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ANIMATION MACHINES 
 

Glen Bull and Michael Littman 
 
Today’s cinema with high definition digital video and surround sound is designed to provide an 
immersive movie going experience. It all began, though, with a simple animation machines that were 
developed in the nineteenth century. A series of advances were inspired by the work that had gone before. 
Today’s modern cinema was ultimately inspired by an invention that combined a magic lantern (described 
in Chapter 1) with a mechanical animation machine. In this chapter we will describe some of the steps in 
this evolution and describe a design process involved in recreation of some of these nineteenth century 
movie machines.  
 

Historical Animation Machines 
 
From earliest times artists have told the story of their lives through paintings, and many of these paintings 
can still be seen on the walls of caves today. Over time artists began to create sequences of images to tell 
a story. Five thousand years ago an artist drew a series of images on a goblet.  
 

 
Figure 1. An Ancient Artist Drew a Series of Scenes on a Goblet 

 
A series of scenes depicting a goat leaping up to eat the leaves on a bush can be seen as the goblet is 
turned.  This early effort at depicting movement through a sequence of images captures the essential idea 
underlying animation.   
 
Magic Disk 
 
Skipping forward many centuries, the French inventor Joseph Plateau developed an animation device 
known as a magic disk (more formally called by the tongue-twisting name of phenakistiscope).  The name 
is derived from a Greek phrase that can be translated as optical illusion. It consisted of a spinning disk 
with viewing slots in a stationary hub.  
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Figure 2. The viewer on the left peers through slits in the magic disk to see 

an animation of galloping horses reflected in the mirror on the right. 
 

The viewer peered through the viewing slots to get a glimpse of each image in the animation as it moved 
past the slot. The slots in the magic disk expose each frame on the disk as it moves past a slot much as a 
film projector exposes the frames of a film one-by-one. 
 
Zoetrope 
 
Only one person at a time could view animations with Plateau’s magic disk. The British mathematician 
William George Horner was intrigued by the magic disk, and developed an improved version, the 
animation cylinder. 
 
An 1837 issue of the Philosophical Magazine and Journal of Science described the apparatus in the 
following manner, “The apparatus is a hollow cylinder with appertures at equal distances placed around 
the edge. Drawings on the interior surface will be visible through the opposite appertures.” 
 

 
Figure 3. A zeotrope Is an Optical Machine that Displays Animated Sequences 

 
 
The board game maker Milton Bradley later manufactured and distributed the optical apparatus under the 
name Zoetrope, meaning “circle of life.”   
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Praxinoscope 
 
In 1877 the French inventor Charles-Emile Reynaud in 1877 developed an improved version of the 
zoetrope which he called a praxinoscope (praxis is the Greek word for “action”). It consists of a series of 
mirrored segments that replace the viewing slits.  
 

 
Figure 4. The Praxinoscope Was an Improved Animation Machine 

 
The mirrored segments of the praxinoscope produce a brighter and less distorted animation than the 
zoetrope. A German toy maker produced a motorized version of the praxinoscope in the late nineteenth 
century.  
 

 
 

Figure 5. A Toy Maker Created a Motorized Praxinoscope 
 
Photographic Sequences 
 
The earliest animated images were illustrated by hand but in 1878, Leland Stanford hired the 
photographer Edward Muybridge to determine if all four legs of a galloping horse left the ground at the 
same time. Muybridge placed a sequence of cameras along a track to capture the motion of the horse. As 
the sequence in Figure 6 illustrates, all four legs of a galloping horse can simultaneously leave the ground.  
 
Muybridge placed strings on cameras at a racetrack. As a horse galloped through the strings, each string 
pulled a lever on a camera. This tripped the shutter of each camera and caused a series of pictures to be 
taken. 
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Figure 6. The First Animation Created by Combining a Sequence of Still Photographs 

 
In subsequent years, Muybridge captured more than 100,000 images of animals, people, and objects in 
motion. He combined a zoetrope with a Magic Lantern to project the images. A Magic Lantern used a 
mirror to reflect light off an object inside a box through a lens, projecting it onto a wall. Muybridge called 
his invention that combined an animation machine with a magic lantern a zoepraxiscope.   
 

 
Figure 7. An Animation Projector Combined a Magic Lantern with a Praxinoscope 

 
Muybridge presented the animated sequences that he captured to a paying audience in an exhibit hall at 
the 1893 Chicago World’s Fair. Today many of these animated sequences of frames are freely available 
on the Internet. 
 
