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Introduction
Vision is perhaps the sense we most associate with reality. We are 

therefore more conscious of what we see than how we see, but that all 

has to change when you learn photography. You have to augment your 

own eyesight with a deeper understanding of what is both technically 

possible and creatively desirable. Such an understanding is built not by 

following instructions for a specific camera model but by becoming fluent 

in the language of photography.

 xi



Components of photography
Before you dig in, read through this introduction to start building a foundational under-
standing of light and its interaction with the key components of a photographic system. 
Each of these topics is discussed in more depth in subsequent chapters.

Light

Let’s start with the concept of light. After all, photography is essentially the process of cap-
turing and recording light to produce an image. What we commonly refer to as light is just a 
particular type of electromagnetic radiation that spans a wide range of phenomena, from 
X-rays to microwaves to radio waves. The human eye only sees a narrow range called the 
visible spectrum, which fits between ultraviolet and infrared radiation and represents all the 
colors in a rainbow (see figure 1).

If you were creating a painting, the visible spectrum would represent all the colors of paint 
you could have in your palette. Every color and shade that you have ever seen, from the 
most intense sunsets to the most subtle nightscapes, is some combination of light from this 
spectrum. Our eyes perceive this color using a combination of three different color-sensing 
cells, each of which has peak sensitivity for a different region in the visible spectrum. Con-
trary to common belief, color is actually a sensation just like taste and smell. Our sensitivity 
to color is uniquely human, and it’s a potent photographic tool for evoking emotions in 
the viewer.

Lens

The first time light interacts with your photographic system is usually when it hits the front 
of your camera’s lens. Your choice of lens is one of the first creative choices that irreversibly 
sculpts the recorded image (figure 2, left). If the colors of light are your paint, then the lens 
is your paint brush.

In reality, lenses are far more powerful than that. For example, they can influence the view-
er’s sense of scale and depth, control the angle of view, or isolate a subject against an other-
wise busy background. Lenses often receive less attention than camera bodies, but a good 
lens often outlives a good camera and thus deserves at least as much attention. Your lens 
choice can also have more of an impact on image quality than anything else in your photo-
graphic system.

The camera’s lens effectively takes an angle of view plus a subject of focus and projects that 
onto the camera’s sensor. Although often only the outer portion of glass is visible, modern 
lenses are actually composed of a series of carefully engineered, specialty glass elements that 
precisely control incoming light rays and focus those with maximal fidelity (figure 2, right). 
For this reason, photographers often also refer to having a good lens as having “good glass.”

figure 1  
Qualitative depiction 
of the visible spectrum 
among other invisible 
wavelengths in the elec-
tromagnetic spectrum 
(not to scale)
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figure 2  
digital SLr camera with a variety of lenses (left). 
Cross section of a lens showing internal glass 
elements (right).

sensors

 After light passes through your lens, it hits the digital sensor (figure 3, left), which is what 
receives light and converts it into an electrical signal (with film cameras, the sensor is instead 
an exposed rectangular frame on the film strip but is otherwise very similar physically). If 
light is your paint and the lens is your paint brush, then the sensor can be thought of as your 
canvas. However, just as with the lens, the sensor determines far more than just the window 
onto your scene; it controls how much detail you’ll be able to extract, what lenses you’ll be 
able to use and the effect they’ll have, and whether dramatic lighting can be fully recorded—
from the deepest shadows to the brightest highlights. In today’s highly competitive camera 
market that features cameras with well-tailored user interfaces and ergonomics, a good 
sensor is often what determines a good camera.

figure 3  
Camera sensor exposed 
underneath a digital 
SLr lens mount (left). 
Qualitative illustration 
of red, green, and blue 
photosites within a tiny 
portion of this sensor if 
magnified 1000× (right).
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Most camera sensors try to approximate the result of the three color-sensing cells in our 
eyes with their own variety of color-sensing elements, or photosites—usually of the red, green, 
and blue variety. The most common is the Bayer array, which includes alternating rows of 
red/green and green/blue photosites (figure 3, right). Data from each of these photosites 
is later combined to create full-color images by both your camera and photo-editing soft-
ware. The lens actually projects a circular image onto the sensor, but due to typical display 
and print formats, the sensor only records a central rectangular window from this larger 
imaging circle.

Camera Body

The camera body is what mechanically ties everything together, but just as importantly, it 
also electrically and optically coordinates all the components in your photographic system 
(figure 4). Unlike the other components, though, the camera body has no close analogue in 
a painter’s tool kit, except perhaps an extremely mobile canvas and easel. Portability is there-
fore where modern photography truly shines; you can often take your camera with you every-
where, allowing you to think about your everyday surroundings in a whole new way.

figure 4  
the outside of a digital 
SLr camera (top) along 
with an illustration 
of the key internal 
components (bottom)
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The camera body primarily controls or assists with the following: how much light is 
received, where and how to focus, how image information is stylized and recorded, and 
how an image is previewed. Camera bodies also come in many varieties, depending on 
your preference for image quality, mobility, price, and lens compatibility. Common types 
include smartphone or compact cameras, DSLR (digital single-lens reflex) cameras, and 
mirrorless cameras to name a few (figure 5). This book focuses on DSLR and mirrorless 
cameras, but you can apply most of the concepts discussed here universally.

Other important but optional components of a photographic system include tripods for sharp, 
long exposures; lens filters for specialty shots; and lighting equipment for portraits and other 
carefully controlled shots. These optional components are discussed in Chapters 4 through 6 
and Chapter 8.

figure 5  
examples of a 
smartphone, compact 
camera, mirrorless 
camera, and digital 
SLr camera (clockwise 
from upper left)
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Who shouLd read this Book?
The components of photography covered here comprise what you need to physically take 
a photograph, but we’ve yet to discuss the most important component: the artist. As you 
practice and better understand your equipment, you’ll learn how to make creative decisions 
about the images you create—from choosing a lens that accentuates your stylistic goals to 
selecting camera settings for exposing under challenging lighting. Eventually, you’ll be think-
ing more artistically than technically because technique will become second nature.

To make creative decisions with confidence, though, you need to understand not only which 
camera settings are often used depending on subject matter but also, more importantly, 
why those settings are so frequently recommended. This book is therefore for photographic 
enthusiasts who want to take the time to build that educational foundation by deepening 
their overall understanding of light and cameras. The book focuses on everything prior to 
image processing—from the various ways you could record a subject all the way to maximiz-
ing image quality during an exposure.

aBout this Book
Photography is often considered simple to grasp but complex to master, so you can use 
this book either to absorb everything from start to finish or to explore specific sections and 
fill in the gaps in your current knowledge. You can start with the basics and go straight to 
shooting or, if you feel ready, skip to the more advanced topics right away. Regardless of 
your experience level, photography offers hobbyists virtually limitless potential to hone 
their craft.

Here’s an overview of what you’ll find in each chapter:

 e Chapter 1: Basic Concepts in Photography introduces exposure, camera metering, 
and depth of field.

 e Chapter 2: digital image Characteristics introduces bit depth, digital sensors, 
histograms, and image noise.

 e Chapter 3: Understanding Camera Lenses explains the key lens specifications plus 
how to use wide-angle and telephoto lenses in particular.

 e Chapter 4: Camera types and tripods covers compact, mirrorless, and DSLR camera 
types, plus how to choose the right tripod.

 e Chapter 5: Lens Filters shows when to use ultraviolet (UV), color, polarizing, neutral 
density (ND), and graduated neutral density (GND) filter types.

 e Chapter 6: Using Flash to enhance Subject illumination introduces common flash 
equipment and exposure settings.

 e Chapter 7: Working with natural Light and Weather shows you how time of day and 
atmospheric conditions affect the qualities of light.
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 e Chapter 8: introduction to Portrait Lighting shows you how the size, position, and 
relative intensity of single and dual light sources affect portraits.

 e Chapter 9: other Shooting techniques discusses camera shake, autofocus, creative 
shutter speeds, and the rule of thirds.

 e appendix: Cleaning Camera Sensors shares techniques for cleaning your camera sensor.

Concepts such as light, exposure, and lens choice should all become part of your visual intu-
ition; only then will you be able to push your equipment and creativity to their full potential.

Let’s get started.
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1
Basic Concepts in 
Photography
Photography becomes most enjoyable when you get comfortable with 

your camera. Achieving that level of comfort is less about remembering a 

list of settings and more about building the right understanding of the core 

concepts in photography. 

Just like people who know how to ride a bike can focus more on where they’re going than 
on turning the pedals or switching gears, when you become comfortable with your camera, 
you can focus more on capturing evocative imagery than on what settings are necessary 
to achieve those photos. In this chapter, we start that process by covering the key concepts 
and terminology in photography, which include the following topics:

 e Exposure Aperture, ISO speed, and shutter speed are the three core controls that 
manipulate exposure. We discuss their technical impact on light and imagery as well 
as their limitations and trade-offs.

 e Camera metering The engine that assesses light and exposure. We look at typical 
settings as well as some scenarios where camera metering comes in handy.

 e Depth of field An important characteristic that influences our perception of space. 
We discuss how we quantify depth of field and which settings affect it.

Each high-level topic applies equally to both digital and traditional film photography. 
Let’s begin by discussing exposure.

 1



Understanding exPosUre
Exposure determines how light or dark an image will appear when it has been captured 
by your camera. Learning to control exposure is an essential part of developing your own 
intuition for photography.

 Exposing a photograph is like collecting rain in a bucket. Although 
the rate of rainfall is uncontrollable, three factors remain under your 
control: the bucket’s width, how long you leave the bucket in the rain, 
and the quantity of rain you need to collect. You don’t want to col-
lect too little (known as underexposure), but you also don’t want to 
collect too much (known as overexposure). The key is that there are 
many different combinations of width, time, and quantity that can 
collect the amount of rainfall you want. For example, to get the 
same quantity of water, you can get away with less time in the rain 

if you pick a bucket that’s really wide. Alternatively, for the same amount of time in the rain, 
a narrower bucket works fine if you can get by with less water.

exPosUre triangle

Just as collecting rain in a bucket is controlled by the bucket’s width, the duration of its expo-
sure to the rain, and the quantity of rain desired, collecting light for exposure is determined 
by three camera settings: shutter speed, aperture, and ISO speed. Together, these settings 
are known as the exposure triangle. Let’s take a closer look at how these control exposure:

 e Shutter speed Controls the duration of the exposure

 e Aperture Controls the area through which light can enter your camera

 e ISO speed Controls the sensitivity of your camera’s sensor to a given amount of light

 You can use many combinations of these 
three settings to achieve the same exposure. 
The key, however, is deciding which trade-
offs to make, since each setting also influ-
ences other image properties. For example, 
aperture affects depth of field (which we’ll 
discuss in “Understanding Depth of Field” 
on page 14), shutter speed affects motion 
blur, and ISO speed affects image noise. 
Figure 1-1 illustrates the settings that make 
up the exposure triangle and the different 
image properties affected by each setting.

The next sections explain how these set-
tings are quantified, how each of the three 
exposure controls affect the image, and 
how you can control these settings with 
exposure modes.

Figure 1-1  
The exposure triangle
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shUtter sPeed

Let’s begin by exploring how shutter speed affects your image. A camera’s shutter deter-
mines when the camera sensor will be open or closed to incoming light from the camera 
lens. The shutter speed, or exposure time, refers to how long this light is permitted to enter 
the camera. Shutter speed and exposure time are often used interchangeably and refer to the 
same concept. A faster shutter speed means a shorter exposure time.

QUantiFying shUtter sPeed

Shutter speed’s influence on exposure is the simplest of the three camera settings: it cor-
relates 1:1 with the amount of light entering the camera. For example, when the exposure 
time doubles, the amount of light entering the camera doubles. It’s also the setting with the 
widest range of possibilities. table 1-1 illustrates the range of shutter speed settings and 
provides examples of what each can achieve.

table 1-1 range of Shutter Speeds

shUtter sPeed tyPical examPle

1 to 30+ seconds To take specialty night and low-light photos on a tripod

1/2 to 2 seconds To add a silky look to flowing water landscape photos on a tripod for 
enhanced depth of field

1/30 to 1/2 second To add motion blur to the background of moving-subject, carefully 
taken, handheld photos with stabilization

1/250 to 1/50 second To take typical handheld photos without substantial zoom

1/500 to 1/250 second To freeze everyday sports/action, in moving-subject, handheld photos 
with substantial zoom (telephoto lens)

1/8000 to 1/1000 second To freeze extremely fast, up-close subject motion

Note that the range in shutter speeds spans a 100,000× ratio between the shortest exposure 
and longest exposure, enabling cameras with this capability to record a wide variety of 
subject motion.

how shUtter sPeed aFFects yoUr image

Slow shutter speed is useful for blurring motion, as when capturing waterfalls or when 
experimenting with creative shots. Figure 1-2 uses a slow (1-second) shutter speed to blur 
the motion of the waterfall.

Most often, photographers try to avoid motion blurs using shutter speed. For example, a 
faster shutter speed can create sharper photos by reducing subject movement. Figure 1-3 
is a picture taken with a faster (1/60-second) shutter speed. A fast shutter speed also helps 
minimize camera shake when taking handheld shots.

1 :  B A S I C  C O n C E P T S  I n  P h O T O g r A P h y  3



Figure 1-2  
Slow shutter speed 
(blurs motion)

Figure 1-3  
Fast shutter speed 
(freezes motion)
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How do you know which shutter speed will give you a sharp handheld shot? With digital cam-
eras, the best way to find out is to experiment and look at the results on your camera’s LCD 
(liquid crystal display) screen at full zoom. If a properly focused photo comes out blurred, you 
usually need to increase the shutter speed, keep your hands steadier, or use a camera tripod.

aPertUre

A camera’s aperture setting controls the width of the opening that lets light into your camera 
lens. We measure a camera’s aperture using an f-stop value, which can be counterintuitive 
because the area of the opening increases as the f-stop decreases. For example, when 
photographers say they’re “stopping down” or “opening up” their lens, they’re referring to 
increasing and decreasing the f-stop value, respectively. Figure 1-4 helps you visualize the 
area of the lens opening that corresponds to each f-stop value.

f/1.0 f/1.4 f/2.0 f/2.8 f/4.0

f/5.6

QUantiFying aPertUre

Every time the f-stop value halves, the light-collecting area quadruples. There’s a formula 
for this, but most photographers just memorize the f-stop numbers that correspond to each 
doubling or halving of light. table 1-2 lists some aperture and shutter speed combinations 
that result in the same exposure.

table 1-2 Example of Aperture Settings and Shutter Speed Combinations

aPertUre 
setting

relative 
light

samPle shUtter 
sPeed

aPertUre 
setting

relative 
light

samPle shUtter 
sPeed

f/22 1× 1 second f/4.0 32× 1/30 second

f/16 2× 1/2 second f/2.8 64× 1/60 second

f/11 4× 1/4 second f/2.0 128× 1/125 second

f/8.0 8× 1/8 second f/1.4 256× 1/250 second

f/5.6 16× 1/15 second

You can see that as the f-stop value decreases (allowing more light in), the shutter speed has 
to be faster to compensate for the amount of light passing through the lens. Shutter speed 
values don’t always come in increments of exactly double or half a shutter speed, but they’re 
usually close enough that the difference is negligible.

Figure 1-4  
F-stop values and 
the corresponding 
aperture area

NOTE: These sample 
shutter speeds are 
approximations of the 
Relative Light column 
based on typically avail-
able camera settings.
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The f-stop numbers in table 1-2 are all standard options in any camera, although most 
cameras also allow finer adjustments in 1/3- and 1/2-stop increments, such as f/3.2 and f/6.3. 
The range of values may also vary from camera to camera or lens to lens. For example, a 
compact camera might have an available range of f/2.8 to f/8.0, whereas a digital SLR (single-
lens reflex) camera might have a range of f/1.4 to f/32 with a portrait lens. A narrow aperture 
range usually isn’t a big problem, but a greater range gives you more creative flexibility.

how aPertUre aFFects yoUr image

A camera’s aperture setting affects the distance from the lens to where objects appear accept-
ably sharp, both in front of and behind where the camera is focusing. This range of sharpness 
is commonly referred to as the depth of field, and it’s an important creative tool in portraiture 
for isolating a subject from its surroundings by making the subject look sharper than the back-
drop. It can also maximize detail throughout, as with an expansive landscape vista.

Lower f-stop values create a shallower depth of field, whereas higher f-stop values create a 
more expansive depth of field. For example, with many cameras, f/2.8 and lower are com-
mon settings when a shallow depth of field is desired, whereas f/8.0 and higher are used 
when sharpness throughout is key. 

Figure 1-5 shows an example of a picture taken with wide aperture settings to achieve 
a shallow depth of field. You’ll notice that the flower in the foreground, which the camera 
focuses on, is sharper than the rest of the objects. Figure 1-6 shows an example of the 
opposite effect.

1 Figure 1-5  
Using a wide-aperture, 
low f-stop value (f/2.0) 
for a shallow depth 
of field

3 Figure 1-6  
Using a narrow-
aperture, high f-stop 
value (f/16) for an 
expansive depth  
of field
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In this case, a narrow aperture creates a wider depth of field to bring all objects into rela-
tively sharp focus. You can also control depth of field using settings other than aperture. 
We’ll take a deeper look at other considerations affecting depth of field as well as how 
depth of field is defined and quantified in “Understanding Depth of Field” on page 14.

iso sPeed

The ISO speed determines how sensitive the camera is to incoming light. Similar to shutter 
speed, it also correlates 1:1 with how much the exposure increases or decreases. However, 
unlike aperture and shutter speed, a lower ISO speed is almost always desirable since higher 
ISO speeds dramatically increase image noise, or fine-scale variations of color or brightness 
in the image that are not present in the actual scene. Image noise is also called film grain in 
traditional film photography. Figure 1-7 shows the relationship between image noise and 
ISO speed and what image noise looks like.

low iso speed 
(less image noise)

high iso speed  
(more image noise)

Figure 1-7  
ISO speed and 
image noise

You can see that a low ISO speed results in less image noise, whereas a high ISO speed 
results in more image noise. You’d usually increase ISO from its base or default value only if 
you can’t otherwise obtain the desired aperture and shutter speed. For example, you might 
want to increase the ISO speed to achieve both a fast shutter speed with moving subjects 
and a more expansive depth of field, or to be able to take a sharp handheld shot in low light 
when your lens is already at its widest aperture setting.

Common ISO speeds include 100, 200, 400, and 800, although many cameras also permit 
lower or higher values. With compact cameras, an ISO speed in the range of 50–400 gener-
ally produces acceptably low image noise, whereas with digital SLR cameras, a range of 
100–3200 (or even higher) is often acceptable.
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camera exPosUre modes

Most digital cameras have one of the following standardized exposure modes: Auto ( ), 
Program (P), Aperture Priority (A or Av), Shutter Priority (S or Tv), Manual (M), and Bulb (B). 
Av, Tv, and P modes are often called creative modes or auto-exposure (AE) modes. Figure 1-8 
shows some exposure modes you would see on a typical camera.

Each mode influences how aperture, ISO speed, and shutter speed values are chosen for a 
given exposure. Some modes attempt to pick all three values for you, whereas others let you 
specify one setting and the camera picks the other two when possible. table 1-3 describes 
how each mode determines exposure.

Auto-exposure mode doesn’t allow for much creative control because it doesn’t let you priori-
tize which camera settings are most important for achieving your artistic intent. For example, 
for an action shot of a kayaker, like Figure 1-9, you might want to use S or Tv mode because 
achieving a faster shutter speed is likely more important than the scene’s depth of field. Simi-
larly, for a static landscape shot, you might want to use A or Av mode because achieving an 
expansive depth of field is likely more important than the exposure duration.

In addition, the camera may also have several pre-set modes. The most common pre-set 
modes include landscape, portrait, sports, and night modes. The symbols used for each mode 
vary slightly from camera to camera but will likely appear similar to those shown in table 1-4, 
which gives descriptions of the most common pre-set modes you’ll find on a camera.

3 Figure 1-9  
Using S or Tv mode to 
increase shutter speed

1 Figure 1-8  
Typical camera exposure modes 
(including pre-set modes)
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table 1-3 Descriptions of Common Exposure Modes

exPosUre mode how it works

Auto ( ) The camera automatically selects all exposure settings.

Program (P) The camera automatically selects aperture and shutter speed. You 
choose a corresponding ISO speed and exposure compensation. With 
some cameras, P can also act as a hybrid of the Av and Tv modes.

Aperture Priority  
(av or a)

You specify the aperture and ISO speed. The camera’s metering (dis-
cussed in the next section) determines the corresponding shutter speed.

Shutter Priority  
(tv or s)

You specify the shutter speed and ISO speed. The camera’s metering 
determines the corresponding aperture.

Manual (m) You specify the aperture, ISO speed, and shutter speed—regardless of 
whether these values lead to a correct exposure.

Bulb (B) You specify the aperture and ISO speed. The shutter speed is determined 
by a remote release switch or, depending on the camera, by double-
pressing or holding the shutter button. Useful for exposures longer than 
30 seconds.

table 1-4 Pre-set Exposure Modes

exPosUre mode how it works

Portrait The camera tries to pick the lowest f-stop value possible for a given 
exposure. This ensures the shallowest possible depth of field.

Landscape The camera tries to pick a high f-stop to ensure a deep depth of field. 
Compact cameras also often set their focus distance to distant objects 
or infinity.

