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A spirit duplicator (also referred to as a Ditto machine in the 
United States or Banda machine in the United Kingdom) was a 
low-volume printing method used mainly by schools and churches. 
Sheets printed on such a machine were sometimes called ditto 
sheets, or just dittos in the U.S. (an example of a genericized 
trademark). The term "spirit duplicator" refers to the alcohols which 
were a major component of the solvents used as "inks" in these 
machines. They are sometimes confused with the mimeograph, 
which is actually a different technology. 

History 
The spirit duplicator was invented in 1923 by Wilhelm Ritzerfeld. 
The best-known manufacturer in the United States was Ditto 
Corporation of Illinois, while copiers available in the United 
Kingdom were commonly manufactured by the Block & Anderson 
company, under their "Banda" brand. In both cases the trademark 
became a generic name for both the copiers and the process in their 
respective markets. 

The thermofax machine was introduced by 3M in the late 1960s and 
could make a spirit master from an ordinary typewritten or 
handwritten sheet. The resulting print quality was very poor but the 
machines were popular because of their convenience. 

Spirit duplicator technology gradually fell into disuse starting in the 1970s after the availability of low-
cost, high-volume xerographic copiers; by the mid 1990s, the use of the technology was rare. The 
technology remains useful where electrical power is unavailable or where the only remaining originals 
of legacy documents requiring duplication are in "spirit master" form. 

Operation 
The duplicator used two-ply "spirit masters". The first sheet could 
be typed, drawn, or written upon. The second sheet was coated with 
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a layer of wax that had been impregnated with one of a variety of
colorants. The pressure of writing or typing on the top sheet 
transferred colored wax to its back side, producing a mirror image 
of the desired marks. (This acted like a reverse of carbon paper.) 
The two sheets were then separated, and the first sheet was fastened 
onto the drum of the (manual or electrical) machine, with the waxed 
side out. 

There is no ink used in spirit duplication. As the paper moves 
through the printer, the solvent is spread across each sheet by an 
absorbent wick. When the solvent-impregnated paper comes into 
contact with the waxed original, it dissolves just enough of the 
pigmented wax to print the image onto the sheet as it goes under the 
printing drum. 

Colors 

The usual wax color was aniline purple, a cheap, durable pigment 
that provided good contrast, but masters were also manufactured in 
red, green, blue, black, and the hard-to-find orange, yellow, and brown. All except black reproduced in 
pastel shades: pink, mint, sky blue, etc. Ditto had the useful ability to print multiple colors in a single 
pass, which made it popular with cartoonists. Multi-colored designs could be made by swapping out the 
waxed second sheets; for instance, shading in only the red portion of an illustration while the top sheet 
was positioned over a red-waxed second sheet. This was possible because the pungent-smelling 
duplicating fluid (typically a 50/50 mix of isopropanol and methanol) was not ink, but a clear solvent. 

Paper 

This process worked best with cheap, lightweight paper stocks, but when the sheets of paper were 
impregnated with the solvent they could easily crease or crumple, jamming the machine. One well-made 
master could at most print about 500 copies before the pigment was exhausted and the print quality 
became illegibly faint. If fewer copies were required, the master could be removed from the printing 
drum and saved for future use. 

Smell 
The aroma of pages fresh off the duplicator combined with the cool touch from the evaporating alcohol 
was a memorable feature of school life for those who attended in the spirit duplicator era. A pop culture 
reference to this is to be found in the film Fast Times At Ridgemont High. At one point a teacher hands 
out a duplicated exam paper and every student in the class immediately lifts it to his or her nose and 
inhales. 

See also 
Duplicating machines  
Fordigraph - historical spirit duplicator supplier  
List of duplicating processes  

Further reading 

A school newspaper published 
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Dead medium: Spirit Duplicators at The Dead Media Project 
M P Doss, Information Processing Equipment (New York, 1955)  
Irvin A. Herrmann, Manual of Office Reproduction (New York, 1956)  

External links 
"Duplicating in the year B.C. - Before (xerographic) Copies"  
In-depth look at a ditto master sheet  
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Mimeograph 
From Wikipedia, the free encyclopedia

The stencil duplicator or mimeograph machine (often 
abbreviated to mimeo) is a low-cost printing press that 
works by forcing ink through a stencil onto paper. 

