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LETTERS PATENT to Henry Bessemer, of Denmark Hill, in the County of
Surrey, Civil Engineer, and Alfred Georgo Bessemer, of Oakfield, South
Dulwich, in the same County, for the Invention of “ IMPROVEMENTS IN THE
MANUFACTURE OF TIN PLATE AND BLACK PLATE, AND IN THE MACHINERY,
APPARATUS, AND PROCESSES EMPLOYED IN SUCH MANUFACTURE.”

Sealed the 1st July 1879, and dated the 5th April 1879.

PROVISIONAL SPECIFICATION left by the said Henry Bessemer and Alfred
George Bessemer at the Office of the Commissioners of Patents on the 5th

April 1879,
HenNry BESSEMER, of Denmark Hill, in the County of Surrey, Civil Engineer,
5 and ALFRED GEORGE BESSEMER, of Onkfield, South Dulwich, in the same County.
« IMPROVEMENTS IN THE MANUFACTURE OF TIN PLATE AND BLACK PLATE, AND
IN THE MACHINERY, APPARATUS, AND PROCESSES EMPLOYED IN SsUCH MaNU-

FACTURE.”

Our improveménts in the manufacture of tin plate, and what is known in the
10 trade as black plate, which is tin plate in its earlier atago, consist, firstly, of certain
modes of preparing the thick bars called “tin plate bar” previous to their being
heated for rolling into thin plates, and also in the modes of heating the samo s0 ag
to prevent or lessen surface oxidation during the heuting process, and in certain
methods of detaching the scale if such should be formed immediately prior to or
15 during the rolling of such plates, and also in the machinery employed, and in the
mode of rolling the plates from a thick bar into sheets of the desired degres of
thinness, or nearly so, at a single operation ; also, in the modes of cutting the same
into lengths during the rolling operation, and in preventing or arresting the forma-
tion of seale by exposure of the hot rolled plates to atmospheric influences after they

20 have been rolled,

It has been found that homogeneous malleable iron or mild steel, which has be
formed in a fluid state into ingots, has all the parts of the mass so uniformly
coherent that both in a cold and in a heated state such metal will bear an amount
of fatigue, distortion, or sudden exteusion of its surface as could not safely be
applied to iron or steel that hos been puddled or piled. Hence homogeneous malle-
able iron or mild steel approaching iron in quality when employed for the production
of tin or black plates, may be subjected to more violent action than could be
practiced successfully with wrought iron that has been made in the usual way. For
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the purposes of our Invention, we therefore prefer to employ homogeneous malleable
jron or mild steel made by the Bessemer process of conversion, or by other means
capable of producing metal of a similar character, and which metal, for the purposes
of our Invention, may be rolled into long slabs or bars in the ordinary way or by
any improved means, and we prefer to make such bars of the breadth, or nearly of
the breadth, of the tin plates to be made therefrom,and of a thickness by preference
varying from 3/; of an 1inch to 3/, of an inch; such long rolled bars may be cut
into lengths varying from 3 to 6 feet, more or less. For this purpose we employ a
hydraulic shearing machine, consisting of a fixed upper jaw, and a moveable lower
jaw firmly attached to a rising and falling ram fitted into a water cylinder and
properly guided in its frame; both the upper and under jaws are so formed with
inclined or curved surfaces as not only to cut the bar in picces of the desirod length,
but at the same time to squeeze and thin out or taper the end of the bar so cut,
for the purpose of facilitating its entrance between the rolls; the bar, while being
cut, is retained in a guide, so as to present its axis at right angles to the cutter of
the shearing machine.

The tin plate bar having been cut into the desired lengths (preferably while hot)
may be cleansed by pickling in diluté sulphuric or hydrocloric acid ; the bar, having
been thus freed from adhering scale, may then be passed cold through a pair of
smooth plain rolls one or more times, in order to render its surface very smooth and
even prior to reheating the same; or in lieu of this cold rolling the surface of the
bars may have a very smooth or bright surface given to them by grinding their
surfaces and edges by means of grindstones or emery wheels, whereby the surface
of the thin plates produced therefrom are much improved. The tin plate bar is
then ready for the heating and rolling processes, and in order to preserve the smooth
and even surface of the bars, and prevent scaling during the heating process, we
employ furnaces in which retorts are set in a manner similar to that employed in
setting the retorts employed in the manufacture of coal gas, and which retorts may
be formed of fire-clay or of metal, but as metal retorts conduct heat much more
rapidly than clay, and as a very high temperature is required, we prefer in lieu of
using cast iron for this purpose to make them of homogeneous malleablo iron or
steel, by casting or founding such metal into the desired form, and with or without
shelves, partitions, grooves, or projections in the interior thereof, for the separation