Sports/action The camera tries to achieve as fast a shutter speed as possible for a given 
exposure (ideally 1/250 second or faster). In addition to using a low f-stop, 
the camera may also achieve a faster shutter speed by increasing the ISO 
speed to more than would be acceptable in portrait mode.

night/low-light The camera permits shutter speeds longer than ordinarily allowed 
for handheld shots and increases the ISO speed to near its maximum 
available value. However, for some cameras, this setting means that a 
flash is used for the foreground and that a long shutter speed and high 
ISO speed are used to expose the background. Check your camera’s 
instruction manual for any unique characteristics.
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Some of the modes can also control camera settings unrelated to exposure, although this 
varies from camera to camera. These additional settings include the autofocus points, 
metering mode, and autofocus modes, among others.

Keep in mind that most of the modes rely on the camera’s metering system to achieve proper 
exposure. The metering system is not foolproof, however. It’s a good idea to be aware of what 
might go awry and what you can do to compensate for such exposure errors. In the next sec-
tion, we discuss camera metering in more detail.

camera metering
Knowing how your camera meters light is critical for achieving consistent and accurate 
exposures. The term metering refers to what was traditionally performed by a separate light 
meter, a device used to determine the proper shutter speed and aperture by measuring the 
amount of light available. In-camera metering options include spot, evaluative or matrix, 
and center-weighted metering. Each has its advantages and disadvantages, depending 
on the type of subject and distribution of lighting. Next, we discuss the difference between 
incident and reflected light to see how in-camera light meters determine proper exposure.

incident vs. reFlected light

Incident light is the amount of light hitting the subject, and it’s also a measurement that 
correlates directly with exposure. Reflected light refers to the amount of incident light that 
reflects back to the camera after hitting the subject and therefore only indirectly measures 
incident light. Whereas handheld light meters measure incident light, in-camera light meters 
can only measure reflected light. Figure 1-10 illustrates the difference between incident 
light and reflected light.

Incident light

reflected light

In-camera 
metering

Light source

Subject

handheld 
meter

If all objects reflected light in the same way, getting the right exposure would be simple. 
However, real-world subjects vary greatly in their reflectance. For this reason, in-camera 
metering is standardized based on the intensity of light reflected from an object that 

Figure 1-10 
Incident vs. 
reflected light
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appears middle gray in tone. In fact, in-camera meters are designed for such middle-toned 
subjects. For example, if you fill the camera’s image frame with an object lighter or darker 
than middle gray, the camera’s metering will often incorrectly under- or overexpose the 
image, respectively. On the other hand, a handheld light meter results in the same exposure 
for any object given the same incident lighting because it measures incident light.

What constitutes middle gray? In the printing industry, it’s defined as the ink density that 
reflects 18 percent of incident light. Figure 1-11 shows approximations of 18 percent lumi-
nance using different colors.

Figure 1-11  
Approximations of 
18 percent luminance

18% gray tone 18% red tone 18% green tone 18% blue tone

Cameras adhere to a different standard than the printing industry. Whereas each 
camera defines middle gray slightly differently, it’s generally defined as a tone ranging 
between 10 and 18 percent reflectance. Metering off a subject that reflects more or less 
light than this may cause your camera’s metering algorithm to go awry, resulting in either 
under- or overexposure.

technical note

gray cards are more often used for white balance than for exposure. For studio work, many 
photographers use a light meter because it’s far more accurate. A gray card has 10 to 18 per-
cent reflectance (as opposed to 50 percent reflectance) to account for how our human visual 
system works. Because we perceive light intensity logarithmically as opposed to linearly, our 
visual system requires much less than half the reflectance for an object to be perceived as 
half as bright.

metering oPtions

To accurately expose a greater range of subject lighting and reflectance combinations, most 
cameras have several built-in metering options. Each option works by assigning a relative 
weighting to different light regions within the image. Those regions with a higher weighting 
are considered more reliable and thus contribute more to the final exposure calculation. 
Figure 1-12 shows what different metering options might look like.

Center-weighted Spot meteringPartial metering

Figure 1-12  
Partial and spot areas 
shown for 13.5 percent 
and 3.8 percent of the 
picture area, respec-
tively, based on a Canon 
1-series DSLr camera.
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As you can see in Figure 1-12, the whitest regions have a higher weighting and contribute 
most to the exposure calculation, whereas black areas don’t. This means that subject 
matter placed within the whitest regions will appear closer to the intended exposure than 
subject matter placed within the darker regions. Each of these metering diagrams can also 
be off-center, depending on the metering options and autofocus point used.

More sophisticated metering algorithms like evaluative, zone, and matrix go beyond just 
using a regional map. These are usually the default when you set the camera to auto-
exposure. These settings work by dividing the image into numerous subsections. Each 
subsection is then analyzed in terms of its relative location, light intensity, or color. The 
location of the autofocus point and orientation of the camera (portrait versus landscape) 
may also contribute to metering calculations.

when to Use Partial and sPot metering

Partial and spot metering give the photographer far more control over exposure than the 
other settings, but these are also more difficult to use, at least initially, because the photog-
rapher has to be more careful about which portions of the scene are used for metering. Par-
tial and spot metering work very similarly, but partial metering is based on a larger fraction of 
the frame than spot metering (as depicted in Figure 1-12), although the exact percentages 
vary based on camera brand and model. Partial and spot metering are often useful when 
there’s a relatively small object in your scene that you need perfectly exposed or know will 
provide the closest match to middle gray, as shown in Figure 1-13.

Bright background

Autofocus point on 
foreground subject

Figure 1-13  
A situation where you 
might want to use off-
center partial or spot 
metering
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One of the most common applications of partial metering is in 
portraiture when the subject is backlit. Partially metering off the 
face can help avoid an exposure that makes the subject appear as 
an underexposed silhouette against the bright background. On the 
other hand, the shade of your subject’s skin may lead to unintended 
exposure if it’s too far from middle gray reflectance—although this is 
less likely with backlighting.

Spot metering is used less often because its metering area is very 
small and thus quite specific. This can be an advantage when you’re 
unsure of your subject’s reflectance and have a specially designed 
gray card or other standardized object from which to meter off.

Partial and spot metering are also useful for creative exposures or 
when the ambient lighting is unusual, like in Figure 1-14, which is 
an example of a photo taken with partial metering. In this case, the 
photographer meters off the directly lit stone below the sky opening 
to achieve a good balance between brightness in the sky and dark-
ness on the rocks.

center-weighted metering

Center-weighted metering is when all regions of the frame contribute 
to the exposure calculation, but subject matter closer to the center 
of the frame contributes more to this calculation than does sub-
ject matter farther from the center. This was once a very common 
default setting in cameras because it coped well with a bright sky 
above a darker landscape. Nowadays, evaluative and matrix meter-
ing allow more flexibility, and partial and spot metering provide 
more specificity.

On the other hand, center-weighted metering produces very predictable results, whereas 
matrix and evaluative metering modes have complicated algorithms whose results are harder 
to predict. For this reason, some still prefer center-weighted as the default metering mode.

Note that there is no one correct way to achieve an exposure, since that is both a technical 
and a creative decision. Metering is just a technical tool that gives the photographer more 
control and predictability over their creative intent with the image.

exPosUre comPensation

With any of the previously discussed metering modes, you can use a feature called exposure 
compensation (EC). When you activate EC, the metering calculation works normally, but the 
final exposure target gets compensated by the EC value. This allows for manual corrections 
if a metering mode is consistently under- or overexposing. Most cameras allow up to two 
stops of EC, where each stop provides either a doubling or halving of light compared to 
what the metering mode would have done without compensation. The default setting of 
zero means no compensation will be applied.

Figure 1-14  
A photo taken using partial metering
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EC is ideal for correcting in-camera metering errors caused by the subject’s reflectivity. For 
example, subjects in the snow with high reflectivity always require around +1 exposure com-
pensation, whereas dark gray (unreflective) subjects may require negative compensation. 
Figure 1-15 is an example of a highly reflective scene requiring high positive exposure com-
pensation to avoid appearing too dark.

As you can see, exposure compensation is handy for countering the way an in-camera light 
meter underexposes a subject like a white owl in the snow, due to its high reflectivity.

Understanding dePth oF Field
This section covers the technical aspects of depth of field to give you a deeper understanding 
of how it’s measured and defined. Feel free to skim through this section if you’d rather focus on 
the concepts and techniques to control depth of field, which we’ll cover in “Controlling Depth 
of Field” on page 16.

Depth of field refers to the range of distance that appears acceptably sharp within an image. 
This distance varies depending on camera type, aperture, and focusing distance. Print size 
and viewing distance can also influence our perception of depth of field.

The depth of field doesn’t abruptly change from sharp to blurry but instead gradually transi-
tions. In fact, when you focus your camera on a subject, everything immediately in front of or 
in back of the focusing distance begins to lose sharpness—even if this transition is not per-
ceived by your eyes or by the resolution of the camera.

Figure 1-15  
Example of a high reflec-
tance scene requiring 
high positive exposure 
compensation
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circle oF conFUsion

Because there’s no single critical point of transition, a more rigorous term called the circle of 
confusion is used to define the depth of field. The circle of confusion is defined by how much 
a point needs to be blurred so it’s no longer perceived as sharp. When the circle of confusion 
becomes blurry enough to be perceptible to our eyes, this region is said to be outside the 
depth of field and thus no longer acceptably sharp. Figure 1-16 illustrates a circle of confu-
sion and its relationship to the depth of field.

Closest and farthest 
distances of acceptable 

sharpness
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Incident light rays

Depth of field Film plane  
or digital sensor

Circle of 
confusion

In this diagram, the left side of the camera lens represents light from your subject, whereas 
the right side of the lens represents the image created by that light after it has passed 
through the lens and entered your camera. As you can see, the blue lines represent the 
light from subject matter that coincides with the focal plane, which is the distance at which 
the subject is in sharpest focus. The purple and green dots on either side of the focal plane 
represent the closest and farthest distances of acceptable sharpness.

As you can see in Figure 1-17, a point light source can have various degrees of blur when 
recorded by your camera, and the threshold by which such blur is no longer deemed accept-
ably sharp is what defines the circle of confusion. Note that the circle of confusion has been 
exaggerated for the sake of demonstration; in reality, this would occupy only a tiny fraction 
of the camera sensor’s area.

Focal point

Depth of field

Circles of confusion Circles of confusion

When does the circle of confusion become perceptible to our eyes? An acceptably sharp 
circle of confusion is commonly defined as one that would go unnoticed when enlarged to a 
standard 8 × 10 inch print and observed from a standard viewing distance of about 1 foot.

Figure 1-16  
Diagram illustrating the 
circle of confusion

Figure 1-17  
Circles of confusion
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At this viewing distance and print size, camera manufacturers assume a circle of confusion 
is negligible if it’s no larger than 0.01 inches. In other words, anything blurred by more than 
0.01 inches would appear blurry. Camera manufacturers use the 0.01 inch standard when 
providing lens depth-of-field markers. Figure 1-18 shows an example of depth-of-field 
markers on a 50 mm lens.

In reality, a person with 20/20 vision or better can distinguish features much smaller than 
0.01 inches. In other words, the sharpness standard of a camera is three times worse than 
someone with 20/20 vision! This means that the circle of confusion has to be even smaller to 
achieve acceptable sharpness throughout the image.

A different maximum circle of confusion also applies for each print size and viewing dis-
tance combination. In the earlier example of blurred dots, the circle of confusion is actually 
smaller than the resolution of your screen (or printer) for the two dots on either side of the 
focal point, and so these are considered within the depth of field. Alternatively, the depth 
of field can be based on when the circle of confusion becomes larger than the size of your 
digital camera’s pixels.

Note that depth of field only determines when a subject is deemed acceptably sharp; it 
doesn’t describe what happens to regions once they become out of focus. These regions 
are also called bokeh (pronounced boh-keh) from the Japanese word meaning “blur.” Two 
images with identical depths of field may have significantly different bokeh, depending on 
the shape of the lens diaphragm. In fact, the circle of confusion isn’t actually a circle but only 
approximated as such when it’s very small. When it becomes large, most lenses render it as 
a polygon with five to eight sides.

controlling dePth oF Field

Although print size and viewing distance influence how large the circle of confusion appears 
to our eyes, aperture and focusing distance are the two main factors that determine how 
big the circle of confusion will be on your camera’s sensor. Larger apertures (smaller f-stop 
number) and closer focusing distances produce a shallower depth of field. In Figure 1-19, 
all three photos have the same focusing distance but vary in aperture setting.

Figure 1-18  
Lens depth of field 
markers
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f/8.0 f/5.6 f/2.8

As you can see from this example, f/2.8 creates a photo with the least depth of field since the 
background is the most blurred relative to the foreground, whereas f/5.6 and f/8.0 create 
a progressively sharper background. In all three photos, the focus was placed on the fore-
ground statue.

technical note

your choice of lens focal length doesn’t influence depth of field, contrary to common belief. 
The only factors that have a substantial influence on depth of field are aperture, subject mag-
nification, and the size of your camera’s image sensor. All of these topics will be discussed in 
more depth in subsequent chapters.

If sharpness throughout the image is the goal, you might be wondering why you can’t just 
always use the smallest aperture to achieve the best possible depth of field. Other than 
potentially requiring prohibitively long shutter speeds without a camera tripod, too small 
an aperture softens the image, even where you’re focusing, due to an effect called diffraction. 
Diffraction becomes a more limiting factor than depth of field as the aperture gets smaller. 
This is why pinhole cameras have limited resolution despite their extreme depth of field.

sUmmary
In this chapter, you learned how aperture, ISO speed, and shutter speed affect exposure. 
You also learned about the standard camera exposure modes you can use to control expo-
sure in your image. You learned about different metering options that give you even more 
control over exposure. Finally, you explored the various factors that affect depth of field in 
your image.

In the next chapter, you’ll learn about the unique characteristics of a digital image so you 
can better interpret these as a photographer.

Figure 1-19  
Images taken with a 
200 mm lens at the 
same focus distance 
with varying apertures
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2
Digital Image 
Characteristics
In this chapter, you’ll familiarize yourself with the unique characteristics 

of digital imagery so you can make the most of your images. First, you’ll learn 

how the digital color palette is quantified and when it has a visual impact, 

which you’ll need to know in order to understand bit depth. Then you’ll explore 

how digital camera sensors convert light and color into discrete pixels.

The last two sections of this chapter cover how to interpret image histograms for more pre-
dictable exposures, as well as the different types of image noise and ways to minimize it.
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UnderstandIng BIt depth
Bit depth quantifies the number of unique colors in an image’s color palette in terms of the 
zeros and ones, or bits, we use to specify each color. This doesn’t mean that an image neces-
sarily uses all of these colors, but it does mean that the palette can specify colors with a high 
level of precision.

In a grayscale image, for example, the bit depth quantifies how many unique shades of gray 
are available. In other words, a higher bit depth means that more colors or shades can be 
encoded because more combinations of zeros and ones are available to represent the inten-
sity of each color. We use a grayscale example here because the way we perceive intensity in 
color images is much more complex.

termInology

Every color pixel in a digital image is created through some combination of the three primary 
colors: red, green, and blue. Each primary color is often referred to as a color channel and can 
have any range of intensity values specified by its bit depth. The bit depth for each primary 
color is called the bits per channel. The bits per pixel (bpp) refers to the sum of the bits in all 
three color channels and represents the total colors available at each pixel.

Confusion arises frequently regarding color images because it may be unclear whether a 
posted number refers to the bits per pixel or bits per channel. Therefore, using bpp to specify 
the unit of measurement helps distinguish these two terms.

For example, most color images you take with digital cameras have 8 bits per channel, 
which means that they can use a total of eight 0s and 1s. This allows for 28 (or 256) differ-
ent combinations, which translate to 256 different intensity values for each primary color. 
When all three primary colors are combined at each pixel, this allows for as many as 28*3 
(or 16,777,216) different colors, or true color. Combining red, green, and blue at each pixel in 
this way is referred to as 24 bits per pixel because each pixel is composed of three 8-bit color 
channels. We can generalize the number of colors available for any x-bit image with the 
expression 2x, where x refers to the bits per pixel, or 23x, where x refers to the bits per channel.

table 2-1 illustrates different image types in terms of bit depth, total colors available, and 
common names. Many of the lower bit depths were only important with early computers; 
nowadays, most images are 24 bpp or higher.
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table 2-1 Comparing the Bit depth of different image Types

BIts per pIxel nUmBer of colors avaIlaBle common name(s)

1 2 Monochrome

2 4 CGA

4 16 EGA

8 256 VGA

16 65,536 XGA, high color

24 16,777,216 SVGA, true color

32 16,777,216 + transparency

48 281 trillion  

vIsUalIzIng BIt depth

Note how figure 2-1 changes when the bit depth is reduced. The 
difference between 24 bpp and 16 bpp may look subtle, but will be 
clearly visible on a monitor if you have it set to true color or higher 
(24 or 32 bpp).

dIgItal photo tIps

Although the concept of bit depth may at first seem needlessly tech-
nical, understanding when to use high- versus low-bit depth images 
has important practical applications. Key tips include:

 e The human eye can discern only about 10 million different colors, 
so saving an image in any more than 24 bpp is excessive if the 
intended purpose is for viewing only. On the other hand, images 
with more than 24 bpp are still quite useful because they hold up 
better under post-processing.

 e You can get undesirable color gradations in images with fewer 
than 8 bits per color channel, as shown in figure 2-2. This effect 
is commonly referred to as posterization.

 e The available bit depth settings depend on the file type. 
Standard JPEG and TIFF files can use only 8 and 16 bits per 
channel, respectively.

figure 2-1  
Visual depiction of 8 bpp, 16 bpp, and 24 bpp using 
rainbow color gradients

24 bpp

16 bpp

8 bpp 
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7 figure 2-2  
a limited palette of 
256 colors results in a 
banded appearance 
called posterization.

1 figure 2-3  
a digital sensor with 
millions of imperceptible 
color filters

dIgItal camera sensors
A digital camera uses a sensor array of millions of tiny pixels (see figure 2-3) to pro-
duce the final image. When you press your camera’s shutter button and the exposure 
begins, each of these pixels has a cavity called a photosite that is uncovered to collect and 
store photons.

After the exposure finishes, the camera closes each of these photosites and then tries to 
assess how many photons fell into each. The relative quantity of photons in each cavity is 
then sorted into various intensity levels, whose precision is determined by bit depth (0–255 
levels for an 8-bit image). figure 2-4 illustrates how these cavities collect photons.

The grid on the left represents the array of light-gathering photosites on your sensor, 
whereas the reservoirs shown on the right depict a zoomed in cross section of those same 
photosites. In figure 2-4, each cavity is unable to distinguish how much of each color has 
fallen in, so the grid diagram illustrated here would only be able to create grayscale images.

figure 2-4  
Using cavities to collect 
photons
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Bayer array

To capture color images, each cavity has to have a filter placed over it that allows penetra-
tion of only a particular color of light. Virtually all current digital cameras can capture only 
one of the three primary colors in each cavity, so they discard roughly two-thirds of the 
incoming light. As a result, the camera has to approximate the other two primary colors to 
have information about all three colors at every pixel. The most common type of color filter 
array, called a Bayer array, is shown in figure 2-5.

As you can see, a Bayer array consists of alternating rows of red-green and green-blue filters 
(as shown in figures 2-5 and 2-6). Notice that the Bayer array contains twice as many 
green as red or blue sensors. In fact, each primary color doesn’t receive an equal fraction 
of the total area because the human eye is more sensitive to green light than both red and 
blue light. Creating redundancy with green photosites in this way produces an image that 
appears less noisy and has finer detail than if each color were treated equally. This also 
explains why noise in the green channel is much less than for the other two primary colors, 
as you’ll learn later in the chapter in the discussion of image noise.

figure 2-6  
Full color versus Bayer 
array representations of 
an image

original scene  
(with enlarged pixels)

equivalent Bayer array  
of original scene 

figure 2-5  
a Bayer array
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Not all digital cameras use a Bayer array. For example, the Foveon sensor is one example 
of a sensor type that captures all three colors at each pixel location. Other cameras may 
capture four colors in a similar array: red, green, blue, and emerald green. But a Bayer array 
remains by far the most common setup in digital camera sensors.

Bayer demosaIcIng

Bayer demosaicing is the process of translating a Bayer array of primary colors into a final 
image that contains full-color information at each pixel. How is this possible when the cam-
era is unable to directly measure full color? One way of understanding this is to instead think 
of each 2×2 array of red, green, and blue as a single full-color cavity, as shown in figure 2-7.

Although this 2×2 approach is sufficient for simple demosaicing, most cameras take addi-
tional steps to extract even more image detail. If the camera treated all the colors in each 
2×2 array as having landed in the same place, then it would only be able to achieve half the 
resolution in both the horizontal and vertical directions.

On the other hand, if a camera computes the color using several overlapping 2×2 arrays, 
then it can achieve a higher resolution than would be possible with a single set of 2×2 arrays. 
figure 2-8 shows how the camera combines overlapping 2×2 arrays to extract more 
image information.

figure 2-7  
Bayer demosaicing 
using 2×2 arrays
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figure 2-8  
Combining overlapping 
2×2 arrays to get more 
image information
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Note that we do not calculate image information at the very edges of the array because we 
assume the image continues in each direction. If these were actually the edges of the cavity 
array, then demosaicing calculations here would be less accurate, because there are no 
longer pixels on all sides. This effect is typically negligible, because we can easily crop out 
information at the very edges of an image.

