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OSA Centennial Snapshots

Inventing 
a Dwarf 
Masterpiece
 PATRICIA DAUKANTAS

An international collaboration between 
two corporate competitors spawned the 
compact disc—and introduced lasers 
into millions of homes.
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n the spring of 1979, the management board of 
an electronics company gathered in Eindhoven, 
the Netherlands, to evaluate the prototype 
of a new kind of sound recording unlike the 
mechanical groove-etching system of Thomas 
A. Edison or the analog magnetic recording 
developed in the early 20th century. 

The research team had dubbed their project 
Pinkeltje—Dutch for “fingerling”—after a 
fictional dwarf gnome in a series of Dutch 

children’s books. Pinkeltje’s music was embed-
ded into microscopic pits that gave each plastic 
disc an iridescent rainbow shine. The box 
that brought its music to life contained a tiny 
780-nm-wavelength semiconductor laser.

Board members liked the project, but they 
foresaw one problem: the possible proliferation 
of incompatible formats for the shiny discs. The 
corporate leaders had already seen the world 
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The compact disc introduced lasers 
   into millions of homes and paved 
     the way for many new kinds of 
        optical data storage.

carved up into three regional analog-video 
formats that didn’t integrate with each other’s 
television equipment. Tabletop computers that 
came from different companies, but that all ran 
the CP/M operating system, could not read each 
other’s floppy diskettes. The board’s verdict: 
Find an international partner to create a world-
wide standard for optical discs, so that a traveler 
could purchase an album in Singapore and play 
it in Seattle.

Fortunately for music fans everywhere, the 
company that developed Pinkeltje, N.V. Philips, 
learned of a Japanese firm already deeply 
involved in developing similar technology, Sony 
Corp., and the pair agreed to collaborate on a 
standard for the new kind of disc. Their joint 
effort to create a successful consumer product 
reflected the increasing globalization of science 
and engineering throughout a world fully 
recovered from the ravages of World War II.

The development of the compact disc in 
the late 1970s and early 1980s forever married 
optical storage and readout of information with 
the digital processing of audio signals. The 
technology introduced lasers into millions of 
homes and paved the way for many new kinds 
of optical data storage.

Yet despite the cutting-edge technology 
for the times, the compact disc’s specifications 
rested on some decidedly analog whims: the 
size of a Dutch coin and, allegedly, a Japanese 
couple’s fondness for a German musical 
masterpiece. 

Technological trends in  
music playback
As solid-state circuitry replaced vacuum tubes 
in consumer electronics, both manufacturers 
and customers wanted smaller, more portable 
audio devices. One obstacle remained, however: 
the size of the long-playing (LP) phonograph 
disc, 30 cm (12 inches) in diameter. Introduced in 
1948, the LP record had taught two generations 

On 9 March, 1979, Joop Sinjou gave a presentation on 
the prototype Philips audio CD (“Pinkeltje”). Sinjou was 
the head of the Philips CD-Lab, founded in 1978.
© Philips Company Archives
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of consumers that a disc could 
hold more than three or four 
minutes of music on a side. In 
fact, some recording engineers 
tried to extend the LP’s capac-
ity beyond the usual 22 or 
so minutes, but they learned 
squeezing the grooves on an LP’s 
surface too close together could 
compress the dynamic range of 
its sound. Regardless of spacing, 
the grooves were also vulnerable 
to dust and scratches.

In the late 1960s and early 
1970s, the brief heyday of 
eight-track audio tape cartridges 
showed that U.S. consumers 
wanted to play music in their 
cars. Later in the 1970s, magnetic 
tapes in the Compact Cassette 
format, invented by Philips, 
took over the market as various 
manufacturers improved their 
sound quality by developing bet-
ter tape coatings and expanding 
the dynamic range of recordings. 
Finally, the commercial debut of 
the first Sony Walkman, a cassette player that wasn’t much 
larger than the cassette it surrounded, inspired millions 
of consumers to purchase music as prerecorded cassettes 
rather as LPs. Audiophiles, however, still regarded cassette 
tapes as an inferior means of music reproduction.

Early work at Philips: VLP and ALP
By the early 1970s, Philips engineers had already started 
to dream up new methods of audio and video playback 
that didn’t involve magnetic tape—and some of those 
techniques involved the laser, which was only in its 
second decade.

