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ABSTRACT 

The oldest known balances are equal-armed instruments that have • 
been found in Egypt and are represented on Egyptian drawlngs and 
reliefs. In its simplest form the beam was made of wood or stone 
and provided with a central boring fo~ the balance suspension and 
two borings at the ends of the beam for the pan suspenslOns. The 
existence of a balance standard in the Fifth Dynasty is testlfled, 
A plun~et llne was hung parallel to the balance suspenslOn so 
that the horizontal posltlon of the beam could be checked by 
comparing the right angles formed between beam and pluKm~et llne. 
From the time of the Middle Kingdom the pans were suspended by 
four cords. In the hew Kingdom tubular beams were introduced whose 
ends were shaped in lotus flower or papyrus form. The strings of 
the pans came out together from inside the beam and diverged to 
the sides, the lower beam ends acting as knife edges. In most 
cases a pointer is either missing or so short that it is hardly 
helpful. This type of elaborate standard balance which was also 
dlstrlbuted in Syria, Greece and Persia, is often depicted in the 
Books of Death of the New Kingdom in the scene showing the "Death 
Tribunal" with "Welghlng of the Heart". 

Unclear drawings led to misinterpretations as to the design 
and mode of operatlon of these balances. By style analysis and 
comparison with flnds exhibited in the Cairo Egyptlan Museum, it 
was possible, however, to clarlfy details. 

HISTORY OF THE ORIGIN 

For several reasons the balance was, and still is, hlghly 

valued: weighing or balanclng in its meanlng as 3udglng, estlma- 

tlng, levelling and equallslng appears to be a fundamental mode 

of human thlnklng. The balance at first was a very important 

instrument for use in trade and colm~lerce, and the development of 

money is based on the weight. The standardlsatlon of welghts and 

the admlnlstratlve surveillance of balances were introduced at a 

very early stage. It is not astonlshlng that in many 

cultures the balance has symbolic slgnlf±cance and that the 

invention of the balance has been given a mythologlcal background 

(refs. I-3). There are reasons to backdate the invention of the 
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balance to the early mesollthlcum (10000 B.C.) (refs. 29,33), in 

connection with the settlement of nomadic tribes, the speclallsed 

production of goods and the extension of trade. 

It is still dlsputed whether the flrst balance was a syn~Letrl- 

cal-beam balance or a single-armed balance. But if prlmltlve 

steelyards exlsted in prehistoric time, they were completely 

replaced in written history by the more accurate equal-armed 

balances which were characterlsed by higher sensltlvlty, a clearer 

working principle and the easier possibilities for observers' 

surveillance. ~]ot until metal was used and slldlng welghts were 

invented, did st~.elyards conquer the market on account of their 

quicker operation. 

The earliest finds are welghts: polished stones of cubic or 

cylindrical shape or, hlghly artlstlc, in the forh~ of animals or 

heads. The oldest welghts - attributed to the Amratlc era - have 

been found in the [~lle valley and dated back as far as 9000 }ears. 

Much more popular, but hardly identifiable, are simple stones as 

they are st111 in use today. 

The very flrst balances were made of natural organic materials: 

wood was used for the beam, textile cords or leather strlps as 

bangers, and wood, leather, pla~t-work, etc. , were used for the 

pans. Only very few finds have therefOre been made, the earllest 

ones orlglnati~g from Egypt. Burial rltes and the climate in 

Egypt were extremely favourable for tb6 conservation of many 

artefacts, but al~o the cultural and soclologlcal sltuatlon 

suggests that the equal-armed balance was in tact invented in the 

east-mediterranlan area, most probably in Egypt. The oldest 

balance beam, dated back to 5000 B.C., was found in a prehlstorlc 

tomb of the Amratlc era in the baquada district. It is $5 1~m~ long, 

consists of reddish limestone and l~ provided with three hole~ [ur 

the cords, one in the mlddle and one each at the two ends. Com- 

plete balances are available from the 16th Dynasty (1550 5.C.) and 

later ono~ come from Mesopotamia, Greece, Persia, India and Chlna. 

Steelyards, the invention o~ whlch is attrlbuted to the Etruscans, 

appeared from about 14OO B.C. throughout the ~iedlterranlan area; 

later on (400 B.C.) also blsmars were found (rer. 1-35). 

Independently, but doubtlessly latot, balances were also 

developed in South America. The conquerers' reports mention scales 

and steelyards being used by the Incas. Balance beams from later 

than 50(3 A.D. have been round in the coastal regions of Peru 

(Tlahuanacu style) (refs. 27,36). 
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F i g .  l .  W e i g h t s :  p o l i s h e d  s t o n e s  o f  d i f f e r e n t  s h a p e . ( E g y p t l a n  
M u s e u m ,  C a i r o )  

F i g .  2 + 3 .  W e i g h t s :  p o l i s h e d  s t o n e s  o f  c u b i c  o r  c y l i n d r i c a l  s h a p e  
o r  i n  t h e  f o r m  o f  a n i m a l s  o r  h e a d s .  
( E g y p t i a n  M u s e u m ,  C a i r o )  ( B r i t i s h  ~ l u s e u m ,  L o n d o n )  
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Fig. 4. Balance beam, 
llmesione, 5000 B.C. 
(Science Museum, London) 

F x g .  5 .  H i t b l t e  c o i n  b a l a n c e ,  
3OOO BC 

Fig. 6. Balance of Assurnasirpal II. (883-859), Assyria 
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In various old documents, such as the Egyptian Books of Death, 

the Blble, and Persian, Indian, Greek and Chinese literature, we 

find descriptions of the weighing process, and frequent remarks 

on the falslflcat±on of results. 