" of the plates as may be desired. When plates are piled upon each other flat wise
in such retorts, we prefer to protect the contiguous surfaces with a little lime or
other matter in a state of fine powder, for the purpose of preventing adhesion at
very high temperatures; and we also put into such retorts small lumps of coal or
other substance capable of producing an artificial atmosphere in such retorts less
capable of oxidizing the plates than pure atmospheric air. The ends of the retorts
are moveable for the purpose of inserting the pieces of bar, and for the removal

35

thereof, and in some cases where the retort furnaces cannot be placed near the

rolling mill, we use moveable metal retorts or boxes for heating the tin plate bar,
and which moveable retorts or boxes may be removed from the heating furnace and
brought with the bars in them to the rolls. For the cheaper or inferior qualities
the bars may be heated in a reverberatory or other suitable open furnace, in which
case as little free oxygen as possible should be allowed to enter the furnace, but in
any case bars so heated will have a scale of oxide formed upon them. We therefore
pass the bars between several small rolls arranged after the manner of “ plate bending
rolls,” whereby the bars passed through them will be bent once or more in opposite
directions, for the purpose of detaching the scale from their surfaces, the detached
portion of scale being blown away by jets of air or steam. Such rolls may be fitted
1n a separate frame, but we prefer to fix them in immediate connection with the
main rolls, so that the operation of scaling the bar and rolling down to thin plate
may go on simultaneously. -

The rolling mill which we employ for the production of thin plates from the bars
g0 heated consists of two-main frames or housings, between which the main rolls
revolve, and which frames may be united by bolts and flanges at the top and
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bottom thereof, or in such way as to prevent the great force employed from causing
any deviation in the true parallelism of the rolls. For the purposes of our
Invention it is necessary that the rolls should be much larger in diameter than is
required when rolling tin plates by passing them several times through the rolls,

b at each of which passes the plate or packet of plates is slightly reduced in thickness
by altering the relative distance apart of the rolls. It is also desirable that the
rolls should be driven at a much greater surface speed than is necessary when
rolling tin plates in the ordinary way in order to allow the necessary heat to be
maintained until the long piece of tin plate bar is formed into a sheet of great
10 length, or into a greater number of shorter lengths of black plate. The main rolls
run in brasses capable of accurate adjustment crosswise, so as to secure their true
parallelism ; the top roll is pressed upwards against its brasses by a lever, or
preferably by a pair of hydraulic cylinders, so as always to run free of the lower
roll ; screws are employed to regulate the thickness of the metal passing between

15 them, and divided discs are mounted on these scréews to show how much they are
moved, when an adjustment of them is necessary. The great speed that it is
desirable to drive the rolls and the friction of their axes under heavy pressure
renders it necessary that special precautions should be taken to prevent the over-

. heating of the roll journals; for this purpose we earry water from an clevated
20 reservoir in & pipe to the rolling mill; the main pipe is provided with a cock, by
means of which the water may be turned on ov off when required ; small branch
pipes proceed from this main to each of the journals of the main rolls, and are con-
nected with the brasses in which they revolve, so that a film of walter may escapo

- under pressure between the brasses and the journal as the latter revolves, and thus
25 cool these surfaces effectually. 1In some cases jets of water from this main pipe
may be projected in the form of spray upon the bar while being rolled to assist in
detaching scale, or upon the thin sheet as it emerges from the rolls for the purpose

of cooling it and preventing the formation of scale. Brackets are formed on the
housings, to which aribbed guide plate is attached, this guide plate has raised sides,

30 between which the length of tin plate bar is guided during its passage through the
rolls. Above and below this guide plate is a small roll driven by wheels on the
main rolis or on the shafts by which they are driven, the space between the smaller
rolla is such that the tiu plate bar can be freely pushed along the guides in botween

. them, its taper end going forward as fur as the large rolls will permit. The lower
35 small roll is then suddenly forced upward, so as to bite the bar betwecn it and the
upper small roll; by this means the tin plate bar will be carried forward with
considerable force, presenting its tapered end into the small taper space left between
the main rolls, which will so press upon it as to draw it between them. The spnce

