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THE OBJECT

A cipher hidden in a Dee family notebook
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• British Library, Sloane MS 1902 — a tiny (10×12 cm) astrological-medical 
notebook of John Dee (1527–1608) and his son Arthur Dee (1579–1651).

• A ~1,100-letter ciphertext + its cipher table, on folios 13r/13v–14r, titled 
Hermeticæ Philosophiæ medulla (“Marrow of the Hermetic Philosophy”).

• In Arthur’s hand, and bound upside-down relative to the rest of the codex.

• Presented as an unsolved challenge by Lang & Piorko at HistoCrypt 2021.

Ciphertext (f.13v) Cipher table (f.14r)

“The code is not a simple monoalphabetic substitution… Digital 
cryptanalysis algorithms commonly available on the web 
yielded no meaningful results.”

— Lang & Piorko, HistoCrypt 2021



DRAMATIS PERSONAE

Two parallel threads in August 2021
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RB
Richard Bean
Univ. of Queensland

Cryptanalyst — cracked it

MP
Megan Piorko
Science History Institute

Historian of alchemy — found the MS

SL
Sarah Lang
Univ. of Graz

Latinist / DH — corpora & translation

The fourth voice:  Ed Hannon
A fellow codebreaker (the Kryptos K4 circle). Not a paper author — but the daily back-and-forth with Ed is where most of the dead ends were 
thrashed out. The academic thread (Piorko/Lang) ran in parallel: collaboration, the keyphrase reveal, publication.



HISTOCRYPT 2021 · THE CHALLENGE

What the historians had already tried
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• Lang & Piorko correctly identified the table as a Bellaso / Della Porta 
type — a reciprocal-alphabet polyalphabetic cipher.

• The index of coincidence (≈0.045) confirmed it was polyalphabetic, not 
a simple substitution.

• But every keyword they tried failed — and the cipher stayed unsolved.

Keywords tried — all dead ends:

monas medulla adam

ripley riply

“A set of likely keywords was tried out
but none yielded any results… thus far
it has not been possible to solve the cipher.”

— Lang & Piorko, HistoCrypt 2021

21 July 2021  — Richard cold-emails Piorko: “I love historical 
ciphers… is the preprint available yet?”



THE CIPHER

A Bellaso / Della Porta polyalphabetic
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• Reciprocal-alphabet polyalphabetic: only 12 alphabets, each keyed by a 
letter-pair (AB, CD, EF…), not 26 like Vigenère.

• 24-letter alphabet — no j, no v (i/j and u/v merged), Anglicised with k and 
w.

• Key idea: no plaintext letter can map to itself; each letter has at most 12 
possible images.

• First published by Bellaso (La cifra del Sig. Giovan Battista Belaso, Venice 
1553); popularised by Della Porta (De Furtivis, Naples, 1563).

The cipher table (tabula recta), Sloane MS 1902 f.14r  © British Library



THE TEXTBOOK ATTACK

…and why it stalled
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• For a periodic polyalphabetic: find the period, then solve each column. 
Kasiski / index-of-coincidence is the standard route.

• Repeated 4-grams gave gcd 8×17 = 136 — but that was largely transcription 
noise.

• Per-period index of coincidence showed no clear spike at any period.

• The DCODE tool put the IC at 0.04506 and suggested these key lengths:

2 3 4 6 7 13 19 24

… none of them 45.

How long can a key
reasonably be?

Every period method pointed at a short key. The 
IC simply offered no hint that the answer could 
be 45 letters long.



WHY THE IC HIDES THE KEY (1/2)

The Friedman estimate gives ≈16, not 45
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• N = 1099    IC_p (plaintext) = 0.07404    IC_obs (ciphertext) = 0.04360

• Random floor IC_r = 1/24 = 0.041667  (24 letters — no j, v; not 1/26!)

k ≈ 16.5
not 45

Sampling noise moves this estimate only ±~2. The 
estimate is robustly short — the gap to 45 is 

systematic, not luck.



