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Flash Synchronization With a Focal-Plane Shutter

Most self-capping focal-plane shutters have internal flash
synchronization, In earlier lessons, you've seen how a leaf-type
shutter closes a pair of contacts automatically. But the focal-plane
shutter introduces some new problems in synchronizing a flashbulb
or electronic flash with the shutter operation.

Remember, the focal-plane shutter provides fast speeds by
exposing only a part of the film at a given time. 50 you can just use
an electronic flash at certain speeds — those speeds which expose
the entire frame at once. The reason is that the burst of light from
an electronic-flash unit is brief. If you use an electronic flash at a slit-
width speed, you’ll expose only that section of the film uncovered by
the slit at the moment the flash fires.

I's that a problern? It can be. With most focal-plane shutters, the
fastest full-aperture speed is 1/30 second or 1/60 second. In a few,
you can use 1/125 second. If there’s not foo much additional light
around, you’ll never know the difference — the flash stops the
action. But if there is some extra light, the slow shutter speed could
result in a ghost image — an available-light image on the same
frame as the flash image.

So you can’t use an electronic-flash unit on the slit-width speeds.
Nor can ydu use a conventional flashbulb. Rather, you need a special
flashbulb that retains its maximum light output for a longer time —
FP (focal-plane) flashbulbs. The exposure reaching any one part of
the film at a given time may be brief, depending on the slit width.
But it still takes a relatively long time for the slit to completely
cross the picture area. The flashbulb must provide a constant
amount of light during the entire period that the curtains are in
motion; that assures that each part of the film will get the same
exposure,

The Leica-Type Shutter — Most Common Self-
Capping Design

There are several different kinds of shutters operating on a
similar principle. But one particular sel-capping design is so
popular that we can consider it a basic type. It's called the Leica-
type shutter after its originator. And it covers in theory most of the
self-capping focal-plane shutters you’ll be servicing.

Many of the now-standard concepts in photography came with
the introduction of the Leica. In fact, the entire field of 35mm
photography becarne reality when Oskar Barnack built his original
prototype, an unnamed camera designed to use 35mm motion-
picture film, That camera became the Leica, and Leitz became the
manufacturer.

Leitz pioneered such features as coupled film-and-shutter wind
and daylight-loading cassettes. But perhaps their most outstanding
contribution to camera design has been the self-capping focal-plane
shutter. Barnack’s prototype used a fixed-slit, variable-tension,
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There are several advantages inusing a focal-plane shutter in a
single-lens reflex. You’ll recall that using a leaf-type shutter
requires a mechanism to hold open the blades for through-the-lens
viewing and focusing. Yet a focal-plane shutter sits behind the
mirror. 50 it can’t interfere with the light path to the focusing
screen. Also, the focal-plane-shutter design simplifies the mirror-
operating mechanism — the mirror simply trips the opening
curtain.

Another type of self-capping focal-plane shutter used frequently
in single-lens reflexes is the Copal Square. In design, the Copal
Square shutter is quite a bit different from the Leica-type shutter —
though the principles basic to focal-plane shutters remain the same,

The name “Copal” should sound familiar to you. Remember,
Copal makes several models of leaf-type shutters. As with their leaf-
type shutters, Copal makes the Copal Square as a completely
modular unit — it then sells the shutter module to different camera
manufacturers. Rather than using two curtains traveling
horizontally, the Copal Square has two sectioned metal blades
operating vertically. There are advantages. The blades travel the
short distance across the aperture — from top to bottom — rather
than the long route. And they provide a full aperture at all but the
three fastest speeds. So you can use electronic flash at faster speeds
than you can with conventional focal-plane shutters.

By contrast, the Leica-type shutter is an integral part of the
camera. I1t‘s made by the camera manufacturer —not purchased as
a medule from another manufacturer. As a result, you’l! find many
variations in actual construction among the different cameras using
the Leica-type shutter. For example, although most Leica-type
shutters use cloth curtains, extremely thin metal curtains can do the
same job; the Nikon and the Canon F-1 have metal (titaniom)
curtains.