. between the main rolls is so small that the sheet emerging therefrom will be thin
40 enough or nearly thin enough to constitute the black plate required at a single
rolling operation ; the small rolls employed to force the taper end of the bar into
the narrow wedged shape space between the main rolls may be driven by a carrier

or ratchet wheel, so that when the main rolls seize the bar the small rolis may not

- unduly force it forward or offer any obstruction to the passage of the bar through
45 the main rolls; the moment the workmen observes that the bar is being taken
forward by the main rolls he will release the grip of the small rolls upon it. The
small rolls or feeding rolls, as they may be called, we prefer to grip the bar by
hydraulic pressure derived from an aeccumulator in a manner well understood, there
being a small hydraulic ram and cylinder under each brass of the lower roll, so that

50 the workman by means of a lever acting on a suitable valve may rapidly put on or
take off the grip of the feeding rolls. It will be thus understood that if theé main
rolls are adjusted to a distance of one fiftieth of an inch apart, and further, that
the tin plate bar is half an inch in thickness, that the issuing thin plate will be
nearly twenty five times as long as the bar, and will produce about one hundred
and fifty feet of black plate from a six foot length of bar at a single operation ; and
further, if the main rolls slightly exceed thirty inches in diameter, or are equal to
eight feed in circumference, that about twenty revolutions only of the main rolls

5
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will be required to pnss a bar six feet Jong through them, and by giving a speed of
say forty revolutions per minute to such rolls the time occupied in passing the bar
through the rolls will be about half a minute, a speed which will cause such a
developement of heat in the parts under pressure as greatly to facilitate the rolling
operation. We however desire it to be understood that the size of the rolls, the}r
speed of rotation, and the thickness of the bar employed, are only given approxi-
mately for the purpose of rendering the rolling process bettor understood, and may
be modified as may be found desirable in practice. The thin sheet of metal as it
rapidly emerges from between the rollsin a heated state may in some cases be
made to pass between another pair of rolls, preferably of much less diameter than
the main rolls, and may here undergo a further reduction in thickness, care being
taken to speed those rolls so as to work properly in conjunction with the main
rolls; or in lieu of this mode of operating we prefer to allow the thin sheet as
it emerges from the main rolls to pass between guide plates which will conduct it
into the: jaws of o pair of vertically acting shears operated on by a cam, 5o as to
make & very rapid movement through a very small distance, and thus cut off the
issuing sheet into such lengths as may be desired, and which will be regulated by
the relative velocity of the cam shaft and the main rolls ; or in lieu of the recipro-
cating shears a revolving bar or cutter shod at each end with an adjustable cutter
may be made to shear the metal into the lengths desired; in either case we place
below the shearing apparatus a tank partly filled with water, oil, or other fluid, into
which tho plates as sheared off may fall, and thus prevent that oxidation of the
surface which slowly cooling in the air would produce ; if water acidulated with
sulphuric or hydrochloric acid be employed the plate will be effectually cleaned of
any external film of oxide.

In some cases it may be preferred to retain the long sheet of thin metal in a
continuous piece, in which case we provide a revolving drum having a notch or
opening on one side, the drum having its axes parallel to the axes of the main rolls,
and so placed near the end of the guide plates that the sheet of thin metal may be
directed into the notch before named, where, pushing against a cateh, it will be
locked fast to the drum, and at the same time throw the axis of the drum- into
gear with a revolving shaft, so that the thin sheet of metal may be wound up on
the drum as fast a3 it is produced, the drum being replaced by an empty one for
the next rolling operation.

If it be desired to make the edges of the thin plates more perfect than they are
produced by the rolling operation we use a pair of revolving shears between the
main rolls and that part of the apparatus where the thin sheet is cut into lengths,
or wound on a drum, or is otherwise disposed of; these shearing rolls consist of a
plain roll of an exact length corresponding with the intended breadth of the plate,
and a second roll of the same length on which two circular discs are mounted,
forming a sort of raised flange at each end with sharp chisel like cutting angles,
which will cut off the uneven edges and render the sheet of metal even and parallel
throughout its length, by which arrangements or some of them the length of tin
plate bar when put into the rolling machine will be converted without labor or
reheating in the furnace into a great number of thin plates sheared to the desired
length and breadth and delivered into the pickling tank alnost free from external
scale, and in a very short period of time. The plates when cooled down in the
tank, either with or without being annealed, may be wiped dry and be flattened
and smoothed only, or they may be further extended if desired by eold rolling
between polished cast steel rolls or highly polished chilled rolls set to a definite
distance apart by screws, or as we prefer when used only for improving the surface
of the plate, forced together by hydraulic cylinders actuated by an accumulator of
small size under spring pressure, the cold rolling apparatus having a table at each
side, the surface of which is at a tangent with the upper surface of the bottom roll,
and will admit of the rapid passage of plates between them,
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SPECIFICATION in pursuance of the conditions of the Letters Patent filed by
the said Henry Bessemer and Alfred George Bessemer in the Great Seal Patent
Office on the 4th October 1879.

