S—|b|)(S—[c]]
Xyz _ [alplic] _ (S—al)(S—|b]/(S—]c])
[1-z)x + xyz |(s||—||b|)2 |(s”—||T|)|<s—|b|)(s—|c|) [s—b|[lb| + (S—Ial}(s—[bl/(S—[c]
allc al|bl|c
(s—Jal)(s—]p])(s—lc]
xyz _ [allollc] _ (s-al)(s-[bl|(s—]e]
[1=xly + xyz |(s”—||o|)2 . |(s||—||e|‘|>|(s—|b|>(s—|c|) (s—lellel + [s-[all(s—{pl}(s~]c]
allb al|bl|c
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G =

S—lalllS—Ibl)(S—lel]

(s—[alf*la] + (S—|al)(S—|b])(S—]c]]

+

(s —{al|(s—{bl)(s—]cl]
(s—Ib|f’lo| + (S—al)(s—[b])(S—c]|

, [s-lall(s—Ibl}(s-lcl

(s—lcl[c] + [s—all(s{bl(scl]

12
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Die Ankreise

Gegeben sei das Dreieck AABC und die Ankreise.

Wegen |[T,'-B| = |T,-B

, |T,"-C| = |[T,-C| dilt:

IT,'—A| = |[T,'-B| + [c| = |T,—B| + [c| IT,"—A| = |T,"—C| + [b| = [T,—C]| + |b|

Wegen [T,'-A| = [T,"—A| folgt:

IT,'=A| + [T,"—A| = [T,-B| + [c| + |[T,—C]| + |b|

Wegen |T,-B| + |[T,—C| = |a| folgt:

[To'=A] + [T,"=A[ = la] + [b + |c]

2|[T,'=A| = la| + [b] + |c| 2[T,"=A| = [a] + |b| + [c]
‘T '_A‘ — |a| + |b| + |C| ‘T H_A| — |a| + |b| + |C|
a 2 a 2
\Ta—B| +]c| = M \Ta—C\ + |p| = |§| + [b + |c]
g = lal bl + e[ o = lal+ bl + o _
T8 = & o ol = & b
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‘Ta_Bl = Suasc — |C| ‘Ta_C‘ = S,asc ~ ’b|

Zyklische Vertauschung liefert :

‘Tb_C‘ = Suasc ~ |a| ‘Tb_A‘ = Suasc — |C|

‘TC_A‘ = Syasc ~ |b| ‘TC_B‘ = Syasc — |a|

Die Teilverhaltnisse sind somit :

|Ta_B‘ — Siasc ‘C‘ ‘Tb_C| — Syasc ~ |a| |TC_A‘ — Siasc ~ ‘b‘
a_C‘ Suasc — |0 ‘Tb_A| Suasc — Ic] |Tc_B‘ Suasc — 1@

Das Produkt der Teilverhaltnisse ist :

|Ta_B‘ ) T,—C ) TC_A‘ — Siasc ~ |C‘ ) Siasc ~ ‘a| ' Siac — |b‘
|Ta_C‘ T,—A Tc_B| Suasc — 1Bl Syaec — I6l  Saiasc — 2]

T.-B| [T.-C| |T—A| _ ]
T.-C| [T.—A] [T.-B|

Nach der Umkehrung des Satzes von Ceva schneiden sich die Geraden AT, ,
BT, , CT, ineinem Punkt, dem sogenannten Nagel-Punkt !
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Berechnung des Nagel-Punktes N

Im Skriptum ,,Der Satz von Ceva und seine Umkehrung“ gibt es folgende Formel fur
diesen Schnittpunkt :

Xyz
(1 —y)z + Xyz

A + X2 B + X2 C

N =
(1—z)x + Xyz (1—x)y + Xyz

mit x,y,z €0;1] und T,-B =xa , T,-C =yb , T.—A = zc
Die Parameter x,y,z erhalt man nach dem Vorigen wie folgt :

|Ta_B‘ = Saasc — |C‘ = X‘a‘
|Tb_C‘ = Siasc — |a| = Y|b‘
|Tc_A‘ = Siasc — |b‘ = Z‘C|