Despite variations and refinements, however, all Leica-type
shutters work on basically the same principle. So it‘s important that
you learn the basic design. You’ll then find that all Leica-type
shutters are nearly identical, even though the shapes and locations
of the parts may vary. And you’ll be able to figure out any Leica-
type shutter — even if you've never before seen the camera. Just
identify the unfamiliar parts with the functions you know must take
place. .






Burn a hole? That seems hard to imagine. But it's the all-too-
common result of leaving the camera for a period of time with the
uncovered lens facing the sun — perhaps on the window ledge in the
back of a car. As you know, an image is made up of all the point
sources of light coming from the object. If any one peint is of
sufficient intensity — such as from a luminous source — it can burn
the cloth in a short time. In effect, the camera lens acts as the
magnifying glass described in your lesson, “/Optics for the Camera
Technician.”

When curtain damage results from an accident, it’s
sometimes possible to save time in an emergency by
paftching the curtain, But if you can see pin holes in the
material, it means only one thing — the material is
deteriorating and you must repiace the curtain.

How about the titanium curtains? Well, they can stand greater
stress than can the cloth curtains. And they don’t seem to wear out
or deteriorate. But you'll still be replacing them. Probing fingers in
the focal-plane aperture can cause instant damage. The tissue-thin
titanium crinkles permanently at the slightest misdirected touch.

Making New Curtains

You can purchase most curtains as factory-made replacements.
But you may nocnetheless have to make new cloth curtains — for
example, when working on outdated or unusual cameras for which
parts aren‘t available. Here, you may obtain bulk curtain material
which you can cut to the specifications of the particular camera.

Rermember that the curtains are directly responsible for the
exposure. So you must use extreme care and precision in their
manufacture. Make the curtain cuts as square, clean, and straight
as possible. A new single-edged razor blade used with a straight
edge works well for cutting the curtains fo size from the bulk
material.

Since the material is rubberized on one side, it can stretch in the
direction of the Cloth’s weave. Make your lengthwise cuts against
the weave of the material — in the direction the cloth will not
stretch. Once the curtains are in the camera, they’ll get pulled from
both ends. If they can stretch, their length will change as soon as you
apply the tension.

Whenever you make new curtains, use the old ones as patterns.
Make the replacements to the same dimensions. But be sure to
leave enough extra length to allow folding the cloth over the bars —
5/16" is sufficient for the fold.

You can usually reuse the original bars. But if the bars are
damaged, make new ones from hard brass or commeoen black iron
sheet. Cut the bars to the same measurements as the originals. And
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The lower gear train winds the curtains. By the time the stop pin
arrests the opening-curtain drum in the ““ready’’ position, the
sprocket has metered off one complete film frame. And you
won’t be abte to turn the wind knob any further,

One peoint of interest here is that the Leica was the first
camera to combine film transport with the shutter wind.
Since the curtains wind in the same direction as the film
advances, it’s convenient to couple the twa rechanisms.

So everything comes to a halt when the shutter reaches the fully
cocked position. The curfains can‘t pull against the one-way cluich,
Fig. 28. Consequently, the two gear trains must disengage before the
shutter can release.

The upper gear train must not turn opposite the direction of the
fitm advance. Yet the lower gear train must rotate in both directions
— the complete gear train always follows the rotation of the drum
gear. In typical focal-plane fashion, the shutter needs a transport-
release mechanism,

The transport-release mechanism consists of the two
interlocking studs at the bottom of the sprocket, Fig. 28.
One stud mounts to the sprocket — the other attaches to
the top of the first-curtain-wind gear.

As the sprocket turns to advance the film, its downward-
projecting stud comes against the stud on the first-curtain-wind
gear. So through the interlocking studs, the sprocket turns the lower
gear train. And the lower gear train winds the curtain.

