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f' (O) = rk· y s~nt~ y 

= 

g ( 0) = 0 => g (0) > 0 

=> f'(O) > o 

y 

'V 0 E] o, n[ 

'V 0 E] o, n[ 

:(""' _ _;!::.-' -:....,.,\ lS::. _,.....,.,] o, n[ lSJ..,.:,L; J::. f ~::. Y::.if ~~I jl 
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:~ '..L:S~ ~)..A...i..J~ e~-1 <f-L.­

cord' 0 = l ['I' cord (!)0 + cord (!)0
] = '; r, c. 

r 'f " 

~~,j~ (.GU_,JI~I vt.JJ .y 
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LS\.r. ·~tf ~ t"!-.)..?..? ~~<AS~~ J.!lk... G {xn} ~J 01-l ~ LS\.r. 

X - c ,-_ 
b 

:~b ~1_,.> ·t"!-y,.Stf o.1:_.)\J G~ xi ~_;J cJJI 

:~b ~I_,.> ~.)tf )} f (x) J.) IJ 0T 
c a c r c aci 

xy = f (x1) = - + - (-) = ....,... + -;:r 
b b b b b 

:~b ~1_,.> ~.)tfJI}f(x) J.) Gxr J_,1 ~ 
c a c aci i 

xi = f (xy) =- +- (- + -;:r) 
b b b b 

:4J 
C aci iaYCCl 

xi= b + "'i)f" + -b-

~ l5~..J ~ J-:;j\ ~ ~ ~ Gxn~.)f...)\.A...~ ~ ~ ol.S"_r2> 

. ..W ~I_,.>~.) J <\h~xo .) ) ~ 

:~tf J::) J r-:..) _}tf J".x =fi +~sin r-· ~ -JW.\S LS~.h~ ~ JL> 

LS.J..,pUJ.) IJf(x) JUu ~.p = l sin r-· 0TJ.) 4-....S ..W\_,f(x) =.!xi+ p 
\....: f . f 

:~b ~1_,.> (.~.)tf )} 4..J\..6.. .)Jj" IE [ 0 I 0 ,, 0 I 0 r] 

f (x) = 'f xr 

J ~1(.5.)y-4' l5.J..,pl9 01-IJ.)f ~b i.J""4 ,..w~tf ~I l5<\..l.pl9J.)f'(x) 

:r-:.).) l...r"'4 . ..w~x = o 1 o r 45 G..... I dlAj 0T ~§lA 

I f' (x) I s ' I r X ' 0 -i 



.:r.l..r.~ ,...l..!.4(J"' ...~.>I_, jl.;~ _,s- ~b .:r-1 ~ 6.5 ~ r(J"' ~ L:;-..:.;.1 jl _, 

~ . ...l..!.4~ I L>-U.,oU _;~xo ~[j L>~ ~ tSGI~ ~b .:r-1 ,r L>~ ~ 
6.5 ($)):> ~ 4~ r!J"' J.,PL;... {XU} ($~) .U..Ou .:r.I_;~X\ )...lAA _;A L>l.r. OJ~ 

n ~ ' )...lAA iw L>l.r. I xu - X0 I :s; Mu I x, - x0 1 
o...l..!. o~b .;.:_W_r.j ~J~ 6.5 L>J):o 0w ~r!f" (!rx, 4 6.5 ~J .:r-1 

.~ r(J"' ~xo ~[j ($~ )~ 
f(x) 

tSc!..b~ tS4...!.....J ~ J ~) ~ ~ ~[j ($~ .:r-1 0~ _,$1...~.:; L>l.r. _;W.Ls' 

J~ G ~ _r>- u~l::......,. L>~ _,1 .~ ..r: J\5' ~ IJ ~ _,:>- ~..J}JI ~J~~ -r ~ 
o~~ J~ IJ u~~ .:r-1 '~.*-" L>l.r. L. ,..tA~!J"' ~~I_;~ o~~ 

v.~~!J"' ~~I l>J~I 

~t..:,IS ~JJ 4 ISJ~I o\h...,.J JJ ~t..:,IS ($4.1Jla.o J> 
.sin tp > i sin ntp :~1~ ,......,.1.> ,...L..!.L o < tp < .E.. o~ ...Jl> :~ n ,-- .J • n ; - -

f (tp) 6.5 ~ ~(j -:;.........1 d\.s' f (tp) = sin tp - ~ sin ntp ~u-P) :vllll~ 
.($~~~~~[; 

.:r-1 L. .S .,;:.....I o~b iL.:-.;Ixj t.>.J\.A... ;~ ;_,..;S jl ul> ~ .)lxl 01.J..:..P\.;; L?l;; ~t.....} t.>lil I; ;lS' .:r-1 .v 

·r-oi·~.J ._,..~I.J~ .:,T jll; ..:.........J 
F. Riahi, "An Early Itrative Methode for th,e Determination of sin 1 ", The College 

Mathematics Journal, vol. 26, no. 1, (1995), pp. 19-20. 



y 

.!.. 
n 

X 

f'(lf') =cos If' - cos niP = '\' sin n+' If'. sin n-' .If' 
'\' '\' 

=> f'(lf') ~ o, 0 < If' :5 ~ 
n+' 

~ > :!: (n ~ )) => f (If') > o o < If' s :!: 
n+' n n 

~ 01_;15" ~ 0!-\ jl .~I ~\j ~ 0!-l..r.L; .J (.$;) _y-P C:ib jl ~ 

sin \ 0 > l sin i 0 

i 

·e :~j'"' 

lS)J..i...ox 6 .fo~T )• X = .!. xr + l sin io ~ dW.\.5' (.$4..b~ J;) L.l 
i i 

jl .;) y. ..u \yo:. ~ § }:-·-: xr ~ 0T ~ J..I.Y. L; ,..l> \.J j1 A§~ I 

.J;) 0!-1 jl ~ . ..W~ PJf.l sin io jl ):.>- ..Uiy ~sin 'o 6;) Y::.IJ" ~~I 
i 
.~~ lS.Jl..A -4~ .Y.JI lSJ~I ~J .J;) J;) j91..l> 

:;) Y::, ~ j ..7-j ~ ~ -4~x ~lsin io = o I o W'f'fCi ... L.I 
i 

:;)Y::,I.f" ~}J"J uJ.J-"P ~ (i) '..5<\.b~ ~x = o I o' a1 a1 ar··· 

'f I r \ . 0 

o I o ' a1 a'l' ar··· = _ ( o o ' a1 a'l' ar ... ) + _ sm i 
i i 

:..:......!b ~\yo:. ~15" rS (.$.JW 0!-1 ~ _), jl G 0 .J 0 ')...IM 

o I o o a1 a'l' ar··· =.!. ( o I o o a1 a-r ar .. f + o .J o o V'f'fCi 
i 

~1yo:. ~A o-4;)u 0T lS~u ~ ~ G~xr dw.ts" ~..)~1 ~.}I Jb-
:..:......!b 



x, = o 1 o o, 

Xy = 0 I 0 0 'v 
:~b ~I_,.>~~~)} <r> l.So~.bl.....o G )..u.. JL> 

'f 1" ' • 0 o I o o ' V a.,. ar ... = _ ( o I o o W a.,. a.,. ... ) + _ sm i 
r r 

:~b ~I_,.>~~ .;--SG o .J ow )..U..l.S.Jw 0:!1 ~ ~ jl .J 

o I o o o a.,. a.,. ... .!. ( o I o o 'V a.,. ar .. f + o I o o o 'f'fOi 
r 

:~b .......AI · .!.x'" ·I • • L ,- . .J> r J if"" Y.~ . 

o I o o o a.,. a.,. ... = o I o o o 'f'fOi => a.,. = 'f 

·~ • ~ l>JI ·I • _,....,~ • • . J .J 

x.,. = 0 I 0 0 'V'f 

UJ.)--'-P ~ Gsin ' 0 .J o~yS ~ Gx~~ ru) ~WLS ~.;-1 ~ ~ 
01tSJL!.s-l r-!J W u 4...5 J.:S~ ~~ o .J o W'fO'r'for'fiV'rAiO' oi 

·" ...w~~ ..::........)~ 

J1 jl ~ .;,U1~\u JJ ~Ui\S' l.,tll .'f.'f 

~ ~ i..r.:-" '~.JJ t5o~~~l:! 0~ t..>Jr-:i ~ 0\.il..t~ . .PL.J ~.J 

~~ J.J .Lj\c..!b ~~~ ~WlS" i_,...., t..S~J~ u'l'~l.....o J> ~~ J..JJ 

8. R. Rashed, "Mathematiques traditionelles dans les pays islamiques aux XIX siecle 

J'ex:emple de !'Iran", dans Transfer of Modern science Technology to the Muslim world, Istanbul, 

1992, pp. 393-404. 
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~~ ~ J~ ~L;. jl ~J.:~~ .}J LSIJ"! <Y' ~ (""l--4.:~ 45 0\.:;;-
0 0 

01-l 0".:-! LSJ~\.j ~ ~ ~ ~ J ~ LSlA .}J y..:~lA_. ~ jl J""'? J o.:l _;S o.:~lA::......,I 
<Y'~ ,fJJ ~Tjl ~jg.J.:Sif ~ IJ ~J.:~~.;1 0~lA0LS1 lA_;1 

~J l5\.r. ,fJJ c.r..l j1 ~6- ~~ ).J...i..., .~1 ,_/':1_,1 J~ J)'w c.r..l LS\.r. 

,fJJ ...lj~ § if')l..,l l;UI~~J 'JJ~ jl.~ J.::-9.:~ l;l~ r. ~j.:l~ 
l;l~l.:~ LSJ...:......J ~ ..::,..~ OjJ.:l c.r..l j.:l .~~ ,fJJ c.r..l 01-~~ G (..$~.:1 
~ "---! ,c..j.Jif ~~~<..)"~\.:if~..::,_,~~) o--4.:1_?~ if')l..,l 
4.J .:~ • • J J..>. - . \;~7 I ·1 I 4\.::.......>- • 'b- · \j II I .............., . Y if~ J · r::-- l5'.r. J'f.. .:f.~ J .JY. LS Y Y. .. 

ji_;J.;-9.:~ ~..? Jl ,fJJ .J..:Sif ~~ G ~J.;l~ <..)" ~ -~j.:l~ .}J LS~ 
o.:~lA::......,I d-L> t.5<lk.....l1 U.:~ jl <Y' ~ .l;.,jw __r..j 1 1 G. I,.;~ Y. <Y' ~ ,fJJ 

.jWIS •LSJ.r-::3 ~ J.:~ ~I b ~1.:~ <~.Abl Jly.. ~ ~ ti'J c.r..l .J.:Sif 

.l;.,jkA .jWL.s' . .:~b .GI) ~j.:l~ <..)" ~ LS~~ LS\.r. 01-Y SG.IS ~JJ 
r. JJ .:~ _? ur. ~~ ~J~ J\.WI J l)WI 0l:-o LS~G jl <Y' ~ 
u 1 1.-.W ~J~ ~ -~~ Jy) ~ ~ J.9y .)Uy., L;ui~~J w')\.>. 

Jl.~l...u d-L> l5<lk....,IJ u.:~ ~ (..$j~ ~.;I .:1 Y. o.:l..? ~IJ ~ (..$<l..b~ 
tj c.r..l j>- LS\.r. ~..J}JT .~ ~ ~ ,.:~_? ~~J ~ t.5<1..b~ 4:J.w 
1 I jl U""'? lA 0) 4.5 0 w . (""ll o .J.:A u .) W IS~ ..J}JT IJ 0T G. 45 .Ml J.:. \j ..::,.. ~ .:~ ~ 
i .r-" ~J.;l ..::,..~.;~~ .fv,..:~ J>- LS\.r. L1~A .)~1 .4.;>...4~')\.. LSJ...:......J ~ 

. ..w ci .J J\S ~ (.5.:1-lP 

lj_r.-A <:\_,.. f _,_,. .r" c~l •cr-"' I ii\4, JL. ...s"'}~ ~-.,._. ... ) (( . ..;:.......1 OJ_,....; '-:'L>u-: (,5\...c.,..J.>.. 

.(i d' ,.J_,J.JI~ .)6!1~ 
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~.J ~.)b l.S~ s~.J_;;..S0~ 45 ..w~~ u~4..Jjl ~ 0~L-

~ 4..5 ~ .Jr..J.J Lf.lA~~ 0T ..J~ . ..w~~ 1 Y...r" (;.5_r- .J u~ 

.J~ ~I~ e-1_,...1-l> i~ -:.r.\.r.~ ,..li..,_.;.~ ~~J l.S~~ I.SIA~ 

~_,...; u~4_,jl ~ G 0~L- 01_;~ 1-ri .~..: ...• !h .L~~I_,> 0~L- ~Lk.. 

G 0T 45~..,_.;.~ ~ ~~ ~L.J~j10~L- .~..,_.;.~ 1y.r ..l> ~ 45 ~ 

.k...> JL..... .J --4W~ ~ J~l '-:"'L- .J ~~~ '-:"'L- ~W. .J~ 

~I L.:.W. .J~ . ..li.).JT~ ~ .)>:" y. G ..J§.L l,SlA~W. ~L- ~~ .J t.r'k. 

~ 0~L- ~L..I ~ .k.....y 4-iT J.J .1.:...Z~~ U.JI.A.::... ~~ ~ ~~ J_; 
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.JI .~ .J-! ~I.J e-1_,...1 ~ .r.J ~ ~L- ~~ ~ly I.SIAl.S_,...... ~ 
bn+l I I b 0 I .l- ~ n • • • • I . ,.. • ·I 
·n+l I..! .r!'r. x= , x= » ~ ~ y=x ~ f-.J ~.....o.>~.-.o ~ 1,......-.J ~~ 

.J (Roberval) JI.JJ'!.J..J ,(Cavalieri) L$_r.li.JlS" .k..... y 'rt• <.>4JL.. ..J~ 45 l.SI~) 

Jyo} jl o~lA::....I.J ~ly ~ly !..$_,....... J. .r-t~ .(~ y. o..W ~l> (Fermat) lA} 
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~~ ~ WJ.)4' ~ 0T 0~jl o~\...i.::......l ~ Gy=Arc sin x _)iy LS.r- c;_r.; JllA 

~~ ~ ~ yx = sin y <=> y=Arc sinx LS.JW jl o~\...i.::......l ~ .J ~J.JT G..,.....--4 

jl o~\...i.::......l ~ lALS~ h... y ~ JL iC J§~ ~ J.J ...l:.~ _?sin x _)iy LS.r­

.UGI ~ y, o..W ~e l.S_rP--4 ~If. I h... y ~~ j1 ~ JL '. • • 6.5 Jy) 

• ...l:_~ _,5 

~lf.l h..._; i..JP~ J_,j ~L::.; w~l ~~ 6.5 ,_/'l~J\::...:,j ~~J~ 

·r<f ~J-.7.\J G.,....\ o..W 

y_j ~ ~~ 6.5 ~ _r:, i')\;-llA) ~LSI <~.AU J~ Ji.JY..JJ 'rir JL _r.:.S'I J~ 

<<~ ~I..L;;.ILS4-il_,...; ~)) ~~ LSI..r. Jy) ~Y.iJy=xk ~ 

G.,....\ o~..J.JT -.::........--4 <~_?~I_,.> ~J-.7. IJ 0uW-o h..._; 0T w~l 6.5 J _,.. )) 

< --
i=l 

n 
\ .k 

<Lz 
i=l 

:0T ~4J ~ 6.5 

_r.j .JI 6.5 .J.:S<f 0~ .JI <~.AU ~4 J~ lA) .G.,....\ w.J~ Ji.J.Y..JJ l.S.J~u ~ 

o~_j 0~1 ~ ~~ ~~ L$\_r. J_,j LS.J~U jl o~\...i.::......l ~ G ~\..!.A~ 

[o, x0] J....,lj l.S.JJ y=xk ~ _r_j ~ ~~ ~~ LSI..r. ~~ .J~ .7" .G.,....\ 

~b.._.LS\r. ~ JL., rc· · lA_;u_r:: 6.5 .,l;jl J-.J..J 4) ~L) J-.JJjl 

~ JP~ Jyb ~ ~lj y!.jn ~J§~ ~lj ~ (..lj~ ..7.Jl5" ~ Oy!.l~ ~~ 

~J ~~ LSlA~ h... _;x=x0, x=O .b)=:-~ y=xk ~ y_j ~ 



3Xo nXo n n 

4_r.ly, ~~ (.5lA~ ~l.-A 
k (L,xA )k ( nx:A )k k+ 1 ~ .& + ~ .& + ..... + ~ .& = ~ (1k+2k+ ... +nk) nn n n n n n 

~l.-AA}'I_, o.)_uT ~~ ~ ~ t.5lA~ ~l.-A ~L.J_,k ~-' 

o ~~ ..W 4 x0 -' 0 l.r--! ~ _r..j ~ 
xk+l xk+l .::irr (1k+2k+ ... +(n-1)k) < A< .::irr (1k+2k+ ... +nk) n n 

A )...tM Jl-'f.-'J l.5Jl.-Al.; 4 ~ l..U 4 ~ J~\ ~JY: d\S ojl..tj4 IJ n )'I 
bk+l 

. .)_,.:;,if ~k+l 4_r.ly, 

~ Jy__,j t..__,j _, Ji-'.7.-'J 4JA ~~ .)rif c)u 45 eft!.~ Jl_;.... 

~L;~ Jl_,..r._,J l.5l.a,J\SJ.) ~J.M ~ _..tj.).? ~~ ~ ~ .)\..lvit_5\.g_;l_,.; 

.)\._lv\ jl o.)~\ 4 \J J_,.9 Jy) 45 J.:Sif CJl:-: ~ \..)-' .)).li.) _r:--' \..) ~ _,1 

o.).? 0~1 .) rif ~b. JK..-.4 ~ (.5lA0 y....o jl 45 if~\ .)\..lvl_, Jb.. 
i~l JK..-.4 C::~ JL::.;\ jl ~ JL, ~ .)_,J.>- \..) J\S 45 .J.-_:S ~_,.;)~I 

.) _, J.>- J.) w.1::..;._. J ~I ~ J K..... 4 - i \..:.:>-~ ._r> 1_,.> 45 ~ y<l' ~I ci )' 

.(.) y. o..W ~ 4J)-' JW t_5~)\ ,4J~JJ\..>. -~ ).) ~ JL, 7' • • 



..:JL> _;~l-, L>l.r. .' .J.:S(J'" 0l:.! ~ k=4 -:.JL> 1W Jl JJ ~ r(J'" ~~ 

·r-(J'" If"" Jf. JK....4 ...:...Lt. ~I_,> jl o~\...i;;,.....l ~ ~ k=2 

n+l jU -1) 
=3[ 

j=2 
2 

n .2 

= 3 [!___ 
i=l 2 

i 
+-

2 

2 ~ (n+2) (n+l) 
3 2 

~· ~ .2 
- L l = L l 

i=l i=l 

n 3 n 2 n 
+- +-

i=l 
3 2 6 

:~ ~ • • J 

~ ~b 0\..!J 01_;(..$'" JS ..:Jl> J~ 
n k nk+l nk 
[i =- +- + p (n) 
i=l k+l 2 

J__,J LSJW jl . ..l..!.~ k jl ~ ~J~ jl LSI~~~ P(n) ~ ._?J 

~ J~ ~ L.) ~~ ~ ~b~ ~~.~ r(J'" uyl _j~L-, ~ JIJf.JJ LSJL.L; 

...:.....,I o~ _? 0l:.! ~k=4 ..:Jl> .1W Jll_y_j ,c.,j ~...:.....,I o~ _? ~\;...o J} UJ_y.P ~ 

1. Katz, V. "Ideas of calculus in Islam and India" Mathematis Magazine, vol68, no. 3 June 

1995. 



~ v-tl 

.S.J~l; .J k=4 .sl_r. jSI.1.:>-~ ~1~1 ilk .s~ly ~ ~~ Jy) 

~ w.JJ"'-" ~ .:r,l j->"~ Y.l .1...... y t"'~ 0} jl j;9 JL, 7-C • JI.Jf..JJ 

~.J.l.:>- ___,..,~) .k.....yk=2 Glb. ~1.~1 o..W c.Jl.~l (q_yC)_ \ •rq_) 0j4JI 

JL... ~.J.l.:>- ..l:.A )~ (Arabhata) b~~) .1...... y k=3 GJL> .J ~~ jl J..i rc. 
JS J-.JJ Glb. 01-l u~l ~ l_r_j ~ o~l.,k=4 Glb. .J r ~I o..W ~lj C) • • 

.~ ~l.f" ~ k ~ ~~ _r. LSiy: .Ja.;IJ u~l .sl_r. 
J__,k~ ~ ~~~~.s~ly ~ Jy) u~IJ~ ~ .:r,I)S' (J"""Jf.jl j;9 
~ ~ 0} ..).:> )~ ·~l.f" ~ y ~ .JI OJ)~ l.f"')LI i ~ ll;JI t!.,.,p'"j,> 

~ .;5 u .r~ 01~1~ iw jl 1 ~ yJ v::-""~ ~~~ )~ ...;~ ~t....;. ~ 0 yL 
~ 0l;~ ~<li )I u .r~ .~ ~ ~~ ~ iy\....,1 )~ ~ i ~ ~ y .si.r. cS 

0!-~ ~_; ~~ <l)1 1 w.JA . ..wl.f" ~w. _r.j ~ 0~)j 1 0~~-*- ,0~ 
~.J c.ff 0LJ ~ 41...L:.AJ LA_;Uy. .1...... y ci_} i~l ~ J ~~J LSLA}S' 

,ciJ 0} J~ jl .. u..u§.L ~t....;. ~f" .~ Y. --4,~ ~ J ~L..J LSlAo..-4_1 C:~l 

.J Ju--!J ~ l.f" YL...I 0 1_r.J. J .s ~')I;. 0T Lll;_j j I ~ J 1 ~ J ~ j1 ci J 

~ ~ .~ Y. ~b. Ll l::..i jl ~ o~l.4::.......1 J _;~ J ~ LSLA )S -.:...;,lo..>­

~ .s\.r. r5'bJI ~ .1...... y ~ Y. o..W ...U _,::-- Jly- o~ J~ cS ~ .:r,l J:J~ 

0!-_f.A+4 .JI J.J ..l.!J 0T i~l ~ J-9 Y' Jl ~f" . ..w o..lil_,.> I) _ru ~ ~ 0~_.r.­
J~JII..;-"GS'.~yJ.xrJ _);UI.j ~J} ~ i~ 1..;-"\:S ~J~ ~ ~_,.> ~ JlS' 

)yJ (J"""J7.) ~Uu ~JY' 4J) J~ LA0}) o..W ~.} ~';} ~ t"'~ _r...... 0} 

2. Rashed, Roshdi, "Ibn al-Haytham et Ia measure du Paraboloide" J. for the History of Arabic 

Science 5 (1981), 262-241. 3. Katz, V. "Ideas ... " op. cit. 



0 01.JL 45 L;-..;T )d>l:..JI.j "-:-'~ ~ ~l.i. J) ~ J.l ~~J ~ ,.:_.j _? 

.JL .~\ O~J ~\j~ [_J\ ~ ..::........,\ -._;J~J\ i~ ~jj_rl 45 J.:Sif j> 

:..::.........\ .r..j 0Jf+' ~ 0j4JI 

.)_r;,if o)bB J A G.;G ~J)R l\.......!. ~JO §.r ~ 0\o.r..b ~J)ll 

0j} l\.......!. 45 ~l:--M 0.r;- 0\~ 0T .7. ~ ~) 0\~T ~\i.. ~ 1.> o.r..b o\5'..7"' 

.((.)JK;B .7-M ~J) 0~ ~jl ~ .)rif c_)>-Aj\45 

0J 45.)rif ~ iJ~ <l:::-J) .J)~ ~ ~ ~ J.\ O~j~ j> oiJ 

Oj')\.y .~\ o)_? j> o.r..\) ~J J-JUli0JL;;,.. J}iA ~ 0)__$ ~ ~ \.J 0\ 

)b 0L:J ~ J~ J 0 J.? ,0 1<\jlrl ~ 0~~Jj 0 1.7. .JL 0~1 ~ Jl 0T .7. 

J-\ <1..; r' ~J\) j)J~y.J ~\) ..::........,\ o) y, J.J....... ~J~Y., ~~ .7. Sl.l5' 45 

jl 1.> 0T c...,_;l_,.; .1W ~l..u ~ ~~) JY 0y;-lAI )_?l..l:-; 4\..9')\9 .JL 

~..iJ> '7'"7' J) U ~~ i~ly.....w .J.:..S j...>- (~lS_.) ~ o\J 

.()b 0l:J \.J j> o\J J-}'o)\....., J J-}'~yb 

~J)~ ~J.)l .;J ~ Jl~l ~l6JI,!S t~ JJ-O..>l o4SI 

;~\.Jjl o)l£:.....,\ ~ J.\ 0~\J) ~\ o~\ 

k k k p 

('l~). (n+l) [ ik = [ ik+l [ ( [ ik) 

i=l i=l p=l i=l 

J\ 0~1 JJ ..::........,\ o) _? 0~ k=1,2,3 J n=4 0\.r. \J ~ .1W J\ .~~if 

J;l9k ..7"' 0\.r. ~I.>~ J ci.} iL;-..;In 0JJ ~pi~ J_,.9 .r..)l.i. jl ~ ..7"' 0\.r. 

'f . ..::.........\0~1 

~if ~Jf.n=4 J k=3 0\.7. \JJ\ 0~\ 

4. R. Rashed, "Ibn al-Haytham ... " op. cit 



(4+1)(13+23+33+43) = 4 (13+23+33+43) + 13+ 23+ 33+43 

= 4.43+4 (13+23+33) + 13+23+33+43 

= 44+ (3+1) (13+23+33) + 13+23+33+43 

._r; ::.rift.?) o..W ~Un=3LS\y, (~!<) lSJw 4S~Tjl 

(3+1) (13+23+33) = 14+24+34+(13+23+33) + (13+23) + 13 

~ l_r.l:.; 

( 4+ 1 )(13+23 +33 +43)=44 + 14 + 24 +34 +(13+23+ 33) + (13+23) + 13+ 13+ 23+33 +43 

0G-: G ~ .y.l J-JJ 01_,;1.5" ~:;.l-, ~ .~\ J::.L,.:, _r..jn=4 0\_r. (~!<) ._r; 

.~~\j \J (~!<)J o::._r.)S ~n lSJJ ~~1 ~k ~ ::..l.v Y' 

.::. ~~~ :;\..,Lv\ ~J c:..r L>G-: G 4JI_,; ~ Jy) (~!<) jl \..L:;_;\ ~ .y.l 

-\~.2 n 1 1 n 3 
L l = (- + -) n (n +-) = -

i=l 3 3 2 3 

n 2 n 
+- +-

2 6 

n3 
+-

2 

n2 
+-

4 

n n n n 
\•4 1 \•4 1 \•3 1 \•2 = Ll +- Ll +- Ll +- Ll 
. 4 . 2 . 4 . 
!=l !=l !=l !=l 

n 5 n 4 n 3 n +- +-
5 2 3 30 



.JJ;)_j ~\j JIJ..r.JJ lSJL.U jl JIJJ"!JJ J lA} ~ LSI~IJ 

.k.> J_r:--x=ky2 ~ 0~J;)j\..:..d.>- ~ J.,_9 e:;.8) c;)lsi:.....\ ~ ~ -:r,l 

~b:A ;)yZif c~U J~l cjJyl ~ ~JJ ~ ~ ~J~.)"! ;)_r-PX=kb2 

LS~;)J;)J\jl ~ 0) 0-1-~ J;)J~ LS~Iy ~ tS\..r. ~ -:r,l Jy} .;)_j 

.-)l.:.lS J~ •" ~ ~J.l\...;..,~ '-:'~lt..\::.A.. ~l;S J;) c.J.:.y. ~~ c...L.!. c-.4;) iJ\....,1 

ci4 if"~T ~If. I Jy; jl Q,j A J§~ 0Ub ~L..J ~ ~ i ~ Jl>-.*­

Jy} ~;) _;.;L.:. 0) J;) LS..\;A 0Ub~4J .JJ;) .;S c;)l4:.....\ 0T )LSJ~ ~ ~ J 

~Arc tang x J cos x J sin x Jl.ill...c:ily _;I_; tS..r" lJ JJ\c;) .)"!Jl$" ~ ~ ~ -:r,l 

·;) .rJ tS) .iS"~ 4 ~ ;) _,>- 0 ~ L>- ~~ e:;. 8 0-1-l j I c;) lsi:..... I ~ ,:J _y.; J ~ L:! 

... ~~ 
($.)'!:" • -

~if~ Jy y-9 ~ ifY\.....1 01~b J.,_9 c...L..t dJGI ~lb ~ ~ y ~ 

J c;)b ~ y ;)~ jl ~ '• • • ;)J..b- J;) ~ ~~~ ~ J~l ~b:A LS\..r. 

~ JJ .-\;A;)~ o~ ;)J..Y' lSI~~/' LS\..r. ~ Jy} ~ JJ;)_y.J;)u 

.j_), ji.JJ\c;)y.J J4-::;- jl ~ ~J;) ~ ~~~~~~~~.A.....~ p 
.;-A LS\..r. ~If. I~ Jy} jl c;)lsi:.....\ ~ 'r • • J;) LS..\;A 0\~b ~;) 

.y.\..r.~ .JJ--4;) .J 0l.:.ii~ ;)J..Y' lily _;I_; lS..r" ~b:A ~ J-9 y ~ ;)~ 

c ...L..t ~ l;...;. J.:..iJ> J _rP--4 J;) ,:; y.; jl ~ lA 0) 0 ~ L>- c...>'"" L..l lS lAc --41 jl ~ 

i..l"L>-1 ~if~ LSIA~ ~ V""l> 0~L>- jl J-y.-S ~ j~ ~~ JJ;) y. 

jl_r.~ ~ J c...L..t ~j Cj~J;) 0~L>- ~ --4~ ~.A.....~ p ~ --4l.:. .JJ;) ..fJ 



: ~ _,..:, lSJ-'h ~ _;:.; 0 Li ~ .h..... y 0 4 L> <L) _,I t_\ ~I .r::J ~ 'i _, J _y; ~..:A4>' j 
G lSJl:--: UJ~ -slAo..-41 ~ ..lilo~y, ~LS ~ ~'j-' Jy; ~ ~ ~ 
"'--! G 4-JT ~ ~1_,) _, ..li _,..:, J.PL> J~l_, ~ r~ b o~.? ~.; ~ 
J> ~-' (.)"!..}(..$~ UJ.)-"P <\.; G 04L>-' o~..;S ,.}_;J'-4 ~~ UJ_,.-P 

0Lib · L Ll -.::........,1 0l ..L!L · • • · ~ ~, rl~ J ..,\;, W I. ..W I~L,. ~ .) - ·~ r.:,r'JJJ . .r '-" -' - u- . u 
-s\y, ~ ~~j10Li~ ~L-J t5lAo..-4ljl L.}_, Jl_,yUJ ~~ 4-iljl ~ 
~ b J \A::_j I p ~ ~ _,_. ~ y.::>- ~ ..li I~ b ~I o ..L.t 4..':.:>-l.:...Z 0 yS' I L. 

4 . ..L.t4~ ~ -' ~ y ~JY _rPl> Jl> J~ 4_,) <t.; ~J\...,.,1 ~} jl ~L-J 
-sl;~) ~l;J) -slA0~j "'--! c.f...r>' jl o..l..t 0...!5 ~L.) ~ ~.} <\.; ~ y 
l:J~I_, u=s\r <t_; ~-' ~ <\.; 0\_xl J J\r- jl ~~) -slAo..-41 )lSJ~ 

1 -s~ *- ~~JLI-slA~; uu~ ~ l:J~I Lk...,1 01.} J~ .~ _,.;,.f' J~~ 
01~1~ ~ Jljl )t.SJl:--: .-.::.........1 0~ y, 4J) ~'i ~ .c:......L> j ~} 
~'i <\.; J.;.;;...;,j~ ~ lSJ"? ~ lS~.*-lS~ .k.....y ~~jl)~ 0.} )~ (.f"J\...,.,1 

lSJJ ~ 0-!1 JLS ~ ~)..li ~ _,:>;-' JJ.L (!7' ~I~_,:>;_, 4 JJ . ..L.t ~.} 

-slA)s·J~ _,1 ~1-slAo..-41..L.t4 o..L.t ~.} 0L.j 0T J~ ~ t54-ily ~ 
)~ .})S ~1-slAo-..41 ~l:;-JT jl) -.::........,1 o..l..t o~)} ~~ ~ 0.} (..$.)"?) ~'j 

->:._r1 j I _:.:.J ..l:.A -t.; J L.a.; I ~ ..L... r- _)2.i <t.; -.::.........1 o ..L.t o ~ J} ~ lS ..l:.A ~tk.. 

JL.,a_jl p~ ~~ ~4 ~).)"'. JL> ~ . ..L.t4 ci./ rl::-JI J; 0lA~.; 
--4W. .~)~jl:J ..L.t4~ rl::-JI JL> J~ 0y.s'l ~ ~ t.S~ ~ <t.; J} t5lAo--4l 

j104L> ~l-slAo..-41 ~ r~ 0l:J ~lt5\_r. ,.)lS" , .. S).L ~~ JL. (.)"!.~ 

·~4 ~~~ Jl:;:>l )~I) -.::.........1 ci) 4_,) ~~~~~}I 
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U.,..JW- \ 

vu~JI ~JJ ~~~ c,.,oil....t.l.o UJ..JW- \-\ 

(o~ ~~~) 4lt...:al uJ~ ~JA> ,_,_, 

Jl__,.j c.:~\.A.::.......I .:lj_rG .;PJ_j.-.A ~ J.:l ~~.) .k.>cJ4 (""'""J lS\.r. ~.) u:-1 

.) JS .k....>- ~ 0 ~ Y- ~"%~I} '-"' L...l .)"! ~ ..l:A lS~ _; ~ .r. . .:l ~if 
0J~ JS .k.> ,,_;S .k.> jl J~ ~ ~b ~ y ..l..t.~ -~ fi.l;0K..I J\3'.;; 

. ..u..:~ 0L!J IJ <l.k.A.i J.:l ~l.9 )~...lily~~ ~14...il!J 

Jl$..>4 "-'-' 

lSI~ l.9 J .:~ lSI <l.k.A.i J c fib § y 01.f-'-! , <l.k.A.i ~ j I 0 LS 4 o fib (""'"" J lS l_r. 

lS\.r. 0Tjl ~ . .:l~ifJI} c.:~Li::.....I.:~JY J.:Stf ~ G t_~ ~.}JJ.:l 

. .:l ~ c.:~Li::.....l01yif ~[.; 0T t_~ ~ (.$1cfib (""'""J 4 ~[.; ~ JlA;;_jl 

OJtiJ JJ J:t~ ~ ~~ l'-\-\ 

..I"J ..w~.J"!I.r. ~J~n.J ~ n lSGI.:~_/1 ~I~ ,(n>3) ~n ~ 

:..l:...Z~t.f" f.J d'l_,.> lSGb ~ n u:-1 . ..w~ ~IJ cfib .J"! 0T U"'iJ 

s J ~ ~jl...lil a ,~ p ,~ n U"'iJ ~J~ , B J <..S§ y ~J~ , a <..S\.r. 

:(""'..JI.:~ ~n G.>~ 

{3 = 180(n-2), a= 360, a+ p = '"' 
n n 

p = na = 2nRSina I 2 

2Rs. a S __ na~ a= m-
2 4 



:(~~I4..11.U...) u'-:\JU~ ~.U... ~J ~~ CJ-!li,S 'f-\-\ 

~ r-""..> j!l9 .klA.i 4-iT ~ ~) .;:, y:, o;:,b )5' ur ..>;:, ~ _,;:, ~\.1.:>- _ ' 

.(;:,Y:,~ 

. ..uG..lS )z> ,.;s .k>. ~ 01.;~ J:'J.J.-o ~..w. r-"".J .kLz jl- r 
. .J.:S ..>>'? (..$~;:, jl ~;:,.? r-"".J ~ ~ §.r ~ t.>lo_r~.b 01_;~ }~..r. ~- r 

. ~ J J. L9 0 .)"!. b J .k>. ck l_4j .k lA.i - "f 

:t..,)i ..tiJs.l 0...\-\ 

.sG-! ~\':J ~ ;:,\..u:-1 0-!1 . ..U Y:,~ o..t:-oli ~) ;:,\..u:-1 n~O .sG-! F,. = 2fll& + ' 

tS~ ...L:..j\_,J~ (~ J_,l ~ o..L!.j ~u jp n~6 .sly,)~ J_,l ns5 

;:,\..u:-1 .()S"_r. J JS .k>. ~ y,) . ..l:..Z~ o_r~.b ..>;:, 0..W. .k~ J.L9 ~ n ~ 

:j\..::.........1 uJ~o _, ···'" ,, ,.=n .sG-! ~) 
."fY'\"f'\ ,r-vr'\v ,r-oorv ,yov ,w ,o 

:fS~ ..t1Js.1-P-\-\ 

:-4A~J;:, Gf.J t.>l~n ~;:,~ 
I~ p ( ) n n·t ~ ~ (.$1.A4...!..J..J ,. X = a,. X +a,..., X + ..... + a,x + a0 

.}1 ,;:,y:,~ o..t:-olin ~J;:,jl tS.r.":' ~;:, u}~~ .;:,Y:,~ o..t:-oli tS.r.":' d':J;:,~ 

_, 4_,5" ;:,\..u:-1 .(~ '-:-'-!~_,.....; ~P,. (x) ~ tS~\~) . .J.:SL.;) GP,. (x) ~;:,~ 

.~ ' ~J;:, j\ tS.r.":' ~ ~ 



!($~ ~ Jl~l- V-\-\ 

jl I..S.r.>:" r..S~..J.¥ ~..wl;.i ~ 1..;--!.\.r.d> ~lSI~~~~_, 4$ r..S~..J.¥ 

~_,.;,~ ~ ~.,...u -:r..l).~_yf~ r..S.r.>:" .r.'- ~..).¥ 0T ~-' ~ r..5k~J~ (!:!" 

. ' L:-J ~ jl G...,..\ !..S y?:" 4_yf ~ ..).¥ /' 4$ ~ 4_yf .r.'- -' G...,..\ u r..S y?:" ~ ..).¥ /' 4$ 

.G.....ol r..S.r.>:" .r.'- ... _, e ~ n 0 y: r..S~I..J.¥1 

r..Sjy r-=-"" _; .; -' J "-' -' 

(Verging Construction '-:! Neusis Construction) 

jl01_f'.! 4$ UJy.P 01-~ 0~\.;Y- ~":}S ~\} 0~.,? o~l.., ~ 4$ G.....ol._;.>-\....., 

~ ~ ('""""'J 0y: ~~_; y~ j.> 0\5:...1 ~~.rJ o~\£.....1 u..t.. JS..b> 
.J.:S~ ~I}~~_,~~_,~ 0~..? ..r.~..r._,~ ~F 

~J.,.:..... ti"U.. i.AJ..JW Y-\ 

:~J.,.:..... ~ .J1J \-Y-\ 

.J.:S~ J..o_, ~ ~ ~ ~_,_j:-..A F ~ ~_,~ 4SG.....ol ~OJ4 

:~J.,.:..... ~ ~ Y-Y-\ 

~ I.A::-o I ~ t.S)y -' ~ _,_j:-..A F r..S LA_;-' i w u....:w 4$ ~ ~ ..b.:> /' 

.~ Y:, ~ o~li _;_, ~..w~ ~(1) (.)"'l> 

!~J~o~l.J "'-y-' 
. ~ ~ 4 (.)" rJ ~ ~ _,_j:-..A F _, Ja9 ~ l;_j uw 



:~ ~ ¥.>"') ~_;s. T-Y-\ 

J"k,o c5j\y ~ ~ _;Y .:J Ytf' o~G-.? f 1 ~ c5j\y c5l.a. .}j ~ 

. ...:.......... I U"i J .Ja..a..; J :-

:~_;s. ~.slj 0-Y-\ 

Ji9 ~~~ W\j ~ / ~Jij .Ji . ...:..........\ ~ J -.? / .);-! ~-ulj 1-.? / ~Jij 

. ...:..........\ Jr" ~~ c5la. }i9 .:-Ytf' o~U Jr" 

:~ .)l.eb~ r-Y-' 

oLS.;T ~~ KL ~ ~~ -?y--->- XU J ~~ <.fiJ Ky---SI 

KL }i9 ?G4 p .:-):- KL ~~~\C.:~ 4-:J p .b:-oJ4 Xtl = KU.p 

(.:-Y\5" o~U 4?G4 c5:-l.a. .b;.. jl ~ l.l jlS' ll.,..:,L; ~:J Uj~) .~\ 

c I( L 

:~(51~ Py .s P\ (S~l> V-Y-\ 

XU=KU.p :~~Jr" KL __$1 :Pl 



XU =KU.p ~..L:.l:J JJ>'-4 KL _,$1 :P2 

:'-"'_,Ja )S~ A-Y-\ 

~ J)..L.A 0lA_)UJ .:l).:l .:l_r:-.J§r \\.; <\..; 0\...kA.; J)~_,A 0\..r. 

.xStf ~ G J)~ -~.lS"§_rj\6 ~ c.........IJ -.>_,1.;-

':'-"'_,Ja ~L> '-Y-' 
J ..AA.:lv-" J:.--G 135° ~Jij ~~~ ~ J)~ 0~ 

A 

.r.J ~ ~l> GJL>LKN=90° ,LM II xw II VK,XV II LN II MK 

:.:lY:,tf ....::,;~\ 

_,SI J ..L:.L; KM,KN 0~~ L; J )..L.:. 0JJ ~ J.:l X,L y--S'I 

. .:ly, ..AAI_,..> XW.XV l..l"J~LM.LN o~T ..L:.~ XV II LN,XW II LM 

(i J 'f ~) 

H 

~ ,0) . ..l:Sr.f d£ ...... 1 XW.KO=LKz .S ~I u~ILSI.r. ~l> ~I) r-0' .:r.l ..!.;~ 1""""1_,> .S 01..:.:;- .\ 

( . ..:.........1 LK,XW et.<; 



y vN~JI.b...u~ ~ ~ Ol.A ~~- Y' 

j ~ yS ~ .ri .f.Y ~ G V"' ~ _,ll:.>. L;, \j u ~.,r4J ~ l.4.o '0} 0-! I ~ l1 

jl ~ u ~~ ~~~_;~I~ .f'')L,I u~~J lf"Jf. J~ Carl Schoy 

F ~ ~ -.:...>L.. ~ .Jl.io ~I J~ ·~J y~ ~ '~ YV JL.. J~ jl u} 

. r-'j b .1? (.f" V"' ~) .k..... y 

~.r" AB I..SJJ ·~~ jU.T AB ~..l...Z o~b .b:.oJ4 ~ Go ~ -.:...>L.. 

~I .x:_. I B w _.r-1 jl G AB .b:. J ~ .f' t"'"" J G AE )z.9 . ~j L.. .f' G AFEB 

. r-"' ~ (.f" 

:il~b .r. _r..j 4.JU... J '-:'\::5' ~ ~ y 4 ..:....>L. .;.;I .j:. }-. l.f'Jf. ~ ~IJ J~ ~.;.;I J~ .Y 

Aaboe, Asger, Episodes from the early history of mathematics (1964) 

J.P. Hogendijk."Greek and Arabic constructions of the regular heptagon",Archieve of exact 

sciences 30 (1984), 



(..:...b G.>L.. =§) § = § <S ~~:\~ ,......,J 0~ \J FD .k>. 
FGE BHD ~· I ' 

f. o)~ <S r~~ 0~~ 0~ ~ JS .b;. -F lluJJh~ 0}:->'4.;.~~ 

G.> L.,., ~ f. \_r. FE ~ j AE .P I .b;. j!. I 0::-! G.> L.,., j ~ ~ ~ \j F .Juj 

.~~ B ~ybjiAB ~ Li~IJBE ~ ,.b;. Lr-1 0::-!J~ 

~ Jlty-; J JS .h..>~ ,FD b ('""'""J ~\J J~) .c.......,\?~ FD 

&D J~ ~AB Li~IJH J~ ~BE~ ,G J~ \JAE_pFD (.~y, ..ul~ 

.J.:S~ 

~AB ~JKJ~ IJFE ~ b ~~ ('""'""JBE 0~\y 4.; ?G tk.c.;j\ 

J..L..o f..j d..b~ J~ J~A ,B ,C ,D tk.c.; J~ <S ~~ l..v~l Jb- .J.:S ~ C J~ 

:..l:..S~ 

I) AB.AC = BD2 

II) CD.DB = AC2 

BH FE ~ = ~ => GK.FE = BH.BD => -- =-
'tl. BHD 'tl. GFE GK BD 

~ ~ ~ ~ 

~tj J~ Y' l_r.j .(DBH:::: GKF) c.......,\ 4.;l!.::..o GKF ~ ~ DBH ~ 

:~)~ Lr.l.r.L; (c........, I o~b- ~ulj J~ D J F) F = D J c........, I 

BH BD 
GK FK 

BH FE BD 2 
(1) J (2) => ( GK) = BD = FK => FE.FK = BD 

Lr-~~ IJAC,FK 0~ 4.;JAB ,0T J~~FE 0b:- 4.; J~ .u~~J~ Jb-

:~b rl..,.> 0).)-+' j!.\ )~ ·~~ 

AB.AC = BD2 



"" "" uJ.J-P ~I J.:l ·~.r.S~ ~ J.:l IJ DCG _, FKG ~l...!..::.... ~ _,,:) Jl>-

:~b~ly> 
GK GC 

- = - ~ GK.CD = GC.FK 
FK CD 

GAC=GEK=45°=AGC ...:.........IABFE ~r ykjAE 0y;- ~.:l ._j):o jl 

KE(=GK)=CB _, FK=AC r-'·.).:l~_,AC = GC_, GK = AC ~J,:) 

:~if ~~G:- G 0-'L. _r.:.:l\.A..., ,J_,.; 6 . .b~J,:) Jl>­
CB.CD=AC2 

. .:l Y::.if uyl (II)_, (I) 0 t.a.~.:ll ~ ~ ~~ _, 

. ~ ~ [rd' y ~l.bl;;) ~4 ,:)~ ),:) ...:.........! ~ ...:..jlb rS~...I;.j\y> Jl>-

. .:lY::,~ o.:lb c._r. •_r.:j ~ 01.:.!) ~ .bl.;;) ~I . ..W~ ~ ~ 

d.:l ~Jij .AB ~..W o.:lb ..b:- ._j _}, ~ J.:l ~I_, •P 0 y;- -~ y-111 jl :~ 

. ..w~ ra f.l.r. .AB 0W" tJS .ljG~ o_r.:b ~ 01_yif AB ~-'-'a ~..w 

lSJL.JJ"!\.r. ~ ~~-' .__;_;, ~J.:l ~IJ LS41Jj oy::b.;-~~>J.:l~.:l uJ~) 



(V~) 

G 

~6:. .)::. ~ .W c::.b 0l.!..i (0) ~ )::. 45 ~\~AD ,(y) ~ )::. 

i) AB.AC= BD2 

ii) CB.CD=AC2 

BE=BD .J CE=CA 45 ~t.f ~~~ 0~ G E JL> 

e..o ~ AE 45 ~~.?'" ~::.1 .J ~GJS"t.f c.r.b ~ D .J E A llui <~...... jl 

.~\ c.r.b ~\ )::. J,~ ~ ~~ 

.~::.t.f 4JGI .r.J 1 ::.\}T u~l 
A A 

BDE = BED = a, (BE = BD) => ~I ~UIL>.Jl...::.o EBD ~ 
A A 

AEC = EAC = {3, (AC = CE) => ~I ~UilS.JL...::.oACE ~ 

G AF _r.j .J J.;S & G .J F 1::. G c.r.b l1 ~::.t.f ::.l..l4.41 G EC .J EB e..o 
·~t.f ~.JB ~ GH ·r-::-"~t.f H ,EO~ G 0T &~ ,c::._;S t"'""J 

DF=2a<= B:ED=a 0 ft" .J ~10T ..r.\_,0 ::. ~~ ~.J~ /' ~ J.l.i. 0W' 

.AE = 2a _r.j .J 
A A A 

FAD = a => F = A = a 
A A A A A 

0~ .J (~I EBD ~ EBA) EBD = 180 - EBA d.;----b jl 



A A 

:~~ J~l G (ii) .1 ~ JL>- EBA = 2a ~ EBD = 180 -2a 

AC = CB => CD = CE 
CD AC} 

AC = CE CE CB 
L'. L'. 

.:r.--; J_,....; ~IJ_, ..:.......I..S_r._,~.Y"J~c ~_,lj)BEC~ EDC ~J~ 

: -:r.\.r. ~ . (..:.......I )) .r. 0 L:.....l,.o I 
A A 

CDE = BEC = a => GF = 2a = AE = DF 
A A 

EAC = CEA = f3 => ED = AG = 2 

AE ~~~~I_,.> <\5"~ • ...L..J~ 044 "'-! ul:JI {J = 2a ~~ 0l!J )'1 

. ..::.......1 o_r.l~ JS' ~ ~ 
A A 

..::.......1 HAB,HEB LS41_,j l.S-'.7.-'J HB _;_, <\5" ~~~)\A ,._:.,L:JI LS\.r. 

o_r.b ~ .J..:..,jl_, HB .1.>oJ4 u~ ~J~ <\5" E _,A j101_,;~ ~ .r.~ ~ 

~ _, )i·~ ~~ u)~J> <~__;A = E = a_, ..l..!.~ 0T .riJ HB .U G..U 
. ..::.......1 0..l..!. .1~ J.u AHBE 

_r.l_r. EB _; _, ~ AH _; _, ~ ..:.......I EB _, AH LS~W' "'-! -'.7.-'J/3 o_r. b -:r-1 J~ 

.riJ 0~ "'-! -'.7.-'J B ~-'~ ~ ..:.......l_r.l_r. AE _;_, "'-! -'.7.-'J H ~_,lj _r..; _, . ..::.......1 
A 

..:.......IAHE = 2a~J~ ,2a ~.r.\.r. 

AB BD ---
BD AC 
EB = BD = AH 

AB EB t. t. 
=>-- = - => EBC ~ ABH 

AH EC 
AC= EC 

A A 

"'-! -'J c..u~ _,~ _y;)/3 = y = 2a ~ J~ ,BAH = BEC =a => y = 2a 

. ..:.......14a ~_r.i_r.AG _,ED LS~W'_, (...:.......IAH _;_, 

. ..:.......~W' jS' ~ ~AE 0W'_, ''fa~ ..:.......l_r.l_r. ~W' jS' ~ 



~ ~I JA..MjJ ~~JI ~JJ .Jll_ f 

J~~ ~ -s~~ ' • i(\- (\,9'0 -s~L. ~..r. 0b <L.......l:.A) 01~_r.i ~ .:,r.l 

('""""J ~ J.'y _;,_,_;...o &!Lo ~y, 'U"'~) ~ ~ ~ LSJJ.Y.Jl5" 

~ ~ (G>-L..) ulA~ ~jJ~ ~.,>- ~~J~ LSJ . ..w ~ ~ 

:~.}if~ 'o..r..b J~ .1.\.::-~ 

U o~yS }_,::-.....1 ifU._r-A ..r! G ~ ~ ~ G>-l.... U"'L.I U"'~)» 

~ <I.S'I_r.-~ ~ lA -sl_,ul d-'J .~b~ G JJ~J.,T ~~ PA 
&LL ~J ~ o.L!. o~b u~ ~ ~r 0~J} ~~ -sl..r. ~ oG 

'~".((~~if ..r..J;0l5:.ol _;, .,_;...o 

&LL jl o.:-lA:.-...1 ~ 'U"'~) vPJ~ t'.Y ~b ...J' yJ ~ ~ .:,r.l 

• ...:..j 4 ~ ~ ~r 0T r-"" J -s l_r. ~ JJ ~ _;, J_;...o 

PJ~ G J)~ ~ ~ .1W ~ 0-!1) J)~J ~ &~jl LSJ 

.(ci_/ 

.~ ..r. o-*' -r~) o..W 0~ -.::;~ ~ ~ . .1>-~ -sl.r. 

'f ~ ~ o.i.A Oo.>\..N J.l ~ ~' ~JJ- ' _,. 

:~1 ~ ~IJJ~ ,JL UJ)"'P 

G GD JZ J~ GAG )aj J ~J~ J3 jl <IS ABGD t'..f" J~ ~G .1>- ('""""J 

3. Hogendijk, J.P. Ibn al Haitham's completion of the conics, p. 60 

sources in the history of mathematics and phisical sciences, Springer-verlag. 

:Hogendijk ~LA.. iJ~ ~ 154:---i -.r.r.JI..:.-.1 LSI~_; eiJ;~ ~ ,:r.l.'f 

"Greek and Ar~bic conustructions of the regular heptagon" 



s 

~LS ~ ~ ~ ~ f'""'""J LS\.r.BZHE .b:- ~ o~ ~.r ~ 

. .) y, ...u. I__,.> 

:u~l 

4.5"0~ ..w~ ~G J=:-BHZE_, ..w~ vP-'~ t!_rABGD ~ vP) 
d d 

.BZG = DHE 

:~b ~I__,.> . .J.:S &MJ.) GAG b ~ f'""'""J GBD 

d d d d 
AZDH=AMD+MZDH=BMG+MZDH=BZG+BHD 

d d d d d d d d 
BZG=DHE~BZG+BHD=BHE+BHD=BED~AZHD=BED 

""~ d d 
:ol5::.il GHZ=BLE ~~ ..w~AE .)l..l::..ol lSJJ L ~ vP) 

~ d d d d d 
) BG IIAL 4.5"~1ji_,BLD=BLE+BED=GHZ+AZHD=GDA 
AD=DL :r--ub ~lAD, DL ,o..A;.l9 _,.) __...: .))_, _,.;1_,.; lS~lAJ)AB = GD 

:..;..j .J ~ 01* OJ~ 



!1 !1 
GHZ = BLE 

!1 !1 
GDA = BLD 

} 

!1 !1 

=> BLD = GDA 
!1 !1 
BLE GHZ 

!1 !1 
BLD DL GDA GD.GA 
--=-J--= 
~LE EL dHz GH.GZ 

oWl~ HN r.AG :>_rJ- .h.> ~J ..k...,_y G~l Jy} ~ ~~ 

!1 :~~ 
"' 1 GDA DM.GA 

GHZ=-HN.GZ 
2 dHz HN.CZ !1 

GDA GD.GA DL 
=>--= --

!1 
GHZ GH.GZ LE 

11 1 DM CD 
GDA=-DM.GA ---

2 HN GH 

GD BE AE - ------
GH BH AD 

=> GD.GA AE 
= 

GA BE AE GM.GZ AD.AT 
-=-=-
GZ BZ AT 

:45 :>_;5 ~\j U"'~) ~--4:> 45 0~ 

11 11 2 DL AE2 

BZG = DHE => AD.AT = DE => LE = - 2 

DE 

:45 ~ ~J 0~ GLEDA .b:.oJ4 45 G....ul -:r-1 JL... ~f-ly,~ 

DL AE2 

- =- -r JAD = DL _' 
LE D~ 

~) 0~AL _r. :>.r->- GDO JEF 1)=:- ·r-'..J\5JI~ 0~ ~ \) JL... 

