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Our research represents a case study in ancient metalworking to illuminate the challenges,
processes, and both human and material agency behind these objects. We focus on copper
alloy Hathoric loop sistra since these musical instruments are steeped in ritual and
mythological connections to metalworking. Our work represents the early stages of our
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ongoing investigations into the materiality of metal production in ancient Egypt. The ancient
Egyptians never recorded any detailed description of craft production. While many scholars
have suggested the use of lost wax casting in Egyptian metal working, we argue that this
conclusion not only ignores significant technical obstacles, but overlooks the enigmatic
complexities of craft production scenes in Egyptian art. We argue that these scenes are
heavily imbued with religious connotations and therefore should not be read literally as some
scholars have done in the past.

Perhaps metal
working's intimate
engagement with the
divine is what caused
the Egyptians to shroud
it in secrecy, accessible
only through
cryptographic texts and
imagery. Or perhaps
the restricted
knowledge has its roots
in copper’'s connection
with the power to
transform. Or a
combination of the
two...

Introduction

In our research, we investigated the metallic properties ancient
Egyptian copper-alloy loop sistra that first appear during that
first half of the 12th Dynasty (ca. 1991-1843 BC) and reappear
in the 18th Dynasty when they become decorated with the
double face of the solar goddess Hathor (Soles and Giumlia-
Mair, 2011, p.1 38)." The two faces reflect the goddess' dual
nature as both destructive and benevolent (Pinch, 1982,
p.140).2 In their most common form, sistra consist of a
handle, capital, and loop (See Figure 1). The loop is pierced on
either side for cross pins which support sounding metal disks.
Sistra range in height anywhere from 4 cm tall amulets to 40
cm instruments intended for play.

Hymns to Hathor regularly imply the shaking of sistra
accompanied by song and dance, highlighting the sacramental
aspect of both producing and hearing the sound (Finnstad,

1999, p.113). Egyptian literature also alludes to sound'’s
transformative property, punctuating points where a character crosses a boundary in time,
space, or experiences a change in his own identity (Manassa, 2011, pp.152-153).3 These
changes are not unlike the seemingly ‘alchemical’ transformation that copper undergoes on
its journey to becoming a ritual object.

Hathor's connection not only with the instrument but also with its production process is
considerable, but for the sake of brevity will only be briefly addressed here. Hathor at her
root, is a solar goddess associated with the foreign regions and minerals including precious
metals and what the ancient Egyptians called “true bj5,” often understood as ‘copper’ (Harris
1961, 60-62; WB I, 436.1; Roberts, 2019, p.149),4 most of which was mined outside of Egypt
and thus in Hathor's territories. Her name itself is significant, Awt-hr meaning “Mansion of
Horus,” a reference to a realm of the sky that appears in the Pyramid Texts in which the
deceased king is rejuvenated, additionally characterizing her as a birth goddess (Leitz ,2002,
pp.75-76). In later periods, Hathor is the Eye of Re, both the sun god's daughter and mother
(Pinch, 1982, p.137). It is this concept of the goddess giving birth, msj [to birth] (WB Il, 137.4),



to the sun god which serves as the clearest allusion to the alchemical nature of the smelting
process, and one which will serve as the binding thread of the following discussion. Worth
noting is that msj is also used to describe the procurement of metal ore, or mining (WB I,
138.11), highlighting not only the creative aspect of the goddess, but also the vitality of the
minerals themselves, insofar as they are ‘birthed’ from the earth (Daumas, 1983, pp.115-116).

Texts as early as the Middle Kingdom already emphasize copper’s solar connotations and
allude to the material’s radiant nature and connection with the sun (Lalouette, 1979, pp.338-
339). For example, in the Middle Kingdom Coffin Text 17 (below), which reappears in the New
Kingdom Book of the Dead when Hathor-headed sistra appear, the verb nbj [to swim] (WB I,
236.10) is almost certainly a sound play as a homonym of the verb ndj [to smelt] (Grapow,
1917, pp.55-56; WB Il, 236.6). Here, the sun god Re's shining enigmatically evokes the act of
smelting copper and highlights the ‘animate’ nature of the material and the ‘animating’ nature
of the process (Lalouette, 1979, pp.338-339). The text reads:

(& AUINIS,  Frmishes O Re who is in his egg,
é ﬁ)\ % []j S psd m jm=f who shines in his disk,

NS N whn m Jht=f who radiates in his horizon,
%JH%.M&J ‘I' . nbb hr bji=f who swims in his copper...