Other demosaicing algorithms exist that can extract slightly more resolution, produce 
images that are less noisy, or adapt to best approximate the image at each location.

demosaIcIng artIfacts

Images with pixel-scale detail can sometimes trick the demosaicing algorithm, producing 
an unrealistic-looking result. We refer to this as a digital artifact, which is any undesired or 
unintended alteration in data introduced in a digital process. The most common artifact 
in digital photography is moiré (pronounced “more-ay”), which appears as repeating 
patterns, color artifacts, or pixels arranged in an unrealistic maze-like pattern, as shown 
in figures 2-9 and 2-10.

figure 2-9  
image with pixel-scale 
details captured at 
100 percent

figure 2-10  
Captured at 65 percent of the size as in 
Figure 2-9, resulting in more moiré

You can see moiré in all four squares in figure 2-10 and also in the third square of figure 2-9, 
where it is more subtle. Both maze-like and color artifacts can be seen in the third square of 
the downsized version. These artifacts depend on both the type of texture you’re trying to 
capture and the software you’re using to develop the digital camera’s files.

However, even if you use a theoretically perfect sensor that could capture and distinguish 
all colors at each photosite, moiré and other artifacts could still appear. This is an unavoid-
able consequence of any system that samples an otherwise continuous signal at discrete 
intervals or locations. For this reason, virtually every photographic digital sensor incorpo-
rates something called an optical low-pass filter (OLPF) or an anti-aliasing (AA) filter. This is 
typically a thin layer directly in front of the sensor, and it works by effectively blurring any 
potentially problematic details that are finer than the resolution of the sensor. However, an 
effective OLPF also marginally softens details coarser than the resolution of the sensor, thus 
slightly reducing the camera’s maximum resolving power. For this reason, cameras that are 
designed for astronomical or landscape photography may exclude the OLPF because for 
these applications, the slightly higher resolution is often deemed more important than a 
reduction of aliasing.
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mIcrolens arrays

You might wonder why figures 2-4 and 2-5 do not show the cavities placed directly next to 
each other. Real-world camera sensors do not have photosites that cover the entire surface 
of the sensor in order to accommodate other electronics. Digital cameras instead contain 
microlenses above each photosite to enhance their light-gathering ability. These lenses are 
analogous to funnels that direct photons into the photosite, as shown in figure 2-11. 

Without microlenses, the photons would go unused, as shown in figure 2-12.

figure 2-11  
microlenses direct photons into the photosites.

figure 2-12  
Without microlenses, some photons go unused.

Well-designed microlenses can improve the photon signal at each photosite and subse-
quently create images that have less noise for the same exposure time. Camera manufac-
turers have been able to use improvements in microlens design to reduce or maintain noise 
in the latest high-resolution cameras, despite the fact that these cameras have smaller 
photosites that squeeze more megapixels into the same sensor area.

Image hIstograms
Image histogram is probably the single most important concept you’ll need to understand 
when working with pictures from a digital camera. A histogram can tell you whether your 
image has been properly exposed, whether the lighting is harsh or flat, and what adjustments 
will work best. It will improve your skills not only on the computer during post-processing but 
also as a photographer.

Recall that each pixel in an image has a color produced by some combination of the pri-
mary colors red, green, and blue (RGB). Each of these colors can have a brightness value 
ranging from 0 to 255 for a digital image with a bit depth of 8 bits. An RGB histogram results 
when the computer scans through each of these RGB brightness values and counts how 
many are at each level, from 0 through 255. Although other types of histograms exist, all 
have the same basic layout as the example shown in figure 2-13.

In this histogram, the horizontal axis represents an increasing tonal level from 0 to 255, 
whereas the vertical axis represents the relative count of pixels at each of those tonal levels. 
Shadows, midtones, and highlights represent tones in the darkest, middle, and brightest 
regions of the image, respectively.
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figure 2-13  
an example of a 
histogram

Tonal range
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The tonal range is the region where most of the brightness values are present. Tonal range 
can vary drastically from image to image, so developing an intuition for how numbers map 
to actual brightness values is often critical—both before and after the photo has been taken. 
Note that there is not a single ideal histogram that all images should mimic. Histograms 
merely represent the tonal range in the scene and what the photographer wishes to convey.

For example, the staircase image in figure 2-14 contains a broad tonal range with markers 
to illustrate which regions in the image map to brightness levels on the histogram.

Highlights are within the window in the upper center, midtones are on the steps being hit by 
light, and shadows are toward the end of the staircase and where steps are not directly illu-
minated. Due to the relatively high fraction of shadows in the image, the histogram is higher 
toward the left than the right.

figure 2-14  
an image with broad tonal range
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figure 2-15  
example of a standard histogram composed pri-
marily of midtones

But lighting is often not as varied as with figure 2-14. Conditions of ordinary and even light-
ing, when combined with a properly exposed subject, usually produce a histogram that peaks 
in the center, gradually tapering off into the shadows and highlights, as in figure 2-15.

With the exception of the direct sunlight reflecting off the top of the building and some 
windows, the boat scene is quite evenly lit. Most cameras will have no trouble automati-
cally reproducing an image that has a histogram similar to the one shown here.

hIgh- and low-Key Images

Although most cameras produce midtone-centric histograms when in automatic exposure 
mode, the distribution of brightness levels within a histogram also depends on the tonal 
range of the subject matter. Images where most of the tones occur in the shadows are 
called low key, whereas images where most of the tones are in the highlights are called high 
key. figures 2-16 and 2-17 show examples of high-key and low-key images, respectively.
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Before you take a photo, it’s useful to assess whether your subject matter qualifies as high 
or low key. Recall that because cameras measure reflected light, not incident light, they can 
only estimate subject illumination. These estimates frequently result in an image with aver-
age brightness whose histogram primarily features midtones.

Although this is usually acceptable, it isn’t always ideal. In fact, high- and low-key scenes 
frequently require the photographer to manually adjust the exposure relative to what the 
camera would do automatically. A good rule of thumb is to manually adjust the exposure 
whenever you want the average brightness in your image to appear brighter or darker than 
the midtones.

figure 2-16  
high-key histogram of an image with mostly 
highlights

figure 2-17  
low-key histogram of an image with mostly 
shadow tones
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figure 2-18  
Underexposed despite a central histogram

figure 2-19  
overexposed despite a central histogram

In general, a camera will have trouble with auto-exposure whenever you want the average 
brightness in an image to appear brighter or darker than a central histogram. The dog and 
gate images shown in figures 2-18 and 2-19, respectively, are common sources of auto-
exposure error. Note that the central peak histogram is brought closer to the midtones in 
both cases of mistaken exposure.

As you can see here, the camera gets tricked into creating a central histogram, which 
renders the average brightness of an image in the midtones, even though the content of 
the image is primarily composed of brighter highlight tones. This creates an image that is 
muted and gray instead of bright and white, as it would appear in person.

Most digital cameras are better at reproducing low-key scenes accurately because they try 
to prevent any region from becoming so bright that it turns into solid white, regardless of 
how dark the rest of the image might become as a result. As long as your low-key image has 
a few bright highlights, the camera is less likely to be tricked into overexposing the image, as 
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you can see in figure 2-19. High-key scenes, on the other hand, often produce images that 
are significantly underexposed because the camera is still trying to avoid clipped highlights 
but has no reference for what should appear black.

Fortunately, underexposure is usually more forgiving than overexposure. For example, you 
can’t recover detail from a region that is so overexposed it becomes solid white. When this 
occurs, the overly exposed highlights are said to be clipped or blown. figure 2-20 shows an 
example contrasting clipped highlights with unclipped highlights.

As you can see, the clipped highlights on the floor in the left image lose detail from overexpo-
sure, whereas the unclipped highlights in the right image preserve more detail.

You can use the histogram to figure out whether clipping has occurred. For example, you’ll 
know that clipping has occurred if the highlights are pushed to the edge of the chart, as 
shown in figure 2-21.

Some clipping is usually acceptable in regions such as specular reflections on water or metal, 
when the sun is included in the frame, or when other bright sources of light are present. This 
is because our iris doesn’t adjust to concentrated regions of brightness in an image. In such 
cases, we don’t expect to see as many details in real life as in the image. But this would be 
less acceptable when we’re looking at broader regions of brightness, where our eyes can 
adjust to the level of brightness and perceive more details.

Ultimately, the amount of clipping present is up to the photographer and what they wish to 
convey in the image.

contrast

A histogram can also describe the amount of contrast, which measures the difference in 
brightness between light and dark areas in a scene. Both subject matter and lighting con-
ditions can affect the level of contrast in your image. For example, photos taken in the fog 
will have low contrast, whereas those taken under strong daylight will have higher contrast. 
Broad histograms reflect a scene with significant contrast (see figure 2-22), whereas nar-
row histograms reflect less contrast and images may appear flat or dull (see figure 2-23). 
Contrast can have a significant visual impact on an image by emphasizing texture.

figure 2-20  
Clipped (left) versus 
unclipped detail (right)

figure 2-21  
substantially clipped 
highlights showing 
overexposure
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figure 2-22  
Wider histogram (higher contrast)

figure 2-23  
narrower histogram (lower contrast)

The higher-contrast image of the water has deeper shadows and more pronounced high-
lights, thus creating a texture that pops out at the viewer. figure 2-24 shows another high-
contrast image.

figure 2-24  
example of a scene with 
very high contrast
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Contrast can also vary for different regions within the same image depending on both sub-
ject matter and lighting. For example, we can partition the earlier image of a boat into three 
separate regions, each with its own distinct histogram, as shown in figure 2-25.

The upper region contains the most contrast of all three because the image is created 
from light that hasn’t been reflected off the surface of water. This produces deeper shad-
ows underneath the boat and its ledges and stronger highlights in the upward-facing and 
directly exposed areas. The result is a very wide histogram.

The middle and bottom regions are produced entirely from diffuse, reflected light and thus 
have lower contrast, similar to what you would get when taking photographs in the fog. The 
bottom region has more contrast than the middle despite the smooth and monotonic blue 
sky because it contains a combination of shade and more intense sunlight. Conditions in the 
bottom region create more pronounced highlights but still lack the deep shadows of the top 
region. The sum of the histograms in all three regions creates the overall histogram shown 
previously in figure 2-15.

figure 2-25  
histograms showing 
varying contrast for 
each region of the 
image
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Image noIse
Image noise is the digital equivalent of film grain that occurs with analog cameras. You can 
think of it as the subtle background hiss you may hear from your audio system at full volume. 
In digital images, noise is most apparent as random speckles on an otherwise smooth 
surface, and it can significantly degrade image quality.

However, you can use noise to impart an old-fashioned, grainy look that is reminiscent of 
early films, and you can also use it to improve perceived sharpness. Noise level changes 
depending on the sensitivity setting in the camera, the length of the exposure, the tempera-
ture, and even the camera model.

sIgnal-to-noIse ratIo

Some degree of noise is always present in any electronic device that transmits or receives a 
signal. With traditional televisions, this signal is broadcast and received at the antenna; with 
digital cameras, the signal is the light that hits the camera sensor.

Although noise is unavoidable, it can appear so small relative to the signal that it becomes 
effectively nonexistent. The signal-to-noise ratio (SNR) is therefore a useful and universal way 
of comparing the relative amounts of signal and noise for any electronic system. High and 
low SNR examples are illustrated in figures 2-26 and 2-27, respectively.

Original image

Camera image

Background noise

Even though figure 2-26 is still quite noisy, the SNR is high enough to clearly distinguish the 
word SIGNAL from the background noise. figure 2-27, on the other hand, has barely dis-
cernible letters because of its lower SNR.

figure 2-26  
high snr example, 
where the camera 
produces a picture of 
the word SIGNAL against 
an otherwise smooth 
background
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Iso speed

The ISO speed is perhaps the most important camera setting influencing the SNR of your 
image. Recall that a camera’s ISO speed is a standard we use to describe its absolute sensi-
tivity to light. ISO settings are usually listed as successive doublings, such as ISO 50, ISO 100, 
and ISO 200, where higher numbers represent greater sensitivity. You learned in the previous 
chapter that higher ISO speed increases image noise.

The ratio of two ISO numbers represents their relative sensitivity, meaning a photo at 
ISO 200 will take half as long to reach the same level of exposure as one taken at ISO 100 
(all other factors being equal). ISO speed is the same concept and has the same units as ASA 
speed in film photography, where some film stocks are formulated with higher light sensitiv-
ity than others. You can amplify the image signal in the camera by using higher ISO speeds, 
resulting in progressively more noise.

figure 2-27  
low snr example, 
where the camera 
barely has enough 
snr to distinguish 
SIGNAL against the 
background noise
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types of noIse

Digital cameras produce three common types of noise: random noise, fixed-pattern 
noise, and banding noise. The three qualitative examples shown in figure 2-28 display 
pronounced and isolating cases for each type of noise against an ordinarily smooth gray 
background.

fixed-pattern noise

long exposure,  
low iso speed

random noise

short exposure,  
high iso speed

Banding noise

susceptible camera,  
brightened shadows 

Random noise results primarily from photon arrival statistics and thermal noise. There will 
always be some random noise, and this is most influenced by ISO speed. The pattern of 
random noise changes even if the exposure settings are identical. figure 2-29 shows an 
image that has substantial random noise in the darkest regions because it was captured at 
a high ISO speed.

Fixed-pattern noise includes what are called “hot,” “stuck,” or “dim” pixels. Fixed-pattern 
noise is exacerbated by long exposures and high temperatures. Fixed-pattern noise is also 
unique in that it has almost the same distribution with different images if taken under the 
same conditions (temperature, length of exposure, and ISO speed).

Banding noise is highly dependent on the camera and is introduced by camera electronics 
when reading data from the digital sensor. Banding noise is most visible at high ISO speeds 
and in the shadows, or when an image has been excessively brightened.

Although fixed-pattern noise appears more objectionable in figure 2-28, it is usually easier 
to remove because of its pattern. For example, if a camera’s internal electronics know the 
pattern, this can be used to identify and subtract the noise to reveal the true image. Fixed-
pattern noise is therefore much less prevalent than random noise in the latest generation 
of digital cameras; however, if even the slightest amount remains, it is still more visually 
distracting than random noise.

The less objectionable random noise is usually much more difficult to remove without 
degrading the image. Noise-reduction software has a difficult time discerning random 
noise from fine texture patterns, so when you remove the random noise, you often end up 
adversely affecting these textures as well.

figure 2-28  
Comparison of the 
three main types of 
image noise in isola-
tion against an other-
wise smooth gray 
background.
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figure 2-29  
sample image with 
visible noise and a wide 
range of tonal levels.
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how BrIghtness affects noIse

The noise level in your images not only changes depending on the exposure setting and 
camera model but can also vary within an individual image, similar to the way contrast 
can vary for different regions within the same image. With digital cameras, darker regions 
contain more noise than brighter regions, but the opposite is true with film.

figure 2-30 shows how noise becomes less pronounced as the tones become brighter (the 
original image used to create the patches is shown in figure 2-31.

1 2 3 4

1

2

3

4

Brighter regions have a stronger signal because they receive more light, resulting in a higher 
overall SNR. This means that images that are underexposed will have more visible noise, 
even if you brighten them afterward. Similarly, overexposed images have less noise and can 
actually be advantageous, assuming that you can darken them later and that no highlight 
texture has become clipped to solid white.

figure 2-30  
noise is less visible in 
brighter tones

figure 2-31  
The original image used 
to create the four tonal 
patches in Figure 2-30
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chroma and lUma noIse

Noise fluctuations can be separated into two components: color and luminance. Color noise, 
also called chroma noise, usually appears more unnatural and can render images unusable 
if not kept under control. Luminance noise, or luma noise, is usually the more tolerable com-
ponent of noise. figure 2-32 shows what chroma and luma noise look like on what was 
originally a neutral gray patch.

neutral gray patch  
(combined effect of luma  

and chroma noise)

luma noise component chroma noise component
+

The relative amounts of chroma and luma noise can vary significantly depending on the cam-
era model. You can use noise-reduction software to selectively reduce either type of noise, but 
complete elimination of luminance noise can cause unnatural or plastic-looking images.

Noise is typically quantified by the intensity of its fluctuations, where lower intensity means 
less noise, but its spatial frequency is also important. The term fine-grained noise was used 
frequently with film to describe noise with fluctuations occurring over short distances, 
resulting in a high spatial frequency. These two properties of noise often go hand in 
hand; an image with more intense noise fluctuations will often also have more noise 
at lower frequencies (which appears in larger patches).

Let’s take a look at figure 2-33 to see why it’s important to keep spatial frequency in mind 
when assessing noise level.

low-frequency noise  
(coarser texture)

high-frequency noise  
(finer texture)

The patches in this example have different spatial frequencies, but the noise fluctuates with 
a very similar intensity. If the “low versus high frequency” noise patches were compared 
based solely on the intensity of their fluctuations (as you’ll see in most camera reviews), then 
the patches would be measured as having similar noise. However, this could be misleading 
because the patch on the right actually appears to be much less noisy.

figure 2-32  
Chroma and luma noise

figure 2-33  
similar intensities, but 
one seems more noisy 
than the other
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The intensity of noise fluctuations still remains important, though. The example 
in figure 2-34 shows two patches that have different intensities but the same 
spatial frequency.

low-magnitude noise  
(smoother texture)

high-magnitude noise  
(rougher texture)

figure 2-34  
different intensities but 
same spatial frequency

Note that the patch on the left appears much smoother than the patch on the right because 
low-magnitude noise results in a smoother texture. On the other hand, high-magnitude 
noise can overpower fine textures, such as fabric and foliage, and can be more difficult to 
remove without destroying detail.

noIse level Under dIfferent Iso settIngs

Now let’s experiment with actual cameras so you can get a feel for how much noise is pro-
duced at a given ISO setting. The examples in figure 2-35 show the noise characteristics 
for three different cameras against an otherwise smooth gray patch.

figure 2-35  
noise levels shown using 
best JPeg quality, day-
light white balance, and 
default sharpening

ISO 100 ISO 200 ISO 400

High-end DSLR
Pixel area: 40 µm2

Entry-level camera
(newer model)

Pixel area: 9.3 µm2

Entry-level camera
(older model)

Pixel area: 15 µm2

You can see how increasing the ISO speed always produces higher noise for a given camera, 
but that the amount of noise varies across cameras. The greater the area of a pixel in the 
camera sensor, the more light-gathering ability it has, thus producing a stronger signal. As 
a result, cameras with physically larger pixels generally appear less noisy because the signal 
is larger relative to the noise. This is why cameras with more megapixels packed into the 
same-sized camera sensor don’t necessarily produce a better-looking image.

On the other hand, larger pixels alone don’t necessarily lead to lower noise. For example, even 
though the older entry-level camera has much larger pixels than the newer entry-level camera, 
it has visibly more noise, especially at ISO 400. This is because the older entry-level camera has 
higher internal or “readout” noise levels caused by less-sophisticated electronics.
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Also note that noise is not unique to digital photography, and it doesn’t always look the 
same. Older devices, such as this CRT television image, often suffered from noise caused by 
a poor antenna signal (as shown in figure 2-36). 

sUmmary
In this chapter, you learned about several unique characteristics of digital images: bit depth, 
sensors, image histograms, and image noise. As you’ve seen, understanding how the cam-
era processes light into a digital image lets you evaluate the quality of the image. It also lets 
you know what to adjust depending on what kind of noise is present. You also learned how 
to take advantage of certain types of image noise to achieve a particular effect.

In the next chapter, you’ll build on your knowledge of exposure from Chapter 1 and learn 
how to use lenses to control the appearance of your images.

figure 2-36  
example of how noise 
could appear in a CrT 
television image

2 :  d i g i Ta l  i m a g e  C h a r a C T e r i s T i C s  41





3
Understanding 
Camera Lenses
Now that you understand how exposure and digital data work, the next 

most important thing is choosing the appropriate lens to control how the 

image appears. We’ll discuss camera lenses first because they’re the camera 

equipment you need for each and every shot, regardless of style. They also 

have a widespread influence on both the technical and creative aspects 

of photography.

In this chapter, you’ll learn how light gets translated into an image. 
You’ll start by learning the different components of a typical camera 
lens to understand how focal length, aperture, and lens type affect 
imagery. You’ll also learn the trade-offs with zoom lenses versus 
prime or fixed focal length lenses. Then you’ll learn how to use wide-
angle lenses, which are an important tool for capturing expansive  
vistas and exaggerating relative subject size. Finally, you’ll learn 
about telephoto lenses, which you can use to magnify distant  
subjects and layer a composition.
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How LeNses work
Understanding camera lenses gives you more creative control in your digital photography. 
As you’ll soon learn, choosing the right lens for the task is a complex trade-off between cost, 
size, weight, lens speed, and image quality. Let’s begin with an overview of the concepts 
you’ll need to understand about how camera lenses can affect image quality, focal length, 
perspective, prime versus zoom, and f-number.

LeNs eLemeNts

Unless you’re dealing with a very simple camera, your camera lenses are actually composed 
of several lens elements. Each of these elements directs the path of light rays to re-create the 
image as accurately as possible on the digital sensor. The goal is to minimize aberrations 
while still utilizing the fewest and least expensive elements. Figure 3-1 shows how the ele-
ments that make up a typical camera lens focus light onto the digital sensor.

Aperture
(lens diaphragm)

Film plane or
digital sensor

As you can see here, the lens elements successfully focus light onto a single point. But 
when points in the scene don’t translate back onto single points in the image after passing 
through the lens, optical aberrations occur, resulting in image blurring, reduced contrast, 
or misalignment of colors (or chromatic aberration). Lenses may also suffer from distortion or 
vignetting (when image brightness decreases radially and unevenly). Each of the image 
pairings in Figure 3-2 illustrates effects on image quality in extreme cases.

