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P66 3D Printed Pinhole Camera User's Guide

Printing, Assembling, and Shooting the P6*6

Designed in the Schlaboratory, by Schlem 2013, using OpenSCAD and Tinkercad 

Download files for 3D printing here: http://www.thingiverse.com/thing:157844 

-------------------- P6*6 Specs --------------------
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120 film, 6X6 format
50mm focal length
designed for a 0.30mm pinhole
f-stop of f/167
62 degree vertical and horizontal angles of view. 
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P6*6 3D Printed Pinhole Camera User's Guide, version 1.0 

1. 3D Printing the P6*6

2. Assembling the P6*6
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4. Glossary of (mostly) Pinhole-Related Photographic Terminology
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I. Self-adhesive velvet dimensions
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III. Using the optional film clip with the P6*6 

IV. Selected film exposure durations

V. Tabulated Exposure Values

Thank you for your interest in the P6*6 3D Printed Pinhole Camera! 

Any number of paths may have brought you to this point – you may be a photographer, or a 3D printer owner, a gift recipient, or chronically curious. My mission is to share the knowledge you need to make delightful photographs with the P6*6. 

As you read this (surprisingly long) pamphlet, I trust you will forgive a few assumptions: I can't teach you how to use your 3D printer; I can't protect you when you use an X-Acto knife; I can't tell you where to find M3 hardware locally. I assume that these are the sorts of problems you can solve on your own or with appropriate help. I further assume that you possess a great native intelligence, curiosity, and bountiful creativity.  

I have labored to make these instructions clear and easy to follow. I assume that you, gentle reader, maker, photographer, will help me understand where I have failed. My hope is that this becomes a dynamic document. I will endeavor to include insights and suggestions from the people who build and use the P6*6. Please post your comments on the Thingiverse page for this thing.

As to your knowledge of pinhole photography, I have assumed nothing. The section on Making Photographs is full of explanation and detail. I use the word “typically” an awful lot because I know there are other ways of doing this. Please don't be offended if you know all this stuff. I didn't write it for you guys. Nor do I claim to be an expert. This is how I do it, and it works very well. I'm always interested in learning more, so please share your tips and tricks for inclusion in future revisions. 

The images are mine and were screen-captured from Tinkercad in lieu of photos. The same optical properties that make black ABS ideal for camera construction make it difficult to photograph well. 

Since releasing my design into the “wild”, I have met many amazing people who appreciate my pinhole camera design. I hope to hear from many more! Thanks again from the Schlaboratory, and enjoy your pinhole camera!

-Schlem (Todd Schlemmer) December, 2013

Twitter @theschlem

The fine print regarding licensing:

P6*6 120 Pinhole Camera by schlem is licensed under the Creative Commons - Attribution – Non-Commercial license. More info: http://creativecommons.org/licenses/by-nc/3.0/ 


 
 

1.  3D Printing the P6*6

The P6*6 consists of eleven 3D printed parts. There may be redundant or alternate parts available for download.  Additionally, there is an twelfth optional part, a “film clip”, designed to keep your exposed film from unspooling during unloading. (see Appendix III) Every aspect of creating the P6*6 has the potential for image-destroying light leaks (small openings that allow light into the camera). Careful attention to quality will ensure awesome photos.

I have only printed this in black ABS. PLA is reported to work well, but if printing in any color other than black, the inside surfaces will need a couple of coats of flat black paint for opacity and to minimize internal light reflections.  

All parts printed at 0.25mm layer height with three layers top and bottom. All parts print without support material, but there is some bridging, so enable cooling if your 3D printer has a fan. My recommendations for other 3D printer settings are detailed in the parts list. Generally: more perimeters for opacity, compressive strength; more infill for structural strength. Additionally, some related parts are plated for convenience. All individual part files have proven manifold; some slicing issues have arisen with plated parts. All file names accurate as of 12/10/13. 
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“Hey! This thing is still a Work in Progress. Files, instructions, and other stuff might change!” 

A – P66body_fixed.stl (“body”)

This is the major structural component of the P6*6. Perimeters: 2; Infill: >=50%

B – copy_p66_50mm_extension.stl (“extension”)

A structural part with hardware attachments. Perimeters: >=2; Infill: >=40%

C – P6_pinhole_disc.stl (“pinhole disc”)


Not a high-strength part. Perimeters: >=1 Infill: >=30%

D/F – P6_shutter_blades.stl / P6_shutter_blades_alt.stl (“shutter blade”)


Must be light proof. 3 layers top and bottom, Perimeters>=2, Infill : >=30%

E – P6_shutter_clamp.stl (“shutter clamp”)


A fastened part, requires compressive strength. Perimeters: >=2 Infill: >=30%

G – P6_frame_slide.stl (“frame slide”)


Must be light proof. 3 layers top and bottom, Perimeters: >=1, Infill : >=30%

H – P6_winder_drive.stl (“winder drive”)

This is a high-strength component. Perimeters: 2; Infill: >=50%

I – P6_cap.stl (“cap”)

A structural part with hardware attachments. Perimeters: >=2; Infill: >=40%

J – P6knob_fixed.stl (“knob”)

This applies a torque to the take-up spool; requires strength. Perimeters: 2; Infill: >=50%

K – P6pinholeclamp_fixed.stl (“pinhole clamp”)

A fastened part, requires compressive strength. Perimeters: 2 Infill: >=30%

L – P6_winder_baffle_2mm.stl (“baffle”)

Not a high-strength part. Perimeters: >=2 Infill: >=30%

Pinhole – 0.30mm in thin metal stock.  Relax - This is not as critical as it seems. You can purchase a precisely laser-drilled pinhole on the Internet or make your own from brass shim stock, a soda can, pie plate, etc. (Aluminum  foil is too fragile.) 

See: http://www.withoutlenses.com/articles/how-to/drill-your-own-precision-pinhole-apertures 

Hardware – 

Designed for 4 x 15mm M3 nuts and bolts (1/8” fasteners). Gently dress all through holes with an appropriately-sized drill bit. A 1/4-20 nut provides a tripod mount; use a plain or flanged nut, secured with epoxy.
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2.  Assembling the P6*6

Owing to the nature of 3D printed fabrication, some finishing work is necessary before assembling your P6*6. I find the the following tools helpful:

· Assortment of files, large and small. Proper files, not “diamond” fingernail files. Something like this is ideal (and can be found much cheaper): http://amzn.com/B00002N5JT 
· X-Acto / hobby knife for trimming , cutting velvet.

· Fine sandpaper (1000 grit)

· Acetone if using ABS

· Glues – 

· I have had good results bonding the extension to the body with black ABS plumbing glue – careful, it's messy. A clear glue is unsuitable because it might “pipe” light into the camera and fog your film.

· Epoxy for the tripod mount or as an alternative to the plumbing glue. I like JB Weld. 

· A dab of super glue will hold your pinhole in position, centered on the pinhole disc while you fasten the extension-pinhole-shutter assembly.