These text examples underscore the importance of understanding Egyptian art and language
beyond a literal sense, implying that efficiency and manufacture of a finished product may
not have been the primary objective in the manufacture of a ritual object. Instead, the
production process itself may well have been steeped in ritual significance.

Manufacture & Design

The multi-component design of the loop sistrum would have necessitated more than one
production methodology. The ancient Egyptians, however, did not leave us with explanations
of these processes beyond vague tomb imagery and, as we argue, intermittent and enigmatic
mythological allusions. In other words, there is a disconnect between what the scenes depict
the craftsmen doing and what they are actually doing that has not been adequately
addressed in the past.

The fine detailing of sistra handles and capitals suggests production via the lost wax casting
process, long recognized in Egyptology, and practiced in Egypt by at least the Second Dynasty
(ca. 2890 BQ) if not earlier (Garland and Bannister, 1927, p.35). The earliest Egyptian evidence
for beekeeping (See Figure 2) dates even earlier to the First Dynasty (ca. 3000 BC) (Kritsky,



2015, p.7). Furthermore, a much later hieratic text describes bees and their products as gifts
from the creator god Re, who, as demonstrated above, plays a vital role in the production of
bronze. The text reads:

“The god Re wept and the tears from his eyes fell to the ground and turned into a bee.
The bee made his honeycomb and busied himself with the flowers of every plant; so the
wax was made and also honey out of the tears of Re”

(Derchain 1965, fig. 1.2; Kritsky, 2015, pp.1-2).

Not only does the above text again implicate Re in the bronze making process, but it also
reveals that every stage of production has mythological connections that do not necessarily
survive in the finished product. Although the lost wax process has long been recognized in
the ancient world, archaeological evidence of ancient wax is somewhat rare, leading to
speculation over the composition of the wax used in the process. Scholars generally agree
that the primary constituent was filtered beeswax, which becomes more pliable as it is
warmed but rapidly rigidifies as it cools (Noble, 1975, pp.368-369). Adding natural oils or
resins, such as pistachio resin (Auenmuller, Verly and Rademakers, 2019, p.144), to liquified
beeswax can also prolong its malleability once it begins to cool, although evidence of additive
use is rare.

While our experiment did not primarily focus on the wax used, we nonetheless attempted to
work with four different wax compositions to test the viability of certain additives to make the
sistrum handle for an investment mould. These compositions included beeswax mixed with
turpentine, raw beeswax and pistachio oil, a modern lost wax formulation, and pure beeswax.
We sourced our wax from a local apiary, raw and unfiltered. Of all our composition tests, the
pure unfiltered beeswax proved most usable for our purposes. We were able to carve and
smooth this unfiltered wax using only the heat from our hands. The wax did not leave behind
excessive carving debris and it proved to be the most durable of the four combinations when
cool.

Archaeological evidence for ceramic investment casting moulds, otherwise known as lost wax
casting moulds, is limited in Egypt, although examples of such molds do exist (Auenmtiller,
Verly and Rademakers, 2019, p.144).5 This limited evidence may be due to the mould’s
destruction after casting but may also indicate an additional or alternative casting method,
such as sand casting (Hauptmann and Laschimke, 2016, pp.751-761), which leaves no trace of
the original mould since sand moulds are destroyed to release the casting. These moulds use
sand compacted around a pattern which is removed, leaving a void in its place to be filled
with molten metal. Future research focusing on surface studies of cast metal objects could
shed light on the type of mould used in the object’s production as the surface of the object
would retain the texture of the mould medium.



Sand casting is rarely mentioned in ancient Egyptian metal working scholarly discussions, but
the technology was certainly available. The earliest sandcasting evidence to date comes from
an early 2nd millennium coppersmith’s workshop at the site of Tell edh-Dhiba’i in Baghdad
and not Egypt, but the crucibles found at the site are identical to those depicted in the Fifth
Dynasty (ca. 2494-2345 BC) tomb of Mereruka at Saqqara (See Figure 3), suggesting possible
interaction (Davey and Edwards, 2007, pp.146-148; Davey, 2012, pp.89-90) and perhaps a
longer sand casting tradition than the archaeological record can account for due to post-use
disintegration. We used the handle we carved in beeswax as a pattern for a cope and drag, or
two part, sand mould, the upper half being the cope and the lower being the drag, and re-
used this same handle as a pattern for an investment mold (See Figure 4). We used
commercially available oil-bonded green sand in our two-part cope and drag moulds since it
was not only cost effective but was also quite easy to pack into our wooden mould boxes and
is reusable after a casting when burnt sand immediately surrounding the casting is removed.”