X = Saasc — lcf 1—x = Saasc — bl
al ’ a
_ Saasc ~ al . _ Ssnec — c|
Y~ bl Y T
— Saasc ‘b| 1-7 = Sansc — |a|
i< ’ |
T _ [al+[bl+[c] _ [s]al](s—Ibl)(s—|c|
Mit S := S, agc = 5 folgt xyz = \aHbHc\ und
sl _(s-ldlis—lal o _ (s-lal(s-lo]
vz = g =z = =Y = e
s—all(s—[bllis—[c|
xyz _ lallbllc| _ (sal)(s—bl)(s—lcl)
[1-ylz + xyz |(S||—||b|)(5—!C|) .\ |(S||—!Ha|)|(3—|b|)(3—|0\) (s—Dbl|[s—[cla + [s—{al/[s—[bll[S~]c]]
b|lc a|ib|ic
s—[all(s—[bl)iS]c]
xyz _ |allblle] _ [s—al)(s—lpl)is—lel)
[1-z)x + xyz !(SH_||C|)(S_|3|) . |(SH—|’T|)|(S—|b|)(S—|C|) [scll(s—[alJlb| + (s—[allls—ol/[s—]c]|
clla a||b||c
s—allls—Ibl)(s—]c]
xyz _ [allblle] _ (s—all(s—bl|(sc])
(1-x]y + xyz ~ (s—lal[s-Ppl| , [s—fall(sbl[[s—[c]l ~ [s—fallls-Iblllc| + [s-[al[s-Ibl/ls—cl]

[al b [allbllc]
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_ (S-fal)(Slol)(Sc] R
S—Poll[S—[cllal + [S-Tall[S—Pol[S—Ie]

N

|S—al|(s—{b|)(S—]c]

[S—Icl)s—alllb] + [S—Tal[S—lb]sd] Nagel-Punkt

s-fals-lo)Is-] .
(sfall(sollle] + (s-Tal[[s—lbl)[S el
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Berechnung der Ankreis-Mittelpunkte

Ly b,

l.

)

. c a C a - _|c a c al|s
wg' oo —+—z——+ Z =|+ —=|B—- |+ —=| B
| al e[ |4 e[ fal | al
a b a b a b b | s _
' 2 22z =%+ | (B+a) - °-| (B
ORI 1< 1 R~ R R L PR
' \ Z
Wﬁ mWy a = N
_ (6 a )(a b ) (c a )(5 b )
= [= = I [ty | [
el Jal J\lal " ol el lalJ\la] ~ [b
_ac cb aa ba ac cb aa ba
N + + - — — —
lallc| ~ [cllb] ~ lalla] ~ [bllal  falle] cllbl [alla] blla
N = ac cb ba ac cb ba
= + + - - —
lalle| ~ [ellb]  blla] lallc[ Icllo] |blla
ac ac cb cb ba ba
N - + + — - +
lallc]  falle]  lcllbl lcllo] [ollal " [b]la
N = _ ac-ac cb—cb ba-ba
= — + —
lal|c] lcf|b] |b][al
Wegen ac-ac = ba—-ba = cb-cb = —4iA,,zc folgt:
. 1 1 1
N = 4iA — +
whee hchl lcllb] IbHal}
4iA
N = Ze8S [fal + [o] + o]
lallolc|
Z = -(C—+a— B - [ B (a—+b—> - (C—+a—) (a 2 )(B+a) - (a—+b—>(B'+a
el al lal |~ [\lal "|b] ol "Tal |\ [al "Tel lal [l
[(c = a b c allla b a b |_
Z = ||+ |B|| S+ | - [+ ||| S5+ |(B+a) — [T+ |a
_(|c| al ](|a| |b|) <|c| |a|)[(|a| |b|) (|a| |b|) l
Gl b2l ol bl
lc| “[al J\lal “[bl lc| “[al J\[al bl lc| “lal )\l "[b] lc| al
, _[ac_,cb ag”  ba ]B B [ac , cb ag” ]
[alle] * Icllol ~Aallal  |bfal fallc] ™ [ello] *AAllal IbHa
éc/ aa/ . ba ] B:W/ aa/ . ba ]a
|ch| " Jllal  [ollal [cllbl ,k§Ha| bl
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Z:[ac ,Cb ba ]B_[ac ,cb  ba ]B
lalle]  lellbl  [bllal lallc]  lellbl  Ibllal

_[cb , ba ]a+[Cb , ba ]a
lcllbl  Ibllal lellbl  lbllal

Z:[ac , cb  ba ]B_[ac ,cb ba ]B
lallel ~ [cllbl ~ Ibllal lallel * lcllbl ~ Ibllal

cba baa cba baa

— - a + +
lellbl  Ibllal ~  lcllol ~ pllal
, _|_ac-ac  cb—cb _ ba—ba]B _ . ba-ba _ ba-ba
lallc| lcllbl bllal lc[lbl bllal

Wegen ac—ac = ba—-ba = cb—cb = —4iA,,zc folgt:

. 1 1 1 1 1
Z = 4iA - + B+cCc—7+a;—7—
hee [(|a||c| lcllbl |b||a|> lc[lb] |b||a|]