Along with spirit duplicators and hectographs, mimeographs 
were for many decades used to print short-run office work, 
classroom materials, and church bulletins. They also were 
critical to the development of early fanzines because their 
low cost and availability enabled publication of amateur 
writings. These technologies began to be supplanted by 
photocopying and cheap offset printing in the late 1960s. 

Although in mid-range quantities mimeographs remain more 
economical and energy efficient, easier-to-use photocopying and 
offset have replaced mimeography almost entirely in developed 
countries, although it continues to be a working technology in 
developing countries because it's a simpler, cheaper, and more 
robust technology, and because many mimeographs can be hand-
cranked and thus require no electricity. 

Origins 
Thomas Edison received US 
patent 180,857 for 
"Autographic Printing" on 
August 8, 1876.[1] The patent 
covered the electric pen, used 
for making the stencil, and the 
flatbed duplicating press. In 
1880 Edison obtained a further 
patent, US 224,665: "Method of 
Preparing Autographic Stencils 
for Printing", which covered the 
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making of stencils using a file 
plate, a grooved metal plate on which the stencil was placed which perforated the stencil when written 
on with a blunt metal stylus.[2] 

The word "mimeograph" was first used by Albert Blake Dick[3] when he licensed Edison's patents in 
1887.[4] 

Dick received Trademark Registration no. 0356815 for the term "Mimeograph" in the U.S. Patent 
Office. It is currently listed as a dead entry, but shows the A.B. Dick Company of Chicago as the owner 
of the name. 

Over time, the term became generic and is now an example of a genericized trademark.[5] 
("Roneograph," also "Roneo machine," was another trademark used for mimeograph machines, the 
name being a contraction of Rotary Neostyle) 

Others who worked concurrently on the development of stencil duplicating were Eugenio de Zaccato 
and David Gestetner, both in Britain. In Britain the machines were most often referred to as 
"duplicators", though the predominance of Gestetner and Roneo in the UK market meant that some 
people referred to the machine by one of those two manufacturers' names. 

In 1891, Gestetner patented his Automatic Cyclostyle. This was one of the first rotary machines that 
retained the flatbed, which passed back and forth under inked rollers. This invention provided for more 
automated, faster reproductions since the pages were produced and moved by rollers instead of pressing 
one single sheet at a time. 

By 1900, two primary types of mimeographs had come into use: a single-drum machine and a dual drum 
machine. The single-drum machine used a single drum for ink transfer to the stencil and the dual-drum 
machine used two drums and silk-screens to transfer the ink to the stencils. The single drum (example 
Roneo) machine could be easily used for multi color work by changing the drum - each of which 
contained ink of a different color. This was spot color for mastheads. Colors could not be mixed. 

The mimeograph became popular because it was much cheaper than traditional print - there was no 
typesetting or skilled labor involved. One individual with a typewriter and the necessary equipment 
essentially became his own printing factory, which allowed for greater circulation of printed material. 

Mimeography process 
The image transfer medium is a stencil made from waxed mulberry 
paper. This flexible waxed sheet is backed by a sheet of stiff card 
stock, with the sheets bound at the top. 

Once prepared, the stencil is wrapped around the ink-filled drum of 
the rotary machine. When a blank sheet of paper is drawn between 
the rotating drum and a pressure roller, ink is forced through the 
holes on the stencil onto the paper. Early flatbed machines used a 
kind of squeegee. 

Preparing stencils 

For printed copy, a stencil assemblage is placed in a typewriter. The typewriter ribbon has to be disabled 

Mimeographed tests 
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so that the bare, sharp type element strikes the stencil directly. The impact of the type element displaces 
the wax, making the tissue paper permeable to the oil-based ink. This is called "cutting a stencil." 

A variety of specialized styluses were used on the stencil to render lettering, illustrations, or other 
artistic features by hand against a textured plastic backing plate. 

Mistakes can be corrected by brushing them out with correction fluid and retyping once it has dried. 
("Obliterine" was a popular brand of correction fluid in Australia and the United Kingdom.) 

Stencils were also made with a thermal process, an infrared method similar to that used by early 
photocopiers. The common machine was called a Thermofax. 

