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PREFACE TO THE THIRD EDITION


Welcome to the Digital Age. In the decade since the last edition, we have seen radical changes to filmmaking techniques in the fields of picture and sound editing, sound recording, and visual effects. While at first only well-budgeted studio productions could afford these new digital tools, many of them are now available to the general consumer.

With the introduction of 24 fps progressive-scan video cameras in the year 2000, we finally saw digitally “captured” moving images that felt more filmlike than those that previous generations of video technology were capable of delivering. Many “experts” jumped the gun and predicted the death of film. In particular, they suggested that the 16mm format, for years the only affordable alternative to 35mm for projects traditionally shot on film, would soon be gone.

However, 16mm continues to be a popular format for a number of reasons. For one thing, advances in film emulsion technology have considerably improved the grain and sharpness of the 16mm image. Digital technology has improved how the format looks transferred to video and even allows a high-quality method of copying the image onto the 35mm format for theatrical projection. So even though some filmmakers may be using digital video instead of film these days, 16mm has established itself as an excellent format for those with a modest budget who still need to get as close as possible to the look of 35mm film.

The truth is that motion picture production, postproduction, distribution, and exhibition have been using a hybrid film-digital system for years now. Film is still the primary method of capturing moving images and showing them in theaters, yet converting that image into a digital format for editing, visual effects manipulation, color-correction, and final distribution to home video and broadcast and cable television systems is unavoidable. Therefore, film and digital are partners more than competitors.

This book concentrates on the work of the cinematographer—the person responsible for the photography of a motion picture. It touches briefly on techniques of sound recording, cutting, and production logistics, because some knowledge in these areas is necessary for the serious cameraperson, especially in view of the increasing trend toward personal filmmaking, where a single creative individual performs the multiple functions of a film crew.

This edition has been updated to reflect current production trends and changes due to new technologies, especially as they relate to the 16mm format. However, the heart of cinematography—and this book—continues to be traditional photographic and lighting concepts. If you want to understand how to create an image, you have to understand light and all of its properties, because there is no image without it. Therefore, many of the techniques discussed in this book are applicable to filmmakers working outside the realm of 16mm.

In the continuing quest to be more innovative and experimental, it is extremely useful to know the existing principles before one tries to break them. The only really important outcome of filmmaking is what happens in the heads of the audience members. That is what counts. But the long and painstaking route to the audience begins with light and continues through the lens and film in a movie camera. This book will try to help you take that route and record your creative vision with fewer frustrating disappointments and more competency and joy.



1
CAMERAS


The cinematographer’s most basic tool is the motion picture camera. This piece of precision machinery comprises scores of coordinated functions, each of which demands understanding and care if the camera is to produce the best and most consistent results. The beginning cinematographer’s goal should be to become thoroughly familiar and comfortable with the camera’s operation, so that he or she can concentrate on the more creative aspects of cinematography.

This chapter covers many isolated bits of practical information. However, once you become familiar with camera operation, you will be able to move on to the substance of the cinematographer’s craft in subsequent chapters. In the meantime, you are well advised to try to absorb each operation-oriented detail presented in this chapter, because operating a camera is all details. If any detail is neglected, the quality of the work may be impaired.

PRINCIPLE OF INTERMITTENT MOVEMENT

The film movement mechanism is what really distinguishes a cinema camera from a still camera. The illusion of image motion is created by a rapid succession of still photographs. To arrest every frame for the time of exposure, the principle of an intermittent mechanism was borrowed from clocks and sewing machines. Almost all general-purpose motion picture cameras employ the intermittent principle.

Intermittent mechanisms vary in design. All have a pull-down claw and pressure plate. Some have a registration pin as well. The pull-down claw engages the film perforation and moves the film down one frame. It then disengages and goes back up to pull down the next frame. While the claw is disengaged, the pressure plate holds the film steady for the period of exposure. Some cameras have a registration pin that enters the film perforation for extra steadiness while the exposure is made.

Whatever mechanism is employed requires the best materials and machining possible, which is one reason good cameras are expensive. The film gate (the part of the camera where the pressure plate, pull-down claw, and registration pin engage the film) needs a good deal of attention during cleaning and threading. The film gate is never too clean. This is the area where the exposure takes place, so any particles of dirt or hair will show on the exposed film and perhaps scratch it. In addition to miscellaneous debris such as sand, hair, and dust, sometimes a small amount of emulsion comes off the passing film and collects in the gate. It must be removed. This point is essential. On feature films, some camera assistants clean the gate after every shot. They know that one grain of sand or bit of emulsion can ruin a day’s work.

The gate should first be cleaned with a rubber-bulb syringe or compressed air to blow foreign particles away. Cans of compressed air must be used in an upright position; otherwise they will spray a gluey substance into the camera. When blowing out the aperture, it is recommended that you spray from the open lens port side, with the mirror shutter cleared out of the way, through the aperture, rather than from inside the threading area into the aperture. This helps prevent blowing particles into the mirror area. An orangewood stick, available wherever cosmetics are sold, can then be used to remove any sticky emulsion buildup. There is also an ARRI plastic “skewer” for this job, bent at the end to allow you to get the inner edges of the aperture better. The gate and pressure plate should also be wiped with a clean chamois cloth—never with linen. Never use metal tools for cleaning the gate, or, for that matter, for cleaning any part of the film movement mechanism, because these may cause abrasions that in turn will scratch the passing film. Do not use Q-tips either, as these will leave lint behind.

The gate should be cleaned every time the camera is reloaded. At the same time, the surrounding camera interior and magazine should also be cleaned to ensure that no dirt will find its way to the gate while the camera is running.

The intermittent movement requires the film to be slack so that as it alternately stops and jerks ahead in one-frame advances, there will be no strain on it. Therefore, one or two sprocket rollers are provided to maintain two loops, one before and one after the gate. In some cameras (such as the Bolex and Canon Scoopic), a self-threading mechanism forms the loops automatically. In Super-8 cassettes and cartridges, the loops are already formed by the manufacturer. On manually threaded cameras, the film path showing loop size is usually marked.

Too small a loop will not absorb the jerks of the intermittent movement, resulting in picture unsteadiness, scratched film, broken perforations, and possibly a camera jam. An oversize loop may vibrate against the camera interior and also cause an unsteady picture and scratched film. Either too large or too small a loop will also contribute to camera noise.