~45 ~y$~ ~ J:> .)=:-oJ4 0~ G s.D02 = AE J EF = ED :45 ~~ 



_,·LD .J~ 4L U"'G ~ ~~ ~ ~ lS-'.J 0 4(P1) ..r.~ If"? ~0 = s.DL 

.s_r..oG4 
2 

DO = s.DL 

AEz DL 
2 

=>FE = s.EL -=--=--2 
FE EL 

. ~ l.f" .JJ'? r-"" F j I ~ lf.l.r. ~ 
~l.f" t""".J GLQ .k.:>DQ = DL 45 ~l.f" ~~I DO t.SJ.J ~4 GO 

(QD = DL, QDL = 90°) ~I i ~ LQD c.b ~ & C .J~ IJ FE b 
A A 

·~l.f" t""".J G oc. (OQC = 135°) .~1 i ~ OQC ~_,lj lf.l.r.~ 

QC OD = AE QD = DL = AD => DQ = DE => - = {2 ' OQ 

co 
CQ =VS ~~_,~.,.;.a I_,> i ~OQC c.b 4~ If. I~~ Y. i ~ ~ 

2 

~~~jli_r.~~_,OQ =DE= FE => C~ = 5 ~~ u_),jl 
z COz FE 

FE = s.EL => -. - = 5 
s.EL 

~ t.SJ.J 0 If"? Cos (OCQ) = Jo=> <p = OCQ = 18° 26 :(""'.Jb 

.~1 ~1_, 4<fJ vPY' ~_,1j_,J;._r..oG4_,LQ_,k; ~Ljl c...Liy.~ ~ 
i }-o D J_, 4~~ ~b ~ ~c.J4 _, ..w~ i _,J.....o L ~ vP) 

. ..w~ 
~ ~ .k.:> ~ _, ~I i ~ ~ 4 4-iT cklAJ ~ lf.i.r! ~ ...\.:..4 _,J.....o ~ _,~ y. 

.(QLD= 45 ~_,lj) Q ~ ~ ~D ~ ~~ ckl.L__j J:,lii i _, OD 



(IH2) ~ ~~ rJJ ~JJ Y-'f 

J)h _,~~La.; jl ~ 0-!1 'U"'~) ~ j>- l.SI_r. •uZJJ .:r-1 J~ 
~ ~ () 

o...Lol ,~\5:.; ~~~OJ~)~)\~ J-..a-9)~ J-JJ .:1-\ . .J.:Sif o~lA::.....,\ 

~JY .~\ o..W c:_)u ...:....>-L... ~)~~ 0\p ~ r ~0-!\ .JL..J J~ _r..i-' ~\ 

.~\ o..W ~ _; .JWT ~ (Schoy) .h.., y _, l.SJl:;..,..,l_r._, ~b .h.., y ~ 

~ ....-J <1-..i l.r9 ~ -' ..u o..::.....l_r._, ..w G l.S ..w) .h..,_; _r..; .u L.. J tJ.Y' :r­
v.~~.J 

.~\ ~JJJ~f-j Jb.1J~_,I J~J.:.....I 

AD.GD = DB2,GB.DB = AG2 :~~~ 0~AGDB cS ~ ._?) 
2 ~ ~ 

X .:r.l_r.~_,GB.DB = GX o\5:.;1 ·~if r""JAG ~_r.l_r. GGX ~~G jl 

(Pl) .~1 DB pG4 _,DB J~ B U"'iJ ~ ~ ~ l.SJJ 

~~ _,~D,Q jl DQ =DB~ ~~if))BD ~l.x....l l.SJJ 0~ GO 

G QR,DS .('\ ~)DR = QS = DB ~~if r""J 0~ G DR,QS 

t..Sjly J=:- X ji . .J.:S e:_W Y J~ G DS b ~~if ~l.x....l G XG ·~if r""J 

GY QS 
ol{;T . .J.:S e:_WZJ~ GDR ~l.x....l b ~if r""J YD 

-----
GD QD 
QS = QD 

5. "chapter by Al-Hasan ibn al-Haitham on the Lemma for the side of heptagon". GAS v; 

367, 14 

6. "Treatise by Al-Hasan ibn al-Haitham on the construction of the Heptagon in the Circle" 

GAS V, 367, 13. 

7. R.Rashed, "La construction de !heptagon regular par lbn-al-Haitham." Journal for history of 

Arabic Science 3/1979/309-387. 



AD.GD = DB2
} 

=> XY.GD => QS = Q.D 
XY=AD 

DB= QD = QS 
GD QD 
XZ = QR => XY.XZ = QS.QR 

.~J~if Q jl ~DS,DR lS~~ ~ -.:........\ J)~ ~ lS.JJX .:r,.\.r!~ 

~ ~!y.~_, ~y. .ul_,.> ~~R,Q,S 4-.:.......,l ~~B,D ~ .:r,.l uP)~ 

.~y:,if ~A_,G ~ .~1 ~~XG ~~ _r.j_,X ~J~-' J_,J~ 

"·~Y-~if 0~4 ~ .(AG = XG \_,.JJ) 

(IH3,1H4,IH5) ~ ~~ ~J ~JJ....., Y-'f 

~_;_,I . .u~if ~ ~ ~ 0-!1 ((4\ll...J» IH2_,IH3,1H4,IH5 ~l... 

'f ·1 <". ~L.. 4..1 ..lil - _~.;.~~A _ 1 .:. GAA ~L. e: _e _ ~ .u~ 
J ~ . .Y if r---~ t...r""' _,......... if 

(a = 180/7 LS\.r!) :..W.~ ~ .)"'' .rJ 1.!.-lli 

2 -J }.L.. J y = c(x+c) ~ .~1 I DB I = c J J..!~ I.. .I_,...._. DR J LAX .I_,...._. J)Q ~I .A 
2 

.~ y, J.Joi_,> x(y+x)=c ,x>O 



a,Sa,a L>41.Jj 4- i 

4a,2a,a L>41.Jj 4- "f 2a,3a,2a L>41.Jj 4-1 
~ .J ~ j "f J-\a ~J~ 4 ~ L>~ 4-:J ...S .J:Sif 0~ ~J~ l>.J 

:.) jl ..... if .b.:; r _r.j L> 41-> o J 4 G> L.., 4 \J 4JT G> L.., 

EC2 = AC.DC = AD.ED(IH3) ...S0~AEDC_' 

CB.DB = CD.CE = BE2(IH4) ...S 0~ CDBE_ 1 

CB.CD = EB2,DB.DE = CD2(IH5) ...S 0~ CDEB _ i 

AD.GD = DB2,GB.DB = AG2(IH2) ...S 0~ AGDB _ "f 

GDK = AC .)~ ,o.)_? ~) i_,.L..... GC,E .1\.4; r ~~ ,IH3 ~J.) 

...s i _,1..... L>~~ 4 c........ I J)~ -'.) 2'w UuJ K.) rif c.....;\j . .J:Sif r) 
. ...u J .15 if i _,1..... L> I .Ju.; j1 4JT j1 ius _y. 

. .J:Sif rJ GDG = BC .)~ ,o.)_? ~) i_,.L..... GB,E 1 1IH4 ~J.) 

4JTjl il..tS'_y. ...s i_,.L..... L>~~ 4 c......\ J)~J.) 2'w ~G .)rif c.....;\j 

· ...u J .15 if i _,1..... L> I .Ju.; jl 
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0\.ji.J.;:-.,04J_,.k;jl.y ~~ ~ .ncc~iJ:; ~~\ 0U -~~\ ~b...p\ ~\ 
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J c..r..b~ lJ c..l.!. PJ:r. J'Yv:. 0\ jl (..)"'{ J ~..l.!.4 J'Yv:. 1~1 ~~ ~(.f" c..lAL.!..o 

~ u ~ll.J ~~)..it ~IS~ JJ 01 jl (..)"'{ J ~~ J..Y ~G.Y t.Sic..r..b ~ 

~ ~ .r>-~ i.SJJ .)'! c lA ~ .;> 4 i.SJ \._., ...? .;> 6 ~ .r>- § .r J j>' c lA ? .r; 

. ..l.f.~ ~ ~ J:Aj ~J~J ~~_r-5")} '14 ~Gy ~ ~~~ J:AjJJ~ 
~J ~ J ~..l.!.4 ~ t.SJ.;S J ~G.Y ~IS clA 6 ~1-:.r-1 ~~ J~l ~ 

01 ~ ~ J ~~ JL> y LSic.;S~ UJJ"'P ~ 6 i.SJY!f. i Jl4.,. JJS ~ 
J ..l.!.4 ~lj clA .:.Jb. -:.r-1 J~ J ~..l.!.4 c..l.!. .J..b-1 ~~ clA ~..b..o ~ 4 (.)"'~ 



J:. ~..l:S ..::...S ...f> ~o..L..:. 0~ ~ :.Jy J,;, AS~ _r, ~ 01 J.l.i. J,;, JJS o~ ~I 

-~~ olA :.y>- j\ ..l:.j\y~ o..L..:.~Lb JK...zl_:..:.; -.::Jl> ~\ 

o\.o ~J.J-t ~ o.;,- .;J ~.;$ o\.o Ji' 

:..L..:.~ yJ...) Jk ~ JJI_f-:A 4-:J ,__;1~ _? ..L..:.~ ~\Jj bl~ olA _jl lAI 

. .:. ~ WJJ4> ~~\ J-il~ J,;, (WJ\ 

. .J.:S ~ ,__;I~ L9 ( '-:"' 

. .J.:S ~ ~ J.l.i. J.:. 01 t!'.J <c 
. ...ul.; .n! ~ 01 ~lA (,;, 

. ..L..:.~ ~\,;, Jj -.::Jl> J~ jl ~_r ~l> (o 

,_/:r._.J ~~\.J J~ l_r.j ~JJb~ ~ ~ ~~\ s:Jj ~~ i\.r.-IJ.:..J\ lAI 

~.JJ):. ~lj.) 0~ ~.) S'))J\ ~~ rl.r.-1 ~.) ~-.::.......,~~ ..50.9 ~ ~~ 

. .:.y:S~ WJJ4> 01 J,;, AS 

0..L..:. --4...l; u ~ ~ 0..L..:. ~ §~ -Sjy, ~~ ~JJiy ~ 4-:J _:..:.; ~\..9 ~ 
~u L.A ~.:._r.j jl AS~~ -SJy, ~ ..5-..:. ~:.y-Z ~ wl:5?. jl ~.r. 

01 l>l.~..ulj JJ:r. :-.::.......,\ ~lj 01 ~AS JL> J,;, ~,;, r~ _;J.),;, ~~ ~,;, ~~ 

JJiy~.J :..cil~ JUJI -.::Jl> ~\ ~ ~:.y-Z ..5..:_.:._;,.; lA ~_ji.J ~:.y-Z~ rS 
~-.::.......,\ ~lj J'.>\A ~ O.fil,;, JJY. AS JL> J,;, ~ :.:. r o_xb 0..L..:. J'.>\A ~~ 

. .:. • 01 ·,..I··· ,;, .• ~L, .r -.;:o~J ~ • 

~ l>.JJ .r. ...\.;~ ~lA ~I ~.J.:S 0~ ~ jl ~ olA AS ..L..:.~ ~lA _jl \.':.\ J 

J\_rj olA ~:.)J:. l.S.:.~j 0\.S").:: .. ..., 0~ ,-.::Jl> ~\J,;,.) ,..L..,;,~ ~JJ>- J.l.i. 

~l_ji.J ~..cil~ JUJI ~1Sw lAI . .:.y-Z ~_?).:;.:. --4~_:..:.; 0Ls"):: . ..., 01 :.:.).:. 

.) ,.J.:S ...::....S__r> ~JJ>- ..::...S__r> o\~ ~ ...\.;~ ,-.::.......,\ ~JJ>- J.l.i.J,;, o)~ ~lA 

_:..:.; ~J ~I AS,...l;W ~.JJ~:. ~:.y-Z~ ~\Jr.-"J:. AS~ l.Sio).:: . ...,~ 

.:.y-Z~ o.Ul:... 



ol..o vJ~ ISJF ~ ~ ~I ~~J 

~ -~~ o~ 0~ ~ jl ~\.; J.jlyif o~ ~ _} 45 iJlp.; ;)JY J;) ~I J 

~ o~ ~ --4}"if Jl .-=-.....1 o_? ~ ~ ~ o~ 45 ':.J.:Sif ~\j J;}..t:......l 

u-:;I)IJ;)J ,.J.:S dy- .Jl J.lAA 1 ;) ~1y>- J -~~ JL.J~ _}I l_r.:j ':~ 

j\45 ~ ~.JI --4~ ,.J.:S~ ..L.Jif ~ ~ 0ljl45 .sl_;l1y)~ ..:...Sy­

.\_j)'u-:;1 0~ J ':~~ ~~;) ~Jy>- ~ w')\>. );) (..$"!~ ':;)rif o--4;) .Jl 

u-:;1 J;) l_r.:j ':~~ .ljl.fif _r..j LSJ.? ~~.:b..,.·~~ o~ u-:;\y,~ ':~ 

~ 0l jl <!....5 ~~ -~l: dy- J;) J._~ 0 1_,.-.P ~ ;)_y>- Jy-- o~ _}I ':0.J_rP 

.) -~~ JL. ~_}I ';) y, ..u.l~ o_r.:b jl _;W";) rif o--4;) .}G} W.J_rP 

~ ':0;)r, L5J_r5 ~~.:b._,. 0J_rP J;) ,.J.:S d_r- .Jl J.lAA J;) ~J_y>­

--4\ ~ ~ J':l~A 45 JJY"P );) ~ J ':.MT ..u.l~ ~ ~ J':l~A ~ .JT) J""'u; .;Gf 
.~ ..u.l~ ~ .Jl J':l~A -.::..Jl>-~ t:!'J ~ ~ 

~ J ?1:r. 0T J':i~A ~ J ,-=-.....1 J':l~A ~~~ o~ 0.r; '=~a~~ ..r.~ 

c..1G-I 0W" J;) ~J ~ 45 (..)1_.1.~ • UJ_rP ~ o~T J ':;) rif J_..y o_r.:b~ 

jl ~ dJY"P ~ .ljly~ ';) rif J_..y o_r.:l;) ~ ~ J ':--4\ifJ;) ':-=-.....1 °~ 

.~~ o_? 

iJ.JU · · T t ·U.. 4..b.1l 4.1 ol..o 4..b.1l • ~ ·I LIT . c,.- J~ IJ v: . .- J " 

~ 0~ ~jl Ju.;J-"')45 .1A;) .J\...:..j ~~) c_.;1 ~ .J.:Sif ~§JI 

:-=-.....1 ..r>J cr- ~ ~~) 0T '=;) rif ~b 1_y 0T J.lAA 1 ;) 0 1Ju.; 

J J_,.b ~ u=s h> jl <-;S r ':.J.:Sif o;)l..i:.....l .Jl jl ~~) u-:;1 );) 45 .si~J 

);) J '=~~ .s)y .JT c__,h.-.. J '=~~ -=-.....G S\..lS 45 ,-=-.....1 ;)~j ~~ J-.? r 

45 01_,1 ~'=~;)if 1 1) _;.s-h> ~ ..r.;) .r¥ .s)y w..u. J;) 0T w _,1 J;) 

lSJJf.JA w..u. .k.....JJ;) .n ~) ~~ _;Sh> .;Pr ojl.ljl ~ ~~ J:'.? 



~~~ o_?~ ~ ~ LS~ -.jl,o LS~ _t:..::.......,l JS ..b>- l53Y'.3J 45 0T jl ~ 

.k.....3 J~ 3 :~~ ~b ~f:"3 ~_,s t_Gr 0T .k.....3 J~ 45 LSicJ_t ~:~if 

:~~ JS 1.>-~ LS)y 45 _}l.o 3 ,_S:.u~ ~ ~ cJj3JB i 3~ -.j_u 

~jl.lj\ ~ :~ )~ JL.a;l 0T ~ -.j_u -:r. I 45 JS ..b>- jl J~ jl 0T L J .J..,.:,\..9 3 

J~ J_b.~ 4 cJj3J J):> 3 :~~ JS ..b>- .r 0T jl ~~ -.j_u J~ ~ f:" y t_Gr 

:~jl ...... if t_Gr ~J J~ olA __,kj 45 0\~J~ jl _r.S 45 •~j~ LSkulj ~ 0~ 

n ~).~~ 

(\~) 

..::..S .r:- J.:u JL...T ~ 45 LSJ):> ~ :~~if Jl) ~~..> y, G )Y!I -:r-1 JL> 

jl o\.5" _;A 45 ~ _? o~lA::.......I 0T jl 0\cJ _t ~ J :~b)} olA J.:La... \J 0T 0\y..; J :~~ 

~..r! ~~LS' cJj)J -.j_), )~ :~_r;, 4;.......J__j.:, olA ~ cJj)J)J CJY""' ~_), 

.~.? Y? G 0T olA ~ CJiy..; -~ y:;, JL> cJj3J) _; __.1 ott _;A J :~~ olA 

~ J.;La... G t_Gr J :~if J)~ t_Gr jl G ~ :~ o~lAT J~l 0..r; 

_r..i t_Gr)J .~iS" cJjJJ)45olA) l.SJY ,..:.Jb- -:r- 1 J~ -~~ifJ\} l.SJ.JS 



ci_} ~..JJJ ~ 4.ij.JJ 0~., ~~y!.~.;Al.l;J..lS' ~ 15.JJJ'! ~~I o~~JY. 

~ ~ G 4.ij.JJ..JI., ~~.,...z~ ~§~.r ~~1)..15' ~ ..)'! 45 15JY ~~.,...z 
4.ij.,Jjl ~ § ~ 4;J 45 1514.i _I~ ,~w. .n! ~~~ ~G_,......lSGb 45 t..SJ..lS' 

15.JJ..r. 45 ~~15JY ~..ulA~ ~~J..lS' ~ ..r. 45 15JY ~~l.:>- ~I J~ ~..U~j~ 

ci4 ~1.1::.-ol A W.AA J~ ~ _J>;" y tG_,...... b 4.ij.JJ o...UlA ~~ ~ jl ~G .k> 

olA ~ jl ~ ~5I?, I b ~~ __,..!. o~b ..::...5? o..1:JW. Y. ~ ~I..}I.J ,~1 

u ~~ .,._;, o~b ~ .r> J:-i JS .k..> .,.31., ~ .,...z~ JK.!T _r.; JY ,~ .,.z J~T 
~.,...z ~~~ 154-i~ ~ JS .k> 4 ~~.,...zJ~T olA ~jl15.}w_~151A~ 

.J....! ..u.l__,> J~ ~.J ~_r.i 

~u i~ J~ oG jlu t..SJ~ 4...S ~.;t~ ~ ~lA) ~I jl. ~ .:r-1 

~ .~ .,...Z~ u~> _r..,. i~l j145 ~~ t..SJY ..1:JlA ~~ .,...z~ .;Au; 0T ..r. ~J.,> 
..1:JG ~ 4.i., ~--4b~ 0T J.~ .Juj ~ t..SJY 0T ji15I.Juj _r11 jl 45 ~J.rP ~I 

_r...,o i~ll.r.J ~~ .,_.z~ .;Au; ~bj~ .}.JJ ~ 4-iT ~ jl JY 45 ~I~~~ 
45 ~~~ ~1.--4b~ 0T J.~J~ t..SI.Juj ~JY 4-iTji.Jujjl45~..l:.::-A ~J.rP 

~)~ .Juj ~j14;J 4-iT ~ t..S.JJjl ~bj~ ~I ,..l;A~~ ~bj~ GJY 

~145 ..u.~~ ~.Y ~ -:r-1.~_,.;,~ o..l:-!bj~ 4-iT ~ ~jiJY-' .~.;t~ 
~GT ~ G 4.ij.JJ .,1 ~l_r.~ ,~b i~l1l:::>-l ~I.J>;" ~~) ~ --4~ IJ ~lA) 

& - & t • G ~ .J ~~)~~ ~ ~\j ~IS JY ~b iK:A J~ IJ JS ~ J ~..l:S~ .}j~ 

)) tG_,...... ~ ~~J )-:-~ ~.,.z~ .;Au; 0T ..r. JY-' ~~ tG_,...... ~:.-! .. u~ 45 
& !': 

~ly. ~~J 15i.r..J ~~__,..!. ~~ ~~ ~ ~l.:>- ~~J~JY ~~ ij'l . ..u.~~ 

~ olA JY l.r.J ,..l....!~.r. ~ISolA 45 ~__,..!. i~l ~ J~ ~lA) ~I ,1l:::>-l 

~ J~ ~~~ o~ ~ JY.' _r.; tG_,...... jl., ~jg 4.ijJJ jl 45 15JY _, ~~~ 

. ..l:S~ ~ IJ 15~L.J ~~ 45 ~5..r-J ~ .~1 



uu..t, ~ ;J ;Jli$JJS ;~I 

j\Jj ~~\~I ~~.xSif ~lA) ~ljl ~ j-!1 ~ ~J~ ~l.::.ijl ~ 

olAjl ~ ~jl ~ LSJ}J ~~Y:.if ~ ul.p,. iWJ~ olA &jl ~ ~ 

~I ..r. J~ ~~ )\ ~~..? o..U.l:.... 0-:-'" j ~ .1\..i.; iw J~ 0\jif ~ Y:.if u\;.:. 
J~ ~~ Y-if ub:- JY ~ jl ~ ~ jl ~if~ JY ~ ~~ jJJif ..L?G 0~ 

~J~JiJL.!.;;.; 1 .J..:Sif 1..t:;Jl.!.;;.;1 ~Li.z ~J~ ~~~ ~ ~ Jl.p,. iw 

.~1 JY if. yo Jl.!.;;.;\ ~~ di jl ul.p,. 

4..5 ~~~ .J-r j~ (LS~ LS_r.r.A U •) LSJ..:S ~ JY LSJ..f Jl.!.;;.;\ U.-.':S 41 

J\..!.:;_j\ u~ ~ J~ ~ ~~ .r ~ .1\..i.; iw jl LS~ J~ ~ Y. J.A::.....,. 

u~;.:. ~ ?l.r jl ~ LS~ J~ ~ ..li~ Y. ~ (.)" ~) \.1"~ 1 ~~~if 

~~ ~Jt.; ulA4JI jl 0\jif ~ J~ ~ \J JY LSJ..f Jl.!.;;.;\ 41 .~ Y:,if 

.r. LSJ.;.SJ ..lilo..WifJ~ _}.J~ IAj.;; ~\ l_r..j ~~b LS~ LS\.,.j_x 

.~\ o..W Jli LSJ..f Jl.!.;;.;\ J~ ~ ~4 ~ 

1$_,lU;jl 

(~) o...t.:.A~Jj b\~ ~~\if~\ ~J.!.J ~..U.~if 0WJ ~lA) ~\ ~~ 

J.=..r1 jl ..Uij~ ~..t.....J-r 0-:-'" j ~ olA j\ ~ LSJY ~(.)"\.....\ ~f.) ~ 

J ..lib~ ~J~ JY 0~ G olA JY Jl ~ ~~ ~~ ~ J ~..w~ ~ _,..i; ~ ~lJj~ 

JL9 olA ~ ~J~ jl o~liJ}J 0-:-'"j ~ olAjl o~li)j ~ ~.J Jb- :r.s' J~ 

0~ ~\.j ~) ~..t.....J-r LSjU JY J)...l...<:> ~ ~G J~ ~ ~ ~~~~~I 

J.~ y-:>- ji-.::JG- -:r-1 J~ o~ ~~\.;if olA ~ ~J~ JY ~ if~ll :~)~if 

~~JI ~_y;. JY ~~Y-if o~.r-5 0-:-'"j..r.J U~;.:. 0Tjl ~ LSJ}J ~~Y-if .)IJj 

& .& .:;; ~ .,.::; 

jl ~ 4J§ 0~ ~~JI ~_y>- SJJ \~ ~~Y:.if o--4~ 0\jl ~ LSI.)Gj SJJJ 

((.~if ~L....)j ~~ jl~ i~1 



~,)~~ 
c>l-4 ~ uJ~ ~ ~ ~ u.:at ~..l.lA <.>LA~J1..u.....at 

.f.~L,aj 0\.:;jl u-;_,10y;- ,~ 0-:l ~.J.:..Jr:. L.SLA.J'{.-1.::.....,1 ~ ?l.)..r?jl ~ 

~~.).r? .f.~WW 0\.:; ~ ~~.:b....L.S_,_? L.SLA.~TJ.)_r.._,...,..u .)JYJ.) <~......u.J.:..Jr:.jl 
i ~ r. ~ <lS ..::........._,! .f ~ L.S4-aolS"o.4.) ~ ..w j~ ~~ SJ.) ~ ~..::.........! 
-4\..! ~ J (,.$'" ~ L.SlAoji...WI )L.SJ~ ~ 0-:l ~ 0\ L ~ ~..:..,.....\ V' ~ 
jl ~..r.. ~J~1 ~ ..::.........! ij'J . ..::.........! ci.J V'~ ~jl G ~~ ~ 

·r ~,; L,a.; J~.:.>L. jl ~ ).) LAw _,UJ _, (,.$'" ~ JL. 
).) G ~_y;.. w~~ ..::.........! ~l.fA 'L.S..!)~ _, ~ G..9_r..:; 4 oj_,_rl 

~ ~ G _;}'U}' w~}:210lAjJ.lS"J.) _, ~L. ~ 0~ -.:...:>-~ .)Jyo 

~_,..Jjl.)_y;.. ~b_r..J.) G ~L.I _;b.J~..pl_, ~...W..J.! ~ ~.) w~lA) 
...wlr, ~ ~ L.S1~):21 _r.ijp ~ ~y-C> .-4W 4JGI ~~ .f ~Jl:.>L._, 0\.p.­

SJ~ J ~I ~):2..; . .) ) ..Lj .) ~ J '..l.! ~ 0 ~ jl ~ 1_, _r.._ra-.j 4j G I ./' .M 

J~l wl:;_& J:Lio J.) 0_,;.5' L; ~ ~..::.........ll.SI(J'" ~ ~):211f._r:.T ,(Big Bang) 

,..:..,.....\ o.)b 0\ ~~~.)~.))yo).) J._& ~!} J ,..:..,.....! o.)..,? -.:...._,\.io 

0-~,l <lS ,..:..,.....! o.) y. J~ J~ J _,5J yo I~ I J.) 0\.p.- ,~J:211f.ll.S~ _r.. 

0T jl u-; _, ,o...L...!. ~ 0_,J.) jl ,S)j->, l.SJ~I 4 0lA j ~ .Jz,.J J.) J_,.sJ yo 

If. I J.) .-.:......1 ci~ ~ 0lA j jl ~ J ..;~ .)~\ jl ~ ..r" L,a.;..; yS Jl:.>L. 

J L._.;. ~ 0 4:-5' § .r" 4 0 \.p.- § _r 01y ~ L,a.; j I ~ ~ (!:?"" ~)21 
J ~..::.........! ,_; .r-S Jb. J.) 0~ ~.JI S)j->,)~1 jl u-; L,a.; ~If. I f. .-41~ 
..u.l_,_..;. J ~1_;9 ,.))..Lj ..:..,......) ).) ~\..; ~}:2..; If. I _r.i 0~ o.)J..l:>.A OJ4J.) 

)_;9 ~G .)J.J-A G ~J:211f.l w~~ ~~G.,...,I G.,...,.)J.) _;1_,1) '-""~lA) 
G.) _y;.. L.S~ 0 _,;5b ~J:211f.l ~.) ).) L,a::.:91L.SA wu~l ~.f.~ lJ l.ll _, .-lA.).f 

,G.,...,\ o.:d...W ~.) 0~}:21 ~ 



u'i~ J.Pb- ~~)~ ~~ J~ ._;->L;..; 0~ ...::.;~_)2.; jl oJJrl A~~ lAI 

0~ ...::.;~ j1 JlS'~~I o...L..! ~~I o..;..,;,jg 0J) ~ J~ .sS ~I d~ 

u'i~ u;.l J~ Wk ~ J~ <S§r ~Jf- J <S§r ~j IS~ .r. ._;->l.;..; 

.~Tif' Jw <~.: S):r, 

!($)$.)-0 ~j 4.:!~ ~ ~~ 0~ 

u ~~I<S§.r ~ uly.S jl ~r 0~ ~<S§.r ~j ~):2.; IS~ .r. 

~IJJ~ ~j o_?§.rJ ~~1 ~j o.;S~~I ~IJ 0~ §rJ~ ~~ u;.A-§ 

J~ .sS).M i.SJJf. ~~~ dL-..T ~~~ jl S.:...r"' .~ Y:,if ~ ~ _y.;; ~LP §_r 

.~I._;~ .J )~ ~j w!J..I )~ ~~ Y:.if ~ «..s::JJJJ <~.: 0T jl if P ).::>-L. u;.l 

~ J.! \..6.., J ...::......., I o lA ..s::JJ 0T j1 ~ ~ ~ j\.&-T ~ ~ j JJ ~ 41.: ~ Jf- ..s::JJ ji.J I 

JY. ~S,:;J 0_,~ t_5lo~lA ~Jf- olA IS~..s::Jj 0::-! J...::>u .A>- J~ ~...::.;~ u;.l ~...ul 

Y...>. J~ ~ .sS ~I o~ y, u;.IISI.r. ~I J~ .~)~ )) (~\)) ~ ((_}iJJ iL; 41.: )I 

lSI~~ <.J"L.I ~f. J ~...UI<t;:_._jbif' fo ~ jiiJ 0~ l_r.j ~~ Y:, ~lAA 

.~1 o..W~J~ Jl>- 0~ jl 

~ u;.l ) ~ JJT . ~) ~ )) ~~ ..s::JJ ~ 1_,.,. ..s::JJ o lA ..s::JJ u:...r J .k Lii ...::......., ) ~ 

~ S\5:k...ol J ..s::JJ 0l ._;~ .J J.)~ 41.: J _;'i~ ..s::JJ UJJ~ J~ .sS ~ly 0~ 

-~ Y:.if ~~ ..l) y J ly :.;>-.r" ~ )~ J 0..W ,.J ~~ ly 

§ir ~1 . ...::.......,1 ~jjS_r f.~ .sS~~Jif ~\..p §_r 41.: ~1_,.,. ..s::Jj jl ~ 

J -~ ~jjS_r .r. ~ ~~ ~.J.;;Sif ..:.S_r- ~~ i.SJJf. ~~l.sS J')UI 

<.)"" ~ <.)"" Y-~ }S" ,~I 0~.? )S" OJ~ u;.l )~ 0).M UJJ4' 41.: .sS ~ ~JI 

o)b ~_; ~~~ o~y, dG~I ~ .sS~~I ~<~~jl ~ WA \.; '• •) 

~_; ,...::.......,1 o.MT ~ ~IJI ~I ~l.::S"J~ 0\Jy. iPjl d_j_jJ) .•. .JI 

jl o~\...i.:.....l ~~I_; Jl.~l o..W ~ Jl ~ f- ojli ul..lP>l.!...o J ~...L.pJ ~ .sS 