The first-curtain-wind gear then holds the curtains in the
“ready’’ position — it can’t turn because its stud is still against the
stud at the bottom of the sprocket. And the sprocket can’t turn
against the one-way clutch. To release the shutter, we must
disengage the interlocking studs — that's the job of the release
plunger.
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A. SPEED KNOB

B. DISENGAGING LEVER

C. SPEED-CONTROL PLATE
D. CLOSING-CURTAIN LATCH
E. CLOSING-CURTAIN CAM
F. OPENING-CURTAIN DRUM
G. CLOSING-CURTAIN DRUM
H. STATIONARY STOP PiN

I. DRUM GEAR

J. CLOSING CURTAIN

K. OPENING CURTAIN

L. GUIDE ROLLERS

0. WIND KNOB

P. FILM-TAKE-UP-SLEEVE GEAR
Q. FILM TAKE-UP SLEEVE

R. FILM-WIND 1DLER GEARS

S. RELEASE PLUNGER

T. SPROCKET GEAR

U. SPROCKET

V. FIRST-CURTAIN-WIND GEAR
W. CURTAIN-WIND IDLER

X. FLAT RELEASE SPRING

M. OPENING-CURTAIN TAKE-UP ROLLER
N. CLOSING-CURTAIN TAKE-UP ROLLER
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Coupling the Slow-Speed Mechanism to the
Curtains

The slow-speed system always controls the closing curtain — it
never touches the opening curtain. So all we have to do is link the
escapement to the closing-curtain cam. A retard lever, Fig. 50,
intercepts. a second labe on the closing-curtain cam after the
opening curtain has disengaged the closing curtain.

To enter the aperture, the closing curtain must first push aside
the retard lever. And that‘s not easy — it has to push the retard
lever against the opposition offered by the escapement. Does this
sound familiar? It should. It's the same principle used to hold open
the blades in a leaf-type shutter.

In the screw-mount Leicas, the escapement sits at the bottom of
the camera. There are two retard levers connected by a long rod —
the upper retard lever at the top of the camera and the lower retard
lever at the bortorm of the camera. The upper retard lever intercepts
the closing-curtain cam; the lower retard lever straddles or strikes
a pin on the first-gear segment of the escapement, Fig. 50.

The upper retard lever doesn’t touch the closing-curtain cam on
the intermediate and fast speeds — the slit-width speeds. Here, the
upper-retard-iever spring holds the upper retard lever away from
the retard lobe on the closing-curtain cam, Fig. 50. For the slow
speeds, the upper retard lever must move toward the closing-
curtain cam — that’s the function of the slow-speed cam on the back
of the slow-speed knob, Fig. 51.

Selecting a slow speed turns the slow-speed cam. The slow-
speed cam then pushes the retard rod toward the back of the
camera. And the retard rod carries the upper retard lever into the
path of the retard lobe of the closing-curtain cam. The upper-retard-
lever spring makes sure that there’s firm contact between the
retard rod and the slow-speed cam.

Now, consider that the opening curtain has just released the
ciosing curtain, The closing-curtain cam moves a slight distance
before striking the upper retard lever. This slight rotation isn‘t
enough 1o allow the closing curtain to enter the picture area. So the
shutter remains open until the closing-curtain cam is able to push
the upper retard lever out of its way. Once the closing-curtain cam
gets by the upper retard lever, the closing curtain zips across the
focal-plane aperture to end the exposure.

The time it takes for the closing-curtain cam to push its way
past the upper retard |lever depends on the speed setting. Setting a
slower speed pushes the upper retard lever into deeper engagement
with the closing-curtain cam. So it takes that much longer for the
closing-curtain cam to push the upper retard lever aside.

Keep in mind that the closing curtain is moving during
the entire slow exposure. But, because of the
escapement, it's moving very slowly. And the closing
curtain can’t get far enough fo enter the aperture until it
pushes the upper retard lever completely out of the way.
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Normally, the retard lever rests in its "down’’ position — it's
pushed down by the upper-retard-lever spring. Here, the upper
retard lever sits below the plane of the closing-curtain cam. [f you
cock the shutter when you’re set at a slow speed, the closing-curtain
cam rotates without interference —- it just passes over the top of the
upper retard lever.