HENRY BESSEMER, of Denmark Hill, in the County of Surrey, Civil Engineer,
and ALFRED GEORGE BESSEMER, of Oakfield, South Dulwich, in the same County.
“IMPROVEMENTS IN THE MANUFACIURE OF TIN PLATE AND BLACK PLATE, AND
IN THE MACHINERY, APPARATUS, AND PROCESSES EMPLOYED IN SUCH MANU-
FACTURE.”

Our improvements in the manufacture of tin plate and what is known in the
trade as black plate, which is tin plate in its earlier stage, consist firstly of certain
modes of preparing the thick bars ealled “tin plate bar* previous to their being
heated for rolling into thin plates, and also in the modes of heating the sams, so as
to prevent or lessen surface oxidation during the heating process, and in certain
methods of detaching the scale if such should be formed immediately prior to or
during the rolling of such plates, and also in the machinery employed, and in the
mode of rolling the plates from a thick bar into sheets of the desired degree of
thinness or nearly so at a single operation ; also in the modes of cutting the same
into lengths during the rolling operation, and in preventing or arresting the
formation of scale by exposure of the hot rolled plates to atmospheric influences
after they have been rolled.

It has been found that homogeneous malleable iron or mild steel which has been
formed in a fluid state into ingots has all the parts of the mass so uniformly coherent
that both in & cold and in a heated state such metal will bear an amount of fatigue,
distortion, or sudden extension of its surface as could not safely be applied to iron
or steel that has been puddled or piled.

Hence homogeneous malleable iron or mild steel approaching iron in quality
when employed for the production of tin or black plates may be subjected to more
violent action than could be practiced successfully with wrought iron that has been
made in the usual way. For the purposes of our Invention we therefore prefer to
employ homogeneous malleable iron or mild steel made by the Bessemer process of
conversion, or by other means capable of producing metal of a similar character,
and which metal, for the purposes of our Invention, may be rolled into long slabs
or bLars in the ordinary way or by any improved means; and we prefer to make
such bars of the breadth or nearly of the breadth of the tin plates to be made
therefrom, and of a thickness by preference varying from 3/, of an inch to %/, of an
inch. Such long rolled bars should have clean and neatly formed edges, and a good
clear or smooth surface, such as is obtained by the employment of grooved rolls as
practised in the manufacture of ordinary merchant bars. While still hot from the
rolling process such bars may be cut into lengths varying from 3 to 6 feet, more or
less ; for this purpose we employ a hydraulic shearing machine consisting of a fixed
upper jaw and a moveable lower jaw firmly attached to a rising and falling ram
fitted into a water cylinder and properly guided in its frame; both the upper and
under jaws are so formed with inolined or curved surfaces as not only to cut the
bar in pieces of the desired length, but at the same time to squeeze and thin out or
taper the end of the bar so cut for the purpose of facilitating its entrance between
the rolls. The bar while being cut is retained in a guide 8o as to present its axis
at right angles to the cutter of the shearing machine.

And in order that the mode of constructing and operating such shearing appa-
ratus may be fully understood we have represented the same on Sheet A of the
annexed Drawings, where Figure 1 is a front elevation; Figure 2, a vertical section
on the line A, B, of Figure 1; and Figure 3, a sectional plan on the line C, D, of
Figure 1, where the ram ¢ and the sliding plate i are omitted. In these Figures a
reprosents a massive bed plate in which the hydraulie cylinder b is supported by its
upper flange b'; this cylinder we prefer to cast in mild steel and to bore out truly,
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A.1 Data Processing Pipeline