lf~Jt:..>L... tf-1 u!..r..~.r. ~ G ~_y;- ~L:...!..)y tSIAJ'i.x......l ~ 0!1 

~~~~~_,..!.If eL> ~.).»- jl 45 cf~JY ~ tf-l..r. .~)~If 4...P_r 

~l..!.::..o.J ~ ~J~.J S~\ ~~ ~ ~ 45_;1 ~J~ ~~.JJ~f ~Jy>­
\.JA ~ ~ 0~ ~).J.J clA ~)JY. j\ ~ lA\ .~_,..!.~ ~ ~~~'}\ 

~ ~~ ...;..>\~ ~ .)~ .J ~~I .r-9 ~ ~ ~~ ~ 1 y._r 45 

tS\.r. ~ 0'!\ 41 '..L...Jcf u:-oj ~ I_JA c_?.)~ ~...)..U ~j\ ~.J ~~y.!cf 

~ 4;J .J .)a.iw .rP JY Jlp <5IA~ jl ,~~ u~~ il:;.JI ~G 

.(equant) J.J.A..o ..S:.U :n 
J u-iL.....T~ ~ r"" ,.:,T ~ i.SJJ.T. o IJ.:") ~Jb} .r. ~} •.r.b 4 ~(Deferent) J.-1..> ..S:.U .'ff 

.J.:S If c.5 ..r> ,.:,T .r.Jx ..s:.u r"" 
.J.:Sif d.;> i.S.}S;y, •.r.b i.SJJ.r. ..r:?r o i.S'•.r.b (Epicycle) .r.JX ..S:.U .'f'f 

.\'1''7Y .JI_;+i ~~~~~ _r.;:} r •44 ~ ~.} •rs-~ "'· ..j-w..J'I. ..s.l..i'J) ,.:,4- •I.S)'J .'fO 



.-4WifJ~ ~ l_r o:>_;S ~ 0..\...Z :>)J i~ ~ 

J:> ~\1 if 0-:-" j ~ olo jl 4S i.SJY ~ ~ ~ GJL>- J:> JS _,_,1 ~ ~ -:r-1 

:;) .r-5" if p 

0-:-"j ~J o...W l_r o_,$ :>)J ~olo ~ :>J_,.>_r.jl ._1 ... ;_,j ~n) ~ ~~ (uJI 

~~J ~ J..P- J 0-:-" j ~ i.SL,a.; J:> olo 4S ~~ ._;jl>- ~ .1 Y..r' 0!-1 J ~J......, Jif 

.~1 o..l.Z 

~ jl v-; J o...W ~ ~o...w l_r o_? :>)J JY ~en~~~<~ 

jl JY ~\1 jl v-; J ~._lSif :>J_,.> _r. olo o.;S ~ l_r o.;S jl c_J? i~ J;) ~:>~ 

. ..lSif :>_,__,.> _)"'. 0-:-" j ~ J ~:>~if~ l_r o_,.s' ~ :>JJJ i~ OJ~J:> ~olo 

.rJ1> <lS ~~I ~I 0!-1 _r. ~ ~ -:r-1 if""L:..J,__;JJ ~4S ~:>_? 0~ ~ 

_~I~ rL- ~ 4S_ .t........~ j1 J~~l 4 ~ ~~ J ~ J~~l 

~ ~ ~J ~~1 ~~ t.SJ.;Solo 4S 0!-IY'. ~Jipji.-4W -.)~ 

~~ t.SJ..? olo 4S 0!-1__; ..r..-1; 4 Jl>- .~..l.Z o\ST _r.J ..l.Z~ ~b J.jly~ 0!-ljl 

~4S ~10T Y'. 4JT J"L...I_r. JI4S ~~JJif ~ -:r-1 if""~ J,.~:> t_l_;..... ~~~I 
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J;:; ~ 0-!1 u~l::....o ~ .J ~~;:;t.f" ~l.!JF ~ G 0:-" j l\.-z .J R ~ G o\..ll-Z 

~)::. -..r"~ ~~ ~ G :.y> ~l::..... .:r.l;:.i.JI ~ ~jbJ?t.f" ~G .:r-1 

.G,.....I o;) _? ~ ~G,.....\ o:.J.JT 



F = 3.4R (~_,1 

1200F = · · ·I ~ · .J..,.:, u (LU ~JJ . J.J> . 

37.6R = ~ Jf- _r1.; (l!JU 

4000R < 3.4R * 1200 = ~jjl ~Jf- .J..,.:,u :-:r-l..r.~ 

i)J-'l' ..L.o 1D jl _r.SBT ~ R ~ -:.r.\.r.~ _, 
o~b y.~\A.. ~ 41 <\S') .-.::.......\ 1' • olA yh9 ~~ 'f • • • ~Jf- _r1.; .}1 ~ 

-.:......I~~ rr )~ L>~~~ .k.>- .JI ~ .(-.::.......\ r w _, r' r ~ ~ -:.r-1 o~ 

~ _J -.::.......\ o~\ t...k; cS -.::.......\ o~ _? ~ 'l''f ~\" y;, .J\A.. J~ )~ -:1-\ ~\ <\S') 

.(~l.. · L; ·\oWl · I ~l..' J~l .if L"" J . 0!. .J 

(..)"' ~ ~ J~ 0~ _?~ y.~lA.. jl ~ J.\ cS -.::.......\ t.>J}~~ ~ ij':l 

J_,b~ J ~j ll.....Z ~ ~j jl ~Jf- .J..,.:,u ~ J -.::.......\ o~_? o~l.i::......l 

u~~ J~ ~~ -:.r-1 ·I •D ~,;.; L::;0T J~ oLA _r1.; ~ ~Jf- _r1.; ~ 

J.l cS t.>l~ J~ -.::.......\ 0~ w _,1 J~ ./' J~ lk>. -:.r-1 0_7"; LA\,-.::.......\ t.>jJ,rl 

.~ )...tj ~ 5":" J ~ lk>. -.::.......\ 0~ J_,T -.::.......~ ~ ~ 

.~~if UJ.J--P ~ j ~ 0\ jl ~Gj~ <\S' ._;>l..... ~ y¥ oj\...tj\ ~ 

_, ~~ 0l:..;L W_r> ~HH 0W' t.>JJf. ~A~ ~T ~bj~ ~_jl 

~bif ~ jl ~~ -Y.I.lu ~-.::.......I_;J_,~A ~ o..l:..S ~ t.>J_? &jiT 0_7"; 

H ~ ~ 0\_A§ ~ cS J.:Sif ~ ~_,~ ~~HH 0\.SL ~ 

J_,1~_, -.::.......IHH 0\.S J_,b ~jiA§HL 0\.S J_,b-:r-\.r.~J -.::.......\ 

0\.S J_,b ~~~ 0l:..; M W_r> ~ HH 0W' jl IJA ~ ~ Y ~bj~ ~ _jl 

.-.::.......l_r.SHH 0W' J_,b ~jiHM 

J -.::.......\ S ~ _,~ ./' J~AB :~ ~b _rj J ':}~ ~ABY _,ABT ~ J~ 

HBH = HBH <l:.J~ ~ . .J.j~Jf- o_? _.r. t.>~k- J~ ./' ly.j -.::.......IBT =BY 

_,~ l>JJ ..r. 0~ ~J ~ ~\;,; J~ M _, L <i..k...i.; J~ _, HH = HH t.>~LS _, 



.J ~IHH ....A...,a.j)rS ~HM ~IHH ....A...,a.jji~HL 0~ .J ~~ 0\.S 

LS~::. ~_;-A .J .~1 ~::. 'V jl ~LM 0\.S ~ -:r.l ~~ '-;-'--> _r. 

~ ~ 01::. Y::, ci )" _);..; J::. BY .J BT LSG.....-IJ .J::. 0-:-! ~ Jy>- lS.JJ _r. <ISK ..l;.j~ 

.JB ~K ::.Jy>-f.~~ ~I ::..J..l>..A <IS _;LS LS.JJf. ~~if ~\.jj~A ~ ~ 

jl ~_;-"><IS .f-~I.Jj ~ LS.J~ J.:Sif ::.~IB ~J::. 0\.S -:r-1 <IS LSI"-:..Jl).JH ~ 
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..l:Sif ~~I LSI~~ i'f ojl..lil ~LSI~_,~ oL. j5 _r J~ 6 ._;W' ojl..lil jl 01 J_,b 

~~I o~ j5 y J~ ~~ W jl ~ LSI<L!Jij jl j::J 01 vP y- J ~~ _?J~ 
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o~~ ~..r5'-.::.....>l...... ~r:- LS~ ol.j\A ~J~ ..l:.S'~ ~1Jj4 
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J G.....l ~~\ J ~ )~lS LS~~JJf. ~ u~l:>..A e~-IJ~ ~If.\ ..}JJ 

~ G J-.:._y>-~ LSlAci4 6 G..... I o~.? .rl c.r-1 -.JJ~ G ~_y;-~ iw 

:_;$ t:""4J 0~_? J:IJ..::......IJ 0~..lil G.....J~ oiJ e~-IJ ~jl ..... _x_i;~_r> JolSJ_,1 

.G..... I L>P J ~~ L>La. }:-i ~ 
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·!4.1 .. ·I ~ -S:a u .~~1) J .) 

e: 1 ;::;. 
JY LSGb if,;,J/' ~\.))~.) ..li)~ 0\..4\y J-!.Y' ...:NJJJ} 6 t:-i\~~ oj.)y\ 

J~ 4-S ~\-'--! ~lMJ?I if. y G JY _}I . ..w~~ ~_y>- ~ vP ~ 

0T LSjl....)5:: . .;T ~)~~ ~ ~~ ~ 6~~)~)1} ~\.>. LS.M~ 0~.)~ 

~~ 6 0T jl ~ ~~ . ..li)..li ~ 0\5::..1 J~ c.r-1 6 G.....JI~ ~l_y>- ~G.....I 

i~l ~~I 0\~b LS\.r. o)~ 6 LS~)y j\ ~ ,~ r ~L:....z JY if. y 
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.)4-~ 'i~l ~ ~ <L! ~~~ o.L!.<.f" ~GI SJ..J .J ..JY ~G ~..JY .)~ 45 

fr! SJ..J jl 0~ r+' ..J~ i4--!\ ~I 4.S .:r,.l LS\.r. ~I ..J~ ,~ ~l....,)j 

~~ ~W 0\y ~~)p Jt!A ..u.W 01y ~ 1~1 ~~_r!. o...LiL...L:...;. 

)} r.f"..Jf. ~..JY <f~\ ~\.;;. ~')\jjl ~ 01y ~.J..r->- rU.J 01.::.....~ 0U_y,. 

.J ~~<.f" r.f"..Jf. 0T ~ ..JY ~~..J .J SJ..J ~..JY ..J~ G ~ j-!1 u~ ~ .J ci .J 
·('"'->b<.f" 0~ G .J\ u~ .r. o.L!. ~).J lS\...t...lAj ~ .r. 

~J OJ4J.J ~JI .,.W 

~.J~..J~ ~.JIP..J~ ~.r r.~ ~~ ,...lib<.f" ~.r r.~G ~~ ~~) 
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jl ~l! ~.) ~)~ lS~ iL:::-1.)~ 45,..::......,\ ~ ~.J..l:> ~~Lt.~~~.) J.J 

.J ,_;u~ ~ _r!. ~~ J ~ SJ.) ~ ~ .r" ,..::.......\ ~ .J o~ ..5.JJ .J~ jl ~ 

SJJ .~ _r!.<.f" ~IS~ ,0T ~~ jl ,~ _r!.<.f" fo..~ J o~ SJJ ~ ~ .r" 

o~ SJ..J .J ,~I iL:::-1 .:r,._;0l.!..:>.J~ 45 ,..:......I J-JT ~ ~) p .)~ ~ 

. ..::.......\ ~->b ~ 45 ,~\ Sl> ~ 

<.f"~ ,0TJ~..JY 45 ,~b.)j o}u~ LS--4~ ~ 01_y<.f" G~) o~ .:r-1 

SJ..J ,...\.i~y, ~ 0L->_,s-~ \.rJ ~..::.......\ ~b.r.~ ~ jl J~l lS.Y-" ~ 

G 0T.) ...lib~~~ y>-~ G ..5.J..J ~) ~~ ~~ .}JJ ~ ~ 0w 
G ~ 45 J_,10w ~~)4<f ,..::......,\ 0T J~ 45 J~ ~ ~ LS\.r. LS..l:> 

jl ~.:r.-1 J~ ~) .~}-~<f ,..::......,\ ...v...r LSI)~ 45 ~ 0T jl ~~ LS\.r.LS..l:> 

).~ ~ ~.JJ ~ ~~,;;. 4-:J GJ.Y \.rJ ~~J.JT~ 0~ ~ J.>u. ~ 'JY ~~ 



' ' ' I ~ Lr=' _;h;) .L.. _;J> 

..r-> ~.) .~lo.) y, Jl:9 ~ U"I.J>" jl ~ yA LS~ ~~.C........ I o.)J.J\5 .o 

~) UJ ~~lo.) _r.i Jl:9 <...?-"}>- ~.) y>:-y JY l.Siyu c........ I o.) y, SJJ :r.) ~~ 
. .)jb_,.;if SJJ ~.Y ~~ l.:..d~.J~ ~J.) ,((~ o).u.))) ~\.:;SJ.) 

ol.o ~J OJ4JJ j~ .)oWI'U ~ 

w ~ c...j.J J.) 0T jl L. u ,c........ I 0T o~ SJJ <IS c........ I~.)~ r~ 

~0T .J ,c.....,..IJjjl JL> ~l>- .J.) ~~J.) ly~J ·~if o~ w_r->- 4 ~J~ 
SJJ •.J.r->--ru _)2...; jl ''-"'L.I ~l_y, .c........ I o~ .) ~ SJJ '~if 0T j1 ~ 
~_} ~J~ 4 ~_}o~ ~~J.) o~jl <1.5' LSI~~.) •.))...ljJj ~ ~l.~) 

.c........l 0~ ~~.) SJJ ~..L..,Jif ~ ~ 
L.Sla.~~ljl ~_,5"~1 ,c.....,..l ciJ oyAl9 ~ ~ u-;1) v-!,.J~ r~ ~_}I 

. c........ I o.) y, (?li> I .f. LS.J ? L.:..; J} 

~J;:; ~ u~I.J ~G ~L..J u4.}2i <I..S'c........l ~IJ.) ~ u;I)S~I 

.c........ I o.) _? o.)lA:w.l ~I_;.:GI u4.}2i ~ y 0~ ~y) 0La.J..u ji.J ~c........ I o,)\.) 

lSJ.JbJ-::.;jii..U ~..us~ 0~ ~..w~ ~~...lj 0T 0l_y, .)IS ~lAy, <~SG ~.JI 
~y) .J ~ 4J ~ ~ ~ ~ <IS 0T j1 v-i: .J ~..US if .J.:A _,.; o ~ SJ J .) JY J.) 

~~ji.J .)jb_,.;if o~ SJJ ~ ~ ~~ ~ o~ ~<IS ..l:Sif uyl 

JY SJJ o~ SJJ ~..us' if LS.r-5 ~.) o.) _;5 o.)lA:w.l o~ JY ~ J.).) ~ ~ 

~~I SJJ.) ~..w~ O~j ~ ~ 0~ ~ jl ~bj~ ~ <IS~~ ~J~ 
((~1 .. _,...;:.)) .u~ J.) G 0~ JY <IS ~I jl J-::.; ~..w~~ :r.; ~.) 0~ ~ ~~.) 

·('-'JI.) .X if SJJ .)J.Y J.) ~ u-;1 u\)2i ~ ~~ lf""J.Y. 
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"Modem civilizations tend to believe that they are superior to 
previous cultures and that these past great civilizations were primitive. 
We think many of technological wonders were revealed only to us and 
not to any prior cultures. However, archeological findings in the 20th 
century have shown this is not the case. Take for instance electricity, 
which is the source of all power in any modem society." [50] 
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natural poisons available to them from a number of sources 

and could somehow concoct the solution they needed. But, 

what about the arrangement of the iron rod and the copper 

cylinder in the clay jar? Are we to believe that somebody 

figured out how to put them together in the right way to make 

a device capable of supplying a voltage and generating an 

electric current? Well, an iron nail and a piece of copper in 

vinegar or wine were all that was needed to experience 

something strange. After all, to find a source of electric 

current was the easy part of the story. And, no doubt has been 

expressed so far that the clay jar with its contents, as described 

by Konig, can produce electric current. Issue at stake is 

whether the battery was used the way he claimed. If only the 

bottom-sealed copper cylinder was filled with an electrolyte of 

some kind, then it would not take too long for the battery to 

stop functioning. The small amount of oxygen dissolved in the 

electrolyte would be rapidly consumed, and the electric current 

flowing from the battery would decrease to negligible levels. 

What came then? 
We may try to answer all these questions. Nevertheless, for 

the time being we must accept that the true nature of the 

Parthian Battery will remain a tantalizing enigma for years to 

come. 
To consider the case definitely proved and closed, two 

things must happen. First, a remark should be found in some 

manuscript saying that Parthian artisans or magicians were 

capable of changing copper, bronze, or silver to gold. Second, 

a two-thousand-year-old work of art must come to light, which 

is both gold plated electrolytically and well preserved. 

In conclusion, let us remember what W Winton said forty years ago: 

"The incredibility is in the mind of the unbelievers and that arrogant 

pride in our modem scientific achievements makes us unwilling to 

believe that effects of current electricity could be known to our 

Mesopotamian ancestors 2000 years ago."[14] 

And what did L. E. Warren state forty years later? 
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Did the Parthian goldsmiths invent the electrodeposition of 
gold to replace their old gilding techniques, which would leave 
much to be desired? Needless to say, the mere notion of such a 
systematical approach by Parthian goldsmiths towards 
inventing of a new technique would be ridicules. But, what 
about making such a discovery by coincidence? W. Jansen and 
his colleagues remark: 

"Presumably, an observation or a series of observations led the 

Parthians to the discovery of the "galvanic gold plating". The 

prerequisites for such a discovery were, of course, that the iron and 

copper electrodes were being immersed in the same solution, the gold 

bar and the silver object to be gold plated were electrically connected 

and immersed in a gold salt solution. Is this really believable?" [34] 

And E. Paszthory raises the question: 

"Are we to believe that the inhabitants of Mesopotamia found by 

chance a method of converting chemical energy into electrical energy, 

and of using this energy to carry out the chemical process of galvanic 

gilding?" [31, 37] 

Does the evidence presented in some of the publications 
provide convincing arguments that the puzzling find from 
Khujut Rabbou'a was in fact as galvanic cell, a battery, used 
for electrodepositing gold? 

The question to be answered first is whether the materials 
needed to build such a battery were available at that time? The 
answer is that all the materials used to construct the battery 
were common products and the manufacture was well within 
the ability of the "engineers" of that era. And the electrolyte? 
Acetic acid and citric acid were at hand to be used as an 
electrolyte, although wine and vinegar would have been good 
enough for that purpose. As for gold cyanide solution, we may 
believe that the Parthian goldsmiths were well versed in the 
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"One technique which was widely used was to punch the gold leaf 

into the substrate, either all over the gilded area as observed on a 

Parthian bowl, or round the edge of the gilded area, as can be seen on 

the early fifth century B. C. statuette of an Achaemenid king." 45 

According to Oddy, the most important gilding techniques employed 

by the ancients were foil gilding, gold leaf, and fire gilding. 

Foil gilding involved tucking a thin gold foil into the edges of the 

artwork. To secure the foil, grooves were cut into the surface of the 

artwork into which the edges of the gold foil could be inserted and held 

in position by hammering them closed. 

The gold-leaf method involved pounding gold into the artwork. 

Compared to foil gilding, this technique had obvious economic 

advantages, since much less gold was required to cover a given area. 

Fire gilding involved the use of gold in an amalgam with mercury. 

The artwork was cleaned and polished and then a very thin layer of 

mercury was rubbed into the polished surface. The gold leaf applied on 

top of this surface would adhere to the object by a process of partial 

amalgamation. 

There were also other techniques available for gilding silver or 

copper objects. One method often practiced was the etching of baser 

gold alloys to remove those portions of the surface composed of base 

metal and so leave a gold-enriched surface. 

All these methods had their specific disadvantages. Foil gilding, e.g. 

was unpopular because the thickness of the foil would obscure any fme 

detail which was present on the surface of the artwork. Gold leaf was 

so fragile that it could hardly be wrapped around the object and had to 

be firmly attached to the surface of the base metal. 

45. W. A Oddy: "Gilding- an outline of the technological history of the plating of gold on to silver 

or copper in the Old World", Endeavor, New Series, Vol. 15, No. 1, 1991, p. 29-33 
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"The author has had discussion with members of the archeology 

field who are not pleased with the battery theory. Peck44, of the Detroit 

Institute of Arts, feels that all of the plated objects from the cultures 

east of the Mediterranean can be identified as one or other of the 

gilding types. In addition, she points out that clay and metal nails were 

used in Mesopotamia as parts of foundation deposits to magically and 

symbolically anchor a building for eternity. Peck also points out that 

the available reports, such as those from Al-Haik, do not specifically 

state that the vessels and the nails were actually found together as a 

unit, but only at the same level (and, therefore, the same date)." [59) 

In 2002, the Parthian Battery was again on display on the occasion 

of an exhibition at the Museum in Stadtpark, in Grevenbroich, 

Germany. A press release form the Presseamt, Neuss, broke the news 

on September 9th, 2002, under the title "Electric Current in Antiquity?" 

[60], and announced that on October 8th, the same year, G. Eggert 

would deliver a lecture on the Parthian Battery. 

Conclusions 

There is some evidence that the Parthian goldsmiths had inherited 

various gilding techniques from their ancestors, which enabled them to 

impart beautiful and permanent finishes to silver or copper artworks 

and enhance their apparent values. 

W A. Oddy, who has given a detailed account of different gilding 

techniques used in antiquity, has published the photograph of a 

Parthian silver bowl from the first century B. C. with bands of gilded 

decoration. He describes the method applied by Parthian goldsmiths to 

golden the artwork as follows: 

44. E. H. Peck, Curator of Near Eastern Art, Detroit Institute of Arts 
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2000 M Pezold published a new photograph of the Parthian 

Battery in his article "The Find from Chujut Rabuah", which is 

reproduced in Fig. 21. 

Fig. 21: Photograph of the Parthian Battery published by M 

Pezold [54] 

Pezold claimed that Konig himself had carried out experiments, too. 

The author failed however, to be more specific about Konig's 

experiments and whether he had used the original find or a replica of it. 

Furthermore, he pointed out that by using other electrolytes, the battery 

would be capable of supplying a voltage of about 2 volts, again without 

mentioning the source of his information. Pezold also claimed that in 

1980 similar objects were discovered at Ctesiphon. Then he cited Rolf 

Schulte (cf. Kirchner's ,reportage, 1978) as saying that in the mean 

time a few thousands of such devices(!) have been found. [54] 

2002 D. E. Von Handorf discussed extensively the possibilities 

whether the Parthian Battery could have been used for electrodeposition 

of gold millennia ago in his article "The Baghdad Battery- Myth or 

Reality?" He noted: 
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"There are 17 mari (approximately II liters) wine from the uzbari 
vineyard that belongs to Friyapatikan, the genial, who is also the 

Satrap's vassal, in this Khom43 (pottery jar). The wine was delivered in 

the year of 188 (60 BC) by Humayak who comes from Artastasvanak. 
2 mari ofwine has gone sour." [46] 

He went on to state that in view of magnificently crafted and richly 
decorated drinking horns from the Parthian period discovered in the 
course of the centuries, one could certainly assume that the Parthians 
themselves appreciated the drinking of wine. He pointed out that a 
copper vessel filled with wine and in direct contact with an iron scoop 
hanging in it constituted a plating assembly. He then raised the 
question: 

"Why should we not imagine that one fine day one of those Pf!rthian 
winegrowers accidentally made an astonishing observation: His iron 
scoop hanging in the copper bowl filled with wine was covered, God 
knows why, with a thin layer of copper! Let us suppose just for one 
moment that this is the story of the Parthian discovery. What could 
then be the consequence? As one can imagine, sooner or later some 
smart people, most probably Zoroastrian magi, happened to learn about 
this discovery and began to realize how important and far-reaching its 
practical implications could be. So they decided to do their best to keep 
this great secret to themselves and to prevent ordinary people from 
getting close to it. After all they did want to derive the greatest possible 
benefit from this discovery following the motto "Knowledge is 
Might!"" [ 4 7] 

43. The word khom is still used in the Persian language in its original meaning, pottery jar. 
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the reaction of oxygen dissolved in the electrolyte. Thanks to the 

leakproof construction of copper cylinder of Konig's find (soldered, 

sealed with asphalt), no oxygen from the outside air can enter the 

electrolyte. When the small amount of oxygen inside is consumed by 

the cathodic reaction to hydroxide, the current decreases to negligible 

levels .... In my opinion, the "magical container" hypothesis is much 

more probable that the "power source" claim. The latter is a 

"mystification by science" of the object, which violates Occam's 

razor41 ." [48] 

1996 In his detailed article entitled "Surface Finishing Through 

Chemical Plating - A Parthian Discovery 2000 Years Ago?", N 

Kanani, provided a brief introduction to the civilization and cultural 

achievements of the Parthians. He then pointed out that the Parthians 

were also skilled winegrowers and resourceful wine-merchants. In this 

connection, he communicated the information that the discovery of a 

huge Parthian archive in the vicinity of the city of Nisa, the old 

Parthian residence near the modem city of Ashkabad (Eshgh Abad) in 

Turkmenistan, by Russian archaeologists had brought to light some 

2000 ostraca with 2758 inscriptions. The majority of these potsherds 

contained official entries dealing with production and delivery of wine. 

By way of example, the author reproduced one of these documents in 

his paper, which he had taken from Wiesehofer's book "The Antique 

Persia'>42. It reads as follows: 

41. Occam's razor refers to the philosophic rule that entities should not be multiplied unnecessarily; 

in other words, assumptions introduced to explain something are not to be unnecessarily multiplied 

(related to the English scholastic philosopher William of Occam (1285-1347) 

42. Wiesehiifer, J. "Das antike Persien", Artemis & Winkler Verlag, 1994 
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Downes and Meyerhoff described the construction oftheir model 
replica as follows: 

"To recreate this "battery" we shaped clay into the form of a jar. In 
order to cut the jar in half, we omitted the firing process and instead 
shellacked the inside surface to make it non-porous [sic] to liquid. 
Using a band saw, we cut the jar in half to show the inner workings. 
We then proceeded to use the band saw to cut the copper cylinder, the 
steel rod (no iron available), and the rubber stopper (no asphalt 
available!). We also cut a piece of glass with a glasscutter to place one 
half of the jar. We epoxied the necessary pieces together. We then filled 
the jar with vinegar and lo and behold the jar produced 1.1 volts." 

1996 G Eggert published an article entitled "The Enigmatic Battery 
of Baghdad", in which he took the trouble to check the experiments 
performed by scientists who were more or less in favor of Konig's gold 
plating hypothesis. Under the heading "The Claim and the Scientists", 
he discussed disparagingly the attitude of some of the scientists and 
pseudo-scientists, as he put it, towards the discovery. The following 
extract from Eggert's paper renders his critical stance on this matter: 

"One is tempted to assume that it is easy to check the "power 
source" hypothesis. In reality, the situation is more complicated. Take 
pieces from two kinds of metals and immerse them in an electrolyte 
(e.g., a sour or salty aqueous solution), and there will be a potential 
difference between the metals (simply because they are chemically 
different). More is needed for a good power source: To be useful, a 
reasonable electrical current (i.e., a flow of electrons) must flow for a 
reasonable length of time. The electrons are set free at the anode, here, 
the iron rod. To draw current from the apparatus, an outer electrical 
circuit must be closed; then the electrons can flow through it to the 
copper cylinder. There the electrons must take part in a cathodic 
reaction. But what kind? ... The small current flowing initially is due to 
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The artifact, so the authors, was examined by many people. One 

explanation was that it was a battery, and given the setup shown in Fig. 

18, all that would be required to produce an electric current would be 

to use some acid, of any type including vinegar or wine, as electrolyte. 

This was validated by building replicas of the clay jar and using wine 

or vmegar. In both cases the jar did in fact produce electricity as 

predicted. 

Based on this information, D. Downes and A. Meyerhoff 

constructed in 1999/2000 a model of the Parthian Battery, a 

photograph of which is reproduced in Fig. 20. 

Fig. 20: Replica of the Parthian Battery constructed by D. 

Downes and A. Meyerhoff in 1999/2000 

Left: the inner workings of the cell; right: measurement of 

the cell voltage40 

.. 40 .http ://www.smith. edu/hsc/museum/ancient _ inventions/battery2. html 
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the occupants of the graves. He reminded that inscriptions on papyrus 
were sometimes found sealed inside similar vessels in ancient tombs. 
Kurzmann also noted that the director of the museum of Islamic Art in 
Berlin had agreed that the vessels might have been symbolic 
foundations for the comers of the graves. 

Also in 1994, P. James and N Thorpe published their book entitled 
"Ancient Inventions", in which they discussed the "Baghdad Battery". 
The authors communicated that in June 1936, a new railway was being 
constructed near the city of Baghdad. In the excavation that followed 
workers uncovered an ancient tomb. Soon, it was determined that the 
tomb was built during the Parthian period, which ranged from 250 B. 
C. to 250 A D. One object that was discovered during the excavation 
was a clay jar containing a copper cylinder, an iron rod, and some 

· crumbling pieces ofbitumen (Fig. 19). 

ASPHALT 
.. SEAL 

-----··- OWN ROO 

Fig. 19: Schematic representation of the Parthian 
Battery published in 1994 [44] 
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Roman use of electric fish as an analgesic .... The numbing effect had 

long been known .... Electric fish of one species or another are found in 

the Mediterranean and in the Nile but not in Persian Gulf or the Tigris­

Euphrates system. Is it possible that some Parthian asu began applying 

the long-known galvanic tingling produced by dissimilar metals in an 

electrolyte, perhaps with conductive acupuncture needles of bronze and 

iron, as a substitute for the Greco-Roman ichthyoelectroanalgesia? 

Modem medical practice provides an instructive parallel. First it must 

be noted that the current produced in the cell models (ca. 1 milliamp) is 

readily detectable on the skin or tongue and specially in cuts or 

punctures .... The electrical parameters vary but for (partial) local 

analgesia are a current of roughly a few milliamps at a voltage of a few 

volts. Such analgesia might well have been produced by a device such 

as the Parthian cell." [ 41] 

In short, the author was convinced that Parthian physicians 

employed such electric cells as a substitute for the use of electric fish 

as a local analgesic. He concluded his paper stating: 

"I should prefer to propose an accidental discovery. Had anyone 

ever used a bronze spoon in an bowl (or vice versa) containing vinegar, 

for example, the tingling produced in the hand or lip touching both 

bowl and spoon would be noticed." [41]. 

1994 An alternate view was provided by P. Kurzmann in his paper 

entitled "The Parthians knew Nothing about Batteries" [43]. He 

insisted that Parthian goldsmiths had no knowledge of batteries and 

pointed out that such vessels some with bronze rods, others with iron 

rods had been found in different locations. Kurzmann to described the 

magic or spiritual meanings that the ancients ascribed to certain metals 

and suggested that the vessels were intended to provide some magic to 
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tron electrode and depolarize the cell. He then described his own 
experiments: 

"I have examined the find and some similar, probably parallel, finds 
and have considered how the device might have been invented and what 
the electrolyte might have been .... My own tests showed that a salt 
solution (i.e., NaCl at ca. 10%) rapidly corroded the iron, depolarizing 
the cell so that the voltage dropped to ca. 0.4 V within less than one 
minute; copper sulfate solution, 10% by volume, produced about 0.45 
V for several hours only, until the accumulation of copper on the iron 
depolarized the cell. Citric acid in the form of freshly squeezed 
grapefruit juice and acetic acid produced 0.49 V." [ 41] 

Keyser held the view that various details of the device considered in 
the light of modem medical practice would make it possible, or even 
likely that such cells could have been used as a local electrical 
analgesic. He pointed out: 

"Mesopotamian medical practice included a number of elements 
conducive to the reception of an electrotherapeutic device of this sort. 
In OAkkadian and Babylonian medicine, following the normative 
Sumerian practice, two "colleges" of physicians were recognized- the 
asu (magical expert) and the Dsipu (physician). The asu was 
responsible for prescriptions and incantations and was considered a 
craftman or technician and was associated with magicians. The Dsipu, 

on the other hand, practiced divination and diagnosis from the patient's 
symptoms, but not therapy, and gained status over the asu in late 
Babylonian times. The Mesopotamian therapy was typically non­
invasive, using drugs in preference to surgery: one common drug 
component was vinegar. Little is known of Parthian medicine, but it 
likely incmded most of the traditional elements of Mesopotamian 
medicine ... :.The critical stimulus was, I believe, provided by the qreco-



The Parthian Battery 191 

Used for Analgesia", P. T. Keyser expressed his regret that the 

Parthian galvanic cell, as he put it, has been known for some fifty 

years, but not yet scientifically investigated. He added the battery has 

remained heretofore embarrassingly out of context. After describing the 

Parthian Battery in some detail, he observed: 

"The Parthian device so closely resembles a wet-cell (i.e., galvanic 

cell with liquid electrolyte) that Konig assumed it was one. Various 

features of the construction point in that direction. The asphalt seal 

indicates the presence of liquid, and almost all available liquids (save 

vegetable and mineral oils) were acidic. The presence of dissimilar 

metals in an acid generates a potential difference and is the key feature 

of a Voltaic pile. The otherwise useless 0.3-cm asphalt layer on the 

bottom would serve to prevent the possible shorting of the iron rod to 

the copper bottom. Asphalt is an inert, water-resistant insulator. It is 

indeed difficult to see what else the device could be." [41] 

Keyser stated that the purpose of the device as well as its origin had 

remained an enigma, and most commentators who had followed 

Koing's suggestion had not taken the trouble to examine the device by 

themselves. Only a few researchers had doubted the likelihood of such 

a use and had experimented with models of their own using various 

electrolytes. He announced that he would argue why the gold plating 

hypothesis put forward by Konig was impossible, and would rather 

prefer to review the device in the light of the ancient outlook and 

suggest a purpose more in keeping with the technological and scientific 

milieu of the time. He then stressed that the output of the replicas used 

by some of the researchers was insufficient to accomplish much in the 

way of electroplating. Such cells, as Keyser stated, would have a short 

"shelf life" of a few weeks, since the electrolyte would consume the 
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Fig. 18 ~pows the results obtained. 
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Fig. 18: The performance of the Parthian Battery as a 
function of benzoquinone concentration in the electrolyte 
using a model replica built by W. Jansen et al. [40) 
x: 100 ml acetic acid + 100 mg benzoquinone 

<">: 100 ml acetic acid + 50 mg benzoquinone 
+: 100 ml acetic acid + 20 mg benzoquinone 
'V: 100 ml acetic acid+ 0 mg benzoquinone 

From this diagram one can see that the higher the benzoquinone 
concentration in the electrolyte, the higher the performance of the 
Parthian Battery. 

According to calculations carried out by Jansen and his colleagues, 
a galvanic cell filled with an electrolyte consisting of 100 ml acetic acid 
and 100 mg benzoquinone has an energy content 100 times higher than 
that of a cell with only oxygen containing acetic acid solution. Whether 
or not Parthian goldsmiths knew about the possibility of making use of 
benzoquinone remains a matter of speculation. 

In 1993 appeared another prolonged article, which dealt with the 
Parthian Battery at greater length. In his paper entitled "The Purpose of 
the Parthian Galvanic Cells: A First-Century A. D. Electric Battery 



The Parthian Battery 189 

Based on these results, the researchers came to the conclusion that 

the Baghdad Battery described by Konig was a faulty deviation from 

the real battery, which contained an open-bottom copper cylinder 

instead of a tightly sealed one for obvious reasons. They postulated that 

in the case of the real battery, the entire clay jar was filled with 

electrolyte and, due to its porous walls, oxygen could diffuse into the 

cell leading to a continuous. 

According to the results achieved so far, the effectiveness of 

benzoquinone as electrolyte in terms of supplying sufficient electric 

current for a longer period of time was quite obvious. To provide 

further proof, Jansen and his colleagues decided to investigate the 

performance (P = E· I) of the Parthian Battery filled with an electrolyte 

containing 100 ml acetic acid and different amounts of benzoquinone. 

To this end, they employed a model replica provided with a voltmeter, 

an ammeter, and a resistance decade to measure the voltage E, the 

electric current I, and the resistance R respectively. The experimental 

setup is shown in Fig, 17. 

Voltmeter 

Rubber stopper 

+---t--1,--Iron nail 

Copper tube 

Clay jar 

I-t--t--Electrolyte 

1111+--J'-- Spacer 

Copper disc 

Ammeter 

Fig. 17: Experimental setup for measuring the 

performance of the Parthian Battery using 

benzoquinone containing electrolytes [40] 
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1993 W Jansen et al. published the 3rd part of their article entitled 

"The Parthian Battery and Gold Plating by the Baghdad Goldsmiths" 

[40]. They reported on their extensive laboratory experiments carried 

out under different conditions to study the performance of the Parthian 

Battery. Using experimental setups equipped with either closed or 

open-bottom copper cylinder, they could demonstrate the potential of 

such a device. The researchers presented the results of their 

comprehensive studies and tests regarding the Parthian Battery and its 

plating capabilities. They investigated the performance of the Parthian 

Battery as a function of oxygen concentration in the copper cylinder. 

Since the use of naturally occurring organic acids and sour fruit juices 

was found to be ineffective, Jansen and his colleagues had the idea of 

using benzoquinone as an electrolyte, which is known to be easily 

reduced to hydroquinone at the copper cylinder according to the 

reaction 

A voltage of 0.55 volts was obtained with 100 mg benoquinone in 

200 mg dilute acetic acid as electrolyte. 

Tests carried out in closed-bottom copper cylinders were successful 

but short-lived because the oxygen in the copper cylinder rapidly 

depleted, and as a consequence the current quickly decreased to 

negligible levels. 

Experiments performed in open-bottom cylinders were more 

successful since oxygen could diffuse from the outside into the copper 

cylindei'and maintain the cathodic reaction. 
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into the electrolyte continually and maintain the constant operation of 

the battery." [34] 

Based on these results, the authors concluded that the assumed 

reconstruction of the "Ur-Batterie" could not be justified, since it would 

not allow oxygen to enter the electrolyte contained in the closed-bottom 

copper cylinder after the dissolved oxygen is consumed entirely. They 

conjectured that Parthian goldsmiths had been clever enough and had 

certainly used galvanic cells with open-bottom copper cylinders 

because were more effective. 

In a final note added as an appendix to their paper, the authors 

acknowledged that they had to change their minds after having studied 

Konig's publications in original and a discussion with E. Paszthory. 

"We believed that the copper cylinder was open at its bottom, since 

it seemed to us as such when we looked at the photographs we had at 

our disposal. This is, however, not the case. Most recently we received 

the original publications by Konig and a new article written by 

Paszthory. Now we have to revise our opinion and our evaluation. Our 

investigation in the meantime has shown that the Parthian Battery 

definitely had a closed-bottom copper cylinder. It is, therefore, doubtful 

that it could have been used as a battery, since its voltage is too low. 

Therefore, we tend to believe, as Paszthory does, that the find from 

Chujut served magical purposes. The Parthians wrote their wishes on 

parchment or silk, wrapped them in most effective metals like iron and 

copper, placed them in clay jars and deposited them in their temples." 

[34] 

1987 W Jansen and his colleagues published an article consisting 

of two parts entitled "The Parthian Battery and Gold Plating by the 

Baghdad Goldsmiths" [35, 36]. As far as the Parthian Battery is 

concerned, the content of these two articles is identical with that of the 

previous papet [34] already discussed. 
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solution (c= 1 mol/1) as electrolyte They assumed the current 

generating anodic and cathodic reactions taking place at the iron rod 

and copper cylinder respectively to be 

2Fe -+ 2Fe2+ + 4·e· <7> 

02 + 2H20 + 4-e· -+ 40R <8> 

The results they obtained m their experiments are summarized in 

Table 2. 

Table 2: Electric current supplied by the Parthian Battery as a function of time 

[34] 

I.: closed-bottom copper cylinder; Ib open-bottom copper cylinder 

Time lOmin 30min 2h 12 h 16 h 20 h 160 h 240 h 360 h 

I, [rnA] 0.75 0.65 0.30 0.15 0.15 0.15 0.15 0.15 0.15 

Ib[mA] 1.30 1.20 1.00 0.80 0.90 0.80 0.80 0.75 0.80 

Based on these results, the authors came to the conclusion that the 

voltage was almost the same in both cells at the beginning and 

sufficient to run a small motor for a certain period of time. They 

observed, however, that the electric currents I. and Ib dropped with 

time, as shown is Table 2. I. decreased to negligible levels, as soon as 

the oxygen dissolved in the electrolyte inside the closed-bottom cylinder 

was consumed by the cathodic reaction <8>. The authors commented 

their observations as follows: 

"These results make it clear that it is possible to plate gold once 

using the assumed reconstruction of the Parthian Battery with closed­

bottom copper cylinder. However, after a few hours there will be no 

more oxygen present in the electrolyte to be reduced. With our replica 

having an open-bottom copper cylinder, however, oxygen can diffuse 
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Iron rod --~~ 
"1:;:::;::11---- Iron nail · 

------ Rubber stopper 
Bitumen stopper 

Acid solution -1---11=1~ 

Copper cylinder 

Clay jar 

Copper disc 
Bitumen covering 

Vase 

Citric acid solution 

Fig. 16b: Left: schematic representation of the Parthian 

Battery ("Ur-Batterie") featured in the German newspaper 

"Die Zeit" [27] with closed-bottom copper cylinder; right: 

replica built by W Jansen eta! [34] with open-bottom copper 

cylinder 

The question Jansen et al. were eager to find an answer for was 

how the Parthian goldsmiths had managed to obtain gold cyanide 

complex solutions from pure gold to electrodeposit gold. The answer 

they were looking for was already given in one previously published 

paper [27]. If gold were wrapped and hammered between badly tanned 

and rotten leather, it would oxidize and change into a complex gold 

cyanide compound such as K[Au(CN)4). 

To find out whether the Parthian Battery produces sufficient electric 

current for electrodepositing gold, Jansen and his colleagues used both 

batteries depicted in Fig. 16, which they filled with a citric acid 
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knowledge of natural sciences of his time. He mentions also objects 

form the "Parthian Empire", which was constantly in conflict, and as a 

consequence of that, in extensive contact with the Roman Empire. The 

interpretation that the cell might have been used to plate galvanic 

coatings on metallic works of art, is hardly tenable .... The preparation 

of plating baths containing cyanides, which were needed for the 

deposition of noble metals, was probably not possible in those times; 

and Pliny the Elder has not explicitly mentioned the prussic or 

hydrocyanic acid. Further research is required with regard to the 

history of Near East to find exclusive proof for electrochemical 

application ofthe cell of.Khujut Rabua." [32] 

1986 W Jansen form the University of Oldenburg, Germany, and 

his colleagues published a paper entitled "Developments of and 

Changes in Theories - With Examples from Electrochemistry" in which 

they expressed their views on the Parthian art of gold plating in the 

following way: 

"The Parthians, who conquered Mesopotamia in 141 B. C. and 

ruled over that region for many centuries, were true masters of gold 

plating. Their gold coatings are extremely pure and bright similar to 

those deposited in our times by means of modem electroplating." [34] 

The authors reproduced in their article a schematic representation of 

the Parthian Battery that had been featured in the German newspaper 

"Die Zeit" in 1982 as the "Ur-Batterie" [27]. This sketch together with 

the picture of a cell constructed by Jansen and his colleagues is shown 

in Fig. 16. 
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cell can easily be reconstructed based on the finds. Conclusions 

concerning its function and its application are partly based on 

experiments, they can not, however, be considered as a proof. The find 

of Khujut Rabua is marketed journalistically as a sensation from time 

to time, however, no new insight into the origin and use of these 

galvanic elements can be expected from such activities. When we speak 

of sensation, we may be driven by our European arrogance vis-a-vis the 

achievements of ancient cultures, but the fact of the matter is that the 

development of such a mono-cell can only be explained on the basis of 

the knowledge of that time. This is true for example for metals used 

then. Copper as well as iron were in extensive use in Parthian times and 

well known in pure state, as it was the case with gold, bismuth, lead, 

silver, tin, and mercury. It is also possible that the effect of flowing 

electric current was discovered when a liquid solution contained in a 

copper bowl was being stirred manually with an iron rod. All the same, 

the question that remains unanswered is what (electrically conductive) 

solution was used at that time?. So far acetic acid and citric acid 

solutions have been suggested and tested experimentally, for obvious 

reasons. Presumably, the mono-cell described above was discovered 

during the preparation of medical tinctures in copper containers; and 

the cell itself was then used for medical purposes. The find described 

by Konig was discovered near a house, which could have belonged to a 

sorcerer and medicine man. This conclusion is justified in the light of 

other clay bowls and enchanting inscriptions that were found there. The 

application of such cells for healing purposes and ritual exercises may 

be considered as an explanation why the knowledge of such devices 

was contained to antiquity, and nothing in writing has reached our 

times, although Pliny39 the Elder collected exhaustively the entire 

39. Gaius Plinius Senecus called the Elder (62-113 A D.), Roman consul and orator, author of the 

"Historia Naturalis", and uncle of Pliny the Younger 
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function of a magical defensive or protective charm. The iron objects 

recorded in those finds, the nail from Khuyut Rabbou'a, and the ring­

headed nails from Ctesiphon served to bind, to nail fast the contents. 

We conclude that the earthenware jars found in Parthian and Sassanian 

contexts, sealed with bitumen and containing metal cases, occasionally 

associated with papyrus remains and metal rods, did not represent any 

apparatus with a practical use in the modern sense, e.g., the generation 

of electricity. Rather, they were, as Kuhne! (1932) described, 

containers for "conjurations, blessings and the like, written perhaps on 

papyrus", which had been deposited to exercise a protective, defensive, 

or occasionally harmful magic spell." [31, 3 7] 

In short, by discussing the magical meaning of metals in antiquity, 

Paszthory argued that objects found at Seleucia and Ctesiphon were 

only containers for blessings or incantations written on organic 

materials. 

In his book "The History of Electrochemistry" published in 1985, L. 

Dunsch, reproduced the photograph of the Parthian Battery (Fig. 14) 

and made the following remarks: 

"Evidence for the earliest application of electrochemical knowledge 

have provided excavations, which were carried out in the thirties of this 

century in Iraq. The American LEROY WATERMANN and later the 

Viennese painter WILHELM KONIG have found parts of a galvanic 

mono-cell in Tel Omar (Seleucia) and Khujut Rabua while excavating 

there. A clay jar, in which a copper cylinder was suspended, served as 

depository for this mono-cell from Parthian times(- 250 B. C. to 250 

A. D.). An iron rod was positioned in the copper cylinder and isolated 

from it by means of asphalt. The bottom of the copper cylinder was 

covered with a layer of asphalt, obviously to prevent a contact between 

the iron rod and the bottom of the copper cylinder. The structure of the 
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"A cell was constructed in accordance with the Khuyut Rabbou'a 

find, to investigate the processes at the electrodes. As electrolyte I 

chose in each case a hydrous solution of about 10% sodium chloride 

with about 5% acetic acid or citric acid. It appeared that with the given 

arrangement the reduction of oxygen at the anode [sic] could only 

proceed at the rate with which the oxygen dissolved in the electrolyte 

(and used in the drawing of current) was replaced from the atmosphere. 

The rate of this process determines the fall in potential, which, from 

about 0.5 v initially, at once decreases to 0.1-0.2 v with use. Sealing 

the copper cylinder, which is characteristic of the original finds, at once 

brings the process to standstill. Erosion of the iron electrode occurred 

in the experiments at the neck of the iron rod. The tapering of the iron 

spike in the original fmd corresponds, therefore, to its initial shaping 

and not to erosion during a use in the postulated fashion." [31, 3 7] 

The author concluded his article by following comments: 

"Magic texts had to be written on suitable material, sympathetic to 

the being responsible for the intended effect (gold, silver, papyrus, silk, 

or parchment for protective magic; lead for curses); they had to be 

rolled up perhaps, often tied with thread, housed in suitable metal cases 

for magical protection, provided if necessary with sharp or pointed 

objects, and worn as a amulet or deposited .... The unglazed 

earthenware jars of various shapes and sizes were merely containers; 

they served as protection against mechanical damage during deposition. 

The sealing of the porous earthenware jars might have been of only 

magical significance, since the jars would in any case not have been 

watertight; in the same way as the bronze cylinders were closed at both 

ends despite having been only rolled together. Bitumen of course was 

available as an easily worked material for any sealing and insulating. 

The iron and bronze pins sometimes associated with the groups of fmds 

under investigation had, in the objects found at Seleucia, the occult 
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known for some times". He also mentioned the possible use ofthe 

"electric vases", as he put it, for medical purposes: 

"It is also possible that the galvanic current found application in the 

medicine for purposes such as "electrotherapy". After all, electric 

shocks from electric fish were employed for healing purposes. It is 

most likely, however, that the oriental "magicians", the sorcerers, were 

among those who made a fortune by applying such "electric vases"." 

[30] 

In 1985, E. Paszthory published a prolonged article under the title 

"Electric Current Generation or Magic" in which he strongly opposed 

the idea that the so-called Parthian Battery could have been used as a 

power source to gold plate base metal objects. Referring to the 

exhibition of Art and Culture of Mesopotamia organized by the 

Museum for Prehistory and Early History in Berlin-Charlottenburg in 

1978/79, where the finds from Khujut Rabbou'a were displayed, and 

describing Konig's discovery at great length, he went on to express his 

deep skepticism: 

"A review of the literature isolates twelve comparable finds from 

Parthian and Sassanian contexts to which a similar function has been 

ascribed .... The finds are unsuitable for the generation of electric 

current. They have only an apparent resemblance to mono-cells ("dry 

batteries")." [31, 3 7] 

Pointing out that there was no evidence in the literature of antiquity 

of gold solutions used for gold plating and no reference was made to 

them in alchemical instructions, Paszthory continue to describe 

experiments that he himself had carried out: 
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4 

1 

Fig. 16a: Wilke's hand-made drawing of the Partl;lian Battery 

[30] 

1: Clay jar, 2: Soft iron core covered with lead and bitumen, 3: 

Copper pipe with bitumen cover, 4: Electrolyte solution 

Under the heading "Mysterious electric vases", Wilke first discussed 

in some details the findings from Seleucia and Ctesiphon and continued 

to describe their function as follows: 

"By filling of one such vase with vinegar one could obtain an 

electric current of 1 ,5 volts [sic] .... As far as the practical use of these 

"electric vases" is concerned, we still have to resort to conjectures. The 

electric current flowing from such vases is certainly sufficient enough 

to plate silver or gold onto copper objects, although chemical methods 

for plating silver or gold had already been well known for some times." 

[30] 

It 1s not quite clear, what Wilke meant by observing that 

" ... chemical methods for plating silver or gold had already been well 
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be estimated. Just for comparison: High quality batteries for modem 
flashlights have an energy density of 100 Whlkg. By the help of the 
electric current flowing from this cell, one can gold plate a silver 
figurine having a height of 3 em in 2 just hours. The gold plating of a 
breastplate may last somewhere between 10 to 20 days." [26] 

1982 The German weekly magazine "Die Zeit" announced in its 
issue No. 45 of November 5th' 1982, under the heading "E as in 
Electricity" that electricity was used by the Parthians 2000 years ago. 
Describing the Parthian Battery in details and representing a sketch of 
the "Ur-Batterie" (Original Battery), it reported on experiments, which 
were performed successfully at General Electric's High Voltage 
Laboratory in Pittsfield, Massachusetts, in 1940 and later confirmed by 
A. Eggebrecht on the occasion of the exhibition in Hildesheim, in 1978. 
The magazine came to the conclusion that these results were strong 
proof that the apparatus found at Khujut Rabbou'a was nothing but a 
battery. It added that the same was true for other cells discovered in 
Seleucia on the Tigris and in the neighborhood of the old Parthian 
capital Ctesiphon. 

Finally, Die Zeit could not help but jump to the conclusion that 
"Now there is evidence beyond any doubt that the Parthians, who 

conquered Mesopotamia in 141 B. C, knew of the electric battery 
already in the time of Caesar and Cleopatra." [2 7] 

1985 H. H. Wilke presented in his book entitled "The Birth of 
Technology" a hand-made drawing of the Parthian Battery, which can 
be seen from Fig. 16. 
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galvanic cell discovered by Konig and used by Parthian goldsmiths to 

gold plate silver artworks. 

1981 In his paper called "The Old Parthians Electroplated Already 

2000 Years Ago" [26], H Grossmann reproduced a photograph ofthe 

Parthian Battery similar to that shown in Fig. 14 and strongly 

supported Konig's views. He stated that the Parthians were definitely 

capable of gold plating silver objects and mentioned that a few findings 

from the Parthian era were in fact made of silver, but plated with an 

extremely thin gold layer. He also gave a short report on the 

experiments performed by the scientists of the Battery Development 

Department of the Robert Bosch GmbH in Stuttgart, one of the largest 

European electric companies. It was said that the scientists were 

stimulated by the sensational antique objects exhibited in Hildesheim 

and had decided to carry out experiments in order to solve the enigma 

of the Parthian Battery. Their preliminary report is given below: 

"The cell is constructed as a copper-iron element. The electrolyte 

[used by the Parthians] is not known and can not be determined. 

Nevertheless, natural liquids such as wine, vinegar, or seawater, i. e., 

tartaric and ascetic acid, or saline solution can be used. Experiments 

with saline solution have delivered best results. The voltage of the cell 

amounts, depending on the nature ofthe electrolyte used, to 0.2- 0.5 

volts. The maximum electric current obtainable form the cell varies 

between 0.5 and 5 rnA. Results were achieved in replicas using a 5 per 

cent saline solution. The voltage was 0.25 volts; discharge time at a 

current of 250 rnA was about 200 h, that is, almost three months. 

Through refilling the cell with pure water, the water consumption could 

be compensated for. Considering the present state ofthe electrode, it 

can be assumed that a discharge time of tenfold may be achieved. 

Based on expected discharge time, an energy density of I Wh/kg could 
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Kirchner included in his reportage three photographs, which 
are reproduced in Fig. 15, to document the gold plating 
experiment of the small silver figurine carried out by K. Pengel. 

It is worth mentioning that the replica under discussion is obviously 

an open reconstruction model, since there is no asphalt stopper on top 

of the jar. G. Eggert has therefore taken Kirchner to task observed: 

"Kirchner let a Hildesheim restorer wearing a white coat pose as a 

chemist with a reconstruction model to lend more credibility to the 

claim. In the book accompanying the television series, Kirchner ( 1979) 

states after uncritical presentation of the find of a battery that the 

battery development department of a certain company was to perform 

experiments to solve the enigma of the Parthian "battery". First publish 

the results, then do the research?" [48] 

In 1978, an article by G. Dubpernell entitled "Evidence ofthe Use 

of Primitive Batteries in Antiquity" was published in the Proceedings of 

the Symposium on Selected Topics in the History of Electrochemistry 

[25], in which the author gave a brief account of on electrodeposition 

of gold in antiquity. He included in his paper Waterman's report of 

1930 on excavations at Seleucia and the English translation of Konig's 

article of 193 8 as well as the passage in his book dealing with the 

Parthian Battery. 

1979 In 1978/79, the exhibition of Art and Culture ofMesopotamia 

was on display at the Museum fur Vor- und Friihgeschichte (Museum 

for Prehistory and Early History) in Berlin-Charlottenburg. The 

exhibition was considered to be most interesting from a scientific point 

of view, because one more time the Parthian Battery was exhibited 

under the position No. 183. In the description of the display was 

mentioned that the copper cylinder and the iron rod were parts of a 
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bath, and you can see for yourself the difference between them. Y au 

can see the gold layer here quite clearly; the other figurine appears to 

be silver. The layer thickness of the gold layer is about O.J )lm (1 !lffi is 
j I L \ .. 

equal to 1 millionth of a meter). "[23] 

Fig. 15: Demonstration of gole plating a small silver figurine on the 

occasion of the exhibition "Sumer Assyria Babylon" at Roemer-und 

Pelizaeus-Museum in Hildesheim, Germany, in 1978, using a replica of 

the Parthian Battery [23] 
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with grapefruit juice. The tartaric acid of the grapefruit is completely 

sufficient to make it act as electrolyte and generate a voltage, which 

will be displayed on the gauge. The voltage amounts to approximately 

0. 5 volts. The surprising thing about this discovery is that it shows that 

the old Mesopotamia had its own Galvani and Volta, so to speak. As 

far as the practical application of this electric power source is 

concerned, our knowledge is relatively little. It is presumed that 

galvanic coatings such as silver or gold might have been deposited onto 

pieces of jewelry by means of such devices." [23] 

"How this can be achieved in practice? Kurt Pengel from 

Hildesheim, who is an electroplater by profession, is going to use a new 

experimental setup37 and demonstrate that." 

Kurt Pengel: "We have here an electric current source, which 

supplies an electric current of 150 ~and a voltage of0.5 volts. We 

have already prepared two baths, each containing a gold salt solution, 

potassium gold cyanide. For each bath we need about 8 g gold per liter. 

We have connected a piece of pure gold as anode (positive pole). Now, 

we immerse the object to be gold plated, a small metallic figurine, into 

the electrolyte and connect it as cathode (negative pole). What we want 

is a useful gold layer. According to our calculations based on the 

dimensions of the figurine, the process of gold plating will take about 3 

hours. Therefore, we have put a similar object into the gold bath for the 

last three hours38 . Now, I will remove both figurines from the gold 

37. According toM. Pezold (54], one replica of the Parthian Battery similar to that used by Kurt 

Pengel is at the Technical Museum in Vienna. 

38. G. Eggert takes Kirchner to task in that he observes: "Kirchner let a Hildesheim restorer wearing 

a white coat pose as a chemist with a reconstruction model to lend more credibility to the claim. In 
the book accompanying the television series, Kirchner (1979) states after uncritical presentation of 
the find of a battery that the battery development department of a certain company was to perform 
experiments to solve the enigma of the Parthian "battery". First publish the results. then do the 
research?" [ 48] 
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Before Christ?" In this report Winton's and Al-Haik's views on the 

subject were presented. 

Also in 1978, in his reportage entitled "Eyewitness Accounts from 

all Over the World" based on the exhibition in Hildesheim, the German 

journalist G. Kirchner from the Zweites Deutsches Femsehen, ZDF 

(Second German Television Station) gave an extensive account on 

Parthian culture and civilization. An extract from this reportage is 

given below: 

"The Parthians must have been a very capable and resourceful 

people. Unbelievable as it sounds, they did work with electric current 

almost 2000 years ago! How do we know that? This can be easily 

explained on a sensational find, and with the help of an experiment 

performed by Rolf Schulte, a chemist from Hildesheim." [23] 

Rolf Schulte: "Archeologists found this plain vessel near Baghdad. 

By the time it was found it had an asphalt stopper. Asphalt occurs in 