WHY THE IC HIDES THE KEY (2/2)

No resolution near the floor + only 12 alphabets
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Observed IC (ciphertext) Implied key length k

0.0500 3.9

0.0460 7.5

0.0440 13.9

0.04360  ← actual 16.7

0.04236 45  ← you’d need this

0.0420 97

A 0.0012 wobble in IC swings the estimate from 16 to 45 to 97.

Two reasons

• Saturation. IC_obs sits only 0.0019 above the floor; the 
estimate is hyper-sensitive and tops out far below 45.

• Structure. Della Porta has only 12 reciprocal alphabets 
(Caesar-related). A 45-letter key reuses rows constantly, 
inflating IC — which the formula misreads as a short period.

• A clean period-45 cipher would give IC ≈ 0.0424; the 
observed 0.0436 reads as ≈16.



AUGUST 2021

The trail of dead ends
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1

10–11 Aug

Open the file

“Porta doesn’t seem to 
be working out.” 

Hill-climb keys 3–9 → 
garbage.

2

12–13 Aug

English?

Can’t be English; killed 
by IC, word-length 5.85, 

et/ad/quod.

3

14 Aug

The hinge

The “=” signs are 
hyphenation → long 

words to attack.

4

20–22 Aug

Autokey

Monte-Carlo near-miss 
seduces; PTAK/CTAK 

chased, then ruled out.

5

27–28 Aug

Closing in

Similarity test: 
Latin-keyed, not 

random. Autokey dead.

6

29 Aug

Solved

Dictionary + repeated 
key fragments → a 

45-letter key.

Correctly “Porta” from day one — then a long detour through English and autokey before the dictionary route broke it.



FALSE LEAD — THE ENGLISH MIRAGE

Word length diagnosis
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Why it can’t be English

IC ≈ 0.045 far above English text

5.85 mean word length (English ≈ 4.5)

et · ad · quod the commonest 2- & 4-letter words

→ The word lengths tilt hard to Latin.



FALSE LEAD — THE AUTOKEY RABBIT-HOLE

A Monte-Carlo near-miss that felt like a discovery
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• Encipher Caesar’s Latin with ~1,500 random Latin words; compare letter 
frequencies.

• The high/low-frequency signature matched the Dee text astonishingly well 
— “quite convincing… wow.”

• So the cipher looked aperiodic & text-keyed → chase PTAK, CTAK, 
plaintext-as-key, per-word reset.

Frequency signatures (top letters)

Dee ciphertext:        S X B O U G
Latin-on-Latin model:  S L X N O Z

How it died

The decisive test: the Dee frequencies match Latin 
enciphered with Latin text — not Latin enciphered 
with a random key.

That eliminates CTAK (≈ text keyed by random text). The 
autokey family was dead — and the period turned out to 
exist after all.



THE WINNING IDEA

Long words + a length-split Latin dictionary
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The hinge (14 Aug):
the “=” signs are line-end hyphenation, not equals — so there are very long words to attack, and a long 
Della Porta word has only a few possible Latin plaintexts.

Building the Latin dictionary

1 Corpus

Reuse the 2020 toolkit: ~93 Latin 
books (~30 MB) from Project 
Gutenberg + Perseus Digital Library.

2 Author’s voice

Transkribus HTR of Arthur Dee’s own 
Fasciculus Chemicus (1631) for 
alchemical vocabulary.

3 Match alphabet

Normalise to 24 letters (merge u/v, 
i/j) so the dictionary lines up with the 
table.

4 Rank & split

lat.words by frequency, split by 
length (lat.words.2 … .16) — test 
only same-length words.



THE PROBABLE-WORD ATTACK

Most-likely Latin word → implied key, per ciphertext word
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Ciphertext Plaintext Implied key

tocuzpssa beneficio ltwgnngtc

rogsblzs mercurii ltwgnngt

ueccbyesf consueuit ltwgnngtc

ccenegkeo quocunque cltwgnngt

gtdldpspewk naturaliter nngtcepneip

iubtyxpedk perficitur nggcepneip

bpkaysai partibus cepneipt

donazmenao tempestive gtcepneiat

donazmenao tempestiva gtcepneiac

Individual guesses were often wrong

The longest word
yogyb=nobttpnze
first matched 
circumfodiebat   — wrong.
The truth was 
ignis beneficio.