· Black marker or Sharpie for back side of pinhole (no internal reflections!)

· Self-adhesive velvet to line the back side of the body, behind the frame, and the inside of the cap. Like used to line jewelry boxes: http://amzn.com/B001DT3LWG This provides some friction and light-trapping. See Appendix I for dimensions. 

· 15-18mm disc of translucent red plastic. I cut mine from a cheapo plastic binder. Probably not critical if using the velvet, but cheap insurance against light leaks.

· A small Allen wrench is handy for manipulating tiny nuts inside the extension when assembling the shutter.

· A compass circle cutter. Essentially a compass with an X-Acto blade where the pencil would go, you could probably cobble this together. Useful for cutting circles and arcs in velvet and making the red plastic window for viewing the frame numbers. 

· C-clamp and or stout rubber bands to clamp parts during gluing.

Trimming

All parts come off the print bed with a true top and bottom, not necessarily related to their orientation when assembled as a working camera. For the purposes of this instruction, “bottom” means the surface that was attached to the print bed. If in doubt, it will be the shinier/smoother surface. 

Typically, a tiny burr is created around the outer perimeter(s) when the bottom layer of a 3D printed item is laid down. I trim the tiny burr from everything I print, and find an X-Acto blade to be the perfect tool for shaving this off. I hold the blade perpendicular to the edge and scrape off the burr. Be gentle with this until you get a feel for it – it's easy to gouge a precious print with a sharp blade. 

This trimming is critical for parts that must fit with other parts. For the P6*6, these parts need require particular attention:

· body (hex hole for tripod nut)

· extension (also carefully remove the “raft” from each corner)

· pinhole disc

· shutter blade

· frame slide

· winder drive

· knob (inside cavity perimeter)

· baffle (inside and outside perimeters)

This is a good time to dress the screw holes with a bit sized for your fasteners. I use an 1/8 inch bit, twisted by hand, for M3 bolts. Note that there are holes in multiple parts. 

Surface Finishing

Many consumer-grade Fused Deposition Modeling (FDM) 3D printers produce objects with surfaces that are potentially wavy, bumpy, or irregular. Temperature, filament irregularities, calibration, or belt adjustment can affect this, and I always celebrate a flawless print. For optimal part fit, I use various files to smooth mating surfaces and the ridges that occasionally crown the top surfaces of a part. A sharp file, with cutting teeth, creates a very smooth surface. This is nice for esthetics, but vital for parts the must mesh precisely. Don't neglect the recessed spaces in the shutter clamp and pinhole clamp.

Sandpaper is suitable also, but it creates a fine dust that is hard to remove, and dulls the black plastic to an unsightly gray. This is trivial for hidden surfaces. Acetone (for ABS) can remove this gray haze, but the result is often shinier than the rest of the part. I do swipe a bit of acetone across bottom surfaces to remove any haze and even out the finish. 

The frame slide covers the hole for viewing the frame indexing numbers on the film backing. It should fit snugly in place, yet slide to the viewing position without difficulty. Use a small flat file inside the rails (on the body) to square up the inside dimensions. Additionally, the edges of the frame slide can be filed to fit, and beveled if needed. 

Pay special attention to the bottom of the extension – the film slides across this surface when winding and it serves as the frame for your photographs. Surface irregularities could scratch the film, and an unevenly trimmed inside perimeter will be preserved as an uneven border on every photograph you make. Additionally, slightly radius and smooth the bevel at the outside of the frame, where the rafts were attached. This is a point of stress on the film during winding and could cause scratches.

Before proceeding, check the fit of all mating parts. Refer to the exploded parts diagram. All parts should fit together without distorting. The cap should fit the body securely. Any gaps between the body and extension should be less than the thickness of a sheet of paper. The shutter blade should be slightly  snug between the pinhole clamp and the shutter clamp. 

Final Assembly

Tripod Mount

Don't even think about shooting a hand held pinhole camera (Okay, you can think about it – but not right away). The 1/4-20 nut is the standard tripod attachment. There is a cavity on the side of the extension that will accommodate either a plain or flanged nut. Carefully bond the nut flush with the bottom of the body with epoxy – just a bit on the inside – too much can interfere with the fit of the extension and the body. I've had great results with JB Weld.

Cap and Winder

Parts J, I, L, & H. See exploded parts diagrams.

The winder drive passes through the baffle and cap, into the knob. This is designed to be a friction fit, but a dab of super glue inside the knob will hold this together forever. Typically, the narrow part of the winder drive is slightly too large to fit through the baffle and into the knob.  Reduce the width of the “shaft” to fit with sandpaper or a file. Bevel the end slightly to ease insertion. The winder drive is a potentially weak link in this camera, and too much resistance when winding film will twist it right off. I keep a spare winder drive and cap in my camera bag in case of failure (this has never happened while shooting film). If you happens, use the dimensions below to make this part from a stronger material. 
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Extension-Pinhole-Shutter

Parts B, C, Pinhole, K, D/F, E, & Nuts and 15mm Bolts (and washers). See exploded parts diagrams.

I think P6_shutter_blades_alt.stl is the better design, and the shorter shutter blade is less likely to get knocked open accidentally. Everything should fit together tightly prior to fastening. The extension, pinhole clamp, and shutter clamp must fit precisely, sandwiching the other parts without interference. 

The P6*6 is designed to allow dis-assembly of the shutter to provide for replacement of the pinhole. Additionally, the design can accommodate a zone plate (see Appendix II, Useful Links).

Bolting all these parts together can be a bit fiddly - it is important to assemble them before gluing the extension and body together. Did you clean out all the bolt holes with a drill bit?  Don't be tempted to omit the nuts inside the extension – you want everything absolutely secure. A small Allen wrench is handy to position the nuts in the nut traps (in the extension) during assembly. The shutter should snap open and closed with a slight effort. It is easy to over-tighten the bolts, rendering the shutter unusable. If the shutter blade is too tight, either the bolt is too snug or the shutter need to be sanded – the recesses in the pinhole clamp or shutter clamp also may need additional finishing. 

Note: NO LOCTITE! Thread locking compound seems like a good idea, but this can compromise the strength of ABS. A big thanks to Clint O'Conner for this hard-won knowledge.

Velvet Lining

For best results, the inside back of the body should be lined with velvet, behind the frame. The velvet provides a gentle friction which keeps the film in place, and serves to reduce the effect of stray light from the frame index window. Lining the inside surface of the cap also minimizes light leaks from the joint between the cap and body. 

120 film has a light-proof backing paper with frame numbers printed on it. For standard formats, the frame numbers are read through a pane of red celluloid to filter stray light that would fog your film. The red window has been abandoned by some camera builders, but an inexpensive translucent plastic binder is cheap insurance – It will also keep dust from getting into your camera. You should be able to read a dollar bill through the plastic you chose. It probably doesn't have to be red.

