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     BY VIRTUE OF THE MOMENTARY 
PULSE OF LIGHT FROM ELECTRONIC 
FLASH, EXPOSURE BLENDING CAN 
BECOME AN ART FORM IN ITSELF.

“ “



Most of today’s cameras have focal plane shutters. That is, 
the shutter mechanism is in the body of the camera and not in 
the lens. As cameras and lenses were developed, the shutter 
mechanism was originally placed within the structure of the 
lens assembly, along with the iris (aperture) and focusing 
mechanism. 

Typically, five spring-loaded leaf shaped metal blades are 
assembled on a circular frame, allowing them to quickly open 
and close by command of the shutter release button. A me-
chanical or electronic timing mechanism controls the duration 
or time interval that the leaf shutter remains open. The timing 
of the shutter actuation relates to the various shutter speeds 
available to the photographer. An advantage of the leaf shutter 
is the faster flash X-Sync speed and minimum shutter cycle 
time. Typically the leaf shutter cycle time is on the order of 

about two milli-seconds. Compared to the five milli-second 
shutter cycle time of most 35mm focal plane shutters, this is a 
distinct advantage as it inherently allows for a higher, 1/500 
second flash sync speed.

Moving the shutter from the lens to being integral with the 
body of the camera, has the design advantage of providing a 
single shutter mechanism for cameras with interchangeable 
lenses. This type of shutter is called a focal plane shutter. 

For flash synchronization, however, there is a fundamental 
drawback. Focal plane shutters, in contrast to their counter-
part, the leaf shutter, have a greater mass and therefore re-
quire more time to open and close. 

Even though very high shutter speeds can be obtained with 
a focal plane shutter, by way of a traveling variable slit, the 
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Unlike leaf shutters, focal plane shutters have a max 
X-sync speed of 1/200. During the FP-X sync shutter 
timing interval, the flash unit is triggered when the first 
curtain is fully open, point (b) diagram next page. 
While the shutter remains fully open, electronic flash 
with durations of 1 millisecond or less, allow for an in-
dependent calculation of flash exposure, wherein the 
camera shutter speed will not affect the flash 
exposure. This easily allows the flash and ambient ex-
posures to be set independently...  
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mechanism requires a greater period of time to complete 
the mechanical cycle of opening and closing. Fig. 15.
FP-X Sync Speed: 

The focal plane shutter mechanism cycle time, defines 
the maximum FP-X sync speed achievable. That is, the 
maximum shutter speed which will allow synchronization 
with a Xenon electronic flash unit, X-Sync mode. 

When focal plane shutters were introduced, the shutter 
curtains traveled across the film frame horizontally and 
FP-X synchronization speeds were in the range of 1/60 of 
a second, requiring a minimum of 16.67 milli-seconds to 
open and close the shutter.
Vertical Travel - FP Shutter: 

With the adaption of vertical shutter travel, the 35mm 
style digital camera can now achieve a maximum FP-X 
sync speed of about 1/200th of a second compared with 
the 1/60th of a second allowed by the horizontally travel-
ing FP shutter of earlier designs. 

Due to the shorter travel distance and improved shutter 
mechanism, the vertical traveling FP shutter cycle time 
was reduced from 16.67 milli-seconds to the much shorter 
cycle time of five milli-seconds, to open and close the 
shutter, point (a) - (d) depicted in the diagram of Fig.15.
Shutter Timing - Exposure Blending:

During the FP-X sync shutter timing interval, the flash 
unit is triggered when the first curtain is fully open, point 
(b) on the diagram. Typically, the pulse duration of elec-
tronic flash is one milli-second or less. This short duration, 
within the timing window of the shutter cycle, allows for an 
independent calculation of flash exposure. 
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FP shutter first and second 
curtain transition time at 
1/200 sec. shutter speed

Normal flash pulse at full power.

Extended HHS flash pulse time.
The flash unit is pulsed at 30 khz/sec.

This pulse period must begin at point a, 
just as the first curtain begins to open.

