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Summary: Restoring an old cartographic artifact is always a great challenge for profession-
als. If there are only a few copies, or just a single copy exists, we face numerous challenges.
Even more if the only copy is severely damaged and incomplete. In this case, what should
be the purpose of the renovation? Keep and save what we can and show what is left of it.
But what if we have the possibility of an accurate reconstruction? Or if we have accurate
cartographic content? In 2017, the author learned about an 80 cm diameter celestial globe
in very bad condition. That is how the research into its publishing-history has begun. As a
result of research, it turned out that it is a "Himmelsglobe" published by Reimer Verlag in
Berlin, circa 1910. After some lengthy research, consulting with various experts, it seems
that another copy of this celestial globe — at the moment — is not known.

The author was the professional leader of this Reimer project. The study will show the stages
of the professional preparation, the importance of research on sources and publication his-
tory, the process of reconstruction and the restoration and how it was possible to exploit the
opportunities offered by digital technology.

The Reimer globe!

As part of my doctoral research of the cartographic characteristics of star maps and celestial globes
produced a significant practical result. The study presented here is a very good example of how the
content can be reliably interpolated in celestial globe reconstruction when the only existing piece is
in poor condition, with large parts missing.

Reconstruction work is not unique in the history of the profession in Hungary. I must mention the
extraordinary work of professor emeritus Matyas Marton over many years with the reconstruction
of the manuscript Perczel globe preserved in the Map Collection of the National Széchényi Library
(Méarton 2019). The lead restorer of that project was Zsuzsanna Lente, who also worked with the
Reimer project with me.

| found the Reimer globe during my doctoral research in the state shown in Figure 1a and 1b, at the
Piszkésteté observatory of the Astronomical Research Institute of the Hungarian Academy of Sci-
ences in 2017.

*PhD, research fellow, E6tvds Lorand University, Institute of Cartography and Geoinformatics,
[olahkrisztina@inf.elte.hu]
L In this study, every “globe” expression refers to celestial globe
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Figure 1b Meridian circle of the Reimer globe (Photo by Zsuzsanna Lente)

The photos showing the state of discovery clearly present that the globe was found in a severely
damaged and incomplete state. Nearly 50% of the paper covering were missing, the remaining co-
vers were acidified and brittle due to the harsh conditions and the quality of the original paper, the
stand and the meridian circle were broken in several places, and the metal parts were oxidized.
Since the restoration is extremely expensive, it was necessary to know how rare the globe is,
whether another copy of it exists. It was also necessary to decide whether it is worth doing recon-
structive restoration, i.e. not only restoring the remaining paper sections (that is the lunes), but also
supplementing them with the lost parts. Reconstruction work requires significantly longer prepara-
tion and research, it requires verified source material, and because of all of this, the execution time
and cost are several times higher than a simple restoration.

Identification, publication history

The only starting point for identifying the globe was the partially preserved colophon, which re-
vealed that the globe was issued by the Berlin-based company Reimer, and its creator was Dr. H.
Gewecke (Figure 2). | studied the available literature, digital collections and catalogues, and con-
tacted larger European collections one by one in writing to compile the most complete overview of
the edition history and determine the edition data of the globe.
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Figure 2 The remaining colophon (Photo by the author)
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Brief history of the Reimer company until 1920

Dietrich Arnold Reimer (1818-1899) was the son of the bookseller Georg Andreas Reimer. He
founded his book and map workshop in Berlin in 18452. In 1852, he bought the globe factory of
Carl Christian Ludwig Adami (1802-1874) — which had been making globes since 1838° — and thus
expanded the company's activities to include the publication of terrestrial and celestial globes. In
1852, Heinrich Kiepert (1818-1899), who had previously headed the cartographic department of
the Weimar Geographical Institute, joined the company as head of cartography. In 1868, Hermann
August Hoefer (1835-1901) joined the company as co-owner.* Dietrich Reimer's health deterio-
rated, so he retired in 1891. His position and part of the business were taken over by the former
consul Ernst Vohsen (1853-1919)%, and the company started to operate under the name Dietrich
Reimer (Hoefer&Vohsen). On January 1, 1895, Hoefer left the company, VVohsen thus became the
sole owner of the publishing house. The company launched its products on the market under the
name Dietrich Reimer (Ernst VVohsen). After Vohsen's death in 1919, the company was transformed
into a joint-stock company® with Gotthardt, Wilke, Andrews and Steiner as managing directors.
Based on the above, the publisher's inscription on the found colophon — D. Reimer (E. Vohsen) —
shows that the globe was published between 1895 and 1919.