One division of Philips developed a laser-disc system 
for analog playback of video and audio. The first model of 
this video-disc system, sometimes called Video Long Play 
(VLP), relied on a 1-mW He-Ne gas laser to read video data 
off a plastic disc. The sound and image data were encoded 
as a series of pits of continuously variable length, with 
a depth one-quarter of the wavelength of the laser light, 
separated by flat regions of an embedded metallic layer, 
called lands. (The continuously variable size of the pits 
made the data analog, as opposed to a digital signal with 

a limited set of discrete lengths.) The discs were 30 cm 
in diameter, roughly the same as an LP, and the system’s 
lack of recording ability limited consumer interest in the 
product. Several other companies were simultaneously 
exploring optical recording systems for analog signals 
without bringing anything to market. 

In 1974, a group at Philips’ Eindhoven research labora-
tory began to tinker with ideas for an optical recording 
and playback system featuring 20-cm-wide disks that 
could handle “quadraphonic” or four-channel sound. 
Eager to improve upon vinyl’s stereophonic sound, audio 
engineers of the era had tried to extract “quadro” sound 
out of vinyl records with only limited results. With a nod 
to VLP, team members dubbed their project Audio Long 
Play (ALP).

ALP researchers were aware of the dropout problems 
that VLP had experienced. In the course of the manufac-
turing process, small unwanted particles or air bubbles 
could be stuck in the transparent plastic layer that covered 
the pits and lands. These imperfections did not mess 
up video playback, but audio was a lot less tolerant: the 
dropouts caused audible clicks.

Adapted from Wikimedia Commons

A layer of polycarbonate holds 
sound data, encoded as a 
spiral stream of pits and lands.

A thin film of aluminum 
reflects the laser beam.

A layer of lacquer prevents 
oxidation of the reflective 
aluminum layer. 

Artwork or other label 
information can be screen-
printed on top of the CD. 

A sensor assembly converts 
reflected laser light to an 
electronic signal.

How a CD works 
The ubiquity of today’s optical drives causes many people, perhaps even optical 
scientists, to take the technology for granted. Here’s a close-up look at the basic 
compact-disc system as it has existed for more than 30 years.
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By 1975, the ALP engineers realized they needed to 
develop a digital, not analog, audio disc. Their first attempt 
at a digital disc playback system used an analog-to-digital 
conversion technique called delta modulation, which still 
made single-bit errors audible as clicks. Senior Philips 
managers pressed the team to make the disc’s sound qual-
ity even better than that of vinyl records.

Sony’s product development
Thousands of kilometers away, Japan’s top electronics 
companies, including Sony, were also investigating digital 
audio technology. The Japanese Ministry of Industry and 
Trade had formed the Digital Audio Disc Committee to 
compare proposals and perhaps develop a standard.

One of Sony’s lead audio researchers was Heitaro 
Nakajima. Born in 1921, Nakajima had gotten his first taste 
of digital audio and digital communications while working 
for Japan’s premier network, NHK Broadcasting, in the 
1960s. While at the network, he helped build a primitive, 
bulky digital tape recorder. In 1971, Sony recruited him 
for its audio research department, which was somewhat 
behind the times compared with the company’s other 
product lines. At first, Nakajima assigned only two of his 
40 researchers to digital audio, because the department 

was still heavily focused on analog products. They 
started in 1975 by adapting Sony’s brand-new product, 
the Betamax video recorder, to record digital sound via 
a pulse-code modulator (PCM), a project that became the 
prototype for digital audio tape (DAT).

In parallel with Philips, Sony was also developing a 
digital video disc, so Nakajima and other Sony managers 
reasoned that they could make an audio-only optical disc 
just as well. As Nakajima said in a 1994 oral history for the 
IEEE History Center, “The conclusion was that, if we can 
do this with a tape format, then surely we can achieve it 
with a disc also.”

At the time, Japanese corporations rarely partnered 
with foreign companies, but Nakajima foresaw the need for 
international standardization. “I very strongly felt that if 
we didn’t develop some sort of standard, there was no way 
we would be able to grow a worldwide market,” he said.

Besides, by 1968 Sony already had a joint venture 
with the CBS/Columbia record label in the United States, 
much the way Philips owned a large portion of the Poly-
dor and PolyGram record labels. According to Nakajima, 
Philips and Sony combined probably had more than a 
50 percent share of the worldwide record market. Both 
companies would thus stand to benefit enormously from 

            The historic collaboration began with the Sony 
        executives’ first trip to Eindhoven in August 1979, followed 
    by the Philips team’s visit to Japan two months later. 
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sales of new-format recordings, as well as the equip-
ment to play them.

Fortunately, top Sony executives backed Nakajima’s 
effort thoroughly. Among them was Norio Ohga, who 
had studied classical music before joining the electron-
ics company in 1959. Ohga led Sony’s recording-label 
partnership with CBS in the 1970s and became presi-
dent of Sony Corp. in 1982.