Any of these aberrations is present to some degree with any lens. In the rest of this chapter, 
when we say that a lens has lower optical quality than another lens, it means that it suffers 
from some combination of the artifacts shown in Figure 3-2. Some of these lens artifacts 
may not be as objectionable as others, depending on the subject matter.

Figure 3-1  
Lens elements
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Loss of contrast

Blurring

Chromatic aberration

distortion

original image

original image

original image

original image

original image Vignetting

Figure 3-2  
examples of aberrations
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INFLueNce oF LeNs FocaL LeNgtH

Because the focal length of a lens determines its angle of view, or the angle between the 
edges of your entire field of view, it also determines how much the subject will be magnified 
for a given photographic position. For example, wide-angle lenses have short focal lengths, 
whereas telephoto lenses have longer corresponding focal lengths. Figure 3-3 shows how 
focal length affects how wide or narrow the angle of view is.

Short focal length

Film plane or
digital sensor

Long focal length

Narrow angle
of view

Wide angle
of view

Incoming light rays

You’ll hear people say that focal length also determines the perspective of an image, 
which is how your subjects appear in relation to each other when viewed from a particular 
vantage point. But strictly speaking, perspective only changes with your location relative 
to the subject. For example, if you try to fill the frame with the same subjects using both a 
wide-angle lens and a telephoto lens, perspective does indeed change, but only because 
you are forced to move closer to or farther from the subject to achieve the same framing. 
Figure 3-4 demonstrates how this is true.

You can see that these two shots have the same subjects in the frame but are taken using 
different lenses. To achieve the same framing with both shots, you have to step back further 
when using the longer focal length than when using the shorter focal length. For these sce-
narios, the wide-angle lens exaggerates or stretches perspective, whereas the telephoto lens 
compresses or flattens perspective, making objects appear closer than they actually are.

Perspective can be a powerful compositional tool in photography, and when you can 
photograph from any position, you can control perspective by choosing the appropriate 
focal length. Although perspective is technically always the same regardless of the focal 
length of your lens, it can change when you physically move to a different vantage point. 
As you can see in Figure 3-4, the subjects within the frame remain nearly identical, but the 
relative sizes of objects change such that the distant doorway becomes smaller relative to 
the nearby lamps.

Figure 3-3  
short and long focal 
lengths
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shorter focal length using a wide angle lens

Longer focal length using a telephoto lens

Figure 3-4  
how focal length affects 
the angle of view
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commoN FocaL LeNgtHs

table 3-1 provides an overview of what focal lengths are required for a lens to be consid-
ered a wide-angle or telephoto lens, in addition to their typical uses.

table 3-1 Typical Focal Lengths and Their Uses

LeNs FocaL LeNgtH termINoLogy typIcaL pHotograpHy

Less than 21 mm Extreme wide angle Architecture

21–35 mm Wide angle Landscape

35–70 mm Normal Street and documentary

70–135 mm Medium telephoto Portraiture

135–300+ mm Telephoto Sports, birds and wildlife

Note that these focal lengths listed are just rough ranges; actual uses may vary considerably. 
Many photographers use telephoto lenses in distant landscapes to compress perspective, 
for example.

Lens focal length can also influence other factors. For example, telephoto lenses are more 
susceptible to camera shake because even the smallest hand movements become amplified 
when your angle of view is narrow; this is similar to the shakiness you experience while trying 
to look through binoculars.

On the other hand, wide-angle lenses are generally designed to be more resistant to flare, 
an artifact caused by non-image-forming light. This is in part because designers assume 
that the sun is more likely to be within the frame. Finally, medium-angle and telephoto 
lenses generally yield better optical quality for similar price ranges.

tecHNIcaL Note

Lens focal lengths are for 35 mm or “full frame” types of cameras. if you have a compact,  
mirrorless, or digital sLr camera, you likely have a different sensor size. To adjust the preced-
ing numbers for your camera, look up your camera’s crop factor online and multiply that by 
the focal length of your lens.

How FocaL LeNgtH aFFects sHarpNess

Although the focal length of a lens alone doesn’t control the sharpness of an image, it can 
make it easier to achieve a sharp, handheld photograph—everything else being equal. This 
is because longer focal lengths require shorter exposure times to minimize blurring caused 
by shaky hands.

To demonstrate how this works, imagine trying to hold a laser pointer steady. When you 
point the laser at a nearby object, its bright spot appears steadier on a closer object, but it 
jumps around noticeably more for objects farther away. Figure 3-5 illustrates this example.
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rotational vibrations with a shaky laser pointer

Vertical vibrations with a shaky laser pointer

This is primarily because slight rotational vibrations are magnified greatly with distance. 
On the other hand, if only up-and-down or side-to-side vibrations are present, the laser’s 
bright spot does not change with distance. In practice, this typically means that longer 
focal-length lenses are more susceptible to shaky hands because these lenses magnify dis-
tant objects more than shorter focal-length lenses, similar to how the laser pointer jumps 
around more with distant objects due to rotational vibrations.

A common rule of thumb for estimating how fast the exposure needs to be for a given focal 
length is the one-over-focal-length rule, which states that for a 35 mm camera, the hand-
held exposure time needs to be at least as fast as 1 over the focal length in seconds. In other 
words, when you’re using a 200 mm focal length on a 35 mm camera, the exposure time 
needs to be no more than 1/200th of a second; otherwise, you might get blurring.

Keep in mind that this rule is just for rough guidance. Some photographers may be able 
to hand hold a shot for much longer or shorter times, and some lenses that include image 
stabilization are more tolerant of unsteady hands. Users of digital cameras with cropped 
sensors, or sensors smaller than 35 mm (such as Micro Four Thirds, APS-C, and compact 
cameras), need to convert into a 35 mm equivalent focal length.

Zoom LeNses

A zoom lens allows us to vary the focal length within a predefined range. The primary advan-
tage of a zoom lens is that it’s easier to achieve a variety of compositions or perspectives 
without having to change lenses. This advantage is often critical for capturing dynamic 
subject matter, such as in photojournalism and children’s photography.

Keep in mind that using a zoom lens doesn’t necessarily mean that you no longer have 
to change your position; it just gives you more flexibility. Figure 3-6 compares an image 
taken from the photographer’s original position with two alternatives: zooming in (which 
changes the composition) and moving in closer while zooming out (which maintains com-
position but changes perspective). For the purposes of this discussion, having a different 
composition means that the subject matter framing has changed, whereas having a differ-
ent perspective means that the relative sizes of near and far objects have changed.

Figure 3-5  
Types of vibrations in a 
shaky laser pointer
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original image

Changing the composition 
by zooming in

Changing the perspective 
by moving closer while 
zooming out

Figure 3-6  
different ways to use 
zoom lenses
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Using a zoom lens, you can get a tighter composition without having to crop the image or 
change positions by simply zooming in on the subject. If you had used a prime lens instead, 
a change of composition would not have been possible without cropping the image.

You can also change the perspective by zooming out and getting closer to the subject. 
Alternatively, to achieve the opposite perspective effect, you could zoom in and move 
farther from the subject.

prIme LeNses

Unlike zoom lenses, prime lenses (also known as fixed focal length lenses) don’t allow us to 
vary focal length within a predefined range. If zoom lenses give you more flexibility, you 
may be wondering why you would intentionally restrict options by using a prime lens. Prime 
lenses existed long before zoom lenses were available, and they still offer many advantages 
over their more modern counterparts. When zoom lenses first arrived on the market, photo-
graphers often had to be willing to sacrifice a significant amount of optical quality. However, 
more recent high-end zoom lenses generally do not produce noticeably lower image quality, 
unless the image is scrutinized by the trained eye or is in very large print.

The primary advantages of prime lenses are cost, weight, and speed. An inexpensive 
prime lens can generally provide as good, if not better, image quality as a high-end zoom 
lens. Additionally, if only a small fraction of the focal length range is necessary for a zoom 
lens, then a prime lens with a similar focal length will provide the same functionality while 
being significantly smaller and lighter. Finally, the best prime lenses almost always offer 
better light-gathering ability, or larger maximum aperture, than the fastest zoom lenses. 
This light-gathering ability is often critical for low-light sports or theater photography and 
other scenarios where a shallow depth of field is necessary.

For lenses in compact digital cameras, a 3×, 4×, or higher zoom designation refers to the 
ratio between the longest and shortest focal lengths. Therefore, a larger zoom designation 
doesn’t necessarily mean that the image can be magnified any more. It might just mean 
that the zoom has a wider angle of view when fully zoomed out. Additionally, digital zoom is 
not the same as optical zoom, because the former artificially enlarges the image through a 
digital process called interpolation, which actually degrades detail and resolution. Read the 
fine print to ensure that you’re not misled by your lens’s zoom designation.

INFLueNce oF LeNs aperture

The aperture range of a lens refers to how much the lens can open up or close to let in more 
or less light, respectively. Apertures are listed in terms of f-numbers, which quantitatively 
describe the relative light-gathering area, as shown in Figure 3-7.

Figure 3-7  
The f-numbers (from left 
to right) are f/2.0, f/2.8, 
f/4.0, and f/5.6.
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As you learned in Chapter 1, larger aperture openings have lower f-numbers, which is often 
confusing to camera users. Because aperture and f-number are often mistakenly interchanged, 
I’ll refer to lenses in terms of their aperture size for the rest of this book. Photographers also 
describe lenses with larger apertures as being faster, because for a given ISO speed, the 
shutter speed can be made faster for the same exposure. Additionally, a smaller aperture 
means that objects can be in focus over a wider range of distance—a concept you also 
explored in Chapter 1 when we discussed depth of field.

table 3-2 summarizes the effect f-numbers have on shutter speed and depth of field.

table 3-2 how F-numbers affect other Properties

F/#

correspoNdINg Impact oN otHer propertIes:

Light-gathering area Required shutter speed Depth of field

Higher Smaller Slower Wider

Lower Larger Faster Narrower

As you can see, the f-number changes several key image properties simultaneously; as 
a photographer, you will want to make sure that all such changes are desirable for your 
particular shot.

maxImum aperture

When you’re considering purchasing a lens, you should know that specifications ordinarily 
list the maximum apertures (and maybe the minimum). Lenses with a greater range of aper-
ture settings provide greater artistic flexibility, in terms of both exposure options and depth 
of field. The most important lens aperture specification is perhaps the maximum aperture, 
which is often listed on the box along with focal length(s), as shown in Figure 3-8.

Figure 3-8  
example lens speci-
fications from retail 
packaging

52 U n d e r s Ta n d i n g  P h o T o g r a P h y



An f-number of 1.4 may be displayed as 1:1.4, instead of f/1.4, as shown in Figure 3-9 for the 
50 mm f/1.4 lens.

Portrait and indoor sports photography or theater photography often requires lenses with 
very large maximum apertures to be capable of a narrower depth of field or a faster shutter 
speed, respectively. The narrow depth of field in a portrait helps isolate the subject from the 
background. For digital SLR cameras, lenses with larger maximum apertures provide signifi-
cantly brighter viewfinder images, which may be critical for night and low-light photography. 
These also often give faster and more accurate auto-focusing in low light. Manual focusing 
is also easier using maximum apertures because the image in the viewfinder has a narrower 
depth of field, making it more visible when objects come into or out of focus.

table 3-3 summarizes some typical maximum apertures you’ll find on a digital camera. You 
can see how even small changes in f-number lead to substantial changes in light-gathering 
area, because each halving of the f-number results in a quadrupling of the  
light-gathering area.

Minimum apertures for lenses are generally nowhere near as important as maximum aper-
tures. This is primarily because the minimum apertures are rarely used due to photo blurring 
from lens diffraction, and it’s because these may require prohibitively long exposure times. 
When you want extreme depth of field, you might consider choosing lenses with a smaller 
minimum aperture or a larger maximum f-number to allow for a wider depth of field.

Figure 3-9  
example maximum 
aperture label on the 
front of a lens
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table 3-3 Typical maximum apertures

typIcaL maxImum 
apertures

reLatIve LIgHt-
gatHerINg abILIty typIcaL LeNs types

f/1.0 32× Fastest available prime lenses (for 
consumer use)

f/1.4 16× Fast prime lenses

f/2.0 8× Fast prime lenses

f/2.8 4× Fastest zoom lenses (for constant aperture)

f/4.0 2× Lightweight zoom lenses or extreme 
telephoto primes

f/5.6 1× Lightweight zoom lenses or extreme 
telephoto primes

raNge oF maxImum aperture

Finally, some zoom lenses on digital SLR and compact digital cameras list a range of maxi-
mum aperture, which depends on how far you have zoomed in or out. These aperture ranges 
therefore refer only to the range of maximum aperture, not overall range. For example, a 
range of f/2.0–3.0 means that the maximum available aperture gradually changes from f/2.0 
(fully zoomed out) to f/3.0 (fully zoomed in) as focal lengths change. The primary benefit of 
having a zoom lens with a constant maximum aperture instead of a range of maximum aper-
ture is that exposure settings are more predictable, regardless of focal length. Figure 3-10 
shows an example of a lens that specifies the range of maximum aperture.

Also note that just because you don’t use the maximum aper-
ture of a lens often, this does not mean that such a wide 

aperture lens is unnecessary. Lenses typically have 
fewer aberrations when they perform the exposure 

stopped down one or two f-stops from their 
maximum aperture, such as a setting of f/4.0 

on a lens with a maximum aperture of f/2.0. 
This means that if you want the best-quality 
f/2.8 photograph, an f/2.0 or f/1.4 lens may 
yield higher quality than a lens with a maxi-
mum aperture of f/2.8.

Other considerations for buying a lens are cost, 
size, and weight. Lenses with larger maximum 

apertures are typically much heavier, bigger, and 
more expensive. For example, minimizing size and 

weight may be critical for wildlife, hiking, and travel photo-
graphy because it often utilizes heavier lenses or requires carrying equipment for extended 
periods of time.

Figure 3-10  
range of maximum 
aperture
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usINg wIde-aNgLe LeNses
A wide-angle lens can be a powerful tool for exaggerating depth and the relative size of sub-
jects in a photo. Figure 3-11 is an example of the kind of exaggeration you can achieve.

As you can see, the ultra-wide lens creates an exaggerated sky by manipulating the rela-
tive size of the near clouds versus the far clouds. For example, the clouds at the top of 
the frame appear as they would if you were looking directly up, whereas the ones in the 
distance appear as they would if you were looking at them from the side. This creates the 
effect of the clouds towering over you, resulting in a more evocative image.

However, wide-angle lenses are also one of the most difficult types of lenses to use. In 
this section, I dispel some common misconceptions and discuss techniques for taking full 
advantage of the unique characteristics of a wide-angle lens.

Figure 3-11  
example of exaggerated 
depth achieved with a 16 
mm ultra-wide-angle lens
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overvIew

A lens is generally considered a wide-angle lens when its focal length is less than around 
35 mm on a full-frame camera. This translates into an angle of view that is greater than 
about 55 degrees across your photo’s widest dimension, which begins to create a more 
unnatural perspective compared to what you would see with your own eyes.

The definition of ultra-wide is a little fuzzier, but most agree that this realm begins when focal 
lengths are around 20–24 mm or less. On a compact camera, wide angle is often what you get 
when you’re fully zoomed out, but ultra-wide is usually never available without a special lens 
adapter. Regardless of what’s considered wide angle, the key concept you should take away is 
that the shorter the focal length, the easier it is to notice the unique effects of a wide-angle lens.

wHat makes a wIde-aNgLe LeNs uNIque

A common misconception is that wide-angle lenses are primarily used when you cannot 
step far enough away from your subject but still want to capture the entire subject in a 
single camera frame. But this is not the only use of a wide-angle lens, and if you were to 
only use it this way, you’d really be missing out. In fact, wide-angle lenses are often used to 
achieve just the opposite: when you want to get closer to a subject!

Here are the characteristics that make a wide-angle lens unique:

 e Its image encompasses a wide angle of view

 e It generally has a close minimum focusing distance.

Although these might seem pretty basic, they result in a surprising range of possibilities. 
In the rest of this section, you’ll learn how to take advantage of these traits for maximum 
impact in wide-angle photography.

wIde-aNgLe perspectIve

Obviously, a wide-angle lens is special because it has a wide angle of view—but what does 
this actually mean? A wide angle of view means that both the relative size and distance are 
exaggerated when comparing near and far objects. This causes nearby objects to appear 
gigantic and faraway objects to appear unusually tiny and distant. The reason for this is the 
angle of view, as illustrated in Figure 3-12.

wide-angle lens 
(objects appear very different in size.)

telephoto lens 
(objects appear similar in size.)

Camera  
view

Figure 3-12  
Comparing two angles 
of view
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1 Figure 3-13  
exaggerated 3-inch flowers using a 
16 mm ultra-wide-angle lens

3 Figure 3-14  
disproportionate body parts caused 
by a wide-angle lens

Even though the two cylinders in the figure are the same distance apart, their relative sizes 
become very different when you fill the frame with the closest cylinder. With a wider angle of 
view, objects that are farther away comprise a much lower fraction of the total angle of view.

A misconception is that a wide-angle lens affects perspective, but strictly speaking, this isn’t 
true. Recall from Figure 3-4 that perspective is only influenced by where you are when you 
take a photograph. However, in practice, wide-angle lenses often cause you to move much 
closer to your subject, which does affect perspective.

You can use this exaggeration of relative size to add emphasis and detail to foreground 
objects, while still capturing expansive backgrounds. To use this effect to full impact, you’ll 
want to get as close as possible to the nearest subject in the scene. Figure 3-13 shows an 
example of this technique in action.

In this extreme wide-angle example, the nearest flowers are almost touching the front 
of the lens, which greatly exaggerates their size. In real life, these flowers are only a few 
inches wide!

However, you need to take extra caution when photographing people using wide-angle 
lenses. Their noses, heads, and other features can appear out of proportion if you get too 
close to them when taking the photo, as shown in Figure 3-14.

In this example, the boy’s head has become abnormally large relative to his body. This can 
be a useful tool for adding drama or extra character to a candid shot, but it certainly isn’t 
how most people would want to be depicted in a standard portrait. This proportionality 
is in part why lenses with narrower focal lengths are much more common for traditional 
portrait photography.
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Finally, because distant objects become quite small, sometimes it’s a good idea to include 
foreground objects to anchor the composition. Otherwise, a landscape shot may appear 
overly busy and lack the key elements needed to draw your eye into the photograph.

Regardless, don’t let this prevent you from getting closer to your subjects! As you’ll learn in 
more detail shortly, the ability to get close is what wide angle is all about.

coNvergINg vertIcaL LINes

Whenever you point a wide-angle lens above or below the horizon, it causes otherwise 
parallel vertical lines to appear as if they are converging. All lenses do this—even telephoto 
lenses. It’s just that a wider expanse of converging lines is visible with a wide-angle lens. 
Furthermore, with a wide-angle lens, even small changes in composition can alter the loca-
tion of the horizon substantially, resulting in a big difference in how sharply lines seem to 
converge. Converging lines can be a useful tool for emphasizing depth and perspective, but 
it can also be undesirable, particularly with architectural photography.

The key is to pay close attention to an image characteristic called the vanishing point, which 
is where parallel lines appear to converge. In the cathedral example shown in Figure 3-15, 
the vanishing point is a single central point near the horizon when the camera is aimed 
at the horizon. In this example, the image center is the same as the vanishing point because 
the camera is pointed at the level of the horizon.

However, when the camera is aimed above the horizon, the previously vertical lines begin to 
converge at a second vanishing point in the sky, creating a two-point perspective, as shown 
in Figure 3-16.

7 Figure 3-15  
Camera aimed near the horizon 
(vertical lines all appear parallel)

1 Figure 3-16  
Camera aimed above the horizon 
(vertical lines appear to converge)

image center

horizon

image center

horizon
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1 Figure 3-17  
Wide-angle shot of trees on 
Vancouver island, Canada

3 Figure 3-18  
King’s College Chapel, Cambridge, UK

Note that the image center doesn’t change by much in terms of the total image, but the 
converging lines have a huge impact on how the cathedral appears. This can cause 
buildings to appear as though they are either falling toward or away from the viewer.

Although you should generally avoid converging vertical lines in architectural photography 
for these reasons, you can sometimes use them to your advantage. For example, Figure 3-17 
shows how a wide angle lens captures the towering trees in a way that makes them appear 
to be enveloping the viewer.

The trees look as if they are coming from all directions and converging in the middle of the 
image, even though they are actually all parallel to one another. However, the architectural 
example in Figure 3-18 was taken close to the door to exaggerate the apparent height of 
the chapel, but this also gives the unwanted appearance that the building is about to fall 
over backward.

Here are some ways you can reduce converging verticals:

 e Aim your camera closer to the horizon, even if this means you’ll capture a lot of ground in 
addition to the subject (which you can crop out later).

 e Get much farther from your subject and use a lens with a longer focal length.

 e Use photo-editing software to distort the photo so that vertical lines diverge less.

 e Use a tilt/shift lens to control perspective.

Unfortunately, all these options have their drawbacks. For example, the first and third may 
compromise resolution, while the second is not always feasible, depending on your physical 
location, and can affect perspective. The last option can be costly, requires technical knowl-
edge, and can result in a slight reduction in image quality.
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INterIors aNd 
eNcLosed spaces

You’ll find a wide-angle lens absolutely 
indispensable in enclosed spaces, simply 
because you cannot move far enough 
away from your subject to get all of it in 
the photo using a normal lens. A common 
example is photography of interior rooms 
or other indoor architecture. You can make 
the most of a wide-angle lens for this type 
of photography where you’re forced to be 
close to the subject.