this region quite often directly on the surface of the Earth and has 

found numerous applications. The word stems from the Greek language 

and means something like bitumen. Originally, an iron rod protruded 

from the top of the asphalt stopper; today, it is completely corroded. In 

the clay jar was a copper cylinder, which was soldered and provided 

with a bottom. On the bottom there was an asphalt layer, almost 5 mm 

thick. This layer had the task to prevent the iron rod from touching the 

bottom of the copper cylinder. Such an assembly allows only one 

conclusion: It is an electric cell, a galvanic element. The only thing 

missing is a liquid solution, an electrolyte. If the vessel is filled with an 

electrolyte, it will work. However, we are not supposed to do so using 

the precious original. For this reason we have duplicated the vessel and 

the whole assembly using similar materials. Now, let us fill the replica 
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.• 

Fig. 14: Photograph of the Parthian Battery (clay jar, 
copper cylinder, iron rod) published in the exhibition catalogue 
of the Roemer- und Pelizaeus-Musemn in Hildesheim, 
Germany, on the occasion ofthe exhibition "7000 Years of Art 
and Culture Between Euphrates and Tigris" in 1978 [22] 

"Unbelievable as it sounds, some 1800 years before Galvani ... the 

Parthians knew an electrical cell.", was the description ofthe display. 
In the exhibition catalogue, it was pointed out that the Parthian Battery 
would provide a voltage of about 0. 5 volts if a 5 per cent tartaric acid 
solution were used as electrolyte. A. Eggebrecht, the director of the 

museum, demonstrated that it was possible to obtain a voltage of about 
0.5 volts from a replica of such battery using a solution of freshly 
pressed grapefruit juice as electrolyte. In the exhibition catalogue was 

also mentioned that Parthian magicians might have used such devices 
for medical purposes such as electric shocks and electrotherapy. 

In a special supplement to the "Hildesheimer Allgemeine Zeitung", 

which was published on the occasion of the exhibition, there was a 
detailed report on the Parthian Battery under the title "Did the Ancients 
in Mesopotamia Obtain Electric Current form Batteries I 00 Years 
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1977 The Parthian Battery was mentioned in a textbook on 

electroplating of plastics written in English by a group of German 

scientists and edited by R. Weiner. The authors reproduced Konig's 

photograph of the fmd at Khujut Rabbou'a in the second chapter of the 

book and made the following comment on the subject: 

"Some time ago small clay jars were found with metallic parts 

inside; they may have conceivably served as current sources for 

electroplating. Iron rods arranged centrally in copper pipes were 

connected in the jars with asphalt, and by using vinegar or citric acid, 

the galvanic cell was able to discharge current. It worked exactly like 

the first galvanic cell constructed about 1800 by Volta. But we do not 

know how initial electrical conductivity was achieved and if any 

electroplating occurred." [21] 

1978 In the summer and fall of 1978, to be more specific, from June 

23 to September 24, the Roemer- und Pelizaeus-Museum in 

Hildesheim, Germany, presented an exhibition under the title "7000 

Years of Art and Culture Between Euphrates and Tigris". On display 

were more than 200 objects from the Iraq National Museum in 

Baghdad giving a comprehensive insight into the life of the 

Mesopotamian kingdoms of Sumer, Assyria, and Babylon. Scientists 

took a keen interest in this exhibition, since among others the Parthian 

era was presented in greater details. In the exhibition catalogue under 

the position 182 a photograph (Fig. 14) of the discovery at Khujut 

Rabbou 'a was reproduced together with a detailed report on its origin 

and possible usage. 
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Rabboua) and uncovered many finds date back to parthian period (227-
126 B. C.). The most important of the finds was a pottery jar (15 em 
height). The discover of this jar was of high importance because of the 
materials found in it. These materials were a copper cylinder with an 
iron bar fixed in its center with little extends out of its opening. This 
cylinder is covered by a layer of bitumen and its copper base is also 
covered with this substance. The jar itself is covered by bitumen too. 
On examining these contents it was found that they formed the 
substances of electric battery represented a simplified cell similar to the 
substances of the battery known (Galvani) for, if a kind of acid added 
to (Khiut Babboua battery) it will become analogous to (Galvin) 
battery. Khiut Rabboua battery dates back to the beginning of Parthian 
period, that is B. C. era. So the ancient people of Iraq preceded other 
nations in this invention. This battery is now displayed at Iraq Museum 
and regarded as an oldest kind of dry electric battery discovered so far. 
" [25] 

Also m 1972, J 0 'M Bockris and K. K. N Reddy, the authors of a 
textbook entitled "Modem Electrochemistry - An Introduction to an 
Interdisciplinary Area" made mention of the Parthian Battery and 
stated their views as follows: 

"Very remarkable discoveries have been made more recently 
concerning the apparent existence of a type of crude electrical storage 
device at least 1400 years before the time Volta (1800). The first 
discovery was made during excavations in Khjut Rabuah, near 
Baghdad, by Konig in 1936. The apparatus (estimated to have 
originated between 300 B. C. and 300 A. D.) was essentially an iron­
copper element. There is evidence that gold plating was carried out in 
2500 B. C. Thus, it appears that flowing electricity was only 
rediscovered in the 18th century." [20] 
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silversmiths of Baghdad, within the present century, used a similar 

apparatus for gold-plating their works. Those who knew about this 

method long assumed that the silversmiths had learned their 

electroplating from western sources. Although archeologists are not yet 

agreed about the mysterious jars, we must at least consider the strange 

possibility that electroplating was discovered in Iraq in ancient times; 

that, despite the ravages of the Mongols in +XIII, this technique 

survived down to the present century; and that, nevertheless, it failed to 

spread to other lands, presumably because the metal workers kept it 

secret. " [ 19] 

1972 On March 3, 1972, the Iraq Museum in Baghdad sent a letter 

to an American advertising agency in New York, stating: 

"In response to your kind letter, we are pleased to send you a brief 

information with photo. Permission to reproduce the photo of the 

Electric Battery of Baghdad is granted and source should be kindly 

credited. We will be glad to send the photo freely without any charge. 

With our best wishes 

Enclosures: Photo, Note" [25] 

This letter, carrying the number 2373, was signed by Tariq Al­

Naime, the then Director-General of Antiquity in the Iraq Ministry of 

Information. The photograph of the Parthian Battery, which was 

included in this letter, was the same as presented by Konig in his first 

paper (Fig. 4). The note that was sent together with the letter was a 

release of the Iraq Museum on "The electric battery". It is given below 

in its original wording: 

"In 1936 the Directorate General of Antiquities carried out 

excavation works in the mound east of Baghdad known as ( Khiut 
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In his paper, which in fact deals in greater detail with industrial 

manufacturing of batteries, Huber contented himself with mentioning 

very briefly the discovery by Konig and reproducing his photograph of 

the finds of Khujut Rabbou' a. 

In 1970 appeared a new edition of L. Sprague de Camp's book 

entitled "The Ancient Engineers" 35, in which the author gave the 

following account: 

"To the ancients, whose ideas about elements were very different 

from ours, a metal that looked like gold was considered a kind of gold. 

Brass was one expensive ersatz36 gold; another was an alloy of silver, 

arsenic, and sulfur. Egyptian craftsmen also learned to plate or coat the 

cheaper metals with costlier ones. In fact, some oriental craftsmen may 

have gone further than that. In 1936, at Khujut Rabu'a, was found a 

small pottery jar, about 5 ..!_ inches high and 3 ..!_ inches in diameter .. 
2 8 

Inside was a cylinder of thin copper, closed by an asphalt plug. Inside 

the cylinder was a rusted iron rod. Similar jars, without the metal 

cylinder and rods, had been found at the ruins of Seleucia-on-the­

Tigris, twenty-four miles below Baghdad. Three larger jars containing 

Khujut Rabu'a respectively ten copper cylinders, ten iron rods, and ten 

asphalt plugs, not yet assembled as in the Khujut Rabu'ajar, turned up 

at Ctesiphon, across the Tigris from Seleucia. All these objects date 

approximately from Roman Imperial times. The only use that anybody 

has been able to conceive for them is as battery cells for electroplating 

small metal objects with gold. It has also transpired that the 

35. The first edition of this book was published in New York, 1960. 

36. Ersatz is a German word and means "surrogate". 
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Fig. 13: Cut-away models of the Parthian Battery with 
explanations in Persian of its different parts appeared in two 
Persian books published in Tehran in 1967 [17] and 1984 
[29) 

The sketch of the Parthian Battery in Fig. 13, right, has been taken 
from M Farshad's book entitled "The History of Engineering in Iran" 
published in Tehran in 1984 [29]. In his short account ofthe event 
leading to the discovery of the Parthian Battery, the author refers to the 
previously mentioned book by H Nayyer-Nouri and gives his own 
schematic representation of the find without further specifications. 

1970 Based on the results of investigations carried out by previous 
researchers, H Huber opened his paper entitled "The Galvanic Cell, a 
2000-year-old Battery in the Age of Nuclear Energy" published in 
1970 with following introductory remarks: 

"A shocking title in the light of the fact that until most recently we 
were justified in assuming that the discovery and investigation of 
galvanic phenomena should be considered as a master piece ofthe 
contemporary natural sciences." [ 18] 
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unwilling to believe that effects of current electricity could be known to 

our Mesopotamian ancestors 2000 years ago."[l4] 

Winton was, however, dubious about the real usage of this object 

and concluded his report by a cautionary remark stating that despite all 

indications, the Baghdad Battery should remain in the realm of 

conjecture until further and absolutely conclusive evidence was found. 

He concluded his report by saying: 

"The answer to this tantalising enigma must rest with the keen eye 

and the delicate hand of the field archeologist. Till that day I must not 

allow myself to believe in Baghdad Batteries B. C." [14] 

1963 W F M Gray, the first to construct a replica ofthe Parthian 

Battery, published a paper under the title "A Shocking Discovery", 

which he opened with the following remarks: 

"Electric batteries, 2000 years ago!!! Surprised? No need to be, 

really. There were some pretty smart metal workers in the ancient city 

of Baghdad, Persia. They did a lot of fme work in steel, copper, gold, 

and silver .... Occasionally, we feel a bit smug about our tremendous 

advances in the nuclear sciences and the like, but when we are scooped 

by some ancient metal smiths we are most assuredly brought to earth 

and humbled." [15] 

1967 For the first time mention was made of the Parthian Battery in 

a Persian book entitled "Iran's Contribution to the World Civilization" 

[17] by H Nayyer-Nouri. Referring to an article published in "Science 

Digest" in 1957 [15], the author gave a short report on the discovery by 

Konig and included the cut-away model built by Gray. The picture 

with explanations of different parts of the battery in Persian is 

reproduced in Fig. 13, left. 
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"Imagine a thin-walled copper vessel about the size of a number 8 

torch battery, an iron rod set axially in it and separated from the copper 

cylinder by means of a bung made of asphalt and by a thin disc of 

asphalt on the bottom of the vessel. Now if one were to set these 

objects in front of a physicist, or an electrician, for that matter, any 

person who only vaguely remembers his school physics, what would his 

reaction be? Would these objects, arranged in this way ring a bell in his 

memory? Simple cell: Galvani, Volta33, Daniell34. Yes, of course! Put 

some acid in the copper vessel - any acid, vinegar will do - and, - hey, 

presto! - you have a simple cell which will generate a voltage and give 

a current of electricity. Several such cells connected together in series 

would make a battery of cells which would give enough current to ring 

a bell, light up a bulb or drive a small electric motor. No difficuity! 

Completely obvious and completely credible .... And if this curious 

device was not used as a source of electricity, for what purpose was it 

used? Perhaps you can think of one, I can't." [14] 

He continued to comment: 

"Perhaps the incredibility is in the mind of the unbelievers and that 

arrogant pride in our modem scientific achievements makes us 

33. Alessandro Votla (1745-1827), Italian physicist, repeated Galvani's experiments with metals 

and the muscles of dead animals. In 1792 he concluded that Galvani had been wrong in assuming 

that the electricity, which made the frog twitch, came from the animal's muscles and nerve tissues. 

Volta correctly postulated that the source of the electricity in Galvani's experiments had been in the 

junction of two different metals and the animal's body fluids. Nevertheless, for many years current 

electricity was called Galvanic electricity. 

34. John Frederic Daniell (1790-184), British chemist invented in 1836 a primary electrical cell. 

The Daniell cell consisted of a central zinc cathode dipping into a porous pot containing zinc sulfate 

solution. The porous pot was, in turn, immersed in a solution of copper sulfate contained in a copper 

can, which acted as the cell's anode. The Daniell cell was the first reliable source of direct-current 

electricity. 
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and it is pertinent to ask, first, whether any evidence exists that the 

process was in fact employed and, further, whether there are grounds 

for the slightest justification of the much broader claim to phenomenal 

antiquity ... .Is it reasonable to expect that experimental science having 

led to the discovery of electroplating, subsequently practiced for over 

2000 years (necessarily in a number of distinct civilizations), would not 

have promoted further experiment with multitude cells, which must 

sooner or later have resulted in the discovery of the electric spark, and 

other characteristic effects?" [ 13] 

Looking for an alternative explanation for the objects found at 

Khujut Rabbou'a, and without having the opportunity of visual 

examination of the findings, C. MacKechnie Jarvis suggested that 

"The object found is a cell of modem origin and its presence in the 

desert in the neighborhood of Baghdad can be explained by the activity 

of telegraph enterprise during the second half of the 19th century, when 

overland telegraphs were erected by the pioneer companies. 

Alternatively, it is possibly more recent and may be attributed to the 

desert campaign in Mesopotamia during the 1914-18 War." [13] 

1962 During the summer and fall of 1962, W Winton from the 

Science Museum in London had a chance to examine closely the 

Parthian Battery when he was on mission in Iraq for the reorganization 

of the Iraq National Museum in Baghdad. He examined the cell in the 

Baghdad Museum and found that "It was in fact as described". In his 

paper "Baghdad Batteries B. C.", published in 1962 in the Journal of 

Archaeology and History in Iraq, he summarized his observations as 

follows: 
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"It is interesting to mention here the extensive research made in 

March 1960 by Mr. John B. Pierczynski ofthe University ofNorth 

Carolina on this intriguing discovery. Mr. Pierczynski conducted 

laboratory experiments with replicas of this unit and obtained very 

favorable results. When he used a 5 per cent solution of vinegar or 

wine as electrolyte, one-half volt of current was gained from each cell 

for a period of eighteen days. This, he says, is sufficient enough to 

electroplate silver onto copper. He further expresses the notion that this 

object may represent the antique forerunner of the electroplating 

process used by local silversmiths." [16] 

All authors cited so far were in favor of Konig's power source and 

gold plating hypotheses. However, in an article published in 1960 by C. 

MacKechnie Jarvis, the author expressed criticism and pointed out: 

"Konig's description is that of a relatively sophisticated electric cell. 

He refers to a copper cylinder which appears to be intact, and there is 

nothing in Konig's description to the contrary. On the other hand, the 

top of a completely oxidized iron rod "was covered by a yellowish­

gray, fully-oxidized thin coating of a metal which looked like lead". 

This somewhat conflicting statement demands an explanation for the 

apparent survival of the copper and the decay of the lead. Is it possible 

that ''the fully-oxidized thin coating of a metal which looked like 

lead"(!) was in fact, a compound oftin? If this proved to be the case, 

the similarity between the construction of the ancient and modern 

would be even more remarkable." [13] 

The author continued to say: 

"Konig, we are told, was of the opinion that galvanic gold-plating 

had been carried out not only at this period but as early as 2500 B. C., 
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According to Winkler's detailed account, the voltage of the galvanic 
cell was measured to be approximately 0.5 volts when a solution of lO 
per cent ascetic acid was used as electrolyte and the cell was not 
loaded. The voltage dropped, however, to 0.44 volt as soon as a current 
of 1 rnA was drawn from the cell. Using 33 per cent ascetic acid, the 
voltage of the cell was measured to be 0.4 7 volts at the beginning and 
0.30 volts after 10 minutes under a load of 1 rnA. The author reported 
that he had achieved a cell voltage of about 0.52 volts by employing an 
electrolyte of 50 per cent ascetic acid, and 0.54 volts by using a 
solution of 10 per cent citric acid instead. He continued to state: 

"Konig also conjectured that galvanic gold-plating had been carried 
out with these or similar elements as early as 2500 B. C. In 1937 there 
were also ten elements from Seleucia in the Berlin Museum .... All these 
finds have probably afforded proof that "flowing electricity", which 
after Galvani is called galvanic electricity, was known in the past, that 
is long before he appeared on the scene." [13] 

As one can see from this sketch in Fig. 12, a metal strip, shown 
dotted, resting over the neck of the vase, was Winkler's suggestion for 
making a connection between adjacent elements to obtain a higher 
voltage for gold plating purposes. Winkler went so far as to suggest 
that the elements found in Seleucia would have been used for stationary 
operations, since the electrolyte had to be replenished or even 
substituted for, whereas the galvanic cell discovered at Khujut 
Rabbou'a was used as a portable power station. 

According to A. Al-Haik's report, evidence for correctness of 
Konig's hypotheses was delivered by an American scientist in 1960. 
The passage dealing with this event reads as follows: 
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In 1959, for the first time, the Parthian Battery was mentioned in 

the introductory chapter of a German textbook dealing with the historic 

development of electroplating [ 11]. The authors described in greater 

details the site of the discovery and the different parts of the find. 

Referring to previously published papers in Germany, they pointed out 

"Similar objects were found among the remains of the old Parthian 

culture. However, none of them was as well kept as this one. It is worth 

mentioning that also remains of iron and copper rods were discovered 

lying around the clay vase. They might have served either as connecting 

rods or as spare parts." [ 11] 

1960 W Winkler published a paper entitled "Galvani and Volta 

Only Rediscoverers" [12] in which he reported that he had built a 

replica of the Parthian Battery. Fig. 12 represents the cross-section of 

this replica. 
Iron rod 

asphalt 

copper cylinder 
with bottom 

;~~f ,__-mRr=lr--e lee t rol yte 
I ,, 

:· vase 

asphalt 

Fig. 12: Schematic representation of the replica of the 

Parthian Battery built by. W. Winkler based on Konig's data 

and photographs [12] 

Winkler's suggestion for making connection between 

adjacent elements was to use a metal strip resting over the 

neck of each vase. 
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ll shows the sketch of a replica of one these vases, which was included 

in this report. 

:ie!!~.JIJl.llJI..:P 

[Connecting leads 

Copper cylinder 

Fig. 11: Schematic representation of the replica of an 

electric battery found in Mesopotamia during excavations 

carried out by an American excavation expedition [9] 

The vase was, the report states, 12 em high and contained a copper 

cylinder of 7-cm height in which an iron rod was placed. The 

electrolyte used to generate electric current was copper sulfate. The 

iron rod and the copper cylinder were connected together by means of 

connecting leads as indicated in Fig. 11. 
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"Of course you can "taste" it and this might be called magical 

experiments. Maybe it was even used for an assumed curative value, 

since somebody might have had the idea that the "taste" was similar to 

medicinal herbs." [6] 

1957 M Schwalb published a paper32 in which he included a picture 

of Gray's working model of the Parthian Battery and remarked: 

"What electrolyte the Parthian jewelers used is a mystery, but 

Gray's model works well with copper sulfate. Acetic or citric acid, 

which the ancient chemists had in plenty, should be even better." [8] 

Concluding his paper, Schwalb continued to conjecture: 

"Up-and-coming Baghdad silversmiths were goldplating jewelry -

using electric batteries .... Cleopatra didn't have electric lights in her 

palace, but some Parthian admirer could easily have sent her a bracelet 

electroplated with gold." [8] 

1959 In a German technical magazine by the name of "Elekto-Welt" 

[9] appeared an article by an anonymous author reporting on the return 

of an American archeological expedition form Syriac-Persian sites, 

which had brought along various finds of special interest to the 

historians of technology and electrical engineers. According to this 

article the expedition members had performed extensive excavations 

near the ancient city of Seleucia on the river of Tigris and discovered a 

number of unglazed small vases. Some of them were empty; others 

contained iron rods and copper cylinders. The excavators had also 

found copper discs, short thin metal wires, and pieces of bitumen. Fig. 

32. Schwalb's article is the condensed form of a report published in 1956 in "The Laboratory" [7] 
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1954 As mentioned earlier, Konig published his first article in 1938 
and his book in 1940. Neither of them received much attention because 
of the war. Only in 1954, when W. Ley published an article entitled 
"The Elements ofKhjut Rabu'a and Ctesiphon" (6] the subject came to 
the attention of the world scientific community. Ley included in his 
paper Konig's hand-made sketch and reprOduced a photograph of 
Gray's reconstruction of the Parthian Battery, which had been at 
display at the Berkshire Museum in Pittsfield. He expressed his views 
on the subject as follows: 

"It was perhaps well that Wilhelm Konig was not a professional 
archeologist, for he looked at the fmd with open eyes and decided that 
this, records or not, could have been an electric element and nothing 
else .... As a matter of fact, it couidn't be anything else .... What gave 
the whole a special flavor was that these urns were not found in a 
grave, as the excavating archeologists more or less expected, but were 
lying among the ruins of a house that was well away from the other 
settlements. Moreover, they were associated with bowls that the experts 
proclaimed to have been magic paraphernalia. Obviously the separate 
building had.- been the warlock's house, where strange things went 
on .... Nobody who knows all the facts doubts that they did have 
"galvanic" batteries in Baghdad at about the time of Christ and for a 
few centuries thereafter. But when it comes to the question of what was 
done with them, we still have to resort to conjecture. Such a battery is 
rather weak and even if the "magicians" learned the trick of using 
several of them in conjunction, the output of current is small." [6] 

W. Ley referred also to the possible medical use of such a device, 
stating: 
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Fig. lOb shows the cut-away model of the Parthian Battery 

constructed by Gray to be exhibited at the Berkshire Museum in 

Pittsfield, Massachusetts. 

Fig. lOb: Photograph of the cut-away model of the 

Parthian Battery prepared by W F. M. Gray in 1940 and 

exhibited at the Berkshire Museum in Pittsfield, 

Massachusetts [ 15] 

Obtaining electric current from the replica of the Parthian Battery 

constructed by Gray was considered by many to be one strong proof of 

the functionality of such a cell. 
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later put it. As solder Gray applied a 60/40 tin-lead alloy, which he 

described as "one of the best in use today". He pointed out in his paper: 

"In making the display models of the Persian batteries, I learned to 

my dismay that asphaltum available to us would flow cold. All of the 

components of the reconstructed cells gradually collapsed and ran 

together. What kind of asphaltum did Noah and these ancients have or 

what did they do to it to keep it nonfluid at room temperatures? I had to 

resort to black sealing wax." [15] 

Fig. lOa W F M Gray holding his replica. The Palmyran relief 

behind him is typical of the era of the world's first electrochemists. 

Fig. lOa: W F. M Gray, an electrical engineer at the 

General Electric's High Voltage Laboratory in Pittsfield, 

Massachusetts, holds the first working replica of the Parthian 

Battery, which he built in 1940 [7] 

31. Reconstruction models made by Gray are no longer on display but can be seen by appointment 

in the Berkshire Museum, Pittsfield, Massachusetts. [48] 
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thing Konig had not tried to do was to find out how well a replica of his 

battery would work. This was done by Gray, who described later how 

he had become aware of the Parthian Battery: 

"In 1939, I first read about these archeological fmdings in an article 

by Dr. Willy Ley, famed rocket scientist." [15] 

Gray volunteered to test Konig's power source hypothesis by 

duplicating one of the Parthian Battery and seeing whether it worked. 

So. he decided to write to W Ley to obtain all the information available 

for the purpose of building a replica of the ancient battery. In one of his 

papers on the subject, he noted: 

"He {W Ley] supplied me with the complete drawings and details of 

these cells from which I constructed a working model and a cutaway 

cell for the Berkshire Museum in Pittsfield, Mass., in 1940. They may 

be found there today. 31 i" [15] 

Konig had given the dimensions of the battery and established the 

composition ofthe metals involved analytically. Based on his analytical 

results, the compositions of the iron rod and the copper cylinder were 

very close to those commercially available. So there were no difficulties 

as far ¥ materials for building the replica were concerned. The only 

unknown factor was the nature of the electrolyte used by the goldsmiths 

of the Parthian and Sassanian kingdoms. However, the choice was 

somewhat narrowed down to substances that could have been in the use 

then. Ace#c or citric acid was definitely known to the Parthians. 

Nevertheless, Gray decided to use a solution of copper sulfate as a 

likely electrolyte, which "worked quite well for a short time", as he 
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was rediscovered by the Italian Dottore Galvani and made widely 

known to humanity. "30 [5] 

Gamow included a hand-drawn sketch of the Parthian Battery in his 
book, which is reproduced in Fig. 9. 

Fig. 9: Gamow's hand-made sketch of the Parthian 
Battery [5] 

Gamow made ~ mention of the source of his information. It is, 
therefore, not clear whether he was aware of Konig's paper of 1938, or 
his knowledge was based on one of the two short reports by W Levy, 
which were both written and published before Konig's book appeared 
in 1940. 

In 1940, W F M Gray, an electrical engmeer at the General 
Electric's High Voltage Laboratory in Pittsfield, Massachusetts, 
presented the first working reconstruction of the Parthian Battery. One 

30.In the first edition of his book published in 1940, Gamow spoke of an "Ancient Arabian 

Electrogilding", in the 1952 edition, however, he made mention of an "Ancient Persian 
Electrogilding" 
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1939 Konig, who suffered much from the climate oflraq in general 

and of Baghdad in particular became severely ill and decided to return 

to Vienna. There, he used his spare time to write a book under the title 

"Nine Years in Iraq" describing many of his experiences in Iraq. His 

book was published in 1940 giving a brief account (pp. 165-168) ofthe 

"galvanic element". 

By the end of 1938, nothing of the discovery·had been published in 

any language other than German. W Ley did so in the form of two 

short reports. One was published in America in "Astounding", the other 

in England in "Discovery", both by coincidence, in the March issues of 

1939 [6]. 

,1940 Georg Gamow (1904-1968), the famous Russian-American 

physicist, published his book entitled "The Birth and Death of the 

Sun", in which he wrote: 

"The first practical use of electricity and electric current takes us 

back to the distant past. In recent excavations at Khujut-Rabua, not far 

from the city of Baghdad, a very strange type of vessel has been found 

among the relics that probably belong to the first century B. C. It 

consists of a vase, made of clay, inside of which is fastened a cylinder 

of pure copper. Through a thick asphalt cover on its top is driven a 

solid iron rod, the lower part of which has been eaten away, probably 

by the action of some acid. This assembly could hardly have been used 

for any other purpose than that of generating a weak electric current, 

and was most probably used by Arabian silversmiths, long before the 

reign of the fabulous Harun al Rashid, for electrogilding their wares. In 

the backs of little shops in colorful oriental bazaars, electric currents 

were depositing uniform layers of gold and silver on earrings and 

bracelets almost thousand years before the phenomenon of electrolysis 



152 Ayene-ye Miras 

favor of Konig's views offered additional arguments to prove his case; 

others, being highly critical of his gold plating hypothesis, tried their 

best to prove him wrong. 

The desire to provide evidence for the true purposes of such devices 

in antiquity and to come up with conclusive proof concerning their 

plating capabilities still continues to be a strong driving force for many 

scientists and experts from all over the world. They continue to either 

adopt Konig's gold plating hypothesis without any criticism, or to 

question it categorically. 

In the following, the major events, which took place after the 

discovery, are reviewed chronologically and some of the scientific 

activities are outlined in details. 

1937 Konig took a trip to Berlin on leave of absence, and there he 

was shown in the Berlin Museum similar finds which had not been on 

display. The finds consisting of three fairly large clay vessels had been 

discovered in the ruins of Ctesiphon and dated from somewhat more 

recent period, the Sassanian kingdom (224- 651 A. D.). One of them 

contained ten copper cylinders, the second had ten iron rods and the 

third held ten asphalt plugs with holes in the centers. 

1938 The German newspaper "Die Neue Leipziger Zeitung" (The 

New Leipzig Journal) broke the news of the discovery at Khujut 

Rabbou'a in greater details and suggested that Parthian goldsmiths 

were obviously able to employ such apparatuses to produce electric 

power and electrodeposit gold onto base metal objects. The newspaper 

pointed out that the existence of such devices were kept strictly secret 

by these artisans so that only a small circle of initiates knew about it. 

This would explain why the art of gold plating became a "lost art". The 

article was later abstracted and published in 1940 in a German metal 

finishing magazine under the title "Electroplating 2000 Years ago?" [4] 
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of elements conducive to the reception of an electrotherapeutic device 

of this sort. These researchers believe that Parthian magicians 

stimulated and excited the nerves of their patients by means of their 

batteries, and to this end, they used such units connected in series to 

obtain higher voltages. [32) 

P. T Keyser [41], who is a strong advocate ofthe idea that such 

devices were associated with magicians, holds the view that these 

apparatuses became in the course oftime merely a conjurors' trick and 

gradually faded from view, just as the magicians of Mesopotamia did. 

Pros and Cons 

Konig's article and book [1, 3), in which he reported on the curious 

objects found at Khujut Rabbou'a and put forward his ideas regarding 

the possible uses of such devices in antiquity, were published during 

World War II and did not received much attention. As a consequence, 

his reference to the galvanic cell with plating capability went more or 

less unnoticed. After the war, which had prevented the immediate 

follow-up of the discovery, the news of the find aroused much curiosity 

in the scientific community and engendered many publications [ 1-60], 

in which the discovery was outlined and the Parthian Battery was dealt 

with. 

The attribution of the find to the Parthian era was startling and 

prima facie somewhat suspect. It posed a number of questions, the 

answers to which would demand a considerable amount of 

investigations. Soon, however, all researchers and commentators 

involved in this subject were convinced that the find from Khujut 

Rabbou'a was undoubtedly from Parthian times. 

The next contentious issue was the alleged usage of such cells for 

plating purposes. Many scientists and experts from different countries 

performed extensive laboratory experiments to find out the real use of 

these puzzling and mysterious findings. Their aim was to confirm or 

refute the hypotheses put forward by Konig. Some authors who were in 
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One question remains still unanswered. What type of 
container did Parthian goldsmiths use to carry out gold 
plating. After all, apart from the electric power source and 
gold cyanide solution, a plating tank is required in which gold 
plating can be performed. No such plating tank has been found 
so far at the sites where such devices were discovered. 
According to D. E. Von Handorf, this lack of evidence may be 
explained by assuming that Parthian goldsmiths were rather 
secretive about their art and never allowed anyone to associate 
their battery with gold plating [59]. These artisans were highly 
placed and respected people and when they died, theywere 
given formal burials and the only things, which were buried 
with them, were their batteries. The other possibility is that 
other vessels found on the sites could have served as plating 
tank, but their real usage went unnoticed by the archeologists. 

In order to electrodeposit gold, the Parthian Battery 
described by Konig must be immersed into a plating tank 
containing gold cyanide solution (cf. Fig. 5). Furthermore, it is 
necessary that the object to be gold plated be held on a hook 
connected to the iron rod of the battery. The iron spikes found 
in the neighborhood of the find might have sttved this 
purpose. The unglazed and porous clay jar could have 
provided the electrolytic connection between the gold cyanide 
solution and the electrolyte of the battery. 

MEDICAL APPLICATION HYPOTHESIS Konig postulated that 
devices such as those discovered at Khujut Rabbou' a may have 
also been used by Parthian doctors and magicians to heal 
patients with electric shocks. He mentioned the effect of 
electric current flowing from such cells on germ containing 
fluids. The fact that such cells are capable of generating 
electric currents, which are generally of positive clinical effect 
according to the modern medicine, confirms the Konig's 

assumption that they could have had a medical purpose in 
Parthia. [30] 

Experts who tend to believe that such devices may have been used 

for purposes other than gold plating have taken up Konig's idea. They 

point to the Mesopotamian medical practice, which included a number 
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was thickened with 500 g crushed bitter-almond kernels or 500 g 

crushed morello cherry kernels, fed with I g brewer's yeast, and left to 

stand for 48 hours at 30-40 °C with periodic stirring. The pH of the 

'soup' fell from a value of 6.0-6.2 to 4.5-4.6. They were filtered 

through woolen cloths and 0.5 g gold dust was scattered into each of 

the milky liquors while stirring well. After standing for two days with 

occasional but thorough stirring, the solutions were filtered through 

powdered charcoal. We obtained very good electrolyzable solutions of 

the potassium-gold-cyanide complex with a gold content of0.3 or 0.4 

g/liter, and a electrical conductivity of 6 or 8 mS/cm. With V=0.7 

volts, copper and silver plates were gilded with a current density of 

about 50 mA/cm2 . Thanks partly to the content of 'shine additives', 

which arose simultaneously with the enzymatic decomposition, 

gleaming and pore-free gold layers were produced." [31, 3 7] 

Other investigations have shown that gold cyanide can be formed 

while preparing gold leaf through hammering gold sheets between 

leather flaps. Badly tanned, rotten leather causes gold to oxidize and 

change into a complex gold cyanide compound such as K[Au(CN)4]. 

Furthermore, Parthian goldsmiths might also have treated gold with 

crushed fruitstones in aerated liquids. Due to such treatment, one of the 

components of the fruit stone called amygdalin separates the cyanide 

ions hydrolytically. Thus, gold interacting with air will oxidize and 

build a gold cyanide compound. [27] 

According to D. E. Von Handorf[59], recently, J. W Dini 
has provided a list of natural food crops that contain 
significant amounts of cyanide compounds. One of these is a 
tuber called cassava, which apparently has been available 
since antiquity. Handorf is of the opinion that Parthian 
goldsmiths could have learned that some gold leaf mixed with 
concentrated cassava leaching would provide the necessary 
source of gold cyanide solution. 
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water. Such a process seems to have been quite possible in the large 
marshlands of those times near the rivers Euphrates and Tigris, though 
under considerable efforts. Much easier and more convincing appears 
another method. The Parthians might have decomposed gold together 
with the gall or bile of animals and prepared in such a way a liquid 
bath. Or, they might have packed gold between the skins of dead pigs, 
goats, or oxen. Normally, the protein fibers of the animal skin absorb 
the tannin in a way that the skin dries out like leather. Among the most 
important organic tannins, tannin plants, are the oak (Quercus valonea) 
and the shrubs of sumac (Rhus coriaria). However, if the leather is not 
completely . tanned, acids are formed, which dissolve the gold which is 
packed inside the leather. By. the help of such a "gold soup", the 
Parthians were able to carry out electroplating." [23] 

E. Paszthory, who strongly opposes Konig's gold plating 
hypothesis, has shown that gold cyanide solutions could easily 
have been produced millennia ago. His straightforward 
approach contains detailed information regarding the 
preparation of a usable gold electrolyte. It is given below in 
full: 

"I have investigated, on the basis of our current chemical 
knowledge, by what process in antiquity a gold solution might have 
been created, perhaps by chance. A review of the literature on the flora 
of the area indicates that plants which contain amygdalin, a cynogenic 
glucoside, were already indigenous. Thus bitter almonds, which along 
with other kinds of fruit such as apples, pomegranates, cherries, and 
morello cherries, whose kernels contain abundant amygdalin (up to 300 
mg HCN/100 g), were already being cultivated by the 5th century B. C. 
as far away as Greece. Enzymatic decomposition of hydrous solutions 
of amygdalin yields Prussic acid solutions which could dissolve 
metallic gold. In my simulation of this process, I liter of drinking water 
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At this point it must be mentioned that gold, the most 

noble metal in practice, dissolves only in a mixture28 of nitric 

and hydrochloric acids. However, such strong acids were not 

known to Parthian goldsmiths, let alone their mixtures. In 

order to gold plate base metal objects, as suggested by K6nig, 

they not only needed direct current electricity, but also gold 

cyanide solutions as well. The crucial issue is how did they 

produce the chemical compound gold cyanide?29 Or did they 

employ other solutions from which they could deposit gold in 

a satisfactory manner? It is most interesting to find out what 

type of electrolyte was available at that time. 

Since there was probably no solvent for gold in the Parthian era, 

chemists and electrical engineers have corne up with various 

assumptions to demonstrate how Parthian gold smiths might have 

obtained gold cyanide, which is necessary for the gold plating, but does 

not occur in nature. Some of these ideas are outlined below. 

G. Kirchner, who is one ofthe staunchest followers of Konig's gold 

plating hypothesis, concludes his reportage on the Parthian art of gold 

plating with the following remark: 

"We do not know exactly how the Mesopotamian goldsmiths 

prepared their galvanic bath. Gold was widely spread already six 

thousands years ago in Mesopotamia. However, the Parthians definitely 

did not know the chemical compound gold cyanide. This gold salt 

dissolves easily in water, so that the electroplating process would be 

very simple. But, such an explanation must be excluded. Chemists and 

electrical engineers have, therefore, made other assumptions. Gold 

dissolves very quickly and entirely in humic acid, that is, in brackish 

28.The mixture consisting of 1 part by volume of concentrated nitric acid (HN03) and 3 parts by 

volume of concentrated hydrochloric acid (HCI) is called "aqua regia" (royal water) because it 
dissolves gold, the "royal metal". 

29.Gold cyanides were discovered in 18th century and were applied in 1839 by John Wright to plate 

gold Electrolytically. 
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solutions of gold complex compounds are needed whose 
deposition potentials are considerably less than that of pure 
gold. Gold cyanide ions such as [Au(CNhr are most suitable, 
since they dissolve easily in water and can be reduced to gold 
metal according to reaction <6> at a potential of only -0.61 
volts, which is much lower than that of Au+. 
[Au(CNhr + e- ~Au+ 2CN- <6> 

Fig. 8 illustrates the basic experimental setup, which is 
needed for the electrodeposition of gold. The gold cyanide ions 
are reduced at the cathode where they are deposited as a gold 
layer on the object to be gold plated. 

Source of 
direct current 

Bar of gold 

Fig. 8: Apparatus for electroplating gold. Gold cyanide 
ions are reduced at the cathode where they are deposited as a 
thin gold layer on the object to be gold plated. 

The gold bar replenishes the supply of the gold ions in the 
electrolyte solution. In the course of time, gold is gradually 
transferred from the bar at the anode onto the object at the 
cathode. 

elcctricitatis in motu musculari commentarius" (Conunentary on the Effect of Electricity on 
Mascular Motion), which gained general acceptance. 
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electricity after Galvane7, was known an infinitely long time 

before him." [3, 25] 

GOLD PLATING HYPOTHESIS In principle, a galvanic cell 

can be used for electroplating metallic coatings onto the 

surfaces of metal objects, provided it supplies sufficient 

electric current as long as the plating process lasts. The 

electrolyte used for this purpose must contain the ions of the 

metal (Me'+) to be deposited (z is the valency of the positively 

charged metal ion and indicates the number of electrons it 

must take up to become an electrically neutral atom). In the 

plating tank the object to be plated is the cathode. It is 

connected to the anode, which is often the metal to be 

deposited. The metal ions, moving loosely around in the 

electrolyte, are sooner or later attracted to the cathode. When 

they reach the object, they take up electrons, become 

neutralized, and plate out onto its surface. The cathodic metal 

deposition may be expressed by the following reaction: 

Mez+ + z·e' ~ Me <4> 

In order to electrodeposit gold, the anode of gold and the 

item to be gold plated must be connected through a conductor 

with the terminals of the electric power source and immersed 

in a gold salt solution in the plating tank. 

In theory, the reduction of gold ions (Au+) can be described 

by the following reaction: 

Au+ + e· ~ Au <5> 

This reduction reaction requires, however, a potential of 

1.71 volts, which is remarkably high. For this reason, 

27. The Italian physiologist Lwgi Galvani (1737-1798), professor of anatomy at the university of 

Salonga, discovered in 1786 the so-called galvanic electricity (galvanism) when he noticed that 

touching a frog with a metal instrument during a thunderstorm made the frog twitch. He concluded 

that electricity was causing the contraction and postulated incorrectly that it came from the animal's 

muscle and nerve tissues. He summarized his findings in 1791 in a paper called "De viribus 
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ampere-hours lAh]. It is determined by the quantity of 

electrons that can be released at the anode and accepted at the 

cathode. As soon as one of the electrode processes, either the 

anodic or cathodic reaction, comes to an end, for what ever 

reason it may be, the flow of electrons will stop, and as a 

result, no electric current will flow anymore from the cell. 

Such a battery is rather weak and one has to use several of 

them in conjunction to produce sufficient voltage and electric 

current. 
Konig himself was aware of this and noted in his book: 

"When I met Professor E. Kuhne/ of the Berlin Museum in 

Vienna on my leave of absence in 1937 (he had himself 

excavated for several years in Ctesiphon in the neighborhood 

of Seleucia) I asked him if he had ever found such vessels with 

copper cylinders with iron rods held by asphalt, during his 

excavations. This brief description was sufficient and he 

informed me that such vessels were often found, but it did not 

occur to anyone what they might be. I asked him for 

photographs of the findings, which must be in the Berlin 

Museum. When I received the pictures, there were a few lines 

with the question whether I could piece anything together 

from them. The three pictures showed: 

one large clay vessel and its contents: a number of copper 

cylinders; 
one large clay vessel and its contents: a number of iron 

rods; 
one large clay vessel and its contents: a number of asphalt 

stoppers each with a hole. 

The three pots came from the same place of discovery. One 

day the explanation came to me, I began to count 10 copper 

cylinders, 10 iron rods and 10 asphalt stoppers; it must be ten 

stored electric cells in the disassembled state! With all these 

discoveries it can indeed be considered to have been shown 

that "flowing" electricity, which we have named Galvanic 
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Table 1: Suggested cathodic reactions taking place at the surface of the copper 

cylinder [48] 

Cathodic Reduction of Source of reactant Reference 

reaction 

Cu2+ + 2·e· ~ Cupric ions Copper sulfate electrolyte M. 

Cu to copper metal Schwalb 

1957 

02 + 2lh0+ Oxygen gas Oxygen dissolved in the W. Jansen 

4·e-~40R to hydroxides electrolyte contained Ill the et al. 

lOllS bottom-closed copper cylinder 1987 
E. 

Paszthory 

1989 

2lt +2·e· ~ Protons to Mineral acid solutions W. Jansen 

H2? hydrogen gas et al. 

1993 

OCsH40+2lt p-quinone to Secretion of centipedes W. Jansen 

+2·e-~ p- etc. et al. 

HOC6H40H hydroquinone 1993 

02 + H20+ Oxygen gas Oxygen from the air G. Eggert 

4·e-~40R to hydroxides 1995 

ions 

Some of the suggested cathodic reactions are more or less 

of speculative character, since the sources of their reactants, 

mineral acid solutions, were most probably unknown to the 

Parthian gold smiths. 

The electric current generated in the cell due to the build­

up of a voltage continues to flow as long as electrons are 

released at the anode and consumed simultaneously at the 

cathode. However, one has to realize that the amount of the 

electric current flowing from such a cell is determined by the 

resistance of the total circuit, including that of electrolyte. The 

voltage decreases in the course of time because of the internal 

resistance of the cell and the slowness of the electrochemical 

processes at the electrodes. That is why the cell has a limited 

energy content, referred to as capacity and usually given in 



142 Ayene-ye Miras 

acid and citric acid were well known to them, one may assume that they 

probably made use of them as electrolytes. 

To answer the third question, one has to consider that the 
voltage, which develops in a galvanic cell (Ecen), is 
determined by the difference between the normal potentials of 
the electrodes employed. By definition, its value is equal to 
normal potential of cathode (Ec) minus normal potential of 
anode (EA), that is, Ecell· = Ec- EA. In theory, the voltage of 
the Parthian Battery amounts to +0.79 volts, since the normal 
potential copper is +0.35 volts and that of iron is +0.35 volts. 
Experiments carried out by scientists using replicas of the 
Parthian Battery and different electrolytes have shown. 
however, that such a cell is capable of generating a voltage of 
only 0.5 volts. The electric current, which flows from such a 
cell, amounts to a few milliamps [rnA]. 

The electrochemical reactions leading to the build-up of 
the potential difference between the iron rod and the copper 
cylinder and flow of electric current comprises of the anodic 
dissolution of iron according to reaction <3> and a cathodic 
reaction of unknown nature, which takes place simultaneously 
at the copper cylinder. 

Reaction <3> indicates that the iron atoms enter the 
electrolyte as iron ions (Fe2+) leaving behind electrons (e-), 
which flow through the external connecting wire towards the 
copper cylinder to be consumed by the cathodic reaction. 

The nature of the cathodic reaction depends on a number 
of factors, particularly the type and concentration of the 
electrolyte involved, the purity of the copper cylinder, the 
temperature, and the magnitude of the actual potentials of iron 
and copper in the ekectroyte used. 

Since it is still unknown which type of electrolyte was used 
by the Parthian goldsmiths, scientists who have examined the 
Parthian Battery have come up with various suggestions 
regarding the possible cathodic reaction taking place at the 
copper cylinder. Table 1 contains some of these proposals. 
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Three questions must be answered in this connection: 

Firstly, how did the Parthian goldsmiths connect the 

iron rod with the copper cylinder? 

Secondly, what kind of electrolyte did they use? 

Thirdly, what voltage and electric current can such a 

battery supply? 

To answer the first question, one needs to remember that 

thin wire-like bronze or iron rods were found next to the urns, 

as reported by the archeologists. As a point of departure, one 

may assume that the Parthian goldsmiths might have used 

them as connecting means between the iron rod and the 

copper cylinder. 

As far as the second question is concerned, the simple answer is that 

any electrically conductive fluid may be used as electrolyte. In the 

course of time researchers and commentators have suggested various 

possibilities. Konig himself vaguely spoke of an acid or alkaline liquid. 

W F M Gray [15], who was the first to build a working replica of the 

Parthian Battery, used a copper sulfate solution. W Ley [6] and H. M 

Schwalb [8] confirmed Gray's suggestion when reporting on his model. 

E. K. Hornauer [10] employed vinegar and lemon juice; his approach 

was followed by H Winkler [12]. Following J B. Pierczynski [16], W 

Winton [14] and A. Al-Haik [16] suggested wine or vinegar as possible 

electrolytes. W Jansen et al. [40] had the idea of using benzoquinone26 

P. T. Keyser [ 41] favored besides citric acid and vinegar, distilled 

vinegar, claiming that the latter was likely used by Parthian goldsmiths. 

N Kanani [ 4 7] suggested freshly pressed grapefruit juice, or better 

wine. What kind of aqueous solutions did Parthian goldsmiths use 

remains, of course, a matter of speculation. Given the fact that acetic 

26. Quinones occur naturally in the secretions of some beetles and centipedes; as much as 300 mg 

can be found in large centipedes. 
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Electrolyte 

Anode Cathode 

Fig. 6c: With an anuneter (I) cmmected between the 

anode and cathode of a galvanic cell, a positive electric 

current can be measured. 

On close inspection, one realizes that the arrangement of the iron 

rod and copper cylinder in the clay jar according to Konig's sketch 

(Fig. 4) establishes a galvanic cell, in which the iron rod is the anode 

and the copper cylinder the cathode. The clay jar is probably to keep 

the cell upright. Such an assembly is capable of supplying electric 

current provided the two electrodes are connected together and the 

copper cylinder is filledwith a suitable electrolyte, as indicated in Fig. 7. 

Asphah seal ---

Fig. 7: Arrangement of the iron rod (anode) and the 

copper cylinder (cathode) in the unit found at Khujut 

Rabbou'a 
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change in the system, but the electrode has developed an 

electrochemical potential. 
Now, if another metal, referred to as cathode, with lesser 

tendency to dissolve is immersed in the electrolyte, a potential 

difference, or voltage, will build up between anode and 

cathode, as depicted in Fig. 6b, since the anode potential is 

more negative than the cathode potential. 

Electrons 

Fig. 6b: If two dissimilar metals, referred to as anode (A) 

and cathode (C), are immersed in an electrolyte, a potential 

difference, or voltage, builds up between them, left. The 

potential difference causes the electrons flow from the anode 

towards the cathode if they are connected together by means 

of a wire, right. 

It follows that a potential difference is always developed 

when two unlike metals are dipped into an electrolyte. The 

amount of the potential difference is determined by the 

physical and chemical nature of the electrodes. As a result of 

this potential difference, the electrons will flow from the anode 

towards the cathode as soon as they are connected together by 

means of a wire, as shown in Fig. 6c. The flow of electron 

constitutes an electric current that can be measured by means 

of an ammeter. This arrangement is depicted in Fig. 6c. 



13 8 A yen e-ye Miras 

called electrolyte. Modern electrochemistry provides the basic 
theory of the process, which takes place in a galvanic cell. 

If a piece of a metal is immersed in an electrolyte, as 
shown in Fig. 6a, the metal atoms will leave their lattice sites 
and enter the electrolyte solution in the form of positively 
charged metal ions leaving behind negatively charged 
electrons. 

Fig. 6a: If a piece of metal is immersed in an electrically 
conductive solution the metal atoms will leave their lattice 
sites and enter the solution in the form of positively charged 
metal Ions ( +) leaving behind negatively charged (-) 

electrons. 25 

The metal electrode is called anode, and the process is 
referred to as anodic dissolution. The anode dissolution will, 
however, come to an end in a fraction of a second due to the 
strong attractive forces acting between the positively charged 
metal ions and negatively charged electrons. The system 
reaches a dynamic equilibrium, in which metal ions are 
continually entering and leaving the electrolyte. There is no 

25. Trethewey, K. R. and Chamberlain, J.: "Corrosion for Science and Engineering", Addison 

Wesley Longman Limitted, Essex, England, 1995, p. 41 and 78 
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"It is conceivable that the magicians of Khjut Rabuah were 

also doctors, and healed with the electric current of such a 

cell. Its voltage is indeed not so small and if one brings the 

iron and copper of the battery into contact with the tongue, 

one can readily detect the current. Probably he would also be 

somewhat aware of the strange effect of the two poles of such 

an element on disease and germ containing fluids. This 

phenomenon was called electrotropism24 and is still scarcely 

understood even today." [3, 25] 

To summarize, Konig was of the opinion that the Parthians 

might have used devices such as those discovered at Khujut 

Rabbou' a for three purposes: 

To generate electric current (Power supply 

hypothesis) 
To gold plate base metal objects (Gold plating 

hypothesis) 
To heal diseases by electric shocks (Medical 

application hypothesis) 

Konig's interpretations have often been cited, but are still a matter of 

discussion. In the following an attempt will be made to discuss Konig's 

hypotheses. 

POWER SUPPLY HYPOTHESIS To examine Konig's first 

hypothesis, it is necessary to consider the action of a galvanic 

cell or element. A galvanic cell is a device for producing a 