Cut a 15 – 18 mm disc from the binder and tack it in place in the recess inside the body with a few tiny dabs of super glue. Too much glue will precipitate a white residue on your window. The hole in the middle of the self-adhesive velvet will overlap the disc and secure it in place. 

Use the tip of an X-Acto blade to slide the velvet into position when attaching it to the body and cap. It must be wrinkle free. Don't be in a hurry. Appendix I is a diagram with dimensions for the two pieces of velvet. 

Body-Extension Joint

Before you glue the extension and body together: if you haven't yet fastened the shutter and pinhole components to the extension, STOP. Go back and do this step. 

“Dry-fit” the extension and body before gluing. It will only go together one way – the “50” will be visible. Any binding or interference could mean light leaks. The tripod nut and epoxy must fit without difficulty. Resolve any issues before you glue.

I have measured the combined thickness of 120 film and backing at 0.20mm. A rectangle of the plastic used for the frame window makes a good spacer between the inside of the body (lined in velvet) and the frame (bottom side of the extension).  You don't want this space too tight – the inherent curl of the film will create enough friction against the velvet and frame to keep the film in place when photographing.

For ABS, plumbing cement works well (and comes in camera black). Follow the directions on the label. Do not use too much glue – it can be messy and will ooze out of the joint and muck up your lovely camera's appearance. Apply glue in the center of the joint to minimize any oozing. Work fast – the solvent evaporates quickly and the cement gets rubbery. I use a C-clamp to hold the extension firmly against the floor of the body, and wrap the body lengthwise with strong rubber bands (elastics) to clamp the other surfaces together.

After gluing and clamping, remove the spacer from the slot between the frame and the velvet. Hopefully, the bottom edge is not gooped up with glue. If it is, use a clean edge of the spacer material to clear any glue from the bottom of the slot that might hinder the movement of film behind the frame.

I can't remark on the specifics of bonding PLA (or other plastics). I welcome your suggestions.
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3.  Making Photographs with the P6*6

“You don't take a photograph, you make it.”  -attributed to Ansel Adams

If you've never used a film camera, if you've only used a smartphone or a digital point-and-shoot, welcome to real photography. Making pinhole photographs engages a necessary emotional and temporal involvement. With a pinhole camera and its tiny aperture, this creative act is slowed down, time is exploded, space is warped. There is no undo, no delete. After your negatives are finally processed, printed or scanned, you will remember your relationship with your photographic subjects. You will mourn failed shots, and your successes will lift you with pride and profound joy. Truly. 

In this document I may have used terms you don't understand or without context. I have included an ambitious glossary to compensate for my technical writing. The Internet is also brimming with smart pinhole enthusiasts, but if you have difficulty figuring something out, please post a comment on the Thingiverse page for the P6*6 camera: http://www.thingiverse.com/thing:157844  I promise I will reply and clarify the issue in the next revision of this document. 

Some explanation may be in order if you're new to 120 film: The film comes rolled on a spool, but before it can be used, the free end must be fed into an empty spool. During shooting, the film is wound from the full spool to the empty spool. There is no rewinding of the exposed film. 120 film has a paper backing with frame numbers printed on it for several formats (image sizes) - the numbers for the 6x6 cm format are centered top and bottom and the P6*6 has a sliding window to read the frame number for perfect frame indexing. When you finish shooting a roll of 120 film, unload the camera, move the empty spool to the winding side, load more film and repeat. To start, you can usually pick up an empty spool wherever 120 is processed. Grab several. 

If you don't have a local photo lab that processes 120 and that can give you a spool, you could either go on eBay and bid on one, or buy an extra roll of 120 film and sacrifice the film for the spool inside. The latter is not as silly as it seems: with shipping, an empty spool from eBay will probably exceed the cost of a roll of film, and knowing how 120 film works is useful. 

Film Selection

Film is film, right? Nope. The first decision you, the photographer, must make is film sensitivity, commonly referred to as Film Speed. To start, I recommend one of the films listed in Appendix IV.

Film is designated with an ISO or ASA number that indicates it's relative sensitivity to light. I try to use the term “ISO”, but “ASA” and “ISO” should be considered synonymous. For very bright daylight pinhole photos, ISO 100 might be a little too sensitive, but I use it all the time; ISO 100 is ideal for Seattle cloudy days. ISO 200 is twice as sensitive as ISO 100; ISO 400 is four times as sensitive as ISO 100. 

This means that, all other things being equal, the same exposure made with ISO 100 takes four times as much light as ISO 400. It's as simple as that. Films are generally made in speeds that are doubling multiples of 100 (200, 400, 800, etc.) but might be whatever the manufacturer wants to make. There are films with speeds of ISO 50 or 125, for instance. Every doubling or halving of film speed is a whole “stop”, equivalent to a change of one stop for any other exposure parameter (aperture, luminance, or exposure duration).

Every different brand and formulation has different properties of contrast, color sensitivity, and – most importantly for the Pinholer – Reciprocity Failure (RF). Briefly, RF is a unique property of every film that affects how that film behaves outside its designed exposure parameters. Long pinhole exposures occur in a wild territory far beyond most film's specifications. For the Pinholer, this means adding additional time to a calculated exposure duration. 

Fuji Neopan Acros 100 is a great black and white film to start with. I shoot this film often – it has mild RF and is widely available. Ilford Delta 100 is also excellent. I have provided proven reciprocity failure adjustments for these 120 films in Appendix IV.  The RF adjustments for the other listed films are based on exposure tests by pinhole photographers. If this is confusing, fear not – RF will be explained in greater detail. 

Call your local photo lab and ask them where to find the 120 film you seek (and an empty spool). In this brave new world of digital photos, I promise that they will be happy to help a new customer. 

Lomography.com has a search function to help you find your nearest photo lab: http://www.lomography.com/more/photolabs (they also sell a dizzying variety of film).

How to load the P6*6 with film 

You will need your camera, a roll of 120 film, an empty spool, and the optional (but highly recommended) film clip. By convention, film is loaded on the left side, unloaded on the right side. If you want to do it the other way around, have at it (If you have an arrow on your knob, however, it will turn backwards). 

· Remove the cap.

· Open the film packaging, and remove the tape that secures it tightly around the spool. This is the source or supply spool. Always handle 120 film carefully – prevent it from unrolling!

· Pull several inches of leader from the new roll of film and tuck the end through the slot in the empty take-up spool. Turn the take-up spool counterclockwise a several times to wrap the leader securely around the spindle. Give it a gentle tug to make sure it doesn't slip. 

· Pull enough leader from the source spool such that the spools will fit in the camera. Don't allow the leader on the take-up spool to come loose. Don't loose your grip on the full roll of film.

· Gently slip the spools and leader into the camera. If you're using the film clip, position the clip around the take-up spool before it is is fully inserted. Refer to the illustrations in Appendix III for orientation.

· Seat both spools fully in the camera. If the leader binds or wrinkles, there is an issue in the space between the frame and the velvet-covered back of the body. You must resolve this. 