But the instant the opening curtain crosses the aperture on the
release cycle — just before tripping the closing-curtain latch — the
retard rod jumps up. Now, the upper retard lever is in position to
intercept the closing-curtain cam.

The part that conirols the vertical movement of the retard rod
is the flat retard-rod spring at the bottom of the camera, Fig. 51.
The lower end of the retard rod sits on top of the flat retard-rod
spring. Although it’s not evident in the illustration, the flat retard-
rod spring bends downward — toward the bottom of the camera. So
the flat retard-rod spring allows the retard rod to move down. And
that drops the upper retard lever below the ptane of the closing-
curtain cam.

Just before the gpening curtain trips the closing curtain, the flat
retard-rod spring moves up — toward the top of the camera. And
that raises the upper retard lever to the fevel of the closing-curtain
cam. The part that drives the flat retard-rod spring toward the top
of the camera is the opening-curtain cam, Fig. 51.

The opening-curtain cam attaches to the opening-curtain-drum
shaft. Once the opening curtain crosses the picture area, a pin on the
opening-curtain cam strikes the flatretard-rod spring. The pin then
drives the flat retard-rod spring toward the top of the camera-
before the opening curtain has moved far encugh to release the
closing curtain,

When you wind the curtains for the next exposure, the pin on the
opening-curtain cam moves away from the flat retard-rod spring.
Then, the fiat retard-rod spring bows downward. And the upper
retard lever moves below the plane of the closing-curtain cam.

Let's summarize. Say you've set the slow-speed knob to a long
exposure. As you wind the shutter, the closing-curtain cam rotates
to its “ready’’ position; turning in this direction, the clesing-curtain
cam passes over the top of the upper retard lever.

Pressing down the release plunger frees the opening curtain. As
the opening curtain nears the end of the focal plane, the pin on the
opening-curtain cam strikes the flat retard-rod spring — that drives
the retard rod toward the top of the camera, bringing the upper
retard lever level with the closing-curtain cam.

Then, the disengaging lever kicks the closing-curtain latch to
free the closing curtain. The closing curtain starts its travel, but it's
stopped short of the aperture when the upper retard lever infercepts
the closing-curtain cam. Now, the closing-curfain cam must swing
the upper retard lever against the slow-down effect of the
escapement. When the closing-curtain cam gets by the upper retard
lever, the closing curtain completes its travel to end the exposure.

A spring on the first-gear segment of the escapement then
returns the retard levers ta the ““ready’ position — ready, that is, fo
delay the closing-curtain cam on the next release cycle. In earlier
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THE LEICA-TYPE SHUTTER

models of the Leica, the pallet in the escapement isn‘t adjustable. It
remains engaged with the star wheel at all of the slow speeds. Then,
there may be a one-way clutch built into the first-gear segment that
allows the retard levers to return quickly to the “‘ready’’ position.

Later screw-mount Leica models use the adjustabie pallet. So
there are two slow-speed ranges. On the speeds of 1/20 second
through 1/10 second, the pallet is disengaged. The pallet moves into
engagement at the three slowest speeds — 1/4 second (or 1/5
second), 1/2 second, and 1 second. The pallet disengages after every
exposure to allow the retard levers easy return to the “ready”
position,

In models with an adjustable paliet, the slow-speed cam
controls two shutter parts. The front surface of the slow-speed cam
operates the retard rod as previously described. In addition, a cam
follower rides against the side of the slow-speed cam. The other end
of the cam follower engages the pallet lever in the escapement. So
the slow-speed cam controls the pallet engagement as well as the
depth of retard-lever engagement. You’ll see this design during your
study of the actual camera disassembly in NatCam Manval # 327.