voltage and delivering an electric current as a result of 

electrochemical reactions. It consists of two dissimilar metals, 

generally referred to as electrodes, or more specifically, anode 

(A) and cathode (C), which are connected together by means 

of a wire and immersed in an electrically conductive solution, 

23. Ur was an ancient city in Sumer, on site now in southeastern Iraq. In the Old Testament, it was 

called "Ur of the Chaldees." 

24. Electrotropism or galvanotropism refers to bodily orientation in relation to an electric current. 
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ions enter the salt solution, and the electrons flow through the 

copper wire towards the object to be gold plated. There, they 

are taken up by the surrounding gold ions (Au+), which plate 

out according to reaction <2> as gold layer (Au) onto the 

surface of the object. 
The gold-plating process described above displays two 

disadvantages. Firstly, the gold content in the gold cyanide 

solution depletes during the plating process and must be 

replenished. Secondly, the contact between the two liquids 

through the porous clay jar may lead to contamination of the 

gold cyanide solution. 
Konig explained his gold plating hypothesis in more 

details in his book: 

"Bronze and copper containers were known from Tell 

Asmar22 from a much earlier time, about 2500 B. C., which 

had a stranger, often blue patina, which flaked off very easily. 

The containers were of a similar shape as the contemporary 

ones form Ur23, only the metal was different. No obvious 

explanation was found why the blue noble corrosion layer of 

the Tell Asmar vessels fell off even with a light blow. Had 

copper containers probably been gold plated, in order to attain 

a competitive position with wealthy Ur? It would be logical to 

imagine that an electrodeposited gold layer had hindered the 

firm growth of the blue basic carbonate. A primitive process of 

gold plating is still in use in Baghdad today on a secret 

electrical basis. Probably it is older than one might think?" [3, 

25] 

Apart from his power source and gold plating hypotheses, 

Konig came up with another interesting idea suggesting that 

the Parthians might have used such devices for medical 

purposes as well. In his book he expressed his views on this 

matter as follows: 

22. See Konig's hand-drawn map of the excavation sites, Fig. I. 
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With regard to Konig's hypotheses to be discussed later, it 
is important to inspect the gold-plating equipment used by the 
goldsmiths in Baghdad. 

According to Konig's drawing the porous clay jar (A) 
containing the gold cyanide solution is placed in a cooking 
vessel (B) filled with a solution of common salt, most probably 
sodium chloride solution (NaCl). The metallic object to be 
gold plated (D) is immersed in the gold cyanide solution 
contained in the porous clay jar, and the zinc bar (F) is 
suspended in the common salt solution. Both metals are in 
electric contact by means of the copper wire (E) held in place 
by the suspension rod (C). The porous nature of the clay jar 
provides the electric connection between the gold cyanide 
solution and the common salt solution. Thus, the equipment 
combines an electric power source, the cooking vessel with the 
zinc bar, and a plating bath, the porous clay jar containing the 
gold cyanide solution, in one unit. This arrangement makes it 
clear that electrodeposition of gold requires two cells, the 
voltage-generating cell and the plating celf1. The clay jar 

described by Konig would have acted as voltage-generating 
cell. 

With the equipment described above the voltage, which 
develops between the object to be gold plated a:nd the zinc bar 
is obviously sufficient enough to affect gold plating. Grossly 
oversimplified, the process of gold plating in this equipment 
may be reduced to the following two reactions: 

Zn ~ Zn2+ + 2e- <I> 
Au+ + e- ~ Au <2> 

Reaction <1> indicates that the zinc bar dissolves in the 
form of zinc ions (Zn2+) setting free electrons (e-). The zinc 

2l.It should be mentioned that the deposition of gold can also be performed without using an 

external power source. The process is referred to as electrolss gold plating. In general, electroless 
plating occurs when a less noble metal is immersed in a solution containing ions of a more noble 
metal. The solution must contain a reducing agent, and the object to be plated must act as a catalyst 
and trigger the plating process. 
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cannot be determined20; that one can silver and gold plate 

galvanically with a simple element of zinc and copper, and 
that the process applied to metallic antiques for reduction 
purposes consists of nothing more than the cathodic reduction 
in the polarized element (for this purpose one brings the 
antiques which still contain metal into contact with zinc or 
iron in an acid or dye bath.)" [1, 25] 

To lend more credibility to his claim, Konig also reported that Iraqi 

jewelers in Baghdad used a rudimentary galvanic cell that reminded 

him of the finds. He included in his paper a sketch of this ancient gold­

plating equipment, which is reproduced in Fig. 5. 

Fig. 5: Konig's drawing of the ancient gold-pla!ing 

equipment, which was in use in Baghdad. 

A: Porous clay jar containing gold cyanide solution, B: 

Cooking vessel containing solution of common salt, C: 

Suspension rod holding in place a copper wire, D: Object to 

be gold plated, E: Copper wire, F: Zinc bar 

20.G. Eggert strongly opposes Konig's claim that the Baghdad gold-plating equipment is of ancient 

origin. In his paper entitled "On the Origin of a Gilding Method of the Baghdad Silversmiths" 
published in 1995 [45], he tries to prove that the gold-plating method of the Baghdad silversmiths is 
identical to the process invented by John Wright in 1839. The invention was patented on March 
25th, 1840, by G. R. & H. Elkington under the title "Improvements in Coating, Covering, or Plating 
certain Metals" (British Patent B. P. 8447:). Eggert notes: "All in all, an ancient origin for the 
gilding method of the Baghdad silversmiths is highly speculative, but so far cannot be ruled out on 
technical grounds. Its likelihood can only be judged by comparison with the alternative hypothesis 
of a modem origin. Therefore, there is no reason to postulate that this process is a relic of ancient 
knowledge." 
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"What could be done with such batteries? That they were 

not only built but also used could be seen from the "electrode 

nature" corroded iron pieces of the Baghdad discovery, as Dr. 

W Gangl in Vienna observed. For what purpose had such 

batteries been used?" [3, 25] 

He himself delivered the answer by stating: 

"The clay vase with the copper cell had been found in a 

house outside of the settlement; nearby there were three clay 

vessels with magic inscriptions. Similar copper cells had been 

found in ruins in Seleucia on the Tigris, also some which 

showed a different kind of arrangement. A wide-neck clay 

vessel was closed with asphalt and in it stuck iron and copper 

rods one after another, with long projecting ends above the 

closure stopper. Here was already displayed an attempt to 

i~crease the voltage of the battery! This discovery and others 

of a similar nature had already been published, however 

withoutcommentary." [3, 25] 

Having said that, Konig put forward the daring theory according to 

which the Parthians might have used such batteries as electric power 

source for electroplating19 gold onto the surfaces of base metal objects 

to improve their app"earance and enhance their apparent values. In his 

paper he stated his electroplating hypothesis as follows: 

"We still know nothing closer today regarding the separate 

stages of development of this apparatus. However, it seems 

entirely possible that such an apparatus already had existed at 

that time. I might mention in this connection that even today 

the silversmiths in Baghdad use a primitive wet process for 

gold plating with the application of zinc, the origin of which 

19.Electroplating is defined as tht; act of coating something with metal by means of an electric 

current. Modern electroplating started around 1800 when A Volta discovered the battery. 
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employed by Parthian goldsmiths to generate electric power arguing 
that all the materials used were common and the manufacture was well 
within the ability of the people of that time. He expressed his views as 
follows: 

"Only conjunctures can be made regarding the use of the 
apparatus from Khujut Rabu'a. From its parts and their 
arrangement one might think that it must be a kind of 
"galvanic" element or battery18 . . .. One accordingly has to 
assume that the copper cylinder would have contacted a liquid 
which was either basic or acid. The above explanation of the 
apparatus was agreed to by Oswald Menghin and W Gangl of 
Vienna. I recently learned that E. Kuhne/, the Director of the 
State Museum in Berlin, who had himself conducted 
excavations in Ctesiphon at Baghdad, found there together 
with discoveries from the Sassanid era a larger number of 
similar vessels with copper and iron attachments of unknown 
purpose. It also appears to be a question of "galvanic" 
elements in connection with these vessels of undoubted 
Sassanid origin, the use of which will probably be explained 
by further investigation." [1, 25] 

Later, Konig explained his idea in more details in his book: 

"The answer to the question as to the use of the curious 
find caught me by surprise when I brought all the parts into 
relationship to each other and considered their careful 
separation from each other by insulating asphalt: It must be an 
electric battery! One need only to put in an acid or alkaline 
liquid and the battery would be finished. I expressed my view 
with caution, as it could be only confirmed by further 
circumstances or discovery and discoveries." [3, 25] 

The next question Konig put to himself was: 

18. A galvanic element or cell is a device that converts chemical energy directly to electric energy. 
The term battery designates, in strict usage, an assembly of two or more galvanic cells. The term, however, is often applied also to a single galvanic cell. 
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by placing the non rod into the copper cylinder and both of them into 

the clay jar. 

I Copper cylinder 

~ Iron rod (corroded) 

m:;: Clayjar 

• Asphalt 

( Remaining coating? 

Fig. 4: Konig's hand-made drawing of the assembly 

created by placing the iron rod into the copper cylinder and 

fixing them concentrically in the clay jar [1] 

From this schematic representation one can see that the copper 

cylinder is placed centrally into the clay jar, and the iron rod, held in 

place by a bung made of asphalt, hangs concentrically with the line of 

the axis of the copper cylinder. The upper end of the iron rod protrudes 

above the asphalt stopper; its sharp end does not come into contact 

with the bottom of the copper cylinder, which is covered with a thin 

asphalt layer. 

Because of the apparent similarity of this assembly to a modem dry 

battery17, Konig speculated that such an arrangement of the objects 

found at Khujut Rabbou'a could have served as a galvanic element or 

battery. He was the first to suggest that such a device could have been 

17. Modem batteries employ a zinc cup and carbon rod. 
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relationship was previously not detected. It is a striking fact 
that these vessels were not found in a burial place, but in a 
building placed separately and containing also magician's 
dishes and vessels." [1, 25] 

In further excavations undertaken in 1931/32 jointly by the Islamic 

Art Section of the Staatliches Museum, Berlin, and the Metropolitan 

Museum of Art, New York, led by E. Kii.hnel, six sealed unglazed 

earthenware jars were found, each containing little rolls of metal or 

metal nails. 

Konig's Hypotheses 

Konig found himself confronted with the tantalizing question of 

what purpose the mysterious objects found at Khujut Rabbou'a might 

have had? He decided to deal with this question systematically and 

continued searching for any further details that could help him to 

establish the real use ofthem in antiquity. 

Two months later, on August 29th, 1936, he sent one complete set of 

the devi,:;e to the University of Vienna to be examined by Professor 0. 
Menghin and Dr. W Gangl, the then director of the Bundesanstalt fur 

Lebensmitteluntersuchungen in Wien (The Austrian Federal Agency for 

Food Investigation in Vienna). Gangl was, according to Konig, friendly 

enough as to personally undertake the chemical analyses. 

Unfortunately, there are no records available on the results ofthese 

investigations. 

Looking desperately for an answer to his question regarding the 

possible use of the findings in antiquity, Konig finally hit upon the idea 

to put them together in a logical manner. What came out of his idea 

was an assembly that looked like a galvanic element. The hand-made 

drawing, which he included in his article published in 1938, is 

reproduced in Fig. 4. It is a cut-away model of the assembly he created 
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isolated on the mounds with every indication that it is later that the first 

Parthian level. None of the jars were connected with burials. Three 

incantation bowls were found in the same vicinity. Two of these were 

of the usual Aramaic variety, covered with the simulation of writing. 

One of them was placed as a cover over the other and the receptacle 

thus formed contained an egg-shell covered with the same design. The 

third bowl, which was inscribed with Syriac writing, had been broken. 

The date of these objects may be inferred in general from a small cloth 

bag (the fibre of which is still intact) which was found in close 

proximity and which contained a small quantity of copper and silver 

coins, the silver exemplars being definitely Sassanian." [25] 

According to Waterman, the Tel' Omar specimens lacked the iron 

cores, and were closed at both ends. On opening, the copper cylinders 

were found to be full of plant fibers. Their discoverer, at a loss what to 

think about them, concluded that the plant fibers had originally been 

writing material and had fallen apart after twenty centuries of drying. 

Konig was aware of the Tel' Omar finds and, referring to 

Waterman's report, he noted in his paper: 

"During the excavations at Tel' Omar (Seleucia) four 

similarly formed clay vessels were found, of which three 

likewise contained a copper cylinder. Differently from the 

above described discovery, these vessels lacked the iron core. 

Moreover, the copper cylinders were closed on both ends and 

contained flakes of plant fibers, which the excavator was 

inclined to consider decomposed writing material (Papyrus?). 

The fourth vessel contained only pieces of a broken glass 

container and no metal. It is interesting that all four vessels 

with which the first three above mentioned were found, were 

each provided with a bronze rod (Cu) and up to three iron rods 

(wires?). In spite of many external similarities a constructive 

University of Michigan Press, 1931 
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L. Waterman's report16 on the first of these excavations was 

published in 1931. It is given below in full: 

"The sealed jar is one of four examples found during the closing 
days of the 1930 season at T.T. 30). All are small jars, from six to 
eight inches in height, of very common unglazed ware, but of different 
types. Two have a handle, the others none. All were sealed with 
bitumen stoppers. Only one was found in an upright position and it 
contained fragments of a small glass bottle. The other three were lying 
in a horizontal position and each was held in place by small rods set 
upright at the ends and sides. These rods were from six to ten inches 
long and projected slightly above tl1e jar. Each jar had one iron rod, and 
the rest being of bronze. The maximum number of rods found with any 
one jar was four. Each of the three horizontally placed jars contained a 
small bronze cylinder originally sealed at both ends. The cylinders were 
all of the same dimensions, being approximately one and one-forth 
inches in diameter and three inches long. Each cylinder originally 
contained what appears as a tightly wrapped roll, though in one 
instance, owing to the loosening of the ends of the cylinder, the contents 
had become a mass of mere flakes. A second roll had partially 
disintegrated, so that only a small closely wrapped core is preserved. 
The third appears to be intact and gives the impression of a roll of 
paper folded over at the ends. A preliminary microscopic examination 
of the flake proves the substance to be plant and not animal fiber, hence 
probably papyrus. In any case, there is presumably evidence of writing, 
which will be verified as soon as practicable. The jars were found at 
different points and in no observable order, but scattered about a 
peculiar rectangular structure built of sun-dried bricks, which stands 

16. Waterman, L.: "Preliminary Report Upon the Excavations at Tel Umar, Iraq", Ann Arbor, 
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Fig. Ja: Sealed jar of common unglazed earthenware discovered 

at the archeological site of Tel' Omar during the excavation in 1930 

(L. Waterman: "Preliminary Report Upon the Excavations at Tel 

Umar, Iraq", pl. XII) 

It is interesting to note that next to the clay jar, one thin, almost 

wire-like bronze rod and three wire-like iron rod were found. 

Fig. Jb: Copper cylinder, originally sealed at both ends, 

discovered at the archeological site of Tel' Omar during the 

excavation in 1930 (L. Waterman: "Preliminary Report Upon 

the Excavations at Tel Umar, Iraq", pl. XII) 
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on a small excavating expedition, in order to investigate the 
hill of Khujut Rabuah. In this way something peculiar was 
found and brought to me, after passing through many hands. 
In a vase-like container of bright yellow clay, the neck of 
which had been removed, a copper cylinder was stuck, held in 
place by asphalt. The vase was about 15 em high; the 
cylindrical tube with a closed bottom made from sheet copper 
had a diameter of 26 mm and a height of 9 em. In the latter a 
completely oxidized rod of iron was found, held in place by a 
sort of stopper of asphalt, the upper end of which protruded 
about 1 em above the stopper and was coated with a yellow­
gray, completely oxidized thin layer of a metal with the 
appearance of lead. The lower end of the iron rod did not 
extend to the bottom of the cylinder, upon which there was a 
layer of asphalt about 3 mm thick." [3, 25] 

The question, which kept Konig occupied at this stage, was whether 
anything like these objects had been discovered before. The answer he 
found to his question was positive. Three different excavations had 
been carried out earlier at the Seleucia trading post of Opis, some 25 
miles down river from Baghdad, all in the 1930's by an excavation 
team from the University of Michigan, and had yielded small devices 
with iron and copper parts. They were discovered together with 
incantation bowls employed by magicians, and no one had been able to 
make out the use, which had been made of them. Four similar vases 
had also been found at Tel' Omar in the vicinity of Seleucia. The sealed 
earthenware jar and the small bronze cylinder originally sealed at both 
ends shown in Fig. 3a and 3b are one of four examples found there. 
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relics from Parthian times. The apparatus consisted of a clay 

jar, a cylinder made from copper sheet, and an iron rod. The 

jar was oblong-oval of whitish-yellow baked clay with a 

flattened surface to stand on (height 14 ern, largest diameter 8 

crn15). The neck had been intentionally removed and the 

circular broken place showed traces of asphalt. The neck 

opening had a diameter of 33 rnrn. The cylinder made from 

copper sheet (height 98 rnrn, diameter 26 rnrn) was placed in 

this jar. The lower end of the cylinder was sealed off with a 

round copper sheet fastened in place by bending over the edges 

of the cylinder wall. The joint with the cylinder wall edges had 

apparently been produced by soldering (soft solder). The metal 

used for soldering could no longer be determined; there was in 

its place still only a whitish incrustation. The chemical 

analysis of the copper showed it to be fairly pure copper with 

traces of zinc, lead and iron. The rod-shaped iron object (77 

rnrn long) was found inside of the copper cylinder. It was 

completely oxidized. At the top it was held by asphalt stopper 

which fitted into the upper edge of the cylinder wall. When the 

apparatus was found, this stopper was in place in an unbroken 

condition. The iron object, the upper end of which extended 10 

rnm above the asphalt stopper, was held firmly in place by the 

stopper, concentrically with the line ofthe axis ofthe cylinder, 

so that it hung in the cylinder. On the projecting end of the 

iron rod a sort of coating - like covering was noted. Down 

below the iron core had been increasingly worn away or 

corroded. The exposed bottom end could not have come into 

contact with the bottom of the cylinder, since there was an 

asphalt layer about 3 rnrn thick over the cylinder bottom. " [1, 

25] 

In his book, which was published two years later in 1940, Konig 

reported again in some details on the subject. The following description 

of the discovery and the objects found has been taken from this book: 

"The discovery was reported to the office of antiquities as 

required by law. The museum sent out a commission, and later 

15. Al-Haik describes the jar in his report [16] as 18 em high and 9 em wide. 
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"Deutsche Bergwerks-Zeitung" (The German Journal of 
Mining) [2]. In his paper, Konig presented a photograph (Fig. 
2) of the objects found and gave a detailed description of 
the different parts. 

,, 
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Fig. 2: Objects discovered during the archeological 
excavations in 1936 at Khujut Rabbou'a (The collection is in 
the custody of the Iraq Museum in Baghdad, bearing the 
registration number IM. 29209-29,211.) [1] 

From left to right: clay jar, iron rod between fragments of 
asphalt for spacing, copper cylinder (The scale is 10 
centimeters long.) 

Konig's account of the discovery reads as follows: 

. ·. '.· ~·~ ~/.: 

"In the excavations of the Iraq Museum in Khujut Rabu'a, 
located southeast of Baghdad on the railroad line to Kirkuk, 
an apparatus was found in the summer of 1936, the nature and 
purpose of which was unknown. Th~ place of the find is a ruin 
hill which was part of what had been a settled area having 
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quite unexpected occurred. They found strange objects of unknown 

nature. The archaeologists considered the findings at first as just 

another ordinary discovery and did not become very excited about 

them. However, it did not take them too long to realize that they were 

actually digging out peculiar objects of unknown purposes. 

In his detailed report, "The Rabbou'a Galvanic Cell", A. Al-Haik 

gave the following account of this discovery: 

"The site was soon examined by the Iraq Antiquities Department 

and identified as an important settlement of the Parthian time (248 B. 

C. - 226 A. D.) with good archaeological prospects. The Department 

has, therefore, started digging here immediately. These excavations 

brought to light some 613 stratified pieces of various objects 

comprising sarcophagi, skeletal remains, pottery and glass vessels, 

beads, stone objects, bricks engraved with symbolic characters, metal 

objects, clay figurines, etc. But more spectacular among these artifacts, 

from a scientific standpoint, was a curious aggregate composed of an 

ovoid pottery jar (18x9 em) with dented mouth containing hollow 

copper cylinder with one end closed, iron rod and a number of bitumen 

crumbs; all found in level F. IV (b). This collection is now in the 

custody of the Iraq Museum, Baghdad, bearing registration numbers 

IM. 29209-29211." [16] 

Konig has included a hand-drawn map of the area involved 
in his book. On this map, which is reproduced in Fig. 1., one 
can locate the archeological site at Khujut Rabbou'a near the 
old Parthian capital Ctesiphon. 

Konig, who was in charge of the laboratory of Iraq 
National Museum in Baghdad, studied the "curious 
aggregate". He published his observations in an article entitled 
"A Galvanic Element from Parthian Times?" which appeared 
on January 1'\ 1938, in the German magazine "Forschungen 
und Fortschritte" (Research and Progress) [1]. The same 
article was published later, on January 16th, 1938, in the 
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This account is based on Wilhelm Konig's14 description in his book 

entitled "Nine Years in Iraq" [3] which was published in 1940. The 

translation of the same passage by G. Dubpernell reads as follows: 

"In the year 1936 there was a great flood which converted the part 

of Baghdad lying east of the Tigris into an island for weeks. When 

finally most of the flood water had run off, been absorbed and 

evaporated, there remained in numerous low-lying areas of the city and 

its suburbs, large pools in which billions of flies found their breeding 

place. The ministry of health checked the possibilities of opposing the 

danger of malaria. Since there was no High ground in the immediate 

neighborhood of Baghdad from which materials could be taken to fill in 

the pools, they got the idea of carrying off a hill of loam which lay 

directly on the stretch of road to Khanakin. During the excavation of 

this elevation it was found that it was an ancient mound containing the 

ruins of a dwelling place. It was later found that it contained relics 

from Parthian times, about 300 B. C. to 300 A. D." [25] 

The fact of the matter is that, in the summer of 1936, in the course 

of earth-moving operations carried out at Khujut Rabbou'a near 

Ctesiphon the excavators came across an ancient site on June 14th. 

They proceeded routinely with their excavation work until something 

14. There is a great deal of confusion about Konig's nationality, academic background and 

professional responsibilities in Iraq among the scientists and journalists who have concerned 
themselves with the Parthian Battery. Some ofthem refer to him as an Austrian and director of the 
Iraq National Museum in Baghdad, others claim that he was a German national and head of the 
German excavation expedition ncar Baghdad. According to G. Dubpernell [25], e.g., Konig was a 
German who became involved with excavation activities and became later director of the Baghdad 
Museum. The fact of the matter is, however, that Konig came from Vienna/Austria and was a 
painter by profession being very much interested in natural sciences and technical matters. He left 
his hometown in 1930 and went to Berlin. There, he became by chance a member of the German 
Warka Expedition and attached to the Iraq National Museum in Baghdad, although he was not, by 
training, a scientist. In 1931, following a proposal by the Notgemeinschaft der deutschen 
Wissenschaft (The German Emergency Association of Science), he was elected assistant to the 
German leader of the Baghdad Antiquity Administration as head of the laboratory. Konig spent 
almost nine years in Iraq until he returned to Berlin in 1938 for health reasons [3]. 
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"Surena, the great Parthian general, used to take his concubines to 

the battlefields on two hundred sedan chairs. The majority of his female 

companions were musicians, singers, and dancers. "12 

The Discovery 

Prior to discussing the Parthian Battery, it may be interesting to 

read the story of the event which led to its discovery. The following 

account, which sounds a little like fiction, is given by W Ley: 

"Baghdad is at the Tigris river and in 1936, the Tigris produced a 

major flood. The low-lying portions of Baghdad were covered by a few 

inches of water for a long time and these large and shallow puddles 

were extremely welcome to female mosquitoes as a place for depositing 

their eggs. Draining the puddles was apparently impossible and it was 

decided to fill them in. However, there are no hills in the immediate 

vicinity of Baghdad and the material needed had to be taken from a 

small hill a few miles to the southeast of the city. That hill bore the 

local name ofKhujut Rabu'a13 and happened to be conveniently located 

at the railroad track which leads from Baghdad to Khanaqin. As the 

workmen started loading their cart with sand and dirt from the hill, they 

came across ruins. Both the Iraq Museum and the government stepped 

in and their experts were unanimous in declaring that these were the 

remnants of a settlement from the time of the Parthian kingdom, which 

existed from 250 B. C. to 224 A. D." [6] 

12. Kanani, N.: "Die persische Kunstmusik: Geschichte, Instrumente, Struktur, Ausflihrung, 

Charakteristika", Berlin, 1996, p. 11 

13. Other transcriptions of this Arabic name are: Chuyut Rabuah, Khuyut Rabbou'a, Khujut 

Rabou'a and Khiut Rabboua. W. Konig uses the transcription Khujut Rabu'a in his article [1, 2] 
and Khujut Rabuah in his Book [3]. With reference to A Al-Haik [16], the transcription Khujut 
Rabbou'a is used throughout the present article, save the original quotations. 
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Fig. 1: Konig's hand-drawn map showing the geographical position ofthe 

excavation site at Khujut Rabbou'a near the old Parthian capital Ctesiphon[3] 
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There were also significant developments in the realm of music 

during the Parthian period 11 . In fact, many innovations of greatest 

importance for contemporary Persian music can be traced to those 
times. A great deal of musical traditions from that time bear witness to 
the intimate love of the Iranian people for this fine art, a deep affection 
that has survived the centuries. Also from a scientific point of view, 
many musical works of art from the Parthian era are of great 
significance for the understanding of traditional Persian music. These 
artistic remains often provide detailed and valuable information 
concerning the structure of different musical instruments in antiquity. 

When narrating the story of the battle between the legendary 
Parthian commander Surena (murdered in 54 B. C.) and his Roman 
counterpart Crassus, Plutarch (46-125 A D.), the famous Roman 
historian, gives an illustrative description of a typical episode: 

11. Boyce, M.: "The Parthian GDsDn and Iranian Minstrel Tradition", Journal of the Royal Asiatic 
Society (JRAS), 1957, pp. 10-45 



118 Ayene-ye Miras 

Painstakingly manufactured coins, marvelously decorated 
drinking horns, beautifully designed potsherds, and many 
other relics and works of art from this era testify to the high 
level of the Parthian civilization and cultural 
accomplishments. An impressive example of the remarkable 
workmanship of the Parthian craftsmen is a large bronze 
statue. It represents a man wearing an outfit ofbeltedjacket 
and leggings. After a popular Parthian fashion, he is carrying 
his hair in bunches under a headband. J. H. Jlif.fe describes 
this piece of art as follows: 

"The statue, which is most impressive, and gives a picture of a 

Parthian prince of the Blood, would be spectacular whatever its period 

and origin. "8 

The Parthians excelled the"tnselves also in the realm of architecture 

and thus deeply inspired the succeeding dynasties in Iran. Their 

architectural innovations have amazed generations of historians. 

According to J H lliffe: 

"The chief new architectural feature that emerges from these 

buildings, to enjoy later a long history in the Sassanian9 and Muslim 

Arab periods, is the long tunnel-vaulted hall or lwan open to the front 

and close at the back, of which the most familiar example is in the 

remains of the Sassanian Taq-i Kisra Arch at Ctesiphon."10 

8. Iliffe, J. H.: "Persia and the Ancient World", in "The Legacy of Persia" by A. J. Arberry (editor), 

Oxford at the Clarendon Press, 1968, pp. 1-38, p. 29 

9. The Sassanian dynasty was founded by Ardashir I in 224 A. D. after he succeeded in 

overthrowing the Parthians. The dynasty was named after Sassan, an ancestor of Ardashir. The 
Sassanids, who ruled over a huge empire form their capital Ctesiphon, were overthrown by Moslem 
Arabs during the years 637-651 A. D. 

10. Iliffe, J. H., p. 28 
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many of the Western converts to this faith realized its Persian 

provenance. "6 

Speaking of religious matters, one may remember that Jesus Christ 

was born at a time when the Parthians had already been on the 

historical scene for almost 250 years. The Holy Scripture of the 

Christian faith tells the story of infant Jesus ' birth as follows: 

"Now after Jesus was born in Bethlehem of Judea in the days of 

Herod the King, behold, magi from the east arrived in Jerusalem 

saying: "Where is He who has been born King of the Jews?"" 

Magi, a caste of wise men specializing in astrology, medicine, and 

natural sciences, were Zoroastrian priests with considerable power and 

influence. If one were to believe the story of infant Jesus ' birth 

according to Matthew's Gospel, then one would have to assume that 

the three wise men who traveled to Bethlehem to pay homage to infant 

Jesus were Zoroastrian magi from Parthian Iran. 7 

As mentioned before, the Parthians were fair enough to 
allow religious minorities to follow their own faith and to 
practice their own rituals unhindered. There is also conclusive 
evidence of political and cultural tolerance exerted by the 
Parthian rulers vis-a-vis their subjects. Being tolerant of 
cultural diversities, the Parthians considered themselves as the 
protectors of the rich and manifold cultures they had taken 
over. So a wide variety of cultures and traditions began to 
flourish under their soft rule. 

6. Lockhart, L., p. 331 

7. It is worth mentioning that the English words magic, magical, magician, and magus have their 

origins in the Persian denotation moq or madjus meaning Zoroastrian priest. Expressions such as 
magic bullet, magic eye, magic lantern, magic spell, and magic square are quite common in the 
English literature. 
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more than a century, no challenge to the hegemony oftheir Eastern 

rivals. 

Due to such victories the prowess of the Parthian cavalry in the art 

of archery became proverbial as "the Parthian shot".4 

The American historian Will Durant (1885-1981) notes: 

"They (the Parthians) were brave warriors and honorable foes, 

treated prisoners decently, admitted foreigners to high office, and gave 

asylum to refugees. They were tolerant of religious diversities, allowing 

the Greeks, Jews, and Christians among them to practice their rituals 

unhindered. They themselves, veering from Zoroastrian orthodoxy, 

worshipped the sun and the moon, and preferred Mithra to Ahura-

Mazda."5 

With regard to Mithraism, remarks made by the English historian L. 

Lockhart are most interesting. He notes: 

"It was during the Parthian period that Rome received, indirectly, a 

legacy from Persia. Many of the Roman legionaries who had been sent 

to Cilicia and other outlying provinces to guard them against the 

traditional foe proved more vulnerable to their enemy's religion than to 

his army, and became converts to Mithraism. Its militant element had a 

strong appeal for the Roman soldiers, and it was through them that the 

religion spread to all parts ofthe Roman world. It is improbable, that 

4. This expression is still used in the English language as a figure of speech. The American novelist 

Francis B. Harte (1836-1902) has used the phrase "AParthianvolleyofexplosivesfromUncle 

Billy" in nne of his short stories. 

5. Durant, W., p. 529 
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B. C.) and his army. Crassus was killed and his head was brought to 

the court of the Parthian king Orodes (58-38 B. C.) just as he was 

attending a cultural event. Legend has it that when the gory head was 

being presented to the king, one of the actors seized it and cited, to the 

delight of the audience, the famous poem by the Athenian dramatist 

Euripides (480-406 B. C.): 

"We bring from the mountains 

A young lion freshly killed, 

A fortunate prey. "2 

Another attempt on the part of the Romans to beat the Parthians, the 

battle of 36 B. C. led by Mark Antony (80-39 B. C.), was similarly 

abortive and ended with a decisive defeat for the Roman legions. Sextus 

Propertius (49-15 B. C.), a Roman poet and musician, who would 

pluck his lyre in praise of war to please his masters, now began to sing 

another song to his mistress Cynthia: 

"Why should I raise sons for 

Parthian triumphs? 

N ochild of ours shall be a oldier. "3 

On occasiOns such as these two battles, the Parthians succeeded in 

blocking the aggressive Roman advances into their territory. The 

Romans, in turn, finally realized that their glorious army was no match 

for the extremely mobile and flexible Parthian cavalry and made, for 

2. Lockhart, L.: "Persia as Seen by the West", in "The Legacy of Persia" by A J. Arberry (editor), 

Oxford at the Clarendon Press, 1968, pp. 319-358, p. 329 

3. Durant, W.: "The Story of Civilization, Part III: Caesar and Christ", Simon and Schuster, New 

York, 1972, p. 235 
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long and fierce war of attrition against them. Arsaces I, the 
founder of the Parthian dynasty, was soon in firm control of 
much of the Iranian plateau. His successors continued to 
expand their rule in all directions. Thus, it did not take very 
long until the Parthians established themselves as undisputed 
sovereigns of a vast empire whose borders reached from the 
river Oxus in the east to the river Euphrates in the west. 

The Parthians ruled over Greater Iran, that is, Persia and its 
neighboring countries, more than 500 years, longer than any other 
dynasty in the entire history of Iran. The map reproduced here shows 
the Parthian Empire in the 1st century B. C. 

By the end of the second century B. C. all Persia and Mesopotamia 
were absorbed into the Parthian Empire, which entertained, according 
to the season, three capitals: Hecatompylus in Parthia, Ecbatana in 
Media, and Ctesiphon on the lower Tigris. The photograph shown 
below gives an idea of the great royal palace at Ctesiphon. 

The Parthians soon turned out to be not only fearless and awesome 
warriors but also resourceful merchants, and as such they greatly 
profited from the exchange of goods between China and Rome via the 

famous Silk Road. They remained in control of the overland route to 
China for centuries. Chinese silk and other Far Eastern merchandise 
had to go through Parthian Iran along the Silk Road, pass through 

Dura-Europus and Seleucia1 to reach Rome and the Romans. 

Continuous struggles for expanding their empire westwards finally 

brought the Parthian kings into sharp conflict with their powerful 
rivals, the Romans. The first major encounter between the two 
superpowers occurred in 53 B. C. and resulted in a disastrous defeat 
for the imprudent Roman proconsul Marcus Licinus Crassus (112-53 

l. The former Seleucid capital, Seleucia on the Tigris, lay opposite the old Parthian capital 

Ctesiphon on the other bank of the Tigris river (see map of the Parthian Empire). It remained for 
centuries a Greek city in the Parthian realm. 
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Introduction 

The Medes appeared on the historical scene in the 9th century B. C. 

and built at the early stages of their history a confederation oflranian 

tribes. In the course of time, however, they became sovereigns of a vast 

area and established the first Iranian Empire. 

The era of the Persians began in 550 B.C. when Cyrus the Great 

(559-529 B.C.) from the Achaemenid line governing over Persia, 

deposed the Median kingdom and established himself as the King of the 

Kings. Under his successors the Achaemenid Empire reached its 

greatest extent embracing the major parts of the then known world. 

In 334 B. C., Alexander the Great (336-323 B. C.) succeeded in 

overrunning the Persian Empire and putting an end to the Achaemenid 

era. After his death, fierce fighting broke out among his generals over 

the division of his huge empire. In 300 B. C., after prolonged and 

bloody internal battles, Seleucus (187-175 B. C.) who was oneof 

Alexander's most powerful commanders finally succeeded in seizing 

control of the entire Middle East and establishing a Hellenistic rule in 

Persia that lasted almost a century and a half. 

Very soon, however, the Seleucid rulers experienced the 

first major challenge to their control of Iran when the 

Parthians, a nomadic Iranian tribe, only 60 years later staged a 
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Le texte d'Abu al-Wafa 

.; ~\~.r.Js- ~.r.~\ Js- 1$.\ J' ~1.:.:-j~\~ IJ.~ ~j\ 1$.\ -~L.,J 
Wj\t_~) _, J~\~ t_~) _, J~\U";. V" ~\V" ;\fJ\Js- iJ'u. ).\ -.~._.1.;\ 

r::> )I ~)I .ill!~ 
•<)l....llo~ r.) )clJ ~ _, ...sJWl r-.J _, ...5-:i)l.;..l ~_;.!. c:r .J...:>Wl~l ~ c.; I ~~.,I 

wl.ll1li... ~4 ~~~ _, •;[,:.JlJWle """ ~c.r- r.) ~~~ J+w L:J. ~~( .,Wlc:r 
J ~JAil ~.)~1 c:r ,Yl...;4 ~ t" L$""4lz.,lA.)4 ~ w J .::..~~)! ~ uSJ J 

~ .illlz.,l Y."J~""" rAi'c:r ~I J l~c:r ~I y. ~ ~~~ ~ ~l_,ll..5,j _;A> 

. ~I "'! J .ill! .. L.:. z.,l .;,;. ~ yl.:-.Jl ~ J ...sJ~ ~ 
!;;,;_, J...:>lil c:r (,; i.J& ~ ~ ~lc:r ~L... (~~~.~ r.) ~jl.o:u l:S.u J 
v--:Jl c.;lS' l~l 4...::>l;.. J ~ CJA.r.!. z.,l ~~ J 4A> ~ ~ ..5Jillc:r jl.lll z.,l 
.::..~_;Jl;5'lr.) ~~ ,JWI_, U"'L;Jll+. ~ ~l41L....)l z.,l_, ~_,:..,:J~l ~l....!Jl ~J)lr.) 

~ ...sJ~ ~ .~ ~-'.) ~_;; u& c/' ~I '1.:--'Wl.J'Jl~u.~ Jl ~,...:..Jlc.,sA _, 
. ..5-Allc:r jl.lll~ z.,lA.)lr.) .~ ~ ~ lS..illz.,l c....1: J 

z.,lA.)l~li 0_r.-! ~}JlJlS-.:.~lr.) ~J.) z.,l.,~41J,..... ~lr.) ~~j AAi ()\)Jll~ 
~ &- •r.J ..j)\::.;.1 ~ J _;..! 'Y."Y. <)l....llo~ ~ z.,lA.)k: .• A..bJl J :Ol.....)l..sJ; ~ 
cJAJLfJl~ ~ :U_,u ~li ~ !,b.L; J.i c.:r.o~lc:r 1.;5' z.,l J~ Z.,lj~.l.i ~I!Jl ~lz.,li 
;_r..S 'Y."-' c:r ~ ..;t; .U"'l;illc.i_, Jl u--=JIE}k c.;_, ..i:.. ..5Jillc:r Jl.lll~l ~L.... 
,:,lS' l~l J.r!....ll ~., .)J..l:Jl~,;& J u--=Jlt""_,.. J JlfJl~ tli;) J JlfJlU"'_,i z.,li . 
..5Jillc:r jl.lllz.,li . ~}u ~l.Jlo~ c:r ~c.r- t" t'LbJl~ _,1 c.i.,Jlc..-.. _,1 c.i}ltli;) 
.I>~ JS' ~ ..sJJS J ~,_,s;..:.llc:r c.r- "'!A~ lS..ill L$""4lz.,lA.)4 OJ~ .~_,.L... z.,j.: 
z.,lA.)l.:...)JJ~ c.i.,Jl~ c:r .....kl~}J o.r.J;. 4-t_,.l...._;..l ~l.... A.~ z.,lS'l~l • ~~~ <)l....llc:r 
.;.)J_,l l..:i ~I ~ l~l ~ J+.., ~I ~I c....J _, J+.., ...sJ~r.) .r ~lz.,li ~ ~ 

·t"" _,J lo ~ r.) 

~lAJA.o 

y. ~LtJl~ . ;}Jlr.) ~~ eJl.lll~ JJLfJIU"',; u. ~ ~ y. ~LtJl~ 
.~l~l_,JLtJl~ ~ ~ J.aiy. ~LtJl~ ~ .L...~JlfJlU"'_,i ~ 
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sin at · sin MY 
sin <p = ---,-------,,.----------,­

-(cos MY cos 8- sin MY sin 8) 

s1n at 
sin <p = -----,---..,-----..,. 

-cotg MY cos 8 +sin 8 

Done : sin <p cos 8cotg MY = -sin r.p sin 8 + sin at 

et apres avoir simplifie il obtient: 

t MY= sin <p cos 8 
g . . >: • 

sm <p sm u - sm at 

Abu al-Wafa a pres a voir determine ainsi l'arc MY applique pour la 
deuxieme fois le theoreme de Menelaus pour le triangle YTS et la secante 
MLB et il ecrit: 

sin SL 
sin TL 

sin SB sin MY 
sin YB sinMT 

sin goo 
ou: --­

sin TL 

sin( r.p + goo) 
sin <p) 

sin MY 
sin(MY- goo) 

Puisque MY etait deja calcule dans cette relation TL est la seule 
inconnue que l'on peut determiner en degre. 

Mais l'arc TL est egal a l'arc JN. L'arc NG = e peut etre facilement 
calcule en fonction de r.p et 8. Or l'arc recherche J G est egal a JN +e. 

Le calcul d'Abu al-Wafa s'arrete ici, mais apres avoir obtenu l'arc JG 
en degres, il faut encore le transformer en heures et minutes etc ... afin 
de connaitre l'heure exacte. 
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6. Le texte d'Abu al-Wafa ne contient pas de figure, mais d'apres ses 
indications tres precises nous pouvons tracer la figure suivante: 

Dans cette figure S est intersection du meridien passant par le zenith, 
avec l'equateur. TJ = 6 est la declinaison du soleil6 , et NG = e, est 
l'exces du meridien7 (_,LfJI~ J.ai) 

Comme on le voit dans la figure, les cotes du triangle JZY rencontrent 
le cercle de l'horizon en M, K et B. Abu al-Wafa utilise le theoreme de 
Menelaus que void: 

ou encore: 

sinZK 
sin KJ 

sin ZB sin MY 

sin BY sin MJ 

sin goo sin goo sin MY 

sin <1t 
--- . -:--:-:--=:-------::-:-
sin t.p sin(MY - goo + 6) 

1 sinMY 
Ce qui donne:-.--=--,----,--------,-

sm at sin t.psin(MY- goo+ 6) 

sin at sin( MY) sin t.p = __ .:.,...-~_---",--
- cos(MY + 6) 

6. La distance angulaire du point J a l'equateur celeste, mesuree par l'arc JT, est sa 
declinaison. On la represente par la lettre 6. 
7. L'exces du meridien pour un point de la sphere est la difference entre l'arc meridien 
du cercle parallele a l'equateur et passant par ce point, et I' arc meridien de l'equateur. 
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D'autre part, nous avons: 

et comme H' Z = r( 1 - cos h) = vers r h no us pou vans ecrire alors: 

vers rh - H'Z = ZH - H'H = vers rfJ - TL 

Done : TL = vers r(} - vers rh 

En comparant (1) et (2) on obtient: 

h n vers r(} · sinR at 
vers r = vers ru - . 

SlnR am 

( vers r(} · sinR at) Done: h =arc vers r vers r(}- ---'-.--=--..c. 
SlnR am · 

(2) 

par consequent, on peut calculer "h" c'est-a-dire l'arc d'horaire en 
fonction des arcs qui sont connus. La demonstration d'Abu al-Wafa 
s'arrete ici, mais pour connaitre l'heure exacte il faut transformer l'arc 
"h" qui est en degres en heures, minutes et secondes de temps. ll est 
d'ailleurs facile de se rappeler que: 

360° = 24 heures 

15° = 1 heure 

1° = 4 minutes 

1' = 4 secondes 

Etude d 'un cas particulier 

Abu al-Wafa apres a voir ainsi demontre la formule de Habash dans le 
deuxieme chapitre de son traite intitule: 
t.~\~~ ;\~\ -~ r- a effectue une breve etude par le theoreme 

de Menelaus du cas particulier ou la course du soleil est parallele a 
l'equateur. 

ll s'agit en effet de calculer l'angle horaire du soleil en fonction de 
la latitude locale <p, la longitude du soleil at et la declinaison de celui-ci 
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Dans cette figure R et r sont respectivement le rayon de la sphere 
celeste et le rayon de l'arc de revolution. 

De T nous tra<;ons la perpendiculaire TM au plan de l'horizon. Nous 
tra<;ons aussi la perpendiculaire TL a DG !'intersection de !'horizon avec 
le cercle de revolution. 

De Z la position du soleil a midi nous tra<;ons egalement la perpen­
diculaire ZH a DG. Et de T nous menons la perpendiculaire TH a ZH' 
puis de H' perpendiculaire H'K au plan de !'horizon. 

Les triangles TML et ZHX sont semblables et nous avons: 

TL TM ZH.TM 
ZH = ZX =>= ZX 

Dans le triangle rectangle ZDH nous avons: 

ZH = r + T'H = r + r cos( 1r - B) = r(l - cos B) = vers rB 

Done: 

TL = vers rB · sinR at 
sinR am 

(1) 
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verticale du lieu TZ, de oo a 90° de l'horizon vers le zenith Z 

at= arc aA 

Il faut signaler que les astronomes islamiques mesuraient l'arc at 
grace a un instrucment appele sextant. Al-Khojandi, astronome con­
temporain d'Abu al-Wafa en a d'ailleurs fabrique un en le nommant 
"Sextant Fakhri" en l'honneur de roi Bouyide Fakhr al-Dawla5 . 

f. 

Sextant Fakhri reconstitue a patir de la description de Khojandi par E. Wiedemann 

La detnonstration d'Abu al-Wafa 

Supposons ABD le grand cercle de l'horizon et soit le diametre AB son 
intersection avec le grand cercle du meridien. 

Pour un observateur situe au point 0 le milieu de AB, le point Z' 
sur le grand cercle du meridien sera le zenith. 

Soit T la position du soleil au moment de !'observation. DT sera 
alors l'arc de revolution ou la trajectoire du soleil qui s'est leve en D. 

5. Comme on le voit dans la. figure, cet instrument fonctionnait comme une chambre 
noire. Il se composait d'une ouverture F, placee verticalement dans la direction du 
meridien du lieu et d'un arc de 60 degres. A midi, les rayons du soleil passaient par 
F, formant sur la concavite du sextant une image circulaire. Celle-ci permettait aux 
astronomes de calculer Ia hauteur du soleil. 
Sur cet instrument voir: E. WIEDEMANN, ""Uber den Sextant des al-Chogendi" 
Archiv. fur Gesch. der Naturwiss. und de1· Technik, 2 (1910) pp. 149-51. 
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Terre schematisee par un point T place au centre de la sphere celeste. 
Le point 0 sera confondu avec T sur la figure, mais sa position sur la 
Terre restera cependant precisee par la verticale TZ. 

2° - Mouvement apparent des astres: 

La sphere celeste, dont nous avons parle est done coupee en deux par le 
plan horizontal SN, et seuls les astres situes au dessus de ce plan sont 
visibles pour l'observateur place en 0, confondu avec T sur la figure. Les 
astres apparaissent a l'Est, semblent s'elever dans le del en decrivant 
sur la sphere celeste un cercle jusqu'au meridien du lieu et redescendre 
ensuite de la meme fa<;on pour disparaitre a !'horizon du cote de l'Ouest. 
Tel est le cas de l'astre A qui se leve en 1, passe au meridien en K et se 
couchhe en 1'. 

z 

s N 

K' 

Trajectoire de l'astre 

sphere celeste 

3° - Coordonnees horizontales de l'astre A 

Azimut Z: 
n est est compte dans le plan horizontal, de 0° a 360° a partir du 

Nord vers l'Est 

Z =arc Na 

Hauteur at: 
Elle est comptee sur le grand cercle qui contient ala fois l'astre et la 
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deux spheres etant concentriques, le probleme ne parait pas a premiere 
vue tres difficile. 

1° - Les coordonnees d'un observateur situe sur la Terre 

La figure suivante represente la Terre, avec la "ligne des poles" PN- P5 • 

Le plan passant par Q Q' et par le centre T et perpendiculaire a la ligne 

du pole s'appelle "l'Equateur". 

z (zenith) 

Plan horizontal 

Meridien origine 

La Terre 

Un point 0 de la Terre est defini par: 

- sa latitude L ( ou 'P) comptee de 0° a 90° de l'Equateur vers le Pole 
Nord, ou de 0° a 90° vers le Pole Sud. 

- sa longitude G, comptee de oo a 180° vers l'Ouest, ou vers l'Est, a 
partir du meridien origine. 

- la ligne TO prolongee est la verticacle du lieu 0; elle perce la sphere 
celeste en un point Z, appele "zenith". 

- le plan SN perpendiculaire en 0 a la verticale limite sur la sphere 
celeste l'horizon du lieu 0. Dans ce plan horizontal, le Nord se trouve 

dans la direction exacte du Pole Nord. 
Etant donne la faiblesse du rayon de la Terre comparativement a sa 

distance aux etoiles ou au soleil, on suppose, dans ce qui va suivre, la 
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Dans cette formule on trouve aussi une ligne trigonometrique que 
les mathematiciens islamiques appelaient "Jaibe al-Mankus" ou "sinus 
verse" 1 . Le sinus verse d'une arc() se symbolise par vers B. 

Dans le ~ercle trigonometrique au rayon unite nous avons toujours la 
relation suivante: 

I vers () = 1 - cos () I 
La formule de Habash est equivalente a celle que l'on trouve dans 

Khandakhadyaka du mathematicien indien Brahmagupta. Abu al-Wafa 
dans, un petit traite intitule: 

apres avoir enonce la formula de Habash2 a demontre mathematique­
ment son exactitude. 

Ce traite a ete publie en 1948 a Haydarabad3 . En 1960 N. Nadir 
a effectue une etude sur ce traite4 • Dans cet article nous etudions la 
demonstration d'Abu al-Wafa. 

Avant d'etudier la demonstration d'Abu al-Wafa quelques remarques 
preliminaires sont necessaires. 

Remarques preliminaires 
Pour mesurer l'heure locale d'une ville, il faul tout d'abord chercher les 
points, ou lignes reperes qui permettent d'etablir une correspondance 
entre les coordonnees d'un observateur situe sur la sphere terrestre. Ces 

1. "sinus verse" existait jusqu'au XVIII siecle en Europe, car on le trouve dans le 
Cours de mathematique de Bezout, 2eme partie 1798, p. 214. 
2. Abu al-Wafa presente ainsi la fonction de Habash: 
.l:,i.JI 4..-AJiv- V W .;[fll.....<.....; tt.o;) ~ ~ ~ll.. ~ J.;[fll~ ~ .:;...j_,lltt.o;) ~ ....,~ 
.~~J J.;lfJI.....<.....; JJ l:...,l,.i .:,l5'1~1.;4Jic.r} .....<......; v- .l:.k:i....l J L_,).... L_,:; .~ ~ W .;[fll~ v-. ..5..li.llv-;IJ.ll_nj ~IJI.sJ~ ~ ~ W.;[fll.....<.....; ~ l:.....W .:,lS' .:,l.;[fll.....<.....; J..aj ~ 
C'est a dire: "Nous multiplions le sinus du meridien (vers 8) par le sinus de !'altitude 
du soleil au moment de !'observation (sin at) et nous divisons le resultat par le sinus 
de I' altitude du solei! a midi (sin am). Ce qui sort de cette division sera retranche du 
sinus du meridien ( vers 8). Le result at sera le sinus vers du temps recherche (Vers h). 
Nous le retranchons de la moitie de l'exces du meridien si nons faisons notre mesure 
avant midi et nons le rajoutons a celui-ci si nous faisons la mesure apres midi. 
3. Rasa 'il al-mutaqaddimin wa muiisiri al-Biruni, Haydarabad, 1948. 
4. N. NADIR, "Abu al-Wafa' on the solar altitude", The Mathematics Teacher, 53 
(1960) pp. 460-3. 
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Aujourd'hui on mesure le temps grace aux "horloges" de divers types, 
alors que dans l'Antiquite et au Moyen-ege la mesure du temps reposait 
sur les mouvements du soleil et des etoiles. En effet, pour connaitre 
l'heure pendant la nuit les astronomes anciens utilisaient une methode 
basee sur !'observation de la hauteur d'une etoile connue, prise au mo­
ment ou elle varie rapidement. Ils appliquaient egalement cette methode 
pendant le jour quand ils connaissaient la position du soleil. 

La methode des hauteurs, deja connue des astronomes grecs de 1 'Anti­
quite a ete perfectionnee par les astronomes islamiques. 

La premiere formule exacte apppartient a Habash al- Haseb, grand 
astronome iranien du IXeme siecle. 

La formule de Habash dans le langage mathematique moderne est la 
suivante: 

h () sin at vers () 
vers = vers - . 

Sin am 
ou () = le meridien 

at = !'altitude du soleil au moment de !'observation 

h = l'angle horaire 

am = !'altitude du soleil a midi 

Ayene-ye Miraf, vol.5, no.4 (no.20), pp. 97-112 
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Both al-Kashi and Van Ceulen are connected to the World Mathe­
matics Year 2000. Van Ceulen's determination of 1r in 35 decimals was 
not published during his life, but at his wish it was engraved on his 
tomb in a church in Leiden in Holland, when he died in 1615. Sometime 
during the nineteenth century, the tombstone disappeared as a result of 
building activities in the church. Fortunately, a drawing of the inscrip­
tion on the tombstone was preserved in an 18-th century English travel 
guide (see Figure 11). On the occasion of the World Mathematics Year 
2000, the Dutch Mathematical Society has reconstructed the tombstone 
and reinstalled it in the church on July 6,2000, in a ceremony at which 
the Crown Prince of Holland was present, and at which Professor Henk 
Bas of Utrecht gave a historical introductions19 . It is equally appropri­
ate that the University of Kashan has decided to honour al-Kashi in 
the world mathematics year 2000. Al-Kashi and Van Ceulen show that 
mathematicians if different cultures can do outstanding work and reach 
similar results. Their work symbolizes the unity of mathematics. 

19. Henk J .M. Bos, De cirkel gedeeld, de om trek becijferd en pi gebeiteld: Ludolph 
van Ceulen en de uitdaging van de wiskunde [The Circle Divided, the Circumference 
Computed, and Pi Engraved: Ludolph van Ceulen and the Challenge of Mathematics], 
Nieuw Archie/ voor Wiskunde, 5. Series. 1 (Sept. 2000), pp. 259-262. 



Al-Kashi's determination of 1i" ••• 95 

n-gons in a circle with radius 1 in van Ceulen's work. The same polygons 
were also considered by al-KashL By doubling Van Ceulen's last number 
402,653,184 we obtain the number of sides of the final polygon of al­
Kash!: 3.228 = 805,306,368. 

Figure 10 shows Van Ceulen's computation of the side of a 3.231-gon. 
From the fourth to the twenty-eighth step, the computations of al-Kash! 
and Van Ceulen are equivalent. 

Al-Kash! computed for n = 3, 6, 12, 24, 48, · · · , 3.228 the quantity en 
with 

180 . ; 
Cn = 120 COS --;;--• C2n = y 60(120 + Cn) 

Van Ceulen computed for n = 24, 48, · · · 3.231 the quantity en with 

- 2 180- ~-
Cn = COS --, Cn = V L. + Cn 

n 

Of course Cn = 60cn. 

,~,.J.I,., •• ~,~ 
,.,1pls1s~I.!J •JI,i rl•uiJ•l/1' •II 

i/u"'.J;,,,,16,,111~dllld~l,llll~,,lll'llll 

.',. ·~ ~17llhrl~ 

!/frll 11•}.<1 tt>.u;~ ~)l)l1i •i1JJ~J •y.flttll 

.-1r/.J ,, lr&r 

111.·, '"'i~'"..iJJ~'Z<~J ')lo~I'·,~~.IJ/.1 'l"J" •-!_q 

Figure 11. The inscription on Van Ceulen's tomb m a 18-th century travel 
guide.18 

18. Reproduced from R.M. Th. Oomes, J.J.T.M. Tersteeg, J. Top, Het grafschrift van 
Ludolph van Ceulen [The inscription on the Tomb of Ludolph van Ceulen), Nieuw 
Archie! voor Wiskunde 5e serie, 1 (2000), p. 159. 
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Figure 10. Van Ceulen's computation of the side of a 3.231 -gon. 
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explained the computation of the side of a 360-gon through the numerical 

solution of a cubic equation. 
Unlike al-Kash1, van Ceulen performed all his computations relating 

to 1r in the decimal system, and he chose a circle with radius 1. Van 

Ceulen also used the algebraical notation which had been developed in 

Renaissance Europe. Figure 9 displays a list of sides of inscribed regular 

Figure 9.Algebraic expressions for sides of polygons. 
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mals. In his final1r-computation in16 , Van Ceulen used a 64,424,509,440= 
15.232-gon to obtain 1r in 20 decimals. 

Van Ceulen's approximation of 1r became known in Iran one cen­
tury after his death. The Iranian author Mul:_lammad Baqir Yazdi, says 
around 1100 H./ A.D. 1700 in a passage cited by Professor Qurbani17 that 
some mathematician from Europe showed that if the diameter of the cir­
cle is an 1 with 11 zeros, the circumference is 314 159 265 481. I have 
been unable to identify the author of this approximation. Mul:_lammad 
Baqir Yazdi then says that someone else found by a more accurate com­
putation: if the diameter is 1 with 20 zeroes, the circumference is be­
tween 314 159 265 358 979 323 847 and ... 846. This "someone else" is 
probably Van Ceulen, because the approximation is expressed in the 
same way in his work and even on the front page (Figure 8). Professor 
Qurbani considers this transmission from Europe to the Islamic world 
as the event which defines the end of the medieval Islamic period in 
mathematics [14, p.4]. 

The fact that Van Ceulen's work in similar to the work of al-Kashi 
does not imply that Van Ceulen knew al-Kashi's work. Van Ceulen was 
working in a period in which there was much interest in 1r in Western 
Europe. Some ignorant European scholars claimed that they had found 