· Carefully position the winder drive in the slot on top of the take-up spool. While preventing the knob from turning, align the cap with the body and snap it firmly shut. It is sized for a snug friction-fit. (Dropping your camera could pop the cap off and ruin your film. Don't drop your camera.)

· You're almost done. Make sure the shutter is closed. This is important. Do this frequently. Become a little obsessive about this. Make it a habit. A closed shutter protects your film. I cover the front plate of the shutter assembly with a bit of gaffer's tape, like a lens cap, when I am not actively using the camera. 

· Open the frame slide so that the indexing window is visible. Depending on your visual acuity, and the opacity of the red (or whatever color) window, you may need to hold the camera with light behind you. Gently turn the winding knob and watch the window. After a few revolutions of the knob, you should see stripes or other markings. Continue to slowly wind the knob. Eventually you will see a distinctive symbol, like a circle or a star. Slow your winding. Typically, you should expect four symbols before the frame number. These symbols vary by manufacturer. Now is a good time to make sure you can clearly see through the window. Finally, you will see a “1” in the window. With deliberate winding, it is easy to position this number in the middle of the window. 

· Close the frame slide.

· Your camera is loaded and the first frame is ready for an exposure. 

Check: Shutter closed? Cap tight? Don't drop your camera. 

OKAY! Your camera is ready. You could run outside right now, point it at some interesting spectacle, open the shutter for, oh, three or four seconds, and make a beautiful photograph. Please don't. I really want you to love what you create with the camera I designed. Photographs don't happen by accident; we don't find them on the sidewalk or the at the bottom of manholes. They never occur in nature. 

Every step that goes into making a photograph should be a deliberate exercise in craft – from the design of the camera and imaging system, the purchase of film, how the image is captured and viewed, to the variables of exposure. Photography is applied optical physics. Physics is math.  Ergo, photography is math. Q.E.D. 

Happily, the math is not difficult. The only math test is the photos you make. I want you well-prepared for that test. What follows is a verbose explanation of basic photographic math. I hope it is easy to follow and that it makes sense. Understanding pinhole photography will make all your photographs, digital or analog, better.

Exposure Basics

When you hold in your hands, a camera, loaded with unexposed film, every aspect of making your next photograph has been predetermined by the camera designers, the film manufacturer, the available light, except subject, composition, and exposure. Whole books have been written about this. Subject is personal, composition is subjective, but exposure is math, pure and simple.

Every photograph, be it digital or analog, requires an exposure calculation from:  

· the film's sensitivity to light (film speed)

· the intensity of the light reflected by the subject (luminance)

and either:

· the selected f-stop (aperture – see explanation below) 

or 

· the selected shutter speed (the amount of time the shutter is open)

The P6*6 (and just about every pinhole camera ever made) has a single, fixed f-stop. The f-stop for the P6*6 is f/167. This is a calculation of how much of the available light in the camera's field of view will reach the center of the film when the shutter is opened. 

For the math-curious, f-stop is the focal length of the camera divided by its aperture. The P6*6 is designed for a pinhole diameter (aperture) of 0.30mm, which is an optimal size for its focal length of 50mm. (Too large a pinhole and the image will be excessively fuzzy; too small and photons will interact excessively with the edges of the pinhole – Physics!)  I used the ever-handy Pinhole Designer to calculate these values. (See Useful Links) 

If you're not asleep yet, you may have deduced that, in pinhole photography, the only exposure variable that you can directly affect is the duration of exposure. This is no different than Aperture-Priority exposure metering in modern cameras, in which an f-stop is selected and a smart little microcomputer then selects (or suggests) the best shutter speed (duration of exposure) for the light conditions. In the case of pinhole photography, the camera's designer/builder has pre-selected a single f-stop in the choices of pinhole diameter and its distance from the film. After buying film, exposure duration is the only calculation you must make. You, my friend, are the computer. 

Determining the Exposure Duration (AKA Shutter speed)

Many pinhole photographers get their results by shooting from the hip. By this, I mean they have enough experience to assess the available light and judge the appropriate exposure duration. Some  photographers adopt a haphazard approach, hoping for the “happy accident” occasionally obtained with casual technique and camera defect. But, because exposure duration is the only aspect that you can control when making an exposure, I advocate using a methodical system. 

Understanding Exposure Value (EV) can be very helpful. EV is a system of absolutely quantifying the available light for photography. Increasing EV by one step doubles the luminance; decreasing EV by one step halves the luminance. Using ISO 100 film, a photographic subject in full sunlight, on a bright sunny day (imagine a picnic on the grass), will always be EV 15. 

Using ISO 100 film (film speed =100), an exposure of this scene with at f-stop of f/16 requires a shutter speed of 1/125th of a second. See “Sunny 16 Rule” in glossary. The same picnic, on snow, could be twice as bright: EV 16. If clouds started to roll in, our picnic might meter at EV 14 – half as bright. 

For ISO 100 film, exposed for EV 15, there are many equivalent combinations of aperture and shutter speed. For instance, both of these two exposures: 

f/22 @ 1/60th of a second  

f/11 @ 1/250th of a second 

allow the same amount of light to expose the film. Doubling one value and halving the other  preserves the exposure. Similarly, the equivalent exposure for the P6*6 is f/167 @ 1 second. Film speed, EV, aperture, and shutter speed all alter the amount of light admitted to the film by double or half when adjusted in whole “stops” (fractional stops are also possible, but are beyond this explanation). 

As exposure durations get longer, every film's sensitivity decreases by a unique quantity. This behavior, called Reciprocity Failure (RF), is a characteristic progressive desensitizing of film for increasing exposure durations. Additional time must be added to the calculated exposure duration for a proper exposure. Every film behaves differently in this regard. 

You may see one-size-fits-all charts of pinhole exposure durations based on ambient brightness or a metered light reading. These charts recommend the same adjusted exposure durations for all films. This is a trap. 

At f/167, Ilford Delta 100, for instance, requires four times the exposure duration needed by Fuji Neopan Acros 100 for the same light conditions of EV 10! (See Appendix IV) For a camera using either film at f/22, this exposure would require ½ second. But with the f-stop of the P6*6 (f/167), each film's reciprocity failure dictates vastly different shutter speeds. The difference is two whole stops – this has significant potential for a disappointing exposure. The error in this exposure is equivalent to shooting your f/167 camera as f/96!

You can find RF data for many films on the Internet, and photographers often share the results of exposure experiments they have performed. This data is usually provided as a chart or graph of time corrections. You will have to estimate intermediate values. The Windows applications PinholeDesigner (see Useful Links) can calculate exposure durations for your camera, including reciprocity failure for a variety of films. I seldom buy film for pinhole for which I cannot locate RF data. 

Meter your exposure – The world is far too beautiful to throw darts at your photographic subjects. A light meter measures the intensity of light (luminance) reflecting from your subject matter. Modern “automatic” cameras have a meter built into them and many can be used as a meter without making an exposure. Refer to the manual. Many smartphones also possess a light sensor – if you download a light meter app, be sure you can calibrate it to your phone before relying upon it. I have an older Gossen digital light meter that works like a champ and is easy to use. 