Celestial globes from the Reimer company

Globe production became part of Reimer Verlag's activities in 1852 with the purchase of the Adami
globe factory, which benefited the company in many ways. A 13-inch (~34 cm) and an 8-inch (~21
cm) diameter celestial globe from the original Adami factory at that time were already published’.
Carl Adami joined the company as an expert in globe production. His name and professional repu-
tation ensured the success of the globe models. Carl Adami maintained the technical leadership of
globe making until the 1860s. For a long time after his death, until 1906, his name was used as a
trademark in the cartouche of the 34 cm diameter globes. In the cartouche of the Adami globes

2 Sumira (2014:204) but according to Lehmann (2010:31), in 1842.
3 Dekker 1999

4 Wolzogen 1986:51
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published by Reimer Verlag, the year of issue was pre-printed in the form "18.." and the exact year
was handwritten after publication. As a result, the publisher was able to continue publishing celes-
tial globes with the sheets printed in 1852 for decades.® A good example of this the globe with a
diameter of 34 cm, issued in 1873, is in the Hungarian State Museum of Technology. Its colophon
can be seen in Figure 3.

Figure 3 The colophon of a Reimer celestial globe with Adami’s name. The copy has not been published in the literature so
far. (State Technical Museum, Budapest.) (Photo by the author)

In 1854, an 80 cm diameter celestial globe was published, on which the boundaries of the constel-
lations were marked only with thin lines, so that their appearance did not overwhelm the represen-
tation of the stars. While the smaller globes were produced with 5 types of equipment, the globe
with a diameter of 80 cm was only produced with full scientific equipment.

After joining the company, the cartographer Heinrich Kiepert — a student of the famous geographer
Carl Ritter (1779-1859) — reworked the Adami globes for the new editions®, so by 1867 a renewed
version of the 34 cm diameter celestial globe was completed, but the 80 cm celestial globe, pub-
lished in 1854 and designed by Carl Adami, remained unchanged until 1910, when Hermann
Gewecke revised it.

In 1896, a small 10,5 cm (4 inch) diameter globe was published. It was designed and edited for the
1900 epocha by Carl Ernst Martin Gustav Rohrbach (1861-1932), geographer and astronomer from
Gotha.1? It was put on the market with a brass wire frame. A four-page publication entitled Anlei-
tung zum Gebrauch des Himmelsglobus von Carl Rohrbach was published as an appendix. Accord-
ing to Muris and Saarman*! a 21 cm, a 34 cm and an 80 cm diameter celestial globe were
published in the same year, but this information is contradicted by other sources, and | have not
found any specimens of this parameters.

In 1900, the company also published a variant of Carl Rohrbach's celestial globe from 1896 with a
diameter of 10,5 cm. It is not known whether this globe is by Rohrbach or another author. Unlike
the previous Rohrbach release, the stars were white on a dark background.*?

In 1910, Reimer Verlag commissioned certified engineer Hermann Gewecke to revise two large-
size editions of the celestial globes, as they were outdated in their content being based on designs

8 Lehmann 2010:32

9 Zogner 1989:132
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by Carl Adami sixty years earlier. Gewecke designed a modern star map for the 34 and 80 cm
diameter globes with star positions valid for the 1920 epocha.

Astronomer and writer Robert Henseling (1883-1964) designed a new 21 cm globe for Reimer
Verlag in the early 1920s. This sphere could be purchased with two types of equipment, with a
wooden base or with full scientific equipment.