What cracked it: the implied key fragments ltwgnngt 
and cepnei repeated across different words.
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THE BREAK — 29 AUGUST 2021

A 45-letter key — a record length

Concatenate the repeating fragments, extend them with Latin-hexagram scoring (working backwards and forwards) — and the whole key falls 
out:

tlecnwgtlctppcwtgcggnlelrptwccltwgnngtcepneip

45 letters

“A 45 letter key! … no wonder nothing turned up.”

— to Ed Hannon, 29 Aug 2021

“Good news, I deciphered it today… a 45 letter key, which is 
probably why automated software hasn’t worked. It begins ‘In 
ovo diaphano…’”

— to Megan Piorko, 29 Aug 2021



THE TWIST NOBODY NEEDED

The key was on the facing page all along
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Sloane MS 1902 f.12v  © British Library

• Folio 12v — the page facing the cipher table — carries a line in Arthur’s own hand:

Sic alter Iason aurea felici portabis uellera Colcho

= exactly 45 letters

• Adapted from Augurello’s Chrysopoeia (1505) — ‘devexi’ (I carried) changed to ‘portabis’ (you 
will carry).

• Hidden in plain sight: the key had been on the opposite page the whole time — and the cipher 
key is enciphered with itself.

“I can see it’s exactly 45 letters. Probably the key. Is that Arthur’s handwriting?”

— Richard, 6 Sep 2021 (just woken up)



HOW THE DECRYPTION WORKS

The corrected table + the running key

The Dee cipher · cryptanalysis · SECRETS Methodological Lab, 30 June 2026 15

a b c d e f g h i k l m

AB·1 o p q r s t u w x y z n

CD·2 p q r s t u w x y z n o

EF·3 q r s t u w x y z n o p

GH·4 r s t u w x y z n o p q

JK·5 s t u w x y z n o p q r

LM·6 t u w x y z n o p q r s

NO·7 u w x y z n o p q r s t

PQ·8 w x y z n o p q r s t u

RS·9 x y z n o p q r s t u w

TU·10 y z n o p q r s t u w x

The corrected table (top row forced to a b c d e f g h i k l m). As drawn it is “off by one.”

Worked example

key   (clavis)

sic alter iason aurea
cipher

sh  mgh ozxkwxfg wphp
plain

in  ouo diaphano herm

“in ouo diaphano hermetice clauso…”

With the table as-drawn you get “km lun” instead of “in ovo.”



WHAT IT SAID

A recipe for the Philosophers’ Stone
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• 177 Latin words — the closing instructions of a chrysopoeic recipe.

• A transparent hermetic egg: nine parts Mercury + “Luna of Vulcan,” sealed and 
heated in an Athanor furnace.

• An elixir “by whose benefit wretched poverty flees and the sick … are restored to 
health.”

• No quantities, no temperatures — the encrypted secret is a recipe without the tacit 
know-how.

In ouo diaphano hermetice clauso ex Mercurii partibus nouem…

Nigredo
blackening — the raven

Albedo
whitening — the swan

Rubedo
the red — the Stone

“Like another Jason you will carry off the golden fleece of Colchis.”



HOW THE HYPOTHESES CHANGED

From “no keyword works” to a 45-letter line of poetry

The Dee cipher · cryptanalysis · SECRETS Methodological Lab, 30 June 2026 17

Hypothesis / lead Why it was tried How it resolved

Keyword Porta (monas, medulla, ripley…) Looks like a tabula recta No keyword worked (2021)

English plaintext Text ‘sounded’ readable IC 0.045, word-len 5.85, et/ad/quod → Latin

Short period (Kasiski, 8×17) Standard polyalphabetic drill Noise; no IC spike; DCODE ≤ 24

Autokey (PTAK / CTAK / PT-key) Monte-Carlo Latin-on-Latin near-miss Similarity test: Latin-keyed, not random

“There must be a twist” Long words resisted plain Porta No twist — just a long key

Is the cipher TABLE wrong? Manual decrypt gave ‘km lun’ Yes — off by one; corrected works

Probable-word + Latin dictionary Long words → few Latin fits ✓ This won (repeated key fragments)

Correctly “Porta” from the start → stuck because the period seemed not to exist → detour through English & autokey → rescued by the dictionary, a corrected table, and a record 
key.