To accurately calculate an exposure duration for a very small aperture (light meters aren't calibrated for pinhole-sized apertures) you must use an “Exposure Factor” and add any extra time for reciprocity failure. Many pinhole photographers meter their scene at f/22 and use a table of shutter speeds created with the exposure factor for their camera's f-stop. 

For the P6*6, the physics may not be obvious, but the math is simple (“^2” means “squared”):




Exposure Factor = (pinhole camera's f/stop / metered f/stop) ^ 2  


Thus:

Exposure Factor = (167 / 22) ^ 2 = 7.59 ^2 = 57.6

Multiply the exposure factor by the metered shutter speed to obtain the pinhole shutter speed. Any necessary Reciprocity Failure correction must yet be added to this exposure duration. If you have some experience with spreadsheet software, it is not difficult to make a table that looks like Appendix IV. If you haven't noticed, I really like the PinholeDesigner program. It will output a handy exposure table in a couple of file formats. The table I included was modified from a PinholeDesigner document.

Lacking a light meter, you still possess an extremely sensitive optical tool for the purpose of assessing luminance and determining your exposure: you eyes.  (See Appendix V)

Any accurate meter can work (sadly, many cool vintage meters are junk), but you'll be happiest with one that either:

· calculates an exposure duration for an f/stop you have selected, or 

· generates an Exposure Value (EV)

Metering your Exposure

If you've never used a light meter before, a manual is invaluable. Set your meter (or automatic camera) for your film's speed  – It will be marked on the box or packaging as an ISO or ASA number or as part of the film's name. The following instructions pertain specifically to the P6*6 – If you're using these instructions for a different pinhole camera, you will need to calculate an exposure factor for that camera.

Meter output: Exposure Duration (Shutter Speed)

If your light meter is the type that calculates an Exposure Duration from a selected f-stop, meter the scene for f/22. (If you're using an automatic camera to meter the exposure, set the camera to “Aperture-Priority” and use the camera to calculate a shutter speed for f/22 – again, this will be detailed in the manual.) Multiple this shutter speed by 58 and add any reciprocity failure correction. If you're using one of the films featured in the chart in Appendix IV, read down the column labeled “Time for f/22” to the metered shutter speed, then across the table to the column for your film. This is the exposure duration for the photograph you are making. 

Meter output: Exposure Value

If your light meter is the type that calculates an Exposure Value from a selected f-stop, meter the scene and read the exposure value. Such meters usually have a dial or gauge with a pointer that is manually rotated to the metered EV. Rotating this dial correlates a range of shutter speeds to a range of f/stops. (If your meter doesn't have a dial, select f/22 per your meter's manual.) Read the shutter speed that correlates with f/22. Multiple this shutter speed by 58 and add any reciprocity failure correction. If you're using one of the films featured in the chart in Appendix IV, read down the column labeled “Exposure Value” to the metered EV, then across the table to the column for your film. This is the exposure duration for the photograph you are making. 

Lacking a meter of any kind, you still have a pretty good ability to judge the luminance of what you want to photograph. Appendix V lists a variety of natural and artificial lighting conditions and their equivalent Exposure Value for films with a sensitivity of ISO100. This method can be used with the exposure duration chart in Appendix IV as detailed above. If you are using a film speed faster than 100, mentally shift the number in the EV100 column down once per doubling of film speed (for ISO 200 shift numbers down once, for ISO 400 twice, 800 thrice). NOTE: The exposure durations for the only ISO 400 film in Appendix V have been adjusted to be metered as ISO 100. 

The Moment of Truth – Making an Exposure

When you critically consider the making of a photograph, you are actively engaging the creative part of your brain and experiencing the world differently than you normally see it. Whether the next pinhole photograph you make is your first, or five hundredth, you are well-prepared to create something remarkable. 

Use a tripod

At the very least, place your camera on a steady surface. Prolonged pinhole exposures require a stationary camera for clear shots (if you're experimenting with camera motion, then rock on). For my purposes, I find any exposure duration less than two seconds a no-go. I don't like the blur that shutter movement usually creates with “short” shutter speeds. This is when I regret shooting the P6*6 with ISO 100 film in bright sunlight.

Frame your subject

The P6*6 has a 62º angle of view in both vertical and horizontal dimensions. I haven't yet designed a satisfactory viewfinder, but a 60º angle is easy to approximate. Geometry geekiness: I cross my pointer fingers, forming two sides of an equilateral triangle and use them to point to the edges of the framed scene. This generally works quite well for composing scenic elements in the frame of the photograph.

Time your exposure

For exposure less than a minute, I use my watch. For longer exposures, I use a countdown stopwatch app on my Droid smartphone. There are many apps to chose from, but fully understand how yours works. The longer the exposure duration, the less effect a given timing error has on that exposure. 

If in doubt, shoot it out

Bracketing questionable exposures is a technique whereby a scene is shot multiple times with incremental changes in stops. For the Pinholer, this means multiple multiple shots with different exposure durations. You can also play with partial steps in shutter speed. Film is cheap. Don't be afraid to experiment.

Shutter closed? Cap tight? Don't drop your camera. Have Fun

[image: image8.emf]Pinhole Camera Exposure Durations

P6*6 – 120 film pinhole     f-Stop: 167

http://www.thingiverse.com/thing:157844

Recommended to use a light meter for exposure calculations

With Reciprocity Failure 

Exposure Value Time for f/22 f/167 RF RF RF RF RF

1/1000 1/15 1/15 1/15

1/500 1/8 s ← not recommended

1/250 ¼ s ¼ s ¼ s      (too fast)

1/125 ½ s ½ s ½ s

15

1/60 1 s 1 s 1 s 1.4 s 1 s ¼ s

14

1/30 2 s 2 s 4 s 3 s 2 s ½ s

13

1/15 4 s 4 s 9 s 6.5 s 4 s 2 s

12

1/8 7 s 7 s 20 s 14 s 7 s 5 s

11

1/4 14 s 14 s 51 s 30 s 14 s 15 s

10

1/2 29 s 29 s 2 m 68 s 29 s 30 s

9

1 s 58 s 58 s 8 m 1 m 40 s 58 s 1 m 30 s

8

2 s 2 m 2.5 m 27 m 6 m 20 s 2 m 40 s 3 m 30 s

7

4 s 4 m 5 m 2 h 14 m 30 s 6 m 9 m 15 s

6

8 s 8 m 10 m 6 h 38 m 13 m 40 s 25 m

5

15 s 14 m 19 m  22 h 120 m 44 m 48 m ?

4

30 s 29 m 43 m 88 h 1 h 1 h 35 m ?

3

1 m 58 m 80 m 348 h 2 h 6 m 3 h 8m ?

2

2 m 2 h 3 h 1390 h 4h 40 m 6 h 17 m ?