Camera Speeds

The speed at which the intermittent movement advances the film is expressed in frames per second (fps). Each frame exposed is a single sample of a moving subject, so the higher the sampling rate, that is, the faster the frame rate, the smoother the motion will be reproduced. To reproduce movement on the screen faithfully, the film must be projected at the same speed as it was shot. Standard shooting and projection speed for 16mm and 35mm is 24 fps; standard speeds for 8mm and Super-8 are 24 fps for sound and 18 fps (or 24 fps) for silent.

If both the camera and the projector are run at the same speeds, say 24 fps, then the action will be faithfully reproduced. However, if the camera runs slower than the projector, the action will appear to move faster on the screen than it did in real life. For example, an action takes place in four seconds (real time) and it is photographed at 12 fps. That means that the four seconds of action is recorded over forty-eight frames. If it is now projected at standard sound speed of 24 fps, it will take only two seconds to project. Therefore, the action that took four seconds in real life is sped up to two seconds on the screen because the camera ran slower than the projector.

The opposite is also true. If the camera runs faster than the projector, the action will be slowed down in projection. So to obtain slow motion, speed the camera up; to obtain fast motion, slow the camera down.
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1.1 Arriflex SR3 camera. (Courtesy of ARRI Group)
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1.2 Arriflex camera gate.
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1.3 Arriflex intermittent mechanism. (Courtesy of ARRI Group)

This variable speed principle has several applications. Time-lapse photography can compress time and make very slow movement visible, such as the growth of a flower or the movement of clouds across the sky. Photographing slow-moving clouds at a rate of, say, one frame every three seconds will make them appear to be rushing through the screen when the film is projected at 24 fps. On the other hand, movements filmed at 36 fps or faster acquire a slow, dreamy quality at 24 fps on the screen. Such effects can be used to create a mood or analyze a movement. A very practical use of slow motion is to smooth out a jerky camera movement such as a rough traveling shot. The jolts are less prominent in slow motion.

To protect the intermittent movement, never run the camera at high speeds when it is not loaded.

When sound movies arrived in 1927, 24 fps was firmly established as the standard shooting and projection rate, although it was a frame rate occasionally used by Silent Era filmmakers. It is not actually the ideal frame rate for the recreation of motion, as it provides barely enough individual motion samples over time to create the sensation of smooth, continuous motion when played back. However, it’s become the frame rate that audiences are most accustomed to seeing in movies and has become an integral part of the “film look” that many people discuss these days as they attempt to get video technology to emulate film. The main artifacts to this fairly low frame rate are strobing and flicker. Strobing is the effect of sensing that the motion is made up of too few samples and therefore does not feel continuous. One of the ramifications is that it is sometimes necessary to minimize fast movement, such as when panning the camera across a landscape; otherwise the motion seems too staccato, too jumpy. Flicker happens when the series of still images are not being flashed quickly enough for the viewer to perceive the light and image as being continuously “on.” The solution generally has been for film projectors to use a twin-bladed shutter to double the number of times the same film frame is flashed before the next frame is shown. So even if the movie was shot and then projected at 24 fps, the viewer is seeing forty-eight flashes per second on the screen.

SHUTTER

A change in camera speed will cause a change in shutter speed. In most cameras the shutter consists of a rotating disk with a 180°cutout (a half circle). As the disk rotates it closes over the aperture, stopping exposure and allowing the movement to advance the film to the next frame. Rotating further, the cutout portion allows the new frame to be exposed and then covers it again for the next pull-down. The shutter rotates constantly, and therefore the film is exposed half the time and covered the other half. So when the camera is running at 24 fps, the actual period of exposure for each frame is 1÷48 second (half of 1÷24). Varying the speed of the camera also changes the exposure time. For example, by slowing the movement by half, or to 12 fps, we increase the exposure period for each frame, from 1÷48 to 1÷24 second. Similarly, by speeding up the movement, doubling it from the normal 24 fps to 48 fps, we reduce the exposure period from 1÷48 to 1÷96 second. Knowing these relationships, we can adjust the f-stop to compensate for the change in exposure time when filming fast or slow motion.

A change in the speed of film movement can be useful when filming at low light levels. For example, suppose you are filming a cityscape at dusk and there is not enough light. By reducing your speed to 12 fps, you can double the exposure period for each frame, giving you an extra stop of light that may save your shot. Of course, this technique would be unacceptable if there were any pedestrians or moving cars in view; they would be unnaturally sped up if the film were projected.
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1.4 180° rotating shutter.

Some cameras are equipped with a variable shutter. By varying the angle of the cutout we can regulate the exposure. For example, a 90° shutter opening transmits half as much light as a 180° opening. Some amateurs make fade-outs and fade-ins on their original film by using the variable shutter, assuming it can be changed smoothly while the camera is running. Professionals generally have all such effects done in the lab.

Since changing the camera speed also changes the exposure, you can compensate for a speed change in midshot (called speed ramping) by adjusting either the f-stop or the shutter to maintain the correct exposure. For example, a speed change from 24 fps to 12 fps would cause twice as much light to reach the film by the time it was running at 12 fps, so you could simultaneously close down the shutter angle from 180° to 90° as the frame changes, thus counteracting the exposure increase. However, the rendition of motion will be different when you alter the shutter angle, not just when you alter the frame rates.

Shutter movement is directly responsible for the stroboscopic effect. Take the example of the spokes of a turning wheel. Our intermittent exposures may catch each succeeding spoke in the same place in the frame, making the spinning wheel appear to be motionless. The camera may even catch each spoke in a position counterclockwise to the previous spoke captured, making the wheel look like it is running in reverse. Another variation, called skipping, results from movement past parallel lines or objects, such as the railings of a fence. They may appear to be vibrating. These effects will increase with faster movement and with a narrower shutter angle.

Exposure time controls the amount of motion blur recorded on each frame; due to the low sampling rate of 24 fps, a certain amount of blur is needed to make a moving object on one frame visually “blend” with the next frame. Too little blur and the motion seems too “sharp” and the viewer becomes more aware as to how few motion samples there really are; it no longer feels continuous but instead “steppy.” Therefore, shooting at 24 fps with a closed-down shutter, like at a 45° or 90° angle, will cause faster motion to strobe heavily. This has been used as a creative effect by some filmmakers, since it adds a certain nervous, jittery energy to action scenes. The movie Saving Private Ryan is the most famous example of this technique; many of the battle scenes were shot handheld with a 45° shutter angle. It’s also a useful technique when shooting spraying water or falling rain, if you want to see each droplet more clearly.