Text Region Detection.  We start with the original scans of patent speci cations. Before using an optical
character recognition (OCR) software to extract the text, we ne-tune a YOLOv8®nodel a state-of-the-art
object detection model on a custom dataset of patent scans to detect rectangular text regions. This helps
minimize noise from non-text elements that could compromise OCR quality. To build our custom labelled
dataset, one of the coauthors labeled these 420 scans. We then randomly split the labelled images 80-10-10
into train-validation-test sets. We train the model using default YOLOv8yperparameters, except from a batch
size of 128 and the maximum number of training epochs set to 300. We used the Robo ow Ul to add standard
data augmentations, increasing the training set to 1,008 images. Our model achieves 98.7% Mean Average
Precision at 50% intersection-over-union (mAP50) on the test set, and 89.2% when averaged across stricter
thresholds (MAP50-95). We then apply the trained model to our scans using the Ultralytics YOLO inference
API with a con dence threshold of 0.5.

Optical Character Recognition (OCR). After detecting text regions, we use Google Cloud Vision as our
OCR engine to extract text, which substantially outperforms alternatives like Tesseract and ABBYY FineReader
in our manual quality assessments. Text regions are concatenated based on their y-coordinates since the
text is organized in a single column to preserve the natural reading order of each page.

Word Tokenization.  In addition to releasing the full speci cation texts, we build a list of tokenized words
for each patent speci cation. This will help facilitate searching and textual analyses of the data that focus
on keywords and n-grams. To do this, we rst pre-process the extracted text by removing HTML tags
and non-ASCII patterns, replacing hyphens with spaces, and then use a spaCymodel (en_core_web_Ig) to
tokenize the full texts from all pages into individual words. Numbers and punctuation are dropped during
tokenization.

Entity Extraction. We extract inventor information using a ne-tuned XLM-RoBERTa-largemodel. Our
custom training dataset comprises 401 manually labeled patent front pages, with detailed annotations of spans
of text containing full inventor names, occupational titles, permanent addresses, patent sealing, application
or grant dates, rm a liations of inventors, and foreign communicant information. 12 The annotation process
entailed manual labelling jointly between one of the coauthors on this paper and a trained undergraduate
research assistant who was provided with a detailed schema of instructions. The two labellers tagged spans
of text within each of the front pages that contained each of the above categories of information. The labellers
then cross-checked entities with one another to ensure that Type | and Il errors occurred with minimal
frequency in the labelled data. We then randomly create 60-20-20 train-validation-test splits of the dataset.
The model is ne-tuned using a learning rate of 5e-5 and batch size of 42 for 29 epochs, with the learning

10our custom dataset consists of 401 front page texts in total, 200 of which are randomly chosen from our data
and 201 which were oversampled from those containing either rm or communicant information to ensure su cient
representation of these classes in the training data. Typically, it is best practice to build a custom training dataset by
random sampling. In our case, the presence of severely underrepresented entities would lead to severe performance
issues for these classes.

2SinceXLM-RoBERTA-largglike most models in the BERBNnd RoBERTEmilies, has an upper limit of 512 input tokens,
we truncate the front pages if they exceed 512 tokens.
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rate optimized through grid search on the validation set and the number of epochs chosen by validation set
performance within 50. 3 We evaluate using full-entity F1 scores, requiring exact matches of the full entity
instead of the token.* Our test set performance is strong on common entities (names: 94.9%, occupations:
93.8%, addresses: 89.9%) with lower but acceptable accuracy on rarer entities like rm a liations (76.2%)
and foreign communications (81.8%). Using the same dataset and model architecture, we also extract patent
titles, achieving a test set F1 score of 95.7% with hyperparameters (learning rate: 6e-05, 15 epochs) tuned in
the same way>®

Relation Extraction and Re nement. Having extracted entities and patent titles, we then turn to standardiz-
ing historical addresses. This presents unique challenges due to the presence of errors arising from OCR and
automated entity extraction, as well as historical addresses often di ering from their modern counterparts.
We employ OpenAl's gpt-40 for geocoding, achieving 94% accuracy in matching historical addresses to
modern coordinates in our hand-coded validation sample of 200 manually veri ed cases. In constructing this
validation set, we manually identify the nearest city, town, or village associated with the address by searching
in Google Maps or corroborating from historical sources if an o ce or foundry is mentioned. We then check
the coordinates returned to ensure they are within the administrative boundary of the city, town, or village,