**Reciprocity failure for these and other films available from

NOTES:

Kodak 400TX exposure time adjusted for metering at ASA 100 ( -2 stops)

- Use same EV / f/22 values

- Longer exposures experimental

6X6 fame, 0.30mm 

pinhole, 50mm 

focal length

Fuji 

Neopan 

Acros 

100**

Ilford 

Delta 

100**

Kodak 

Ektar 100

Fuji  Velvia 

100

Kodak 

400TX   

see note

1/8 s 1/8 s

Pinhole Designer application: http://www.pinhole.cz/en/pinholedesigner/


Glossary

(heavily pinhole photography biased – terms referring to “lens” apply to a pinhole unless noted)

Ambient Light- The the natural light in a scene. It can be described by it's luminance or quality. It may be bright or dim, it may cast sharp, high-noon shadows. An overcast sky washes your subject with an even, diffuse light. The setting sun will impart a warm, rosy glow.

Analog Photography- Commonly used to refer to film photography. However, analog photographs are commonly converted to a digital format for processing or publication. 

Angle of View- Refers to the angular measurement of the scene that will be in the photo. It is determined by the focal length of the lens and the format of the camera and is usually measured across the diagonal of the frame.

Aperture- A precisely gauged opening of known size that allows exposure to be controlled. For conventional lensed cameras, this is incremented in discrete F-Stops that halve the light of the previous F-Stop. A Pinhole camera has a single, very small aperture and a proportionately larger f-stop or f-number. One of the four exposure parameters: film speed, luminance, aperture diameter, and exposure duration.

Aperture Priority- an exposure system used in some automatic cameras in which the aperture is selected by the user and the appropriate shutter speed is controlled automatically.

ASA- See ISO. See film speed.

Auto-exposure- Exposure calculated and effected by a simple computer that measures luminance, relative to a selected exposure duration or aperture.

Bracketing- An exposure technique to assure an accurate, or preferable, exposure by shooting a sequence of images at different settings. Always prudent with a new pinhole camera.

Cable release- A long sheathed wire connected to the camera, which allows a photographer to operate the shutter without touching the camera. Useful for long exposures.

Camera obscura- The predecessor of the lensed camera, essentially a box with a small aperture in the front, used to project an image onto a surface.

CCD- Charge-Coupled Device – A computer chip that reacts to light. This is the "film" of digital cameras.

Color Temperature- A scale used for rating the color quality of light. Measured in degrees Kelvin (K). The temperature of daylight on a sunny day is expressed as 5500K; light from a tungsten lamp, 3200K to 3400K.

Composition- The arrangement of elements in a photograph.

Contrast- A measure of the rate of an image's change of brightness. High contrast implies dark black and bright white content; medium contrast, a good spread from black to white; low contrast, a small spread of values from black to white.

Cropping- Trimming any part of the periphery of a picture, to remove unwanted elements, or improve the composition. 

Depth of field- A range of distance from the camera in which subjects are in focus. Lengthens with decrease in aperture diameter. 

Diffused light- Scattered, indirect light rays, usually because of something such as fog or clouds in the way of the rays' paths or multiple soft reflections.

Digital Photography- Commonly used to refer to photography that captures an image on a light-sensitive computer chip. However, analog photographs are commonly converted to a digital format for processing or publication. 

Double Exposure- Two exposures on the same frame. With film cameras, the film is not wound forward after the first exposure. In digital photography, a double exposure is most commonly made by combining two images using an image editing program.

Dye sensitizers- Part of film that increases its color spectrum sensitivity.

Dynamic Range- Photographers use "dynamic range" for the luminance range of a scene being photographed, or the limits of luminance range that a given digital camera or film can capture. The dynamic range of sensors used in digital photography is many times less than that of the human eye and generally not as wide as that of chemical photographic media (i.e. film).

Emulsion- Part of film that is sensitive to light, made up of teeny-tiny silver halide crystals. There can be several emulsion layers in film, each sensitive to specific colors.

Exposure- The total amount of light falling on the film or image sensor. Typically used to mean the duration of the exposure, but actually the combination of aperture and exposure duration.  An exposure of 1 second at f-stop 16 exposes the film to the same amount of light as 2 seconds at f-stop 22 (f/22 is half as large as f/16; f/22 admits half the light of f/16).

Exposure Duration- Shutter speed. How long the camera's shutter is open during an exposure. This directly affects the amount of light that falls on the  film or sensor. One of the four exposure parameters: film speed, luminance, aperture diameter, and exposure duration.

Exposure Factor- A constant multiplied by a shutter speed to obtain an equivalent exposure with a different aperture size (or accessory such as a filter that reduces light). In pinhole photography, the shutter speed for an exposure metered for a larger f-stop (often f/22) is multiplied by a camera's exposure factor to obtain the correct exposure duration (minus any reciprocity failure adjustment). The exposure factor for the P6*6 (f/167) is 57.6, rounded to 58.  

Exposure Meter- Also Light Meter. 

Exposure Value (EV)-  A number that represents available combinations of shutter speed and aperture that offers the same exposure effect for a given intensity of light (luminance), as measured for the photographic subject.  This number changes with the film speed. Reciprocity Failure for lengthy exposures is not calculated, and must be manually added to the exposure duration.

F-Stop (also F-Number)- A relative numerical scale directly related to aperture size and focal length. (Math Alert) F-Stop = F/D, where F is the focal length, and D is the diameter of the aperture. Typically adjusted in lensed cameras in discrete steps, known as f-stops. Each “stop” is 1.4 times larger than the preceding one, and indexes a halving of the amount of light allowed to pass through the aperture.  The numbers correspond to the sequence of the powers of the square root of 2. The scale is open-ended, but a small sample looks like this: ...f/2, f/2.8, f/4, f/5.6, f/8, f/11, f/16, f/22 …  A pinhole camera  has a small aperture and large f-number, i.e. f/256

Film- Material sensitive to light, typically made out of tiny silver-based crystals on a transparent plastic or celluloid which react when light rays hit it. The Latent Image is developed during precisely-timed exposure to chemical solutions.

Film Format- A definition of a set of standards regarding image capture on photographic film. The primary characteristic of a film format is its size and shape, but also includes sprocket hole placement and other indexing devices.

Film Plane- The physical location of film (or a CCD) relative to the lens (or pinhole). May be curved to alter perspective.

Film speed- How sensitive to light a single roll of film is, measured in ISO / ASA or DIN values. The higher the number, the more sensitive to light. For ISO/ASA ratings, it is a linear scale; 400 is twice as fast as 200; 100 is four times as slow as 400.  One of the four exposure parameters: film speed, luminance, aperture diameter, and exposure duration.

Filter- An optical accessory positioned in the path of light from the subject to the film or sensor. A filter can be inside or outside the camera, and can affect light by altering color, focus, or clarity. Anything that passes light can be used as a filter. 

Focal Length- The distance from the effective center of the lens to the film plane. Commonly applied to pinhole cameras despite the absence of a true focused image.