Era of constant discussion
The historic collaboration began with the Sony execu-
tives’ first trip to Eindhoven in August 1979, followed 
by the Philips team’s visit to Japan two months later. 
Both gatherings were largely “get-to-know-you” ses-
sions. In their third technical meeting at the end of 1979, 
engineers from both sides wrote down and exchanged 
their preferred technical specifications for the product 
they were trying to create. The two companies agreed 
that 60 minutes would be a good playback length for the 
disc, but they were far apart on other parameters, from 
sampling rate to the diameter of the plastic platter.

“The process was basically one of constant discussion 
and exchange of views,” Nakajima said in his oral his-
tory. “The people involved in various aspects of develop-
ment would all bring their ideas to the table, and then 

the discussions would begin. Because I don’t speak English 
very much, I tended to take a back seat, listen very care-
fully to what was going on, and just let the experts on each 
different technology go to work, as it were.”

In March 1980, Philips accepted Sony’s proposals for 
16-bit resolution and a sampling rate of 44.1 kHz. The use 
of the PCM to record digital audio onto analog videotape 
partly dictated those parameters. Then the two companies 
had to choose one of two competing proposals for error-
correction code—a crucial piece of software for successful 
playback of discs despite minor flaws that would introduce 
long-burst errors. Engineers conducted hardware experi-
ments in both corporate laboratories, in case European 
dust differed from Japanese dust.

Next, the groups wrestled with the basic capacity of 
the disc. As one of the leading Philips representatives, 
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Source: Wikimedia Commons and OSA Historical Archives

In 1979, the head of Philips’ audio division, Joop van Tilburg (right), 
accepted the offer of Sony’s president, Akio Morita (left), for further 
joint development of the new digital audio disc. Conductor Herbert 
von Karajan (center) was a big advocate of the CD.
© Philips Company Archives
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Kees Schouhamer Immink, recalled years later, a 5 percent 
increase in disc diameter would yield 10 percent more 
disc area—and 10 percent longer playing time. Philips had 
already made an 11.5-cm-diameter prototype, but Sony 
favored something only 10 cm wide. The minutes of the two 
companies’ May 1980 meeting in Eindhoven say that the 
pair agreed on 12 cm, but do not reveal how the decision 
came about.

According to Sony lore, Ohga’s wife, Midori, wanted 
her husband’s favorite piece of music, Ludwig von 
Beethoven’s Ninth Symphony, to fit on a single disc. 
Philips lore claims that the longest known recording of 
that symphony was a monophonic 1951 performance, 
clocking in at 74 minutes, requiring a 12-cm disc. Immink 
suggested that Ohga knew that the Philips subsidiary 
of PolyGram already had the capacity of manufacturing 
large numbers of 11.5-cm discs (the Pinkeltje prototype) 
and would thus have a huge advantage in the marketplace 
if Sony acquiesced to that size.

At the time of the May 1980 meeting, the two companies 
were still wrestling with another piece of software, the 
channel code. According to Immink, the type of code 
that the two companies adopted could have increased the 
information density of each disc by 30 percent, meaning 
that a smaller disc could have held the full 74 minutes of 
the slow version of Beethoven’s Ninth. “However, such a 
change was not considered to be politically feasible, as the 
powers that be had decided 120 mm,” he wrote in an IEEE 
article. Theoretically, Immink and his colleagues could 
have proposed squeezing 97 minutes of music onto a disc; 
instead, they chose to lower the information density slightly, 
so that the 12-cm disc would still hold the 74 minutes and 
the disc would be slightly easier for the player to read.

The easiest parameter for Sony and Philips to agree 
upon was the hole in the middle of each compact disc. As 
another Philips engineer, Hans Peek, recalled years later, 
his colleague Joop Sinjou placed a small Dutch coin called 
the dubbeltje on the table at a meeting, and all the onlookers 
agreed that the coin was just the right size. “Compared 
with other lengthy discussions, this was a piece of cake,” 
Peek later wrote.

Only three years after the formal corporate collaboration 
began, Philips and Sony released their first CD players in the 

European and Japanese markets in the fall of 1982. The first 
models debuted in the United States the following spring. 

Originally the Philips-Sony collaborators thought that 
the compact disc would appeal primarily to classical music 
enthusiasts with high-end stereo systems. Thus, when 
Philips’ Polydor record label opened its CD manufacturing 
operation in Germany, it made a test pressing of the Berlin 
Philharmonic’s performance of Eine Alpensinfonie (“An 
Alpine Symphony”), conducted by Herbert von Karajan. 
The company’s first commercially released CD contained 
a collection of Chopin waltzes performed by the Chilean 
pianist Claudio Arrau. 