[image: Image]

1.5 Arriflex SR3 adjustable shutter.
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1.6 Stroboscopic effect.

There are other reasons to use a shutter angle other than 180°, such as for filming TV screens or lights that pulse with their AC current. (See chapter 8.)

VIEWING SYSTEMS

In many cameras the shutter performs a vital role in the viewing system. The front of the shutter has a mirror surface that reflects the image into the viewfinder when the shutter is closed. The great advantage of this reflex system is that all the light goes alternately to the film and to the camera operator’s eye, providing the brightest image possible. The surface of the mirror shutter should be cleaned only with an air syringe or gently with compressed air; nothing should be allowed to touch it.

Other systems (such as the Bolex Reflex) use a prism between the lens and the shutter so that a certain percentage of the light is constantly diverted to the viewfinder. The disadvantage is that it reduces the amount of light going both to the viewfinder and to the film, since the beam is split. An exposure compensation is required to allow for the light “stolen” from the film by the viewing system. It is usually very slight. For example, in the Bolex Rex-5 the loss is about a third of a stop. You should consult the operator’s manual for the specific camera to learn the exact compensation.

Be aware that just as the reflex camera allows light coming through the lens to reach both the film and the camera operator, it also allows light coming back through the eyepiece to reach the film. Therefore, you must keep your eye pressed against the viewfinder while filming to prevent any light-leak from fogging your image; if you are not planning on looking through the viewfinder during the take, you must seal off the eyepiece.

[image: Image]

1.7 Arriflex mirror shutter viewing system. (Courtesy of ARRI Group)
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1.8 Arriflex viewing system. A: Shutter open—all light passes to film. (Courtesy of ARRI Group)

[image: Image]

1.8 Arriflex viewing system. B: Shutter closed—all light passes to viewfinder. (Courtesy of ARRI Group)

The viewing systems discussed so far allow the cameraperson to look through the taking lens. Many cameras of older design do not have a reflex viewfinding system. As a result, the film in the camera may not receive exactly the same image that the separate viewfinder (usually off to one side of the camera) sees. Referred to as parallax, this is especially a problem when shooting close with a wide-angle lens. However, most nonreflex cameras have an adjustment that can partly correct for parallax.

Video Assist

Also referred to as a video tap, this is a system where some of the light going to the viewfinder is also received by a tiny internal video camera; that image can then be sent to a TV monitor, either with cables or transmitted by UHF (by using an additional device). This signal can even be recorded to videotape for temporary playback on the set. The image quality of this video image is generally very poor, but it allows you to see the framing without actually looking through the viewfinder. This is mainly done so that people other than the camera operator can see the exact shot during the take. However, it is also useful when it is physically impossible to look through the camera viewfinder during the take, like when the camera is mounted on a moving vehicle, a Steadicam, or a remote-controlled crane. Occasionally the camera assistant will have a small LCD monitor mounted to the camera, which enables the assistant to see what the operator is framing. This can come in handy when shooting a scene on a telephoto or macro lens in which the operator is panning from one object to another and the focus needs to be adjusted as each object comes into view. The portable LCD screen can even be used by the operator when doing a complex dolly move, perhaps with an extreme boom up or down combined with a pan, when it may be too difficult to continually keep the eye against the viewfinder.
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1.9 Parallax effect.

MOTORS

The film transport mechanism, the shutter, and other moving camera parts are operated by the motor. There are two basic types of motors, spring-wound and electric. Spring-wound cameras run approximately twenty to forty feet of film per wind. The advantages include a compact design and reliable performance under difficult conditions such as cold weather.

Electric motors are available in a variety of designs. The five types that are generally used are: (1) variable speed (“wild”); (2) inter-locked; (3) stop frame (time-lapse); (4) constant speed; and (5) crystal speed, which is the most commonly used, especially for sync-sound production. Variable speed motors have an adjustable speed control that may range from 2 to 64 fps or more. (Above 64 fps are considered high-speed motors.) The interlocked motor synchronizes the camera with other devices, such as back or front projectors. The stop frame or time-lapse motor is usually connected with an intervalometer to allow the setting up of whatever exposure intervals are needed for time-lapse photography (such as filming the growth of plants). The constant speed motor is designed to run at a set speed, such as 24 fps, with some precision.

The most advanced type of synchronous speed motor is designed with a crystal control to regulate the speed with extreme precision. When the camera motor and the tape recorder are both equipped with crystal controls, you can film “in sync” with no cables connecting the camera to the recorder. Furthermore, several crystal control cameras can be held in sync to one or more crystal recorders, allowing for multicamera coverage with no cables to restrict the distances between them. Some crystal control motors even combine several functions, allowing the operator to change from constant speed crystal-sync to variable “wild” speeds or single frame at the touch of a switch. The best controls allow a wide variety of speeds to be shot precisely at crystal-sync, necessary for filming under certain pulsing AC light sources at high frame rates for a slow-motion shot.

BATTERIES

Most 16mm camera motors operate on DC current supplied by batteries. Nickel-cadmium (NiCad) and nickel metal hydride (NiMH) are widely used; lithium ion batteries are becoming more common. Their life expectancy varies, depending on the conditions of use and maintenance, but on the average about five hundred cycles of recharging and discharging should be expected.

There are slow “overnight” chargers that require fourteen to sixteen hours, quick chargers that will charge batteries in half this time, and truly fast chargers that can do the job in one hour.

It is essential to familiarize yourself with the charger on hand. Some chargers will damage a battery when left to charge for longer than required. It is advisable to have at least four charged batteries on hand so that they can be rotated with enough time for slow charging.

Batteries come in three types: belt, block, and on-board. The battery belt, consisting of built-in nickel-cadmium cells, is a convenient power source for portable 16mm and 35mm cameras, especially when shooting handheld. In situations where mobility is less of an issue, longer-lasting but heavier block batteries may be used. Many modern 16mm cameras use small on-board batteries that clip onto the rear or side of the camera. All Super-8 cameras house the batteries (usually AAs) inside the camera body.

Make sure the voltage of the battery used matches what your camera motor uses. The 16mm Arri SR1 and SR2, and the Aaton XTRprod and A-Minima, for example, use a 12-volt battery, but the Arri SR3 uses a 24-volt battery (as do many 35mm cameras). Many battery belts and block batteries can be switched between 12V and 24V, or between 12V and 16V. Plug into the correct voltage connector on these batteries.

