
- CAMERA FLASH: EXPOSURE -

Using a camera flash can both broaden the scope and enhance the appearance of your 
photographic subjects. However, flash is also one of the most confusing and misused of all 
photographic tools. In fact, the best flash photo is often the one where you cannot even tell a 
flash was used. This tutorial aims to overcome all the technical terminology in order to focus 
on the real essence of flash photography: how to control your light and subsequently achieve 
the desired exposure.

The first part of the camera flash tutorial focused on the qualitative aspects of using a 
camera's flash to influence a subject's appearance; this second part focuses on what camera 
settings to use in order to achieve the desired flash exposure.

FLASH EXPOSURE OVERVIEW

Using a flash is fundamentally different from taking a normal camera exposure because your 
subject is being lit by two light sources: your flash, which you have some control over, and 
the ambient light, which is likely beyond your control. In this part of the tutorial we'll focus 
on the other two consequences of this fact, as they pertain to flash exposure:

Diagram Illustrating the Flash Exposure Sequence
Illustration shown roughly to scale for a 1/200th second exposure with a 4:1 flash ratio. 
Flash shown for first curtain sync. A pre-flash is not emitted with much older flash units.

A flash photograph actually consists of two separate exposures: one for ambient 
light and the other for flash. Each of these occurs in the split second between when you 
hold the shutter button and when the shutter opens. Newer SLR cameras also fire a pre-
flash in order to estimate how bright the actual flash needs to be.

1.

A flash pulse is usually very brief compared to the exposure time, which means 
that the amount of flash captured by your camera is independent of your shutter speed. 
On the other hand, aperture and ISO speed still affect flash and ambient light equally.

2.

The key is knowing how to achieve the desired mix between light from your flash and light 
from ambient sources -- while also having the right amount of total light (from all sources) to 
achieve a properly exposed image.

CONCEPT: FLASH RATIO

The "flash ratio" is an important way to describe the mix between ambient light and light 
from your flash. Since the shutter speed doesn't affect the amount of light captured from 
your flash (but does affect ambient light), you can use this fact to control the flash ratio. For 
a given amount of ambient light, the mix of flash and ambient light is adjusted using only two 
camera settings: (i) the length of the exposure and (ii) the flash intensity.

 

Flash Ratio: N/A or 0 1:8 - 1:2 1:1 2:1 - 8:1
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 Only Ambient Light Fill Flash Balanced Flash Strong Flash

Settings: no flash longest exposure 
weakest flash

shorter exposure 
weaker flash

shortest exposure 
strongest flash

In this tutorial, the flash ratio* is used to describe the ratio between light from the 
flash and ambient light. At one extreme of this ratio is ordinary ambient light photography 
(left), and at the other extreme is photography using mostly light from the flash (right). 
Realistically though, there's always some amount of ambient light, so an infinite flash ratio is 
just a theoretical limit.

*Technical Note: Sometimes the flash ratio is instead described in terms of the ratio between total light and 
light from the flash. In that case, a 2:1, 3:1 and 5:1 ratio would be equivalent to a 1:1, 1:2 and 1:4 ratio in the 
table above, respectively. Unfortunately both conventions are often used.

It's important to also note that not all flash ratios are necessarily attainable with a 
given flash unit or ambient light intensity. If ambient light is extremely intense, or if 
your flash is far from your subject, it's unlikely that the internal flash of a compact camera 
could achieve flash ratios approaching 10:1, for example. At the other extreme, using a 
subtle 1:8 fill flash might be impractical if there's very little ambient light and your lens 
doesn't have a large maximum aperture (or if you are unable to use a high ISO speed, or 
capture the photo using a tripod).

Flash ratios of 1:2 or greater are where the topics in the first half of this tutorial 
become most important, including the flash position and its apparent light area, since the 
flash can appear quite harsh unless carefully controlled. On the other hand, flash ratios less 
than 1:2 can often achieve excellent results using a flash that is built into the camera. For 
this reason, most photographers will likely want to use their flash as a fill flash, if possible, 
since this is the simplest type of flash photography.