Graininess- A term particular to film, it refers to the appearance of grain (the structure of a film's coating or emulsion) in a print, transparency or negative. Generally, fast film has more grain than slow film.

Ground glass- Pane of frosted glass found in view cameras that serves as the viewfinder when the image is projected or focused on the pane. This is replaced with the film when making a photograph.

ISO- Also ASA. See “film speed”. 

Natural light- Non-artificial light, typically from the sun.

Large Format- Generally, applies to film and digital cameras that record images on media larger than 4 by 5 inches. These view cameras shoot sheet film, in formats ranging from 4X5 inches to 20X24 inches. 

Latent Image- An exposed piece of film contains an invisible latent image until it is processed. 

Light Meter- A device that measures light intensity (a scene's luminance) to determine the combination of shutter speed and f-stop needed to make an optimum exposure. A meter must be pre-set for the speed of the film to be exposed.

Luminance- The intensity of light for the purpose of photographic exposure. How bright a photographic subject is. Typically measured as how much light is reflected by mid-tones in the scene. Luminance can be increased with reflectors or supplementary light sources or decreased with filters. One of the four exposure parameters: film speed, luminance, aperture diameter, and exposure duration.

Medium-Format- Generally, applies to film and digital cameras that record images on media larger than 24 by 36 mm, but smaller than 4 by 5 inches. Formerly, there were several medium-format films available. 120 is the only remaining option for transparency film, but some instant films would be considered medium format.

Overexposed Film- Film that received too much light. 

Photograph- a picture made using a camera, in which an image is focused onto film or other light-sensitive material and then made visible and permanent by chemical treatment, or digital storage.

Photon- Simply put: A particle of light. Properly, a particle representing a quantum of light or other electromagnetic radiation. 

Photosensitive material-See Film

Pinhole camera- The simplest of all cameras, it is essentially a box with film on one end, and a small shuttered hole on the other. The aperture is fixed and tiny (literally a pinhole). For a given film speed, duration is the only aspect of exposure that can be controlled by the photographer. Despite their limitations, pinhole cameras are used to create remarkable and unique photographs. Converting am analog or digital SLR to shoot pinhole photographs is a popular modification.

Point-and-shoot camera- A compact, usually inexpensive camera especially suited for candid shots, because of its size. Point and shoots are typically completely automatic, for ease of use

Process- Creating a visible image from unexposed film. This is usually done in a darkroom or with dedicated developing chemicals and equipment. Instant films use intrinsic reserves of processing chemicals that are applied during the mechanical removal/ejection of the film. Also used to mean digital post-processing of digital or analog images.

Professional film- Film formulated for (somebody's idea of) optimal color balance, and typically recommended to be kept cool. Spendy, but nice to use.

Proper exposure- Exposure that is not too dark, nor too bright.

Reciprocity Failure- A phenomenon that occurs when film is exposed under conditions that are not within its practical brightness range.  Of vital concern to any photographer making long exposures.  As exposure durations get longer, every film's sensitivity decreases by a unique quantity. To compensate for this effect, a long exposure require that additional time be added to the calculated exposure duration, ranging from trivial to inconveniently long. This is film-specific and usually determined for pinhole photography through trial and error. 

Reversal Film- Also called positive film or slide film. When exposed and processed, images appear similar to the subject in tone and color.

Roll film- A long strip of spooled film, sometimes supplied in a canister or cartridge. This is used by SLRs, point-and-shoots, and medium format cameras. There are typically 12-36 frames in a roll. This is also a common name for medium-format 120/220 film.

Rule of thirds- A method of framing your photographic subject by dividing the scene into thirds, horizontally and vertically.

Sensor- See CCD.

Sheet film- Type of film that is placed in a camera or a film holder individually. This is the standard type of film found in view cameras. Sheet film comes in several formats or sizes, all much larger than roll film. Termed “large format”, one sheet yields one exposure.

Shutter- Mechanism that opens for a calculated exposure duration and then closes to achieve a desired exposure on film or a sensor. 

Shutter Priority- a system used in some automatic cameras in which the shutter speed is selected by the user and the appropriate aperture is then set by the camera.

Shutter Speed- Exposure Duration. How long the shutter is open when making a photograph. May be a fraction of a second, many minutes, hours, or days. One of the four exposure parameters: film speed, luminance, aperture diameter, and exposure duration.

Silver halide crystals- Tiny crystals used in the manufacturing of film that are sensitive to light

SLR- Single Lens Reflex, a camera whose viewfinder is the actual picture-taking lens. The photographer sees in the viewfinder the same image that will be captured. Can be a digital or analog camera.

Stop- An incremented range of camera settings for: film speed, aperture diameter, or  exposure duration. (May be adjusted in partial stops) A whole stop halves or doubles the amount of light that reaches the film or sensor. 

Sunny 16 rule- A quick guideline for exposure on a bright sunny day: Set the aperture at f/16 and the shutter speed to the fraction closest to the film's speed (for example, 1/125 second for ISO 100 film).

Underexposed Film- Film that didn’t receive enough light.

Vignetting- Slight light “fall off” at the periphery of the frame when making an exposure. It is impossible to get the same amount of light to the edges of the image circle as the center (the light going to the periphery illuminates a larger area, thus is weaker). This light fall off creates a very slight reduction of exposure on the corners of squared image. This darkening in the corners is called vignetting.

A second type of vignetting is called Mechanical Vignetting. This is caused by something obscuring the light path such as a poorly-designed filter holder or lens hood. In a homemade pinhole camera this might occur because the design of the camera restricts the angle of light that would otherwise fill the frame. 

Appendix I
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Appendix II

Useful Links 

Here are a couple of videos that explain the basics of pinhole photography (worth a watch!):

http://www.y

 HYPERLINK "http://www.youtube.com/watch?v=LutIudRhm10&list=PL36B9AF146FD58457&index=2"
outube.com/watch?v=LutIudRhm10&list=PL36B9AF146FD58457&index=2

http://www.y

 HYPERLINK "http://www.youtube.com/watch?v=bXtMdCBwLLs&list=PL36B9AF146FD58457"
outube.com/watch?v=bXtMdCBwLLs&list=PL36B9AF146FD58457
An encyclopedic article with cross references:

http://en.wik

 HYPERLINK "http://en.wikipedia.org/wiki/Pinhole_camera"
ipedia.org/wiki/Pinhole_camera
A self-described comprehensive pinhole tutorial:

http://www

 HYPERLINK "http://www.diyphotography.net/the-comprehensive-tech-guide-to-pinhole-photography"
 diyphotography.net/the-comprehensive-tech-guide-to-pinhole-photography
The basics from Kodak - a quick and dirty primer.

http://www

 HYPERLINK "http://www.kodak.com/ek/US/en/Pinhole_Camera.htm"
.kodak.com/ek/US/en/Pinhole_Camera.htm
Make your own pinhole:

http://www.w

 HYPERLINK "http://www.withoutlenses.com/articles/how-to/drill-your-own-precision-pinhole-apertures"
ithoutlenses.com/articles/how-to/drill-your-own-precision-pinhole-apertures
Pinhole Designer - an excellent pinhole design and exposure calculator. The reciprocity failure function is gold. Sadly, Windows only, but worth it.