Don’t be afraid to get much closer! After all, 
this is where wide angle really shines. But 
you’ll need to take extra care with the com-
position of extremely close objects, because 
camera movements of even a fraction of an 
inch can move objects a lot inside a close-up 
image. It can therefore become quite difficult 
to frame subjects the way you want.

Figure 3-19 and 3-20 shows two photo-
graphs of enclosed spaces that benefit from 
a wide-angle lens.

In both examples here, the photographers 
might have been restricted in their position 
such that they could not move more than a 
few feet in any direction, yet the photos don’t 
appear cramped.

poLarIZINg FILters

You should almost always avoid using 
a polarizing filter with a wide-angle lens. 
(You’ll learn more about polarizing filters 
in Chapter 5, but for now you should know 
that they’re a light-filtering tool used to 
decrease light reflections.) A key trait of a 
polarizer is that its effect varies depending 
on the angle of the subject relative to the 
sun. For example, when you face your cam-
era 90 degrees from where the sun is com-
ing from, you maximize its effect; similarly, 
whenever you face your camera directly 
away from or into the sun, you minimize 
the effect of a polarizer.

1 Figure 3-19  
16 mm focal length 
in antelope Canyon, 
arizona, Usa

3 Figure 3-20  
spiral staircase in 
new Court, st John’s 
College, Cambridge
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When you use a polarizing filter with an ultra-wide angle lens, one edge of your image frame 
might be nearly facing the sun, whereas the opposing edge might be facing 90 degrees away 
from the sun. This means you’ll be able to see the changing influence of your polarizer across 
a single photo. This effect is usually undesirable. In Figure 3-21, for example, the polarizing 
filter causes the blue sky to clearly change in saturation and brightness as you move across 
the image from left to right.

maNagINg LIgHt usINg a gNd FILter

A common hurdle you might face when using wide-angle lenses is strong variation in 
the intensity of light across an image. For example, when you use an ordinary exposure, 
uneven light can make some parts of the image overexposed while leaving other parts 
underexposed. Although our eyes can adjust to this changing brightness as we look in 
different directions, cameras don’t have this ability. You therefore need to take extra care 
when determining the desired exposure to ensure a balanced overall exposure across the 
wide-angle frame.

For example, in landscape photography, the foreground foliage is often much less intensely 
lit than the sky or a distant mountain. This often results in an overexposed sky and/or an 
underexposed foreground. Most photographers therefore use what is called a graduated 
neutral density (GND) filter to overcome this uneven lighting. Figure 3-22 illustrates the 
effect of using a GND filter.

7 Figure 3-21  
Capitol reef national 
Park, Utah, Usa

1 Figure 3-22  
gnd filter example; 
a lighthouse in nora, 
sardinia
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In this photograph of a lighthouse, the GND filter partially obstructs some of the light from the 
bright sky, while also gradually letting in more and more light for subjects placed progressively 
lower in the photo. At the bottom of the photo, you can see that the GND filter lets in the full 
amount of light. See Chapter 5 on camera lens filters for additional examples of this.

As you learned earlier in this chapter, a wide-angle lens is much more susceptible to lens 
flare, in part because the sun is much more likely to enter the composition. It can also be dif-
ficult to effectively shield the sides of the lens from stray light using a lens hood, because this 
hood cannot also block any of the image-forming light across the wide angle of coverage.

wIde-aNgLe LeNses aNd deptH oF FIeLd

You’ll notice that nowhere in this discussion do I mention that a wide-angle lens has a 
greater depth of field. Unfortunately, this is another common misconception; people com-
monly believe that a wide-angle lens has a greater depth of field, but this is not true. In fact, 
if you’re magnifying your subject by the same amount (meaning that they fill the image 
frame by the same proportion), then a wide-angle lens gives the same depth of field as a 
telephoto lens.

As we discussed, the reason that wide-angle lenses get the reputation of improving depth 
of field is not because of any inherent property of the lenses themselves. It’s because of 
how they’re most often used. People rarely get close enough to their subject to have it fill 
the same amount of the frame with a wide-angle lens as they do with lenses that have 
narrower angles of view.

tecHNIcaL Note

For situations of extreme magnification, the depth of field may differ by a small amount. 
however, this is an extreme case and is not relevant for the uses discussed here. see 
“Understanding depth of Field” on page 14 for a more detailed discussion of this topic.

tIps For usINg a wIde-aNgLe LeNs

Although there are no steadfast rules, you can use your wide-angle lens more effectively by 
experimenting with the following four guidelines:

 e subject distance Get much closer to 
the foreground and physically immerse 
yourself among your subjects.

 A wide-angle lens exaggerates the 
relative sizes of near and far subjects. 
To emphasize this effect, it’s impor-
tant to get very close to your subject. 
Wide-angle lenses also typically have 
much closer minimum focusing dis-
tances, and they enable your viewer 
to see a lot more in tight spaces.
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 e organization Carefully place near and far objects to achieve 
clear compositions.

Wide-angle shots often encompass a vast set of subject 
matter, so it’s easy for the viewer to get lost in the confu-
sion. Experiment with different techniques of organizing your 
subject matter.

Many photographers try to organize their subject matter into 
clear layers, or they include foreground objects to guide the 
eye into and across the image. Other times, they use a simple 
near-far composition with a close-up subject and a seemingly 
equidistant background.

 e Perspective Point your camera at the horizon to avoid con-
verging verticals; otherwise, be acutely aware of how these will 
impact your subject.

Even slight changes in where you point your camera can have 
a huge impact on whether otherwise parallel vertical lines 
will appear to converge. Pay careful attention to architecture, 
trees, and other geometric objects with converging vertical 
lines that are especially noticeable.

 e distortion Be aware of how edge and barrel distortion may 
impact your subject.

The two most prevalent forms of distortion in wide-angle 
lenses are barrel and edge distortion. Barrel distortion results 
when otherwise straight lines appear bulged because they 
don’t pass through the center of the image. Edge distortion 
causes objects at the extreme edges of the frame to appear 
stretched in a direction leading away from the center of 
the image.

usINg teLepHoto LeNses
You’ve probably heard that telephoto lenses are good at enlarging 
distant subjects, but they’re also a powerful artistic tool for affecting 
the look of your subject. For example, they can normalize the relative 
size and distance for near and far objects, and they can make the 
depth of field appear shallower. Telephoto lenses are therefore useful 
not only for wildlife photography but also for landscape photography.
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overvIew

A lens is generally considered to be a medium telephoto lens when its focal length is greater 
than about 70 mm (or the equivalent on a full-frame 35 mm camera). However, many don’t 
consider a lens to be a full telephoto lens until its focal length becomes greater than around 
135 mm, which translates into an angle of view that is less than about 15 degrees across 
your photo’s widest dimension. On a compact camera with a 3×–4× or greater zoom lens, 
telephoto is simply when you’ve fully zoomed in. However, some compact cameras might 
require a special adapter in order to achieve full telephoto.

As you can see in Figure 3-23, the longer the focal length of a lens, the narrower its angle 
of view is. This diagram depicts the maximum angles that light rays can take when hitting 
your camera’s sensor. The location where light rays cross is roughly proportional to the 
focal length. 

Short focal length

Film plane or
digital sensor

Long focal length

Narrow angle
of view

Wide angle
of view

Incoming light rays

Practically speaking, the long focal length of a telephoto lens has the effect of emphasizing 
a narrow region within a broader scene, as shown in Figure 3-24. Here you can see how a 
telephoto lens is used to magnify and emphasize detail with a subject that is dangerous to 
get close to.

Figure 3-23  
Telephoto lenses have 
long focal lengths.

Figure 3-24  
distant cheetah through 
a telephoto lens
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How a teLepHoto LeNs aFFects perspectIve

Now that you know a telephoto lens has a narrow angle of view, let’s explore what that does 
to the image. A narrow angle of view means that both the relative size between subjects 
and the distance is normalized when comparing near and far objects. This causes nearby 
objects to appear similar in size to faraway objects, even if the closer object would actually 
appear larger in person, as shown on the right in Figure 3-25.

wide-angle lens 
(objects appear very different in size.)

telephoto lens 
(objects appear similar in size.)

Camera  
view

Camera  
view

As you see in this diagram, even though the two cylinders are the same distance apart, with 
a telephoto lens, farther objects comprise a much greater fraction of the total angle of view.

As you learned earlier in this chapter, a common misconception is that a telephoto lens 
affects perspective, but strictly speaking, this isn’t true. Perspective is only influenced by 
where you are located when you take a photograph. However, in practical use, the very 
fact that you’re using a telephoto lens may mean that you’re far from your subject, which 
does affect perspective.

You can use a telephoto lens and its nor-
malization of relative size to give a proper 
sense of scale. For this technique to have full 
impact, you’ll want to get as far as possible 
from the nearest subject in the scene and 
zoom in if necessary.

In the telephoto example in Figure 3-26, 
the people in the foreground appear quite 
small compared to the background building.

But if you were to use a normal focal length 
lens to take this shot and be closer to the 
foreground people, they would appear much 
larger relative to the size of the building.

However, normalizing the relative size too 
much can make the scene appear static, flat, 
and uninteresting, because our eyes gener-
ally expect closer objects to be a little larger. 

Figure 3-25  
Comparing two angles 
of view

Figure 3-26  
objects appear in proper proportion to one another when a 135 mm telephoto 
lens is used.
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7 Figure 3-27  
exaggerated congestion on the 
river Cam, Cambridge, UK

1 Figure 3-28  
Telephoto shot of flowers in 
Cambridge, UK

Taking a photo of someone or something from very far away should therefore be done only 
when necessary.

In addition to affecting relative size, a telephoto lens can make the distance between objects 
appear compressed. This can be beneficial when you’re trying to emphasize the number 
of objects or to enhance the appearance of congestion, as shown in Figure 3-27. In this 
example, the boats all appear to be right next to each other, even though they’re much 
farther from each other in person.

In Figure 3-28, the flowers appear stacked on top of one another when in reality this image 
spans around 100 meters. As you can see, this technique has the effect of compressing per-
spective and making images feel crowded.

brINgINg dIstaNt subjects cLoser

Perhaps the most common use for a telephoto lens is to bring otherwise small and distant 
subjects closer, such as in wildlife photography. This provides a vantage on subjects not 
otherwise possible in real life. You should therefore pay careful attention to distant detail 
and texture, which no longer appear tiny relative to nearby subject matter.

Furthermore, even if you were able to get a little closer to the subject, this may adversely 
impact the photograph because being closer might alter the subject’s behavior. This is 
especially true when trying to capture candid photographs of people, because people 
usually act differently when they’re aware that someone is taking their photograph.

Finally, because a telephoto lens encompasses a much narrower angle of view, you as 
the photographer can be much more selective with what you choose to contain within 
your camera frame. You might choose to capture just the region of the sky right around 
the sunset, as shown in Figure 3-29, or just the surfer on their wave, or just a tight region 
around someone’s interesting facial expression. Unlike with a wide-angle lens, you can also 
make an image appear as if it were taken with a longer focal length just by cropping the 
image, although this comes at the expense of resolution.

This added selectivity can enable very simple and focused compositions like the one in 
Figure 3-30.
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LayerINg IN LaNdscapes

Standard photography textbooks often tell you that a wide-angle 
lens is for landscapes and a telephoto lens is for wildlife. Such claims 
aren’t completely unfounded. For example, telephoto lenses com-
press the sense of depth, whereas wide-angle lenses exaggerate 
the sense of depth. Because spaciousness is an important quality 
of many landscapes, it’s understandable to think that wide-angle 
lenses are therefore better suited. But this is not entirely accurate. 
In fact, very powerful and effective compositions can be made using 
a so-called inappropriate type of lens.

You can use telephoto lenses for landscapes; they just require differ-
ent techniques. To improve the sense of depth, a common telephoto 
technique is to compose the scene with layered subject matter at 
distinctly different distances. For example, the closest layer could 
be a foreground set of trees, the subsequent layers could be succes-
sively more distant hillsides, and the furthest layer could be the sky 
or ocean, as in Figure 3-31.

In this Mt. Baldy example, the image would have seemed much 
less three-dimensional without the foreground layer of trees on the 
hill. Similarly, the separate layers of trees, clouds, and background 
mountainside also give this image more depth.

Figure 3-31  
a 130 mm telephoto shot using layered 
subject matter

7 Figure 3-29  
Capturing a sunset using a 
telephoto lens

1 Figure 3-30  
a 320 mm detail shot of a parrot
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A telephoto lens can also enhance how fog, haze, or mist affects an image, as you can see in 
Figure 3-32.

Because these lenses make distant objects appear closer, the distant mountains in this 
expansive range appear relatively similar in size to the mountains in the foreground.

poINt oF Focus

For a given subject distance, you can use  
a telephoto lens to capture the scene with a 
much shallower depth of field than you can 
using other lenses. Out-of-focus distant 
objects are also made much larger, which 
enlarges their blur. It’s therefore critical that 
you achieve pinpoint accuracy with your 
chosen point of focus when using a tele-
photo lens. Figure 3-33 illustrates this.

Here, the foreground fence was less than 
a foot from the cat’s face, yet it appears 
extremely out of focus due to the shallow 
depth of field. Even a misfocus of an inch 
could have caused the cat’s eyes to become 
blurred, which would have ruined the intent 
of the photograph.

Figure 3-32  
a 300 mm telephoto 
shot using layered 
subject matter

Figure 3-33  
a 320 mm focal length, shallow depth-of-field telephoto shot of a cat 
among leaves
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Fortunately, telephoto lenses are rarely subject to these types of focus and recompose errors 
caused by shorter focal lengths, primarily because you are often much farther from your 
subject. This means that you can use your central autofocus point to achieve a focus lock, 
then recompose your frame without worrying about changing the distance at which objects 
are in sharpest focus (see “Understanding Autofocus” on page 196 for more on this topic).

mINImIZINg camera sHake

Previously, you learned that exposure time is important in handheld photographs. In this 
section, I’ll explain how you can use a telephoto lens to easily achieve a sharp handheld 
photograph. Longer focal lengths require shorter exposure times to minimize blurring 
caused by shaky hands. Think of this as similar to trying to hold a laser pointer steady. For 
example, when you shine a laser pointer at a nearby object, its bright spot ordinarily jumps 
around less than for objects farther away, as you can see in Figure 3-34.

Shaky laser
pointer

Closer wall Farther wall

When you try to aim a laser pointer at a spot on a more distant wall, even small hand move-
ments are magnified. Similarly, when you’re using a telephoto lens and your camera shakes, 
even small movements are more noticeable because objects are magnified. Reducing cam-
era shake requires either using a faster shutter speed or holding your camera steadier, or 
some combination of the two.

To achieve a faster shutter speed, you need to use a larger aperture (such as going from 
f/8.0 to f/2.8) and/or to increase the ISO speed. However, both of these options have 
drawbacks—a larger aperture decreases depth of field, and a higher ISO speed increases 
image noise.

To hold your camera steadier, you can use your other hand to stabilize the lens. Try taking 
the photo while crouching, or lean your body or lens against another solid object. However, 
using a camera tripod or monopod is the only truly consistent way to reduce camera shake.

teLepHoto LeNses aNd deptH oF FIeLd

Earlier in this chapter, we talked about the misconception that wide-angle lenses improve 
depth of field and how that’s not technically true. In a similar vein, many people mistakenly 
believe that telephoto lenses decrease depth of field.

Figure 3-34  
Laser movements 
become larger on the 
farther wall.
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In fact, a telephoto lens itself does not have less depth of field. For example, if you’re magni-
fying your subject by the same amount as with another lens (meaning the subject appears 
the same size in your image frame), then a telephoto lens will give the same depth of field 
as the other lens.

tecHNIcaL Note

For situations of extreme magnification, the depth of field may differ by a small amount. 
however, this is an extreme case and is not relevant for the uses discussed here.

The reason that telephoto lenses get the reputation of decreasing depth of field is that 
people usually magnify their subject matter a lot more when using telephoto lenses than 
when using lenses with wider angles of view. In other words, people generally don’t get 
farther from their subject, so this subject ends up filling more of the frame. It’s this higher 
magnification that causes the shallower depth of field.

However, a telephoto lens does enlarge out-of-focus regions (or bokeh) since it enlarges the 
background relative to the foreground. This may also contribute to the appearance of a 
shallower depth of field.

You should therefore pay close attention to how a background will look and be positioned 
when it’s out of focus. For example, poorly positioned out-of-focus highlights may prove 
distracting for a foreground subject, as in Figure 3-35.

Figure 3-35  
Potentially distract-
ing out-of-focus 
background
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In Figure 3-36, a medium telephoto lens was used to compress perspective so that both 
near and far statue silhouettes would be clearly visible and more similar in size, but not so 
much that the sense of depth was lost to the viewer.

summary
In this chapter, we explored different characteristics of a camera lens, such as focal lengths, 
portability, aberrations, and aperture, to understand how they affect your image.

You learned how wide-angle lenses exaggerate relative subject size as well as the distance 
between subjects. You can take advantage of wide-angle lenses and their wide angle of 
view to emphasize foreground objects against a wide background. You also learned how 
to use telephoto lenses and their narrow angle of view to normalize the relative sizes of your 
subjects. As you saw in the examples, you can use telephoto lenses to bring faraway objects 
closer and create a much tighter and focused composition.

With both types of lenses, we dispelled some common misconceptions. For example, 
you learned that wide-angle lenses and telephoto lenses themselves don’t increase and 
decrease depth of field, respectively. In fact, it’s how people end up using these lenses that 
gives the impression that depth of field is changing. Understanding how lenses actually 
work will give you more flexibility and control over your images.

In the next chapter, we’ll go over how you can use equipment and accessories like flash and 
tripods to enhance capture.

Figure 3-36  
medium telephoto 
(93 mm) nightscape 
of the Charles Bridge in 
Prague, Czech republic
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4
Camera Types and 
 Tripods
In this chapter, you’ll learn to make the most of what’s in your 

camera bag. You’ll learn about the key differences between a compact 

camera, mirrorless camera, and digital SLR camera by exploring how each 

affects portability, image quality, and creative control. You’ll also learn 

how to select the right tripod for your camera, which you’ll need to take 

razor-sharp photographs.
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ChoosIng a Camera Type
Choosing between a compact (point-and-shoot) camera (Figure 4-1), a mirrorless camera 
(Figure 4-2), or a digital single-lens reflex (DSLR) camera (Figure 4-3) is often the first 
big purchasing decision you have to make when starting out with photography. Not only 
is it a big financial decision, but it can also determine what kinds of shots you’ll be capable 
of capturing.

TeChnICal noTe

Compact cameras are technically also mirrorless. However, when photographers refer to a 
“mirrorless camera,” they are typically using shorthand for what is more accurately described 
as a “mirrorless interchangeable lens camera.” Unfortunately, no simple, brand-agnostic acro-
nym has been established for these cameras on a par with the term DSLR (digital SLR), so for the 
purposes of this book, we’ll continue to use the abbreviated term mirrorless camera.

UndersTandIng Camera Types

So what exactly distinguishes each camera type? Although the lines between camera types 
continue to blur, there are usually three main differences:

 e Viewfinder mechanism

 e Fixed versus interchangeable lenses

 e Camera sensor size

SLR cameras (Figure 4-3) are most commonly known for having viewfinders that see the 
same light as the camera’s sensor (more on this later), but in practice, this isn’t the only 
distinction. Compact cameras (Figure 4-1), on the other hand, are known for having fixed 
lenses, a smaller sensor size, and an electronic viewfinder. Mirrorless cameras are a new 
hybrid category (Figure 4-2); these cameras have viewfinders that are similar to those 
on compact cameras, but they have interchangeable lenses and a sensor size that is often 
similar to that of digital SLR cameras.

The viewfinder type and sensor size are the two primary factors that determine the size and 
weight of a camera. Compact cameras are therefore the smallest, whereas mirrorless cam-
eras are a little larger depending on the sensor size, and digital SLR cameras are the largest. 
Table 4-1 summarizes the characteristics of each camera type.

Table 4-1 Summary of Camera Types

CompaCT Camera mIrrorless Camera dIgITal slr Camera

VIewFInder Electronic Electronic Optical

lens FlexIbIlITy Fixed Interchangeable Interchangeable

sensor sIze Small Intermediate to large Large
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Although you can find additional, minor differences that vary 
depending on the camera brand or model, the three aspects most 
likely to impact your photography are the viewfinder type, the lens 
flexibility, and the sensor size. Let’s explore what these mean in 
practice and how they might impact your photography style. After 
that, we’ll discuss other, more minor differences among the three 
camera types.

noTable exCepTIons

The Sony Single-Lens Translucent (SLT) cameras have a mirror that’s 
stationary, as opposed to being able to flip up, and therefore do 
not have an optical viewfinder. Some entry-level SLR cameras might 
also have fixed lenses, and some high-end compact-style cameras 
can have sensors that are nearly as large as an SLR’s, but these are 
the exceptions rather than the rule.

As you’ll learn in this chapter, SLR cameras are usually much more 
expensive than mirrorless and compact cameras, mostly as a conse-
quence of these three differences. Also, unlike with compact cameras, 
which usually don’t require external accessories, purchasing a mirror-
less or SLR camera is only part of your overall cost. You might have to 
buy additional lenses, an external flash, and other accessories, which 
can end up costing more than the camera itself.