FLASH EXPOSURE MODES

One of the most difficult tasks in flash photography is understanding 
how different camera and flash metering modes will affect an 
overall exposure. Some modes assume you only want a fill flash, 
while others virtually ignore ambient light and assume that your 
camera's flash will be the dominant source of illumination.

Fortunately, all cameras use their flash as either the primary light 
source or as a fill flash. The key is knowing when and why your 
camera uses its flash in each of these ways. A table summarizing 
the most common camera modes is listed below:

Camera Mode Flash Ratio

Auto ( ) 1:1 or greater if dim; otherwise flash doesn't fire

Program (P) fill flash if bright; otherwise greater than 1:1

Aperture Priority (Av) 
Shutter Priority (Tv)

fill flash

Manual (M) whatever flash ratio is necessary

In Auto mode ( ), the flash turns on only if the shutter speed would otherwise drop below 
what is deemed as being hand-holdable -- usually about 1/60 of a second. The flash ratio 
then increases progressively as light hitting the subject gets dimmer, but the shutter speed 
remains at 1/60 of a second.

Program (P) mode is similar to Auto, except one can also force a flash to be used in 
situations where the subject is well-lit, in which case the flash will act as a fill flash. Most 
cameras intelligently decrease their fill flash as ambient light increases (called "auto fill 
reduction" in Canon models). The fill flash ratio may therefore be anywhere from 1:1 (in dim 
light) to 1:4 (in bright light). For situations where the shutter speed is longer than 1/60 of a 
second, flash in Program mode acts just as it did in Auto mode.

Aperture Priority (Av) and Shutter Priority (Tv) modes have even different behavior. 
Just as with Program mode, one usually has to force their flash to "on," which results in the 

Side 2 af 6Camera Flash: Exposure

04-12-2009http://www.cambridgeincolour.com/tutorials/camera-flash-2.htm

http://www.cambridgeincolour.com/tutorials/camera


camera using the flash as a fill flash. However, unlike with Auto and P modes, the flash ratio 
never increases beyond about 1:1 and exposures are as long as necessary (aka "slow sync"). 
In Tv mode, the flash ratio may also increase if the necessary f-stop is smaller than available 
with your lens.

In Manual (M) mode, the camera exposes ambient light based on how you set the aperture, 
shutter speed and ISO. The flash exposure is then calculated based on whatever remaining 
light is necessary to illuminate the subject. Manual mode therefore enables a much broader 
range of flash ratios than the other modes.

In all modes, the relevant setting in your viewfinder will blink if a flash exposure is 
not possible using that setting. This might include requiring an aperture that is outside 
the range available with your lens, or a shutter speed that is faster than what your 
camera/flash system supports (the "X-sync speed" - usually 1/200 to 1/500 second).

FLASH EXPOSURE COMPENSATION - FEC

The key to changing the flash ratio is using the right combination of flash exposure 
compensation (FEC) and ordinary exposure compensation (EC). FEC works much like regular 
EC: it tells the camera to take whatever flash intensity it was going to use, and to override 
that by the FEC setting. The big difference is that while EC affects the exposures for both 
flash and ambient light, FEC only affects flash intensity.

Both EC and FEC are specified in terms of stops of light. Each positive or negative stop refers 
to a doubling or halving of light, respectively. Therefore a +1 EC or FEC value means a 
doubling of light, whereas a -2 value means there's a quarter as much light.

The problem is that it is complicated to adjust both EC and FEC to change the flash 
ratio without also changing the overall exposure. The following table summarizes how 
to change the flash ratio if it had originally been 1:1:

 

Flash Ratio: 1:8 1:4 1:2 1:1 2:1 4:1 8:1
FEC Setting: -3 -2 -1 0 +1 +2 +3

EC Setting:
+2/3 to 

+1
+2/3

+1/3 to 
+1/2

0
-1/2 to 
-2/3

-1 1/3
-2 to 

-2 1/3
The above table shows how to change the flash ratio by adjusting FEC and EC; 

EC settings are listed as a range because they can only be set in 1/2 to 1/3 stop increments.