We selected a low-fire terracotta clay which can achieve full firing under 900°C in place of
natural Egyptian earthenware, terracotta being typically classified under the wider category of
earthenwares (Rice, 2015, p.5). Clay can be somewhat stiff and unlikely to capture all the fine
details of the pattern, so we created a slurry of clay and water to coat the wax handle before
encasing it fully in clay. Egyptian moulds may have had a sandier consistency and may not
have required a slurry (Auenmuller, Verly and Rademakers, 2019, p.144). The wax pattern of
an investment mold melts out during firing, leaving a negative form (See Figure 5). Firing also
helps dry the clay by converting any pore or surface water to vapor and is easily
accomplished at low temperatures under 200°C (Rice, 2015, pp.102-103). Any water left in the
clay when molten bronze is poured in will expand rapidly as gas and cause the mould to
shatter.

Casting and Constructing the Sistrum

We used an antique, propane-powered, plumber’s lead melter as our furnace (See Figure 6),
which we outfitted with refractory wool, creating an enclosed space akin to a pit furnace in
which a crucible rests upon a bed of charcoal or other heat source. The crucible rests on
supports which are directly above the furnace’s flame. The crucible was a size #3 graphite
crucible which could contain 4kg of material. We cast a total of about 10kg of our alloyed
bronze over the course of the project and another 1kg of pure copper. Melts were stirred
using wooden rods to aid in deoxidizing the material. Leftover material was cast into blank
ingots for later use. A standard high-temperature thermocouple probe was inserted inside
the furnace adjacent to the crucible and connected to a digital thermometer. The force of the
propane simulated the airflow and heat that in ancient times would have been generated by
blowpipes, bellows, or natural winds directed at a heat source (Craddock, 1995, p.159). We
were able to achieve temperatures more than 1100°C, more than enough to melt copper



whose melting point is around 1082°C. Equally high temperatures could have easily been
achieved over a charcoal hearth with the aid of bellows or blowpipes (Scheel, 1989, p.23).

Fuel scarcity may in part be responsible for the continual depictions of multiple blow pipes
and bellows in Egyptian art, as seen in the 18th Dynasty tomb of Rekhmire (See Figure 7).
However, these methods also result in differential heating, evidence of which is found in the
ubiquity of broken crucibles at ancient smelting sites (Davey and Edwards, 2007, p.152). Like
the wax, the crucible was not the focus of this experiment, so we used a graphite crucible to
maintain control over melting and pouring conditions.

Object A B C

Element % (HNM 14398, from disks) (2001.212) (1949.106.A-C)
Cu 89-90 80,9 78,87

Sn 4.9-5.1 5 0,83

Sb Trace 0,13 0,06

Pb 0 5,8 0

As Trace 0,11 0,1

Fe 0-1 0,45 0,15

Ag 4,8 0,48 0,08

Zn 0 6,95 19,9

TABLE 1. OBSERVED OBJECT COMPOSITIONS. DOCUMENTED CHEMISTRIES OF THREE SISTRA, OBJECT NUMBERS
LISTED. ONE OBJECT HAD ONLY XRF DATA AVAILABLE WHICH COULD NOT QUANTIFY THE AMOUNTS OF EACH
ELEMENT, SO THIS OBJECT COMPOSITION WAS NOT CONSIDERED IN THE EXPERIMENT.

Studies of ancient Egyptian sistra are nearly devoid of quantitative compositional data.” From
our study of 154 sistra, ranging in date from the Old Kingdom to the Late Period, only 86 were
of copper-alloy, and of those 86 only four had data available on chemical composition and
only three possessed numerical data (See Table 1). Of those four with known chemistry, only
one could be dated to the Egyptian New Kingdom, and this sistrum was found outside of
Egypt in Mochlos, Crete (Soles & Giumlia-Mair 2011). Due to the extremely limited amount of
compositional data, we experimented with a standard bell-bronze (Heine, Loper and
Rosenthal, 1967, pp.373-374). We also experimented with a modern 510 phosphor-bronze
alloy as a control for both working and sound quality (See Table 2).