After the First World War, celestial globes designed by Henseling, with a diameter of 21 cm, and
designed by Gewecke with diameters of 34 and 80 cm, with or without full scientific equipment,
were distributed.'® Between 1925 and 1943, Reimer Verlag did not publish any new globe editions,
only the equipment of their existing globes was changed. Shortly after the transformation of the
company in 1951, when it began to operate under the name Dietrich Reimer Verlag (Andrews &
Steiner), a new globe was published again. The publisher's last astronomical globe, edited by the
Berlin amateur astronomer Hans Miihle (1913-?), appeared as part of the fancifully named "Junior"
series with a diameter of 13 cm in 1954. Hans Miihle was the co-founder of the Wilhelm Forester
Observatory in Berlin and the technical director of the astronomical station at the Geodetic Institute
of the University of Hanover. With the new globe models, the company could not maintain the
quality standards of the pre-war models.*

Due to the failure of unsuccessful sales, in the early 1960s, the publisher's terrestrial and celestial
globe production ceased — after 110 years.

From the data found during the publication history research, it can be concluded that our globe was
published in 1910.

Sample research

I contacted the company Reimer, which still operates today, to obtain additional information about
the identified 1910 edition globe based on their possible publications, previous descriptions, and
catalogues. Unfortunately, they could not provide any information, because the factory got a bomb
during World War 11, so all their archival documents were destroyed. As a next step, | examined
the larger public collections, private collections and catalogues, and compiled the available and
existing Reimer globes (see Appendix Table 1). Unfortunately, 1 could not find another existing
copy of this edition.

Assembling the remaining parts

During the restoration of the globe, certified paper restorer Zsuzsanna Lente performed the paper
restoration work and coordinated the cooperation of wood and metal restorers. |1 was responsible
for the content production of the missing parts.

Peeling off, cleaning, deacidifying and smoothing the paper sheets left on the globe was a restorer's
task. The sheet pieces that fell earlier were also subjected to the same procedure. During the sepa-
ration from the spherical body, the remaining sheets were given an identification number so that the
order in which the larger pieces were glued could be documented. | received the cleaned and
smoothed sheets from restorer and digitized them.

13 Wohlschlager-Dérflinger 1982:28
14 |_ehmann 2010:45
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Figure 5 The remaining (grey) and replacement (white) parts (Picture by the author)

The location of the existing pieces had to be identified, i.e., where they might have fallen over time
— or even during transport. For this, | used a paper print of each dimensionally correct sheet, where
the size of the graticule's trapezoid helped to determine the location of the individual fragments
(Figure 4). Finally, the ratio of the remaining sheet pieces and the fallen parts was drawn out (Figure
5).

Cartographic examination and legend reconstruction of the Reimer globe

To reconstruct the legend, I collected the depicted symbols from the remaining original overlays. |
identified them according to the magnitude of the depicted star and organized them in a table. At
certain magnitude values (3, 4, 5), three versions of the same star representation could be distin-
guished. The only difference is the drawn black outline and the yellow background colour. For the
deep-sky objects, | also found two colour variants for the same sign (blue and black) (Figure 6).
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I found in the previous star representations a symbol variant made with a similar drawing method
in the legend for two reasons. One of the reasons could be that intermediate magnitude values were
depicted with it, but in this case the same number of variants were consistently used in each mag-
nitude category. Since there were no category symbols here, I dismissed the meaning of this key
element. The other reason could be that other properties of the stars were marked in this way, i.e.
whether it is visible to the naked eye, a variable star, or even a double star. Since | rejected the first
version, | had to find sources that (also) categorize the stars based on the second version when
creating the legend for the representation of the stars.
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Figure 6 Legend of the Reimer globe based on the remaining parts

My previous research proved with numerous examples that it is very common to use the works
published in the same era as a basis for the creation of map works, to adopt astronomical content
(position of stars, exact location of boundary lines). Because of this experience, | also went in the
direction of looking for contemporary sources. Due to the number of depicted stars and the presence
of deep sky objects, it was clear that | should not be looking for a one-sheet star map work. | sorted
out the popular globe and atlas publications of the period, and I first reviewed the content and code
characteristics of the German-language Austrian and German publications. The globes did not yield
results, but after long and painstaking work | found an atlas. It was first published by Richard
Schurig in 1886, then corrected and published in six cases by Paul Gotz (1909, 1916, 1920, 1923,
1933, 1942), later by other authors. It was the Tabulae Caelestes Himmels-atlas, which was also
expanded many times by the 1970s.