the quadrature of the circle, and hence an exact value of 1r. Van Ceulen 
and his colleagues spent much time in refuting these allegations, and thus 
they found more and more decimals of 1r. Al- Kashi, however, was not in 
such a fortunate situation. As far as we know, none of his colleagues were 
working on the same problem. In the Islamic tradition before al-Kashi, 
very little attention had been paid to the determination of 1r. The only 
values of 1r that had been found were by products of computations of the 
sine of one half or one-quarter of a degree. 1;'hese earlier computations 
involved a regular polygon of at most 720 sides. In the determination of 
1r, and in comutational mathematics as a whole, al-Kashi was a pioneer. 

Van Ceulen's work is longer than that of al-Kashi and devoted to 
a wider range of subjects. Unlike al-Kashi, van Ceulen also deals with 
the computation of sides of regular polygons in general by means of the 
solution of algebraic equations. Al-Kashi does not discuss this subject 
in his "encompassing letter", although it certainly interested him, for 
in his "Letter on the chord and the sine" Risiila fi 'l-watar wa 'l-jaib he 

16. Van Ceulen 1596 op. cit. 14. 
17. Abu'l-Qasem Qorbani, Zendeginiimeh-ye Riya:;idiiniin-i dawre-ye Islam!, Tehran 
1995, p. 5. 
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-rr can used the series 

7r 1 1 1 1 
- =arctan-= -.(1--+-· · ·) 
6 J3 J3 3.3 5.32 

Soon afterwards, Machin used the more efficient relation 

71" 1 1 1 1 1 1 1 1 
4 = 4arctan 5-arctan 239 = 4.( 4-3.53 + 5.55 ... )-( 239-3.2393 + 5.2395 ... ) 

By these and similar formulas, European mathematicians were able to 
find the first 500 decimals of 1r correctly. Further progress was made 
after the second world war by means of desk calculators and computers. 
Faster algotithms have also been found in recent years. To date, more 
than 200,000 million decimals of 1r are known. These computations have 
little practical value, but are of theoretical interest in connection with 
the statistic distribution of the decimals. 

In the third part of this paper I would like to briefly compare al­
Kashi's "encompassing letter" with the work by Ludolph van Ceulen 
in which he determined 1r to 20 decimals, because of the interesting 
parallels between these two works, Van Ceulen's wrote his work in the 
Dutch language and he called it "Van den Cirkel", meaning "about the 
circle." the work was published in Delft in Holland in 1596. The front 
page (Figure 8) 15 displays a portrait of Van Ceulen and a circle with 
diameter an 1 with 20 zeros. Inside the circumference it is stated that the 
number 3 14159 26535 89793 23846 is shorter (than the circumference) 
and 3 14159 26535 89793 23847 is longer (than the circumference). The 
text under the circle concerns a problem in financial mathematics, which 
is of no interest to us here. 

By transforming the number Cn of Van Ceulen into the sexagesimal 
system, we obtain the number Cn in al-Kashi's computation. The multi­
plication by 60 causes a shift of one position in the sexagesimal system. 
Thus on line 28, van Ceulen's number 1 99999 99999 99999 98478 13027 
08290 02173 7702 corresponds in the sexagesimal system to the number 
1; 59, 59 59 59 59 59 59 59 50 47 52 12 30 48 37 49 54 40 ... , Al-Kashi 
abtains 1 59; 59 59 59 59 59 59 59 50 4 7 52 12 30 48 37 49 54 40 ... at the 
end of his 28th computation. (The conversion of van Ceulen's number 
produces four more sexagesimals which have not been mentioned here.) 

Because van Ceulen carried the computation three steps further (to 
a 3.231 -gon), and because he used 39 decimals, he obtained 1r in 18 deci-

15. Ludolph van Ceulen, Vanden Cirkel [On the Circle], Delft: Jan Andriesz, 1596. 
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Table 2 is a list of mathematicians (not all "world-record holders") 
who approximated 1r in this way, with the polygons they used. In 1593, 
another Dutch mathematician, Adriaan van Roomen, approximated 1r 

in 15 decimals with an inscribed 251 658,240 = 15.224-gon, so he just 
failed to break al-Kash!'s world record. Van Rooman was ofcourse un­
aware of al-Kash!'s work. In some cases we know the result but not the 
computation so it is not possible to say precisely what polygons were 
used. The error in the approximation by polygons can be estimated by 
Taylor series. 13 If 1r is approximated by the average of the circumscribed 
and inscribed regular n-gon, the error is proportional to n-2 • 

If 1r is to be approximated to k decimals by means of this method, 
it can be shown that the computations should be done in at least 2k 
decimals. Ludolph van Ceulen was the last world-record holder who 
used this simple method. To obtain 35 decimals of 1r, he must have 
used a regular polygon with more than 1018 sides, and perform the 
computations in more than 70 decimals (the computations themselves 
are lost). We know that Van Ceulen did the computations with the help 
of a pupil. The computation of 35 decimals of 1r by this method must 
have been too much for one man. 

Further progress was made when it was discovered that the inscribed 
and circumscribed polygons can be used in a more efficient way. For 
example, if 27r is approximated by one-third of the circumference of 
the circumscribed polygon plus two-thirds of the circumference of the 
inscribed polygon, one can show that 14 the error is proportional to n-4 • 

In 1621, the Dutch mathematician Willibrord Snel found a sophisticated 
approximation method with this property. Similar methods were used 
by the Austrian mathematician Grimberger and also by the Japanese 
mathematician Takebe, who unaware of the work that had been done in 
Greece, the Islamic world and Europe. 

The third period in 1r-approximations begins after the discovery of 
the Taylor series for the arctangent of x Europe. By means of this series, 

13. Let p( n ), P( n) be the circumferences of an inscribed and circumscribed regular 
n-gon in a circle with radius 1. Then 
2n sin ~ = p( n) < 211' < P( n) = 2n tan ~ 

Using the Taylor series sin x = x- -ftx3 + bx5 ···and tan x = x- tx3 + fg-x 5 

b · · ,.. "3 " 5 d " " 3 2 " 5 'f If 2 . we o tam n sm ;:;- >:::: 11' - 6 n 2 + 120n 4 an n tan n >:::: 11' + 3;;2 + lsn• 1 n __. oc. 11' 1s 
approximated by tp(n) + tP(n), the error is approximately ~ >:::: ~· 
14. By the same Taylor series as in the previous footnote, ~p(n) + tP(n)- 211' :!:::: 

~--~ 1Qn4 -.. n4 . 
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TABLE 2 

Approximations of 1r by Regular Polygons. 

Date author 

250 BC Archimedes 

150 AD Ptolemy 

230 

450 

Liu Hui 

India 

approximation 

310 < 7r < 31 
71 7 

3 8' 30" = 3.1466 ... 

3.14 

3.1416 

sides of polygon 

96 = 3.24 

360 

96, 192 

lost 

480 Zu Chongzhi 3.14159 26 < 1r < 3.14159 27 lost 

980 

1035 

Buzjani 

Biruni 

lost 

3 8' 30" 17"'=3.1417 ... 

720 

180 

1300 Zhao Youqin 3.14159 26 < 1r < 3.14159 27 16,384 = 214 

1423 

1579 

1593 

1596 

1596 

1596 

1596 

1615 

1621 

1630 

1722 

Kashi 21r in 9 sexagesimals 

Viete 3.14159 26536 

van Roomen 3.14159 26535 897931 

van Ceulen 12 decimals 

16 

18 

20 

van Ceulen 35 

and pupil 

Snel 34 

Grimberger 38 

Takebe 41 

805, 305, 368 = 3.228 

393,216 = 3.217 

251,658,240 = 15.224 

10,485, 760 = 10.220 

1, 073,741,824 = 230 

6, 442,450, 944 = 3.231 

64,424, 509,440 = 15.232 

lost 

230 error rv n - 4 

error rv n- 4 

error rv n- 4 
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TABLE 1 continued) 

Date Author(s) Place Decimal places 

3. Taylor series (arctan x) 

1699 A. Sharp England 71 

1706 Machin England 100 

1719 Fautet de Lagny France 113 

1794 Vege Austria 136 

1795? Anonymous England 152 

1844 Zacharias Dahse Germany 200 

1847 Clausen Germany 248 

1853 Rutherford England 440 

1853 W. Shanks England ( 607 (ca. 527 correct) 

1873 W. Shanks England 707 (527 correct) 

1948 Ferguson & Wrench* England/USA 808 

(* a desk calculator was used) 

4. Automatic computers 

1949 Eniac USA 2035 

1973 Guilloud, Bouyer Paris 106 

1989 Chudnovsky brothers New York 109 

1999 Kanada Japan 2.1011 

Of course, the holders of these "world records" need not have been 
aware of the work of their predecessors. Al-Kashi was unaware of the 
work of Zu Chongzshi, who, in turn, was unaware ofthe work of Ptolemy 
and Archimedes, and Van Ceulen did not know al-Kashi's work. 

The history of 1r-determinations can be divided into four periods. In 
the first period, the Babylonian and Egyptian mathematicians approxi­
mated 1r by intuitive methods. 12 

In the second period, the mathematicians used inscribed and circum­
scribed polygons for the approximation of 1r. 

12. These mathematicians knew the equivalent of the facts that the circumference 
and area of the circle with radius R are 2Jr1 R and 1r2 R 2 , for some constants 1r1 and 
1r2. They may not even have known that 1r1 and 1r2 are the same. This was proved by 
Archimedes, who also expressed the surface area and volume of a sphere in terms of Jr. 
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TABLE 1 

Approximations of 1r: World Records, Decimal Places. 

Date author place approximation decimal places 

(correct) 

1. Primitive methods 

2000 BC Egypt e96 ) 2 ~ 3.1604 1 

2000 BC Babylon 31 
8 1 

2. Inscribed and circumscribed polygons 

250 BC Archimedes S. Italy 3lQ < 7r < 31 71 7 2 

150 AD Ptolemy Egypt 3 8' 30" ( = 3 + _§_ + _22_) 60 3600 3 

450? ? India 27r = ~~~~~ 7r = 3.1416 4 

480 Zu Chongzhi China 3.1415926 < 7r < 3.1415927 7 

1424 Kashi Iran 27r in 9 sexagesimals 16-17 

1596 van Ceulen Holland 20 

1615 van Ceulen Holland 35 

1630 Grim berger Rome 38 

(1722) (Takebe) (Japan) (41) 
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Figure 8. Front page of Ludolf Van Ceulen, Van den Cirkel. 
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Erate BereC'hnun~ 
Sie ersibt die S~bnc dee Dn!td.s d~.e l'mf•r.g~~;, d. i. die- .5.!h:~~ o::!er Eq:tlnzung 

d1.-s s.:chstela (de& Cmf&ogs.l 

C/1 (Jl I $ (11 1il 

Figure 7. IS the transcription of this computation by Luckey. 
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By means of 27 further computations of this type, al-Kashi found 
c3 _22a. He then determined the circumference of the inscribed 3.228-gon 
as 

3.228 X J1202 - c~_ 2 2a 
He then deduced circumference of the circumscribed polygon by an easy 
method. In this way he found upper and lower bounds for the circum­
ference of the circle with radius 60. These correspond to the following 
upper and lower bounds for 271": 

271" < 6;16,59,28,1,34,51,46,14,50,15 

271" > 6;16,59,28,1,34,51,46,14,49,45 

(here 6; 16, 59 ... means 6 + !~ + :~2 • • • ). 

Initially, al- Kashi found 46 as the last sexagesimal of the lower bound, 
but he then estimated the next sexagesimal place in all his computations, 
and then corrected 46 to 45. 

Al-Kashi chose for 271" the average value 6;16,59,28,1,34,51,46,14,50, 
and converted this number into the decimal system of fractions. As we 
have seen above, he indicated only 16 decimals; but following Luckey 
[10, p. 67], there is more to be said: if one uses two decimals more, 
al-Kashi's upper and lower bounds of 271" are equivalent to 

3.14159 26535 89793 230 < 71" < 3.14159 26535 89793 254. 

The rounded average value 7r = 3.14159 26535 89793 24 is correct to 
17 decimals. 

A-Kashi presented some tables for multiples of 271", and he concluded 
his letter by a discussion of the errors in determinations of 7r by the ear­
lier mathematicians al-Buzjani (328/940 - ca. 388/998) and al-Biruni 
(362/972- 440/1048). These mathematicians had found rather inaccu­
rate 71"-approximations as by-product of their study of trigonometrical 
tables; see Table 2 below. 

In order to situate the work of al-Kashi in the context of the world 
history of mathematics, I have compiled a list of "world records" in 
determination of decimal places of 7r (Table 1 ). 
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Figure 6. Figure on fol. 11 of the Meshed manuscript of al-Kashi's letter. 
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In his computation, al-Kashi simplified Archimedes' procedure to a 
remarkabe extent. His basic idea is as follows in modern terms. In a 
circle with radius 60, the side of the inscribed and circumscribed n-gons 
are given by the formulas. 

. 180 180 120 sm -,120 tan-
n n 

Al-Kashi showed that it is easier to first compute, for n = 3, 6, 12, · · ·, 3.228 , 

180 
Cn = 120cos-

n 
These quantities are related by the simple relation 

C2n = )60(120 +en) 

equivalent to the modern formula 
a 

(2cos-) 2 = (2+2cosa) 
2 

Thus al-Kashi computed, in modern notation: 

C3 = 60v'3, c6 = 60V2 + v'3, c12 = 60V2 + V2 + v'3, · · · 
until ca_ 2, •• 

Al-Kashi introduced the series c 3 , c 6 , c 12 · · • in Figure 5, which he 
drew in his own hand. 

Figure 5. Figure on fol. 5 of the Meshed manuscript of al-Kashf's letter. 

Figure 6 displays al-Kashi's computation (in his own hand) of 
vf3.60 2 = 1,43;55,22,58,27,57,56,0,44,25,31,42,1,56,22,42,48,58,57··· 
meaning: = 1.60 + 43 + ~~ + i0

2, • • ·) 
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irrational numbers. Archimedes avoided irrational numbers by means 

of rather complicated estimates such as (in modern terms) 265/153 < 
v'3 < 1351/780. He did not use a decimal or sexagesimal system for 

fractions. 11 

--' 
Figure 4. 

Al-Kashi mentioned Archimedes' approximation but he added that 

Archimedes' result is much too inaccurate for his purpose. Since al- Kashi 

used a positional system for fractions he could continue the computation 

of Archimedes. After the 96-gon (96 = 3.24 ), al-Kashi considered 24 

more polygons, namely the 192-gon, the 384-gon, and so on, ending 

with the 3.228-gon. He worked in a circle with radius 60 units, as was 

usual in the trigonometry of his time. Before beginning the real work, 

al-Kashi showed the following: 

• The circumference of the inscibed and circumscribed 3.228-gon 

of a circle with radius 60 differ by less than 60-8 . 

• The circumferences ofthe inscribed and circumscribed 3.228-gon 

of a circle with radius 600,000 earth radii differ by less than a 

breadth of a hair; 

• If these polygons are used to estimate 1r, the computation has 

to be made in 20 sexagesimals (two integer and 18 fractional). 

11. For Archimedes' method see: 

T.L. Heath, The Works of Archimedes, Cambridge: University Press, 1897, reprint 

ed. New York: Dover, no date. pp. 93-94. 
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a sphere whi<;h was not very thick, and that this "sphere of the fixed 
stars" had a very slow motion with respect to the thin outermost sphere. 
This outermost sphere contained the ecliptic, and it rotated once every 
day around the centre of the universe. By these and similar arguments, 
Ptolemy concluded that the radius of the universe was approximately 
20,000 Earth-ra_dii. 

On the basis of new astronomical observations, the medieval Is­
lamic astronomers changed some of the parameters in Ptolemy's models 
but they computed the radius of the universe along the same lines as 
Ptolemy, with similar results. Al-Kashi assumed in his Sullam al-Samii' 
("Stairway to Heavens") that the radius of the universe equal to 26,328 
earth-radii10 • 

To a modern astronomer, the geocentric models of Ptolemy and the 
medieval Islamic astronomers may appear primitive. However, these 
models enabled the astronomers to predict almost all astronomical phe­
nomena with an accuracy sufficient to the naked eye. 

In his computation of 11", al-Kashi wanted to be on the safe side. He 
required that in a circle with radius equal to R = 600, 000 earth-radii, 
the inaccuracy in 211" R should be less than the breath of a hair. Then 
the inaccuracy will be much less than the breath of a hair for all circles 
which can exist in the physical universe. 

For the approximation of 11", al-Kashi used a method introduced· by 
Archimedes, which is as follows in modern notation (Figure 4). Consider 
a circle with an inscribed and circumscribed hexagon. Then the circum­
ference of the circle is greater than the circumference of the inscribed 
hexagon and less than the circumference of the circumscribed hexagon. 
If the diameter of the circle is 1, the side of the inscribed hexagon is t, 
so its circumference is 3, the circumference of the circle is 11", and one can 
show that the circumference of the circumscribed hexagon is 2J3. Thus 
we obtain 3 < 11" < 2J3 = 3.46... . Archimedes also showed that if one 
has computed lower and uppper bounds of the side of an inscribed and 
circumscribed n-gon, it is possible to compute lower and upper bounds 
of the sides of inscribed and circumscribed 2n-gon. Thus he computed 
lower and upper bounds of the sides of the inscribed and circumscribed 
12, 24, 48, and 96-gons, and finally he obtained from the 96-gons the 
estimate 3~~ < 11" < 3t. 

The exact algebraic expressions of the sides of these polygons involve 

10. M. Bagheri, A Newly Found Letter of al-Kii.shi on Scientific Life in Samarkand, 
Historia Mathematica 24 (1997), 241-256. 
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Alexandria (150 AD)9 see (Figure 3). Ptolemy believed that the earth is 

at the centre of the universe, and that it is surrounded by the concentric 

spheres ofthe moon, Mercury, Venus, the sun, Mars, Jupiter and Saturn, 

and the fixed stars. The distance from the earth to the moon and the 

sun could be determined by lunar parallax and by the apparent sizes of 

the moon, the sun, and the earth shadow during a lunar eclips. These 

methods are essentially correct but not very accurate. Thus a relatively 

small error in the measurement of the earth shadow produced a distance 

between the earth and the sun which is only 1/20-th of the correct value. 

Figure 3.The Ptolemaic universe. 

Many Greek philosophers assumed that useless space does not exist, 

and they concluded that the maximal distance between the earth and 

the sun was equal to the minimal distance between the earth and Mars. 

The Ptolemaic models for the motions of the planets produce essentially 

correct values of the ratios between the maximal and minimal distances 

from the earth to any planet (but not the values of the distances them­

selves). However, from the supposed minimal distance of Mars, and the 

ratio between its minimal and maximal distance, Ptolemy could now 

find the maximal distance of Mars, which he supposed to be equal to 

the minimal distance of Jupiter, and so on. Finally, the maximal dis­

tance of Saturn was supposed to be equal to the minimal distance of 

the fixed stars. Ptolemy believed that all fixed stars were attached to 

9. Olaf Pedersen, A Survey of the Almagest. Odense: Odense University Press, 1974. 
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Figure 2. Table of multiples of 21r in decimal notation on fol. 46 of the Meshed 
manuscript of al-Kashl's letter. 

The decimal system for fractions was not very wide-spread in the time 
of al-Kashi. Like most of the astronomers of his time, al-Kashi made 
his computations in the sexagesimal system, which had been invented 
by the ancient Babylonian mathematicians. Al-Kashi probably believed 
that the numerical value of 1r could not be determined exactly. The 
fact that 7r is an irrational number was proved in 1766 by the Swiss 
mathematician Lambert8 . · 

Because 1r is not known exactly, there is always a small inaccuracy 
in the computation of the circumference of a circle with given radius. In 
his "encompassing letter," al-Kashi wanted to compute 1r with such an 
accuracy that in a circle with radius equal to the radius of the universe, 
the maximal error in the circumference is less than the breath of one 
hair. Al-Kashi was an adherent of the cosmological theory of Ptolemy of 

8. J. Lennart Berggren, J. Borwein, P. Borwein, Pi: A Source Book, New York: 
Springer Verlag, 1997, 2nd edition 2000. pp, 141-6 
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Al-Kashi's work was to some extent known in Iran in the first two cen­

turies after his death. The Meshed manuscript of his letter was once in 

the possession of the Iranian mathematician Baha' al-Din a!-" Amili.2 In 

1925, al-Kashi's work on 1r was mentioned for the first time in the West­

ern world by D.E. Smith. Smith based himself on information provided 

by the Turkish scholar Salih Mourad, who had studied the manuscript of 

al-Kashi's letter in IstanbuP. The German historian Paul Luckey then 

prepared a German translation with commentary, which were published 

posthumously in 1953 together with an edition of the Arabic text (based 

only on the Istanbul manuscript )4 A Russian translation by Professor 

B.A. Rosenfeld was published three years later5 , and there is a detailed 

summary of Al-Kashi's letter in Persian by Professor Qurbanf>. Com­

plete Persian and English translations of al-Kashi's letter have not yet 

appeared. It would be a worth-while project to publish a critical edition 

of the Arabic text, based on all manuscripts, together with a facsimile 

of the manuscript in the Holy Shrine Library in Meshed. Manuscripts 

of mathematical texts written in the hand of the author are very rare. 

Because al-Kashi's text is not yet available in English, confusing 

statements are often made in the Western literature. In a recent survey 

of 1r-determinations7 , it is stated that al-Kashi determined 1r to 14 dec­

imals. It is easy to refute this statement by means of the manuscript of 

the "encompasssing letter" in al-Kashi's own hand. Al-Kashi presents 

a table entitled "table of the multiples of the ratio of the circumfer­

ence to the diameter (of the circle)" (Figure 2), in which he lists the 

2. A.H. 953-1031/A.D. 1547-1622; see 
Abu'l-Qasem Qorbani, Kashani-Nameh, Tehran: Entesharat-e Daneshgah-e Tehran, 

A.H. solar 1350 (A.D. 1971). P. 160. 

3. D.E. Smith, History of Mathematics, 2 vols., 1923-1025, Reprint ed.: New York: 

Dover, 1958, Vol. 2, pp. 240, 242. 

4. Paul Luckey, Der Lehrbrifiiber den I<reisumfang {ar-risiila al-mu~itiya) von Gamsid 

b. Masciid al-Kasi, iibersetzt und erlautert von P. Lucley, herausgegeben von A. Siggel 

[The Treatise on the Circumference of the Circle by ... al-Kii.SI, translation and com­

mentary by P. Luckey, (Arabic text) edited by A. Siggel], Berlin 1953: Abhandlungen 

der deutschen Akademie der Wissenschaften zu Berlin, Klasse fiir Mathematik mid 

allgemeine Naturwissenschaften, Jahragang 1950 no. 6. 

5. Dzhemshid Giyaseddin al-Kashi, Klyuch Arifmetiki, Traktat ob Okruzhnosti [Key 

to Arithmetics, Treatise on the Circumference], Per. B.A. Rozelfeld, comm. A.P. 

Yuschkevitch, B.A. Rozenfeld, Moskva: Gosudarstvennoe Izdatelstvo, 1956. 

6. See Qorbani 1350, op, cit. 

7. David H: Bailey, Jonathan M. Borwein, Peter B. Borwein, Simon Plouffle, The 

Quest for Pi, 'Mathematical Intelligencer 19 (1997), no. 1, 50-57. 
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holy year 827" (corresponding to the end of July 1424).Thus he must 
have written this manuscript when he was already in Samarkand at the 
court of Ulugh Begh. This manuscript may be one of many copies which 
Al-Kashi wrote in his own hand, and since al-Risiila al-mu~itiyya does 
not contain a dedication, the first copy may have been written at an 
earlier date. 

Figure l.fol. 56 of the Meshed manuscript of al-Kiishr's letter. 
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Al-Kashi's determination of 1r in 

16 decimals and its place in the 

history of mathematics 
Jan P. Hogendijk 

Mathematics Department, Utrecht 

University, Netherlands 

This paper has been written in the World Mathematics Year 2000 
on the occasion of a conference on the mathematical work of Jamshid 
Ghiyath al-Din al-Kashi (ca. 1380-1429) in Kashan (Iran), the city 
where al-Kashi was born. The paper begins with a summary of Al­
Kashi's work on 1r, which is one of the highlights of the medieval Islamic 
mathematical tradition. In the second part of the paper, I discuss al­
Kashi's position in the world history of 11"-determinations. Finally, I will 
briefly compare al-Kashi's work on 1r with the closely related work by 
Ludol(van Ceulen who lived in Holland 150years after al-Kashi. 

Since the details of al-Kashi's life will be known to most readers 
of this paper, there is no need to discuss them here. 1 Al-Kashi pub­
lished his computation of 1r in a treatise in Arabic entitled al-Risiila 
al-mu~ztiyya, "the encompassing letter." Eight manuscripts of this let­
ter are known to exist to date. Manuscript no. 5389 in the Holy Shrine 
Library in Meshed is special because al-Kashi wrote it in his own hand. 
On the last page he writes (Figure 1 ): "This has been written by the 
most unsignificant servant of God, Most High, Jamshid ibn Mascud ibn 
Ma}_l.mud ibn Mul}.ammad, the Physician, al-Kashani, called Ghiyath, 
may God support him, in the middle of the great month Shacba.n of the 

1. On al-Kashi's life see e.g. 
* M. Bagheri, Az Samarqand beh Kiishiin: Niimehii-ye Ghiyiith al-Dfn Jamshfd 
Kiishiinf beh pedaresh, Tehran: Scientific and Cultural Publication Co. i996. 
* A.P. Youschkevitch, B.A. Rosenfeld, article: Al-Kashi, in: C. G. Gillispie, ed., 
Dictionary of Scientific Biography, val. 7: New York, Scribner's Sons, 1973, pp. 
255-26662. 

Ayene-ye Miras, vol.5, no.4 (no.20), pp. 75-96 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 

I 
I 

I 

I 
I 
I 
I 



Al-Kashi's Method to Calculate ... 73 

Translation and Commentary Matematitcheskije Traktaty, Istoriko­

Matematitcheskije Issledovaniya 7, pp. 13-32. 

Swan, Simone, 1999: «Elegant SolutionS)), Aramco World 50,4, pp. 

16-27. 
Video: "Qubba for al-Kashr' (16 min.), Yvonne Dold-Samplonius, 

Technics: Christoph Kindel & Kurt Saetzler, IWR, Heidelberg 

1995/6. Distributed by AMS 1997. 
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for projected buildings and supply preliminary drawings for various op­
tions. Likewise in medieval Italy it was a general practice to pay the 
artisans according to the surface area they had completed. It is also 
useful to know in advance, more or less, how much material is needed 
like gold for gilding, bricks for construction or paint. Al-Kashi's sophis­
ticated formulas were, like the simple formulas found in the manuals of 
arithmetic, useful for everyday life. This was al-Kashi's objective, as he 
writes in the introduction to the Key of Arithmetic: "I redacted this 
book and collected in it all that is needed for the one, who calculates 
carefully" and he adds "avoiding tedious lenght and annoying brevity". 
I hope that I succeeded in the same way. 
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of the room is certainly known. We can therefore calculate the inside 
and outside vaulted surfaces, as well as the surface of the fac;ade. When 
we multiply the surface of the fac;ade by the depth of the vault, then we 
obtain the volume of the vault. 

Maybe this kind of vault has also been used in early Islamic build­
ings, like the Tarikhaneh mosque at Damghan, Semnan province, a town 
founded by the Sasanides. The arcs of this mosque are described as be­
ing egg-shaped and only very slightly pointed 11 • However, this mosque 
dating from about 760, is heavily restored. A through analysis in situ 
could give us more information. 

Conclusion 
The section on calculating arches ends in al-Kashi's Key of Arithmetic 
with the following remark "I have talked a lot about the subject of 
this section, as this section is very important, and my predecessors did 
not treat it as they should have done". Al-Kashi's ready-made tables 
simplified the process of calculation for the overseer of construction, who 
often prepared cost estimates for projected buildings and assessed their 
value upon completion. For the calculation of arches, the factors contain 
decimal fractions to the third position; this is largely sufficient for all 
practical purposes. 

In seventeenth-century Safavid Iran architects were paid a percentage 
on each building based on the cubit measure of the height and thickness 
of the walls 12 

The Persians determine the price for masons on the basis of the 
height and thickness of walls, which they measure by the cubit, 
like cloth. The king imposes no tax on the sale of buildings, but 
the Master Architect, that is Chief of Masons, takes two percent 
of inheritance allotments and sales. This officer also has a right 
to five percent on all edifices commissioned by the king. These 
are appraised when they are completed and the Master Archi­
tect, who has directed the construction, receives as his right and 
salary as much as five percent of the construction cost of each 
edifice. 

Payment per cubit was also common in Ottoman architectural prac­
tice where a team of architects and surveyors had to make cost estimates 

11. Rashad [1998] pp. 353/354. 
12. Necipoglu [1995] pp. 44, 159. 



70 Ayene-ye Miras, ... 

see Bulatow's analysis of the dome of the Gur-i Amir suggesting that the 
dome of the Gur-i Amir was probably designed by using a pair of foci 
and a string. However, this dome could also have been originated by the 
fourth kind of fa<;ade, a two-centered arch with the two centers one third 
ofthe span apart: With the line AD as the span and the points B and 
Z dividing the span in three equal parts we obtain the circle segments 
just inside the curve drawn by Bulat ow. 

The difference between the two curves lies within the error range 
accepted by modern architects. The ellipse may be easier to construct 
but circular segments are easier to calculate. For calculating elliptical 
domes and arches we may also apply al-Kashi's factors. 

The catenary, or Nubian, vault is a simple adobe vault, constructed 
without using wooden forms. This king of vaulting has been used for 
millennia in Upper Egypt to build ordinary houses, tombs and even royal 
buildings, such as the granaries of the first-century BC Ramesseum, one 
of the great monuments of Thebes. This vault was still in use ln Nubia 
until 19709 • The technique is very simple10 : 

Build the front and back walls of the room to be vaulted 60 per­
cent higher than the side walls. From the inside top edge of each 
side wall, hang across the width of the room a chain whose length 
is 1.67 times the width to be vaulted. The chain's arc is by defi­
nition a catenary curve. Trace this curve onto a wooden or card­
board template, and cut the template along that line. Invert the 
template and set it against either the front or back wall, with 
the template's base points at the inside top corners of the ends 
of the side walls. Use mud mortar to trace the template's form 
onto the wall: This will be the shape of the vault. Do the same 
on the opposite wall. Set up leveling strings between the two 
tracings ... 

Here we have the interesting case that the curve of the catenary 
vaulting is not a simple curve. However, calculation of the vaulting is 
simple and no tables are needed. The' width of the room is known and 
therefore also the inside curve of the vaulting, measuring 1.67 times the 
width of the room. The size of the adobe bricks is known, hence the 
width of the vaulting, and thus the outside curve are known. The depth 

9. With the completion of the Aswan High Dam in 1970, the Nile ceased its annual 
flood-borne regeneration of Nile Valley topsoil and, to conserve it, the government of 
Egypt banned the manufacture of mud bricks. 
10. Swan [1999] p. 24. 
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Al-Kashi does not mention an elliptical profile either for arches or 
for domes. There are a number of domes for which the profile may be 
interpreted as the intersection of symmetrical elliptical arcs. An ellipse 
has two axes, the long axis and the short axis. In the arch the long axis 
lies along the spring line, but is not of the identical length. The span 
of the arch is frequently half the length of the long axis. In some cases, 
half the long axis is slightly less than the span. The short axis must be 
a little higher than the apex of the arch. The ratio of the short and long 
axes determines the shape of the curve of the ellipse. 

Bulatow8 has analyzed arches from the twelfth to fifteenth centuries 
in Central Asia and he suggests that some pointed arches were con­
structed as intersections of ellipses. For he notes that for spans exceed­
ing 10 m. these were easier to construct than four-centered arches. The 
architects were, in addition, familiar with the stability of the ellipse, be­
cause its construction was known from Sassanian examples. According 
to his analysis, this kind of arch is found in some of the most important 
Timurid buildings of the period, such as the Gur-i Amir in Samarkand, 
the mausoleum of Tamerlane and Ulugh Beg, namely in its dome, inte­
rior niches, arches in zones of transition, and entrance portal. The same 
arches have elsewhere been identified as three- and four-centered arches 
and can be considered as such for all practical purposes. In figure 3 we 

Figure 3. Dome of the Gur-i Amir (Bulatow's analysis with additions) 

8. Bulatow [1978). 
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Figure 2. Arches found in shrine at Turkestan (Golombek and Wilber) 
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When we multiply half the diameter of tthe second section by the arc 

TG, which is equal to 0;51,54,53, then we obtain twice the area of sector 

THG, which is equal to 2;5,19,59. 
When we multiply the perpendicular from the summit H of triangle 

HET, 1;0,0,0, by the base of the triangle, 1;11,50,32, then we obtain 

twice the area of tthe triangle, namely 1;11,50,32. 
We subtract this amount from twice the area of sector THG. The re­

mainder is twice the area TEG, [2;5,19,59-1;11,50,32=]0;53,29,27. 

When we add this result to twice sector GED, then we obtain the surface 

area of the opening, [0;53,29,27 + 0;47,7,26=]1;40,36,53. 
When we consider the square of the span as unit measure, we divede by 

22 and obtain 0;25,9,13. We write this number down in the fifth column. 

When we multiply the square of the span of the arch with this number, 

then we obtain the surface area of the opening. 

Explanation (figure 1): 
Twic segment GED plus twic segment THG minus twic area triangle 

HET equals twic segment DGTE, the opening of the arch. 

Accuracy 

In the above section I have tried to show how carefully al-Kashi has 

calculated the factors for a fac;ade of type 2. The same holds for the other 

four types. In the section on calculation we have already seen that al­

Kashi works rounded values, as his book is for practical use. The types of 

arches are, however, more vaired than those five given by al-Kashi (figure 

2). When arches other than the five models explained by al-Kashi are 

involved, approximation is again required; one takes the model closest 

to the arch to be calculated. Golombek and Wilber7 have considered 

existing examples of Timurid arches in the order outlined by al-Kashi. 

Examples have been recorded for all but the fifth model, which was, 

however, certainly common in small windows. In comparing the models 

described by al-kashi with actual examples of Timurid arches, we have 

to bear in mind that al- Kashi's purpose was to calculate volumes and 

surfaces, not to construct them. This means that an easy calculation, 

which leads us to an elegant approximation, is the ultimate goal. 

7. Golombek [1988] p. 153-157. 
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Explanation (figure 1): 
When we assume the width of the arc equal to "one", then the difference 
between the arc ML and the arc GD with the same angle GED, equals 
{(r+1)-r}x angleGEDdivided by360°. 
In the same way we calculate the difference between arc OLand arc GT. 
ON is the tangent of angle NTO, which we have calculated above. 

Column 3: 
We multiply line HT, which is 2;24,51,10, by the sine of angle EHT and 
divide the product by the sine of angle HEN, which is 0;42,25,35,45 ; the 
qoutient is line ET equal to 1;11,50,32. We take half of this, 0;35,55,16, 
as the span is assumed 2. 
When we multiply the span of the arch by this amount, then we obtain 
the lower height of the curvature. We put this number down in the 
third column. 

Explanation (figure 1): 
The sine theorem gives the relation sin L.EHT: ET = sin L.H EN: HT. 

Column 4: 
We now divide "one" by the cosine of the angle of the almond, namely 
0;54,36,39; the quotient is the width of the curvature, namely 1;5,55,126 • 

This amount is written in the fourth column. When we multiply the 
span of the arch with this numberr, then we obtain the width of the 
curvature, line NT. 

Explanation (figure 1): 
The width of the arc, line OT, is equal to "one"; cos L.NTO = ~~. 

Now we multiply half the diameter of the first section of the curvature by 
the arc GD to obtain twice the area of sector GED, namely 0;47,7,266. 

5. Ms. 0;42,35,25,4. 
6. Ms. 1;5,55,12. 
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0;51,54,53. 
When we add arc GT to arc GD, then we obtain the arc TGD, equal to 

1;39,2,19. 
This is valid for one half of the span. We enter this amount in the 

first column. When we multiply this amount by half of the span, then 

we obtain half the line of concavity, or inside curve ( u2); when we multi­

ply this amount by the span, then we obtain the whole line of concavity. 

Explanation ( figrue 1): 
Assume r=1, 

Arc GD = ~ • 27l' 

The sine theorem gives the relation sin LH ET : HT = sin LHT E : HE; 

sin LH ET is known, EH equals y2, HT equals 1 + J2, hence sin LHT E 

is known. 
Thus LHT E is known and we obtain LT HE. In a circle with r equal 

to HT (1 + J2), 
arc GT is known, and the sum of arc GD and arc GT, i.e. arc DT is 

known. 

Column 2: 
We assume the width of the arch, MD, to be "one". 

When we multiply this amount by 6;16,59,28 [21!' J and take one eighth, 

then we obtain 0;47,7,26, being arc ML minus arc DG. 

The angle of the second section is 20;31,49, hence arc OL minus arc TG 

equals 0;21,29,57. 
The angle NTO of the almond is 24;28,11, thus its side, ON, is 0;27,18,19. 

We add these three amounts and obtain [0;47,7,26 + 0;21,29,57 + 0;27,18, 

19= 1;35,55,42]. 
When we multiply the width of the arch by this amount, then we obtain 

the difference between half the vaulting line, the outside curve u1 , and 

half the line of concavity, the inside curve u2 , i.e. u1 ;u,; when we double 

this, then we obtain the difference between the whole vaulting line and 

the whole line of concavity. We write this number in the second column. 
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When we subtract this amount from the total surface area of the arch, 
then we obtain the surface area of the visible part of the arch. 

It might be necessary to calculate the spandrels, section NQt and 
section JFN: In this case we calculate the area AFQD and subtract 
from this amount the area of the visible part of the arch, calculated 
above, and the area of the opening of the arch, area ABTGDE, found 
by means of the fifth column. The difference gives the surface area of 
the spandrels. When we multiply this amount with the depth of the 
spandrels, we obtain the volume of the two spandrels. In surveying 
buildings it is better to measure the wall first. 

When we want to know the inside and outside areas of the arch, i.e. 
the vaulted surfaces, then we multiply the depth of the arch by the inside 
curve, u2 , to obtain the area of its inside surface; when we multiply the 
depth with the outside curve, u11 then we obtain the area of its outside 
surface. 

Determination of the Factors 
The calculation by means of the table is followed by a detailed account 
of how the factors were determined. As in the above section, I shall 
again use the second fac;ade to explain al-Kashi's method (figure 1): 

Column 1: 
We assume the span of the arch, AD, to be equal to 2, 
Multiplying this amount by the relation between circumference to diam­
eter, 1r, we obtain 6;16,59,28. 
taking one eighth of this amount gives 0;4 7, 7 ,26,this is the line of con­
cavity of the first two sections, i.e. one of the first two arcs AB, DG. 
The angle RET is 135°, its sine is 0;42,25,35,4. 
We multiply this amount by the line HE, i.e. by 1;24,51,10 and divide 
the product by the line HT, half the diameter of the second section, i.e. 
2;24,51,10. 
The quotient is the sine of angle HTE 0;24,51,10. 
Thus angle HTE, or the angle of the almond, is 24,28,11. 
We subtract this from the supplement of the first angle, the remaining 
angle THG equals 20;31,49. 
In a circle with half the diameter equal to 2;24,51,10 arc GT equals 
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column 2: Multiplying this factor with the width al-Kashi obtains half 
the difference between the outside and the inside curve. Adding this 
amount to the inside curve, found by means of column 1, he obtains half 
the sum of the outside and inside curve. Multiplying this quantity with 
the width of the arch he obtains the surface area (A) of the fac;ade: 

ul- u2 
1.599 X b = 2 ; 

In our practical example: u,;u 2 = IJNtM; u 2 = ABTGD 

u1 - u2 u1- u2 
2 = 1.599 X 5 >::::i 8; 2 + u 2 = 8 + 33 = 41; A = 41 X 5 

column 3: Inner height of the arch: ET = AD x 0.598 = 20 x 0.598 = 
11.96 >::::i 12. 
column 4: Upper width of the arch: TN = Al x 1.099 = 5 x 1.099 = 
5.495 >::::i 5.5. 
column 5: To obtain the surface area of the opening, ABTGDE, al-Kashi 
multiplies the square ofthe span by 5 and divides by 12. This calculation 
is equivalent to multiplying with the value found in the table, 0.419, or 
0;25,9,l3>::::i 5/12. 

With these values we can now calculate many different parts of the arch: 
To calculate the volume of the arch we proceed in the usual way: 

After the surface area of the arch has been found, by means of the 
second column of the table, we multiply this number with the depth of 
the arch and obtain its volume. 

Sometimes the arch disappears partly inside a wall and we want to 
know how much is visible and how extensive the segments inside the wall 
are, namely section DtM and section AJl: These segments are calculated 
by taking the difference of the circle segment MtE and the trianlge tDE, 
which can be found from MD and ED: 

ED ED 
EM= Et = cosi..tEM, EM= MD+ ED, 

tM = arccosi..tEM::? arctM, arctM X ME= 2MtE, 

sin i..tEM = ;~ ::? sin i..tEM x tE x DE= 2!:l.tDE, 

2MtE- 2!:l.DE = 2tDM 



62 Ayene-ye Miras, ... 

Table to calculate arches and their parts (taken from the oldest extant Ms.) 
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later4 . 

One can also describe the arcs BT, TG, KS, and OL around two other 

points on the lines EZ and EH, which lie either inside or outside the lower 

semicircle. But it is better to do, as we indicated before [otherwise the 

calculation becomes more complicated]. 

We call ABTGD the concavity of the arch, and the masons call it the 

opening. When we construct at point N to both sides the perpendiculars 

on NTE equal to AE, i.e. NF and NQ, and connect AF and DQ, they 

will intersect the curvature ofthe arch in the points J and t. The surfaces 

JFN and NQt are the spandrels of the arch; AJI and DtM are the parts 

of the arch, which are situated inside the wall; line TE is the lower height 

of the curvature, and line EN is the upper height of the curvature. 

We have seen with our own eyes that in some buildings BT and TG 

are straight lines, likewise KN and NL''. 

Calculation of Arches 

After al-Kashi has explained and carried out all five methods for con­

structing the fa~ade of an arch and has completed the characterization 

of the arch and the vault, he continues by surveying them. He explains 

that he has calculated factors relating some measurements of an arch 

to its span and to its width. He has put these factors down in a table 

together with an explanation of the method. These factors have also 

been transformed into Indian numerals and been added to the table. He 

then gives an example of how to calculate with these factors. According 

to al-Kashi, the second fa~ade was the most common in his time; he 

therefore uses it to demonstrate his calculation method. 

Example, How to use the table: 

Al-Kashi assumes (figure 1) the span AD of the second fa~ade tobe 

equal to 20 and the width DM of the arch to be equal to 5. I call the · 

outside curve, u1 , the line of convexity and the inside curve, u2 , the line 

of concavity, b is the width of the arch at its base. Al-Kashi does not 

render the calculations but gives only the rounded results. I now list the 

approximations given by al-Kashi: 
column 1: With this factor al-Kashi calculates the inside curve; u2 : 

ABTGD = 1.651 x AD = 1.651 x 20 = 33.02 ~ 33 

4. This facilitates the calculation. 
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and on center Z the arc BT; 
connect HT and ZT and extend them by the width of the arch to 
the points 0 ans S; 
draw arc LO on center H and arc KS on center Z; 
erect the perpendiculars SN and ON on the lines TS and TO. 

Figure 1. Construction of the second fa~ade in a ms. of al-Kashi's treatise; taken 
from the oldest extant Ms. with Roman letters added. 

The sections AK, KT, TN, TL, and LD form together the fa~ade of 
the arch with TN as the keystone. 

Al-Kashi added the following observations to the construction of the 
first fa~ade, they are valid for the second fa~ade as well: 

"We made SN and ON straight, not curved, which we will explain 
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not larger than its span, but in the case of the vault it is larger than it. 
What we call in the arch its depth is called in the vault its length". 

There are five methods to draw the fac;ade of an arch2 • In the first 
three methods the arch consists of five elements, twice two cylindrical 
segments and a keystone (figure 1 ). This is neither the case for an arch of 
method IV, consisting of only two cylindrical segments and the keystone, 
nor of method V, a simple arch generated by two cylindrical segments 
only. 

The first kind of fac;ade is suitable in as much as the span is less than 
five cubits3 • 

The second kind of fac;ade is convenient, when you need a span of 
five to ten, or up to fifteen cubits. 

The third kind of fac;ade is well suitable for larger arches, of which 
the span amounts to more than ten cubits. 

There are no dirctions when the fourth and fifth kind of fac;ade are 
the most convenient. All fac;ades generate a qubba by turning the fac;ade 
around its axis. Al-Kashi uses the dome, generated by the fourth king 
of fac;ade, to demonstrate the calculation of the surface area and the 
volume of a qubba. 

All five methods given by al- Kashi use only ruler and compass. I 
shall explain one example, namely the second method, for drawing the 
fac;ade of an arch. 

Second fac;;ade 
Construction of the second fac;ade (figure 1): 

Draw a semicircle on diameter AD, the span of the arch; 
extend AD at both sides by the width of the arch to the points I 
and M. 
E is the center of the semicircle; 
divide this semicircle into four equal parts through the points A, 
B, C, G, D; 
extend BE and GE by EZ and HE, equal to AC, and by BK and 
GL, equal to DM, the width of the arch; 
on center E draw the arcs ML and KL, on center H the arc GT, 

2. All five constructions are performed in the video "Qubba for al-Kashi". 
3. A cubit is the length of a forearm. The variety known as the common cubit contains 
about 54.0 em, the great Hashim! cubitt about 66.5 em, and small Hashim! about 
60.1 em. 
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consider the calculation of arches and vaults. As already seen in the cal­
culation of the qubba and the muqarnas al-kashi applies here again very 
intelligent approximations. The section contains a table with factors for 
the calculation of arches, followed by their detailed determination. This 
paper presents an analysis of how al-Kashi developed thes factors and 
of their exactness. 

Arc-itecture, it all begins with an arch 
Al- Kashi writes in the beginning of the section on calculating arches and 
vaults: "The predecessors determined those (i.e. arch and vault) as half 
a circular hollow cylinder, but we did not see anything like it, either 
in old or in new buildings. We have mostly seen ones that are pointed 
in the middle, and in a few cases they are smaller than half a hollow 
cylinder". According to Golombek1 this observation is not correct, for 
tunnel vaults and semicircular arches exist in Timurid buildings, but the 
predominant form is the pointed arch, the most common profile of which 
tends towards the ellipse .. 

Al-Kashi explains the arch (figure 1) as follows: "You have to know 
that the arch, which we call a real arch, is a cover, which rests on two 
supports, both on one surface between two parallel lines. The arch looks 
as if it consists of five sections: Two of them are parts of either one cylin­
der, or one ring, or one drum, with the diameter of the cavity smaller 
than [or equal to] the span, i.e. the distance between the supports of 
the arch. They are resting on the supports, one at the right and the 
other at the left. Two other sections are parts of a cylinder, or ring, or 
drum, with the diameter of its cavity larger than the diameter of the 
cavity of the first cylinder and its width equal to the width of the first 
two sections, exactly the same. These are constructed on top of the 
first two sections and are connected by the line, which is the curvature 
of the arch. The axes of the two sections on the right lie in one plane 
and likewise for the left ones in another plane. The solitary section is 
bounded by two equal and parallel almonds and four straight planes. 
The total of all sedans is a body, which is bounded by two straight and 
parallel planes, which are its fa~ades, and by two curved surfaces, one 
of which is convex (litt. vaulted) and the other concave (litt. hollow). 
The distance between the fa~ades is called the depth of the arch. The 
difference between an arch and a vault is, that the dept of and arch is 

1. Golombek (1988] p. 152. 
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The great Persian astronomer and mathematician al- Kashi devoted the 
fourth book of his work key of Arithmetic [Mifta.l_l al-.l_lisab J to measuring 
geometrical objects. The book starts with the triangle and what is 
connected with it, continues after plane figure with the calculation of 
three-dimensional figures to end with chapter nine Measuring Structures 
and Buildings. According to al-Kashi's remark at the beginning of this 
chapter, the main aim is practical as is the whole Key of Arithmetic. 
He writes: "The specialists merely spoke about measuring the arch and 
the vault and did not think that anything further was necessary. But 
I present this application among the necessities together with the rest, 
because it is more often required in measuring buildings than in the 
rest." The chapter is subdivided into three sections: 

(1) Measuring the Arch and the Vault. 
(2) Measuring the Qubba. 
(3) Measuring the Muqarnas. 
Together with the common solids discussed earlier in Book IV, these 

three categories cover all of Islamic architecture. In this paper I shall 

Ayene-ye Miras, vol.5, no.4 (no.20), pp. 57-73 
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the ith approach to this solution is 

a+4x~ 
Xi --:-3----"-

The first approch of al-Kashi coincides with linear interpolation used by 
ptolemy. 

Al-Kashi like ptolemy in his calculations considered chords. 
Therefore the title of al-Kashi's work was "Treatise on chord and 

sine". The method of the author of the Arabic treatise was based on 
calculations with sines. 

The Arabic treatise and the mathematical parts of the commentaries 
by Mirim Chelebi and al-Birjandi on "Zij-i Ulugh Beg" besides exposi­
tions ohletermining the chord of 2° or the sine of 1° contain also ptolemy 
theorem, other geometric theorems and algebraic definitions necessary 
for obtaining the equation (2). · 

The value of sin 1° according to the persian treatise of al-Rumi is 

The value of sin 1 according to the Arabic treatise is 

Note that al-Kashi in his "Treatise on circumference" (Risala al-mul,litiyya) 
found the chord 2° by an other method [1, p. 308]. 

The valu of sin 1° equal to the half of this chord is 
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and many other historians of science attribute this treatise to al-Rum1. 
The treatise was written after al-Kash1 's death since here his name is 
accompanied by words "may Allah be merciful to him". both Ulugh Beg 
and al- Rum1 could call al-kash1"my dearest brother". 

The title of al-kashl's "Treatise on Chord and Sine" is explained by 
the following connection between chords and sines: the chord of the arc 
2a is equal to 2R sin a where R is the radius of a trigonometric circle. 

The spherical trigonometry was applied to the astronomy first by 
ptolemy in his "Almagest". Ptolemy instead sines used chords and gave 
chord table with 3 sexagesimal digits for arc increments of a half degree19 

[14, pp. 57-60]. 
ptolemy knew the rule equivalent to the formual 

sin( a+ (3) = sin a cos f3 +cos a sin f3 (1) 

- this rule was expressed by famous Ptolemy theorem-and the rules 
equivalent to the formulas for sines of difference of two arcs and for 
half of an arc. from euclid's "Elements" he knew the chords of 72° and 
60° and therefore he knew chords of 12°, 6° and 3°. 

ptolemy determined the chord of one third of an arc with known 
chord by linear interpolation. his values of chords of 30' and 1° 30' are 
OP31'25" and lP34'15" = 3(0P31'25") respectively. 

The formula (1) for f3 =a gives sin 2a = 2 sin a cos a and for f3 = 2a 
gives sin3a = sina(cos2 a-sin 2 a)+2sinacos2 a = sina(1-2sin2 a)+ 
2 sin a( 1 - sin 2 a), that is 

sin 3a = 3 sin a- 4 sin3 a 

The formula (2) can be regarded as the cubic equation 

a= 3x- 4x3 

(2) 

(3) 

for the determining x = sin a if the magnitude a = sin 4a is known. The 
method proposed by al-Kash1 for solving the equation (3) was called by 
him "introduction of a cube imo the division". it is the iterative method. 
since x is very small the first approach to the solution of the equation 
(3) is x 1 = ~- The second approach to this solution is 

a+ 4x7 
x2 3 

19. Ptolemy's Almagest (English translation by G.J. Toomer). New York -Berlin­
Heidelberg-Tokyo: Springer-Verlag, 1984. 
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n° 458. "Since the approximate method of determining the sine of one 
degree has became known, 1 also want to give the proof of a way of this 
determination. There are two ways of determining it: 14 one, which the 
sultan of geometers ghiyath al- Din J amshTd al-KashT found, and another, 
which explanation was indicated in the work of the Holy Sultan-Martyr 
Ulugh Beg, let there be light on his grave" ( Chun tarTqa-yi istikhraj-i 
jayb-i yak daraja bi-taqrib ma'lum shud, tarTq-i istikhraj-i an burhan nTz 
irad konam. Wa an di.i tarTq ast. yakT an ke Sultan muhandisTn Ghiyath 
al-Din JamshTd al-KashT istikhraj karda, wa digar an ke az ma~anif-i 
Sultan Sa'Td ShahTd Ulugh Beg, ni.ir marqaduhi, bayan farmi.ida). 

The complete russian translation of the mathematical part of al­
Birjandi's commentary of"Zij-i Ulugh Beg"was published by A.Ahmedov15 . 

The words quoted by Qary-Niyazov are on p. 107 of this translation. 
Here al-BirjandT wrote that Ulugh Beg composed a special treatise on 

his method of determining the sine of 1°. The commentary of al-BirjandT 
contains an exposition of this treatise of Ulugh Beg. The comparison of 
this exposition with the anonymous treatise shows that the anonymous 
treatise coincides with the treatise of Ulugh Beg described by al-BirjandT. 

The commentary by Mirim ChelebT on "Zij-i Ulugh Beg" also con­
tains the exposition of a treatise on determining sin 1. The comparison 
of this commentary with the persian treatise of al-RumT shows that the 
commentary by Mirim ChelebT contains the exposition of this treatise. 

Therefore A.Ahmedov and myself supposed in the paper16 that the 
anonymous arabic treatise must be attributed to Ulugh Beg. This suppo­
sition was repeated in June 1994 in the symposium "600-th Anniversary 
of Ulugh Beg" at istanbul kandilli observatory. The same atribution was 
made in the russian translation of the main part of the manuscript ( 1) 
with the table in "Book of reading in the history of mathematics" edited 
by A.P.YushkevichY 

Since all five extant manuscripts of arabic treatise are not attributed 
to ulugh Beg and some ofthem are not attributed to al-Ri.imT, Ihsanoglu18 

14. Ibid; pp. 249-250, f 77a of the manuscript. 
15. 'Abd al-'Ali I.Jusayn birjandL kommentariik "Guraganskim astronomicheskim 
tablitsam". Vtoraya glava. ob opredelenii sin usa i strely (Russian translation by 
A.Ahmedov}. - iz istorii uauki epokhi Ulugbeka. Tashkent: fan, 1979, ss. 72-109. 
16. A. Ahmedov, B.A.Rosenfeld. Kto byl avtorom "Traktata ob opredelenii sinusa 
odnogo gradusa"?- obshchestvennye nauki v Uzbekistane, 1975, n 10, ss. 51-53. 
17. A.P.Yushkevich (red.) khrestomatiya po istorii matematiki, t.l. moskva: 
prosveshchenie, 1976. pp. 79-82. 
18. Ekmeleddin Ihsanoglu (1999) op. cit. 
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The manuscripts [2-5] a.re listed in the book "History of Mathematical 
Literature during the ottoman period" ( osma.nli ma.tema.tik litera.tiirii 
ta.rihi). This treatise is attributed to al-Rum~, the persian treatise 
of al-Rumi is regarded a.s a. persian version of the same treatise. The 
complete title of this treatise is indicated a.s "Treatise on Determining 
sine of one degree according to operations established by arithmetic a.nd 
geometric rules by the method of Ghiyath a.l-Din al-Kashi10 (Risala. fi 
istikhraj ja.yb da.ra.ja. wal.Uda. hi a.'mal mua.ssa.sa. 'ala qa.wa'id ~isabiyya. 
wa. ha.nda.siyya. 'a.la ta.riqa. ghiyath al-Din al-Kashi). 

The complete title of this treatise in a.n abridged form wa.s believed by 
the Turkish historian J.Ia.jji Khalifa. a.s the title of a. treatise of al-Kashi11 • 

The anonymous Cairo manuscript (2) wa.s ascribed to al-Kashi also 
by H.Suter12 , a.nd in the card catalogue of the scientific library of hum­
boldt university a.t Berlin. 

In the beginning of the a.ra.bic treatise there a.re following words: 
"Further,· it is a. treatise on determining the sine of one degree by oper­
ations based on geometric a.nd arithmetic rules suggested by my dearest 
brother, unique of his time, Ja.mshid ibn Ma.s'ud, the physician called 
ghiyath [al-Din] al-Kashi, may Allah be mecriful to him". 

Therefore this treatise could not be written by al-Kashi. 
Dr. Klaus scharnhorst has sent me xerocopies of both Berlin manus­

cripts of treatises on determining sin 1°. The comparison of these 
manuscripts shows that they are different works. The English transla­
tion of the manuscript (1) with its photocopy is to appear in "Zeitschrift 
fiir geschicte der Arabisch-Islamischen wissenschaften". 

T. N. Qa.ry-Niya.zov in his paper "Ulugh Beg and Sa.way Jay Singh" 13 

quoted the commentary by a.l-Qushji's student al-Birja.ndi on "Zij-i Ulugh 
Beg", a. manuscript which is in the Tashkent institute for oriental studies 

9. Ekmeleddin ihsanoglu, Ramazan ~e~en, Cevat Izgi. osmanli materna tik literatiirii 
tarihi (History of Mathematical Literature during the ottoman period). Cilt 1-11. 
Istanbul: IRCICA, 1999. 
10. Ibid 
11. I.Iajji Khalifa, kashf al-?tmiln an isiimii al-kutub wa 'l-funun. Lexicon bibliograph­
icum et encyclopaedieum (Arabic and Latin translation by G.Fliigel), vol. 1-7. leipzig­