Composition A B C
Standard; 510 Bronze

Element % High Silver High Lead High Zinc

Cu 94,8 90 80 78

Sn 5+ 5 5 1

Sb 0 0,1 0,13 0,25

Pb 0,05 0 6 0



Fe 0,1 0,1 0,5 0,15
Ag 0 4,8 0,5 0,1
Zn 0,03 0 7 20
TABLE 2. ADJUSTED EXPERIMENT COMPOSITIONS. : STANDARD CONTROL COMPOSITIONS (PHOSPHOR AND BELL

BRONZES) AND ADJUSTED OBJECT COMPOSITIONS USED DURING THE EXPERIMENT. ADJUSTMENTS WERE MADE FOR
EASE OF MEASUREMENTS DURING CASTING.

Casting

The sand-cast handle was a partial success; the mould halves separated slightly as the metal
was poured in, causing a seam to form around the perimeter of the handle and smoothing
facial details on one side. The lost wax cast handle was our most successful casting (See
Figure 8). Once the mould cooled, we broke it open to release the casting- much like an egg,
following the allegory of Re's egg where Re is now fully formed. The casting retained all the
fine details from the wax pattern with minor imperfections which we ground and sanded
smooth. Finishing techniques were not the focus of the experiment, so in order to save time
and retain control over the experiment we used metal files, coarse 60 grit sandpaper, and an
electric angle grinder for sprue removal when necessary. Any surface detailing was done by
hand using sandpaper. Most imperfections were left as-cast. The ancient Egyptians had
available to them emery, along with hard stones to grind and polish, but it is not yet known
what additional materials may have been used to achieve the high-quality polish and finish
that is seen on so many objects (Garland and Bannister, 1927, p.71).

We experimented with both a cope and drag mould and an open sand to create the loop of
the sistrum. We first attempted to cast the loop as a flat bar with holes for cross pins cast-in
and work the bar into the shape of the loop. We used a beeswax pattern for the cope and
drag mould with small wooden dowels inserted through it at the location of cross pin holes to
retain the openings during casting. We removed the pattern from the mould before casting,
leaving the dowels in place. The resulting casting from the open mould resulting in a
significant amount of overflow which needed to be ground down. While usable, this piece
required a fair amount of post-work which included drilling the pin holes which were not
retained. In contrast, the cope and drag cast loop had minimal overflow. The surface retained
some of the irregularities of the wax pattern, and the holes were successfully preserved by
the wooden dowels.

Casting Disks & Pins

Sistra disks range in diameter from 20 mm to 30 mm and are between 1 mm and 2 mm thick.
Casting them to near-net shape or a complete shape, which requires little to no post work, is
difficult using the cope and drag method (See Figure 9) due to the disks’ thin width. Mould
runners must be wide enough to promote metal flow, but the cavities for the disks are by
nature too thin to promote sufficient flow. Ultimately, we find it unlikely that the ancient



Egyptians cast these metal disks in a closed mould. Instead, we pressed a disk pattern into a
flattened sand mould face and carved thin channels between the depressions to promote the
flow of molten metal. We used the standard bell bronze composition (See Table 2) for this set
of disks since these are the main sounding elements of the instrument. The disks were
difficult to pour accurately, almost certainly due to the size, weight, and shape of our graphite
crucible. The resulting castings were misshapen, uneven, and the surfaces were full of oxide
build-up (See Figure 10). While our disks were mostly unusable, this method may still be
plausible with additional controls for crucible shape.

We have already established the lack of chemical analysis of nearly all sistra, and of those that
do have this data, it is seldom provided for individual components. We opted to make the
sistra pins from pure copper since they require a great deal of ductility. These were to be cast
in an open mould (See Figures 11 & 12) in which wooden dowels were inserted vertically into
packed greensand. A funnel was shaped and packed around the dowels, and then the dowels
were removed. Molten copper was poured directly from the crucible into the voids. However,
the pure copper resulted in a porous casting which was unable to withstand cold working.
Future attempts may prove successful as the process is refined Wire drawing is unknown in
ancient Egypt, but wire could have been produced by cutting and working strips of metal
sheet (Garland and Bannister, 1927, p.70). The pins used in the Mochlos Sistrum are made
with a silver-copper-alloy like that of composition A in Table 1 (Soles and Giumlia-Mair, 2011,
p.143). Based on our later experience working this alloy, we suspect that pins could have
been successfully cast and worked to shape with annealing.