Its signal key is more complex than the signal keys seen so far on globes, and it similarly represents
the stars up to a brightness of 6 magnitudes but forms a group of signal keys every 1/3 magnitude
brightness. Variable and binary stars have their own separate sign. In the case of nebulas and clus-
ters, a separate signal variant represents what can be observed with the naked eye and separately
with binoculars (Figure 7). It does not represent the constellations figuratively, but only with their
stars, for which contains the identifiers (Greek and Latin letters, numbers), and in addition indicates
the Messier numbers and the Latin-Arabic names of the most important stars. The names of the
constellations are given in Latin (except for the form "Muska").
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Figure 7 Legend of the Tabulae Caelestes Himmels-atlas

It was a tell-tale sign that in the case of deep sky objects, it also separates two categories marked
with separate colours, and for stars, the black outline version of the sign also returns in the case of
doubles. To make sure that the Schurig—Gotz atlas represents the same astronomical content, and
that the legend classification of the two works can be clearly matched, it was necessary to bring the
two works to the same projection and to compare each remaining globe segment (Figure 8). Based
on the item-by-item comparison of the remaining parts of the Reimer sheets, it can be stated that
the Reimer celestial globe depicts the same content as the Schurig—Gotz atlas both in the represen-
tation of the stars and in the drawing of the boundary lines of the constellations. Minimal differences
were observed only in the names of the written stars and constellations.
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Figure 8 A comparison of the remaining section of the Reimer globe and the corresponding sheet of the Schurig—-Gétz atlas
for the same area

Based on the existing source, the signal key groups of the Reimer globe became identifiable (Figure
9).
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Figure 9 The reconstructed legend of Reimer's globe

Unfortunately, | have not been able to find any regularity based on which property the yellow high-
lighting colour was assigned to a star on the Reimer globe. | compared it with the yellow highlights
of the 34 cm edition and the Schurig—Gotz atlas, but I still could not find any kind of system in it,
unless the stars were highlighted to help with orientation and identification. The group of stars
highlighted in yellow on the smaller celestial globe could not be completely matched with the large
celestial globe, and there were no features in the atlas that would have justified the use of yellow
colour.

In the two works, the lines delimiting the constellations run on the same track, so its reconstruction
was not difficult, and both works only used one type of symbol for this. I took the use of connecting
lines found in major constellations from the Reimer celestial globe with a diameter of 34 cm, be-
cause by comparing the remaining parts, | concluded that this content fully corresponded to the two
spheres (Figure 9). In accordance with the above, | redrew the missing parts based on the 1909
edition of the Schurig—Gotz atlas and the 1910 edition of the Reimer globe with a diameter of 34
cm using the Corel Draw program.

Figure 9. The complete northern “Section 19”

After reconstructing the legend, 1 also had to re-create the font used on the globe (Latin and Greek
characters, Arabic numerals), since it did not correspond to any existing modern font. For this, |
selected the letters from the existing sections, and drew the missing ones (for example F, W) (Figure
10).
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Figure 10 Re-creating the font of the Reimer globe
After the sections were completed, the course of further work was determined by the restoration.
About the spherical body

The spherical body weighed about 40 kg. The sphere was hollow, and its raw material was metallic
to the touch. This was unusual compared to the previously experienced wooden frame, papier-ma-
ché surface design. Taking advantage of the covering-free state of the globe body, we ordered a
non-destructive material test from a company specialized in this, who established that the material
of the globe body is a kind of zinc alloy (Table 2), “spiater” in Hungarian, one of the characteristics
of which is that it is brittle and reacts rather poorly to changes in environmental parameters (tem-
perature, pressure). In terms of its physical design, two rigid hemispheres were joined together, the
joint was reinforced from the inside with a metal strip (Figure 11 and 12), and the hemispheres were
fixed by spot welding. The steel shaft is welded onto the poles, so they do not go through the entire
spherical body.

axis globe solder material
Zn 0.88 % 96.21 % 97.93 %
Si 0.06 % 0.20 % 0.08 %
S 0.19% 0.97 % 0.41%
Al - 1.17 % -

Table 2 The main chemical composition

Figure 11 The axis and the spot welding along the equator
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Figure 12 Inside the globe body along the equator, the steel strip used for the joint

The re-creation

The reconstructed additional prints were made in colour, but without background colour printing,
on special paper that only stretches in one direction under the influence of the glue. Restorer Zsu-
zsanna Lente modelled the extent of the paper's stretch with test glues. As a result, the percentage
value for which the sections had to be printed compressed from one direction was obtained.