Another device, called an electrostencil machine, sometimes was used to make mimeo stencils from a 
typed or printed original. It worked by scanning the original on a rotating drum with a moving optical 
head and burning through the blank stencil with an electric spark in the places where the optical head 
detected ink. It was slow and filled the air with ozone and text produced from electrostencils was of 
lower resolution than that produced by typed stencils, although the process was good for reproducing 
illustrations. A skilled mimeo operator using an electrostencil and a very coarse halftone screen could 
make acceptable printed copies of a photograph. 

During the declining years of the mimeograph, some people made stencils with early computers and dot-
matrix impact printers. 

Contemporary use 
Gestetner, Risograph, and other companies still make and sell highly automated mimeograph-like 
machines that are externally similar to photocopiers. The modern version of a mimeograph, called a 
digital duplicator, or copyprinter, contains a scanner, a thermal head for stencil cutting, and a large roll 
of stencil material entirely inside the unit. It makes the stencils and mounts and unmounts them from the 
print drum automatically, making it almost as easy to operate as a photocopier. The Risograph is the best 
known of these machines. 

Uses and art 
Mimeographs were used extensively in schools to copy homework assignments and tests. They were 
also commonly used for low-budget amateur publishing, including club newsletters and church bulletins. 
They were especially popular with science fiction fans, who used them extensively in the production of 
fanzines in the middle 20th century, before photocopying became inexpensive. 

Letters and typographical symbols were sometimes used to create illustrations, in a precursor to ASCII 
art. Because changing ink color in a mimeograph could be a laborious process, involving extensively 
cleaning the machine or, on newer models, replacing the drum or rollers, and then running the paper 
through the machine a second time, some fanzine publishers experimented with techniques for painting 
several colors on the pad, notably Shelby Vick, who created a kind of plaid "Vicolor."[6] 

Penelope Rosemont pioneered a surrealist technique of peeling the backing away from the stencil to 
create a "mimeogram". 

See also 

Page 3 of 4Mimeograph - Wikipedia, the free encyclopedia

2010-12-03http://en.wikipedia.org/wiki/Mimeograph



Duplicating machines  
Gocco  
List of duplicating processes  
Spirit duplicator (a.k.a. 'Ditto machine')  

References 
1. ^ http://edison.rutgers.edu/patents/00180857.PDF  
2. ^ http://edison.rutgers.edu/patents/00224665.PDF  
3. ^ http://edison.rutgers.edu/NamesSearch/SingleDoc.php3?DocId=CA035A  
4. ^ http://edison.rutgers.edu/NamesSearch/SingleDoc.php3?DocId=LB024149  
5. ^ mimeograph. The American Heritage Dictionary of the English Language: Fourth Edition. 2000  
6. ^ "Fancyclopedia: Vicolor". Fancyclopedia.editme.com. http://fancyclopedia.editme.com/VICOLOR. 

Retrieved 2009-10-14.  

Further reading 
Hutchison, Howard. Mimeograph: Operation Maintenance and Repair. Blue Ridge Summit: Tab 
Books, 1979.  

External links 
Video of an AB Dick 425 Mimeograph machine in action without paper  
Video of a Mimeograph machine in action making copies  

Retrieved from "http://en.wikipedia.org/wiki/Mimeograph" 
Categories: Office equipment | Printing devices 

This page was last modified on 29 November 2010 at 18:08. 
Text is available under the Creative Commons Attribution-ShareAlike License; additional terms 
may apply. See Terms of Use for details. 
Wikipedia® is a registered trademark of the Wikimedia Foundation, Inc., a non-profit 
organization. 

Page 4 of 4Mimeograph - Wikipedia, the free encyclopedia

2010-12-03http://en.wikipedia.org/wiki/Mimeograph



David Gestetner 
From Wikipedia, the free encyclopedia

David Gestetner (March 20, 1854, Csorna – March 18, 1939, London), born in Hungary in the village of 
Csorna, was the inventor of the Gestetner stencil duplicator, the first piece of office equipment that 
allowed production of numerous copies of office documents quickly and inexpensively. He was awarded 
the John Scott Medal of The Franklin Institute in 1888. 

Early life 
At a young age, Gestetner began to work at the stock market in Vienna. One of his tasks was to make 
copies of the stock market activity at the end of the day by copying the results over and over for each 
copy. He decided that there had to be a better method, and his experiments eventually led him to invent 
the first method of reproducing documents by use of a stencil. 