 
Magic Mirror Animation 
 
Muybridge consulted Thomas Edison regarding the feasibility of combining his own animation machine 
with Edison’s phonograph to create synchronized sound and motion. Edison initially dismissed this idea 
as impractical with the technology of the time.  
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Figure 8. The Red Raven Magic Mirror 

 
In the twentieth century, however, the Red Raven record company achieved the goal of combining an 
animation machine with a phonograph record. Pictures on a phonograph record were reflected onto the 
mirrored segments of a praxinoscope as the phonograph turned. This popular toy was widely sold in the 
1950s.  
 

Designing Animation Machines 
 
The history of the inventions described in Chapters 1 and 2 illustrates the way in which innovations build 
upon one another. Huygens invented the Magic Lantern in the seventeenth century.  By the beginning of 
the nineteenth century, advances in mass manufacturing led to production of thousands of Magic 
Lanterns. This established the foundation for widespread storytelling through illuminated images. The 
addition of animation extended these storytelling capabilities. The process of innovation and invention 
can be characterized in the following way: 
 

1. Advances evolved slowly over periods that spanned decades or centuries. 
 

2. Each advance was inspired by and built upon the foundation of prior inventions. 
 
In this section we will describe the design process that the Make to Learn design team employed in 
developing reconstructions of these historic inventions. The computer-assisted design (CAD) files and 
instructions for building your own animation machine are available on the Make to Learn web site 
(www.maketolearn.org).  
 
In Chapter 1 our description of the design process used to reconstruct a Magic Lantern was simplified and 
placed in linear order to illustrate the three phases of the design process.  
 

1. Conceptualization 
2. Development of a Prototype 
3. Development of a Final Design 

 
 
In this chapter we will provide more detail about the nuances of the design process. In reality, most design 
projects do not proceed in a linear fashion. Instead, designers usually engage in back-and-forth movement 
across the design phases throughout the course of a project. 
 
Early Conceptualization 
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In the early phases of the design process, we considered reconstructing the zoetrope animation machine. 
We developed a prototype Zoetrope Invention Kit and piloted it with educational experts to get their 
feedback. Based on the feedback from implementation of the prototype kits, we concluded that recreating 
the praxinoscope would provide a clearer and more effective animation experience. Animations viewed 
through the narrow slits of a revolving zoetrope cylinder were not as clear as the images produced with a 
praxinoscope that could be viewed directly. The praxinoscope offered another advantage. Our ultimate 
goal was to combine an animation machine with a Magic Lantern to create an animation projector. The 
praxinoscope was a better fit for this goal. 
 

 
Figure 9. Mirrored Segments of a Cone  

Reflected Images on a Phonograph Record 
 
We developed a series of designs for reconstructed praxinoscopes. One prototype inspired by the Red 
Raven Magic Mirror used a compact disk (CD) as an animation platform in place of a phonograph record, 
although the CD was not actually used to play music.  
 
Development of a Prototype 
 
In our prototype we used the CD as a carrier for the animation disk (shown with Muybridge’s horses in 
the illustration below). The CD case was used as a base for the mechanism. 
 

 
Figure 10. The Initial Make to Learn Praxinoscope Prototype 

 
The cone was constructed from folded card stock.  This component was designed in Silhouette Studio and 
cut out of card stock using a Silhouette die cutter. 
 



7 
 

 
Figure 11. A Cardstock Cone Was Designed in a CAD Program 

 
The cardstock was folded and glued together to create a faceted cone. Wedges were cut from flexible 
mirrored sheets with adhesive backing. 
 

 
Figure 12. Flexible Mirrored Sheets Were Used to Create Cone Segments 

 
The adhesive backing was then removed from the mirrored wedges and applied to the facets of the 
cardstock cone. 
 

      
Figure 13. The Mirrored Segments Were Applied to the Cardstock Cone 
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This process worked reasonably well in replicating the mirrored cone of the mass manufactured Red 
Raven Magic Mirror. 
 

 
Figure 14. The Assembled Cone with Mirrored Facets 

 
The cone was mounted on a 3D printed hub enclosing the bearing from a fidget spinner. Fidget spinner 
bearings are inexpensive and readily available. They proved to work well in this application.  
 

 
Figure 15. The Bearing Hub (red) Mounted on a Spindle (blue) 

 
The bearing hub was mounted on a 3D-printed spindle. The kit used a number of materials readily 
available in makerspaces – cardstock, 3D printed parts, fidget spinner bearings, and flexible mirror sheets 
– to create a reconstructed praxinoscope. 
 