The Nuts and Bolts of HSS High-Speed Sync

5 mili-sec. c

Fig.15



In X-Sync mode, the camera shutter speed will not affect the 
flash exposure and visa versa. This relationship easily allows for 
the flash and ambient exposures to be set independently. An es-
sential benefit to the use Off-Camera Flash for creative lighting.

As examined in Section 4 of Chapter 2, “The Fundamentals of 
Light,” exposure is the product of time and luminance value. There-
fore, the ambient component of exposure will be controlled by the 
lens aperture setting and the shutter duration. In a similar manner, 
the exposure component from the flash will be controlled by the 
lens aperture setting, the flash guide number and the pulse dura-
tion of the flash. Therefore, flash exposure is independent of the 
camera shutter speed. This holds true as long as the shutter 
speed is set at the FP-X sync speed or slower.

Referring to the shutter and flash waveforms in the timing dia-
gram on the preceding page, the pulse of light from an electronic 
flash is momentary and therefore satisfies the exposure duration 
(time component) of the flash exposure triangle as diagramed on 
page 125. Then by virtue of the flash output power setting, the 
light intensity component of the exposure equation is satisfied. 
Therefore, in a sense, electronic flash has a built-in electronic shut-
ter. The intensity component will be defined by the ISO setting, the 
aperture setting, the flash output power setting, the angle of projec-
tion and area of coverage, at the flash to subject distance. The pro-
jection angle is typically cone shaped and depending on the zoom 
setting of the flash, reflector or light modifier used, will effectively 
spread or narrow the beam width of the projected light.
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Understanding the possibilities as well as the inherent 
limitations of FP-X and HSS flash synchronization is an ab-
solute necessity to properly manage flash exposure.
“
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A Visualization Experiment:
Imagine that you have a set of dark curtains covering a large 

window and you have decided to photograph a portrait.
A friend provided you with an antique view camera and there 

is no shutter mechanism in the vintage lens. You realize that if 
the room was dark, you could control the exposure by opening 
and closing the large curtains covering the window. 

You have also set up a flash powder tray in your home studio, 
set to the left of the subject. It is late in the afternoon, so the light 
from the window will require a few seconds to register an expo-
sure on the film plate. 

The flash powder will be set as your main light and you will ob-
tain your first exposure by manually firing the flash. You now walk 
over to the curtains and you know you can control the amount of 
fill light by the length of time you leave the curtains open. 

After the curtains are closed, the film has recorded two expo-
sures: one from the flash powder and the second from the time 
that the curtains were left open.
FP-X Sync 1/200 second:

In review, with shutter speeds of 1/200th sec. and slower, the 
flash pulse duration of 1 milli-second is significantly shorter than 
that of the focal plane shutter cycle interval of five milli-seconds. 
This allows the flash exposure component to be set independ-
ently from the camera shutter speed setting. This feature of inde-
pendent control of both light sources is an essential benefit to 
the use off-camera flash for creative lighting.

As long as the shutter speed is set to the FP-X sync speed or 
slower, the flash component of the exposure may be controlled 
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by the flash output power, aperture setting and flash distance 
from the subject. While the ambient light level can be con-
trolled by setting the shutter speed to 1/200 second or slower. 

In this way, the flash and ambient exposure contributions to 
the scene may be controlled independently, allowing the rela-
tive brightness of the background and the subject to vary inde-
pendently, by artistic preference.

The caveat is; at shutter speeds faster than the FP-X sync 
speed, the second curtain begins to trail the first curtain and 
the shutter is never fully open. This creates the shutter curtain 
shadow associated with focal plane shutters, when the maxi-
mum FP-X sync speed is exceeded with flash synchronization.
HSS - High Speed Sync:

In an effort to circumvent the FP-X Sync speed limitation of 
useable shutter speeds, when synchronizing with electronic 
flash, several manufacturers have incorporated a method to 
effectively extend the length of the flash pulse, HSS. 