The device 
The stencil method used a thin sheet of paper coated with wax (originally kite paper was used), which 
was written upon with a special stylus that left a broken line through the stencil — breaking the paper and 
removing the wax covering. Ink was forced through the stencil — originally by an ink roller — and it left 
its impression on a white sheet of paper below the stencil. This was repeated again and again until 
sufficient copies were produced. 

Until this time "short copy runs" (as opposed to long print runs) which were needed for the conduct of a 
business (e.g., for the production of 10–50 copies of contracts, agreements, letters, etc.) had to be copied 
by hand. After they were copied, business partners had to read each one of the copies to ensure that they 
were all exactly the same. The process was time consuming and frustrating for all. The stencil copy 
method meant that only one copy had to be read, as all copies were made from one stencil and thus had to 
be identical. 

David Gestetner eventually moved to London, England and in 1881 established the Gestetner Cyclograph 
Company to produce stencils, styli, ink rollers, etc. He guarded his invention through patents. The 
Gestetner works opened in 1906 at Tottenham Hale, north London, employed several thousand people 
until the 1970s.[1] His invention became an overnight international success, and he soon established an 
international chain of branches that sold and serviced his products. During the ensuing years he further 
developed his invention, with the stencil eventually being placed on a screen wrapped around a pair of 
revolving drums, onto which ink was placed. The drums were revolved and ink, spread evenly across the 
surface of the screen by a pair of cloth-covered rollers, was forced through the cuts made in the stencil 
and transferred onto a sheet of paper which was fed through the duplicator and pressed by pressure rollers 
against the lower drum. Each complete rotation of the screen fed and printed one sheet. After the first 
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typewriter was invented, a stencil was created which could be typed on, thus creating copies similar to 
printed newspapers and books, instead of handwritten material. 

Social effects 
The stencil duplicator can be looked upon as a predecessor of the Internet, in that it provided individuals 
with a means to produce their own uncensored and uncontrolled ideas and distribute them in public 
places (near factories, churches, government offices, parks etc.). Previously, producing mass numbers of 
copies required the cooperation of owners of printing presses, which required a large amount of capital. 
Owners of presses would not agree to publish opinions contrary to their own interest. 

The Gestetner Company expanded quickly during the start and middle of the 20th century. Management 
was passed on to David Gestetner's son, Sigmund, and from him to his sons, David and Jonathan. 
Gestetner acquired other companies during the years: Nashua (later changed to Nashuatec), Rex Rotary, 
Hanimex and Savin. Eventually a holding company was set up called NRG (N=Nashuatec, R= Rex 
Rotary, G= Gestetner). In 1996 the international Gestetner Company was acquired by the Ricoh company 
of Japan. The company was renamed NRG Group, and markets and services Ricoh products under its 
three main brand names, primarily in Europe, South Africa and the Middle East, but also through dealers 
throughout the world. 

See also 
Spirit duplicator, a later variation on Gestetner's design using a drum filled with solvent instead of 
ink.  
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Duplicating machines 
From Wikipedia, the free encyclopedia

Duplicating machines were the predecessors of modern document-reproduction technology. They have 
now been replaced by digital duplicators, scanners, laser printers and photocopiers, but for many years 
they were the primary means of reproducing documents for mass distribution. 

Like the typewriter, these machines were children of the second phase of the industrial revolution which 
started near the end of the 19th century (also called the Second Industrial Revolution)[citation needed]. 
This second phase brought to mass markets things like the small electric motors and the products of 
industrial chemistry without which the duplicating machines would not have been economical. By 
bringing greatly increased quantities of paperwork to life the duplicating machine and the typewriter 
gradually changed the forms of the office desk and transformed the nature of office work. 

They were much used in schools, where cheap copying was in demand for the production of newsletters 
and worksheets, and self-publishers used these machines to produce fanzines. 

Mechanical duplicators 
The mimeo machine (mimeograph) used heavy waxed-
paper "stencils" that the typewriter cut through. The stencil 
was wrapped around the drum of the (manual or electrical) 
machine, which forced ink out through the cut marks on the 
stencil. The paper had a surface texture (like bond paper), 
and the ink was black and odourless. A person could use 
special knives to cut stencils by hand, but handwriting was 
impractical, because any loop would cut a hole and thus 
print a black blob. If the user put the stencil on the drum 
wrong-side-out, the copies came out mirror-images. 