MAGAZINES

Most of the smaller 16mm cameras will house up to 100-foot loads (on metal daylight spools) inside the camera body. Modern 16mm cameras are usually equipped with film magazines capable of holding up to four hundred feet of film on a plastic core instead of a metal spool. Four hundred feet of film stock in a camera running at 24 fps will give you eleven minutes of footage. The Aaton A-Minima uses a unique 200-foot plastic spool design that must be loaded in darkness. There is an optional 1,200-foot magazine for the 16mm Panaflex Elaine and an 800-foot magazine made for the Aaton XTRprod and Arri SR3 cameras.

Having several magazines allows for a more efficient production, particularly when more than one type of film stock is used on a given day. The camera assistant loads several magazines in advance so that the magazine change will slow down the production minimally.

Remember, when considering magazines, the two decisive factors are capacity and design. The shape and placement of the magazine is sometimes important too. For most shooting situations it doesn’t matter, but when you are shooting in cramped quarters, such as from the cockpit of a plane or from under a car, the bulkiness of the camera can make a difference. Here a cameraperson may want a camera with magazines that are smaller or that mount to the back rather than the top. The operator may even want to use one of the smaller cameras that only allow the 100-foot daylight spool loads.

Most magazines have to be loaded in total darkness. The smaller loads available on daylight spools require only subdued light when loading; however, these are not generally used in modern sync-sound cameras, as they increase the noise level while the camera is running. Film not on daylight spools necessitates either a darkroom or a changing bag. The changing bag must be of adequate size and absolutely light-tight. It should be stored in a special case or cover to keep it spotlessly clean and dust free. (Don’t let your dog sleep on it.) Any hairs, dirt, or dust in the changing bag can easily enter the magazine being loaded and from there travel to the gate. Even the tiniest of dust specks are visible on a 16mm frame because of the higher magnification of the image.

Before loading an unfamiliar magazine, practice loading it with a roll of waste film (called a dummy load) that you don’t want, first in the light and then in the dark, to simulate the loading of unexposed stock.

Some magazines have their own take-up motors to wind up the film as it reenters the magazine after passing through the camera. Such motors should be tested with a waste roll before the magazine is loaded with unexposed film. Run this test with the battery to be used in filming. This test is advisable because a battery may sometimes have enough charge to run a camera with a small 100-foot internal load or an empty magazine but then fail to operate the magazine and camera when it is loaded.

Also, before loading, clean the magazine with compressed air, camera brush, and a piece of sticky paper in order to remove dust, film chips, or hair, and make sure that the rollers are moving freely. (Never wear a fuzzy or hairy sweater when cleaning camera equipment or in the darkroom.) It is a good idea to do a scratch test where you run some new film through the camera to see if the magazine or the gate is scratching the film. You examine the strip of film afterward with a light and magnifier to look for any faint abrasions in the surface of the emulsion or base. Obviously this piece of film becomes waste at this point, having been exposed to light.

After loading the magazine it is advisable to seal the lid with 1-inch camera tape. This is partly to prevent light leakage on old magazines, but mainly to prevent an accidental opening, especially if the loaded magazine is dropped. When you are loading magazines in a hurry, it is easy to confuse loaded ones and unloaded ones. Taping and labeling the loaded magazines immediately after loading will save you the annoyance of opening a supposedly empty magazine and ruining a roll of film.

It is customary to stick a piece of 1-inch white tape on the side of the magazine with the following information:


	number of that magazine

	camera roll number

	type of film stock

	emulsion and batch number

	length of the roll

	date

	title of the film

	name of the production company



This will help in the preparation of a camera report to accompany the film to the lab. Later this label is often taken right off the magazine and put onto the film can holding the exposed roll. You might also put a label on the magazine with special processing instructions, such as PUSH ONE STOP, as a reminder to everyone using the camera and to whoever later writes the camera reports and work order for the lab.

Despite the most careful cleaning and loading, even the finest camera designs will occasionally jam. The film will stop advancing somewhere along its path and the oncoming film will continue to pile up at that point, creating a “salad” of twisted and folded film. If the camera jams, remove the film from the camera interior, checking carefully to see that chips of broken film are not stuck in the gate, around the registration pin, or anywhere else. Remove the magazine to a darkroom or put it in a changing bag. You will need a spare take-up core or spool (whichever you already have in the camera) and a can with a black paper bag to unload the exposed film and rethread the magazine.

Never spool up any film with broken sprocket holes. It may jam in the processing machine in the lab and ruin a considerable amount of footage, not only yours but other customers’ as well. Generally you would feel the edge of the film in the dark and snip off the part of the roll where the perforations have been broken. If you can’t find the torn perf but suspect any damage inside your roll of film, write a warning clearly on the can to alert the lab technicians.

One simple procedure that helps prevent camera jams is to make sure there is no slack between the take-up roll and the sprocket roller. If there is, when the camera starts the take-up motor may snap the film taut, breaking it or causing the camera to “lose its loop” and become improperly threaded. There is usually some way of rotating the take-up roll to make it taut before you start to shoot. On the Arri SR cameras, for example, there is a button labeled “Test” that you are supposed to hit whenever you load a new magazine onto the camera. It gently engages the claw into a sprocket hole so that when you run the camera, you won’t immediately damage a perf. On other cameras, you may want to manually inch the film through the movement to make sure that the loops are the correct size and that the claw is properly engaging the sprocket hole before you then trigger the camera motor.

Some magazines, instead of using a plastic core to take up the exposed film, use a metal collapsible core. Be sure not to send the roll to the lab with the collapsible core still in the center. When unloading a magazine, unclasp the collapsible core and gently lift up the roll with one hand on the inner edge and one on the outer edge. Do not let the center of the roll drop, which is called “coning” the roll and is very tedious to fix: you’d have to rewind the roll by hand in total darkness. Some magazines also have a center part that covers the spindle but holds the plastic core. Don’t pull this center piece off and send it to the lab along with your film. This is very important. If you send this costly little piece to the lab, you will have trouble trying to reload the magazine without it.

Super-8 film comes in cartridges and cassettes. Not much can be done if a cassette jams, but you can help prevent jamming by making sure the cassette fits easily into the camera.

LENSES

Beginners in filmmaking are quite often confused by the various aspects of camera lenses. They are intimidated by the mathematical formulas that appear in many photography books whenever lenses are under discussion. But today the filmmaker’s life is easier. Readily available tables provide all the information that previously required mathematical computation. Common sense is all you need to understand lenses.