London, 1835-1858. 
12. H. Suter. Beitrage zur geschichte der mathematik und Astronomie im Islam. 
Bd. 1. Frankfurt am Main: Institut fiir geschichte der Arabisch Islamischen Wis-
senschaften, 1986. · 
13. T. N. Kary-Niyazov. Ulugbek i Savay Jay Sing. -Fiziko-matematicheskie nauki v 
stranakh vostoka, vyp. 1, 1966, ss. 247-255. 
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3) in istanbul library of the kandilli observatory n° 16, 
4) in the istanbul library of Hiiseyin Celebi n°751/3, 
5) in the Mashhad library asitan-i qu'ds-i riqawf n°12235/6. 

The manuscripts (1-3) and (5) are anonymous, in the colophon of the 
manuscript ( 4) this treatise is attributed to al-Riimf. in catalogue2 of 
Cairo library it is written that the manuscript (2) is anonymous but is 
attributed to al-Riimf because this attribution "is suggested by a refer­
ence in sedillot-fils' "Prolegomenes des tables astronomiques d'Oloug-Beg 
(paris, 1853), p. 77" .3 in the catalogue of the mashhad library the trea­
tise is also attributed to al-Riimi. 

The opinion of L.A.Sedilpt in his book4 was based on the commentary 
of M!rim cheleb!, the grandson of al-Riimf (the son of his son) and of al­
Qiishji (son of his daughter) on "Zij-i Ulugh Beg" known under the title 
"Rules of operations and correction of table ( Dustiir alamal wa tasiJ,ziJ, al­
jadwal). sedillot published the mathematical part of this commentary.5 

in the beginning of this part Mirim Cheleb1 wrote that he exposes the 
method according to works of both his grandsfathers- treatise of al- Rum! 
and al-Qiishji's commentary on "Zij-i Ulugh Beg" 6 • The attribution of 
the anonymous treatise in the Mashhad catalogue probably is based on 
the same words of Mirim Chelebi on al-Riimi's treatise. The record in 
the colophon was written by a copyist probably by the same cause. 

The Turkish translation of the anonymous manuscript (3) by salih 
zeki is included into his book Remaining Traces (A thiir-i baqiyya). 7 

S. Zeki also ascribed this treatise to al-Riimi according to the words of 
Mirim Chelebi on the treatise of al-Riimi. 

The manuscript (1) was translated into Russian.8 in this translation 
the treatise also was ascribed to al-Riimi according to the opinion of 
S.Zeki. 

2. D.A.King, A Survey of the scientific manuscripts in the egyptian national library. 
winona lake, indiana: eisenbrauns, 1986. 
3. Ibid p.158 
4. L.A.Sedillot. Prolegomenes des Tables astronomiques d'oloug-Beg, translation et 
commentaries paris, 1853. 
5. L.A.Sedillot. De l'algebre chez les Arabes-Journal Asiatique 5-eme serie, t. 2, 1853, 
pp. 323-350. 
6. Ibid p. 321. 
7. ~alil;t ZakL Athar-i baqiyya, jild. 1-2. istanbul, 1329 H. [1911]. vol.l, p. 121-133 
8. [Kazi-zade ar-Rumi) Traktat ob opredelenii sinusa odnogo gradusa (Russian trans­
lation by B.A. Rosenfeld). -Istoriko-matematicheskie issledovaniya, vyp.13.1960, ss. 
539-558. 
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Ghiyath al-din al-kashi invited by Ulugh Beg for the position of dirce­

tor of organized by him astronomical observatory at samarqand was 

jointly with Ulugh Beg, Qadi zade al-Rumi and 'ali al-Qustji one of au­

thors of "astronomical tables of Ulugh Beg" ( zfj-i Ulugh Beg). these 

tables contained sine tables of with 5 sexagesimal digits for arc incre­

ments of l'minute. therefore authors of these tables needed the value 

of the sine of 1 °with great exactitude. this problem was solved by al­

kashi in his treatise on chord and sine ( risala al-watar wa 'l-jayb). no one 

manuscript of this treatise is extant, the title is mentioned in alkashi's 

key of arithmetic (miftah al-hisabJl The method of al-Kashi was ex­

posed by al-Rumi in the persian treatise On explantion of Determining 

the Sine of One Degree (Dar bayan-i istikhraj-ijayb-i yak daraja) and 

in Arabic "Treatise on Determining the sine of one Degree" ( Risala jf 

istikhraj jayb daraja wahida) also written in the observatory of Ulugh 

Beg. there is only one manuscript of the first of these two treatises, it 

is the manuscript of the german state library at Berlin (Pertsch n°339). 

There are 5 manuscripts of the second treatise: 

1) in the Scientific Library of Humboldt University at Berlin, 

collection of the former institut fiir geschichte dermedizin und naturwis­

senschaften, n°I.15, 
2) in the Cairo national library, collection faQ.il riyaQ.a n ° 37, 

1. Jamshrd al-KashLMifta~ al-~isab, Risala al-mu~itiyya-klyuch arifmetiki. Traktat 

ob okruzhnosti (Arabic and Russian translation by B.A.Rosenfeld). Moskva: GITTL, 

1956, p. 9 
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planes de degre superieur a trois, qui seront poursuivis par Ibn Bajja 
puis tres vite abandonnes 69 • C'est probablement le cas, au xure siecle, 
de la recherche en Analyse combinatoire. 

Ces tentatives, resultats d'un long processus de maturation, verront 
le jour a des epoques ou les societes qui les ont vu naitre ( andalouse 
pour l'une, maghrebine pour l'autre) n'etaient plus aptes a favoriser leur 
developpement ni meme leur transmission parce qu'elles ne pouvaient 
plus leur garantir les conditions d'une activite scientifique normale. 

Mais, a long terme, les consequences sont plus graves encore puis 
qu'on observe un ralentissement de la recherche, dans toutes les disci­
plines mathematiques, accompagnee d'une baisse relative du niveau de 
l'enseignement. Le contenu des ouvrages des XVe-xyre siecles, produits 
en Egypte ou au Maghreb, illustrent bien ce phenomene dont les orig­
ines sont en fait plus lointaines puisque deja la fin du xure siecle ou au 
debut du XIVe Ibn al-Banna lui-meme justifiait !'abandon de certains 
chapitres mathematiques comme celui des nombres premiers ou celui des 
methodes d'approximation de la racine nieme, pour n superieur a trois, 
par leur peu d'utilite a son epoque70 

69. A. Djebbar: Mathematiques et Mathematiciens du Maghreb medieval (IXe-XVIe 
siecles): C~ntribution a l'etude des activites scientifiques de !'Occident musulman. 
These de Doctorat. Universite de Nantes-Universite de Paris-Sud, 1990. Vol. II. 
70. M. Aballagh: Le Raf al-hijab d'lbn al-Banna. These de Nouveau Doctorat. 
Universite de Paris 1-Pantheon-Sorbonne. 1988. 
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d'un probleme d'existence66 • 

En ecrivant cela au xne siecle, al-Khayyam revele en fait, a travers 

l'echec de tel ou tel individu, les limites d'une certaine mathematique, 
celle qui a repose fondamentalement sur des conceptions et sur un savoir­
faire grecs et qui a fonctionne dans un certain univers philosophique et 
theologique. 

ll y eut pourtant des moments ou les frontieres de cette mathematique 
ant ete transgressees, inaugurant ainsi des demarches tout a fait nou­
velles, fecondes en resultats techniquement accessibles et qui ne ver­

ront pourtant pas le jour. ll en fut ainsi pour la tentative de Thabit 
Ibn Qurra "d'actualiser" les infinis en comparant des ensembles infinis 
denombrables67 , ou celle d'as-Sijz1, au xe siecle, d'elaborer un modele 
heliocentrique remettant se substituant au modele geocentrique tradi­
tionnel qui etait conforme a la conception du monde des philosophes de 
l'epoque et aux exegeses theologiques de68 • 

11 ne semble pas que ces demarches audacieuses aient valu a leurs 
auteurs une quelconque inquisition, a l'image de celles que subiront plus 
tard des savants europeens comme Galilee et Giordano Bruno. En tout 
cas, les historiens ne nous ant transmis aucune information a ce sujet. 
Mais, cela n'a pas evite l'echec de ces tentatives puisqu'elles seront aban­
donnees par la communaute scientifique elle-meme pour des raisons qui, 
sans etre tout a fait exterieures a la science, semblent induites essen­
tiellement par l'environnement socioculturel et la conception du monde 
qui y domine. 

n y a enfin un dernier aspect des limites qu'a connues l'activite 
mathematique arabe et qui se rattache a deux types de perturbations 
graves que connaitront les societes musulmanes: en premier lieu les crises 
politiques internes et, a partir du xre siecle, les affrontements externes 

qui se traduiront par un retrecissement de l'aire geopolitique musulmane 
et par la perte de son hegemonie commerciale internationale. 

L'effet indirect de ces phenomenes sur l'activite mathematique sera, 
a moyen terme, une rupture des traditions naissantes qui n'auront pas le 
temps d'acquerir la vigueur des anciennes, C'est le cas, au Xle siecle, des 
travaux d'lbn Sayyid d'Espagne, sur les courbes gauches et les courbes 

66. R. Rashed & A. Djebbar: L 'reuvre algebrique d'al-Khayyam. Op. cit., texte arab, 
p. 72-78. 
67. S. Pines: Xle Congres Inernational d'Histoire des Sciences. 1965, III, p. 160-66. 

68. Al-Murrakushi: Jamie al-mabadi'wa-1-ghayat. Ms. Paris, B. N., n° 2508, f. 49, 
qui cite un passage d'al-Biruni, tire vraisemblablement de son ouvrage Kitab fi Isticab. 
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Autant que les succes, ces echecs peuvent reveler, lorsqu'ils sont re­
places dans leurs contextes scientifiques et culturels, les entraves tech­
niques et sociologiques auxquelles s'est heurtee parfois la recherche. lls 
justifient egalement la necessite d'une double analyse, interne et externe, 
de l'activite scientifique arab afin d'eviter les jugements partiels et les 
presupposes ideologiques sur certains aspects controverses de la civilisa­
tion arabo-musulmane, comme ceux qui accompagnent habituellement 
le concept de crise ou celui de decadence. 

Les chercheurs arabes du Moyen Age, comme les autres, semblent 
repugner a evoquer les echecs dans leurs disciplines, sauf dans deux cas 
precis: lorsqu'une veritable tradition, dans laquelle ils sont parfois im­
pliques, a consacre en quelque sorte le caractere ouvert du probleme. 
C'est la cas, par exemple, du mathematicien du XIIIe siecle Ibn al­
Khawwam qui conclut son livre al-Fawa'id al-baha'iyya fi lqawiJ=id al­
hisabiyya, par une liste de trente deux problemes algebriques ou dio­
phantiens non resolus, en faisant remarquer, avec prudence, qu'il n'a 
pas pu prouver l'impossibilite de ces problemes, mais qu'il est possible 
que des chercheurs plus qualifies en viennent a bout63 • On apprecie 
d'autant plus sa remarque, aujourd'hui, que les equations n° 3 et n° 23 
de cette liste sont les deux premiers cas de la fameuse conjecture de 
Fermat qui a suffi.samment preoccupe les savants arabes, depuis le Xe 
siecle au mains, pour qu'elle ait merite d'etre mentionne regulierement 
dans les ouvrages scientifiques, d'abord par Ibn Si"na dans son Livre de 
la guerison, puis par az-Zanjani" et Ibn al-Khawwam et meme au XVIe 
siecle par Baha' ad-Di"n al-e Amili'64 • ll nous est meme parvenu une ten­
tative de demonstration de son impossibilite pour n=365. 

La seconde circonstance qui a pousse les chercheurs a lever le voile 
sur les obstacles a leur recherche est celle ou cette evocation leur a 
permis de mettre en valeur leur contribution personnelle et done leur 
reussite.65 C'est ainsi, par exemple, que cUmar al-Khayyam, avant 
de developper sa theorie geometrique des equations cubiques, rappelle 
!'impuissance d'al-Mahani" a resoudre !'equation du 3e degre issue d'un 
probleme d'Archimede qu'il avait exprime, pour la premiere fois, algebri­
quement, et il detaille les erreurs commises par Abu-1-Jud dans l'etude 

63. Ms. Tunis n° 8607, ff. 28a-29a. 
64. Ibn Sina, Kitiib ash-Shifii'. Le Caire, 1956. p. 191-95. az-Zanjiini': c Umdat al­
hussfib, Ms. Istanbul Topkapi Saray n° 3457, ff. 84a. al-c.Amili, Khulasat al-hisab. 
J. Shawqi (edit.), Le Caire 1981. 
65. R. Rashed: Entre Arithmetique et Algebre. Op. cit. 
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methode algebrique utilisant le developpement du binome60 • L'etude 
d.'lbn Muncim se poursuit par l'etablissement des formules relatives aux 
permutations, avec ou sans repetitions, d'un ensemble de lettres ainsi 
que de la relation de recurrence donnant le nombre de lectures possi­
bles d'un mot de n lettres, compte tenu de tous les signes diacritiques 
d'une langue (voyelles et suk, n pour l'arabe). Ces resultats et d'autres 
sur les arrangements et les combinaaisons avec repetitions lui perme­
ttent de dresser des tableaux qui fournissent, par induction, tous les 
denombrements cherches. 

Dans la deuxieme moitie du XIIIe siecle ou au debut du XIVe un 
autre mathematicien maghrebin, Ibn al-Banna, reprendra une partie de 
ces resultats en y ajoutant la proposition suivante dont il revendique 
d 'ailleurs la paternite: 

qui permet de calculer les combinaison, sans recurrence et sans avoir 
a construire au prealable le triangle arithmetique61 • 

A partir de la, on decele dans les ecrits maghrebins deux progres 
significatifs au regard de l'histoire de cette discipline: en premier lieu 
!'extension du champ d'application du formulaire connu et des raison­
nements combinatoires. En second lieu, une prise en compte des proble­
mes de denombrement en general dans des domaines tres vaires et pas 
toujours mathematiques62 • 

Pourtant si, a nos yeux, une matiere avec des instrument nouveaux 
semble objectivement se constituer, nous ignorons le degre de conscience 
qu'en avaient ceux qui ont contribue a sa naissance. En tout cas, cela 
n'est pas alle jusqu'a donner un nom a cette activite et ala distinguer 
des disciplines traditionnelles et en particulier de 1' Arithmetique. 

Conclusion 
Pour conclure, il nous a semble interessal).t d'aborder un sujet meconnu 
qui pourrait sembler etre le revers de la medaille mais qui n'est qu'un 
aspect de l'activite scientifique. ll s'agit des obstacles rencontres par les 
mathematiciens des pays d'lslam et les echecs qui s'en suivirent et qui 
revetirent des formes tres variees: hypotheses erronees ou jugees comme 
telles, propositions fausses, problemes non resolus, tentatives fecondes 
mais restees inachevees, etc. 

60. S. Ahmad & R. Rashed, Al-Biihir fi l-Jabr. Op. cit., texte arabe, p. 104-112. 
61. A. Djebbar: Enseignement et Recherche mathematiques dans le Maghreb des 
X/I!'-XIV siecles. Op. cit., p. 90-92. 
62. Op. cit., p. 67-? 5. 
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Dans le second ouvrage, des elements de combinatoire intervien­
nent a l'occasion d'une re:fiexion sur l'algebre. sur ses objets et sur 
ses instruments. Mais les denombrements effectues ne necessitaient pas 
!'utilisation ou l'etablissement de formules ou de propositions combina­
toires58. 

Cela etant, nous n'avons pour le moment aucun element nous perme­
ttant d'affirmer que ces manipulations combinatoires necessites par de 
problemes mathematiques, ant suscite une recherche propre ace domaine 
avant le XIIIe siecle et, dans le cas ou cette recherche, techniquement 
possible d'ailleurs, a eu lieu, nous ignorons a quels resultats elle a abouti. 

En ce qui concerne l'occident musulman et plus particulierement le 
Maghreb, c'est plutot la seconde tradition qui semble avoir ete a l'origine 
de l'enonce et de l'etablissement des premieres propositions combina­
toires. n s'agit de l'ensemble des etudes sur la langue arabe qui en­
globent la Linguistique, la Lexicographie, la Grammaire et la Metrique. 
Cette tradition, qui a son origine dans les travaux d'al-Khali1 Ibn Ah­
mad en Prosodie et en Metrique arabe, sera entretenue et poursuivie 
par des specialistes aussi eminents que Si-ibawayh, al-Akhfash, Ibn Du­
rayd et Ibn Jinni'59 • C'est en tout cas a cette tradition que se refere 
explicitement le mathematicien maghrebin du XIIIe siecle Ibn Muncim 
avant d'exposer, dans la onzieme section de son livre, les reles generales, 
soigneusement demontrees, qui permettent de denombrer, non seulement 
les mots de la lanque arabe, mais egalement ceux de n'importe quelle 
langue utilisant un nombre quelconque de lettres et de signes. Dans 
le probleme I, Ibn Muncim etablit, a partir d'un ensemble de couleurs 
de soie qui jouera le role de modele abstrait, une regie permettant de 
determiner le nombre de combinaisons de n objets p a p. Pour cela, il 
construit Ull tableau numerique triangulaire a l'aide duquel il etablit la 
formule: 

Ce faisant, il donne pour la premiere fois a notre connaissance et selon 
une demarche strictement combinatoire, le fameux triangle arithmetique, 
longtemps attribue a Pascal puis a Cardan et que les algebristes du cen­
tre de l'empire musulman, comme al-Karaji', avaient deja obtenu par une 

58. Op. cit., p. 60-66. 
59. A notre connaissance, seul Ibn Durayd, dans sa Jamharat al-lugha, a tente de 
justifier, par des raisonnements faux d'ailleurs, les denombrements des combinaisons 
et des arrangements des lettres de !'alphabet arabe. Cf. A. Djebbar: L 'analyse 
combinatoire au Maghreb: l'exemple d'lbn Muncim {XIl'-XITf siecles}. Op. cit., p. 
13-14. 
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al-kura d 'al-J ayyan1 et surtout le Kitab ash-Shakl al-qattac de N as1r 

ad-D1n at-Tus155 . 

L'analyse combinatoire 
C'est dans un ouvrage maghrebin du Xllle siecle, le Figh al hisiib d'Ibn 

Muncim, qu'apparait, pour la premiere fois a notre connaisance dans 

I'histoire des mathematiques, un chapitre autonome traitant de combina­

toire56. Mais, pour que ce chapitre s'elabore et apparaisse d'une maniere 

independante, il aura fallu une longue pratique, plus ou mains con­

sciente, qui favorisera !'apparition d'algorithmes de denombrement et 

de tentatives de justification de resultats par de demonstrations plus ou 

mains rigoureuses. 
Deux traditions arabes sont a l'origine du developpement de cette 

combinatoire. La premiere est mathematique. Elle englobe des activites 

algebriques et astronomiques. 
En astronomie, on peut citer le petit traite de Thabit Ibn Qurra 

sur la figure secante dans lequel il generalise le theoreme de Menelaus 

ainsi que le Kitiib maqii.lid cilm al-hay'a d'al-B1runl. Dans les deux ou­

vrages ce sont des denombrements elemetaires qui interviennent pour la 

determination des relations donnant les elements inconnus d'un triangle 

spherique en fonction des elements connus57. Mais, ni l'un ni l'autre ne 

se refere a une quelconque formule combinatoire. 
En algebre, on peut egalement citer deux ouvrages contenant quelques 

aspects combinatoires, le Kitiib at-Tarii'if fi l~hisiib d'Abu Kiimil et al­

Biihir fi l-Jabr d'asSamaw'al. 
Le premier traite de la resolution de certains systemes d'equations 

indeterminees, enonces sous forme de problemes d'oiseaux: la recherche 

des solutions utilise, en plus des techniques de l'Algebre, les denombre­

ments par enumeration d'un ensemble d'entiers. Mais, etant soumis a 
des contraintes liees au probleme, ces denombrements ne permettaient 

pas de degager des regles combinatiores simples. 

55. M. V. Villuendas: La trigonometria europea en el siglo XI. Op. cit. a. Pacha 

Caratheodory, Traite du quadrilatere. Constantinople, 1891. 

56. A. Djebbar: L'analyse combinatoire au Maghreb: l'exemple d'lbn Muncim (XII"­

XIII"siecles). Paris, Publications Mathematiques d'Orsay, n• 85-01, 1985. Cette 

etude contient une edition, avec traduction franc;;aise et analyse, du chapitre du Fiqh 

al-hisab d'lbn Muncim consacre entierement ala combinatoire. 

57. A. Djebbar: Enseignement et Recherche inathematiques dans le Maghreb des 

XIII"-XIV• siecles. Op. cit., p. 56-60. 
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comme cela apparait chez al-BaWin1 dans son Islah al-Majisti51 • 

u ne troisieme etape sera franchie dans la premiere moitie du xe siecle 

avec l'etablissement des relations fondamentales entre ces six fonctions 

trigonometriques. La plus celebre d'entre elles est la suivante: 

a, b etant des cotes et A, B, les angles opposes a ces cotes, dans 
un triangle (ABC) trace sur une sphere et dont les cotes sont des arcs 
de grands cercles. Cette relation a ete surnommee le theor·eme qui dis­

pense parce que, en ne faisant intervenir que quatre grandeurs ( alors que 

celle de Menelaus en utilise six), elle reduisait ainsi considerablement les 
temps de calcul pour la confection des tables 52 • Parmi les chercheurs 

qui ant contribue a ce progres il faut citer Abu 1-Wafii' et Ibn Yunus, 

pour le centre de l'empire, al-Khujand1, Abu Nasr Ibn ciriiq et al-Blrun1, 

pour l'Asie centrale, Ibn Muciidh al-Jayyiin1 et Jiibir Ibn Aflah, pour 

l'Espagne53 . Cette repartition geographique revele d'ailleurs la vitalite 
de ces recherches et le caractere relativement uniforme du niveau sci­

entifique en pays d'Islam, resultat d'une grande circulation des idees 
par les livres, par les echanges epistolaires ou par les deplacements des 
hommes de science eux-memes. 

n faut d'ailleurs signaler' a propos de cette relation trigonometrique, 

que sa decouvert a suscite une apre polemique dont certains aspects 
nous ant ete rapportes par al-Biruni lui-meme dans son livre Maqali'd 

cilm al-hay'a. Cette polemique, qui concernait bien sur la paternite 

du resultat nous revele, a l'occasion, un reseau d'echanges scientifiques 
et un cooperation a distance pour la realisation de certains projets 

scientifiques54 • 

La quatrieme et derniere etape de l'histoire de la Trigonometrie 

arabe a debute par !'apparition de chapitres distincts dans des traites 
d'astronomie, comme la Risala fl-l-qusiyy al-falakiyya d'Ibn c Iraq ou 

l'Almageste d'Abu 1-Wafii', Elle s'achevera par la redaction d'ouvrages 
entierement consacres a cette matiere comme le Kitab majhulat qisiyy 

51. Habash al-Hasib: Zij. Ms. Istanbul Yeni Cami n°784/2. C. A. Nallino: Al-Battfini' 

sive Albatenii opus astronomicum. Milano, 1899-1907. 

52. M. Th. Debarnot: Al-Bi'runi', Kitfib maqfili'd cilm al-hay'a, La trigonometrie 

spherique chez les Arabes de l'Est a la fin du x_e siecle. Damas. Institut Francais 

de Damas. 1985. 
53. M. V. Villuendas: La trigonometria europea en el siglo XI. Estudio de la obra 

de Ibn Mucad, El-Kitfib Majhulat. Barcelona, 1979. r. P. Lorch: The astronomy of 
Jabir Ibn Aflah. Centaurus, 1975, vol. 19, n° 2, p. 85-107. 

54. M. Th. Debarnot: Al-Bi'runi', Kitiib maqiili'd cilm al-hay'a. Op. cit., p. 88-102. 
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La Trigonometrie 
La Trigonometrie a ete, dans la science arabe, le produit des multiples ac­
tivites de recherche qui ont eu lieu dans le cadre de l'Astronomie. A par­
tir, essentiellement, des patrimoines indiens et grecs, cette derniere disci­
pline a connu un developpement important entretenu par les necessites 
religieuses et economiques et soutenu d'abord par le nouveau pouvoir 
central arabo-musulman puis par les differents pouvoirs regionaux nes 
des son eclatement mais fonctionnant a son image. 

On peut citer, entre autres sujets de preoccupations de cette As­
tronomie, les recherches theoriques en vue d'ameliorer ou de remplacer le 
modele ptolemeen du mouvement des astres, la conception d'instruments 
astronomiques nouveaux et l'etablissement de Z1js. 

Ces Z!js contenaient en particulier des catalogues d'etoiles, des chro­
nologies locales, differents calendriers utilises par telle ou telle popu­
lation de l'empire en fonction de ses croyances ou de ses habitudes. 
Mais, a cote de cette masse d'informations directement exploitable, 
il y avait la partie mathematique du Z1js qui comprenait les tables 
trigonometriques et les methodes de calcul permettant de determiner 
le mouvement des astres et de prevoir certains phenomenes comme 
leseclipses49 • 

Partant des premiers problemes trigonometriques de l'Almageste de 
Ptolemee qui reposent sur le theoreme de Menelaus, certains astronomes 
arabes ont prefere, pour leurs calculs explicites, utiliser les petites ta­
bles de sinus empruntees aux Siddhanta indiens et qui s'averaient plus 
economiques en temps que les tables de cordes de la tradition grecque50 . 

A partir de la, ces savants qui etaient constamment preoccupes par la fi­
nesse des approximations et !'optimisation des calculs, vont tout d'abord 
ameliorer les tables de sinus et de cosinus en les etoffant et en affinant 
les calculs. 

Dans un second temps, ils vont introduire de nouvelles lignes trigono­
metriques comme la tangente, la cotangente, la secante et la cosecante. 
Utilisees deja par Habash al-Ha,sib, dans la seconde moitie du rxe siecle, 
ces nouvelles fonctions \'erront leurs tables dressees des le debut du xe' 
49. E. S. Kennedy: Late medieval planetary theory, Isis, 1966, vol. 57, 3, n° 189, p. 
365-378; D. A. King: Ibn Yunus, very useful tables for reckoning time by the sun. 
Archives for the History of Exact Sciences, vol. 10, n° 3-5, 1973, p. 342-394; A. P. 
Youschkevitch: Les mathematiques arabes. Op. cit., p. 141-150. 
50. Le theoreme III; 1 de Menelaus sur lequel reposent tousles calculs de l' Almageste, 
s'enonce ainsi: 
Les arcs consideres etant ceux de grands cercles d'une sphere. 
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velles recherches prennent forme et de nouvelles orientations se dessinent: 
Theorie des nombres et Analyse indeterminee par l'ecole d'al-Karaj"i, 
theorie des equations cubiques par Abu-1-Jud, al-Khayyam et Sharaf 
ad-D"in at-Tus"i, theorie de !'approximation par Ibn Lab ban, at-Tusi" et 
al-Kashl. Param~lement a ces investigations, on observe, a l'interieur de 
l'algebre classique cette fois, une tendance a se liherer de l'emprise de 
la Geometrie qui a constitue pendant longtemps un frein tres serieux 
a !'extension des operations algebriques. Les premiers signes de cette 
liberation se trouvent deja chez Abu Kamil qui ne tient plus compte de 
l'homogeneite dans la manipulation des differentes grandeurs geometri­
ques. A son tour al-Karaji", tout en conservant les preuves geometriques 
de ses propositions, introduira a leur cote des preuves algebriques. Cet 
effort sera pursuivi par Sharaf ad-Di"n at-Tusi" qui, raisonnera sur les 
expressions algebriques des courbes en introduisant dans l'etude des ex­
pressions polynomiales, la transformation affine et I' etude du maximum47 . 

Malgre les fortes resistances d'une tradition tres geometrisante, en­
tretenue par l'enseignement, cette tendance a l'algebrisation finira par 
s'imposer, ici ou la. On en a une preuve indiscutable dans des ecrits 
maghrebins du XIVe siecle: Dans les deux ouvrages d'Ibn al-Banna qui 
traitent de questions d'algebre, c'est-a-dire le Raj al-Hijiib et le Kitsb 
al-Jabr, les demonstrations accompagnant la resolution des equations 
classiques, n'ont plus aucun support geometrique mais sont exprimees 
dans un langage depouille et general immediatement traduisible en sym­
boles algebriques. 

Ce n'est d'ailleurs pas un hasard que ce soit egalement dans les ou­
vrages maghrebins des xrve et xve siecles que l'on decouvre un symbol­
isme mathematique relativement elabore et utilise non seulement dans 
les chapitres du calcul (fractions, extractions de racines), mais egalement 
dans ceux de l'Algebre (operations sur les polynomes, resolution d'equa­
tions ). En attendant des elements nouveaux, il parait raisonnable d'attri­
buer !'invention de ce symbolisme aux mathematiciens maghrebins qui 
ant ete, de toute maniere, les seuls aux xrve-xvre siecles, a l'avoir 
utilise. Ces mathematiciens semblent avoir saisi tres vite, d'ailleurs, 
!'importance de cet instrument puisqu'ils l'ont introduit a taus les niveaux 
de l'enseigne-ment comme le confirment les ouvrages d'Ibn Ghazi" al­
Maknasi", d'Ibn Qunfudh al-Qasanfl"in"i et d'al-Qalasad148 • 

47. R. Rashed: Entre Arithrnetique et Algebre. Op. cit. 
48. A. Djebbar: Enseignernent et Recherche rnathernatiques dans le Maghreb des 
XII.f -XIV siecles. Op. cit., p. 41-54. 
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niveau de developpement, ont toutes les trois acquis leur autonomie dans 
le cadre de la science arabe. 

L'algebre 
En algebre, le livre d'algebre d'al-Khwarizm1, intitule Kitiib al-Mukhtasar 
fi Hisiib al-jabr wa-l-mugiibala (L'Abrege du calcul par l'algebre et la 
muqabala) a ete considere par les savants posterieurs comme la premiere 
pierre dans !'edifice algebrique arabe4\ En realite, il apparait, d'apres 
les quelques indications des bibliographes, que ce projet etait en quelque 
sorte dans l'air vers la fin du vnre siecle et que d'autres ouvrages l'ont 
realise a peu pres ala meme epoque. Un de ces ecrits, celui d'Ibn Turk, 
nous est partiellement parvenu mais les autres ont disparu, probable­
ment apres qu'ils aient ete supplantes par le livre d'al-Khwarizm1 puis, 
plus tard, par des traites encore plus elabores45 • 

ll est impossible de suivre !'evolution de cette Algebre depuis ses pre­
miers pas, c'est-a-dird depuis l'epoque ou elle se limitait ala resolution 
des equations de degre inferieur ou egal a deux. Mais, l'etude du con­
tenu de certains manuscrits importants permet de degager les progres 
essentiels qu'elle a connus et qui aboutiront a son autonomie vis-a-vis des 
autres disciplines (en particulier vis-a-vis de la Geometrie ), a !'extension 
de son domaine et a son intervention croissante comme instrument de 
resolution de problemes pratiques ou theoriques. 

D'une ma:riiere plus precise, on assiste, avec les travaux d'Abu Kamil 
et de son ecole, a !'intervention systematique des nombres reels posi­
tifs dans la resolution des equations, a la fois comme coefficients et 
comme racines, a !'extension des operations arithmetiques aux inconnues 
et aux monomes de degre quelconque, preparant la voie a !'elaboration 
de l'algebre des polynomes qui sera l'ceuvre des successeurs d'Abu Kamil 
comme al-Karaj1 et as-Samaw'al46 • Grace aces instruments nouveaux, 
rapidement integres a l'enseignement superieur de l'epoque, de nou-

44. A.M. Mashrafa & M. Mursi Ahmad: al-Mukhtasar fi Hisiib al-Jabr wa-1-Muqiibala. 
Le Caire, 1968. 
45. A. Sayili: Logical necessities in mixed equations by c Abd al-Hami'd Ibn Turk and 
the algebra of his time, Ankara 1962. 
46. On ne connait pas encore la contribution andalouse et maghrebine a I' elaboration 
de ce chapitre de l' Algebre, mais on sait que tous ses aspects, meme les plus elabores, 
ont ete introduits dans l'enseignement andalou et maghrebin et sont encore presents 
dans les ouvrages du XIV" et du XV" siecle, comme le Rashfat ar-Rudab d'al­
Qaflrawani (XIV" s.), le Kashf al-Jilbab d'al-Qalasadi (XV" s) ou le Bughyat afi-fiuilab 
d'Ibn Ghazi (XVI" s.). 
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que les ont per~,;ues les mathematiciens europeens, tels que Lambert et 
Saccheri qui prendront, dans ce domaine, le relais des savants arabo­
musulmans40. 

Quant aux refiexions sur les instruments et les objets mathematiques, 
elles ont abouti, selon leur nature, a deux formes d'activites. D'un 
cote, des debats philosophiques et theologiques debordant la specialite et 
interessant beaucoup de non-mathematiciens. Ce fut le cas, par exemple, 
pour les concepts d'unite, d'infini et de bases non decimales qui ont 
preoccupe en particulier des savants maghrebins comme Ibn al-Banna et 
Ibn Haydur41 . De I' autre cote, des developpements theoriques ne sortant 
pas du cadre de la discipline etudiee et reposant sur ses techniques. n 
en fut ainsi des travaux d'Ibrah1m Ibn Sinan et d'Ibn al-Haytham sur 
!'analyse et la synthese42 et des tentatives de classification des problemes 
mathematiques amorcees par al-Karaji et poursuivies par as-Samaw'al 
dans son Kitab al-Bahir fi 1-J abr43 . 

Les nouvelles disciplines 
C'etait la, brievement exposes, quelques aspects essentiels de la con­
tribution des savants des pays d'Islam dans les domaines traditionnels. 
Mais la vitalite d'une activite scientifique se mesure aussi et surtout a sa 
capacite d'entrevoir des domaines nouveaux, de les explorer et, parfois, 
d'y etablir des traditions vivantes. C'est a cet aspect des mathematiques 
que sera consacree la derniee partie de cet rapide retrospective. n y sera 
question des premieres etapes de la constitution de trois disciplines­
l'Algebre, la Trigonometrie et l'Analyse combinatoire-, trois importants 
chapitres des mathematiques medievales qui, sans avoir atteint le meme 

40. Le quadrilatere de Saccheri avait deja ete utilise par cumar al-Kayyam dans son 
epitre. Cf. A. I. Sabra, c Umar al-Khayyiim, Musadariit Uqli"dis. Op. cit. 
41. A. Djebbar: Les Mathematiques au Maghreb a l'epoque d'Ibn al-Banna. Colloque 
International de la Societe de Philosophie au Maroc sur Mathema.tiques et Philoso­
phie. Rabat, 1-4 avril1982. Parue dans les actes du Colloque. Societe de Philosophie 
au Maroc (editeur). Paris, l'Harmattan-Rabat, Okad. 1987. p. 31-46. 
42. Helene Bellosta-Baylet: L'analyse et Ia syntese selon Ibrahim Ibn Sinin. These 
de doctorat. Paris, Universite de Paris VII, 1994. R. Rashed, La philosophie des 
mathematiques d'Ibn al-Haytham. MIDEO 20 (1991), 31-231. R. Rashed, L'Analyse 
et Ia synthese selon Ibn al-Haytham. in: Mathematiques et philosophie de l'antiquite 
ci l'fi.ge classique. Rashed ('edit). Paris, Editions du CNRS, 1991, 131-162. A. Djeb­
bar & K. Jaouiche, L'analyse et Ia synthese chez Ibn al-Haytham. Edition critique, 
analyse et traduction fran~aise. A paraitre. 
43. A. Anbouba: As-Samaw'al Ibn Yahya al-Maghribi. Al-Machrek, Janvier-Fevrier, 
Beyrouth, 1961. S. Ahmad & R. Rashed: Al-Biihir fi-l-Jabr. Damas, 1972. 
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des ecrits d'Archimede, ces recherches debuteront par les travaux des 
freres Banu Musa sur la determination des surfaces des figures planes 
et spheriques comme l'indique le titre de leur ouvrage collecti:£35 • Elles 
seront poursuivies par Thabit Ibn Qurra avec ses etudes sur les paraboles, 
les ellipses, les parabolo1des et sur le moment d'inertie d'une barre ho­
mogene36, puis par son petit-fils, Ibrah1m Ibn Sinan, qui ameliorera 
les methodes de raisonnement par !'introduction de la transformation 
affine37. Entin, dans la seconde moitie du xe siecle, ou au debut du XIe, 
Ibn al-Haytham etudiera le parabolo1de spherique en utilisant des propo­
sitions arithmetiques sur les series de puissances que les mathematiciens 
europeens etabliront de nouveau au xvne siecle38 . 

En conclusion de cette rapide evocation des aspects essentiels de 
!'apport original des savants des pays d'Islam dans les domaines tra­
ditionnels, il faudrait dire quelques mots au sujet de leurs recherches 
portant sur les fondements de mathematiques et de leurs reflexions 
sur les objets et les instruments nouveaux introduits a partir du IXe 
siecle. L'esprit critique avec lequel ces savants ont etudie !'heritage 
mathematique grec les a amene a elaborer une reflexion nouvelle sur 
les fondements de la geometrie d'une part et sur la nature et le role des 
outils mathematiques, d'autre part. 

En Geometrie, une veritable tradition de recherche s'est etablie, entre 
le IXe et le XIIIe siecle, autour du cinquieme postulat du livre I des 
Elements d'Euclide sur lequel repose tout l'echafaudage de la geometrie 
euclidienne. Parmi les savants qui ont contribue a ces travaux, on peut 
citer, dans l'ordre chronologique, an-Nayraz1 et Thabit Ibn Qurra au 
IXe siecle, Ibn al-Haytham et cumar al-Khayyam au XIe, Nas1r ad-DYn 
at-Tus1 et M uhy1 ad-DYn al-Maghrib1 au XIIIe 39 . 

Prisonnieres des methodes euclidiennes et parfois des conceptions 
aristoteliciennes, ces recherches ne pouvaient aboutir sans transgresser 
ces limites. Cela dit, replacees dans le processus continu de l'activite 
mathematique, ces tentatives apparaissent comme une etape necessaire a l'avenement des geometries non-euclidiennes. C'est bien ainsi d'ailleurs 

35. H. Suter: "Uber die Geometrie der Sohne des Musa ben Shakir." Bibliotheca 
Mathematica, 3, F.3, 1902, p. 259-272. 
36. K. Jaouiche: Le livre du Qarastun de Thiibit Ibn Qurra. Leyde, Brill, 1976. 
37. B. Rosenfeld: Geometrical transformations in the medieval East. in: Xlle Congres 
International d'Histoire des Sciences. III, a, 1971, p. 123-131. 
38. R. Rashed: Ibn al-Haytham wa hajm al-mujassam al-mukiifi. Journal for the 
History of Arabic Science. Vol. 5 n° 1-2, 1981, p. 3-74. 
39. K. J aouiche: La theorie des paralleles chez les Arabes. Op. cit. 
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qui ne concernent pas exclusivement la Geometrie d'ailleurs, mais qui y 
sont apparus et qui ant, par la suite, beneficie des progres de l'Agebre. 

La premiere de ces tendances est partie des problemes de la tradi­
tion grecque sur la constructibilite des points et des figures du plan: c'est 
apres avoir ete sou vent confrontes a des problemes non constructibles que 
les mathematiciens arabes ant ete amenes a elargi la notion d'existence 
geometrique ou algebrique, par !'utilisation systematique des sections 
coniques. Cela aboutira, en particulier, aux travaux commences par 
Abu'l-Jud et acheves par al-Khayyam, en vue d'etablir une theorie 
geometrique des equations cubiques32 • 

La seconde de ces tendances a vise l'etude des courbes pour elles 
memes dans le but d'en connaitre les proprietes les plus accessibles, 
compte tenu des instruments theoriques dont on disposait alors. Cet as­
pect des recherches geometriques arabes est le mains bien connu a cause 
de la disparition de certains travaux fondamentaux. Mais !'ignorance 
de ces travaux a amene certains specialistes en histoire des sciences a 
decreter, tout simplement, que les mathematiciens arabes n'avaient pu 
realiser aucun progres en Geometrie et qu'ils etaient meme restes en 
de~,;a du nivea.u des grecs33 • 

Pourtant, au vu de certains textes encore existants comme celui de 
Thabit Ibn Qurra sur les ellipses ou celui d'as-Sijzi' sur les hyperboles et, 
surtout, au vu des temoignages dignes de foi comme celui d'al-Khayyam, 
relatif aux travaux perdus d'Ibn al-Haytham ou celui du philosophe Ibn 
Bajja sur l'etude, par son professeur Ibn Sayyid, des courbes de degre 
superieur a deux, il parait desormais incontestable que des progres sig­
nificatifs ant ete realises dans ce domaine, meme si des facteurs encore 
exterieurs aux mathematiques arabes ant provoque la rupture de cette 
tradition geometrique feconde qui devra attendre parfois le xvne siecle 
pour renaitre dans un contexte different34 • 

La troisieme voie suivie par les recherches geometriques arabes est 
celle qui s'est attachee a resoudre des problemes de mesure, a l'aide 
de methodes et de techniques infinitesimales. Beneficiant partiellement 

32. R Rashed & A Djebbar L'reuvre algebrique d'al-KhayyO.m, Alen I. H. A. S 1981. 
33. R. Taton: Histoire generale des sciences. Paris 1957, p. 455-456. Article ecrit 
par L. Massignon et R. Arnaldez. 
34. L. Karpova & B. Rosenfeld: The treatise of Thabit Ibn Qurra on section of 
cylinder and on its surface. Archives Internationales d'Histoire des Sciences n° 94, 
1974, p. 66-72. Pour Ibn al-Haytham, cf.: R. Rashed & A. Djebbar: L'ceuvre 
algebrique d'al-Khayyam op. cit. p. 66. J. Alaoui: RasO.'ilfalsafiyyali Abi Baler Ibn 
Bajja. Beyrouth, Dar ath-thaqafa-Casablanca, Dar an-Nashr, 1983. 
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La troisieme orientation qui a ete revelee, en partie, par les recherches 
sur les determinations infinitesimales, concerne l'etude des suites et des 
series numeriques finies.Commencees par l'etude des suites arithmetiques 
et geometriques, ces recherches se sont poursuivies par le calcul de cer­
taines series d'entiers qui interviennent, en particulier, dans la determina­
tion des surfaces et des volumes par la methode d'exhausition25 .L'introduc­
tion de ces series dans des livres d'enseignement, comme ceux d'al-Hassar 
(XIIe s.), au Maghreb, ou d'Ibn al-MajdY (m. 1447), en Egypte, revele 
d'ailleurs leur role d'instrument de calcul, notamment dans la resolution 
de certaines equations26 • 

Beaucoup plus qu'en theorie des nombres, les recherches en geometrie 
repondaient a la fois a des besoins reels de la societe arabo-musulmane 
et a des exigences internes a la tradition mathematique elle-meme. Sur 
le plan pratique, on peut citer les traites des freres Banu Musa et 
d'Abu-1-Wafa' en Geodesie et en Arpentage27 , ceux d'Ibn al-Haytham et 
d'al-FarisY en Optique geometrique28 , d'al-JazarY et de Taqiy ad-DYn en 
Geometrie mecanique29 , d'Abu 1-Wafa' et d'al-KashY en Architecture30 et 
enfin les travaux d'al-BYrunY et d'al-Hasan al-MurrakushY sur la geometrie 
des instruments astronomiques31 . 

Sur le plan theorique, on peut degager trois tendances essentielles 

25. II s'agit des series qui interviennent dans l'encadrement d'une surface (parabole) 
ou d'un volume (sphere, parabololde), par des surfaces rectangulaires ou des volumes 
parallelepipediques selon le procede des sommes de Darboux inferieures et superieures. 
Cf. A. P. Youschkevitch: Les mathematiques arabes. Op. cit., p. 124-129. 
26. H. Suter: Das Rechenbuch des Ab, Zakariyya al-Hassar, Bibliotheca Mathematica. 
II, 1901, p. 12-40. Ibn al-Majdl: Hawi 1-lubab. Ms. Brit Mus., add. 7469. 
27. Le livre des freres Banu, Musa est intitule I<itiib al-hiyal. Cf. Ibn an-Nadim: 
al-Fihrist, Op. cit, p. 343. L'ouvrage d' Abu-1-Wafa' a pour titre: Kitiib fi ma yahtiiju 
ilayhi as-siinic min c a mal al-handasa. Cf. F. Woepcke: Analyse et extrait d 'un 
recueil de constructions geometriques par Aboul Wafa. Journal Asiatique, 5, 1855. 
p. 218-256 et 309-359. 
28. M. Nazi£: Al-Hasan Ibn al-Haytham buhuthuhu wa kushufuhu al-basariyya. Le 
Caire, vol. I et II, 1942-43. 
29. A. Y. Al-Hasan, al-Jiimic bayna l-cilm wa 1-camal. Alep, I. H. A. S., 1979. Du 
meme auteur: Taqiy ad-Di"n wa-1-handasa al-mikiinikiyya al-carabiyya. Alep, I. H. A. 
s., 1976. 
30. Pour Abu 1-Wafa', cf. note 28. Pour al-Kashi, cf. : A. s. Damirdash & M. H. 
Al-Hafni: Miftiih al-hisiib. Le Caire, 1967. p. 176-188. 
31. Al-Biruni: I<itiib fi is tic iib al-wujuh al-Mumkina fi sane at al-asturliib. Ms. Leiden, 
Or. 591/4e. Al-Hasan al-Murrakushi: Jamie al-mabadi'wa 1-ghayat. Ms. Paris n° 
2507-2508. Trad. J. J. Sedillot: Traite des instruments astronomiques des Arabes. 
Paris, 1834-35, val. 1-2. 
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Le second aspect de !'innovation concerne la resolution de problemes 
non resolus par les Anciens ou dont la resolution a ete jugee non sat­
isfaisante. Il en est ainsi, par exemple, de la proposition IV du Livre 
II de la Sphere et du cylindre d'Archimede, du probleme de la multi­
section d'un angle avec, en particulier, la construction de l'heptagone 
et de l'enneagone22 , ou enfin de l'etude particuliere de certaines classes 
d'entiers comme les nombres premiers et les nombres parfaits. 

Mais, l'aspect sur lequel pendant longtemps les livres d'histoire des 
sciences n'ont pas suffisamment insiste et qui demeure encore impar­
faitement connu est celui concernant les problemes nouveaux que se 
sont poses les mathematiciens arabes et qui ont mene a l'etablissement 
de resultats importants et parfois meme ala creation de nouvelles disci­
plines. Voici, brievement evoques, quelques uns des celebres problemes 
traites entre le Ixe et le xne siecle. 

Au vu des manuscrits connus et analyses, les recherches en Arithme­
tique se sont orientees vers trois directions: la premiere a concerne 
l'etude des nombres premiers. Elle a debute avec les travaux de Thabit 
Ibn Qurra sur les nombres amiables et s'est poursuivie avec ceux d'Ibn 
al-Haytham (m. 1041) et d'al-Faris123 • 

La seconde orientation de la recherche en Theorie des nombres, sugge­
ree par une lecture algebrique des Arithmetiques de Diophante, suscitera 
deux types de travaux: Les uns concerneront la resolution des systemes 
d'equations indeterminees dans !'ensemble des entiers ou des rationnels, 
comme cela est traite dans le Kitiib al-tarii'if fi-l-hisiib d'Abu Kamil 
(m. 930) et dans le Fakhri" d'al-Karaj1, les autres seront consacres a 
l'etude des triangles rectangles unmeriques et des nombres congruents. 
Parmi les chercheurs. qui y ont contribue, on peut citer Abu-1-Jud, al­
Khazin, as-Sijz1, tous des mathematiciens du XIe siecle, ainsi qu'Ibn 
al-Haytham24 • 

Ms. Rabat n° 416 Q, p. 315-325. 
22. Algebrises, ces problemes aboutissaient a des equations du 3e degre. Cf. a. 
Anbouba, Construction de l'heptagone regulier par les arabes au IVe siecle de l'hegire. 
Journal for the History of Arabic Science, 1978, p. 264-269. Cf. egalement A. P. 
Youschkevitch: Les mathematiques arabes. op. cit. p. 93-94. ainsi que R. Rashed: 
"La construction de l'heptagone regulier par Ibn al-Haytham" Journal for the History 
of Arabic Science 1979 p 309-3. 
23. F. Woepcke: "Notice sur une theorie ajoutee par Thabit ben Korrah a 
l'arithmetique speculative des Grecs". Journal Asiatique, serie 4, 20, 182; R. Rashed: 
Entre Arithmetique et Algebre. Paris, Les Belles lettres, 1984. 
24. A. P. Youschkevitch: Les mathematiques arabes. Op. cit., p. 66-69. 
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n'est pas possible d'en exposer le contenu en quelques lignes. Nous nous 

contenterons done, ici, d'en degager les aspects essentiels et les orien­

tations nouvelles qu'elles ont suscitees, meme lorsque ces orientations 

n'ont pas toujours beneficie des conditions favorables, exterieures a la 

science, qui leur auraient permis de debaucher sur des resultats encore 

plus importants ou meme sur de nouvelles disciplines. 

Un premier aspect de !'innovation a ete une relecture des traites clas­

siques avec, en particulier, l'arithmetisation du Livre X des Elements 

qui a permis la manipulation des irrationnels quadratiques18 , la refor­

mulation de la notion de rapport du Livre V qui a abouti a !'extension 

du concept de nombre a tous les reels positifs19 ' favorisant ainsi, sous 

!'impulsion de l'astronomie, !'elaboration de nouvelles techniques d'app­

roximations. 
En theorie des nombres, deux livres grecs, en dehors des Elements, 

ont ete a l'origine des recherches ulterieures: l'Introduction arithmetique 

de Nicomaque, qui sera etudiee selon le point de vue des suites20 et, a 
partir du xe siecle, les Arithmetiques de Diophante qui feront l'objet 

d'une lecture algebrique feconde, comme on le verra par la suite21 • 

18. Ce livre geometrique etudie les binomes et les apotomes qui sont des grandeurs que 

l'on exprime aujourd'hui ainsi: .Des le milieu du IXe siecle, des algebristes, comme 

al-Mahani, etendront cette etude a des grandeurs de la forme:, eta d'autres, sans tenir 

compte de leurs supports geometriques, et ils les introduiront, aux cotes des entiers 

et des rationnels, dans les resolutions d'equations, en particulier en Astronomie. Cf. 

ms. Paris, B.N., n° 2457 et ms. Tunis, B. N., n° 16167. 

19. L'un des travaux les plus originaux dans ce domaine a ete realise par cUmar al­

Khayyam dans sa Risii.la fi sharh mii. ashkala min musii.darii.t Uqli'dis. A peu pres a 

la meme epoque, en Espagne cette fois, Ibn Mucadh al-Jayyani abordait le meme 

probleme dans sa Maqii.la fi sharh an-nisba. Cf. A. I. Sabra: c Umar al-Khayyii.m, 

Musadarii.t Uqli'dis. Alexandrie, 1961. Pour al-Jayyani, voir: Ms. Alger n° 1446, ff. 

74 a-82 a. 

20. Parmi les algorithmes utilises par les astronomes et les algebristes, il y avait ceux 

qui servaient a !'approximation de la racine n ieme d'un nombre. J>.our plus de details 

sur ces methodes, cf. : A. P. Youschkevitch: Les mathematiq~es arabes (VIIIe­

XVe siecles). Paris. Vrin 1976. p. 160-163; R. Rashed: Resolution des equations 

numeriques et algebriques: Sharaf al-Di'n al- Tusi', Viete. Archives for the Histm·y 

of Exact Sciences, vol. 12, n° 3, 1974, p. 244-290; A. Djebbar: Enseignement et 

recherche mathematiques dans le Maghreb des XIIIe-XIVe siecles. Paris, Publications 

mathematiques d'Orsay, 1981, n° 81-02, p. 34-37. 

21. Op. cit. p. 76-91. Dans cette etude, est analysee la contribution d'Ibn al-Banna 

dans le domaine des nombres polygones, des combinaisons de n objets p a p et des 

relations exist ant entre ces deux notions. Avant Ibn al-Banna', Ibn M uncim avait 

deja expose, dans son Fiqh al-hisab, certains aspects des nombres figures, en partant 

d'une critique de deux travaux andalous, celui d'Ibn Sayyid et celui diibn Tahir. Cf. 
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nation du temps pour les prieres et le jeiine, etude du mouvement des 
planetes en particulier pour les besoins de la prevision astrologique, cal­
cui exact ou approche des parts d'un heritage, elaboration de methodes 
arithmetiques pour les transactions commerciales et la comptabilite des 
differents services de l'Etat, ou de methodes geometriques pour le cadas­
tre et !'architecture, enfin conception et fabrication d'instruments repon­
dant a des besoins varies: Mecanismes ingenieux pour !'irrigation, miroirs 
ardents et engins de guerre pour les armees,astrolabes pour les marchands 
et les marins, automates d'agrements pour les cours princieres, etc. 
Cette premiere orientation a, malgre ses preoccupations immediates, 
favorise des innovations techniques et permis des recherches theoriques 
en Mathematique et en Physique. 

La seconde motivation est nee de !'existence d'une riche tradition 
scientifique anteislamique. Les savants arabo-musulmans y trouveront, 
en plus de la matiere pour leur propre formation des problemes non 
resolus ou inacheves qui aiguiseront leur curiosite et orienteront ainsi 
certaines de leurs recherches vers des travaux sans aucun rapport avec 
leur vecu social. 

Les domaines et les formes de !'apport des mathematiciens 
des pays d 'Islam 
Bon nombre de livres d'histoire des sciences d'Europe et d'ailleurs con­
tinuent de limiter l'apport des mathematiques des pays d'Islam a l'Alge­
bre et a 1' Astronomie classique. Il est encore trop tot, bien sur, pour 
faire le bilan exact des demarches et des resultats originaux, mais les 
recherches de ces dernieres decennies permettent deja d'affirmer que 
cette innovation a concerne egalement l'Arithmetique, la Theorie des 
nombres, la Geometrie, la Trigonometrie, le Calcul infinitesimal et l'Ana­
lyse combinatoire. 

pour certaines de ces disciplines, comme l'Algebre, la Trigonometrie 
et !'Analyse combinatoire, il s'agit meme de !'elaboration de matieres 
nouvelles, soit a partir de quelques techniques anciennes, soit a partir 
de la resolution de problemes concrets qui ont permis, par la suite, de 
degager des notions nouvelles et de les etudier pour elles-memes. 

Les disciplines traditionnelles 
L'innovation dans les disciplines traditionnelles, c'est-a-dire la Geometrie, 
1' Astronomie et 1' Arithmetique, a ete tres riche et tres diversifiee et il 
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enfaiteures comme Fatima Umm al-Ban1n qui construisit la mosquee­

universite des Qarawiyyines, a Fes16 

Cela dit, si l'on y regardait de plus pres, on constaterait que ce 

mecenat, aussi important fut-il, ne pouvait, en tant que phenomene 

social, se developper sans un environnement politique et economique 
favorable. Les historiens arabes ne se sont pas toujours preoccupes du 

role de l'economie et des grandes orientations politiques, au cours des 
periodes qu'ils etudiaient mais on peut decouvrir dans leurs ouvrages, 
ici ou la, des faits et des opinions qui suggerent des influences directes 

ou indirectes de ces deux domaines sur l'activite scientifique. 
Ainsi, parmi les decisions ou les actes politiques qui ont objective­

ment eu des incidences sur cette activite on peut citer pele-mele: l'arabisa­

tion de la monnaie et des administrations par le khalife omeyyade c Abd 

al-Malik, la mise en place par les abbassides, des la fin du VIlle siecle, 

des premieres usines a papier, inaugurant ainsi un nouveau secteur 

economique bientot florissant qui favorisera une relative democratisation 
de la science par la multiplication des ouvrages et leur diffusion rapide. 

Un peu plus tard, !'apparition des Maisons de la Science (Dar al-cilm), 
d'inspiration fatimide, puis des Madrasa d'orientation sunnite, en Orient 
et au Maghreb, aura des incidences sur le cours de l'activite scientifique, 

par le biais de leurs enseignements dont le contenu etait desormais 
controle par les pouvoirs en place17 • 

Enfin, comme l'a si bien observe a son echelle le grand historien 
maghrebin du XIVe siecle Ibn Khaldun, on ne doit pas occulter les crises 

politiques et economiques locales ou regionales et leurs effets indirects 
sur le ralentissement des activites scientifiques en pays d'Islam puis leur 

mise en sommeil durant des siecles. 
Dans le prolongement de ce qui vient d'etre dit on pourrait penser 

que, passee la periode de demarrage, la science arabe a suivi des orien­
tations determinees entierement par les donnees religieuses, politiques 
et economiques qui ont caracterise les societes musulmanes des vnre_ 

XVIe siecles. La realite est en fait plus complexe, en particulier dans le 
domaine qui nous interesse icl. On observe en effet que la recherche en 

mathematique et en physique a ohei a deux motivations distinctes. 
La premiere, dirctement liee aux donnees nouvelles, sera nourrie ef­

fectivement par les sollicitations des differentes activites sociales: Determi-

16. Ibn al-Qad1: Jadhwat al-iqtibas. in: E. Levi-Proven<;al: Extraits des historiens 
arabes du Maroc. 3e edition, Paris 1948, p. 22-24. 

17. Y. Eche: Les bibliotheques arabes. These de doctorat. Paris, Sorbonne, 1949. 
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tude se concn~tisera tres vite, dans les foyers principaux, par !'apparition 
d'un mecenat khalifa au princier, enthousiaste et genereux qui financera 
les traductions, les acquisitions de livres rares, la construction de bib­
liotheques publiques, d'observatoires et de laboratoires. 

L'historiographie arabe classique insiste, a juste titre, sur le role de 
celui qui est considere comme le plus prestigieux de ces mecenes, le 
khalife abbasside al-Ma'mun qui crea, en particulier, la fameuse Maison 
de la Sagesse (Bayt al-hikma), qui deviendra un haut lieu de recherche et 
de debats10 . On pourrait bien sur lui associer d 'autres personnages qui, 
sans avoir taus eu son prestige, ant taus apporte, d'une maniere au d'une 
autre, une contribution decisive dans ce domaine: le prince omeyyade 
Khalid Ibn Yaz1d constitua une des premieres bibliotheques scientifiques 
arabes et finan<;a des traductions d'ouvrages traitant de chimie11 • Plus 
tard, dans les provinces de l'Est, l'arrivee au pouvoir d'Ulug Beg, petit 
fils de Tamerlan, relant;a les recherches astronomiques a Samarcande. 
En occident musulman. deux figures ant particulierement domine les 
autres dans le domaine du mecenat, celle de l'Omeyyade al-Hakam II, 
en Espagne et celle de l'almohade Abu Yacqub Yusuf au Maghreb. 

Mais, heureusement, le mecenat a largement deborde les cours et les 
palais, devenant une caracteristique de certaines couches sociales plus 
au mains aisees. 

Ainsi, les particuliers qu 'ils fussent marchands entrepreneurs au sa­
vants fortunes ant ete encore plus nombreux a venir en aide ala science, 
soit en retribuant des savants, soit en entretenant des bibliotheques, soit 
en finant;ant de leur vivant, et meme apres leur mort par le systeme du 
Waqf (biens de main morte), la construction puis la gestion de fonda­
tions a caractere scientifique large. n y eut ainsi des mathematiciens et 
des physiciens comme les freres Banu Musa a Baghdad12 et Ibn Ab1 ar­
Rijal a Kairouan 13 , des medecins de grand renom comme Ibn al-Matran 
a Damas14 et Ibn an-Nafis au Carire15 au bien, parfois, de simples bi-

cette question. 
10. Parmi les mathematiciens et physiciens qui travaillerent dans ce centre, on peut 
citer: al-Hajjaj, al-Khawarizmi, al-Jawhari, Sanad Ibn c Ali et les freres Banu Musa. 
11. Ibn an-Nadim: Le Fihrist, Op. cit., p. 303-304 et sqq. 
12. Ibn an-Nadim: Op. cit., p. 330-331. 
13. Ch. Bouyahya: La vie litteraire sous les Zirides. These de doctorat. Tunis. 
S.T.D., 1972, p. 83-88. 
14. Ibn Abi Usaybica. cUyun al-anba'. Op. cit., p. 287-298. 
15. M.A. Marhaba: Al-Marja fi tiirikh al-cUlum cinda-1-c Arab. Beyrouth, 1979. p. 
268-274. 
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Ainsi, la reactivation scienti:fique des VIIIe-rxe siecles a beneficie a 
la fois de traditions prestigieuses avancees, relativement accessibles, et 
d'une langue en contact continue! avec les autres langues par le biais des 
echanges commerciaux et beneficiant desormais d'un atout considerable 
celui d'etre !'expression d'une religion triomphant. Mais, a cette epoque, 
ces deux facteurs ne pouvaient suffire a entrainer des individus, de cul­
tures, de langues et de religions tres diverses, dans la grande aventure 
scientifique qui va concerner, pendant plus de quatre siecles, toutes les 
metropoles d'Orient, d'Asie, du Maghreb et de l'Espagne. En effet, en­
tre le Ve et le VIIIe siecle, il existait bien, d'une cote, des petits ilots 
scientifiques, comme ceux d'Alexandrie, d'Antioche ou de Harran et, de 
l'autre, des hommes et des femmes assoiffes de connaissances, poten­
tiellement createurs et dont les intelligences sont pourtant restees en 
friche. 

C'est presque une evidence de dire que c'est l'avenement de l'Islam 
puis son extension, relativement rapide, qui ant cree les conditions nou­
velles pour un bond en avant dans des domaines aussi differents que 
le commerce a grand rayon, la technologie industrielle, la theologie, 
l'astrologie, la philosophie et les sciences exactes. Mais, cette evidence 
premiere resterait ambique sans une analyse permettant de degager les 
liens qui se sont tisses entre la nouvelle religion, apparue a un moment 
donnee de l'histoire des societes ante-islamiques, et les composantes 
dynamiques de ces societes. Non seulement cela n'enleverait rien a 
!'importance du phenomene religieux, mais cela permettrait egalement 
de mieux apprehender son role en tant que projet culture! et surtout 
en tant que vecteur politique et ideologique a multiples facettes. Ne 
pouvant mener une analyse approfondie dans le cadre restreint de cet 
expose, nous nous contenterons de presenter quelques faits precis qui ant 
eu un lien avec les premiers pas de la science arabe et qui ant parfois 
pese sur son contenu et sur ses orientations. 

Sur le plan religieux, les passages explicites ou les allegories des deux 
textes fondamentaux-le Coran et le Hadith8 -ont fa~onne aux premiers 
temps de l'Islam, une attitude tres favorable aux sciences9 Cette atti-

8. Le Hadith est !'ensemble des paroles et des actes du Prophete Muhammad. 

9. Les versets coraniques et les hadiths les plus importants qui concernent les sciences, 
au sens large, ont ete meme sollicites pour defendre telle ou telle discipline lorsqu'elle 
etait menacee par ses detracteurs. C'est ce qui ressort en particulier du Kitab Irshad 
al-Qasid d'Ibn al-Akfiin1 (Ms. Escurial n° 949, ff. 2a-6a) qui rassemble de nombreuses 
references coraniques pour prouver l'utilite des sciences. Son argumentation laisse 
supposer qu'au XIVe siecle un debat serieux a peut-etre ete de nouveau engage sur 
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ers intellectuels avant l'avenement de l'Islam5 • 

n est d'ailleurs utile de faire, a propos de ces traductions, plusieurs 
remarques qui concernent les rapports entre ce phenomene et celui de 
la reactivation scientifique en Mediterranee orientale a partir du VIlle 
siecle. 

Certains ouvrages fondamentaux ont beneficie de plusieurs traduc­
tions et leurs chapitres ou leurs propositions ont subi differents rearrange­
ments. Ce fut le cas, par exemple, des Elements d'Euclide (traduits 
par al-Hajjaj deux fois puis par Ishaq Ibn Hunayn et enfin corriges par 
Thabit Ibn Qurra). Ce fut egalement le cas de l'Almageste de Ptolemee6 

et de Coniques d'Apollonius7 • Ces ameliorations successives repondaient 
a un besoin de rigueur qui ne faisait que refleter un double progres, 
celui des mathematiques et celui de la langue arabe elle-meme. Le pre­
mier phenomene devant etre evoque plus amplement par la suite, dis­
ons quelques mots du second, c'est a dire l'enrichissement de l'arabe de 