The ditto machine (spirit duplicator) used two-ply "spirit 
masters" or "ditto masters". The first sheet could be typed, 
drawn, or written upon. The second sheet was coated with a 
layer of colored wax. The pressure of writing or typing on the top sheet transferred colored wax to its 
back side, producing a mirror image of the desired marks. (This acted like a reverse of carbon paper.) 
The two sheets were then separated, and the first sheet was fastened onto the drum of the (manual or 
electrical) machine, with the waxed side out. 

The usual wax color was aniline purple, a cheap, durable pigment that provided good contrast, but other 
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colors were available. Unlike mimeo, ditto had the useful ability to print multiple colors in a single pass, 
which made it popular with cartoonists. One well-made ditto master could at most print about 500 
copies—far fewer than a mimeo stencil could manage. 

The hectograph was an earlier technology in which a dye-impregnated master copy, not unlike a ditto 
master, was laid on top of a cake pan full of firm gelatin. After the dye soaked into the gelatin, sheets of 
paper could be laid on top of the gelatin to transfer the image. This was good for fifty copies at most. 
Hectography was slow, clunky, and weird, but it could inspire great intrepidity in its users. 

Ditto machines and mimeograph machines were competing technologies. Mimeography was in general a 
more forgiving technology. Ditto machines required much finer operating tolerances and careful 
adjustments to operate correctly. Overall print quality was frequently poor, though a capable operator 
could overcome this with careful adjustment of feed rate, pressure, and solvent volume. 

During their heyday, tabletop duplicators of both sorts were the inexpensive and convenient alternative 
to conventional typesetting and offset or letterpress printing. They were well suited for the short runs 
used for school worksheets, church newsletters, and apazines. Even the least technically-minded 
teachers, professors, and clergy could make use of them. They owed most of their popularity to this 
relative ease of use—and, in some cases, to their lack of a requirement for an external power source. 

Mimeograph machines predated the spirit duplicator, had a lower cost per impression, superior print 
quality, finer resolution, and if properly adjusted could be used for multi-pass printing. Also, 
mimeographed pages didn't bleach white if exposed to sunlight, the way that dittoed pages did. As with 
ditto masters, mimeo stencils could be saved and reused for later print jobs. Mimeograph had a largely 
unwarranted reputation for being messier than spirit duplication. In truth, they weren't significantly 
messier; and if spilled mimeo ink was hard to get out of the operator's clothing, ditto's aniline purple dye 
was well-nigh impossible. 

The perception may have been a side effect of their engineering. Mimeography, with its loose 
tolerances, absence of noxious solvents, and consequent open architecture (which put its inky pads and 
rollers on display), may simply have looked messier, and hence seemed more daunting. Spirit 
duplicators, whose demanding tolerances and constant fog of solvent fumes necessitated precisely 
machined metal parts and closed architecture, tended to have a deceptively clean and simple look. There 
are still diehard mimeography enthusiasts in the United States and Canada, and that mimeo technology 
is still in everyday use in the Third World. 

Digital duplicators 
Main article: Risograph 

In 1986 the RISO Kagaku Corporation introduced the Digital duplicator. It uses the duplicator 
technology but improves on it. 
It improves upon the mimeo machine in that the operator does not have to create the stencil. The stencil, 
called a master is made by use of a scanner and thermal print head. Also the master is automatically 
removed as a new one is created and placed in a disposal box. This way the operator should not have to 
touch the used master material that is coated in ink. 

There are also cost advantages over a copier the higher the volume. For smaller print runs the main cost 
is in the master material. This ranges between 40 – 80 cents per master depending on the manufacturer. 
When spread over 20 or more copies the cost per copy (2 to 4 cents) is close to photocopiers. But for 
every copy the costs decrease. At 100 prints the master cost per copy is only .4–.8 cents per copy, and 
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the cost of the paper printed upon will start to dominate.

Other manufacturers have adapted the technology including: 

Riso Kagaku Corporation  
Duplo  
Gestetner  
Ricoh  

How digital duplicators work 

Like the mimeo machine, digital duplicators have a stencil (called a master), ink, and drum—but the 
process is all automated. 

1. The original is placed on a flat bed scanner or feed through a sheet feed scanner depending on the 
model.  

2. When the start button is pressed the image is scanned into memory by reflecting light off the 
original and into a CCD.  