Variations in the Design of the Leica-Type Shuter

Once you understand the operation of the Leica, you’ll have little
difficulty spotting variations in different cameras using the Leica-
type shutter. But there’s one variation you'll encounter frequently.
So it deserves a mention at this time.

Rather than the curfain drum, many self-capping focal-
plane shutters use two separate winding rollers. Each
curtain has its own winding rolier.

In the double-roller design, the opening curtain still winds and
releases the clesing curtain. Fig. 53 shows a typical arrangement.
Notice that the opening curtain gears directly to the wind knob. As
you turn the wind knob in the directien of the curved arrow, an idler
gear rotates the speed-control gear.

A shaft connects the speed-control gear fo the opening-curtain
wind gear. And the cpening-curtain wind gear engages a pinion on
top of the opening-curtain winding rolier. So turning the wind knob
pulls the opening curtain to the “ready’’ position.

The speed-control gear in Fig. 53 also advances the closing
curtain. Locate the downward-projecting stud on the underside of
the speed-control gear — this stud interlocks with a stud on top of the
closing-curtain wind gear. And the closing-curtain wind gear
engages a pinion on top of the closing-curtain winding roller.

So during the cocking cycle, both curtains move together to the
“ready’’ position. Releasing the shutter now requires some type of
fransport-release mechanism — we rmust somehow disengage the
gear train from the curtains, allowing the curtains o move in the
release direction.
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THE LEICA -TYPE SHUTTER

But the closing curtain can’t as yet enter the picture area — we
need a slit to expose the film. Locate the closing-curtain latchin Fig.
53. Before the closing curtain enters the aperture, the closing-
curtain latch catches a tab on the closing-curtain wind gear. The
closing-curtain wind gear remains held until we disengage the
closing-curtain latch,

As with the drum-type design, the opening curtain releases the
clesing curtain. The actual part that performs the disengaging
action in Fig. 53 is the speed knob {the knob you turn to set the
shutter speed). There’s a downward-projecting pin on the underside
of the speed knob — this pin fits into one of the holes in the speed-
control gear. So the speed knob always turns with the opening-
curtain winding rotler.

You select the shutter speed just as you do with the Leica design
discussed previously — lift the speed knob, turn it to the desired
setting, and allow it to drop into the proper hole in the speed-controi
gear. You've then fixed the distance between the speed-knob pin and
the closing-curtain latch.

The speed-control gear now rofates as the opening curtain
moves across the picture area. And, at the proper time during the
opening-curtain travel, the speed-knob pin strikes the closing-
curtain latch; that frees the closing curtain. So the closing curtain
follows the opening curtain at the right distance for the selected slit
width,

The timing between the gears is critical in determining the slit
width. |f you disturb the gear timing during disassembly, you’ll
throw off the slit width and the curtain overlap. 50 it's a good idea to
scribe gear timing before disassembly — that often eliminates the
time-consuming process of adjusting the gearing to correct the
shutter speed and the overlap.

For example, consider that you've just serviced the shutter of
Fig. 53. And, in the process, you've disturbed the gear timing. When
checking the shutter speeds after reassembly, you find the fastest
speed is too slow. Assuming that the camera’s ¢lean and in good
operating condition, it’s possible to correct the fastest speed by
increasing the curtain cverlap — the more the curtains overlap
during the wind cycle, the smaller the slit will be on the release
cycte.

In most double-roller designs, your curtain adjustments involve
retiming the gears. 5o you’ll change the timing between the closing-
curtain wind gear and the closing-curtain-winding-roller pinion to
set the position of the closing curtain. And you’ll adjust the timing
between the opening-curtain wind gear and the opening-curtain-
winding-roller pinion to set the overlap. That's one advantage the
double-roller design has over the drum-type design — it's not so
easy to adjust curtain timing in the drum-type shutter. Here, the
positions at which the curtains are cemented on the drums
determine the overlap and the position of the closing curtain,

Your next lesson takes a close look at a typical double-roller
design. And it describes the praocedures for setting the curtain
timing.
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