Note that the FEC value is straightforward: it's just equal to the number of stops you intend 
to increase or decrease the flash ratio by. On the other hand, the EC setting is far from 
straightforward: it depends not only on how much you want to change the flash ratio by, but 
also on the original flash ratio -- and it's rarely an integer.

As an example of why EC is much more complicated than FEC, let's walk through what happens when you 
change the flash ratio from 1:1 to 2:1 in the above example. You will first want to dial in +1 FEC, since that's 
the easiest part. However, if only FEC is increased +1, then the amount of light from flash doubles while light 
from ambient remains the same -- thereby increasing the overall exposure. We therefore need to dial in a 
negative EC to compensate for this, so that the exposure is unchanged. But how much EC? Since the original 
flash ratio was 1:1, the total amount of light using +1 FEC is now 150% of what it was before. We therefore 
need to use an EC value which reduces the total amount of light by a factor of 2/3 (150% * 2/3 = 100%). Since 
each negative EC halves the amount of light, we know this EC value has to be between 0 and -1, but the exact 
value isn't something we can readily calculate in our head. It's equal to log2(2/3), which comes out to about -
0.58.

Fortunately, the flash ratio calculator (below) solves this problem for us. While it's not 
something one would necessarily use in the field, hopefully it can help you develop a better 
intuition for roughly what EC values are needed in different situations.

Flash Ratio Calculator

 Original Flash Ratio: 1:1  FEC Setting:
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Calculate --> New Flash Ratio: 1:1  EC Setting:
note: EC can only be set in 1/3 to 1/2 stop increments, so use the nearest value available

How to increase the flash ratio: dial in a positive flash exposure compensation, while 
simultaneously entering a negative exposure compensation. Assuming a default 1:1 flash 
ratio, achieving a 2:1 flash ratio requires an FEC value of +1 and a corresponding EC value of 
-1/2 to -2/3.

How to decrease the flash ratio: dial in a negative flash exposure compensation, while 
simultaneously entering a positive exposure compensation (but not exceeding +1). Assuming 
a default 1:1 flash ratio, achieving a 1:2 flash ratio requires an FEC value of -1 and a 
corresponding EC value of about +1/3 to +1/2.

Finally, it's important to note that FEC is not always used to change the flash ratio. It can 
also be used to override errors by your camera's flash metering system. How and why this 
might happen is discussed in the next section...

TTL FLASH METERING

Most current SLR flash systems employ some form of through-the-lens (TTL) metering. 
Digital TTL flash metering works by bouncing one or more tiny pre-flash pulses off the subject 
immediately before the exposure begins, which are then used to estimate what flash intensity 
is needed during the actual exposure.

Just after the exposure begins, the flash unit starts emitting its flash pulse. Your camera then 
measures how much of this flash has reflected back in real-time, and quenches (stops) the 
flash once the necessary amount of light has been emitted. Depending on the camera mode, 
the flash will be quenched once it either balances ambient light (fill flash) or adds whatever 
light is necessary to expose the subject (greater than 1:1 flash ratio).

However, a lot can go wrong. Since a flash exposure is actually two sequential exposures, 
both (1) ambient light metering and (2) flash metering have to be correct. We'll therefore 
deal with each source of metering error separately.

(1) Ambient Light Metering is the first to occur, and determines the combination of 
aperture, ISO and shutter speed. It's quite important since it controls the overall exposure, 
and is what the subsequent flash metering will be based on.

Recall that in-camera metering goes awry primarily because it can only measure reflected 
and not incident light (see tutorial on camera metering & exposure).

Reflective Subject Incident vs. Reflected Light

If your subject is light and reflective, such as in the example above, then your camera will 
mistakenly assume that this apparent brightness is caused by lots of incident light, as 
opposed to its high reflectance. Since your camera over-estimates the amount of ambient 
light, it therefore ends up under-exposing the subject. Similarly, a dark and unreflective 
subject often results in an over-exposure. Furthermore, situations with high or low-key 
lighting can also throw off your camera's metering (see digital camera histograms).
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example of complex, uneven ambient light

Note: Ironically, white wedding dresses and black tuxedos are perfect examples of highly reflective and 
unreflective subjects that can throw off your camera's exposure -- even though weddings are often where flash 

photography and accurate exposures are most important.