3. The image is burned onto the master material that is coated on one side, in a series of small holes 
by the thermal print head.  

4. As the new master is burning it is stored while the old master is removed.  
5. There is a clamp plate on the drum that opens by motor. The drum turns and the old master 

material is feed into the disposal rollers and into the disposal box.  
6. The new master is fed into the clamp which closes, the drum is turned pulling the master onto the 

drum.  
7. The outside of the drum is covered in screens and the inside is coated in ink. The screens make 

sure the ink is regulated.  
8. The paper is fed to the drum and the ink only comes through the master material where there are 

holes.  
9. A pressure roller presses the paper to the drum and transfers the ink to the paper to form the 

image.  
10. The paper then exits the machine into an exit tray. The ink is still wet.  

A master is capable of making 4000–5000 prints. 

See also 
List of duplicating processes  
Risograph  
Thermofax  
Cyclostyle  
Gestetner  
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Photocopier 
From Wikipedia, the free encyclopedia
  (Redirected from Copier) 

A photocopier (also known as a copier or copy machine) is a 
machine that makes paper copies of documents and other visual 
images quickly and cheaply. Most current photocopiers use a 
technology called xerography, a dry process using heat. (Copiers 
can also use other output technologies such as ink jet, but 
xerography is standard for office copying.) 

Xerographic office photocopying was introduced by Xerox in 
1959,[1] and it gradually replaced copies made by Verifax, 
Photostat, carbon paper, mimeograph machines, and other 
duplicating machines. The prevalence of its use is one of the 
factors that prevented the development of the paperless office 
heralded early in the digital revolution[citation needed]. 

Photocopying is widely used in business, education, and 
government. There have been many predictions that photocopiers 
will eventually become obsolete as information workers continue to 
increase their digital document creation and distribution, and rely 
less on distributing actual pieces of paper. 

How a photocopier works (using xerography) 
Main article: Xerography 

1. Charging: cylindrical drum is electrostatically charged by 
a high voltage wire called a corona wire or a charge roller. 
The drum has a coating of a photoconductive material. A photoconductor is a semiconductor that 
becomes conductive when exposed to light.[2]  

2. Exposure: A bright lamp illuminates the original document, and the white areas of the original 
document reflect the light onto the surface of the photoconductive drum. The areas of the drum 
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that are exposed to light become conductive and therefore 
discharge to ground. The area of the drum not exposed to 
light (those areas that correspond to black portions of the 
original document) remain negatively charged. The result 
is a latent electrical image on the surface of the drum.  

3. Developing: The toner is positively charged. When it is 
applied to the drum to develop the image, it is attracted 
and sticks to the areas that are negatively charged (black 
areas), just as paper sticks to a toy balloon with a static 
charge.  

4. Transfer: The resulting toner image on the surface of the 
drum is transferred from the drum onto a piece of paper 
with a higher negative charge than the drum.  

5. Fusing: The toner is melted and bonded to the paper by 
heat and pressure rollers.  

This example is of a negatively charged drum and paper, and 
positively charged toner as is common in today's digital copiers. 
Some copiers, mostly older analog copiers, employ a positively 
charged drum and paper, and negatively charged toner. 

History 
The first widely used copy machine for offices was invented by 
James Watt in 1779.[3] It relied on physically transferring some 
of the (specially formulated) ink from an original letter or 
drawing to a moistened thin unsized sheet of paper by means of a 
press. The copy could then be read from the obverse side. The 
system was a commercial success and was in use in for over a 
century. 

In 1937, Bulgarian physicist Georgi Nadjakov found that, when placed into an electric field and exposed 
to light, some dielectrics acquire permanent electric polarization in the exposed areas.[4] That 
polarization persists in the dark and is destroyed in light. 