or alternatively that both longitude and latitude are within 0.1 degrees of the ground truth location. If
multiple distinct locations are mentioned in the address string, we check the returned longitude and latitude
coordinates against the rst location only. Our prompt is in Figure A2. Out of 200 address strings, gpt-40
returned coherent coordinates in 187 cases? We feed, as a batch, all the addresses for a given patent togpt-40
since addresses that use context from others in the same speci cation are quite common e.g. "Birmingham,
in the County of Warwick" and "Royal Leamington Spa, in the same County". We then turn to assigning
address, occupation, and rm entities to inventors. For this, we employ a hybrid approach combining
rule-based methods and gpt-4o0 . We rst lter implausibly short entities (length no more than 2 characters)
and de-duplicate these using Jaro-Winkler distance implemented using the textdistance package with a 0.9
similarity threshold. Then, for patents with a single identi ed inventor, all relevant entities are automatically
assigned. For patents with multiple inventors, we use gpt-4o to perform relation extraction, feeding it the
extracted entities, inventor names, and front page text and asking it to make assignment decisions.” Our
manual checks suggest that providing gpt-4o with the extracted entities, as opposed to asking it to identify
them, minimizes the risk that entities are hallucinated. We manually inspected a sample of cases, and found
that this approach showed agreement with human judgment in every case.

3The batch size is set to utilize the maximal memory capacity of 2 NVIDIA RTX A6000 GPUs.

“4Standard token-level F1 is too lenient for our task given that entities which are only partially extracted are e ectively
unusable for downstream research.

SUsing the same custom dataset of 401 front pages, one of the co-authors on this paper manually labelled the data
from each front page. This results in a dataset of named entities with only a single class, the title.

50ur manual checks using Google Maps are at https://github.com/matthewleechen/UKHistoricalPatents/blob/
main/replication/manual_validation_set_addresses.csv

"Our prompt that we use is in Figure A3.
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Figure A2: GPT40 Prompt for Relation Extraction with Multiple Inventors

You are a helpful assistant that provides precise geographic coordinates for historical addresses
from patent records. Consider international locations while defaulting to UK only for ambiguous
cases with no clear context.

These addresses are from British historical patent records, but the locations mentioned could be

anywhere in the world, not just the UK. Please provide latitude and longitude coordinates for each
address.

Important guidelines:
1. The addresses could be from any country, not just the UK.

2. For ambiguous place names (e.g., "Rochester® which exists in UK and US), use the UK
location only if there's no clear indication of another country.

If there are multiple distinct locations mentioned, georeference the first.
4. Return null for both latitude and longitude if:

" The location is too vague.
" There are multiple candidate locations and no clear context.
~ The historical location cannot be accurately mapped to modern coordinates.

Return results as a JSON array with 'text', 'latitude', 'longitude’. Addresses to process:

w

Figure A3: GPT40 Prompt for Relation Extraction with Multiple Inventors

You are an expert in inferring relations between named entities in historical patent text.

You are to output only the updated list of dictionaries in JSON format, without any additional text
or explanations.

Here is a list of people and entities extracted from a patent document. Based on the context of
the document, assign a new dictionary key 'person_id' to every 'OCC', 'ADD', and 'FIRM' entity.
For 'OCC', 'ADD', and 'FIRM' entities, if they apply to only one person, assign a single integer
(e.g., "person_id": 2).

If they apply to multiple people, assign a list of person_ids (e.g., "person_id": [1, 2]).

Do not include any explanations, comments, or extra text. Return only the updated list of
dictionaries in valid JSON format.