http://www.p

 HYPERLINK "http://www.pinhole.cz/en/pinholedesigner/"
inhole.cz/en/pinholedesigner/
Mr. Pinhole - More calculators and more links.

http://www.mr

 HYPERLINK "http://www.mrpinhole.com/index.php"
pinhole.com/index.php
Worldwide Pinhole Photography Day (WPPD):

http://www.pi

 HYPERLINK "http://www.pinholeday.org/"
nholeday.org/
A paper pinhole camera, 2D printed in a Czechoslovakian magazine, in the 1970's:

http://www.p

 HYPERLINK "http://www.pinhole.cz/en/pinholecameras/dirkon_01.html"
inhole.cz/en/pinholecameras/dirkon_01.html
Wikipedia article on Zone Plates and Z.P. photography:

http://en.wikipedia.org/wiki/Zone_plate 

Photos! Actual-factual photographs made with my P6*6:


http://www.flickr.com/photos/theschlem/sets/72157636632862045/ 

Pix of the P6*6 development (get it? Develop?):


http://www.flickr.com/photos/theschlem/sets/72157636258787994/ 

A Flickr group for 3D Printed Cameras;


http://www.flickr.com/groups/3dpcams/ 

The P6*6 was designed using Tinkercad and OpenSCAD:


https://tinkercad.com/ 


http://www.openscad.org/ 

Appendix III

Using the optional film clip with the P6*6 3D Printed Pinhole Camera

Film Clip download: http://www.thingiverse.com/thing:197924 

P6*6 Pinhole Camera download: http://www.thingiverse.com/thing:157844 

The P6*6 is a 3D printed pinhole camera using 120 film, with a nominal 6X6 frame format. I am very satisfied with all aspects of this camera's design except for one obvious defect. Occasionally, when unloading an exposed roll of film, the inherent springiness of film causes the film to unwind loosely on the take-up spool before it can be removed safely. Any attempt to tighten the exposed film on the spool allows for light leaks that will fog and, ultimately, ruin your negatives, unless you unload the camera in a light-proof environment. I haven't seen a pattern for this effect in the various types of film I have used. It seems to be roll-specific, possibly related to where in a manufacturer's bulk roll the length of film was cut. 
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Initially, I recommended that photographers glue a small block of foam inside the take-up spool cavity to maintain a gentle pressure on the exposed film on the take-up spool. In practice, however, I found this solution unworkable – the porous foam absorbed glue, becoming a rigid obstruction that made loading and unloading the camera impossible. 

The film clip I designed fits into a P6*6 without modification (unless you tried using foam – you'll need to remove all traces of it).  I designed three sizes with progressively larger diameters, but I find the smallest size (arbitrarily labeled “25”) to work perfectly. These parts all have a very thin raft to maximize adhesion to your print bed. The rafts can be removed by bending them downwards and filing or shaving the slight burr left on the bottom of the clip. I had excellent results printing these with a single perimeter and 70% infill for strength. More perimeters generates inconsistent infill.  

Note the orientation of the open side of the clip – you will not be able to load the film in any other orientation. By convention, the take-spool is shown on the right side of the camera, but the P6*6 is symmetrical and you may have your reasons for winding the exposed film on the left. 

[image: image11.jpg]


The “ears” (the bits that stick up) position the body of the clip around the middle of the film. I have not experimented with the clip in the upside-down position, but I expect it to work equally well.  There is a convenient ridge at the joint where the extension meets the camera body that prevents the clip from rotating. You may find that you need to gently pry the the full spool out of the camera when unloading. I haven't tested the inside diameter of the clip to work with all brands of 120 film, and variations in film and/or backing thickness could make the clip too tight on a full spool. The danger of a too-tight clip is twisting off the winder spade at the knob. If you are shooting a new brand of film, a quick check would be to assess the fit of the clip on the unexposed roll, before loading. The clip should be slightly loose on a new roll of film. You will still need to manually tighten the roll of exposed film after unloading the camera.  Happy Pinholing!
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Appendix IV

[image: image13.emf]Tabulated exposure values

Lighting Condition EV100

Daylight

Light sand or snow in full or slightly hazy sunlight (distinct shadows) a 16

Typical scene in full or slightly hazy sunlight (distinct shadows) a, b 15

Typical scene in hazy sunlight (soft shadows) 14

Typical scene, cloudy bright (no shadows) 13

Typical scene, heavy overcast 12

Areas in open shade, clear sunlight 12

Outdoor, Natural light

Rainbows

Clear sky background 15

Cloudy sky background 14

Sunsets and skylines

Just before sunset 12–14

At sunset 12

Just after sunset 9–11

Full 15

Gibbous 14

Quarter 13

Crescent 12

Moonlight, Moon altitude > 40°

Full −3 to −2

Gibbous −4

Quarter −6

Aurora borealis and australis

Bright −4 to −3

Medium −6 to −5

Milky Way galactic center −9

An exposure meter may not always be available, and using a meter to determine exposure for 

some scenes with unusual lighting distribution may be difficult. However, natural light, as 

well as many scenes with artificial lighting, is predictable, so that exposure often can be 

determined with reasonable accuracy from tabulated values.

Table 2. Exposure values (ISO 100 speed) for various lighting conditions[3]

The Moon,c altitude > 40°


Appendix V
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Adapted from http://en.wikipedia.org/wiki/Exposure_value 
a 
Values for direct sunlight apply between approximately two hours after sunrise and two hours before sunset, and assume front lighting. As a rough general rule, decrease EV by 1 for side lighting, and decrease EV by 2 for back lighting

b
This is approximately the value given by the sunny 16 rule.

C
These values are appropriate for pictures of the Moon taken at night with a long lens or telescope, and will render the Moon as a medium tone. They will not, in general, be suitable for landscape pictures that include the Moon. In a landscape photograph, the Moon typically is near the horizon, where its luminance changes considerably with altitude. Moreover, a landscape photograph usually must take account of the sky and foreground as well as the Moon. Consequently, it is nearly impossible to give a single correct exposure value for such a situation.


[image: image1.emf]Tabulated exposure values, continued

Lighting Condition EV100

Outdoor, Artificial Light

Neon and other bright signs 9–10

Night sports 9

Fires and burning buildings 9

Bright street scenes 8

Night street scenes and window displays 7–8

Night vehicle traffic 5

Fairs and amusement parks 7

Christmas tree lights 4–5

Floodlit buildings, monuments, and fountains 3–5

Distant views of lighted buildings 2

Indoor, Artificial Light

Galleries 8–11

Sports events, stage shows, and the like 8–9

Circuses, floodlit 8

Ice shows, floodlit 9

Offices and work areas 7–8

Home interiors 5–7

Christmas tree lights 4–5
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