The basic function of a lens can be explained as a pinhole phenomenon. If you removed the lens from your camera and replaced it with a piece of black cardboard with a pinhole in it, you could take a picture, provided the exposure time was long enough. The picture on film would be upside down and the sides would be reversed. This is the first thing one should know about lenses: they produce images that are reversed both vertically and horizontally. The advantage of the lens over the pinhole is that while a pinhole allows only a very small amount of light to reach the film, the lens collects more light and projects it onto the film. In this way, shorter exposure times and sharper pictures are achieved.

F-stops and T-stops

The maximum amount of light a lens is capable of transmitting depends on the diameter of the lens and the focal length. By focal length we mean the distance from the optical center of the lens to the film plane when the lens is focused at infinity. The focal length divided by the diameter of the lens gives us a measure of the maximum aperture. It’s quite simple. For example, a lens 1 inch in diameter with a focal length of 2 inches will pass the same amount of light as a lens 3 inches in diameter with a 6-inch focal length, because the maximum aperture, or f-stop, for both lenses is f÷2 (2 ÷ 1 = 2; and 6 ÷ 3 = 2 also).

[image: Image]

1.10 Pinhole phenomenon.



We can reduce the amount of light by means of an iris placed in the lens. By closing the iris we reduce the effective diameter of the lens, thus reducing the amount of light passing through the lens. Now the f-stop equals the focal length divided by the new diameter created by the iris. Therefore, if a 2-inch focal-length lens has an iris adjusted to a ⅛-inch opening, the f-stop is f÷16, because 2 ÷ ⅛ = 16. A 4-inch lens with a ¼-inch iris opening would also be f÷16, because 4 ÷ ¼ = 16.

So the f-stop calibration is not merely a measure of the iris opening, but instead expresses the relationship between focal length and iris.

It is important to note that the smaller the iris opening, the more times it can be divided into the focal length. Therefore, as the iris opening becomes smaller, the f-stop number becomes higher. So a lower f-stop number means more light (a larger opening), and a higher f-stop number means less light (a smaller opening).

F-stops are calibrated on the lens. They are commonly 1, 1.4, 2, 2.8, 4, 5.6, 8, 11, 16, and 22. Each higher f-stop cuts the light by exactly half. For example, f÷11 allows half as much light as f÷8. Conversely, f÷8 allows twice as much light as f÷11. If the difference is more than one stop, remember that the light doubles between each stop. So f÷4 will yield eight times as much light as f÷11, because f÷8 is twice f÷11, f÷5.6 is twice f÷8, and f÷4 is twice f÷5.6. Therefore, f÷4 is eight times more light than f÷11, because 2 × 2 × 2 = 8. It doubles with each step.

Some lenses have T-stops as well as f-stops. The two are almost equivalent. T-stops are more precise because they are calibrated for the individual lens. Because some light can be lost as it passes through the various elements in the lens, not every lens will produce exactly the same exposure if set to the same f-stop. So the lenses are individually tested with a light meter to determine how much light is transmitted at various settings, and the f-stop mark is adjusted on the barrel of the lens to compensate for any light loss. Since f-stops are determined by a mathematical formula and are not calculated for the individual lens, the new mark is called a T-stop. Therefore, we should consider T-stops as very accurate f-stops. When calculating the exposure or consulting the tables, f-stops and T-stops can be considered equivalent.

Lens Speed

The lowest (widest) f-stop setting will vary between lenses, depending on their focal lengths and diameters. For example, one lens may start at f÷1.9 and another at f÷3.5. (Often, as in these cases, the starting number is in between the usual calibrations.) Lens speed refers to the widest setting (lowest f-stop) a lens is capable of. For example, a lens that opens to 1.9 is a relatively “fast” lens, and one that opens only as far as 3.5 is a relatively “slow” lens. Because telephoto lenses are longer, their diameter will usually divide several times into their focal length, making their lowest f-stop high. Therefore, telephoto lenses tend to be slow, while wide-angle lenses tend to be fast.

Coatings

Often, some or all of the glass elements of a lens are coated with a substance that reduces glare and internal reflections that would normally make a lens less efficient. These coatings allow modern lenses to be pointed into bright lights with a minimal amount of flaring compared to older lenses with very few elements coated, if any. Coatings also help improve the speed of the lens; without the coating, some light transmission would be lost due to internal scatter.
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1.11 Two lenses of equal maximum aperture (“speed”).

Optimal Range

Every lens has an optimal range of f-stops that yield the sharpest image. This usually starts about two stops from the widest opening and runs to about f÷11 (in other words, the middle range of f-stops are preferred). Below and above this range the lens will tend to produce slightly less sharp images. Stopping down extends the depth of field, but beyond f÷11 or f÷16 the maximum resolution decreases due to diffraction around the small iris opening, thereby canceling out the increase in sharpness. This is especially true of wide-angle lenses. Most professionals when shooting indoors like to set the f-stop somewhere in the optimal range (for example, f÷4) and then adjust the light levels for the proper exposure. Testing is vital to determining the f-stops where the lens performs the best; occasionally you come across lenses that have been designed to look their best when shot nearly wide-open, for example.

Focusing

Apart from f-stops, nearly every lens has a calibrated ring representing focusing distances. The exceptions are some very wide-angle lenses, such as 10mm and shorter, that have a “fixed focus”—that is, there is no need to adjust focus. With a well-adjusted reflex viewing system we can focus quickly and accurately by rotating the focus ring while looking through the lens, especially if the camera has a large, bright, and clear viewfinder image. Another method, used particularly in older cameras without reflexive viewing systems, is to measure the distance between the subject and film plane (marked on the camera by the symbol o) and set the focus ring accordingly.

The settings achieved by focusing by eye through a reflexive viewing system and by measuring and turning the focus ring may not agree. This may be due to a slight inaccuracy in the focus ring adjustment. In such cases, if the viewing system is accurate, you should depend on that rather than on the focusing calibrations.
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1.12 Focal distances are measured from the subject to the film plane, sometimes indicated on the camera body by the mark.

Ideally, though, your camera, viewfinder, and lenses have been tested and adjusted so that tape measurements and the focus set by eye match each other.