AFTERMATH

Confirmation, collaboration, and the wider story
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Sister manuscripts (plaintext en clair)

• Bodleian MS Ashmole 1423 — the recipe, with lab notes showing 
someone tried it.

• Edinburgh MS Dc.1.30 & a Leiden copy — confirming the solve 
independently.

Telling the world

13 Oct 2021 The Conversation — “Deciphering the Philosophers’ Stone”

26 Oct 2021 Jargonium — “A secret key hidden in plain sight”

11 Nov 2021 Atlas Obscura

Feb 2022 Science & Vie — “on a enfin décrypté la recette!”

20 Jun 2022 HistoCrypt 2022, Amsterdam — the solution paper

From cold email to cracked
in 5½ weeks

21 Jul first contact with Piorko

29 Aug deciphered

6 Sep keyphrase found on f.12v

45 letters — a record key length







Dr. Sarah LangMax Planck Institute for the History of Science (MPIWG, Berlin)
slang@mpiwg-berlin.mpg.de 
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(Al-)Chymical Secrecy and Ciphers
1. Alchemical ciphers haven’t been a focus of discussion.2. Alchemy & chymistry  are known for their cryptographic devices which are metaphorical and qualitative in nature, such as anagrams or Decknamena. somewhat special status of alchemical secretive devices which are mostly non-mathematicalb. rather qualitative in nature, compared to the rest of the cryptological landscape of their contemporaries3. Alchemy lacks contextualization in strictly cryptological contexts









Sources of Alchemical Cryptography
● Our understanding of alchemical practices related to cryptography remains 

insufficient
● This is likely due to a lack of sufficient studies on relevant sources
● We thus present an overview of over 110 manuscript sources related to alchemy and 

cryptography, most of which remain unstudied and not digitised
● What trends did we identify?

Alchemists and chymists frequently: 

● encrypted short passages related to recipes and experiments 
● obscured content using exotic foreign languages 
● employed custom shorthand
● created unique symbol codes 

Sarah Lang, Sergei Zotov, and Megan Piorko, “Sources of Alchemical Cryptography,” in 
Proceedings of the 7th International Conference on Historical Cryptology (HistoCrypt) 2024



London, Wellcome
Ms. 309
● Johann Gerlach’s

Occulta scripta chymica, 18 c.

● Several pages with German text 
encoded by a monoalphabetic 
cipher consisting of 51 symbols 
(key included) 

● Drawings of alchemical vials 
and furnaces

Wie man den mercurium 
solis machen sol, das ist 
wie man aus goldt (sol) 
quecksilber machen. Im 
namen Unsers Herren 
und Heilants Ihesu 
Christi, Amen ☿ ☼ 
Maria

Für alle febres

Flores anhimonii roht und 
weis zumachen



London, Wellcome
Ms. 3563 

● Miscellanea Alchemica, 1746

● Composite manuscript written in 
personalised alchemical shorthand 

● contains alchemical and astrological 
symbols to be used for practical 
experimentation



London, British Library 
Ms. Sloane 3189

● The Book of Enoch 
with the fortune telling 
tables of John Dee, 
as scribed by Edward 
Kelley, later owned by 
Elias Ashmole

● Angelic conversations 
were communicated 
via encrypted angelic 
languages unique to 
each angel



Hamburg, UB 
Cod. alchim. 651
● German poem entitled Thorough Summary of 

All Celestial Influence, making intriguing 
claims about alchemists at the court of 
Emperor Rudolf II (1552–1612) 

● The supposed author, Martinus de Delle, a 
fictional court poet and adept, is likely a result 
of textual corruption 