People: {[p['entity_text] for p in persons]}

Entities: {entities_str}

Context: {page_text}
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Linking Inventors across Patents.  Our nal task is linking inventors across patents. This is a challenging
task, and our goal is to automatically scale up the careful manual approach taken by Hanlon (2025). This
approach seeks to link based on the (1) name of the inventor, (2) patent year, (3) occupation of the inventor,
(3) their address, (4) rm a liation, and (5) the associated patent title. We frame this as an embedding
clustering problem, where similar inventor records should have nearby vector representations. Our approach
isto ne-tune an embedding model on a custom dataset of human-generated ground truth matches. To train
our linking model, we construct a custom dataset of 3,000 inventor-patent pairs following Hanlon (2025)'s
protocol, with oversampling of same-name pairs. One coauthor manually created conservative linkages,
requiring unambiguous evidence from multiple elds to establish matches. This means that wherever multiple
pieces of linking information were not present, individuals were not linked. Using this as ground truth,
we ne-tune all-mpnet-base-v2 , aSentenceTransformers model, using the LinkTransformer framework
(Arora and Dell, 2024). The model is trained with supervised contrastive loss for 100 epochs, and all other
standard LinkTransformer hyperparameters. We evaluate using standard information retrieval metrics.
Focusing on accuracy, for 98.7% of patent-inventor pairs, the model correctly identi es a matching inventor
with the same assigned label as its closest result. We apply this model to our full dataset, using single-linkage
(SLINK) clustering with cosine similarity on the resulting embeddings to identify unique inventors. The
clustering uses all default LinkTransformer single-linkage clustering parameters: a minimum cluster size
of 1 and a cluster threshold of 0.1. Finally, where multiple name entities from the same patent's front page
were identi ed as belonging to the same inventor cluster (i.e. instances where the same inventor's name
is mentioned multiple times on the front page), we retain only the rst mention of the name and discard
subsequent mentions. Visual inspection con rms high-quality inventor linkages across the dataset. However,
since our linking procedure relies on occupational, geographic, and rm characteristics, the algorithm may
underperform when matching inventors who change jobs, locations, or employers between patents. This
creates potential bias towards identifying stable inventors.

B Additional Figures & Tables

Table B1: Distribution of Patents per Inventor
Number of Patents Number of Inventors

157,858
23,667
8,744
4,391
5 10,422

AWNPE

Total 205,082

Note Table displays the number of inventors from our full coverage period that patented 1, 2, 3, 4, and at
least 5, inventions.
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Figure B1: Patents with Multiple Inventors

(a) Number of Coinvented Inventions

(b) Share of Coinvented Inventions

Note: Plot displays the count (a) and percentage (b) of inventors with more than one inventor name entity
detected in a given year, over the course of our full period (1617-1899).
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Table B2: Most Distinctive Words by Occupation

Occupation Distinctive Terms

engineer valve, steam, water, cylinder, air, shaft, wheel, apparatus, lever, piston

manufacturer manufacturer, upon, plate, two, part, spring, frame, side, material, tube
gentleman gentleman, water, upon, air, apparatus, two, wheel, john, plate, patent

patent agent

patent, lake, water, upon, shaft, apparatus, abroad, two, acid, plate

civil engineer

water, air, apparatus, steam, valve, two, cylinder, engineer, william, shaft

merchant

water, apparatus, air, two, material, upon, plate, part, suitable, wheel

mechanical engineer

valve, shaft, wheel, mechanical, lever, steam, cylinder, water, upon, plate

machinist

shaft, lever, wheel, machine, upon, roller, rollers, plate, bar, motion

electrical engineer

electrical, circuit, electric, current, armature, switch, contact, lamp, magnet,

wire
chemist acid, solution, water, process, soda, gas, mixture, lime, manufacture, liquid
manager shaft, lever, wheel, upon, machine, roller, rollers, plate, apparatus, part

machine maker

machine, lever, shaft, rollers, roller, wheel, motion, upon, yarn, spindle

chartered patent agent

acid, water, solution, shaft, provided, air, lever, two, wheel, agent

mechanic

lever, shaft, wheel, bar, upon, machine, spring, frame, roller, plate

electrician

circuit, current, electric, armature, battery, contact, wire, magnet, carbon, electro

consulting engineer

robert, water, lake, steam, valve, air, william, upon, cylinder, shaft

manufacturing chemist

acid, solution, soda, water, lime, manufacture, gas, process, mixture, iron

esquire letters, patent, water, john, year, shall, time, great, seal, majesty
inventor provided, shaft, frame, wheel, shown, spring, side, upon, adapted, plate
architect water, air, frame, side, two, pipe, material, form, made, suitable

Note Table displays the most distinctive words by TF-IDF score in the full texts of patents associated with
a given occupation. Occupations are standardized using a series of rules: we drop plural mentions of
occupations, and group together common abbreviations for “gentleman’ and “esquire’. We then take the
modal occupation of inventors (or if there does not exist a mode for a particular inventor, we assign a random
occupation). TF-IDF scores are calculated using the scikit-learn T dfVectorizer with the maximum
number of features limited to 1,000. We restrict to words that are at least 3 letters in length, appear in at least
5 patents, and appear in at most 70% of patents.
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Figure B2: Patents Communicated from Abroad