Zoom Lenses

The cinematographer uses a variety of focal lengths. Older camera designs accommodated three or four lenses on a rotating plate called a turret, which allowed for quick changing between lenses. In later cameras the turret gave way to a single-lens design, the varifocal or zoom lens. It contains a variety of focal lengths and allows you to move continuously between them as you rotate the “zoom” ring of the lens. After the zoom lens was invented, the term prime lens was coined to describe an ordinary fixed focal-length lens.

The first thing to be considered when describing a zoom lens is its range—for example, 12mm to 120mm. We can also express it as a ratio, in this case one to ten (1:10).

The Angenieux 12-120mm achieved great popularity in the 16mm film industry in the 1960s. A 10mm prime lens became its customary companion. Lenses like the Angenieux 9.5-95mm, the Zeiss 10-100mm, and the Cooke 9-50mm followed, representing a better choice to some camerapeople who were willing to sacrifice the telephoto end of the range in order to increase the wide-angle end. New zooms like the Canon 8-64mm and the Zeiss 11-110mm were also introduced to cover the larger Super-16 aperture. (See chapter 2.)

Zooming smoothly is an art. There are many mechanical aids available. Zoom lenses can come with either zoom levers, cranks, or both to allow moderately smooth zooming by hand. For very smooth zooming, though, battery-powered motors are normally used with variable speed controls. One type is operated by two buttons (in and out) or a single rocker switch with speed controlled by separate dial, although it can be modified by the pressure you exert on the rocker switch. Another type features a “joystick.” The rocker switch and the joystick design allows one-touch control over both speed and direction.

Some camera operators still prefer to zoom manually by gripping and turning the zoom ring with their hand. If you use this method, you must be careful not to move other rings on the lens, such as the f-stop and focus. If you are concerned about this, you can use a small piece of tape to prevent the f-stop ring from turning.

All zoom lenses require the same focusing procedure: you open the aperture fully to reduce depth of field, zoom all the way in on the subject, and closely examine the sharpness. After focusing, it is easy to forget to return the f-stop to its proper setting. This is a very common mistake among beginners. The ability to magnify the subject by zooming in, and thus being able to see the focus very clearly, makes focusing by eye much more common when using zooms compared to when using prime lenses, where tape focusing is more common.

Many zoom lenses do not focus as closely as prime lenses. For example, the Zeiss 11-110mm will only focus as close as about 5 feet away, while a 12mm Zeiss Distagon prime lens focuses down to 8 inches. However, there are zooms that focus as close as 18 inches.

Zoom lenses by their nature have many more glass elements than do prime lenses. They are therefore more prone to flaring and losing contrast when light shines into them. They also can breathe when the focus is changed during the shot; as the glass elements move to change the focus, the focal length is altered slightly, creating a mini-zooming effect that looks like the frame is “breathing.” Some zooms have been designed to minimize or eliminate that artifact. Despite these problems and their complex design, modern zoom lenses, when stopped between f÷4 and f÷11, are nearly as good optically as prime lenses.

Optical Attachments and Close-up Work

For close-up work, macro lenses focus as close as a few centimeters away without the use of special attachments.

Regular lenses require one of several types of attachments in order to focus more closely than they’re designed to.

Extension tubes or bellows can be used to focus practically as close as the front element of the lens. They are introduced between the lens and camera body. But because extension tubes and bellows upset the normal optics, they cannot be used with optically complicated lenses, including all zooms and many wide-angle lenses. When the subject is closer than ten times the focal length of the lens, an exposure compensation is required and depends on the rate of extension.

The correction can be found in tables supplied with the devices or in the American Cinematographer Manual.

Another way to focus more closely is through the use of close-up attachments called diopters. Sometimes incorrectly referred to as filters, these are actually small single-element lenses that attach to the front of the lens in use. Their convex side faces the subject. The small arrow on the rim should point away from the camera. Diopters come in series (+1, +2, +3, etc.). Each higher number allows for closer focusing. When diopters are combined, the higher number should be closest to the camera. No exposure compensation is required. Compared to extension tubes, bellows, or macro lenses, diopters are the least satisfactory as far as optical quality. Yet unlike extension tubes or bellows, diopters can be used on zoom and wide-angle lenses. And they are a relatively low-cost alternative to renting or buying a macro lens.

A split-field diopter covers only half the lens (it’s basically a diopter cut in half), enabling the camera to be focused very close on one side of the frame and far away on the opposite side simultaneously. It is frequently used in commercials, where, for example, the soap package may be in the foreground with a housewife using it in the far background. The one drawback is that the fuzzy line at the split of the diopter must be hidden by lighting and composition. Also, zooming becomes difficult and panning impossible.

There are other optical attachments in current use. The magnification of a telephoto or zoom lens can be increased with a telephoto extender. For example, a 200mm lens may be made into a 400mm. Such attachments require two stops additional exposure each time the focal length is doubled. When a telephoto extender is used, the best resolution is usually obtained when the lens is stopped down (around f÷11). The usual focal lengths of some zooms can also be shortened by retrofocus wide-angle attachments, and these do not require an exposure compensation. However, camerapeople usually do not like either telephoto extenders or retrofocus attachments, as they soften the picture, decreasing the resolution.
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1.13 Split-diopter effect. A: no attachment.
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1.13 Split-diopter effect. B: split-diopter attachment.

Tilt-Focus Lenses

Also called slant-focus lenses, these are an alternative to using split-field diopter attachments; they are built to pivot (bend) near the rear element, causing the focus to fall at a diagonal to the film plane. In other words, instead of only a single distance being in focus at a time, the focus falls on near objects at minimum focus at one end of the frame but on far objects at the opposite end of the frame. So you could put a row of objects on a receding diagonal to the camera and have them all fall into focus for a faux deep-focus look. The advantage over a split-field diopter is that there’s no fuzzy line where the split occurs. You could do the same thing with a normal lens and a bellows attachment, but the single tilt-focus lens is a lot simpler to use.

Anamorphic Lenses

Although this primarily only concerns people shooting in 35mm, it is useful to understand what this type of lens is. The concept dates back to Dr. Henri Chretien and his invention of the Hypergonar lens, the precursor to CinemaScope in the 1950s. It involves using a single cylindrical lens element in the lens (in front or in the rear) to squeeze a horizontally wider image area onto the film, to be unsqueezed later by a matching anamorphic lens on a projector. For video transfers, the image can be unsqueezed electronically. After anamorphic lenses were introduced, the term spherical was coined to describe traditional nonanamorphic lenses.