● Both the prose 
introduction and the 
verse contains ciphered
passages

● Prinke and Zuber
2020, esp. 418 



Rudolf II’s hand bell

● Cipher: 
θιδαγΗ θιβ κιδιγ ιιαθδεγι ια-
εθιθ δαιΗ κδειθειζ Ηθιγκδεγι
δαΗι ιΗεθδθιζ θιδαγ Ηθιβ κγκ
βκειΗ ζειΗιει ζιδγΗειγ θιβ ιγαι-
βειγ ζιδιθειΗ καιθειζιΗ κιγδ δει-
Η ιΗιδιγιΗ κιγδ δειΗ Ηεθιαθζειγ
ζεθιΗθιΗ

● Still unsolved

● Richard Bean, Corinna Gannon, and Sarah Lang: The cipher 
of Emperor Rudolf II’s “Alchemical Hand Bell.” In Proceedings 
of the 6th International Conference on Historical Cryptology 
(HistoCrypt) 2023.



First hypotheses in the HistoCrypt 2021 work-in-progress
An alchemical cipher in a shared notebook of 
John and Arthur Dee (Sloane MS 1902)

1. Ciphers in alchemy exist but aren’t particularly well researched
2. Cryptology research often is only interested in solving ciphers, not such 

much the historical context
3. approximate dating = 1610
4. Cipher is likely Arthur’s 
5. Somewhat similar tables from Book of Soyga (Aldaraia sive Soyga 

vocor), a 16th century Latin treatise owned by John Dee. 
6. so-called Magic Tables from the Christian Cabalistic tradition: connection 

unlikely
7. René Zandbergen & Rafał T. Prinke demonstrated that Dee probably 

never owned the Voynich MS 
8. not a simple Caesar cipher nor other monoalphabetic substitution cipher 
9. frequency analysis shows no spikes for vowels and shows an overall too 

uniform distribution for a simple substitution cipher



Ciphertext and Table: “Hermeticae Philosophiae medulla.” 



Cryptological discussion of Dee’s cipher table and text

● Numerical substitution (instead of word substitution in Decknamen) 
● Cipher table looks like a tabula recta
● Vigenère-type cipher but not actually a Vigenère
● Bellaso / Della Porta cipher ?

○ while Vigenère ciphers use 26 alphabets
○ Bellaso/Della Porta ciphers only use 13 reversible alphabets,
○ each being associated with two letters from the alphabet (like the row indices ‘AB’, ‘CD’, etc.

● Reference to “Medulla” →  Ripley / Lull connection?
● Father John Dee was a mathematician; Arthur not so much
● Early modern ciphers weren’t usually up to the mathematical state of the art of 

their time



Decrypting the cipher (with Richard Bean/Queensland)





Irregularities in the tabulae rectae



The recipe translated

● 177-word passage, 45-letter password
● Instructions seemingly from towards the end of a 

recipe for making the philosopher’s stone 
● Followed by the key (adapted from Augurelli’s 

Chrysopoeia)
● In a different MS, the plaintext was found followed by 

more practical instructions 
● With it came lab notes indicating somebody tried it 

out
● Is it a practical recipe?

Where’s the beginning?
● Potential connection to the Processus Universalis 

recipe group?
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Sloane 1902: A shared notebook by 
John Dee (d. 1608) and Arthur Dee 
(d. 1651)

Paper and parchment, small manuscript 
bound in leather, 10cm x 12

31 folios numbered with Arabic numerals 
throughout

Folios 11v-14r, 27v, 28r, 29v are oriented 
upside-down from the rest of the codex



The Science of Astrology 
iatromathematics: the study of 
astrology in conjunction with the 
human body 

iatrochemistry: the practice of 
Paracelsian alchemical medicine



The Dee Family Decumbitures









Alchemical Scribal Networks: MS Ashmole 1423 









Thank you! 

Publications: 

● HistoCrypt proceedings 
(International Conference on 
Historical Cryptology)

● Ambix

Media mentions:

Science et Vie, Atlas Obscura 
(translated into French), Jargonium 
blog about Chemistry, The 
Conversation, Radio/Video interviews 
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Extra Slides



Tracking the Changes
Between the printed Fasciculus Chemicus (1631) and the manuscript Arca Arcanorum (1634)



From the cipher to Arca Arcanorum

British Library Sloane MS 1902; Sloane MS 1876, Arca Arcanorum