In absence of usable cast pins, we substituted thick gauge copper wire to complete the
project.

Once all the components were cast, they needed to be further worked and shaped. Bronze is
a work-hardening material meaning that the more it is stuck, the harder it gets and the more
likely it is to fracture. To counteract this natural property, we annealed, or reheated, the
components to essentially ‘reset’ the microstructure of the material into its lowest-stressed
state (See Figure 13). This process allows the material to be re-stressed during the next cycle
of cold working without cracking.

Annealing

We have evidence that the Egyptians were aware of this property of bronze. One of the
earliest known references to annealing in ancient Egypt comes from the Fifth Dynasty
mastaba tomb of Wepemnofret at Giza (See Figure 14). Three sequential scenes and
accompanying inscription, to be read from right to left, should by now appear familiar. The
individuals on the far right are shown kneeling and forcing air into a pile of charcoal fuel. The
text above these workers reads, “Hurry, quickly put (it) at its base” (Weinstein, 1974, p.24).
Molten metal has a very short pouring window before it solidifies and so the inscription is



almost certainly an order to direct the blowpipes towards the base of the crucible to maintain
the fire.

Left of the kneeling smelters, a man pours from a horn-shaped crucible, typical of the Old
Kingdom style and consistent with those shown earlier in the tomb of Mereruka. The metal
worker holds the crucible between two stones, pouring from the base of the crucible. The two
men seated to the left are shown about to strike a rectangular object resting on a surface of
either stone or wood with oval stones like those in the pouring scene. The caption behind the
worker on the right tells the viewer that the rectangular object is “shining copper” and the
worker on the right says, “Heat this; it is dried up”, ‘it’ being the copper. The worker on the left
comments, “there is no cracking if it is heated excellently” (Weinstein, 1974, p.25). Considering
our experiments, we understand that the worker is referencing the process of annealing and
certainly the act the two are engaged in is drawing out the solidified copper, which we will see
does indeed shine after quenching, meaning that these workers are, at the very minimum,
reheating the copper for the second time and likely repeated the process several more times.

Working the Loop

We attempted both hot and cold forging on the open-mould-cast bronze bar, but it was too
thick at roughly 11 mm and too narrow to be worked into a thin sheet metal loop. We
attempted working a small section of this bar, but it cracked and fragmented with little input.
We took the opportunity to use it as a test piece for bending with annealing, which we did
using an acetylene torch with a neutral flame. The bar was heated to a dull red glow and
immediately quenched in water. We annealed and then bent the bar by hand by leveraging it
against opposing jaws of a vise, roughly 10-15° at a time, annealing between bends until
about a 180° radius was achieved. The bar was not usable for the project; however, it did
serve as an example of how annealing could be used to continuously shape a work-hardening
bronze. The cope and drag mould-cast loop was highly porous, some large pores visible on
the surface and many more riddling the interior, indicating that our mould was not
sufficiently vented. We annealed this bar in the same manner as described previously and
began to work it out with a steel headed blacksmith’s hammer and cast iron anvil, alternating
rounds of annealing and working. The bar was thinned in each round from the centre
towards the ends. We were unable to thin the bar sufficiently since it would have become too
wide and/or potentially too damaged by working. We worked it from 8 mm to about 5-6 mm
thick. Had the bar been originally cast thinner, it could have been much more workable for
this experiment and thus more valuable in suggesting possible manufacturing techniques.

The holes for the pins were cast-in, the wooden dowels mostly carbonized during casting and
were easily removed. We used a readily available steel punch to open and widen the holes
since our tool needed to be harder than the material to be worked and annealed the bar
again, focusing mainly around the centre where bending would occur. Like the first loop
attempt, bends were no greater than 10° and were alternated with rounds of annealing.



Unfortunately, the bar broke during bending, but we took advantage of this moment to use
brazing to simulate a plausible Egyptian repair method in which molten metal is poured over
and into an area of a break and allowed to harden, perhaps surrounded by clay to avoid
overflow (Garland and Bannister, 1927, pp.62-63; p.75). We were able to reattach the broken
halves, using a modern brazing flux paste to encourage the flow of molten material into the
joint (See Figure 15). Any oily or waxy agent like tallow or rendered animal fat could have
served as a fluxing agent.