Figure 13 The additions and the remaining original section to be glued on
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The printed replacement overlays were first glued onto the metal substrate, then the remaining orig-
inal section parts were added, and for each section, the light blue background colour was applied
with individual manual colouring, as this also got dirty on the original sections, and thus did not
form a uniform, homogeneous light blue base colour (Figure 13). At the end of the work, several
layers of lacquer were applied to the sections, which protects the sections from UV radiation. During
the restoration, we made sure that all processes were reversible, so the adhesives can be easily
undone, they do not damage the original section pieces.

As a final step, the missing pieces of the severely damaged horizon and meridian circle were waiting
to be drawn. Fortunately, a geographical globe found in the Berlin Staatsbibliothek Karten-
sammlung’s collection, which was issued as a pair of this globe, and whose equipment consisted of
the same pieces as the celestial globe, provided excellent source material for their reconstruction.
The Reimer globe was completed by 2020 and returned to its current location, in the exhibition
space of the Astronomical Research Institute, where it can still be seen in its full beauty today. The
result of the Reimer project proves that cartographic analysis, the research on the history of editions
and the use of digital technology can make a significant contribution to saving cultural heritage
(Figure 14).

i

Figure 14 The 1910 edition of the Reimer globe as found and after reconstruction

Restoration or reconstruction

At the end of the work, it is clear that the reconstruction process required almost three times as
much time as a restoration, and the costs were almost 30% higher. One of the reasons for this was
the time and material costs of thorough and all-encompassing research. Another reason was, that in
addition to restoration specialists, a cartographic researcher had to be used during the process. It is
only due to the pandemic situation that the procurement of special paper resulted in a delay of nearly
4 months due to the stoppage of production at the paper mills.
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All inall, in this case the reconstruction procedure was the best decision, since our globe exists only
in one copy at the moment, and we wanted to preserve it for the future presenting its original con-
tents.
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Appendix
collection
diameter ) Staatlicher S
publ. t Staats- Osterreichisches L . Deutsches Private Mathematisch- | iadyar Csillagaszati
creator cm e . - Universitat | Rundetarn, . R Miiszaki Kutatbin-
year (inch) bibliothek, | Nationalbibliothek, Tibingen | Kabenhavn Museum, | collections, | Physikalischer Miizeum tézet Buda-
Berlin Wien g Munchen Austria Salon, ' !
Budapest pest
Dresden
. 2657
1854 | Carl Adami 80 (30) | Kart. A 3735 HEA-As-1
(78 cm)
1860 | Carl Adami 34 (13) S. Schmidt
1867 Carl Adami 21 (8) GL.625 | GL.145 S. Schmidt
Carl Adami 34 (13) GL.12 | GL.104 507 C1-11 Inv.-Nr. E 11 37
1873 | Carl Adami* 34 (13) 70.368.1.
€.1890 | Carl Adami 10,5 (4) | Kart. A 3765
1896 | Carl Rohrbach 10,5 (4) | Kart. A 3770 GL. 437 1981-448 | S. Schmidt
1906 | Carl Adami 34 (13) Inv.-Nr. E 1119
Hermann S. Allmayer-
Lo10 Gewecke 34 (13) | Kart. A 3780 GL. 280 Beck
Hermann .
Gewecke 80 (30) no sign
€.1915 | Robert Henseling 21 (8) | Kart. A 3800
S.
¢.1920 | Robert Henseling |~ 21 (8) K‘Z‘?'g;ss)oz GL. 220 Wohlschli-
' ger
1954 | Hans Mihle 13(5)| 2G1235 GL. 341

Table 1. Celestial globes published by Reimer Verlag, found in the literature and in collections (* it has not been mentioned in the literature so far)
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