Chester Carlson, the inventor of photocopying, was originally a patent attorney, as well as a part-time 
researcher and inventor. His job at the patent office in New York required him to make a large number 
of copies of important papers. Carlson, who was arthritic, found this to be a painful and tedious process. 
This motivated him to conduct experiments with photoconductivity. Carlson used his kitchen for his 
"electrophotography" experiments, and, in 1938, he applied for a patent for the process. He made the 
first photocopy using a zinc plate covered with sulfur. The words "10-22-38 Astoria" were written on a 
microscope slide, which was placed on top of more sulfur and under a bright light. After the slide was 
removed, a mirror image of the words remained. Carlson tried to sell his invention to some companies, 
but failed because the process was still underdeveloped. At the time, multiple copies were most 
commonly made at the point of document origination, using carbon paper or manual duplicating 
machines, and people did not see the need for an electronic machine. Between 1939 and 1944, Carlson 
was turned down by over 20 companies, including IBM and General Electric—neither of which believed
there was a significant market for copiers. 

In 1944, the Battelle Memorial Institute, a non-profit organization in Columbus, Ohio, contracted with 

Schematic overview of the 
xerographic photocopying process 

(step 1-4) 
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Carlson to refine his new process. Over the next five years, the institute conducted experiments to 
improve the process of electrophotography. In 1947, Haloid Corporation (a small New York-based 
manufacturer and seller of photographic paper) approached Battelle to obtain a license to develop and 
market a copying machine based on this technology. 

Haloid felt that the word "electrophotography" was too complicated and did not have good recall value. 
After consulting a professor of classical language at Ohio State University, Haloid and Carlson changed 
the name of the process to "xerography," which was derived from Greek words that meant "dry writing." 
Haloid called the new copier machines "Xerox Machines" and, in 1948, the word "Xerox" was 
trademarked. Haloid eventually changed its name to Xerox Corporation. 

In 1949, Xerox Corporation introduced the first xerographic copier called the Model A.[1] Xerox 
became so successful that, in North America, photocopying came to be popularly known as "xeroxing." 
Xerox has actively fought to prevent "Xerox" from becoming a genericized trademark. While the word 
"Xerox" has appeared in some dictionaries as a synonym for photocopying, Xerox Corporation typically 
requests that such entries be modified, and that people not use the term "Xerox" in this way. Some 
languages include hybrid terms, such as the widely used Polish term kserokopia ("xerocopy"), even 
though relatively few photocopiers are of the Xerox brand. 

In the early 1950s, Radio Corporation of America (RCA) introduced a variation on the process called 
Electrofax, whereby images are formed directly on specially coated paper and rendered with a toner 
dispersed in a liquid. 

During the 1960s and through the 1980s, Savin Corporation developed and sold a line of liquid-toner 
copiers that implemented a technology based on patents held by the company. 

Prior to the widespread adoption of xerographic copiers, photo-direct copies produced by machines such 
as Kodak's Verifax were used. A primary obstacle associated with the pre-xerographic copying 
technologies was the high cost of supplies: a Verifax print required supplies costing USD $0.15 in 1969, 
while a Xerox print could be made for USD $0.03 including paper and labor. At that time, Thermofax 
photocopying machines in libraries could make letter-sized copies for USD $0.25 or more (at a time 
when the minimum wage for a US worker was USD $1.65). 

Xerographic copier manufacturers took advantage of a high perceived-value of the 1960s and early 
1970s, and marketed paper that was "specially designed" for xerographic output. By the end of the 
1970s, paper producers made xerographic "runability" one of the requirements for most of their office 
paper brands. 

Some devices sold as photocopiers have replaced the drum-based process with inkjet or transfer film 
technology. 

Among the key advantages of photocopiers over earlier copying technologies are their ability: 

to use plain (untreated) office paper,  
to implement duplex (or two-sided) printing, and  
eventually, to sort and/or staple output.  

Color photocopiers 

Colored toner became available in the 1950s, although full-color copiers were not commercially 
available until 3M released the Color-in-Color copier in 1968, which used a dye sublimation process 
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rather than conventional electrostatic technology. The first electrostatic color copier was released by 
Canon in 1973. 

Color photocopying is a concern to governments, as it facilitates counterfeiting currency. Some 
countries have incorporated anti-counterfeiting technologies into their currency specifically to make it 
harder to use a color photocopier for counterfeiting. These technologies include watermarks, 
microprinting, holograms, tiny security strips made of plastic (or other material), and ink that appears to 
change color as the currency is viewed at an angle. Some photocopying machines contain special 
software that can prevent copying currency that contains a special pattern. 