Sound Studies

Separate from the disks mentioned earlier, additional disks (See Figure 16) were made for
purposes of audio-spectral analysis to observe any sound pitch and frequency differences in
different copper alloys due to alloying elements, hardness, and size. This study used
compositions A, B, C and the phosphor bronze standard listed in Table 2. These alloys are
three out of 84 bronze or copper alloy sistra that we studied, and of these three, only one,
composition A, was obtained from sistra disks (Soles and Giumlia-Mair, 2011, p.138).
Experiment control was emphasized for these disks since we only wanted to examine sound
quality rather than methods of manufacturing. The alloys were cast into cylindrical blanks in
graphite moulds and machined on a lathe into disks of various size and thickness to account
for tonal difference due to shape (See Table 3). We could not machine disks for composition C
due to equipment failures. Cold working was performed using a hammer and anvil to harden
select disks of each alloy following a proportional reduction in thickness and increase in
diameter of each disk to ensure uniformity. Disks were suspended by monofilament wire,
struck with a hardened steel striker, and recorded using a microphone. Despite a large
sample set, we only examined the set of 25mm disks due to time constraints.

Outside Diameter Thickness
20mm 0.5mm
25mm Tmm
30mm 1.5mm
2mm

TABLE 3. DISK SIZING. SIZE AND THICKNESS RANGE OF DISKS THAT WERE CREATED FOR SOUND TESTING. DISK
MEASUREMENTS ARE RARELY PROVIDED IN STUDIES OF SISTRA, SO A RANGE OF EACH VALUE WAS CHOSEN.

Sound effects

The results, shown in Figure 17, show changes due to both chemical composition and
material hardness. Material chemistry had the largest effect on sound. The standard
phosphor bronze and silver bronze (A) produced a continuous, audible high pitch while the
leaded bronze (B) was dull and muted, suggesting this alloy is less likely to be used in
sounding elements. The phosphor bronze standard had the highest peak magnitude of the



alloys until it was work hardened. We found that work hardening increased frequency and
magnitude of the A samples by 20% and 12.6%, respectively, compared to the as-cast
samples. The leaded (B) samples, likely due to the high lead content, did not work evenly and
suffered from stress cracking. Pitch increased only slightly in the B samples. In the phosphor
bronze standard, these numbers decreased despite an increase in hardness. More
investigations are needed to inform this outcome, but the results remain clear: hardness
affects sound. It is therefore likely that ancient smiths could have opted for a specific tone in
their instruments by manipulating their materials; however, to truly confirm this suspicion,
technical analysis of known sistra is required.

Other Implications

Metallography of select samples from compositions A, B, and the phosphor bronze was done.
We observed evidence of banding in the work hardened samples. Study of known sistra disks
that exhibit banded microstructures would indicate that the disks were likely work hardened
as an intentional step in the manufacture of these instruments.

Conclusions

Perhaps metal working's intimate engagement with the divine is what caused the Egyptians to
shroud it in secrecy, accessible only through cryptographic texts and imagery. Or perhaps the
restricted knowledge has its roots in copper’s connection with the power to transform. Or a
combination of the two, but this clear control of craft specialization has the unique effect of
steeping the material and the process in a cosmic, enigmatic secret. In part due to this
mystery, the sistrum’s affective power resides just as much in the process of production as in
the final, physical object and its ability to produce sound and function in a ritual context.

Yet, the knowledge was also available, albeit highly coded, and easily understood by those
who worked intimately with the material and with the sun god himself. More inclusive and
wide-ranging studies of sistra could reveal more ways in which the smiths manipulated their
materials to achieve a desired effect while also becoming entwined in the process itself. We
should see copper working as an animating process. It is the agency of fire which acts upon
the raw material in its crucible, and which nurtures the foetal Re in Hathor's womb. When this
metal is controlled and when it, like the raging goddess herself, is pacified we see what can
best be summarized as a divine transmutation of nature.