(a) Number of Communicated Inventions

(b) Share of Communicated Inventions

Note Plot displays the number (a) and percentage (b) of patents with any identi ed foreign communicant
information extracted over the course of our full period (1617-1899).
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Figure B3: Mobility by Inventor Cohort

(a) Average Number of Locations

(b) Maximum Distance between Locations

Note The denominator in both plots is the count of inventors who rst patented in a given year that have at
least one associated location (longitude-latitude coordinate). In (a), the numerator is the number of unique
locations for a given inventor averaged over all inventors. In (b), the numerator is the maximum distance
between unique locations for a given inventor averaged over all inventors.
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Table B3: Breakthrough Scores and Patent Quality Measures

Patent Eminence BCI
1) (2 3 4)

FH1
Breakthrough Score -0.127 0.195 -0.030 0.183

(0.188) (0.253) (0.106) (0.147)
Mean Dep. Var. 0.070 0.070 0.003 0.003
Year FE No Yes No Yes
Industry FE No Yes No Yes
Observations 12071 12071 12071 12071
FH5
Breakthrough Score 0.348 0.383 -0.001 0.332

(0.050) (0.253) (0.030) (0.147)
Mean Dep. Var. 0.070 0.070 0.003 0.003
Year FE No Yes No Yes
Industry FE No Yes No Yes
Observations 12071 12071 12071 12071
FH10

Breakthrough Score 0.356 0.375 0.024 0.357
(0.039) (0.203) (0.023) (0.118)

Mean Dep. Var. 0.070 0.070 0.003 0.003
Year FE No Yes No Yes
Industry FE No Yes No Yes
Observations 12071 12071 12071 12071
FH20

Breakthrough Score 0.392  0.494 0.032 0.416

(0.040) (0.166)  (0.023) (0.097)

Mean Dep. Var. 0.070 0.070 0.003 0.003
Year FE No Yes No Yes
Industry FE No Yes No Yes
Observations 12071 12071 12071 12071

Notes: *p < 0.1, ** p < 0.05, *** p < 0.01. Robust SEs in parentheses.

Note Table displays results from OLS regressions of the outcome measures from Nuvolari et al. (2021) on the
breakthrough score. Columns (1) and (2) use the patent eminence indicator as outcome variable. Columns
(3) and (4) use the continuous Bibliographic Composite Index (BCI) as the outcome variable. Columns (2)
and (4) control for year and industry xed e ects. All regressions use a xed 5 year backward horizon and
results are shown for variable 1, 5, 10, and 20 year forward horizons.
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Figure B4: Kelly et al. (2021) Breakthrough Patents Over Time

Note Plots show the number of breakthrough patents, de ned as those falling in the top 10% of the uncondi-
tional distribution of breakthrough scores, net of year xed e ects. We normalize by the population of England.
Population data is from: https://ourworldindata.org/grapher/population-of-england-millennium?
time=1700..latest

26



Figure B5: Breakthrough Patenting around Reform Years

Note Plots display the share of patents above and below unconditional median breakthrough scores, net of
year xed e ects using a forward horizon of 10.

27



Table B4: Top 20 Occupations overrepresented in Breakthrough Patents

Occupation Full Sample Count Top Decile Count Ratio
Doctor Of Law 147 53 1.97
Engineers And Patent Agent 319 71 1.21
Knight 128 26 1.11
Telegraph Engineer 188 34 0.99
Boot And Shoe Manufacturer 172 30 0.95
Gunmaker 127 22 0.95
Patent Agent And Consulting Engineer 199 33 0.90
Brassfounder 419 68 0.89
Agent 540 83 0.84
Tailor 167 25 0.82
Baronet 208 31 0.81
Spinster 115 17 0.81
Architect 696 102 0.80
Physician 174 25 0.78
Commission Agent 301 43 0.78
Engraver 157 22 0.76
Designer 143 20 0.76
Card Manufacturer 105 14 0.73
Lamp Manufacturer 301 40 0.73
Steel Manufacturer 215 28 0.71

Note This table shows occupations that are disproportionately represented in the top decile of breakthrough
scores (residualized by year xed e ects). Only occupations with at least 100 appearances in the full sample
are included.
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Figure B6: Highest Breakthrough Score Patents by Year
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Figure B6: Highest Breakthrough Score Patents by Year
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Figure B6: Highest Breakthrough Score Patents by Year
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