By pulsing the flash tube at a high frequency, 30Khz, over a 
six milli-second interval, the flash tube integrates the pulses, 
thereby generating a continuous six milli-second interval of 
light. That is, the pulsed flash lamp presents a pulse of continu-
ous light to the sensor, during the full five milli-second shutter 
interval, as indicated in the Fig. 15 diagram on page 109. 

Of importance to note, is that when shifting the flash mode 
of operation from FP-X sync. to HSS, the firing of the extended 
flash pulse must begin just before the initiation of the first cur-
tain travel point, as represented by point (a) and overlapping 
the five milli-second shutter interval, points (a-d), as shown in 

the diagram of Fig.15. The point (a) trigger actuation is only 
available in the HHS mode on cameras that support high-
speed-sync.

For FP-X sync the flash is fired at point (b) in the diagram, 
the point at which the shutter is fully open. This is an important 
distinction, which will be discussed in detail later.

 This technique of flash pulse width extension, allows for 
flash synchronization at shutter speeds above 1/200th of a 
second. However, as the technique requires direct electronic 
control of the flash tube, the HSS mode of operation had been 
limited to 60-watt-second OEM speed lights. Recently, how-
ever, Profoto, Phottix, Godox and others, have introduced 500-
watt-second portable flash units available with dedicated radio 
remote flash controllers, which now interface with Canon, 
Nikon and Sony cameras, transmitting the HSS control signals.
Advantages of HSS:

1. Flash synchronization with shutter speeds higher than 
the FP-X sync limitation speed of 1/200 of a second. A few 
cameras have an FP-X sync speed of 1/250 of a second.

2. Reduction of the ambient light exposure value with the 
use of higher shutter speeds, allowing for a wider range of 
aperture settings, for achieving a shallow depth of field 
with equivalent EV (exposure values). 

3. Pseudo Motion Stopping: As HSS straddles the shutter 
window of approximately five milli-seconds, an apparently 
faster shutter speed is achieved by the traveling slit of the 
shutter curtains over the sensor frame.
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Disadvantages of HSS:
1. In order to accomplish the required flash pulse stretching, 

the output power and subsequently the effective guide 
number of the flash unit is reduced by about a factor of 
three f-stops. That is an 8X reduction in output power.

2. As the HSS flash pulse is now wider than the shutter cycle 
time --- that is, longer in duration than the shutter open-
close interval --- the camera shutter speed setting now be-
comes a factor in the flash exposure value. 

3. The flash portion of the exposure contribution now be-
haves as if it were a continuous light source, during the 
full period that the shutter curtains present light to the 
camera sensor.

4. In HSS mode, the camera shutter speed setting affects 
both the ambient light and the flash contribution of the ex-
posure, simultaneously. The independent control of flash 
and ambient, available with the FP-X sync mode is lost. 

5. At a given ISO, aperture and shutter speed setting, the 
flash contribution to the exposure on the subject of inter-
est can only be controlled by the flash power setting and 
the flash to subject distance.

6. Therefore, the HSS flash output is effectively reduced by 
one f-stop for each full stop of increase in shutter speed 
beyond the FP-X sync speed of 1/200.

7. As the shutter speed is increased beyond the FP-X sync 
speed, a similar increase in aperture size --- or reduction 
in numerical aperture value --- should accompany the
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shutter speed change, in order to maintain the same level of 
illumination from the flash, at the subject distance. 
In Conclusion: 

High-speed sync is potentially a very useful tool, allowing 
electronic flash synchronization with faster than FP-X sync 
shutter speeds. However, the decrease in useable flash 
power output should be carefully considered, as the flash ex-
posure contribution in HSS mode can only be determined by 
approximate calculation and resulting image exposure in-
spection. Flash meters were not designed to differentiate the 
six milli-second 30 Khz flash pulse from the ambient light con-
tribution, and will see it as directly adding to the ambient light 
level, misreading it entirely. 

The most typical use of HSS is to allow for a wider aper-
ture with faster shutter speed combinations for outdoor por-
traiture in bright settings. Also the wider aperture, having a 
shallower depth of field, offers the ability to set the back-
ground portion of the scene out of focus and thus reduce dis-
tracting elements as a means to better separate the portrait 
subject from the background. (see accompanying photos).