This experiment ultimately suggests that more than one method was necessary in the
production of an ancient Egyptian sistrum. Our later work also indicates that changes to alloy
and mechanical properties could impact the sound made by sistra. The processes require
practice and understanding of the materials, which may account for some of our failures,
although in some cases, such as in casting the disks, the results indicate that the process we
selected was unlikely to have been applied in ancient times. Later work also clarified the



workability of cast disks; some compositions worked easier than others. We noted that the
alloys that worked well also performed best musically, while the alloy that broke during cold
working performed poorly musically. The sound a sistrum makes may be intentionally
changed by adjusting the alloy. The silver bronze alloy followed a chemical composition of
sounding disks from a sistrum while the leaded alloy was based on a chemical composition
from a handle only, suggesting that different parts could be made with different alloys as
necessary. We noted many difficulties working with the cross pins. The steps to manufacture
these remains somewhat unexplained given their slender appearance and finely worked
ends, so future experiments should be done to provide answers.
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1 The earliest textual references to this goddess appear in the fourth dynasty on the facade of Khafre's valley
temple and priestesses of Hathor are attested to by the reign of Menkaure. During this time, Hathor also
takes on her identity as “mistress of the sycamore in all her places.” (Robyn A. Gillam, “Priestesses of Hathor:
Their Function, Decline and Disappearance,” Journal of the American Research Centre in Egypt 32 (1995): 215.
http://www.jstor.org/stable/40000840.)

2 The title “She who exalts with her two faces” Hknt m Hr snw=s snw which appears in the Pyramid Texts is a
likely reference to Hathor (Sethe, Die Altaegyptischen Pyramidentexte, Band |, Spruch 234).

3 As in the story of Sinuhe, “son of the Sycamore (Hathor)” s3 nh.t, where he is welcomed into the pharaoh’s
court with a hymnic performance by the royal women personating Hathor, shaking sistra, and wearing menat
necklaces (Manassa 2011, 152-153; Lichtheim 1976, 232) a literary allusion to being welcomed onto the solar
barque after death with the pharaoh himself acting the part of Re (Gillam 1995, 217). Sound in Egyptian
literature also signals divine presence and intervention as in the Shipwrecked Sailor where the sound of the
approaching serpent is described as a “thundering” (Lichtheim 1976, 212). In both stories, the sound appears
out of place and as such disrupts one’s sense of space and indeed these sounds occur at moments of change
in the stories.

4 Bj3 is sometimes also translated as “iron” or “ferrous metal.” The dual identification may stem from the co-
occurrence of iron and copper in ores, especially those sources from the Sinai. Of the two, copper was the
more popular throughout Egyptian history. For a more thorough discussion, see Harris “Lexicographical
Studies,” 60-62.



5 For a Late Period example of an in-tact lost-wax mould, see Auenmtiller, Verly & Rademakers “Bronze Casting
Artefacts from the Qubbet el-Hawa - Moulds, Materials, and Experimental Methods,” 144.

6 For a detailed description of the use of oil-bonded sand in cope and drag moulds, see Heine, Loper, &
Rosenthal, Principles of Metal Casting, pp. 26-29.

7 For some compositional references, see: Garland (1927); Soles and Giumlia-Mair (2011).
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FIG 1. SISTRUM OF THE CHANTRESS TAPENU, [CUPROUS METAL]. METROPOLITAN MUSEUM OF ART, NEW YORK;
SHOWCASING FEATURES OF EGYPTIAN SISTRA AND EXEMPLIFYING THE NEW KINGDOM STYLE THAT IS THE FOCUS
OF THIS RESEARCH.
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FIG 2. DAVIES, NORMAN DE GARIS (1 927) GATHERING HONEY, TOMB OF REKHMIRE (TT 100), [TEMPERA ON PAPER].