Usually, 35mm anamorphic optics have a 2× squeeze (compression) factor. What this means in practical terms is that a 40mm anamorphic lens, for example, “sees” the same area horizontally that a 20mm spherical lens would, but vertically it sees what a 40mm spherical lens would. While it is possible to put an anamorphic lens on a 16mm camera, especially if it has the same PL mount (see figure 1.14) common to modern 35mm cameras, the 2 compression creates some nonstandard aspect ratios. (See chapter 2.)

Lenses with a front anamorphic element have some unique optical properties: (1) bright points of light shining into the lens will create a blue horizontal line across the frame; and (2) as objects in the background fall out of focus when racking to the foreground, the compression back there becomes greater than 2×, making the background objects look skinnier. Out-of-focus points of light that would normally be a circular “blob” now appear to be vertical ovals in shape.

Lens Mounts

Among 16mm cameras with changeable lenses, there are four common lens mounts. The C-mount is the smallest and therefore the least strong and most sensitive. The Arri mount is stronger and positively locks into the camera. As lenses got larger and heavier, the Arri bayo-net was introduced, a subsequent improvement over the regular Arri mount. A bayonet lens attaches to the camera even more securely and accurately. The regular Arri lenses will fit into either the bayonet or the regular Arri lens sockets, but a bayonet lens requires a bayo-net socket and will not fit into a regular Arri mount.

But the larger and stronger Arri PL (positive lock) mount used for their 35mm cameras is now commonplace on many 16mm cameras; the main advantage is that it allows the same lenses to be used on either a 35mm or 16mm camera package.

There are many other types of mounts; Aaton, Eclair, and Cinema Products cameras have their own types of mounts, although many can be adapted to use one of the Arri mounts.

[image: Image]

1.14 Lens mounts. From left to right: Arri PL, arri Bayonet, Regular Arri, and C-mount.



OPTICS

Depth of Field and Circles of Confusion

If we were to photograph only one distant point, such as a light, the lens would be in focus when it projects a point onto the film.

Because the lens can be focused for only one distance at a time, objects closer and farther away will be slightly out of focus. In figure 1.15 a second, closer light would have its image formed behind the film plane and be represented on the film as a circle. A third light, farther away, would form its image in front of the film plane and also appear on the film as a circle. These circles are called circles of confusion, and they vary in size depending on how far out of focus they are. The “confusion” is that circles smaller than 1÷1000 inch in diameter confuse our eye and are seen as points in focus. This allows us to see pictures of three-dimensional objects that appear in focus.

We have a range in which objects will appear sharp. It runs between the closest and farthest objects represented as circles of confusion smaller than 1÷1000 inch. This range is called depth of field (and is sometimes incorrectly called depth of focus).

The depth of field varies with the effective diameter of the lens opening and hence with the f-stop. By “effective diameter” we mean the actual size of the iris opening, not the f-stop number. If you want to change lenses without changing the depth of field, you must use the same iris opening, which will be a different f-stop. For example, an 8-inch lens shooting at f÷4 has a 2-inch-diameter iris opening. If you now want to change to a 4-inch lens and retain the same depth of field, you must shoot with the same 2-inch-diameter iris, which for your 4-inch lens is f÷2. This is a rare problem, and if it ever comes up, consult a depth of field chart. The above example is offered to illustrate that depth of field is dependent on the iris opening.
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1.15 A: One point focused on the film plane.
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1.15 B: Lens focused on Point I. Points II and III will appear out of focus.



This chart shows the general principles that govern depth of field:



	Greater depth of field
	Less depth of field



	Wide-angle lenses
	Telephoto lenses



	High f-stop (small aperture)
	Low f-stop (wide aperture)



	Subject far away from camera
	Subject close to camera



	Small film format (such as Super-8)
	Large film format (such as 35mm)




With greater depth of field, more elements in the picture are in sharp focus. This causes the image to appear harder. There is also an impression of higher contrast. This is because when a background is out of focus, the bright highlights and the dark shadows tend to blend into a muddle of midrange values, so when they come into sharp focus, the high and low brightness values are more prominent.

Depth of field characteristics for lenses of various focal lengths, under different f-stop and focus settings, are available in many publications, including the American Cinematographer Manual (see figure 1.17 for an example). Given the focal length and f-stop and the subject-to-film-plane distance, we can determine the range of the depth of field and the dimensions of the field of view at that distance.

For each lens and f-stop the chart also gives the hyperfocal distance. This is the point of greatest depth of field. It is a precalculated figure indicating that if the given lens at the given f-stop is focused at this hyperfocal distance, everything from half this distance to infinity will be in “acceptable” focus. For example, if for a given lens and f-stop the hyperfocal distance is 20 feet, by focusing at 20 feet we would obtain everything in focus from 10 feet to infinity.

A similar principle is valuable when “splitting the focus” between two objects at different distances. They will both be equally sharp if we focus for a point not halfway between them but a third of the separation distance from the closer object. For example, two objects at 10 and 16 feet respectively would both be equally in focus if you were to focus for 12 feet. This is often referred to as the one-third-distance principle.

Depth of Focus

Not to be confused with depth of field, depth of focus refers to the distance in front of or behind the focal plane at which the film can be situated and still produce a sharp image.

Unlike depth of field, depth of focus actually decreases for wide-angle prime lenses or the wide-angle end of a zoom lens. Therefore, the distance between the back of the lens and the film plane, sometimes referred to as the back focus, becomes extremely critical. Lenses must be seated properly in their mounts. Even something like a behind-the-lens gel can be thick enough to throw the focus off on a very wide-angle lens at a wide aperture.

Focal Lengths and Perspective

Perhaps the most important physical element related to creative lens use is perspective. A lens that is “normal” for a given film gauge will reproduce reality with perspective similar to that seen by the human eye. In the case of 16mm film, a 25mm lens is normal. In Super-8, a normal lens is about 12mm, and in 35mm film, a normal lens is 50mm. Of course, what is “normal” is highly subjective; for example, humans have a wider field of view than what a 50mm lens provides on a 35mm camera, so for some filmmakers, a wider-angle lens seems to recreate human perception more naturally. Also, since the matted wide-screen projection format crops the 35mm frame to a smaller rectangle, a 35mm might be used instead of a 50mm for a “normal” perspective.
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1.16 Depth of field.
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1.17 Sample depth-of-field chart. (Courtesy of American Society of Cinematographers)

Lenses shorter than normal for a given film gauge are considered wide-angle, and those two or more times longer are telephoto.