differentes terminologies scientifiques. Cet enrichissement est le resultat 
de deux phenomenes importants interieurs a l'activite scientifique: le 
premier est !'apparition puis le developpement d 'une recherche, avec son 
esprit, ses regles, ses structures et ses hommes qui vont explorer des do­
maines nouveaux, creer des objets et des outils puis, dans le meme temps, 
forger les mots pour les dire et pour les utiliser. Le second phenomene, 
indissociable du premier et d'une portee sociale encore plus grande, est 
la mise sur pied progressive d'un enseignement qui sera longtemps de 
qualite, grace a sa capacite d'integrer tres rapidement des methodes 
et des resultats nouveaux et d'assurer, par sa pratique quotidienne, la 
transmission de cette nouvelle langue scientifique et sa perennite. 

5. Sur les activites de traduction de ces foyers grecs et syriaques, voir: A. Djebbar: Le 
phenomene de traduction et son role dans le developpement des activites scientifiques 
en pays d'Islam. Paru dans: Les Ecoles savantes en Turquie: Sciences, philosophie et 
arts au fil des siecles. Actes des journees d'Ankara (24 au 29 avril 1995). Istanbul, 
Isis, 1996, p. 93-112. Parmi les premiere traductions mathematiques, on peut citer 
celles de Muhammad al-Fazari vers 773, a partir de textes astronomiques indiens. 
Puis, selon les besoins, des traductions au des retraductions ant ete realisees tout au 
long du IXe siecle et jusqu'a la seconde moitie du Xe siecle, comme en temoigne la 
traduction des Arithmetiques de Diophante par Qusta Ibn Luqa, ala fin du IXe siecle 
au au debut du Xe. 
6. Il flit traduit egalement par al-Hajjaj puis par Ishaq Ibn Hunayn. Cf. Ibn an­
Nadim: al Fihrist. Op. cit., p. 327. 
7. Surles huit livres composant ce traite, seuls les sept premiers etaient parvenus aux 
Arabes en entier. Ouatre furent traduits par Hila! al-Himsi' et les trois autres par 
Thabit Ibn Qurra. 
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arabe ne fait pas exception a cela. Un rappel des traditions mathematiques 
anterieures au VIne siecle est done necessaire pour mieux apprecier la 

nature des apports nouveaux, leur importance et leur impact. En nous 

basant sur les temoignages des savants arabes eux-memes, comme al­

B"iriin"i par exemple1 , ainsi que sur les traductions des ouvrages mathema­
tiques dont les titres nous ont ete transmis par les biobibliographes 
arabes comme Ibn an-Nad"im, Ibn al-Qiftl ou Ibn Ab"i Usaybica2 , on 

peut avancer plusieurs remarques: On constate, en premier lieu, que 
malgre son importance qualitative et quantitative, l'heritage scientifique 

grec n'a pas ete seul a l'origtine de la science arabe. n faut y ajouter 
les traditions astronomiques persanes3 et surtout indiennes transmises 

par l'intemediaire des Sindhind4 , ainsi que les techniques du calcul in­

dien basees sur les systemes deciemal et sexagesimal. Aces deux influ­

ences non grecques, il faudrait egalement associer une troisieme, celle des 
Babyloniens que les biographes et les mathematiciens ont generalement 

omis de signaler mais que confirme l'analyse des textes arabes en par­
ticulier dans le domaine des algorithmes de calcul exact ou approche 

et dans celui des resolutons d'equations simples. n y enfin toutes les 
traditions locales liees aux activites economiques, comme les techniques 

d'arpentage ou bien le calcul digital et le calcul mental dont certains 

aspects, perpetues par la pratique quotidienne, ont longtemps resiste a 
!'extension du system decimal, amenant les mathematiciens ales etudier 

et a leur donner des justifications theoriques. 
Cela etant, il est indeniable que l'heritage anteislamique le plus im­

portant a ete celui des mathematiques grecques qui seront accessibles 
soit directement par des traductins du grec a l'arabe, soit indirectement 

a partir de traductions syriaques qui etaient utilisees dans quelques foy-

1. Al-B1riin1: al-Oiinun al-Mascudi; Hayderabad 1954-56. Cf. egalement son ouvrage 
Fi rashikiit al-Hind traduction et commentaires par B.A. Rosenfeld in: Histoire des 

sciences et des techniques dans les pays d'Orient, fasc. III, Moscou 1963 

2. Ibn an-Nad!m: al-Fihrist. Rida Tajaddud (edit.). Teheran 1971. Ibn al-Qifft1: 

Akhbiir alulamii' bi Akhbiir al-hukamii'. Beyrouth, Dar al athar, non datee. Ibn Abi 

Usaybica: cUyun al-anbii' fi tabaqiit al-atibbii'. Beyrouth, Dar ath-thaqafa, 1976. 

3. D'apres Ibn an-N ad!m ( op. cit. p. 305), cAl! Ibn yaz!d at-Tamim1 a traduit les 
tables astronomiques persanes intitulees Z!j Shahriyiir. 

4. Al-B1run1: Kitiib Tahqi·q mii li 1-Hind. Hayderabad, 1958. Il faut bien reconnaitre 
que, lorsqu'il s'agit de se referer a des ouvrages indiens, les auteurs arabes n'ont pas 

toujours la rigueur qu'on leur connait a propos des savants grecs. Cela est peut-etre 

dii ala moindre importance quantitative de ces ouvrages, compares aux traites fon­
damentaux grecs, ou tout simplement a des ruptures de tradition dont nous ignorons 

les causes. 
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du XIXe siecle, en Europe meme, et malgre les mouvements nationaux 
du xxe visant a l'independance politique. 

Quant aux deux mille ans d'activites scientifiques qui ant precede et 
surtout permis le grand bond en avant des "temps modernes", ils ant 
ete longtemps reduits ala periode grecque qui ne va pas d'ailleurs au 
dela du vre siecle et qui, malgre son importance, ne pouvait, a elle seule, 
redynamiser les nombreux secteurs d'une activite scientifique qui s'etait 
assoupie en Europe entre le VIlle et le XIVe siecle. 

n y a eu, certes, depuis la fin du xrxe siecle d'importants travaux 
concernant les sciences indiennes, arabes ou chinoises mais, le plus sou­
vent, ces travaux n'ont pas depasse le cercle de specialistes. Pour pren­
dre l'exemple de la science musulmane, on constate que les efforts faits 
par des particuliers ou par des institutions pour les mettre a la portee 
des enseignants ont ete, pendant des decennies, rares, discontinus ou 
tout simplement inexistants. La situation n'est d'ailleurs pas brl.llante 
aujourd'hui, malgre la multiplication des publications de vulgarisation 
car certains de leurs auteurs continuent, volontairement ou par igno­
rance, a minimiser le role joue par les savants non europeens dans le 
developpement des activites scientifiques, tandis que d'autres-et c'est Je 
cas de plusieurs livers arabes parus ces vingt dernieres annees-sont soit 
trop generaux et trap imprecis, soit trap apologetiques pour etre tout 
simplement credibles. 

Cette expose qui ne concerne que les activites mathematiques vise a 
completer !'information du lecteur, en l'actualisation parfois sur la base 
travaux publies au cours de ces deux dernieres decennies. D'une maniere 
plus precise, nous evoquerons les aspects essentiels de !'innovation mathe­
matique en pays d'Islam, durant la periode creatrice, c'est a dire entre 
le VIlle et le XIVe siecle, en tentant de degager les causes internes et ex­
ternes qui ont permis, favorise ou entrave les recherches nouvelles et ce, 
compte tenu des interactions connues ou supposees entre les differentes 
sciences de la civilisation arabo-musulmane d'une part et entre ces sci­
ences et leur environnement economique et culture! d'autre part. 

Le contexte de Ia redynamisation des sciences a partir du 
VIlle siecle 
Le redynamisation d'une activite scientifique dans le cadre d'une civili­
sation donnee est evidemment inconcevable sans !'acquisition d'au mains 
une partie du patrimoine des civilisation qui l'ont precedee, et la science 
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et developpement a travers l'exemple 

des mathematiques 

A. Djebbar 
U niversite Paris-Sud 

Introduction 

Pour un nombre de plus en plus grand de scientifiques, enseignants ou 
chercheurs, la necessite de connaitre le contenu de l'histoire des sciences 
et de l'integrer dans l'enseignement n'est plus a demontrer. Pour des 
raisons pedagogiques, culturelles, ideologiques ou pour la simple curiosite 
intellectuelle, ces scientifiques s 'initient a elle et encouragent parfois sa 
diffusion. 

Mais, la tendance des chercheurs et des enseignants a ete pendant 
longtemps de privilegier la production scientifique des trois derniers 
siecles pour les bouleversements qu'elle a provoques dans le domaine 
de la connaissance, pour les problemes ouverts qu'elle a legues aux 
chercheurs a venir ( et dont certains n'ont toujours pas ete resolus) et 
enfin parce que, tout simplement, la science moderne s'etant developpee 
en Europe, ou d'une maniere generale dans l'aire culturelle occidentale, 
son histoire en a garde certaines conceptions et meme certains a priori 
que l'on pourrait qualifier d'europeo-centristes ou de globalement occi­
dentaux. 

ll n'est pas superflu d'ailleurs de constater, aujourd'hui encore, la 
persistance de ces conceptions et de ces a priori non seulement dans 
l'enseignement scientifique europeen, mais egalement dans celui de cer­
tains pays anciennement colonises et ce malgre les ruptures ideologiques 

Ayene-ye Miras, vol.5, no.4 (no.20), pp. 27-50 
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Bibliographie: Aristote: De l'ame, Livre II, Ch. 7. V. aussi le petit 
traite intitule De la sensation et des sensibles qui fait partie des Parva 
naturalia. ll vient d'etre bien traduit en fran~ais par P.M. Morel en livre 
de poche, Garnier Flammarion sous le titre Petits traite.s d'histoire na­
turelle, Paris, 2000. V. en particulier Ch. 2-3, pp. 68-77. Les differentes 
theories de la vision sont discutees dans le petit livre de Gerard Simon, 
Le regard, l'etre et l'apparence dans l'Optique de l'Antiquite. Paris, Seuil, 
1988. La theorie aristotelicienne est l'objet des pages 42-45.>> 
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Remarque: 

J'ai donne cet article a Monsieur le Professeur Bernard Vitrac pour 
une relecture. Monsieur Vitrac, apres l'avoir lu, m'a fait parvenir les 
remarques suivantes: 

<<lJ'argument d'al-Farabi sur la non-existence du vide me parai't base 
sur la theorie aristotelicienne du visible et du diaphane ( ou transparent) 
expose au Livre II, Chapitre 7 du De anima. 

Cet~e theorie s'oppose explicitement a celle d'Empedocle qui fait de la 
lumiere une propagation. 

Elle s'oppose aussi a celle de Democrite qui, selon Aristote, affirmait que 
si le vide se produisait on verrait tres clairement les moindres chases, 
y compris une fourmi dans le ciel ( 419 a15-17). Au contraire, dans la 
theorie d 'Aristote, sans milieu, on ne verrait rien du tout dans le vide. 

A partir de la on peut imaginer un argument- pas une experimentation 
-sur la non existence du vide: s'il existait quelque part dans l'univers 
une portion vide, on n 'y verrai! rien quand bien meme elle serait eclairee 
par une source lumineuse. Or ceci ne se produit pas. Done de telles por­
tions de vide n'existent pas. 

Unpartisan du vide n'a que deux solutions en face de cet argument: 
• prouver empiriquement !'existence du vide en mettant en evidence le 
phenomene predit dans !'argument aristotelicien. Mais nous savons au­
jourd'hui qu'il ne le pourra pas carla lumiere se propage dans le vide. 
• soit atta.quer la theorie aristotelicienne du visible et du diaphane et 
montrer - par un autre argument - sa faussete. La refutation aris­
totelicienne de !'existence du vide ne sera done plus probante. Bien 
entendu cela ne demontre pas !'existence du vide mais en laisse ouverte 
la possibilite. 
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faveur de l'impossibilite du vide dans la nature. 40 

Duhem lui-meme, tout en admirant la theorie de Bacon a compris que 
celle-d avait subit une influence islamique, bien qu'il ait nettement min­
imise son importance. Ala lumiere de ce traite d'al-Farabi, recemment 
redecouvert, il devient maintenant necessaire de modifier le point de vue 
de Duhem et de conclure que la part jouee par Roger Bacon n'etait pas 
vraiment originale. Al-Farabi etait a l'origine de la nouvelle hypothese 
et une recherche ulterieure ne pourra changer cette conclusion que s'il 
apparait que ces vues existaient deja avant !'hypothese d'al-Farabi. 

40. Gilles de Rome a la suite de Roger Bacon a utilise egalement !'experience de la 
ventouse comme un argument en faveur de l'horreur du vide. 

La ressemblance entre le texte de Gilles et celui d'al-Ghazali est tres evidente. 
Voila ce que Gilles de Rome dit a ce propos: 

"De cette fa<;on, dans nne foule de circonstances, il se produit nne traction afin 
qu'il n'y ait pas de vide. C'est manifeste pour la ventouse; si l'on y met de l'etoupe 
enflammee, ce feu rarefie Fair contenu dans la ventous; qu'on pose alors la ventouse 
sur la chair; comme le feu s'eteint, cet air se refroidit et occupe moins de place; alors, 
pour que le vide ne se produise pas, il se fait nne attraction de la chair ... " (P. DUHEM 
"Roger Bacon et l'horreur du vide", op. cit. p. 274). 
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de peur que ses affirmations soient interpretees dans le sens d'une cause 
e:fficiente du vide. Selon lui, il est faux de dire que le vide exerce une at­
traction. La nature tend plutot a preserver la continuite et la contigui.'te 
de cette partie. Il pretend, en outre que ce comportement des corps ala 
priorite sur les lois d'Aristote relatives au mouvement des corps. C'est­
a-dire, qu'un corps restera dans une place qui ne lui est pas naturelle ou 
meme s'en eloignera plutot que de permettre la formation du vide.38 

Toutes ces idees existent chez al-Farabi. Seule l'idee de continuite 
spatiale intervient sous une forme generale chez Bacon. Par une generali­
sation de nature purement theorique il l'a consideree comme valable 
pour toutes les regions de l'univers et il ne l'a pas limite a une pro­
priete reciproque de l'eau et de l'air. Il cite, par example, !'adherence 
d'un solide a un solide et d'un liquide a un solide. Bacon presente 
ainsi !'hypothese d'al-Farabi avec plus de details et il etend son champ 
d'application en citant une varete d'experiences demontrant sa validite 
tandis qu'al-Farabi n'en mentionnait qu'une. L'experience rapportee par 
al-Farabi ne se trouve pas chez Bacon, ceci peut expliquer leurs princi­
paux points de divergence. 

En e:ffet, la difference la plus significative entre al-Farabi et Bacon 
vient du fait qu'al-Farabi accorde une importance particuliere aux pro­
prietes de l'air tandis que dans la version plus generale de !'hypothese 
chez Bacon cet accent a disparu. Car Bacon, contrairement a al-Farabi, 
ne parle ni de la compressibilite ni de l'elasticite de l'air. Cela nous fait 
supposer que le savant chretien aurait re~u la theorie d'al-Farabi par 
l'intermediaire d'autres sources islamiques. 

On sait aujourd'hui que Bacon connaissait bien l'reuvre d'al-Ghazali, 
notamment les buts du philosophe qui a ete traduit en latin sous le titre 
de M etaphysique39 • Cet element his tori que no us permet de supposer 
que ce livre d'al-Ghazali peut :1voir oriente Roger Bacon vers la theorie 
d'al-Farabi, d'autant plus que le savant chretien, comme son successeur 
rnusulman, a signale !'experience de la ventouse comme un argument en 

38. IbiJ pp. 256-257, 265. 
39. Roger Bacon, par exemple a la page 327 de son Questiones super Iibras physico­
rum (publie par F. Delome en 1935), mentionne ainsi d'al-Ghazali et sa Meaphysique: 
"Item, primo Metaphysia Argazeli: si accipiatur quadrat urn et ... ". Pour en savoir 
plus, voir aussi: 

* M. BOUYGES: "Roger Bacon a-t-il lu des livres arabes?" dans Archives 
d'histoire doctrinale et litteraire du Moyen-age, 5 (1930) pp. 311-315. 

* D. SALMAN, "Algazel et les latins" dans Archives d'histoire doctrinale et 
litteraire du Moyen-age, 10 (193666) pp. 103-127. 
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pas attiree, le vide interviendrait ce qui n'a pas lieu ... "36 

Apres avoir ran)fie l'air de la ventouse par le feu, on la met sur la peau 

Ill-2- En Occident chretien 
D'apres les ecrits des scolastiques des treizieme et quatorzieme siecles 
europeens portant sur la question de l'horreur du vide, Duhem est arrive a la conclusion que cette hypothese etait une contribution personnelle 
de Roger Bacon et qu'elle avait ete cree et formulee exclusivement par 
lui. Duhem croit avoir detecte toutes les phases du developpemet de 
cette idee dans le travail de Roger Bacon et pretend que seul un germe 
rudimentaire, a savoir l'idee d'une force attractive exercee par le vide 
doit provenir des sources de Roger Bacon.37 

Les caracteristiques distinctives de cette hypotheses que Duhem pre­
tend etre de Roger Bacon sont les suivantes: 

Pour rendre compte, dans le cadre de !'hypothese des faits observes, 
d'un grand nombre d'experiences Roger Bacon prend des precautions 

36. Ibid, p. 242. 
37. Ibid pp. 266-267, 241, 253-254, 284. 
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Mecanisme des pompes aspirantes 

Un jour cependant l'hypothese de la continuite spatiale connnaitra le 
sort qu'a connu l'hypothheses du lieu naturel. Un fontainier de Florence 
ayant construit une pompe plus longue que les pompes ordinaires, remar­
qua avec surprise que l'eau ne s 'y elevait jamais au-dessus de trente-deux 
pieds. Evangelista Torricelli realisa l'experience du vif-argent et Pascal 
en suivant l'experience de Torricelli decouvrit finalement la theorie de la 
pression atmospherique. 

Chap iter III: La theorie d 'al-Farabi en Orient 
musulman et en Occident chretien 
III-1- En Orient musulman 

La theorie d 'al-Farabi a influence certains philosophes de l'islam, no­
tamment Abu Hamed al-Ghazali, grand theologien iranien du XI siecle. 
Celui-ci qui avait mene une guerre vigoureuse contre tous les heretiques 
et infideles, sans se referencer a al-Farabi, exposa, dans son livre intitule: 
~ .... :;WI ~\:; (les buts des philosophes) la theorie de ce dernier comme un 
argument ecrasant contre les atomistes. Al-Ghazali est meme alle plus 
loin que son predecesseur en generalisant la theorie de la continuite spa­
tiale de l'air et de l'eau pour tous les corps dans la nature. n indique que 
les corps tendent toujours a preserver leur continuite et leur contigui'te 
spatiale afin d'eviter le vide. 

Par exemple: 
"Par la succion, l'air est attire et, avec l'air se trouve attiree la peau 

de l'homme auquel on veut appliquer la ventouse; en effet, si elle n'etait 
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la remplacer par une theorie plus complexe." 35 

Ce remplacement a ete effectue comme nous l'avons vu par al-Farabi. 
La theorie de celui-ci etait a son tour une bonne theorie physique, a 
partir d'un petit nombre de principe elle prenait en compte certains 
phenomenes qui ne pouvaient pas etre expliques par la theorie d'Aristote. 

Cette theorie qui a ete transformee plus tard en occident en la fameuse 
formule: "la nature a horreur du vide" expliquait en outrele phenomene 
des pompes aspirantes. 

Pompe aspirante 

En effet, d'apres la theorie d'al-Farabi, lorsque l'on aspire l'air de 
la pompe, celui-ci qui etait a son etat d'expansion, retourne a volume 
naturel. L'eau souterraine qui doit etre en contact permanent avec l'air 
suit celui-ci dans son mouvement ascentionnel. Elle vient ainsi au niveau 
du bee de la pompe. 

35. P. DUHEM, "Roger Bacon et l'horreur du vide" Roger Bacon, Essays contributed 
by various writers on the occasion of commemoration of the seventh century of birth, 
Oxford, 1914, p. 268. 
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suit l'air dans son mouvement vers le haut et remplit l'espace interieur 
du recipient a mesure que l'air retourne a son volume propre. 

Dans le premier cas, la formation du vide est empechee a caause de 
l'elasticite de l'air; aucun vide ne se forme dans le recipient, bien qu'une 
partie de son air ait ete eliminee par force. Dans le second cas, c'est-a­
dire quand !'obstruction a ete retiree de !'orifice, le recipient ayant ete 
abaisse dans l'eau, la formation du vide a ete evitee de nouveau, cette, 
fois par l'entre d'eau dans le recipient; l'entree d'eau dans le recipient 
est due a !'adhesion de l'eau et de l'air et il n'existe pas de force telle 
que !'attraction du vide. 

Ainsi al-Farabi en rejtant l'idee de la repulsion de l'air exterieur, 
aussi bien que !'attraction du vide, y substitue !'hypothese que l'eau et 
l'air restent en contact l'un avec l'autre et se suivent l'un l'autre dans 
leur mouvement, Cette hypothese, ainsi que !'affirmation mentionnee 
precedemment que l'air possede la qualite de s 'infiltrer dans l'espace 
rendu disponible par les corps voisins de lui, implique la supposition 
tacite que: 

Le comportement de l'air et de l'eau sont tels qu'ils 
empechent une discontinuite dans la nature, c'est-a-dire 
qu'ils empechent la formation du vide dans la nature 

L'action de l'air est de remplir tout l'espace qui est libere par d'autres 
corps mais un tel air est dans un etat non naturel et s'il y a de l'eau 
dans son voisinage, l'air retourne a son volume normal et l'eau occupera 
l'espace libere par l'air qui se contracte a nouveau. 

11-5- Conclusions epistemologiques 

Ce fut ainsi le depassement de la theorie d'Aris- tote par celle d'al­
Farabi, car epistemologiquement parlant, "la theorie du lieu naturel, 
telle qu' Aristote l'avait proposee etait une bonne theorie; au moyen d'un 
petit nombre d'hypotheses elle permettait de classer une multitude de 
phenomenes connus, de prevoir une foule de repos ou de mouvements. 
Cependant peu a peu, les experiences dont la theorie peripateticienne 
ne pouvait rendre compte se sont multiplies et precises. Alors il a fallu 
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Farabi porte sur !'interrelation spatiale de ces deux elements. Selon 
al-Farabi, le compportement de l'eau et de l'air est tel qu'ils adherent 
l'un a l'autre et restent en permanence en contact. Si l'un d'eux bouge 
ou si !'interface entre eux est modifiee, du fait par exemple du change­
ment de volume de l'air, un mouvement correspondant a lieu dans l'autre 
corps; le resultat est que les deux corps restent en contac comme avant. 
De plus, ce mouvement a lieu comme si le mouvement resultant se faisait 
dans un sens oppose au sens du mouvement naturel des corps concernes, 
c'est-a-dire, meme si ce mouvement viole la doctrine aristotelicienne: 
que chaque corps tend a se deplacer vers sa place naturelle." 33 

3- Chaque portion de l'air correspont a un volume representant 
un etat de force impose a celle-ci 

Compresse ou etendu, l'air restera cependant a son nouveau volume 
aussi longtemps qu'il sera contraint et des que la force contraignante 
disparaitra, l'air retournera a son volume naturel. Ceci ressemble au 
mouvement d'une pierre; car aussi longtemps que cette derniere est a sa 
place, elle ne bougera pas d'elle-meme et inversement si la pierre n'est 
pas a sa place naturelle est tiree par une force. De tels corps resteront a 
leur place ou dans leur etat aussi longtemps que la force contraignante 
adherera a eux et ils commenceront a bouger de leur place naturelle ou 
de leur volume des que la force les liberera.34 

Sur la base des elements preparatoires precedents, al-Farabi en vient 
maintenant au principal probleme, !'explication et !'interpretation des 
faits observes dans les experiences faites avec les recipients renverses. n 
reuni les elements precedents de la maniere suivante: quand on aspire 
par l'ouverture du recipient, qu'une partie de l'air qu'il contient est 
enlevee, que l'air qui reste tend a remplir I' ensemble du recipient et aussi 
longtemps que l'ouverture du recipient est obstruee par les doigts, cet air 
est oblige d'occuper ce volume qui est plus grand que son prope volume. 
Aucun vide n'est produit, mais tout simplement l'air est a son etat 
d'expansion. Quand, par contre, on retire !'obstruction de l'ouverture du 
recipient apres l'avoir plonge dans l'eau, la force contraignante disparait, 
l'air retourne done a son volume naturel et a cause de la propriete de 
l'air et de l'eau de maintenir leur contact et d'adherer l'un a l'autre, l'eau 

33. Ibid p. 14, Voir egalement: A. SAYILI "AI Farabi's article on vacuum". op. cit. 
p. 162. 
34. Ibid p. 13. 
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Quant a la deuxieme hypothese concernant la force d 'attraction du 
vide, al-Farabi use d'une simple argumentation logique basee sur la 
causalite du monde physique: tout phenomene a une cause. Voila le 
principe qui determine la philosophie d'al-Farabi30 , et c'est en remon­
tant de l'effet a la cause d'apres lui qu'on arrive aux lois physiques. 
A cette question que le vide est une cause, la reponse d'al-Farabi est 
negative, puisque le vide est "rien". Or "il est impossible d'imaginer 
que ce qui n'est absolument rien attire l'eau, ou pour cette question 
d'imaginer aucune chose de cette sorte."31 

11-4- La theorie d'al-Farabi 

Mais alors... comment peut-on expliquer la mantee de l'eau dans le 
recipient renverse? 

Al-Farabi tache justement de justifier ce phenomee etrange, ana­
logue ala fontaine de Heron d'Alexandrie. Autrement dit, par manque 
d'argumentation experimentale, il ne s'engage pas a !'elaboration d'une 
theorie scientifique. ll veut plus exactement neutraliser celle de ses ad­
versaires. Cependant, sans le vouloir, ses explications et affirmations 
aboutiront a une theorie importante a l'encontre de !'existence du vide. 

Ces affirmations sont les suivantes: 

1- L'elasticite de l'air 

En comparant l'eau et l'air al-Farabi attire notre attention sur le fait 
que bien que l'eau prenne la forme du recipient, ce processus a lieu sans 
aucun changement de volume, tandis que l'air est elastique et se repand 
dans toute les directions radicalement et avec une parfaite facilite.32 

2- La continuite permanente de l'eau et de l'air 

Al-Farabi signale egalement la propriete particuliere de l'eau et de l'air. 
"L'idee avancee qui est apparemment entierement originale chez al-

30. H-Z. ULKEN, La pensee de l'Islam, traduit du turc pa.r Gautier DUBOIS, Istan­
bul 1953, p. 401. 
31. Necati Lugal and A. SAYILI op. cit texte arabe p. 9: 
.,...i;:u ..:1 ~ Jot .:,I ~'1 )I... I .,.~'J l.. .:,IS' Ill ~"11 ~ .,.)l;.ll>":J f'""..~:.& ~J!l.. ..IS'I .:,~.:,I t.h'o:! .:,IS" 

'.)L,I ~ ~~ ~ .:,I '1 J ~I .. WI 

32. Ibid p. 13. Voir egalement: A. SAYILI "Al Fa.rabi's article on vacuum". op. cit. 
p. 159. 
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Fig. 2 

le vide s'etait produit a l'interieur du recipient lorsqu'on avait enleve 
une partie de l'air et que ce vide avait attire l'eau dans le recipient. 27 

c- Mise a l'epreuve empiriquement 
Or dans le recipient "quelque chose" apparaissait qui ne ressemblait 

plus tout a fait a un milieu physique plein. Mais si le vide macroscopique 
faisait son apparition, la doctrine du vide microscopique et des atomes 
allait gagner en credibiliee. 

Pour les besoins de !'argumentation, al-Farabi suppose d'abord qu'en 
conformite avec les hypotheses de ses opposants, un vide partiel se forme 
a l'interieur du recipient quand on aspire l'air par l'ouverture. Partant 
du principe que "la lumiere ne peut se propager qu'a travers un corps 
materiel" 28 al-Farabi met le "vide en question" devant les rayons du 
soleil. 

d - Refutation 
La propagation des rayons du soleil dans le recipient, annonce la 

futilite de !'hypothese concernant !'existence du vide. Et cela permet a 
al-Farabi de dir: "qu'il y a de l'air la ou l'on a affirme que le vide est 
produit" .29 

27. Ibid ;. 4. 
28. Ibid p. 6. Texte arabe: 
' ... &. ~~ c.sl ~ ~~ Jl tk..:.ll.ii.:..; ~~~ ~WI ~~ wl JJ c:r ~"l Wll~l l..Li 

29. Ibid p. 8. Texte arabe: 
~ ~~..sJ~ /'7': i,.lP. w ....>..0_,1 _, ~ J;..:... .;I ~..u ~Li .;I ~"llc:r ~ ~ c.sjjl wlS...Jiw! J_,:A:..i' 

·,..L. wl 
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L'experience d'al-Farabi a propos du vide n'est en realite que !'applica­
tion de cette meme methode. 

Experience 

La premiere experiece d'al-Farabi commence par une operation ef­
fectuee avec un recipient renverse qui est descendu jusqu'a la surface de 
l'eau, puis enfonnce dans celle-d. On observe que l'eau n'est pas mantee 
dans le recipient, bien que celui-ci ait ete enfonce profondement dans 
l'eau25 (fig. 1). 

Fig. 1 

La seconde experience est la repetition de la premiere avec quelques 
modifications. Cette fois, on aspire de l'air du recipient avant de la 
descendre ala surface de l'eau. L'ouverture du recipiennt est bouchee 
avec les doigts apres que l'on ait enleve l'air, et !'obstruction est otee 
seulement lorsque l'ouverture du recipient est dans l'eau. 

a - Faits observes: 
Dans cette experience, on observe que l'eau penetre dans le recipient 

bien que l'on n'appuie pas sur celui-ci26 (Fig. 2). 
b - Premiere hypothese 
D'apres al-Farabi ceux qui croient a !'existence du vide pensent que 

dans le premier cas le recipient etait plein d'air mais que dans le second 

25. Necati Lugal and A. Sayili, Farabi's Article on Vacuum, op. cit. texte arabe p. 
2. 
26. Ibid p. 3. 
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fait (III) nous rassemblons les elements permettant d'identifier l'inconnu 
au moyen de cette experience. Puis (IV) a partir de ce rassemblement 
nous devons savoir si notre hypothese est vraie ou non. [Autrement dit, 
nous pouvons maintenir ou rejeter notre hypothese selon le resultat de 
notre experience.J" 24 

Nous pouvons schematiser la methode d'al-Farabi de la manniere 
suivante: 

Faits observes 

a 

Hypothese 

b 

Mise a I' epreuve empiriquement 

Rassembler les enonces empiriques pour savoir s'ils 
sont en accord avec Ia prevision theorique et s'il y a 
une coherence interne entre ces enonces 

1 La reponse est positive 1 1 La reponse est negative 1 

+ 
connaissance scientifique refutation 

24. Voici le texte arabe d'al-Farabi: 
~ )>:; F . .,_.;l;JI~ ~ I.SjJI ~~~ 5i ~ J,k:JI LY.~ JAI.:J~ .,_.;l;JI~ J:i:....; 5i ~l) 1~1 J 

~~ ~ ~l_;y .. ~l..sJ~ .);.& ~j;.l ~l..sJ~.,.; I.SjJI V"~ll:.....k. l~[j .~l..sJ~ ~J! V".,..-.. c:si 
~~J ~~[j V"~~~ :U.L:....JI ~~~ ~ ~.)J· ... ~I..5.t 0-'.rl c:s1J.:.; F V"~l..sJ~ .,_.;t;JI 

. .,_.;l;JI Jl JAL:....JI V",_,.....JIU' ~I O_;J_....;d~ JA::I.r ~l..sJ~ 
( \ V'? ll"' \'?I \\\A .:.,~ 'J~~I) ~~ 1t..::AI ~ • .::...\.;Ah..jl '(.5'!1 ).all) 
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a se repeter ici. Ensuite, vient la troisieme partie qui peut etre con­
sideree comme la preparation des conclusions finales. lei sont discutees 
certaines proprietes de differents corps qui ant rapport au sujet traite. 
Cette section peut-etre consideree comme une seconde introduction. Elle 
donne au lecteur !'impression d'une digression et ce n'est qu'a la fin de 
celle-d que l'auteur en vient au fait. Tout ceci etant dit d'une maniere 
plutot maladroite et confuse. C'etait peut-etre inevitable a cause du car­
actere vague et limite des connaissances disponibles a cette epoque sur 
les sujets discutes ici; a savoir la variation de la temperature des corps. 
Globalement cependant, en lisant cette section apres avoir bien compris 
!'article, on sent qu'il est bien conc;u et que cette section prepare douce­
ment aux conclusions qui seront tirees plus loin. La quatrieme partie, ou 
la conclusion est vraiment la partie la plus importante de !'article. Elle 
est traitee brievement et avec une grande lucidite dont nous discuterons 
plus loin. 

11-3- Demonstration experimentale de l'impossibilite du 
vide 

Avant d'exposer la demonstration d'al-Farabi sur l'impossibilite du vide, 
il faut signaler que cette sorte d'experience n'existait pas chez ses predece­
sseurs grecs. Ceux-ci se contentaient uniquement d'argumentations ra­
tionnelles. Tandis qu'al-Farabi aux arguments rigoureusement enchaines 
mais partant le plus souvent de principes hypothetiques ou faux substi­
tua le- raisonnement gradue, fonde sur !'observation patiente des faits, 
sur !'experience. Dans son Grand trait€ de la musique, il declare "qu'apres 
avoir examine experimentalement les theories musicales des maitres de 
l'antiquite il les trouva soit erronees soit incompletes. Ces experiences 
lui permirent par ailleurs d'enoncer de nouvelles theries ou de clari­
fier et d'approfondir les theories deja existantes." 23 Cette methode 
experimentale d'al-Farabi qui a ete exposee dans son Kiyas al-Saghir, 
consiste a proceder du connu a l'inconnu. Elle a pour but d'exposer les 
pricipes sur lesquels reposent une decouverte scietifique. ll dit en effet: 
"Si nous voulos arriver a l'inconnu a partir d'une propostion vraie par 
la methode de !'analyse, [nous devons parcourir les etapes suivantes] (I) 
nous devons faire une hypothese sur cet objet inconnu. Puis (II) nous 
examinerons empiriquement l'objet de notre recherche. Quand ceci est 

23. Mehdi BARKESHLI, Les idees scientifiques de Farabi dans Ia musique, Teheran, 
Academie des Lettres et des Arts, 1978, p. 7. 
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Fac-simile de Ia premiere page du manuscrit 

II-2- Le plan de l'ouvrage 

Le traite d'al-Farabi se divise naturellement en quatre parties. Dans la 
premiere partie apres une courte introduction ou le probleme est expose 
clairement, al-Farabi decrit deux experiences qui sont proches l'une de 
l'autre et forment un ensemble unique. Il explique comment les faits 
observes dans ces "experiences ont ete interpretes par ses opposants et 
comment ils arrivent a la conclusion qu'il est possible de creer artifi­
ciellement le vide. Afin de convaincre ses opposants imaginaires, des 
objections possibles sont prises en consideration et il y repond logique­
ment. La seconde et la troisieme partie constituent la partie principale 
de ce traite bien que n'etant pas les plus importantes du point de vue 
de leur contenu. Dans la premiere de ces deux parties, l'auteur refute 
les croyances de ses opposants d'une maniere dialectique; il a tendance 
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II-1- Sur l'authenticite du traite d'al-Farabi 
Avant de discuter sur l'authenticite de cet ouvrage d'al-Farabi, il faut 
signaler qu'il s'intitule: "~\~ 1..1-~W~ 1..1-"'l -~\i.. 
( traite d 'Abu al- N asr al-Farabi sur le vide) 

L'unique exemplaire du manuscrit d'al-Farabi sur le vide se trouve 
actuellement dans la bibliotheque de la Faculte de Langue, d'Histoire 
et de Geographie de l'Universite d'Ankara, parmi la collection d'Ismall 
Saip, 1 ere serie, n° 183. Ce traite a ete edite en meme temps que 
sa traduction anglaise et turque, en 1951 par A. Sayili et N. Lugal 
a Ankara18 . Sayili lui a consacre egalement une etude importante en 
langue anglaise19 • Les arguments qui confirment l'authenticite de ce 
traite sont les suivants: 

1 - Le titre du traite est mentionne dans la biographie d'al-Farabi 
ecrite par Ibn Abi Usabi'a20 au XIIeme siecle apres J.C. 

2- al-Farabi est un philosophe dans la tradition d'Aristote, il connait 
parfaitement l'reuvre de ce grand maitre de l'Atiquite et bien souvent il 
suit ses idees en particulier sur le vide. Cela se manifeste bien lorsque 
dans quelques-unes de sese reuvres, notamment dans: .::...\.~)-a-JI .::...~\ 
(Demonstration des chases immateriells), il montre sonn hostilite a 

l'egard de !'existence du vide et de l'espace absolu21 . Or, le traite en 
question semble etre en parfait accord avec les idees aristoteliciennes sur 
le vide ainsi qu'avec d'autres travaux d'al-Farabi. 

3 - al-Farabi etait non seulement un grand philosophe, mais il etait 
aussi un grand logicien du monde islamique, qualite qui correspond bien 
ala revendication de l'auteur du traite en question. De plus, cet auteur 
affirme qu'une parfaite connaissance de la logique est un prealable indis­
pensable pour devenir un parfait savant. Ces convictions sont egalement 
repetees dans d 'autres travaux d 'al-Farabi, specialement ceux qui trait­
ent des questions scientifiques. 

4 - D'apres A. Sayili l'editeur du texte: le manuscrit est tres ancien 
(commencement du treizieme siecle) et a ete recopie d'un manuscrit 
plus ancien. Ce fait d'une certaine fac;on diminue la probablite d'etre 
apocryphe22 • 

18. Necati Lugal aand Aydin SAYILI, Al-Farabi's Article on Vacuum, Ankara 1951. 
19. Aydin SAYILI, "AI Farabi's Article on Vacuum" Turk Tarih Kurumu Belleten 
(Ankara), vol. 15 (1951) pp. 123-174. 
20. Voir: l"l"r '-"" ~0\ \ I" c:_ • ..::..._,.r.! ·~'-:1"Jll.::..~ ._;, .~~"lli.l..t.f'- .~I LS'!I u.l 
21. Voir: 0 '-"" r..S.r:<A \ 1"\ \ ~~1..~::> . .::..\:;).W\.::..1.;1 'LS'!1l.JI 
22. A. Sayili, "Al-Farabi's article .. " op. cit. p. 152. 
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Ainsi, depuis Epicure, le probleme du vide excede la question physique 
et se range parmi les principes du materialisme. Par consequent, pour 
les philosophes de l'antiquite et du moyen-age admettre !'existence du 
vide signifiait admettre la philosophie athee de Democrite ou d'Epicure. 
C'est pour cette raison que la these d'Aristote sur l'impossibilite du vide 
a ete accueillie favorablement dans les civilisations islamiques tandis que 
"les reuvres d'Epicure n'ont jamais ete traduites en arabe." 15 

Chapitre II - Le vide dans le monde islamique 
11-1- L'atomisme converti en theo- Iogie 
Malgre le rejet de l'atomisme dans le monde musulman, certains theolo­
giens mutazilites l'ont adapte en theologie afin de "faire disparaitre 
les liens de causalite du monde naturel pour les rapporter a Dieu lui­
meme" .16 

Avec !'apparition de cet atomisme converti en theologie, ceux qui 
etaient deja mefiants vis-a-vis de la philosophie de Democrite et d'Epicure 
avaient desormais de quoi s'inquieter. Cette inquietude qui avait deja 
cause la querelle entre deux theologiens musulmans: Abu al-Hudayl et 
al-Nazzam17 allait bientot diviser les philosophes du monde islamique a 
propos du vide. Car, il ne faut pas oublier que !'existences de l'atome 
implique une discontinuite a un moment donne dans la division. Par 
consequent, si les atomes existent ils sont forcement distincts et il y a 
necessairement du vide entre deux atomes. 

Or, pour faire face aux atomismes convertis il faut, soit imaginer un 
nouveau systeme du monde, soit rectifier la Mecanique Aristotelicienne, 
qui ne pouvait pas expliquer la fontaine de Heron d'Alexandrie. 

Cette rectification a ete finalement e:ffectuee au moyen-age islamique 
par Abu Nasr al-Farabi, grand philosophe iranien, dans un traite con­
sacre au vide. 

morale d'Epicure, voir: J.-M. GUYAY, La morale d'Epicure, Paris 1927. 
15. J. JOLIVET, La science dans l'antiquite grecque, Cours de D.E.A. a l'Universite 
Paris VII {1989-1990). 
16. John E. MURDOCH, "Naissance et developpement de l'atomisme au bas Moyen­
age latin", in Cahiers d'Etudes Medievales. Theories et pratiques, Montreal, 1974, p. 
12. 
17. Sur ce sujet Monsieur Joseph VANESS a fait un discours intitule: L'atomisme 
converti en theologie, la querelle entre Abu al-Hudayl et al-Nazzam fait au Centre 
d'Histoire des Sciences et des Philosophies Arabes et Medievales a Paris le 5 mars 
1993. 
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Dans le systeme d'Epicure, en depit de sa difference avec celui de 
Democrite, on trouve toujours le vide. Epicure insiste non seulement 
sur le vide interne (au sein de la matiere) mais aussi sur le vide ext erne 
(a l'exterieur du monde) et sur la these de la pluralite des mondes -
doctrine qui a ete un scandale permanent a chaque fois qu'elle a ete 
reaffirmee. On pent penser a Giordano Bruno, brule a Rome a cause 
de cette idee." En affirmant la pluralite des mondes, Epicure voulait 
combattre l'idee de !'existence de Dieu et, en fin de compte, destabiliser 
la metaphysique de la substance- la metaphysique d'Aristote13 • 

I1 ne faut pas oublier qu'Epicure n'ecrivait de physique que dans 
une ambition ethico-politique. I1 pensait que le calme de l'ame ne peut 
etre obtenu que par une explicattion generale de l'Univers. Epicure 
trouvait dans la cosmologie atomistique la base de la morale, telle qu'il 
l'entendait. I1 professait que les individus en general et les etres humains 
en particulier sont les fruits d'une pure et simple rencontre, c'est-a-dire 
du hasard. Des atomes se rencontrent et cet accident prend forme. Par 
consequent la forme n'est qu'une resultante chez Epicure, alors qu'elle 
est une fin chez Aristote. Pour Aristote meme un accident est toujours 
un accident d'une substance prealablement donnee. Or pour Epicure, 
l'homme est le fruit de rencontres, il n'est qu'une rencontre permanente 
et a un moment cela se defait, c'est la mort, et la mort n'est qu'un vain 
fantome puisque l'ame, composee d'atomes materiels particulierement 
subtils, se desagrege au moment du trepas et ne pent done etre punie 
des chatiments infernaux qui epouvantent ceux croyant en Dieu et ala 
substance. 

Epicure propageait egalement l'orgueil et la prudence- caractere qui 
sont incompatibles avec la morale divine. I1 voulait que les sages, "au 
lieu de dedoubler, de multiplier son etre, dele repandre sur toutes chases, 
de le rendre vulnerable en quelque fa~on par l'Univers, se resserra, se 
replia en soi-meme, se reduisit, autant que possible, a l'etat ·d'un atome 
ignore, noye dans l'immensite du vide." 14 

13. Cette these "s'est constituee essentiellement contre l'idee aristotelicienne d'un 
monde limite, parfait et eternel, d'un monde gouverne par Dieu. La decouverte de 
!'infinite de l'univers (a ne pas confondre avec le monde) est en liaison etroite avec la 
negation de la providence divine et avec !'affirmation du caractere imparfait de notre 
monde - un monde parmi tant d'autres." 
(P. BOYANCE, Lucrece et l'epicurisme, Paris 1963, p. 44). 

Sur ce point voir egalement: A. KOYRE, "Le vide et l'espace infini au XIVeme 
siecle" dans Cahiers des Annales, n° 19 (1961), p. 39. 
14. NOURRISON, Spinoza et le naturalisme contemporain, paris 1866, p. 63, sur la 
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La mecantiqud d'Aristote reclamait donee une modification ou un 
complement. 

1-3- Le vide chez Epicure 
Les arguments d'Aristote repousserent l'atomisme de Democrite-Leucippe 
jusqu'a ce que Epicure tout en reprenant celui-ci participe fermement 
la lutte contre le systeme de Platon et d'Aristote. Cependant l'atomisme 
d'Epicure se distingue radicalement de celui de ses predecesseurs. Democ­
rite pensait que tout existence vient par la necessite. Epicure qui se 
considerait comme un moraliste ne pouvait pas s'accommoder d'une 
semblable these qui renverse toute la morale et reduit l'homme ala ma­
chine. n etait done oblige de concilier le libre arbitre avec les principes de 
l'atomisme. Alors en donnant a ses atomes un mouvement de declinaison, 
il croyait etablir la le siege, la source et le principe des actions libres. En 
effet, dans l'atomisme d'Epicure aussi bien que dans celui de Democrite, 
c'est le choc qui est fecond, qui donne naissance au monde. Cependant 
pour Democrite il est la cause, alors que pour Epicure il est un effet 
dont il faut chercher la cause. "De quelle cause depend-il? La pesanteur 
ne suffit pas pour le produire: dans le vide, les atomes ant, en vertu de 
la pesanteur, des mouvements de meme direction et de meme vitesse; 
s'il n'est pas d'autre action motrice que celle de la pesanteur, ils chem­
ineront parallelement, dans leur chute eternelle, sans jamais pouvoir se 
rencontrer et se reunir, et la nature ne creera jamais rien - lei Epicure 
fait intervenir la declinaison - C'est la declinasion qui fait comprendre 
les rencontres, les chocs, les groupements. C'est a la declinaison que 
doit etre attribuee l'origine du monde. Les atomes ne sortiraient pas 
de leur isolement, si, par une action propre a chacun d'eux, et qui n'est 
determinee ni pour le temps ni pour le lieu, ils ne s'ecartaient un peu 
de la ligne droite imposee leur mouvement par la pesanteur. n suf­
fit d'ailleurs qu'ils s'en ecartent aussi peu que possible." 11 Ce systeme 
etait, bien entendu, l'objet de nombreuses critiques, notamment de la 
part de Ciceron, philosophe ancien et de Bayle, philosophe moderne. 12 

11. F. PILLON, " La critique de Bayle: critique de l'atomisme epicurien", op. cit. 
p. 99, sur cette innovation d'Epicure voir egalement: Karl MARX, Difference de la 
philosophie de Ia nature chez Democrite et Epicure, traduit par J. PONNIER, Paris 
1970, pp. 45-47. 
12. Sur les critiques de Ciceron voir: C. VICOL, "Cicerone espositore e critico 
dell'Epicureismo" Ephemeris Dacoromena, X, 1945, et sur les critiques de Bayle voir 
F. Pillon, "La crititique de Bayle ... " op. cit. 
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dans la troisieme, le mouvement naturel. Des que cesse le contact du 
projectile avec le corps qui l'a envoye, l'air penetrant a sa suite trans­
porte le projectile jusqu'a ce que la force soit epuisee. La trajectoire 
en trois parties se compose d'une courbe ascendante, d'une partie mixte 
horizontale et d'une courbe descendante. On appelle souvent le mou­
vement de cette projection le mouvement "violent". Cela vient du fait 
que "la nature d'un corps determine n'est pas pour lui le principe d'un 
mouvement quelconque, mais d'un mouvement determine; pour le feu 
c'est un mouvement ascensionnel, pour la terre c'est un centrique; et par 
suite, celui qui pour l'un est conforme ala nature, y sera contraire pour 
l'autre. Ce sera une erreur de croire que tout mouvement produit par 
une cause externe est violent et contraire ala nature si cette cause agit 
dans le meme sens que la nature, le mouvement sera naturel et n'y gagera 
qu'un surcroit d'intensite. Une pierre jetee ala terre, atteindra plus vite 
le son que si on l'abandonnait simplement a l'action de la pesanteur. La 
cause exterieure qui modifie le mouvement naturel soit en le contrecar­
rant soit en l'accroissant, Aristote l'appelle une force ( 6vvaJ.lla )". 9 La 
theorie d' Aristote regna sur le monde scientifique de l'antiquite. Cepen­
dant, la fameuse fontaine de Heron d'Alexandrie l'ebranla gravement, car 
on y voyait la mantee spontanee de l'eau ( coprs grave), sa repugnance a 
descendre malgre !'absence d'obstancles. 10 . 

Fontaine de Heron 

9. A. MANSION, Introduction a la physique aristotelic.ienne, Paris-Lou vain, 1945, pp. 
113-114. 
10. Sur la fontaine de Heron voir: A. GANOT, Cours de Physique, Paris 1859, p. 
252. 
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mouvement naturel, un point de depart et un terme et deux directions 
opposees extremites au centre, du centre aux extremites. La premiere 
est celle du mouvement naturel que produit la pesanteur; la seconde celle 
du mouvement naturel qui vient de la legerete" 8 • On peut schematiser 
ce systeme de la maniere suivante: 

~----

Concept de l'Univers d'apres Aristote 

Comme on peut !'observer, Aristote tout en excluant le vide dans 
son systeme, explique le mouvement naturel des corps a partir de la 
supposition du lieu naturel. A chaque corps correspond un lieu propre 
ou sa forme substantielle atteint la perfection; ce lieu est le centre du 
Monde pour les corps graves, la region contigue a l'orbe de la Lune pour 
les corps legers. Place dans son lieu naturel, un corps y demeure en 
repos. Mais hors de son lieu, il tend a s'y rendre; s'il n'est retenu, il se 
meut vers lui. 

L 'orbe de Ia Lune 

Le corps grave ® t 
+ @ Le corps Ieger 

La Terre 

A partir de cette hypothese, Aristote essaie de traiter le jet oblique 
des projectiles. La trajectoire se divise en trois parties, dans la premiere 
appparai't le mouvement force, dans la seconde le mouvement mixte et 

8. F. PILLON, " La critique de Bayle: critique de l'atomisme epicurien", L 'annee 
philosophique, Berne annee 1897, p. 106 
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corps, ceux-ci pourraient se mouvoir a une vitesse infinie. Inconcevable, 
disait-on a l'<:~poque." 6 

Aristote ne s'en tient pas la, il montre que ce mouvement des atomes 
ne peut pas avoir de sens et de place dans la cosmologie infinitiste de 
Leucippe et de Democrite. ll dit en effet "si l'univers n'est pas con­
tinu, mais fait de parties separees paar le vide, comme le pretendent 
Democrite et Leucippe, il faut que toutes ses parties aient un mouve­
ment unique. Ces parties ne different, en effet, que par leurs figures, 
mais leur nature est, disent-ils unique, comme si chaque partie etait une 
parcelle d'or independante des autres. Eh bien, nous pretendons que 
le mouvement de ces parties doit etre identique; en effet, c'est la ou se 
porte une simple motte de terre que se porte aussi la terre tout entiere, 
et la masse totale du feu aussi bien que l'etincelle vont vers le meme lieu. 
Par consequent, aucun de ces corps ne sera leger absolument, si taus ont 
un certain poids; si taus ont de la legerete, aucun ne sera lourd. 

De plus, si le corps en question a de la pesanteur ou de la legerete, 
il se trouvera soit a l'extremite, soit au centre de l'univers; or cela ne se 
peut, s'il est infini. 

De toute fa<;on, d'ailleurs, ce qui n'a ni extremite ni centre, ni haut 
ni bas, ne peut constituer un lieu pour les corps en translation; or sans 
lieu, il n'y aura pas de mouvement, car tout mouvement se produit 
necessairement par nature ou contre nature, et ces notions sont definies 
par les lieux propres et par les lieux etrangers. 

En outre, si l'endroit ou une chose demeure ou est portee contre 
nature doit necessairement etre le lieu naturel d'une autre ( ce que prouve 
!'induction), il est necessaire que les corps ne soient point taus ou taus 
legers, mais qu'ils se partagent ces qualites. 

n est done evident, d'apres ce qu'on vient de dir, que le corps de 
l'univers n'est pas infini." 7 

A pres a voir ainsi desavoue l'atomisme de Democrite- Leucippe, Aris­
tote propose son proper systeme. Dans le systeme d'Aristote, le monde 
est determine, il a un centre et des extremites. ll peut y avoir, par 
suite et il y a dans le monde, un haut et un bas, reels et absolus. Le 
bas est au centre, le haut aux extremites. Le centre est la Terre et les 
extremites se situent a l'orbe de la Lune. "Dans ce monde, il y a, pour le 

6. S. DELIGEORGE, "Comment fut demontre, il y a 350 ans, que la nature n'avait 
pas horreur du vide", Le Monde, vendredi 3 avril 1998, p. 24. 
7. ARISTOTE, Du ciel, texte etabli et traduit par P. MORAUX, Paris 1965, pp. 
26-27. 
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et la metaphysique par ses methodes et ses argumentations rationnelles. 
Pourquoi la scolastique a-t-elle formule une these contre la possibilite 
du vide? Elle l'a fait tout simplement pour soutenir la these d'Aristote 
qui etait en desaccord total avec le systeme des atomistes de l'Antiquite 
qui reposait sur !'existence du vide. ll faut signaler qu'il y avait deux 
systemes atomistes: le premier est celui de Democrite et Leucippe et le 
deuxieme appartient a Epicure. 

1-1- Le vide dans le systeme de Democrite et Leucippe 
Democrite et Leucippe, deux philosophes presocratiques, ont considere 
les corps materiels comme des assemblages d'atomes separes par le vide. 
La vie, sortie de l'inconscience, aboutira totalement dans l'inconscience. 
Dans ce systeme, bien entendu il n'y a aucune notion de finalite, aucun 
principe directeur; tout est un perpetuel recommencement sans but. En 
effet, chez Democrite, comme chez Leucippe "cette pluie d'atomes en­
trechoques donne ainsi naissance ala diversite des systemes mecaniques 
determines que constituent les corps massifs, et c'est la variete mecanique 
qui rend compte de la diversite de leurs qualites" 3 • 

1-2- La refutation du systeme de Democrite- Leucippe par 
Aristote 

Ce systeme a suscite un certainnombre de reactions et finalement, c'est 
Aristote qui, tout en refutant celui-ci a propose un systeme coherent. 
Aristote pour refuter l'idee des atomistes, ceux que Plation avait deja 
designes comme "les. fils de la terre" 4 - c'est-a-dire les materialistes 
avan<;ient de nombreux arguments. Les tors des fondateurs de l'atomisme 
est, selon lui de n'avoir pas compris que "si le vide existe, il n'est pas 
possible qu'il y ait du mouvement" 5 • Cette affirmation est basee, bien 
entendu, sur !'existence du milieu resistant. Pour Aristote et les sa­
vants de son epoque, "tout mouvement trouve sa raison dans !'existence 
d'un lieu materiel resistant. Si un espace vide existait, alors tout mou­
vement y serait impossible. Ce milieu n'offrant aucune resistance aux 

3. P. DEVAUX, De Thales a Bergson, Introduction historique ala philosophie, Paris 
1949, p. 53. 
4. Platon, Sophiste, 246 a-b voir egalement: Pierre-Marie MOREL, Democrite et la 
recherche des causes, paris 1996, p. 37. 
5. Aristote, Physique et Metaphysique, textes choisis par Sonia et Maurice DAYAN, 
Paris 1972, p. 8. 
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Pascallui-meme n'a jamais affirme le vide, il a seulement refute le plein2 : 

la difference est de taille. Cela montre bien a quel point on a ete injuste 
envers la these d'Aristote et de ses disciples concernant l'impossibilite 
du vide. La theorie d'Aristote ace propos fonctionnait d'ailleurs bien et 
ete jugee vraie jusqu'au moment ou al-Farabi, grand philosophe iranien, 
e:ffectua des observations beaucoup plus precises pour lui substituer une 
autre theorie. 

D'al-Farabi on est passe a Pascal ce qui n'empeche pas d'admirer la 
these du philosophe iranien. 

Car la theorie de Pascal pour la pression atmospherique, en depit 
de son importance n'est pas non plus une theorie definitive. li y aura 
certainement un depassement par une theorie plus precise. Cette theorie 
nous est chere aujourd'hui parce qu'elle fonctionne correctement dans les 
conditions particulieres ou nous avons !'intention de l'utiliser. C'est dans 
cette optique qu'il faut egalement insister sur !'importance des theories 
d'Aristote et d'al-Farabi contre !'existence du vide. Car elles aussi 
repondaient correctement aux necessites physiques et metaphysiques de 
leurs epoques. Cet article se propose d'etudier en detailles raisons de 
!'importance de ces dernieres theories et plus particulierement de celle 
d'al-Farabi. Nous indiquons comment la theorie d'al-Farabi par son effi­
cacite scientifique ameliorala these d'Aristote sur l'impossibilite du vide. 
Pour ce faire, nous abordons le traite d'al-Farabi sur le vide. Ce traite en 
dehors de son interet epistemologique, grace a son procede empirique et a 
ses etudes critiques, aujourd'hui encore, merite d'etre considere comrtle 
modele pour les recherches scientifiques. Afin de bein comprendre le 
sujet nous esquissons une breve histoire de l'origine du vide. Dans le 
chapitre suivant nous traitons des argumentations experimentales d'al­
Farabi contre la possibilite du vide. Enfin dans le dernier chapitre nous 
developpons la consequence theorique de cette experience et son influ­
ence dans la physique scolastique. 

Chapitre I - Le vide dans l' Aantiquite grecque 
Pour com prendre la signification de la these ancienne: "Natura ab­
horet a vidua" (la nature a horreur du vide), il faut la replacer dans 
son contexte historique. Car il ne faut jamais perdre de vue que dans 
l'Antiquite grecque, ainsi qu'au Moyen-age, la physique se reliait a la 
metaphysique. Et la logique n'etait la que pour consolider la physique 

2. J-P. FANTON D'ANDON, L'horreur du vide, Paris 1978 p. 4. 
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Teheran, Iran 

Le vide tient une place importante dans l'histoire de la pensee de l'homme. 
Depuis l'antiquite grecque jusqu'au XVIIeme siecle il a ete l'un des 
principaux sujets de la preoccupation philosophique. Son existence a 
ete alternativement defendue et niee, non seulement pour des raisons 
physiques, mais aussi et surtout, pour des raisons metaphysiques. 

Aujourd'hui encore, en depit de la Grande Experience de Pascal, on 
ne peut toujours pas affirmer !'existence du vide. D'une part, parce que 
le vide de cette experience n'etait qu'un vide apparent1. D'autre part, 

1. On n'est pas certain que les experiences de Pascal pour produire le vide aient vrai­
ment ete realisee, car Pascal ne nous a fourni ni description ni dessin de celle-ci. En 
admettant meme que ces experiences aient ete realisees, il faut admettre neanmoins, 
que Pascal "ne les a pas deroules sous ses yeux. II nous a tres certainement chache 
quelque chose." 

(A. KOYRE, "Pascal savant" in Pascal, l'homme et l'reuvre, Colloque de Roy­
aumont. Voir egalement: P. Guenancia, Du vide a Dieu, Essai sur la physique de 
Pascal, Paris 1976, pp. 2668-269). 

En effet, il doit se produire dans ces experience un phenomene de bouillonnement 
semblable ace que l'on a trouve en 1950 en reproduisant !'experience de Pascal au 
Palais de la Decouverte. On peut affirmer que le vide dans les experiences de Pascal 
n'est pas vraiment vide. Car si "I' on pompe completement les molecules contenues 
dans un recipient, on dira que le recipient est vide. Mais on admettra que I' on ne peut 
pas produire un vide total pour des raisons techniques. Dans les laboratoires on utilise 
des pompes qui permettent d'attendre des pressions residuelles de un millionieme ou 
meme un miliardieme de la pression atmospherique. Mais il est impossible d'enlever 
toutes les molecules." 

(R. SZOSTAK, "Le vide est-il vraiment vide? La physique quantique exotique de 
l'espace, !'evolution historique des idee" Les cahiers Clairaut, printemps 1997, n° 77, 
p. 2). 

De la vient la difficulte avec la question du vide, puisqu'il s'agit de discuter 
de !'existence reelle d'une sorte de None-Etre! Aujourd'hui le "vide" est plutot 
!'expression d'une "condition aux limites dans un modele mathematique." 

Ayene-ye Miras, vol.5, no.4 (no.20), pp. 1-25 
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Nov. 2000. 

Hereby, I am grateful of Dr. Ashrafi and all other friends 
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under the effects of Islamic sciences. 

However, a Western researcher through such researches is 
only looking for origins of Western civilization and he doesn't 
have any other objective in mind. 

But, a historian of Islamic sciences is tormented by other 
concerns. 

He should use these historic researchers for elimination of 
"lack of identity", and "inferiority complexes" that have be fallen 
his coreligionist and urge, and encourage them for other scientific 
and culrutal revolution. 

We Tranian, who have had, before Islam too, a brilliant 
civilization, and that was for this civilization and awareness that 
we accepted the liberation and heavenly call of Islam as well, and 
on its lap we nourished and trained great scientists and scholars, 
so we should shoulder more responsibility than others in this 
regard. 

That is introduced golden age of Islamic science and 
civilization not only to our compatriots, but also to our 
coreligionists in other countries and by doing this combat against 
the depersonalization that has begun by Westerners, seriously. 

It is for this purpose that the present issue of Ayene-ye-Miras 
has been devoted to the Persian, Arabic, English, and French in 
this field. 



A few words with the readers 

There is no doubt.that many of Modem Sciences such as algebra, 

trigonometry and chemistry have Islamic origin. 

However, the people of Europe for centuries have }?een 

ungrateful and they have denied this impact. When discussing 

Islamic civilization, they have been considering Muslim scientists, 

the sole supporter and preserver and protector of Greek Sciences. 

This prejudgment has been found and apparent in the 

writings of historians ofsciences such as Paul Tannery, Pierre 

Duhem and Baron Carra de Vaux even up to the nineteenth 
. ' 

century. 

Nowadays, through constant studies of the historians of 

sciences, many of mysteries have been known and these historians 

with valid reasons have proved that many of the founders of 

Modern Sciences in Europe have been in one way or the other, 
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