Regardless, if you suspect your camera's ambient light metering will be incorrect, then dialing 
in a positive or negative exposure compensation (EC) will fix ambient light metering and 
improve flash metering at the same time.

(2) Flash Metering is based on the results from both the pre-flash and from ambient light 
metering. If your TTL flash metering system emits an incorrect amount of flash, not only will 
your overall exposure be off, but the flash ratio will be off as well -- thereby affecting the 
appearance of your subject.

The biggest causes for flash error are the distance to your subject, the distribution of ambient 
light and your subject's reflective properties. The subject distance is important because it 
strongly influences how much flash will hit and bounce back from this subject:

Flash Illumination vs. Distance
light fall-off is so rapid that objects 2x as far receive 1/4 the amount of flash

Even with a proper flash exposure, if your subject (or other objects) traverse a large distance 
to and from the camera, expect regions of these objects which are closer to the camera to 
appear much brighter than regions which are further.

Complex lighting situations can also be 
problematic. If ambient light illuminates your 
subject differently than the background or other 
objects, the flash might mistakenly try to balance 
light hitting the overall scene (or some other 
object), as opposed to light which only hits your 
subject.

Additionally, since flash metering occurs after your 
camera meters for ambient light, it is important 
not to use the auto exposure (AE) lock setting 
when using the focus and recompose technique. If 
available, one should instead use flash exposure 
lock (FEL).

The particular reflective properties of objects in your photo can also throw off flash metering. 
This might include flash glare and other hard reflections from mirrors, metal, marble, glass or 
other similar objects. These objects may also create additional unintended sources of hard 
light, which can cast additional shadows on your subject.

There's also subtleties with how different manufacturer's metering systems work. For Canon 
EOS digital, you will likely have either E-TTL or E-TTL II; for Nikon digital it will be D-TTL or i-
TTL. However, many of their flash metering algorithms are complicated and proprietary, and 
differences often only arise in situations with uneven ambient lighting. Therefore the best 
approach is to experiment with a new flash system before using it for critical photos, so you 
can get a better feel for when metering errors might occur.

FIRST & SECOND CURTAIN SYNC

First and second curtain sync are flash exposure settings that affect how a subject's 
motion blur is perceived. Since a flash pulse is usually much shorter than the exposure 
time, a flash photo of a moving object is comprised of both a blurred portion, caused by the 
slower ambient light exposure, and a sharper portion, caused by the much faster flash pulse. 
Each of these is effectively overlaid to create the final flash photograph. First and second 
curtain sync control whether the blurred portion trails behind or in front of the subject's flash 
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image, respectively, by synchronizing the flash pulse with the beginning ("first curtain") or 
end ("second curtain") of the exposure:

With first curtain sync, most of the ambient light is captured after the flash pulse -- causing 
the blurred portion to streak in front of the sharper flash image. This can give moving objects 
the appearance of traveling in the opposite direction of their actual motion. In the example 
below, the swan has motion streaks which make it appear as though it is rapidly swimming 
backwards, and the snow appears to be "falling" upwards:

 

Example of First Curtain Sync Appearance of Moving Objects

For the above reasons, first curtain sync is usually undesirable for subjects in motion -- 
unless the exposure time is kept short enough that no streaks are visible. On the other hand, 
second curtain sync can be very useful for exaggerating subject motion, because 
the light streaks appear behind the moving subject.

However, most cameras do not use second curtain sync by default, because it can make 
timing the shot more difficult. This is because second curtain sync introduces much more of a 
delay between when you press the shutter button and when the flash fires -- and increasingly 
so for longer exposure times. One therefore needs to anticipate where the subject will be at 
the end of the exposure, as opposed to when the shutter button is pressed. This can be very 
tricky to time correctly for exposures of a second or more, or for really fast moving subjects.

For additional reading, please refer to the first half of this tutorial at: 
Camera Flash, Part 1: Light Quality & Appearance
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