Audiophiles embraced the new format, which soon 
took on popular music. Both the European group ABBA 
and the American singer-songwriter Billy Joel have been 
credited with the first pop-album release on compact 
disc, but the first group to sell a million albums just 
in CD format—“going platinum,” in U.S. recording-
industry parlance—was the British rock group Dire 
Straits, with its 1985 release Brothers in Arms. That same 

           The first group to sell a million albums just in CD format 
        was the British rock group Dire Straits, with its 1985 release 
     Brothers in Arms.

The CDM4 swing-arm laser 
mechanism developed 
by Philips as the optical 
readout for early CD 
players. A reliable, 
magnetically driven swing 
arm moves the lens much 
as the tone arm of a record 
player moves the needle.
Wikimedia Commons / Zim 256

The Sony CDP-101 was one of the first CD players marketed to 
consumers in 1982.  Wikimedia Commons / Atreyu
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year, David Bowie re-released his entire studio-album 
catalog in the new format. Sales of music CDs soared 
over the next few years.

Descendants of the compact disc
It took the computer industry just a few years to start 
storing data on the same kind of optical disc that held 
music so well. Soon after Sony and Philips standardized 
the CD-ROM format in 1988, no desktop computer was 
complete unless it contained an optical drive for a disc 
with a capacity 450 times that of a 90-mm (3½-inch) floppy 
disk. The CD-ROM format stretched the definition of the 
disc to hold any kind of digital data, not just audio.

As scientists developed laser diodes with shorter wave-
lengths, engineers put them into optical drives and derived 
higher-density data formats for the discs. With the advent 
of the DVD (both read-only and rewritable) in 1997 and the 
Blu-ray disc in 2006, entire Hollywood movies, plus extra 
scenes, could be embedded into a 12-cm disc.

Eventually, the ubiquity of optical drives inside 
computers made it easy for consumers to turn their 
favorite songs into digital files. First with illegal file-
sharing, then with legal marketplaces like Apple iTunes 
and Amazon, and finally with streaming services and 
internet radio, online music distribution has cut deeply 
into sales of prerecorded CDs. The growth of USB flash 
drives, terabyte-sized external drives and cloud-based 
storage services has lessened the demand for rewritable 
CD-ROMs as a data-retention medium.

Today, sound recording technology has come full circle: 
Hipsters have joined audiophiles in proclaiming that the 
good old-fashioned vinyl LP album provides the ultimate 
listening experience. Sales of vinyl records are at their 
highest level since 1988, when the compact disc was still 
relatively new.

Still, the compact disc represents the first truly digital 
mass-consumer product. For most people, their first 
laser came with their first CD player. Many who grew up 
frustrated with the pops in their record albums and the 
background hiss in prerecorded tapes remember their 
initial awe at the pristine-sounding digital medium. 
The shimmering colors diffracted from the disc inspired 
New York’s Museum of Modern Art to include a CD in 

References and Resources
c H. Nakajima and H. Ogawa (C. Aschmann, Trans.). Compact Disc Technology, 

Ohmsha and IOS Press (1992).
c L. Pedulla. “Spinning sound in a different direction,” Opt. Photon. News 5(1),  

6 (January 1994).
c W. Aspray. “Heitaro Nakajima, oral history,” IEEE History Center, Hoboken, N.J., 

USA (1994); http://ethw.org/Oral-History:Heitaro_Nakajima
c D. Psalitis et al. “Optical data storage: Three perspectives,” Opt. Photon. News 

8(11), 34 (November 1997).
c K.A.S. Immink. “The compact disc story,” J. Audio Eng. Soc. 46(5), 458 (1998).
c H.B. Peek et al. Origins and Successors of the Compact Disc: Contributions of 

Philips to Optical Storage, Springer Science+Business Media (2009).
c H.B. Peek. “The emergence of the compact disc,” IEEE Commun. Mag. 48(1),  

10 (January 2010).
c B. Edwards. “The CD player turns 30,” PC World (1 October 2012).
c K.A.S. Immink. “The story of the compact disc,” IEEE Inf. Theory News. 

(December 2007); reprinted in IEEE Consum. Electron. Mag. (October 2014).
c C. Morris. “Vinyl record sales are at a 28-year high,” Fortune.com (16 April 2016).
c P.J. Wehrenberg. “History of the Optical Disc,” OSA Century of Optics, OSA,  (2016).

In 1985, the British rock band Dire Straits joined Philips in a marketing 
campaign to promote the CD version of the group’s album Brothers 
in Arms. As a result, the album became the first CD to sell more than 
1 million copies. © Philips Company Archives

its permanent collection—a masterwork for the eye as 
well as the ear.

With hundreds of billions of compact discs still in 
existence, the reality is that the options for listening to 
recorded music have never been greater.  OPN
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