Picture perspective is frequently misunderstood; it depends on the camera-to-subject distance and not on the lens. From the same distance, three different lenses—wide, normal, and telephoto—change the area of view but do not change the perspective. By using the same three lenses and changing the distances to the subject, we can retain the same field of view but with different perspectives.

One can see from figures 1.19 to 1.26 that a wide-angle lens exaggerates or elongates depth and a telephoto collapses or compresses it. For example, a person walking toward the camera will seem to approach faster with a wide-angle and slower with a telephoto. This is caused by the distance, not the lens. In a telephoto shot the person is almost always farther away than in a wide-angle shot. When similarly framed, the person walking toward the telephoto may be 25 yards away, while the person moving toward the wide-angle lens is only 5 feet away. If the wide-angle approach is redone at 25 yards, the person (very small in the frame) will move just as slowly as with the telephoto. Therefore, remember that the degree of distortion is controlled by the distance, not the lens.

This is further illustrated in figures 1.27 to 1.34 by a comparison between the effects of zooming and dollying. When you dolly, the spatial relationship between the objects in the frame—that is, the perspective—changes because the distances change. When you zoom, the focal length changes, yet the effect is like a gradual enlargement of one part of the frame without any change in perspective. For this reason, a zoom effect has a flat look.

To make a zoom movement appear more three-dimensional, it can be combined with a slight camera movement up, down, in, out, or to one side. A panning movement also helps, in addition to zooming past or through a fore-ground, such as a row of trees or a picket fence, that goes out of the picture as you zoom in. Other times a flat effect may be desired. In this case the cameraperson should make a point of avoiding foreground objects and keeping the camera rigidly framed while zooming; otherwise the flat effect will be diminished.
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1.18 One-third-distance principle.
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1.19-1.22 Long, medium, and wide-angle lenses used from the same position. Note that there is no change in perspective. (Photos by Bob Rogers)
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1.23-1.26 Long, medium, and wide-angle lenses used at different positions to obtain similar framing. Note the perspective changes as the distance changes. Also notice the depth of field diminishing with longer lenses. (Photos by Bob Rogers)
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1.27-1.30 Zoom effect. Note the lack of changes in perspective. (Photos by Wojciech Plewinski)
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1.31-1.34 Dollying effect. Note the visible changes in perspective. Because a wide-angle lens was used, the close-up was taken at a short distance, resulting in facial distortion. (Photos by Wojciech Plewinski)

PRACTICAL LENS USE

No lens will yield high-quality results unless it is given proper care and attention.

In all cameras, lens performance depends to a great extent on the viewing system. If prisms in this system are loose or the eyepiece is not adjusted to the operator’s sight, even the most excellent lenses cannot be expected to give satisfactory results. The best way to adjust the eyepiece is to remove the lens, point the camera toward a uniformly bright area (sky, wall, etc.), and after loosening the eyepiece locking ring (if there is one), rotate the eyepiece adjustment until the grain of the ground glass or the engraved lines in the viewing system appear sharpest to your eye. Then tighten the locking ring to keep this setting from drifting. In cameras with nonremovable lenses, adjust the eyepiece while aiming at a distant object, focused at infinity and with the f-stop wide-open. The eyepiece is designed so that camera operators who wear glasses can usually adjust it for their eyesight and shoot without glasses. If not, a few eyepieces allow additional diopters to be added internally to increase the range they can be focused. If the eyepiece cannot be altered in this way, a special diopter with a rubber eyecup can be fitted over the end of the viewfinder.

As mentioned earlier, when using a reflexive viewing system, the eyepiece must be covered while the camera is running. Usually, camera operators cover it with their eye while shooting, but if they should take their eye away during the shot, or if the camera is mounted for a shot without an operator (such as on the bumper of a racing car), the eyepiece must be covered or light will enter it while the camera is running, travel through the system, and fog the film, ruining the shot. This is very important. Many cameras have some provision for closing off the eyepiece. The Arri S has a small door that swings shut across the eyepiece. Many cameras have an internal door that blacks out the viewing system when the operator turns a knob on the side of the viewer near the front of the camera. As an extra precaution, a piece of black tape might be used to cover the end of the viewfinder. A light, ghostlike apparition and an overexposed effect on the film are possible signs of light entering the viewfinder.

Lens Support Systems

Long and heavy lenses, such as 250mm or more (especially in C-mount), should rest on a lens support to prevent their length and weight from wrenching the mount out of alignment. A support will also be required for the heavier zooms, such as the Angenieux 12-240mm, and also for some of the shorter zoom lenses when they have C-mounts.
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1.35 Arriflex S/B with extreme tlephoto lens, supported by a cradle. (Courtesy of ARRI Group)



The heavier, more sensitive lenses, such as zooms, must be stored and transported in a separate case to prevent jarring the elements. They are also more sensitive to heat. If the zoom is to be stored mounted on the camera, then the case must firmly support the lens in order to avoid straining the mount.

Front rods or support rods, usually two of them, are often used to support heavier lenses, the matte box, zoom motor, and follow-focus device. Some cameras have built-in slots for front rods, either at the base or on one side of the camera. Other cameras require an adapter plate with front rod slots.

Matte Boxes

A rigid matte box or rubber sunshade is mounted in front of the lens to shade it from unwanted direct light. The matte box is usually equipped with slots to hold filters. Sometimes it will have a hinged metal flap sticking out on top to further flag off the light, called an eyebrow or sun-shade extension. There may even be flaps on the left and right sides that can be attached. When longer lenses are used, sometimes a rigid cover can be added in front with a cutout rectangle just large enough to not be seen inside the picture area. This is called a hard matte and is usually labeled to identify which focal length lenses it can be used with. Again, the point is to further limit any stray light from hitting the lens or the filters.

The most common-size rectangular glass filters used are 4″ × 4″, 4″ × 5″ (actually 5.65″), and 6″ × 6″ (actually 6.6″), so there are matte boxes made to accommodate each type. These matte boxes also have a rear holder for a round filter such as a polarizer or a diopter. Some allow you to rotate the rear element and one or more of the rectangular trays. Some of the largest matte boxes allow the filter tray section to be tilted forward or back to remove internal glass reflection problems. The filter tray slots may also be geared so that you can smoothly raise or lower the filter by turning a knob, either manually or electronically. You can use a smaller filter in a larger matte box by using an adapter tray.
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