Figure 4-1  
Compact camera

Figure 4-2  
Mirrorless camera

Figure 4-3  
SLR camera
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VIewFInder meChanIsm

Unlike with compact and mirrorless cameras, with an SLR cam-
era, the light you see through the viewfinder is the same light that 
reaches your camera’s sensor. When you press the shutter button 
on an SLR, the mirror flips up, and the light that was formerly being 
routed to your eye instead gets sent straight to the camera sensor, 
as shown in Figure 4-4. The flipping up of the mirror is also what 
makes the characteristic clicking or snapping sound that we’ve 
come to associate with SLR cameras.

On the other hand, the viewfinder mechanism in early compact 
cameras used a version of an optical viewfinder that tried to esti-
mate what light would reach the sensor, making it potentially less 
accurate (as illustrated by the upper dashed line in Figure 4-5).

Modern compact and mirrorless cameras therefore use what’s 
called an electronic viewfinder (EVF), which attempts to re-create 
what an SLR viewfinder would see using the electronic image from 
the sensor.

The need for a prism and mirror is one of the reasons SLR cameras 
cost more to manufacture (other than sensor size). However, in prac-
tice, the sensor size and the ability to change lenses will likely make 
more of a difference to your photography, so you may want to pri-
oritize those factors when purchasing your camera. This is especially 
true since even SLR camera owners often choose to use the rear LCD 
screen instead of the viewfinder if a “live view” mode is supported. 
The rear LCD screen is typically available with all three camera types, 
and when used in conjunction with a live histogram, it allows you 
to see exactly how the image will be recorded. On the other hand, 
if your work requires seeing exactly the same light as what will hit 
the camera’s sensor, you should certainly opt for an SLR.

Mirror down Mirror up

Figure 4-4  
How the viewfinder works in an SLR camera

Figure 4-5  
Compact camera with a viewfinder
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sIngle-lens reFlex (slr)

The mirror flipping is what gives single-lens reflex (SLR) cameras their name. “Single-lens” 
refers to the fact that the same lens is used to produce the image in the viewfinder and to cap-
ture that image at the sensor, and “reflex” refers to the mirror reflecting light to the viewfinder 
(the Latin root verb, reflectere, means “to bend back”). However, this terminology can be a 
little confusing because SLR cameras can actually use more than just a “single lens,” despite 
what the name might state.

FIxed Vs. InTerChangeable lenses

The fact that you can change out lenses on mirrorless and SLR cameras (Figure 4-6) is 
likely the most noticeable difference between these two camera types and compact cam-
eras. Although many compact cameras, especially the high-end variety, can use lens adap-
tors, the original lens still remains on the camera.

You may be wondering why a camera would need more than one lens. It’s difficult, if not 
impossible, to design a single lens that can capture all types of scenes without noticeably 
sacrificing quality and portability. It’s therefore better to use special-purpose lenses to 
achieve the various styles you want.

In practice, the ability to use different lenses allows you to do the following:

 e Use wider lens apertures (lower f/stops) to enable a shallower depth of field, better  
low-light performance, or both.

 e Use specialized lenses, such as ultra-wide-angle lenses (Figure 4-7), macro 
lenses (Figure 4-8), fisheye lenses, and extreme telephoto lenses, to give you more 
creative options.

 e achieve better image quality, primarily because you can use a lens more specifically 
designed for the task at hand.

Figure 4-6  
example set of diverse 
interchangeable lenses
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For example, as you learned in Chapter 3, you can use a wide aperture (such as f/2.0 or less) 
to create a smooth, out-of-focus background and isolate your subject in portraits. Alter-
natively, you can use an ultra-wide-angle lens designed to minimize distortion to prevent 
straight lines from appearing curved in architectural photography. Neither of these scenar-
ios would be possible with the vast majority of compact cameras.

However, using more than one lens also has 
the following disadvantages:

 e You need to carry more lenses with you 
if you plan on shooting a range of differ-
ent styles and subjects, which decreases 
the portability of your camera system.

 e You need to change lenses every 
time you want to change shoot-
ing styles, which can interrupt your 
shooting rhythm.

 e You might introduce dust onto your 
camera’s sensor each time you have to 
change lenses, which can reduce image 
quality and be difficult to remove. See 
the Appendix for more on camera sen-
sor cleaning.Figure 4-8  

Shallow depth-of-field macro shot made possible with a special-purpose lens 
on a camera with interchangeable lenses

Figure 4-7  
Ultra-wide angle of view 
made possible with a 
special-purpose lens on 
a camera with inter-
changeable lenses
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Of course, to negate any potential inconvenience, you could always stick with one all-
around lens for your SLR. In addition, the built-in lens on a high-end compact camera can 
sometimes produce higher-quality images than a stock or entry-level SLR lens, and it’s often 
more versatile. However, if you’re willing to spend a lot more money, you’ll find that compact 
camera lenses rarely hold their own against high-end SLR lenses.

Camera sensor sIze

In general, compact cameras have much smaller camera sensors than mirrorless and SLR 
cameras, resulting in much smaller pixels at the same resolution, as shown in Figure 4-9. 
This is a less commonly known difference between camera types, but it’s the one that will 
make the most noticeable impact on image quality.

Compact camera pixels SLR camera pixels

So what does a camera’s sensor size mean in practice?

 e Cost Larger sensors are much more expensive to make and usually require correspond-
ingly more expensive lenses. This is the biggest reason SLR and mirrorless cameras cost 
so much more than compact cameras.

 e Weight and size Larger sensors require much heavier and larger camera lenses and 
camera bodies, because the lens needs to capture and project light over a larger sensor 
area. Other than reducing portability, this can also be a disadvantage because the size 
of your camera and lens makes you look more conspicuous, making candid shots more 
difficult to take.

 e depth of field Larger sensors create a shallower depth of field given the same aperture 
setting. For example, a lens at f/4.0 on a compact camera likely won’t create a blurred 
background in a portrait, whereas f/4.0 on a mirrorless or SLR camera will likely create 
a smooth, creamy background (depending on subject distance). This can be an advan-
tage for portraits but a disadvantage for landscapes.

Figure 4-9  
differences in camera 
sensor size
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 e image noise For the same number of megapixels, larger sen-
sors have much larger pixels (as illustrated in Figure 4-9). This 
increased light-gathering area means that these pixels will be 
more sensitive to tiny amounts of light, resulting in less image 
noise. Thus, an SLR or mirrorless camera can produce an image 
with less noise with a much higher ISO setting than can a com-
pact camera (Figure 4-11).

 e dynamic range Another consequence of having physically larger 
pixels is that mirrorless and SLR cameras can usually capture a 
greater range of light to dark without having the pixels become 
solid white or black (Figure 4-10), respectively (in other words, 
these cameras have a higher dynamic range). Using an SLR, you 
can reduce the chance of blown highlights in the sky or other bright 
objects, and you can preserve more details in the deep shadows.

The key here is that a different sensor size is just one of many trade-offs you’ll need to consider 
when deciding what kind of camera to buy. One sensor size isn’t necessarily better than another, 
so be sure to consider how the pros and cons of each will fit into your intended shooting style.

Figure 4-10  
High dynamic range made possible with a large sensor

Figure 4-11  
Clean image at a high iSo speed  
made possible with a large sensor
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adVanTages oF eaCh Camera Type

In addition to what we discussed so far, each camera type can have other advantages, 
depending on the specific brand or model.

Compact cameras offer the following advantages:

 e Live-view rear LCD (although most newer SLRs also have this feature)

 e Greater range of pre-programmed creative modes

 e No mirror/shutter mechanism that can fail after ~10–100K shots

On the other hand, SLR cameras have these advantages:

 e Faster camera autofocus

 e Much less shutter lag, or delay between pressing the shutter and starting the exposure

 e Higher maximum frame rate

 e RAW file format support (most high-end compact cameras also have this)

 e Ability to take exposures longer than 15–30 seconds (using manual or bulb mode)

 e Complete manual exposure control

 e Ability to use an external flash unit (many high-end compact cameras also have this)

 e Manual zoom control (by twisting the lens as opposed to using an electronic button)

 e Greater range of ISO speed settings

 e Ability to upgrade just the camera body and keep all your lenses

However, many of these differences in advantages result from the fact that photographers 
are willing to spend a lot more on an SLR than on a compact camera; they aren’t necessar-
ily inherent to each camera type. For example, if you spend enough on a high-end compact 
camera, you can often attain many of the features typically found on SLR cameras.

In sum, choosing among camera types comes down to flexibility and the potential for higher 
image quality versus portability and simplicity. This choice often isn’t a matter of which is 
right for a given person but rather which is better for a given shooting environment and 
intended application.

Compact cameras are much smaller, lighter, less expensive, and less conspicuous, but SLR 
cameras allow for a shallower depth of field, a greater range of subject styles, and poten-
tially higher image quality. Mirrorless cameras, on the other hand, have some of the size 
benefits of compact cameras but also have the image-quality benefits of SLR cameras if the 
sensor size is comparable. Compact cameras are probably better for learning photography 
because they cost less, simplify the shooting process, and are a good all-around option for 
capturing many types of scenes out of the box. SLR and mirrorless cameras are much better 
suited to specific applications, especially when cost or size and weight are less important.

Costs aside, many people prefer to own more than one type of camera. This way, they 
can take their compact camera to parties and on long hikes, but have an SLR or mirrorless 
camera available when they need to capture indoor subjects in low light or for landscape 
or event photography.
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Camera TrIpods
A camera tripod can make a huge difference in the sharpness and overall quality of photos. 
It enables photos to be taken with less light or with a greater depth of field, in addition to 
enabling several specialty techniques. A camera tripod’s function is to hold the camera in a 
precise position. This gives you a sharp picture that might otherwise appear blurry due to 
camera shake. But how can you tell when you should and shouldn’t be using a tripod? When 
is a photo taken with a handheld camera likely to become blurred?

when To Use a TrIpod

Your intended shutter speed typically determines whether you need to use a tripod. Fast shut-
ter speeds can usually be taken handheld without appearing blurred, but for slower shutter 
speeds you’ll want to use a tripod for best results. To estimate how fast the exposure needs 
to be to avoid a tripod, you can use the one-over-focal-length rule you learned in Chapter 3, 
which states that for a 35 mm camera, the exposure time needs to be at least as fast as one 
over the focal length in seconds. In other words, when you’re using a 100 mm focal length on 
a 35 mm camera, the exposure time needs to be at most 1/100 second long to avoid blurring. 
For digital cameras with cropped sensors, you need to convert to a 35 mm equivalent focal 
length.

This rule depends on focal length because zooming in on your subject magnifies camera 
movement, as illustrated by the laser pointer analogy in Chapter 3.
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Keep in mind that this rule is just for rough guidance. The exact camera shutter speed where 
camera shake affects your images will depend on the sharpness of your lens, the resolution 
of your camera, the distance to your subject, and how steady you hold the camera. In other 
words: if in doubt, always use a tripod.

Finally, camera lenses with image stabilization (IS) or vibration reduction (VR) may enable 
you to take handheld photographs with shutter speeds that are anywhere from two to eight 
times longer than you’d otherwise be able to hold steady for. However, IS and VR do not 
always help when the subject is moving—but then again, neither do tripods.

oTher reasons To Use a TrIpod

Just because you can hold the camera steady enough to take a sharp photo using a given 
shutter speed doesn’t necessarily mean that you should not use a tripod. A tripod can 
allow you to use an even slower shutter speed than would otherwise be possible, and in 
exchange you can then optimize your aperture or ISO setting. For example, with a slower 
shutter speed, you could use a smaller aperture to achieve more depth of field or a lower 
ISO to reduce image noise.

In addition, the following specialty techniques may require using a tripod:

 e Taking a series of photos at different angles to produce a digital panorama

 e Taking a series of photos at different exposures for a high-dynamic-range (HDR) photo

 e Taking a series of time-lapse photographs to produce an animation

 e Taking a series of photos to produce a composite image, such as selectively including 
people in a crowd or combining portions lit by daylight with those at dusk

 e Whenever you want to precisely control your composition

maIn ConsIderaTIons For ChoosIng a TrIpod

Even though a tripod performs a pretty basic function, choosing the best tripod often 
involves many competing factors. You’ll need to identify the optimal combination of trade-
offs for your needs.

The top considerations are usually its stability, weight, and ease of use:

 e Stability Important factors that can influence sturdiness include the number of tripod 
leg sections, the material and thickness of the leg units, and the length of the legs and 
whether a center column is needed to reach eye level. Ultimately, though, the only way to 
gauge the sturdiness of a tripod is to try it out. Tap or apply weight to the top to see if it 
vibrates or sways and take a few test photos.

 e Weight This determines whether you take the tripod along with you on a hike or even on 
a shorter stroll through town. Having a lighter tripod can mean that you’ll end up using 
it more often—or at least make using it more enjoyable since it will be easier to carry 
around. However, tripod weight, sturdiness, and price are closely related; just make sure 
you’re not sacrificing too much sturdiness in exchange for portability, or vice versa. If 
you want a lightweight, sturdy tripod, you’ll end up paying a lot more than for a heavier 
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Figure 4-13  
Twist locks

Figure 4-14  
The center column of the tripod extends to increase  
its maximum height (at the expense of stability).

tripod that’s just as sturdy or a lightweight tripod that isn’t as sturdy. Also, tripods that 
don’t extend as high may weigh a little less and therefore be more portable, but they 
might not be as versatile as a result.

 e ease of use What’s the point of having a tripod if it stays in the closet because you find 
it too cumbersome, or if you miss the shot because it takes you too long to set it up? A 
tripod should be quick and easy to position. Ease of use depends on the type of tripod 
head (which we’ll discuss shortly) and how you can position the leg sections. We usually 
extend or contract tripod leg sections using a locking mechanism, either with lever locks 
(Figure 4-12) or twist locks (Figure 4-13). Lever locks, also called clip locks, tend to be 
much quicker to use, although some types can be tough to grip when you’re wearing 
gloves. Twist locks are usually a little more compact and streamlined because they do 
not have external clips or latches. They also sometimes require two hands to extend or 
contract each leg section independently.

Figure 4-12  
Lever locks

oTher ConsIderaTIons

Other, more minor considerations when choosing a tripod include the following:

 e number of tripod leg sections Each tripod leg can typically be extended using  
two to four concentric leg sections. In general, more leg sections means reduced  
stability, but having more sections can reduce the size of the tripod when fully  
contracted and in your camera bag. Note that more leg sections can also  
mean that it takes longer to position or fully extend your tripod.

 e Maximum tripod height This is especially important if you’re tall, since you  
could end up having to crouch if the tripod isn’t tall enough. Make sure that  
the tripod’s max height specification does not include having to extend its  
center column (Figure 4-14), because this can make the camera much  
less steady. Even without the center column, the higher you extend your  
tripod, the less stable it will be. On the other hand, you might not want  
to take your photos at eye level most of the time since this can make  
for an ordinary-looking perspective.
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Figure 4-16  
Pan-tilt head

Figure 4-17  
Ball head

 e Minimum tripod height This is primarily important for photographers who take a lot of 
macro photographs of subjects on the ground or those who like to use extreme vantage 
points in their photographs (Figure 4-15).

 e Contracted tripod height This is important for photographers who need to fit their tri-
pod in a backpack, suitcase, or other enclosed space. Tripods with more leg sections are 

generally more compact when fully contracted, but more compact tripods either 
don’t extend as far or aren’t as sturdy.

 e  aluminum vs. carbon fiber The two most common types of 
tripod material are aluminum and carbon fiber. Aluminum tripods 
are generally much cheaper than carbon fiber models, but they’re 
also heavier for the same amount of stability, not to mention 
uncomfortably cold to handle with your bare hands in the winter. 
Carbon fiber tripods are generally also better at dampening vibra-
tions. The best tripod material for damping vibrations is actually 
good old-fashioned wood, but it’s just too heavy and impractical 
for typical use.

TrIpod heads

Although many tripods already come with a tripod head, you might consider purchasing 
something that better suits your shooting style. The two most common types of tripod 
heads are pan-tilt (Figure 4-16) and ball heads (Figure 4-17).

Pan-tilt heads are great because you can independently control each of the camera’s two 
axes of rotation: left/right (yaw) and up/down (pitch). This can be very useful once you’ve 
already taken great care to level the tripod but need to shift the composition slightly. How-
ever, for moving subjects, this can also be a disadvantage because you will need to adjust at 
least two camera settings before you can fully recompose the shot.

Ball heads are great because you can quickly point the camera freely in nearly any direction 
before locking it into position. They are typically also a little more compact than equivalent 

Figure 4-15  
example of a tripod being used from a low 
vantage point. The center column may limit the 
minimum height if not removable.
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pan-tilt heads. However, the advantage of free motion can also be a disadvantage because 
your composition might no longer be level when you unlock the camera’s position, even if all 
you want to change is its left/right angle. To get around this problem, some ball heads come 
with a rotation-only ability. They can also be more susceptible to damage because small 
scratches or dryness of the rotation ball can cause it to grind or move in uneven jumps.

Be on the lookout for whether your tripod head creeps or slips under heavy weight. This is a 
surprisingly common problem, especially for long exposures with heavier SLR cameras. To 
test this, attach a big lens to your SLR camera and face it horizontally on your tripod. Take 
an exposure of around 30 seconds, if possible, and see whether your image has slight 
motion blur when viewed at 100 percent. Pay particular attention to creeping when the 
tripod head is rotated so you can check how it holds up in portrait orientation.

The strength-to-weight ratio is another important tripod head consideration. This describes 
the rated load weight of the tripod head (how much equipment it can hold without creeping 
or slipping) compared to the weight of the tripod head itself. Higher ratios make for a much 
lighter overall tripod/head combination.

A tripod head with a built-in bubble (Figure 4-18) or spirit level can also be an extremely 
helpful feature, especially when your tripod legs aren’t equally extended on uneven ground.

Finally, regardless of which type of tripod head you choose, a quick-release mechanism 
makes a big difference in how quickly you can attach or remove your camera. A quick-
release mechanism lets your camera attach to the tripod head using a latch, instead of 
requiring the camera to be screwed into place. With most photographers, the choice isn’t 
about whether to use quick release, but about which quick release standard to adopt. 
Two common options are the Arca-Swiss and Manfrotto styles.

TrIpod lens Collars

Most commonly used with large telephoto lenses, a lens collar is an attachment that fits 
around the lens somewhere near its base or midsection, allowing the tripod head to attach 
directly to the collar itself instead of the camera body (Figure 4-19).

This causes the camera and lens to rest at a location much closer to their center of mass. 
Much less rotational stress, or torque, is therefore placed on the tripod head, greatly 
increasing the amount of weight that your tripod head can sustain without creeping or 
slipping. A lens collar can also make the tripod and head less susceptible to vibrations.

So if your lens came with a collar, use it! Otherwise, you might consider purchasing one that 
fits your lens.

Figure 4-19  
Tripod lens collar on 
a heavy telephoto 
zoom lens

Figure 4-18  
Bubble level
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TIps For TakIng sharp phoTos wITh TrIpods

How you use your tripod can be just as important as the type of tripod you’re using. Here is   
list of tips for achieving the sharpest possible photos with your tripod:

 e Hang a camera bag from the center column for added stability, especially in the wind. (Make 
sure that this camera bag does not swing appreciably, which would be counterproductive.)

 e Raise the center column only after all of the tripod’s leg sections have been fully extended, 
and then only if absolutely necessary. The center column wobbles much more easily than 
the tripod’s base.

 e Remove the center column to shave off some weight.

 e Extend your tripod only to the minimum height required for a given photograph.

 e Spread the legs to their widest standard position whenever possible.

 e Shield the tripod’s base from the wind whenever possible.

 e Extend only the thickest leg sections necessary to reach a given tripod height.

 e Set your tripod up on a sturdy surface, such as rock or concrete, rather than dirt, sand, 
or grass. For indoor use, tile or hardwood floor is much better than a rug or carpet.

 e Use add-on spikes at the ends of the tripod legs if you have no other choice but to set 
up your tripod on carpet or grass.

TableTop and mInI TrIpods

You can use a tabletop or mini tripod with a 
compact camera, as shown in Figure 4-20. 
This type of tripod can be quite portable 
and even carried in your pocket. As you can 
imagine, this portability often comes at the 
expense of versatility. Because a tabletop or 
mini tripod can only change your camera’s 
up/down (pitch) and left/right (yaw) orienta-
tion, it won’t help you change your camera’s 
height. This means that finding the best sur-
face to place the tripod becomes more impor-
tant with a tabletop/mini tripod, because you 
need this surface to be at a level that gives 
you the desired vantage height.

However, photos taken at eye level often 
appear too ordinary, because that’s the 
perspective we’re most used to seeing. 
Photos taken above or below this height 
are therefore often perceived as more 
interesting. A tabletop/mini tripod can 
force you to try a different perspective 
with your photos.

Figure 4-20  
Tabletop or mini tripod 
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Camera monopods

A monopod is a tripod with only one leg and is most commonly used to hold up heavy 
cameras and lenses, such as large telephoto lenses for sports and wildlife photography. 
In addition, monopods can increase “handheld-ability” for situations where longer shutter 
speeds are needed but carrying a full tripod might be too cumbersome.

You can use a monopod to more easily photograph a moving subject in a way that creates 
a blurred background while keeping the moving subject reasonably sharp, as shown in 
Figure 4-21.