Digital technology 

In recent years, all new photocopiers have adopted digital technology, thus replacing the older analog 
technology. With digital copying, the copier effectively consists of an integrated scanner and laser 
printer. This design has several advantages, such as automatic image quality enhancement and the ability 
to "build jobs" (that is, to scan page images independently of the process of printing them). Some digital 
copiers can function as high-speed scanners; such models typically offer the ability to send documents 
via email or to make them available on file servers. 

A great advantage of digital copier technology is "automatic digital collation." For example, when 
copying a set of 20 pages 20 times, a digital copier scans each page only once, then uses the stored 
information to produce 20 sets. In an analog copier, either each page is scanned 20 times (a total of 400 
scans), making one set at a time, or 20 separate output trays are used for the 20 sets. 

Low-end copiers also use digital technology, but tend to consist of a standard PC scanner coupled to an 
inkjet or low-end laser printer, both of which are far slower than their counterparts in high-end copiers. 
However, low-end scanner-inkjets can provide color copying at a far lower cost than can a traditional 
color copier. The cost of electronics is such that combined scanner-printers sometimes have built-in fax 
machines. (See Multifunction printer.) 

Copyright issues 
Photocopying material that is subject to copyright (such as books or scientific papers) is subject to 
restrictions in most countries. This is common practice, as the cost of purchasing a book for the sake of 
one article or a few pages can be excessive. The principle of fair use (in the United States) or fair 
dealing (in other Berne Convention countries) allows this type of copying for research purposes. 

In certain countries, such as Canada, some universities pay royalties from each photocopy made at 
university copy machines and copy centers to copyright collectives out of the revenues from the 
photocopying, and these collectives distribute resulting funds to various scholarly publishers. In the 
United States, photocopied compilations of articles, handouts, graphics, and other information called 
readers are often required texts for college classes. Either the instructor or the copy center is responsible 
for clearing copyright for every article in the reader, and attribution information must be clearly included 
in the reader. 

Health issues 
Exposure to ultraviolet light is a concern. In the early days of photocopiers, the sensitizing light source 
was filtered green to match the optimal sensitivity of the photoconductive surface. This filtering 
conveniently removed all ultraviolet.[5] Currently, a variety of light sources are used. As glass transmits 
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ultraviolet rays between 325 and 400 nanometers, copiers with ultraviolet-producing lights such as 
fluorescent, tungsten halogen, or xenon flash, expose documents to some ultraviolet.[5] 

Concerns about emissions from photocopy machines have been expressed by some in connection with 
the use of selenium and emissions of ozone and fumes from heated toner.[6][7] However, these concerns 
may be due to misunderstanding or exaggeration.[8] There are real concerns over the emissions from this 
equipment. The manufacturers manuals clearly identify concerns and publish rules for both the siting of 
the machines adjacent to people and the need for air in the locality. There are various warnings 
regarding emissions from the manufacturers and this should not be disregarded. 
http://www.exair.co.uk/site/home.html 

Forensic identification 
Main article: Printer steganography 

Similar to forensic identification of typewriters, computer printers and copiers can be traced by 
imperfections in their output. The mechanical tolerances of the toner and paper feed mechanisms cause 
banding, which can reveal information about the individual device's mechanical properties. It is often 
possible to identify the manufacturer and brand, and, in some cases, the individual printer can be 
identified from a set of known printers by comparing their outputs.[9][10] 

Some high-quality color printers and copiers steganographically embed their identification code into the 
printed pages, as fine and almost invisible patterns of yellow dots. Some sources identify Xerox and 
Canon as companies doing this.[11][12] The Electronic Frontier Foundation (EFF) has investigated this 
issue[13] and documented how the Xerox DocuColor printer's serial number, as well as the date and time 
of the printout, are encoded in a repeating 8×15 dot pattern in the yellow channel. EFF is working to 
reverse engineer additional printers.[14] The US government has been reported to have asked these 
companies to implement such a tracking scheme, so that counterfeiting can be traced. 

Further reading 
R. Schaffert: Electrophotography. Focal Press, 1975  
Owen, David (August 2004). Copies in Seconds : How a Lone Inventor and an Unknown 
Company Created the Biggest Communication Breakthrough Since Gutenberg: Chester Carlson 
and the Birth of the Xerox Machine. New York: Simon & Schuster. ISBN 0743251172.  

See also 
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Managed Print Services  
Multifunctional copier  
Negative photocopy  
Printing  
Risograph  
Thermochromatic ink  
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