Documents on the standardlsat±on of welghts are known from 

Sumer (2260 B.C.) and Crete (17OO B.C.). In Egypt a general 

standardlsat±on did not exlst. Furthermore, we should bear in 

mind that weights for different materials in anclent tlmes could 

well be of different mass, designating the value of the zoods 

rather than its mass. The typical Egyptlan decimal units are based 

on the gold deben or stater standard = 12 to 14.2 g; I sep = 10 

deben : 1OO kite. Besides, during the New Kingdom, the kedet 

standard (also called klte or kat) : 8 to 9.5 g existed especially 

for welghing metals; I deben = 10 kedet = 140 grains = 91 g (ref. 

27,44). Furthermore, the weight systems of nelghbour±ng countries, 

local units and also natural weights were used for comparing the 

masses of goods. 

THE EGYPTIAN STANDARD BALANCE 

Towards the end of the Middle Kingdom (2133 - 1680 B.C.), a 

special type of balance became something like a standard in Egypt 

and abroad for about 2000 years. The starting point of our 

consideratlons were drawings of the "Books of Death", describing 

ceremonies which the dead person has to practice to enter eternity 

(ref. 37-48). In prehistoric times and during the Old Empire (3rd 

to 6th Dynasty, 2780 - 2280 B.C.), immortality was reserved 

excluslvely to the Pharaoh and a few of his intimates. When the 

Pharaoh's authority declined, the underworld was opened first to 

other persons of merit and then more and more to the general 

public. This process was accompanied by the promotion of the 

"democratlc" god Osiris who became emperor of the underworld. 

Detailed entrance ceremonies were codified during the New 

Emplre (18th to 2Oth Dynasty, 1567 to 1085 B.C.). They included 

a long voyage, in the course of which the dead met with risky 

adventures. After this, his heart was weighed, and the dead person 

was examlned by 42 3udges headed by Osiris. The individual Book 

of Death, which consisted in an illustrated papyrus roll added to 

the sarcophagus or in wall paintings or reliefs in the tomb, may 

be considered a sort of "crib" for the oral examination. 

The heart-weighing ceremony may be explained by the papyrus of 

Hunefer (2Oth Dynasty): The dead is introduced by the 3ackal- 
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Devoure¢ Isis 
Hunefer Anubis Anubis Thor Horus OsiriSNephti s 

Hunefer' s Maat's Hunefer 
heart feather 

Fi~. lO. Papyrus Hunefer (British Museum, London) 
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Isis Nephtis Nut Seb T e f n u t  S c h u  T e m u  

Meskhene£ An~s Anis's 
Renenef heart soul embryo 

Pavian (symbol 
of measure) 

Anubis 

Fig. l l .  Papyrus Ant (British Museum, London) 
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headed Anubis, the tutelary god of the embalmers. Hls heart is 

placed on one of the balance pans and weighed by Anubis against a 

feather, which represents Maat, the goddess of truth, 3ustlce and 

harmony. The ibls-headed writer-god Thot supervises the ceremony 

and records the result. The balance must come to equilibrium, thus 

showing that the life of the dead person has been in harmony with 

the world. If this was not the case, the Devourer sitting under- 

neath the scales pounces upon the deceased. On top, the deceased 

kneels before his 3udges, confesses his life and speaks his 

prayer. After he has been 3udged, the falcon-headed Horus conducts 

him to Osiris, the emperor of the West, who is enthroned on a dais 

and attended by Isis and Nephtls. It should be noted that many 

variations of this scene exist, depending on the deceased, his 

profession, his position in life, his domlclle, etc. The ceremony 

of weighing the heart, however, is always the same. 

The balance is an equal-armed scale of man's height, sometimes 

equipped with a short pointer and always provided with a plummet. 

Similar balances of various size are also shown in some pictures 

of real life which are also found in tombs or temples as reliefs 

or wall paintings. This is not astonishing, because all these 

ceremonies were understood as belonging to reality rather than 

being symbolic, and as all Egyptian drawings were unterstood not 

as copies of things but as representations of reality. To be use- 

ful for the task in hand, the balance which is represented must 

be as reallstlc as posslble in every detail. 

Considering this, we should expect that the paintings are 

clear, permitting the design of the balances to be easily deduced. 

Thls is indeed possible if it is taken into account that 

- each artist makes mistakes and simplifications and 3udges 

different details to be important, and 

- that the Egyptian style had other rules than the present-day 

style. 