Recently the radio remote control systems, which include 
HSS, have been expanded to offer compatibility with Sony, 
Nikon and Canon based systems. In the very near future, I 
am quite sure that Olympus, Fuji and Panasonic will join the 
growing lineup of manufacturers offering radio remote HSS.
Effective Guide Number Reduction - HHS: 

At full power, a typical speed light has a guide number of 
about 140-feet with the zoom head set for 50mm. This pro-
duces a light value of f-11 at about 13 feet. (see guide num-
ber, beginning on page 57 of Section 4 in Chapter 3). 
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In HSS mode, the guide number is reduced to about 50-feet. 
A guide number of 50-ft produces a light-value of f-4.5 at 13 
feet. Add a light modifier, such as a 36-inch umbrella or 26-inch 
soft box and the light output is reduced again. With the light 
modifier, the effective guide number or GN, is now in the range 
of 18-ft. This will produce a light-value of f-1.4 at 13 feet or a 
light value of f-3.5 at 5 feet. Given this effective guide number 
value shift, make sure to adjust the shutter speed to a value that 
will allow an aperture setting of f-3.5 with the ISO set for 100. 

For example, set your light at a distance of 5 feet from the sub-
ject at full power. This should provide you with a correct starting 
place for ambient and HSS mode exposure blending and allow 
for a higher shutter speed than the typical FP-X sync speed of  
1/200 or 1/250 of a second.

HSS, as depicted in the diagram of Fig.15 on page 109, wid-
ens the pulse width of the flash, reducing the effective flash illu-
mination level by about 8X or three stops. This transition to HSS 
mode goes into effect in the HSS flash sync mode at a shutter 
speed of 1/320 of a second. Also, as the shutter speed is in-
creased, the contribution to the overall exposure from the HSS 
flash pulse, is proportionally reduced. This is due to the fact that 
the shutter curtain traveling slit has narrowed to increase the ef-
fective shutter speed, therefore, also reducing the light value 
which is recorded at the sensor, from the flash in HSS mode.

It is therefore necessary to open the lens aperture to compen-
sate for the HSS flash mode reduction in light. In manual mode, 
you will need to experiment some to balance the now overlap-
ping parameters of the blended exposure triangle.
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In a few words, when switching to HSS mode, independent 
control of the ambient and flash illumination levels has essen-
tially been lost, other than to increase the flash power or bring 
the flash closer to the subject. 

Let’s say you have determined that in order to bring the am-
bient light value down to darken the background, would re-
quire a shutter speed of 1/200 second, and an aperture of f-8 
at ISO 100. Referring to the EV chart of Chapter 2, Section 4, 
on page 47, that combination is an EV (exposure value) of 14. 

However, if you would like to use an aperture of f-2.0 to de-
crease the depth of field, going from f-8 to f-2 is a four stop 
shift. This means that you will need to compensate by increas-
ing the shutter speed by four stops, to 1/3,200. We’re still at EV 
14 for the desired background light level. Looking at the HSS 
GN chart of a Nikon SB-910 flash unit, the effective guide num-
ber, GN is 4.3-meters at 1/4000 of a second with the zoom 
head set for 50mm. 
Get it, Got it, Good! 

Hmmm... OK, being in America, what is the GN in feet? 
Let’s see, 3.28 feet per meter. That’s a little over GN 14-feet. 
So, at full power I will get f-1.4 light at 10 feet. Or, f-2.8 light at 
5 feet. Hmmm, not too bad.

What if I want to add a 42-inch shoot-through umbrella? I’ll 
loose another 2.5 stops of light for a new GN of about 6-feet. 
That’s f-2.0 light with the umbrella set 3 feet from my subject. 
Or, if the background EV allows, I could go to a shutter speed 
of 1/2000 and gain a stop of flash power, for a GN of 8.4-feet 
and move my umbrella back to about 4 feet.
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