This technique works by rotating the monopod along its axis, causing the camera to pan in 
only one direction.

sUmmary
In this chapter, we explored the various categories of cameras, along with key differences 
that are likely to influence your photography, such as the type of viewfinder, the sensor size, 
and whether the camera supports interchangeable lenses. You also learned when a camera 
tripod is necessary, along with how to choose and make the most of your camera tripod.

In Chapter 5, we’ll explore different filter options and when to use them.

Figure 4-21  
Monopod used to track 
a moving subject
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5
Lens Filters
This chapter gives an overview of filter choices as well as the various 

options and usage scenarios for these filters. You start by learning about 

polarizing filters and how they control reflections and color saturation. 

Then you learn how to use neutral density (ND) filters to intentionally create 

very long exposures. Finally, you see how you can use graduated neutral 

density (GND) filters to manage dramatic lighting when working with 

expansive scenes.
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UndersTanding Lens FiLTers
Although it’s possible to edit digital images later in post-processing, camera lens 
filters—the physical pieces of glass that affect light passing through the lens—are just 
as important to digital photography as they are to film photography. This chapter 
concentrates on filter options that create effects that are difficult or impossible to 
reproduce in digital editing, such as using polarizing filters to reduce glare and see 
through reflections on the water. Even the simple UV/haze filter, which just provides 
protection for the front of the lens while minimally influencing image quality, is an 
important part of any photographer’s camera bag.

Polarizing filters can increase color saturation and decrease reflections. They’re one of the 
only lens filters whose effects cannot be replicated using digital photo editing. They are 
indispensable tools that should be in every photographer’s camera bag. They are among 
the most commonly used filters in digital photography, which also include, UV/haze, neu-
tral density, graduated neutral density, and color filters. Table 5-1 lists some of these filters 
and their uses.

Table 5-1 Common Filter Types and Their Uses

FiLTer Type primary Use Common sUbjeCT maTTer

Linear and circular 
polarizers

Reduce glare.

Increase saturation.

Sky, water, and foliage in 
landscapes.

Reflective surfaces including glass, 
windows, and water.

Neutral density (ND) Enable longer exposures.

Enable shallower depth of field.

Water (for example, waterfalls/
rivers) and other moving subjects.

Subjects under bright light.

Graduated neutral 
density (GND)

Control light gradients.

Reduce vignetting.

Dramatically-lit landscapes.

UV/haze Improve clarity with film.

Provide lens protection.

Hazy, sunny scenes with film.

Any shooting environment where 
protecting the front of the lens 
is important.

Warming/cooling Change white balance. Landscapes, underwater, and 
special lighting conditions.
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UV and Haze FiLTers
The original purpose of ultraviolet (UV) filters was to block or absorb ultraviolet light. Espe-
cially with film cameras, UV filters reduce haze and improve contrast by minimizing the 
amount of UV light that reaches the film.

The problem with UV light is that even though it is not visible to the human eye, it is detected 
by the camera. On a hazy day, the UV light is often uniformly distributed and therefore 
adversely affects the camera’s exposure by reducing contrast.

Nowadays, UV filters are primarily used to protect the front element 
of a camera lens (see Figure 5-1). Because UV filters are clear, they 
offer a layer of protection over the lens and coatings without notice-
ably affecting an image. Digital camera sensors are not as sensitive 
to UV light as film is and may incorporate native UV filtration, so 
external UV filtration is often no longer necessary.

The drawback to UV filters is that they have the potential to degrade 
image quality by increasing lens flare, adding a color tint, or reducing 
contrast. Multicoated UV filters can dramatically reduce the chance of 
flare. Keeping your filter clean minimizes any reduction in image qual-
ity, although micro-abrasions due to cleaning can affect sharpness 
and contrast. Pristine, high-quality UV filters will not introduce many of 
these issues, whereas lower-quality, poorly maintained filters might do 
more to degrade image quality than they are worth.

For digital cameras, it is up to you to decide whether the advantage of 
a UV filter (for protection) outweighs the potential reduction in image 
quality. For very expensive SLR lenses, the increased protection is 
often the determining factor: it is much easier to replace a filter than to replace or repair a lens. 
For less expensive lenses, protection and image quality are much less of a factor.

Another consideration is that the use of a UV filter might increase the resale value of the lens 
by helping to keep the front lens element in mint condition. A UV filter could also be deemed 
to increase image quality because it can be routinely and cheaply replaced whenever it 
adversely affects image quality. The wear and tear that the filter absorbs from normal use 
protects the lens and coatings from seemingly innocuous practices such as cleaning.

CoLor FiLTers
Cooling and warming filters change the white balance of light reaching the camera’s sensor. 
These can be used to correct or create color casts, such as shifting the balance of artificial 
light or adding warmth to a cloudy day to give the appearance of sunset lighting.

These filters have become much less important with digital cameras because most 
automatically adjust for white balance; plus, color can be adjusted afterward when 
photos are taken using the RAW file format. On the other hand, some situations might 
still necessitate using color filters, such as the unusual lighting shown in Figure 5-2 or 
underwater photography.

Figure 5-1  
Broken UV filter with lens intact
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This image’s orange color cast is from the monochromatic sodium street lamps; with this 
type of light source, virtually no amount of white balance correction can restore full color—
at least not without introducing huge amounts of image noise in some color channels. In 
this case, a cooling filter or specialized streetlight filter could be used to restore color based 
on other light sources.

probLems wiTH Using Lens FiLTers
Filters should only be used when necessary because they can also adversely affect an 
image. Because they introduce an additional piece of glass between your camera’s sensor 
and the subject, they have the potential to reduce image quality. This usually comes in the 
form of either a slight color tint, a reduction in local or overall image contrast, or ghosting 
and increased lens flare caused by light reflecting off the inside of the filter. Filters might also 
introduce physical vignetting (light fall-off or blackening at the edges of the image) if their 
opaque edge gets in the way of light entering the lens.

Figure 5-3 was created by stacking a polarizing filter on top of a UV filter while also using 
a wide-angle lens, causing the edges of the outermost filter to get in the way of the image. 
Stacking filters therefore has the potential to make all of the aforementioned problems 
much worse.

7 Figure 5-2  
example of unusual lighting that calls for the use 
of color filters

1 Figure 5-3  
Visible filter vignetting
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CHoosing a FiLTer size
Lens filters generally come in two varieties: front filters and screw-on filters. Front filters are 
more flexible because they can be used on virtually any lens diameter; however, they can 
also be more cumbersome to use because they might need to be held in front of the lens. 
Fortunately, filter holder kits are available that can improve this process. Screw-on filters, 
on the other hand, can provide an air-tight seal when needed for 
protection, and they cannot accidentally move relative to the lens 
while you’re composing a shot. The main disadvantage is that a 
given screw-on filter will only work with a specific lens size.

The size of a screw-on filter is expressed in terms of its diameter, 
which corresponds to the diameter usually listed on the top or front 
of your camera lens (see Figure 5-4). This diameter is listed in mil-
limeters and usually ranges from about 46 to 82 mm for digital SLR 
cameras. Step-up or step-down adapters can enable a given filter 
size to be used on a lens with a smaller or larger diameter, respec-
tively. However, step-down filter adapters could introduce substan-
tial vignetting (because the filter might block light at the edges of the 
lens), whereas step-up adapters mean that your filter is much larger 
(and potentially more cumbersome) than is required.

The height of the filter edges may also be important. Ultra-thin and 
other special filters are designed so that they can be used on wide-
angle lenses without vignetting. On the other hand, these may also 
be much more expensive and often do not have threads on the 
outside to accept another filter (or sometimes even the lens cap).

poLarizing FiLTers
Polarizing filters, also known as polarizers, are perhaps the most important filter for land-
scape photography. Placed in front of your camera lens, polarizers work by reducing the 
amount of reflected light that passes through your camera’s lens at certain angles. Similar 
to polarizing sunglasses, polarizers make skies appear deeper blue, reduce glare and reflec-
tions off water and other surfaces, and reduce the contrast between land and sky.

Note that in Figure 5-5 the sky has become a much darker blue and the foliage and rocks 
have acquired slightly more color saturation.

Polarizing filters should be used with care because they can adversely affect the photo. 
Polarizers dramatically reduce the amount of light reaching the camera’s sensor, often by 
two to three f-stops (1/4 to 1/8 the amount of light). Because compensating for this light loss 
often requires a slower shutter speed, the risk of creating a blurred handheld image goes up 
dramatically. Polarizing filters might therefore limit opportunities with action shots.

Using a polarizer on a wide-angle lens can produce uneven or substantially darkened skies 
that look unrealistic. For example, in the photo on the right in Figure 5-5, the sky could be 
considered unusually uneven and dark toward the top.

Figure 5-4  
example of a filter diameter specification  
(circled in red)
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Figure 5-5  
Two separate hand-
held photos taken 
seconds apart

No polarizer

Polarizer at its maximum effect
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Linear and CirCULar poLarizers

Another option is to use either a circular or linear polarizing filter. The circular polarizer is 
designed so that the camera’s metering and autofocus systems can still function, and it’s 
the recommended type for most photographers.

On the other hand, linear polarizers are much less expensive, but they cannot be used with 
cameras that have through-the-lens (TTL) metering and autofocus, thus excluding nearly all 
digital SLR cameras. You could, of course, forgo metering and autofocus to save money with 
these linear polarizers, but that is rarely desirable.

Using poLarizers

Developing an intuition for how a polarizer 
might impact a photo often requires exten-
sive experimentation. This section aims to 
accelerate that process by demonstrating 
how and why polarizing filters can help—
and in some cases harm—different types 
of scenes.

Polarizers filter out sunlight that has been 
directly reflected toward the camera at 
specific angles, as shown in Figure 5-6. 
This filtration is beneficial because the 
remaining light is often more diffuse and 
colorful, but it also requires a longer expo-
sure time (since light has been discarded). 
The angle at which light is filtered is con-
trolled by rotating the polarizer itself, up to 
180 degrees, and the strength of this effect 
can be controlled by changing the camera’s 
line of sight relative to the sun. The effect 
as you rotate the filter is visible through 
your camera’s viewfinder or liquid crystal 
display (LCD).

With a polarizing filter

Without a polarizing filter

Figure 5-6  
illustration of diffuse (thin arrows) versus directly reflected (thick arrow) light 
reaching the camera with and without a polarizing filter
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sun near horizon (morning/evening) overhead sunshine (midday)

Figure 5-7  
The red disks represent the directions of maximum polarizing capability. The green lines represent the ground/horizon.

To maximize the effect of a polarizing filter, your line of sight should be perpendicular to the 
direction of the sun, as shown in Figure 5-7.

A good way to visualize this is to aim your pointer finger at the sun while holding your thumb 
straight up. Wherever your thumb points to when you rotate your hand (while still pointing 
at the sun) is where the polarizer can have the strongest impact.

Once you’ve found a good camera angle, rotate the filter to toggle the strength of the polar-
izer effect. If your camera is aimed in the direction of your thumb (or red lines in Figure 5-7), 
you’ll see the most variation in polarizer effect as your rotate the filter. The best way to get a 
feel for this is to rotate the filter while looking through the camera’s viewfinder (or rear LCD), 
but you can also consult the box below for specifics on how this process works.

FiLTer roTaTion angLe

at one extreme, you can rotate your filter so that the direction of maximum polarization 
is perpendicular to the direction of the sun (as illustrated in Figure 5-7). in that case, the 
polarizing effect will be as pronounced as possible. if you then rotate your filter just a little 
(say by 10–20 degrees), you can shift the angle of maximum effect slightly toward or away 
from the sun, but in this case the polarizing effect won’t be as pronounced as before. as this 
angle gets progressively closer to the direction into or away from the sun, the polarizing 
effect will appear progressively less pronounced. Finally, once the filter has been rotated a 
full 90 degrees (to the other extreme), no polarizing effect will be visible. any more rotation 
than this, and the polarizing effect increases again and the cycle repeats.

Because a polarizer’s effect varies with the angle of incoming light from your scene, results can 
appear uneven when a wide-angle lens is used. Some parts of the scene might be directly in 
the sun, whereas other parts might be in a direction that is at a right angle to the sun’s direc-
tion. In that case, one side of the photo would show a stronger polarizer effect than the other 
side. Figure 5-8 illustrates this uneven effect.
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Figure 5-8  
hearst Castle in san simeon, 
California

5 :  L e N s  F i LT e r s  99



In Figure 5-8, the sun is near the horizon, so the strip of sky directly overhead is most influ-
enced by the polarizer (causing it to appear darker), whereas the upper-left and lower-right 
regions (nearer the horizon) are much less impacted. If a telephoto lens had been used to 
photograph just the tower, then the sky would have appeared much more even.

Although using a wide-angle lens certainly isn’t ideal, rotating the polarizing filter can 
sometimes make the effect appear more realistic. One approach is to ensure that the 
most pronounced polarization coincides with the image’s edge or corner. This way, the 
change in polarization will look more like a natural gradient across the sky, such as how 
the sky might appear during twilight.

CoLor saTUraTion

One of the first characteristics you’re likely to notice with polarizers is how they increase color 
saturation, as shown in Figure 5-9.

Because polarizers reduce direct reflections, a greater fraction of the subject’s light becomes 
diffuse, resulting in a more colorful representation. Generally, when you use a polarizer, foliage 
will become a brighter green, skies will be a deeper blue, and flowers will appear more intense.

However, saturation doesn’t increase uniformly. Its effect depends on whether a particular 
object is at an optimal angle to the sun and whether this object is highly reflective. In general, 
you’ll get more saturation with more reflective objects when using a polarizer. Clear, sunny 
days are also much more heavily influenced by polarizers than overcast or rainy days.

For example, in Figure 5-5, the effect on the stone and foliage is subtle, but the sky 
becomes a noticeably darker blue. Take care not to overdo this effect; unusually dark 
midday skies or overly vibrant foliage can easily make photos appear unrealistic.

Figure 5-9  
how polarizers affect color saturation

Without polarizer With polarizer
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remoVing reFLeCTions

A polarizing filter can be an extremely powerful tool for removing reflections and isolating 
objects that are wet, underwater, or behind a window. In Figure 5-10, a polarizer enables 
the photographer to select between subjects that are reflected from or are underneath the 
water’s surface.

No polarizer removing reflections with a polarizer

You can see how the polarizer was unable to remove reflections entirely, although it did a 
pretty good job. Removing reflections completely isn’t possible, but polarizers are usually 
able to make reflections imperceptible, unless they’re relatively intense. Unfortunately, the 
one exception is reflections on metal surfaces, which often happen to be the brightest and 
least desirable type of reflection.

You can also use a polarizer to remove unwanted reflections when taking a photo through 
windows or other transparent barriers like glass cases. However, polarizers can sometimes 
create an unrealistic-looking rainbow or ripple effect on windows that are uneven, have 
been tinted, or are treated with coatings. A good example is birefringence, which appears 
when a polarized photo is taken through an airplane window (see Figure 5-11).

Figure 5-10  
examples of reflections 
with and without a 
polarizing filter (photo 
courtesy of rick Lee-
Morlang at www.flickr 
.com/80464756@N00)

Figure 5-11  
an example of birefrin-
gence (photo courtesy 
of ryan o’hara at www 
.rpophoto.com)
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ConTrasT and gLare

Polarizers often reduce image contrast. This can make it easier to capture scenes with a 
broad dynamic range, such as trying to balance a bright sky with relatively unreflective 
land. A polarizer can therefore sometimes reduce the need for using a graduated neutral 
density filter or high dynamic range in post-production.

However, less glare and contrast can be undesirable, as you can see in Figure 5-12. Here, 
the artistic intent was to highlight the curving road by portraying it in stark contrast to its 
surroundings. You can see that using a polarizer actually detracts from this goal. But in 
most other situations, a decrease in glare is desirable and generally creates a more pleas-
ing photo. For instance, in the same winding road example, the light doesn’t appear as 
harsh and reflective on the rocks to the far right when a polarizer is used.

In other situations, polarizers can instead increase contrast. For example, in Figure 5-13, 
the polarizer increased contrast by filtering the light reflecting from the haze and sea spray.

Without a polarizing filter With a polarizing filter

Figure 5-12  
effect of reduced contrast due to a polarizer

Without a polarizing filter With a polarizing filter

Figure 5-13  
Polarizers can also increase contrast (photos courtesy of Mike Baird at www.bairdphotos.com)
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The increase in contrast appears most pronounced in the hills and the puffy clouds directly 
overhead. In general, using a polarizer on clouds and skies will almost always increase con-
trast unless the subject itself is highly reflective.

disadVanTages oF Using poLarizers

Although polarizing filters can be very useful, they have their disadvantages. Not only are 
polarizers some of the most expensive types of filters, but they can also be cumbersome to 
work with. As you learned, they require the camera to be pointed at a right angle to the sun 
for maximum effect and can take longer to compose with since they need to be rotated. 
Often, they can make the exposure require using two to three more stops (meaning four to 
eight times more light) than normal. They can also be difficult to visualize when you’re using 
the camera’s viewfinder, and you have to keep the filter perfectly clean to avoid reducing 
image quality.

What’s more, you shouldn’t use polarizers with stitched panoramic photos or wide-angle 
shots, such as the one in Figure 5-14.

Keep in mind that polarizers can take away from a photograph where reflections are essen-
tial. For example, when you use a polarizer on sunsets and rainbows, the colorful, reflected 
light may disappear.

TeCHniCaL noTe

Polarizers can sometimes enhance the color and contrast of a rainbow by darkening back-
ground clouds, but only if the filter has been rotated just right. Furthermore, including both 
ends of a rainbow usually requires a wide-angle lens, in which case the scene and rainbow 
may appear uneven.

Figure 5-14  
This panorama would have appeared uneven with a polarizer, and the rainbow could have even 
disappeared at some positions. (Photos courtesy of arches National Park in Utah, Usa.)
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poLarizer Tips

Here are some tips to keep in mind for using polarizing filters:

 e substitute for neutral density filters A polarizing filter can sometimes be used when a 
longer exposure is needed. This can enable an exposure time that is two to three stops 
(four to eight times) longer than otherwise possible, which is often sufficient for shots of 
water or waterfalls.

 e Preview using polarized sunglasses Wearing untinted polarized sunglasses can be a 
helpful way to visualize how your scene will be captured in a photograph. Just be sure 
to take them off when looking through the camera’s viewfinder, because the combined 
effect can prevent you from being able to see the image.

 e Choose thin filters on wide-angle lenses A polarizer can sometimes create visible dark-
ening in the corners of the image (vignetting) when used on a wide-angle lens. To avoid 
this, you’ll likely need to opt for the more expensive “thin” variety.

neUTraL densiTy FiLTers
A neutral density (ND) filter is nothing more than a semitransparent piece of glass placed 
in front of your lens. It reduces the amount of light entering the camera, enabling a longer 
exposure time than otherwise possible. This can emphasize motion, or it can make an other-
wise tumultuous scene appear surreal and quiescent (see Figure 5-15). Alternatively, an ND 
filter also enables larger apertures, which can produce a shallower depth of field or achieve 
a sharper photo, without overexposing bright areas of a scene.

Figure 5-15  
examples of pretty 
results you can achieve 
with an ND filter. Multi-
second exposures from 
Columbia river Gorge 
(left) and olympic 
National Park (right).
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What makes this filter special, however, is that it obstructs a precisely controlled fraction of 
incoming light and does so uniformly; it doesn’t block specific angles the way a polarizer 
does, thereby not altering image contrast or color saturation. The obstruction also aims to 
be equal across the visible spectrum, thereby not introducing a color cast (although this 
isn’t always the case). This last characteristic also happens to be why it’s called a “neutral 
density filter.”

ND filters are also some of the easiest filters to use, and their effect cannot be fully replicated 
digitally—at least not with a single shot and not without risking clipped highlights.

You can use ND filters when a sufficiently long exposure time is not attainable at the lowest 
ISO setting, like in the following situations:

 e To convey motion (for example, smoothing water movement in waves or waterfalls, 
as in Figure 5-16)

 e To make moving objects, such as people or cars, less apparent or invisible with 
long exposures

 e To achieve a shallower depth of field in very bright light using a wider aperture

 e To reduce diffraction and thereby sharpness by enabling a wider aperture

Figure 5-16  
Using an ND filter and 
long exposure to create 
a smoothed water effect
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Figure 5-17  
example of a screw-on ND filter

Use ND filters only when absolutely necessary because they attenuate light that could other-
wise give you more creative control over the appearance of your image. This includes using 
a shorter exposure to freeze action, using a smaller aperture to increase depth of field, or 
setting a lower ISO setting to reduce image noise. Some lower-quality ND filters can also add 
a slight color cast to an image.

Understanding how much light a given ND filter blocks can be difficult because manufactur-
ers don’t necessarily standardize their specifications. Table 5-2 illustrates how the strength 
specification varies across several ND filter companies.

Table 5-2  amount of Light reduction by ND Filter Type

F-sTops FraCTion Hoya, b+w and Cokin Lee, TiFFen LeiCa

1 1/2 ND2, ND2X 0.3 ND 1X

2 1/4 ND4, ND4X 0.6 ND 4X

3 1/8 ND8, ND8X 0.9 ND 8X

4 1/16 ND16, ND16X 1.2 ND 16X

5 1/32 ND32, ND32X 1.5 ND 32X

6 1/64 ND64, ND64X 1.8 ND 64X

Often, you won’t need more than a few f-stops to achieve the desired effect, 
so most photographers just keep one or two different ND filters on hand 

(see Figure 5-17 for an example). Extreme light reduction can enable very 
long exposures, even during broad daylight.