2 = 2o o] ~ fal + [o]8 + [alc + lla

2 = s [[b] - fal + [ol)8 + fallB-A) + lel -]

z = |‘:||At\f|\|f|m [ blB _yaygqﬂg  lalA + Jelc — e
z = |1ill/?>T|2TC [ —lalA + b|B + [c|c ]

Damit folgt weiter :

4
a = N
4ifanec [ _ja1A + [b|B + c|C |
_ Jalplll
a 4iA
2anBC [ _jg| 4 o] + o |
allollc

_ —la]A + |p|B + [c|C
—la| + [b] + [c|

o

_ [alA — [p[B + [c|C
" lal = Ib[ + Il

_ [alA + [b[B — [c[C
lal + Ibl — Il

s
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Berechnung der Ankreisradien p, , p, , p.

Flachenbetrachtung des Vierecks ABI,C :

lalp, _ [blp. . Iclp,
AAABC + 2 = 2 + 2
alp blp Clp
Susep + 0 oy I,
blp,  Iclp.  alp,
SuaschP = 2 + 2 -5
lalp, . |blp, . |clp, |alp,
Suagch = > > + 2 -2 >
SuiascP = SuaschPa — |a‘pa
SanschP = (SAABC_‘a”pa
Siasc Saasc Siasc
Pa= o o P Po = [a T P po = 28E—— p
(SAABC_‘a” ’ (SAABC_‘bD (SAABC_|C‘)
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Aa + Bb + Cc
Wegen = — folgt :

NPT aiflaf+lble] °
o = — Saasc Aa + Bb + Cc

) (Sunsc—lal) 2illal+[b|+[c|)

0 = — Saasc Aa + Bb + Cc

’ (Surec—Ibl) 2illal+[bl+[c])

0, = — Saasc Aa + Bb + Cc

° (Synac—lcl] 2illal+[b]+[c|)
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Zum Abschluss dieser Abhandlung noch zwei ,,schone“ Zusammenhange :

1 1 1 _ SAABC_‘aU (SAABC_lb‘) (SAABC_‘C‘)
~— 4+ — + — = + +
Pa Po Pe Syasc P Suasc P Suasc P
1 . 1 + 1 _ (SAABC_‘aU + (SAABC_M) + (SAABC_|CU
pa pb pc SAABC P
1 1 1 3S,m8c — ‘a‘ - ‘b| - |C|
~ 4+ — + ~— =
pa pb pc SAABC p
1 1 1 3Saec — 2Sansc
— + — + ~— =
pa pb pc SAABC p
r ., 1,1 _1
pa pb pc - p
Wegen
L —la|A + |b|B + |c|C _ —[|a]A + |b|B + |c|C
) _|a| + ‘b| + ‘C‘ Z(SAABC_‘aU
_|la]A = |p|B +|c|C _ [|a]A — |b|B + |c|C
* 7 la] = |b] + |c] 2(SAABC—|b|)
- la|A + |b|B —[c|C _ [a]A + |p|B - [c|C
° " lal + [o| = [c] 2(S, psc—lcl]
folgt
1,1, 1, _ [Suac—lal] —JalA + |b|B + |o|C
ol btk =g .
a c angc P Z(SAABC ‘a‘)
, [Suneclbl] —JalA + [b[B + [c|c
Syasc P Z(SAABC_|b‘)
, [Sansc—lel] falA + p|B - |c|C
Saasc P Z(SAABC_|CD
LT T I —|a|A + |b|B + |c|C
Pa Po Pe ® = S g p 2
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o A o T (~[a|A + |b|B + [c|C |
1
+ —— ([alA — |b[B + [c|C
ZSAABCp(|| H H )
1
+ ~—— [lalA + |b|B — [c[C
ZSAABCp( )
R o (—[a|A + |b|B + [c|C |
1
+ < (|a|]A — [b|B + [c|C
ZSAABCp(|| H H )
1
+ oo—— llalA + [p|B - [c|C
ZSAABCp( )
ol el Nl ZSAABCp(|a|A+|b|B+|C‘C)
1 1 1 _ 1 (A +b[B +c|C |
p_la"'p—|b+p—|c_FT
) ° ¢ 2SAABC
L L 1_(\a|A+\b|B+\c|c)
P, @ Pp P Pe © p|a‘+|b|+‘c|
1—| +1—| +1_| —1_|
Pa_ @ Pp ® Pe © T P

Diese Formel wurde von Hugo Wehrle, einem Mathematik-Kollegen, aufgrund
numerischer Berechnungen vermutet.
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