Pilot Testing and Revision 
 
We piloted the kit in a fifth-grade classroom. The majority of the fifth graders said that they enjoyed the 
project and would like a kit of their own to take home for further exploration of animation. They also 
provided useful feedback regarding ways in which the kit could be improved.  
 
The students reported that it was difficult to glue the bearing hub onto the exact center of the CD. The 
prototype wobbled as it turned when the alignment of the CD with the bearing hub was not perfect.  
 

 
Figure 16. A CD Glued to the Bearing Hub Supported the Animation Disk 
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The animation effect still worked even with a bit of wobble, but this was clearly an area for improvement 
of the prototype. A new version was designed with a laser-cut piece of acrylic designed to fit over the 
bearing hub. 
 

 
Figure 17. The Improved Version of the Prototype 

 
This adjustment ensured that the animation disk would always be centered. It also made it possible to 
assemble the kit with a press fit.  
 
At that stage the prototype was shared with Tim Pula, interpretive coordinator at the Smithsonian’s 
Spark!Lab, for input and feedback. He specializes in designing interactive museum activities that promote 
innovation among children.  
 

 
Figure 18. Review of the Prototype at the Smithsonian’s Spark!Lab 

 
He indicated that the prototype animation machine could be adapted for use in an interactive exhibit in the 
Spark!Lab, which is located on the first floor of the National Museum of American History. The 
Spark!Lab “invites children between the ages of 6 and 12 to create, collaborate, experiment, and invent.”  
Based on the input provided at the Smithsonian, we agreed to design a larger version approximately two 
to three feet in diameter. 
 
To make a larger version of the animation machine, a more robust version of the reflective cone was 
needed. Therefore a 3D printed version was developed as a replacement for the cardstock cone. The 
individual segments of the cone were printed separately and then glued together.  
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Figure 19. The 3D-printed Version of the Reflective Cone 

 
One of the specifications of the version developed for the Spark!Lab was the ability to control the frame rate 
of the animation. We mounted the 3D printed cone and animation disk mounted on a commercial stepper 
motor. A stepper motor can be controlled by a microcontroller to turn at a precise rate of rotation, providing 
the control needed to achieve the desired frame rate. 
 
Accessible Versions 
 
The Make to Learn Laboratory seeks to facilitate design-through-making by an increasingly diverse 
audience. Schools and communities vary greatly in the resources available. Therefore we collaborated with 
a talented papercraft designer, Elaine Wolfe, to develop a widely-accessible version of the praxinoscope. 
This version requires only cardstock and scissors, and can be constructed without access to fabrication 
technologies such as 3D printers. 
 

 
Figure 24. A Cardstock Version of the Praxinoscope 

 
Elaine chose to model the original Reynaud praxinoscope in her design. This version was constructed 
entirely from card stock except for the reflective mirrors, which she found at a local craft store. This version 
could be constructed by anyone even without access to fabrication equipment such as 3D printers.  
 
An Animation Projector 
 
The design for the Magic Lantern described in Chapter 1 included two mounting brackets inside the walls of 
the design. These mounting brackets were included to provide a place to mount an animation machine inside 
the Magic Lantern. 
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Figure 25. Mounting brackets for the Praxinoscope were 

incorporated into the Make to Learn Magic Lantern design. 
 
The mounting brackets were used to mount the microcontroller-controlled version of the animation machine 
in the Magic Lantern. This design made it possible to project the animation just as Muybridge did at the 
1893 Chicago World’s Fair. 
 
 

 
Figure 26. The Make to Learn animation projector. 

 
 
The Birth of Cinema 
 
The meeting between Muybridge and Edison did not result in development of an invention that combined a 
phonograph with an animation machine as Muybridge had hoped. However, Edison was later inspired to 
invent the kinetosocope, which pulled a sequence of pictures on a strip of paper past a viewing window. 
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Figure 22.Edison’s Kinetoscope Created Animations  
by Displaying a Series of Pictures on a Strip of Paper 

 
This kinetoscope subsequently led to invention of cinema as we know it today. 
 

Summary 
 

The design process outlined for development of the Make to Learn Animation Machine provides more of the 
details and nuance involved in a typical design project.  The process did not proceed directly from 
conceptualization to prototype to final design. Instead, the entire project was reconceptualized after the 
initial prototype was developed.  
 
Also, there was not a single “final design.” Instead, the initial reconstruction of a praxinoscope served as an 
inspiration for a number of parallel designs. All of the files and instructions for making the working models 
described are provided on the Make to Learn web site. We hope that they will serve as an inspiration of 
design of your own version of an animation machine. 
 