THE METROPOLITAN MUSEUM OF ART, NEW YORK.
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FIG 3. AUTHOR'S DRAWING OF A METAL-WORKING TOMB SCENE FROM THE FIFTH DYNASTY (CA. 2494-2345 BC)
TOMB OF MERERUKA AT SAQQARA (AFTER DUELL 1938: PLS. 30, 32-33).
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FIG 4. WAX SISTRUM HANDLE WHICH WAS USED AS THE LOST WAX PATTERN FOR OUR SISTRUM. CARVING DONE BY
CHELSEA KAUFMAN. PHOTO BY CHELSEA KAUFMAN
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FIG 5. DIAGRAM OF INVESTMENT MOULD. LEFT: DIAGRAM OF WAX PATTERN ENCASED IN INVERTED MOULD WITH
MOULD OPENING FACING DOWNWARD. RIGHT: DIAGRAM OF VOID LEFT BY WAX PATTERN AFTER MELTING OUT. THIS
LEAVES BEHIND AN IMPRESSION OF THE PATTERN WHICH WILL THEN BE FILLED WITH MOLTEN METAL. DRAWING
BY CHELSEA KAUFMAN
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FIG 6. ANTIQUE PLUMBERS LEAD MELTER, POWERED BY PROPANE, OUTFITTED WITH REFRACTORY WOOL IN THE
MELTING PAN TO CREATE AN ENCLOSED “PIT FURNACE” SPACE. PHOTO BY CHELSEA KAUFMAN
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FIG 7. DAVIES, NORMAN DE GARIS (1927) CASTING METAL, TOMB OF REKHMIRE (TT 100), [TEMPERA ON PAPER)].

THE METROPOLITAN MUSEUM OF ART, NEW YORK.
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FIG 8. RESULTS OF HANDLE CASTINGS. LEFT, THE LOST WAX HANDLE, NOTE FINE DETAILS AND IMPERFECTIONS IN
WAX CARVING ARE CAPTURED. RIGHT, THE COPE & DRAG SAND CAST HANDLE, NOTE LOSS OF FACIAL FEATURES.

PHOTO BY CHELSEA KAUFMAN

FIG 9A. : COPE & DRAG SAND MOULD LOWER HALF AFTER PACKING SHOWING DISK PATTERNS AND ADDED
RUNNERS. PHOTO BY CHELSEA KAUFMAN

FIG 9B. COMPLETED AND CLOSED MOULD. PHOTO BY CHELSEA KAUFMAN
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FIG 10. BRONZE DISKS CAST IN OPEN MOULD. NOTE UNEVEN SURFACE, EXCESSIVE OVERFLOW, DEEP OXIDES.
PHOTO BY CHELSEA KAUFMAN

FIG 11. POURING MOLTEN COPPER-ALLOY INTO AN OPEN SAND MOULD. PHOTO BY CHELSEA KAUFMAN
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FIG 12. CAST COPPER CROSS PINS. THE CASTINGS WERE OUTWARDLY ACCEPTABLE; HOWEVER ONCE COLD
WORKING BEGAN THEY WERE FOUND TO BE RIDDLED WITH POROSITY AND DID NOT SURVIVE. PHOTO BY CHELSEA
KAUFMAN

FIG 13. TWO MICROSTRUCTURES (MICROGRAPHS TAKEN BY EMILY CHAMBERS OF JOHNS HOPKINS MATERIALS
ENGINEERING) OF BRONZE ALLOYS CAST FOR A LATER EXPERIMENT. THE AS-CAST MICROSTRUCTURE, RIGHT,
SHOWS NO BANDING. THE WORK HARDENED SAMPLE ON THE LEFT EXHIBITS BANDING WHICH IS INDICATIVE OF
COLD WORKING.
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FIG 14. AUTHOR'S DRAWING OF A METAL-WORKING SCENE FROM THE FIFTH DYNASTY (CA. 2494-2345 BC) TOMB OF
WEPEMNOFRET AT GIZA (AFTER HASSAN 1931: PL. LXXIV). DRAWING BY CHELSEA KAUFMAN
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FIG 15. EXPERIMENTAL SITRUM PRODUCED BY AUTHORS. PHOTO BY CHELSEA KAUFMAN
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FIG 16. SET OF CAST DISKS FOR HAUBER PROJECT, MISSING COMPOSITION C MATERIAL. NOTE DAMAGE TO
COMPOSITION B DISK SAMPLES AND BROKEN DISKS. SAMPLE SET INCLUDES AS-CAST AND COLD WORKED DISKS.
PHOTO BY CHELSEA KAUFMAN
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FIG 17. RESULTANT PLOTS FROM AUDIO-SPECTRAL ANALYSIS, CONDUCTED USING MATLAB AS PART OF 2021
HAUBER SUMMER RESEARCH, LOYOLA UNIVERSITY MARYLAND. MAGNITUDE AND FREQUENCY DIFFERENCES
DENOTE CHANGES IN PITCH BUT DO NOT NECESSARILY REFLECT AUDIBLE DIFFERENCES.
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