In Old-Egyptian paintings, each subject is shown as a silhouette, 

and possibly the shadow has been used sometlmes to make a draft 

painting. Each part of the ob3ect, however, is shown from its most 

detailed slde. For example, deplctlons of the human body always 

show the face in its profile, breast and arms mostly from the 

front, and hip and legs again from the side. This results in 

strangely twisted bodies. 

Similarly, a scale is depicted in such a way that the beam with 

hangers and pans is seen from the front, whereas the stand is 
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Figs. 20-23. Heart-weighing ceremony on mummies' sarcophagus 
(British Museum~ London) and various Books of Death. 
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Figs. 24-27. Heart-wei~i~ing ceremony on mummies' sarcophagu 
(British Museum, London) 
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F i g .  2 8 .  S y m b o l i c  b a l a n c e  f r o m  a B o o k  o f  D e a t h  ( r e f .  4 3 ) .  

F i g .  29. H e a r t - w e i g h x n g  c e r e m o n y .  P a i n t i n g  on  t e x t i l e .  
( B r i t i s h  M u s e u m ,  L o n d o n )  

Zig. 30. Weighing of gold, tomb of Neb-am~n (ref. 38) or 
Rekhmara (ref. 31), Theben-west, 1500 B.C. 
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shown from the slde, to show the cantilever with beam suspension 

and plummet. Furthermore, the operator of the balance is shown 

from the side. In the case of th~s synmLetrlc ob3ect, however, thls 

method implles a dlfficulty: because the beam suspension and the 

plu~m{et are always seen Leside the stand, the mid-point of the 

beam either coincides with the stand or wlth plunm~et and suspenslon 

Both kinds of representatlOn exist. 

AnOther source for understandlng the balances are two snail 

scales from the 21st Dynast~" (3rd Interim, 1085 to 715 B.C.) which 

are exhibited in the Cairo Egyptlan Museum. Disregardlng the si~e, 

they are exactly slmllar to the balances shown in the older 

dL-awings, one without and one with a pointer. 

One of them consists of a beam made of wood, 22 cm in length 

and aLout I cm in dlameter and tapered towards the ends. The ends 

are enlarged and decorated by carving. In addition the ends are 

provided with axial borings extendlng about 5 cm into the beam 

throdgh whlch run the four suspenslon cords. The cords are passed 

to the outside through borings perpendicular to the beam, wound 

around the beam and knotted. The cord loop for the balance 

suspenslon is passed through a third perpendlcular borlng at the 

centre of the beam, the ends wound and knotted in a slmllar way 

as above. By thls design the points of appllcatzon of the bangers 

and the plvot are well defined and the latter is situated only a 

few mlllimetres above the axis of the beam. The position of the 

pan was eas'~' to add ust. We have seen, however, that in most cases 

the height of the two pans differed; therefore, we assume that the 

horizontal zero position of the beam was ad3usted by vary±ng the 

length of the cords. The maximum load of the balance is est±mated 

at more than 200 g on the basis of experiments with a model 

instrument. A mass difference of O.1 g was easy to observe (about 

10 degrees of deflection). Thus, the ratio of maximum load to 

resolution amounts to about 2 x 103 

In the second balance, the cantilever, which is made of bronze 

in the form of the Maat's feather, is mounted on a stand in the 

form of an arm. The stand is fixed in four wooden corner angles, 

which in Egypt has been typical since the Old KJ.ngdom. The sharp 

edge of the feather resembles a knife edge, but it is not used 

for this purpose. It carries a ring holding a hook (both made of 

bronze) which is p±erced through the beam, and whose lower end 

forms a short pointer. On account of its h~gh plvot, thls balance 

is rather insensitive. 



77 

Figs. 31+32. Egyptian Standard balances, 3rd Interim, 1085 - 
715 B.C. (Egyptian Museum, Cairo) 
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F i g .  3 3 .  D e s i g n  o f  t h e  a n c i e n t  E g y p t i a n  s t a n d a r d l s e d  
b a l a n c e  ( n o t  t o  s c a r e )  

Alternatively, more prlmltlve attachments of the 

hanger cords may have been used for this type of 

balance [ref. 27). In some paintings, artistically 

formed chalns are shown as hangers, which were fastened at holes 

in the lower part of the tapered ends of the beam. 

In the we±ghing process, the balances were equilibrated. 

Equllxbrlum was observed by comparing the right angles between the 

beam and the plummet, which was suspended independently from the 

support. There zs no evidence for the suggestion that the plummet 

was occasionally fixed to the beam by means of three threads, the 

tenszon of which was used to confirm equillbrlum. Experimentally, 

however, we did not flnd any advantage of this sophzstlcated 

method over direct observation. If a pointer was attached, it was 

very short, giving only poor help in the observation with respect 

to the plummet, but it was not suitable for reading degrees of 

inclinatzon. Operating such a balance is not too easy; we do not 

understand why the Egyptians carefully observed 3ust the plunmlet, 

and we suspect they did not know either. 

The lower limit of resolutlon of such balances is estimated at 

O.1 g. We estimate the upper llmlt of the ratxo of maxlmum load 

to resolution to be 104 , and this is probably better than 

respective values ach±eved by other instruments used at that time. 
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