Even though ND filters might appear gray or even opaque to your 
eyes, this isn’t how your photo will appear, because the camera’s 
metering automatically compensates by letting in more light. How-

ever, the viewfinder will still appear very dark, so photographers often 
compose their image prior to placing the filter in front of the lens.

ND filters are specified by their light-reducing ability, where stronger 
filters appear as darker shades of gray. Some common specifications are 

summarized in Table 5-3.

Many other intermediate strengths exist, but high precision typically isn’t needed with 
ND filters. You can often instead adjust the aperture, ISO, or shutter speed by one stop 

without substantially changing the image.
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Table 5-3 ND Filter strength

FiLTer sTrengTH 
(in F-sTops) LigHT redUCTion densiTy Common Uses

2 4× 0.6 ND Modest increases in exposure time, 
such as photographing waterfalls.

3 8× 0.9 ND

10 1,000× 3.0 ND Extreme increases in exposure time, 
such as blurring in broad daylight.

13 10,000× 4.0 ND

20 1,000,000× 6.0 ND

TeCHniCaL noTe

recall that each “stop” of light reduction corresponds with a halving of light. a given filter 
strength therefore passes only 1/2 strength of the initial incoming light, where “strength” is the 
filter strength in stops. For example, a 3-stop ND filter only passes 1/8 the incoming light—that 
is, 1/2 3 = 1/(2 × 2 × 2) = 1/8.

exTending exposUre Time

Neutral density filters can be used to create any combination of the following: a longer expo-
sure time or a shallower depth of field. We’ll start with longer exposure times, which is by far 
the most common application.

Longer exposure times can achieve a wide variety of artistic effects, including softening the 
appearance of turbulent water, blurring waves of blowing grass, and emphasizing motion 
within a crowd of people. For a full discussion of these and other examples, see Chapter 9.

Let’s focus on the waterfall example shown in Figure 5-18. Without a filter, you would need 
to use the smallest aperture and the lowest ISO speed available. With a waterfall under soft 
daylight like this, f/22 and ISO 100 might yield an exposure of 1/10 second. Unfortunately, not 
only is this duration insufficient, but the f-stop also has to be increased to the point of reduc-
ing sharpness due to diffraction.

You can address both of these problems using an ND filter, but the extent of the improve-
ment depends on how you choose to allocate its effect. With a 5-stop ND filter, for example, 
the same settings would yield a 32× longer exposure time, giving the water a much silkier 
appearance. To avoid the reduced sharpness, you could use a more reasonable f-stop, such 
as f/16, with the same filter and then shoot with a 16× (4-stop) exposure time; the water won’t 
appear as silky as it does at f/22, but it will still appear smooth.

For an ND filter to take full effect, multisecond exposures are usually a must. These can ren-
der clouds as streaks in the sky, blur people in motion beyond recognition, and make waves 
appear as a uniform, low-lying mist, as shown in Figure 5-19. However, this depends on the 
nature of the motion, the amount of subject magnification, and the desired effect. The key 
to getting the desired effect is lots of experimentation.
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3 Figure 5-18  
exposure times of 
2 seconds (left) and 
1/10 second (right), 
Columbia river Gorge, 
oregon, Usa

5 Figure 5-19  
Using an ND filter to 
achieve an exposure 
time of 60 seconds 
(photo courtesy of  
Colin J. southern)
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During daylight, achieving the effect shown in Figure 5-18 usually requires having a 10-stop 
or greater ND filter strength, which blocks all but a staggering 1/1000 of incoming light. Try 
revisiting the exposure settings from some of your past images to see what ND filter strengths 
would be needed to achieve multisecond exposures.

sHaLLower depTH oF FieLd

Although photographers primarily use ND filters to achieve longer exposures, they also use 
them to enable a shallower depth of field in very bright light. For example, most SLR cam-
eras have a maximum shutter speed of 1/4000 second, so a subject in direct sunlight might 
therefore require an f-stop greater than about f/4.0 (at ISO100). With a 2-stop ND filter, you 
could reduce this to f/2.0, yielding a dramatic improvement in background blur and subject 
isolation, like in Figure 5-20.

On the other hand, requiring a shallower depth of field under bright light is rare, and you 
can usually benefit more from photographing the subject under dimmer (and likely less 
harsh) lighting. Achieving a sufficiently shallow depth of field is also unlikely to require 
anything stronger than a 2- or 3-stop ND filter.

digiTaL nd eFFeCTs

Although ND filters cannot be replicated digitally, certain scenes and exposure times can be 
adequately emulated by employing a technique called image averaging. This works by com-
bining several separate photos in a way that simulates a single, longer exposure.

Figure 5-20  
example of a situation 
where an ND filter could 
help (depending on the 
camera’s maximum 
shutter speed)
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In Figure 5-21, note how the water appears only slightly 
blurred using a single photograph.

When four photos are averaged (Figure 5-22), there 
is substantially more motion blur, but the effect isn’t as 
smooth as it would have been with a single exposure.

In general, better results are achieved when more pho-
tos are averaged and the exposure time of each photo is 
long compared to the interval between them.

Figure 5-23 required about 16 averaged shots to ade-
quately mimic an ND filter, in part because each indi-
vidual exposure was so brief.

Perhaps the biggest problem with averaging photos in 
this way is that moving objects aren’t always rendered 
as continuous streaks, no matter how many photos are 
averaged, as shown in Figure 5-24.

Photos containing people, the sun, the stars, or other 
moving objects are all particularly susceptible to 
appearing as a series of discrete objects as opposed 
to a single continuous streak.

VariaTions on nd FiLTers

Here are some points to keep in mind about using 
ND filters:

 e Filter-mounting systems Because ND filters have 
the same effect regardless of how they’re shifted or 
rotated, using a filter-mounting system isn’t as criti-
cal. However, filter-mounting systems still have some 

Figure 5-21  
single photo

Figure 5-22  
Four averaged photos

Figure 5-23  
sixteen averaged photos

Figure 5-24  
sun from Figure 5-23 appears to make discrete jumps across sky
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advantages, including quicker insertion and removal, as well as 
freeing up a hand from holding the ND filter in place.

 e step-up and step-down adapters These adapters prevent you 
from having to purchase a different screw-on filter size for each 
lens diameter (usually listed as 77 mm, 72 mm, and so on). You 
could then just purchase an ND filter that fits your largest lens 
and use what’s called a step-up adapter to have this same ND 
filter fit on any smaller lenses.

 e Variable ND filters and stacking A variable ND filter is a single 
filter that employs a mechanism for adjusting the density strength 
without having to switch filters, but at a cost—they’re usually much 
more expensive than purchasing a few separate filters. Therefore, 
many photographers with a smaller budget just stack multiple 
ND filters when they need to reproduce the light-reducing ability 
of a single stronger (but unavailable) filter.

 e substitutes Depending on their size, graduated ND (GND) fil-
ters (see next section) can sometimes be used as ND filters if the 
darker region is large enough to cover the entire lens. Alterna-
tively, polarizing filters can function as 2- to 3-stop ND filters, but 
only if you also want the polarized look and only when this filter 
is rotated for maximum effect. Some photographers don’t pur-
chase 2- or 3-stop ND filters for this reason, instead opting for 
stronger varieties, such as a 10-stop filter.

 e Filter color casts Some cheaper ND filters can introduce a color 
cast. Fortunately, you can usually correct this by adjusting the 
photo’s white balance in post-processing. However, in extreme 
cases, cheaper filters can introduce color casts that don’t cor-
relate with white balance settings, making color cast removal 
much more difficult.

gradUaTed neUTraL 
densiTy FiLTers
Graduated neutral density (GND) filters, or grad filters, restrict the 
amount of light across an image in a smooth, geometric pattern. 
They’re called graduated neutral density filters because they have 
a graduated blend, from clear to neutrally colored gray, and the 
effective density of this gray increases, thereby blocking more light. 
These are sometimes also called split filters because they split how 
they treat different areas of a scene. Scenes that are ideally suited 
for GND filters are those with simple lighting geometries, such as a 
linear blend from dark to light, which is commonly encountered in 
landscape photography, as shown in Figure 5-25.

Filter passes
more light

Filter passes
less light

Gradual blend

GND filter

Final scene

Figure 5-25  
The structure of a GND filter (above) and the effect 
it produces (below)
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Prior to digital cameras, GND filters were essential for capturing dramatically lit landscapes. 
You can mimic a GND filter effect with digital cameras by taking two separate exposures 
and blending them using a linear gradient in Photoshop. This two-shot technique is often 
not possible for fast-moving subject matter or in changing light, although a single exposure 
developed twice from the RAW file or a “graduated filter” in RAW development software 
could possibly mimic the effect. A benefit of using a GND is being able to see how the final 
image will look immediately through the viewfinder or LCD.

wHy Use gnd FiLTers?

As we look around a scene, our eyes adjust to varying brightness levels. A standard cam-
era, on the other hand, captures the entire scene using the same exposure. This can cause 
bright and dark regions to appear washed out and void of detail, respectively, unlike how 
they appear in person. Without a GND filter, the photographer therefore has to choose 
whether to expose for the bright or dark portions of their scene, or something in between. 
Figure 5-26 demonstrates how a typical landscape scene appears when exposed for the 
bright sky without a GND filter. Note the loss of detail throughout the darker, lower half of 
the image.

Although photographic filters are often looked down upon as artificial enhancements, GND 
filters can actually help you capture a photo that more closely mimics how a scene appears 
in person, as shown in Figure 5-27.

Figure 5-26  
standard exposure

Figure 5-27  
Graduated neutral density filter applied

In this way, graduated neutral density filters are essential tools for capturing scenes where 
the light intensity varies substantially across the image frame. They’re perhaps a hidden 
secret of successful landscape photographers. These filters have been used for over a hun-
dred years, but nowadays the GND effect can also be applied digitally, either during RAW 
development or in subsequent photo editing. In either case, knowing how to make the most 
of GND filters can have a huge impact on the quality of your photographs, as demonstrated 
in Figures 5-27 and 5-28.
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How gnd FiLTers work

GND filters work by obstructing progressively more light toward one side of the filter and can 
be used in virtually any situation where brightness changes uniformly in one direction—either 
at a sharp boundary such as a horizon or more gradually across the entire image. In general, 
wider angles of view encompass a correspondingly greater range of brightness and are 
more likely to benefit from a GND filter.

GND filters affect two aspects of a photograph:

 e Dynamic range You are able to capture scenes whose range of brightness exceeds the 
capabilities of your camera. This is the most commonly understood application.

 e Local contrast Even though GND filters usually decrease the contrast between extreme 
light and dark regions, the contrast within each region actually increases, thereby improv-
ing the appearance of color and detail. This is because extreme tones are brought closer to 
the midtones, which are where a camera’s tonal curve has the most contrast (and where 
our eyes are most sensitive to tonal differences). This is perhaps a less commonly known 
benefit, but it can yield the greatest improvement.

The second advantage is why many photographers often apply GND filters even when the 
scene’s dynamic range fits within the capabilities of the camera. This might include giving 
clouds more definition, for example, or making them appear more ominous by darkening 
them relative to everything else. The applications are amazingly diverse.

Figure 5-28  
original scene (left), and the same scene with a GND filter applied (right)
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CHoosing a gnd FiLTer sTrengTH

The effect of a given GND filter is determined by two properties:

 e Filter strength The difference between how much light is reduced at one side of the 
gradient compared to the other. Figure 5-29 shows the difference between strong and 
weak GND filters.

 e rate of transition The rate at which the darkest side of the filter transitions into the 
clear side.

Of these two, the filter strength is perhaps the most important consideration, and it’s 
expressed using similar terminology to that used for ND filters. For example, “0.6 ND grad” 
refers to a graduated filter that lets in 2 f-stops less light (1/4) at one side of the blend versus 
the other, whereas “0.9 ND grad” lets in 3 f-stops less light (1/8) at one side.

Table 5-4 lists the most commonly used strength specifications.

Recall that each additional “stop” of strength blocks twice as much light.

To estimate what strength you need, you can point your camera at the darker half of the 
scene, take an exposure reading, and then point your camera at the lighter half and take 
a second exposure reading. The difference between these two exposures is the maximum 
strength you’ll need to use, although you’ll likely want something weaker for a more realistic-

looking photo. Most landscape photos need 
no more than a 1–3 f-stop blend, which com-
pensates for the typical reflectivity difference 
between the sky and land or sea, but even if 
it doesn’t, a greater differential risks making 
the photo appear unrealistic.

For example, if you place your camera in 
aperture priority mode, and the camera’s 
metering estimates shutter speeds of 
1/100th second for the sky and 1/25th second 
for the ground, then you won’t want any-
thing stronger than a 2-stop GND filter. How-
ever, as you’ll quickly realize, this isn’t strictly 
a numbers game; the optimal strength is 
also highly dependent on the subject matter 
and the look you’re trying to achieve.

The most versatile strength is perhaps the 
2-stop variety. Anything weaker is often too
subtle, and anything stronger may appear
unrealistic. In either case, it’s often not dif-
ficult to reproduce the results of a 1- or 3-stop
GND filter in post-processing by starting with
an existing 2-stop GND photo.

Table 5-4 GND Filter strength

sTrengTH (in F-sTops)

brand-speCiFiC TerminoLogy:

Hoya, b+w & Cokin Lee, TiFFen LeiCa

1 ND2, ND2X 0.3 ND 2X

2 ND4, ND4X 0.6 ND 4X

3 ND8, ND8X 0.9 ND 8X

stronger Weaker

Figure 5-29  
GND filter strengths
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CHoosing an opTimaL raTe oF TransiTion

The second important quality is how quickly the GND filter blends from light to dark. A soft 
edge is used to describe a gradual blend, whereas a hard edge describes a more abrupt 
blend. These should be selected based on how quickly the light changes across the scene. A 
sharp division between dark land and bright sky would necessitate a harder-edge GND filter, 
for example. Other patterns exist, such as radial GNDs, which can enhance or reduce light 
fall-off toward the lens’s edges and thus affect vignetting. Figure 5-30 shows what these 
patterns look like.

soft-edge GND hard-edge GND radial blend

Figure 5-30  
GND filter transition types

The blend should be placed very carefully, and this usually requires a tripod. The soft-edge 
filters are generally more flexible and forgiving of placement. On the other hand, a soft edge 
may produce excessive darkening or brightening near where the blend occurs if the scene’s 
light transitions faster than the filter gradient. You should also be aware that vertical objects 
extending across the blend may appear unrealistically dark, such as those in Figure 5-31.

Although subtle and likely imperceptible, the rock columns in Figure 5-30 become darker 
at their top compared to below the blend. With other photos, such as those in Figure 5-33, 
the effect can be more substantial and likely unacceptable. This unrealistic darkening effect 
is unavoidable and is always present to some degree when GND filters are used without 
subsequent digital correction.

Figure 5-31  
Location of GND blend (left) and the final 
photo (right)
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A problem with the soft and hard edge terminology is that it is not standardized from one 
brand to another. One company’s “soft edge” can sometimes have a blend that is nearly 
as abrupt as another company’s “hard edge.” It is best to actually look at the filter to judge 
the blend. Most manufacturers will show an example of the blend on their website.

In general, wide-angle lenses require harder gradients, primarily because brightness varies 
more abruptly when a broader range is squeezed into the image frame. Softer transitions 
are often much more forgiving when they aren’t optimally positioned, but their location is 
also much more difficult to identify in the camera’s viewfinder. Figure 5-32 illustrates the 
rate of transition.

How To Use a gradUaTed nd FiLTer

Although you can clearly see the GND transition region when looking at the filter on its own, 
it’s often far from obvious when you’re looking through the camera’s viewfinder. The depth 
of field preview button can help, but you ultimately need to know what artifacts to look 
out for.

Of the three GND filter characteristics under your control (the position, the strength, and the 
rate of transition), you can control only the position for a given filter, though you can adjust 
all three if you’re applying the grad filter digitally. Figure 5-33 illustrates how each of these 
three GND filter characteristics influences the image.

 e Position Optimal placement of the transition region is usually close to the horizon, 
although you can achieve more realistic-looking results by placing it slightly lower. Note 
that placing it too high can create a bright strip above the horizon, whereas placing it 
too low can make the distant land appear unrealistically dark. Pay particular attention 
to objects that extend above the horizon, such as trees and mountains.

 e strength Bringing the bright and dark regions into balance can be of great benefit, but 
this is easily overdone. Try to avoid violating the scene’s tonal hierarchy. For example, if 
the sky was brighter than the ground, it’s almost always a good idea to keep it that way 
in your photo if you want to achieve a realistic-looking result.

Figure 5-32  
softer edge to 
harder edge
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optimal transition higher transition stronger transition harder transition

No GND transition Lower transition Weaker transition softer transition

Figure 5-33  
Visual depiction of GND filter strength, placement, and rate of transition. strength is assumed to control how much you want to 
brighten the foreground (as opposed to darkening the sky). The exposures for the stronger/weaker examples are therefore based 
on the sky (resulting in a longer exposure for the stronger filter).

 e rate of transition This will depend heavily on the type and distribution of your subject 
matter. Sunsets and sunrises over water often benefit from softer gradients, for example. 
If your horizon is uneven and defined by trees and mountains, then a softer gradient 
can help avoid having the GND filter effect become too apparent within these objects. 
In Figure 5-33, the “harder” filter setting actually worked well for the right side of the 
horizon, but created an abrupt transition within objects to the left.

Don’t be afraid to get creative. In the landscape examples shown in Figure 5-33, we 
might have been able to achieve better results by placing the transition at an angle, such 
that it roughly followed the rocky ocean front from the middle right up to the trees on 
the upper left. Similarly, we could also stack multiple filters to address more complex 
lighting geometries.
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TeCHniCaL noTe

With a physical GND filter, its rate of transition also depends on the focal length and aperture 
setting of your lens. This transition will appear much softer on a telephoto lens, for example, 
because its gradient will be magnified more than with a wide-angle lens. The gradient will 
also appear more blurred due to the shallower depth of field (at a given aperture setting).

working wiTH CompLiCaTions

Perhaps the biggest problem with GND filters is that you are usually restricted to gradients 
that transition along a line. This means that if portions of the subject protrude above the 
light-dark transition, they can appear unevenly and unrealistically darkened (as shown in 
Figure 5-34). Susceptible subjects often include trees, the tops of mountains, and people.

Figure 5-34  
examples of unrealistic darkening of foreground objects that extend across the GND transition

Without GND filter With GND filter (dark rock at top right)

Darkened tops can be improved, but you usually have to resort to using other tools. You can 
minimize the appearance of a darkened top by using a layer mask in Photoshop or other 
editing software to manually retouch the regions that need more exposure. However, this 
should be avoided if possible because achieving a realistic-looking result is often difficult 
and requires a lot more work in post-processing.

digiTaL Vs. pHysiCaL FiLTers

GND filters can either be applied physically, by placing one in front of the lens, or digitally, 
by applying an exposure gradient in RAW development (or using multiple exposures and 
combining these using digital editing). The gradient tool varies in appearance based on 
software package but often has similar controls and iconography to that depicted in 
Figure 5-35.
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A physical filter is a little more restricting because you have to choose from certain pre-made 
types. The resulting image also already has the gradient applied, so it can be much more 
difficult to correct for misplacement.

On the other hand, physical GND filters often produce higher-quality results. A physical GND 
works by darkening the brighter regions, whereas a digital GND filter works by brightening 
the darker regions. The physical GND filter will therefore require a much longer exposure, 
resulting in dramatically less noise within the (previously) darker regions.

You could always get around this limitation of digital GND filters by just taking two separate 
exposures (and combining these in image-editing software), but this technique can be prob-
lematic with dynamic subjects. Furthermore, using multiple exposures requires a tripod and 
a remote release device because the camera might move during or between exposures.

Figure 5-35  
example of a digital GND filter in adobe Photoshop
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oTHer ConsideraTions For pHysiCaL gnd FiLTers

If you choose to stick with physical GND filters, they can be much easier to use if you find the 
right filter system. GND filters can typically be mounted one of three ways:

 e standard screw-on mechanism This type is used for most other filters, including UV 
and polarizing filters. However, a screw-on mechanism can make it extremely difficult to 
adjust the location of the GND transition.

 e Free-floating/handheld This type is often quick and easy to use, but you usually cannot 
keep the gradient in the same location for different shots, and this also ties up the use of 
one hand. It also makes performing small adjustments much more difficult.

 e Filter holder This type usually includes an adapter ring that screws onto the front of the 
camera. The square GND filter can then slide into this holder, as shown in Figure 5-36, 
permitting fine control over the placement of the transition. The Lee filter holder system is 
the most commonly used.

Specialty gradient types and image quality may also be important considerations:

 e reverse grad filters These are a variation of GND filters. Instead of an even blend 
from clear to gray, these special-purpose filters blend from clear to dark gray to lighter 
gray. This can sometimes be helpful with sunsets and sunrises, because the filter further 
darkens the otherwise bright strip near the horizon. On the other hand, you can almost 
always instead just darken this part later on in post-processing.

 e image quality Any time you place an additional glass element between your subject 
and your camera’s sensor, you run the risk of decreasing image quality. Although this 
usually isn’t a problem, filters that have smudges, deposits, micro-abrasions, or other 
defects can all reduce the sharpness and contrast of your photos. In addition, many GND 
filters aren’t “multicoated,” which may make them more susceptible to lens flare (espe-
cially considering that these are often used with harsh or dramatic lighting).

Figure 5-36  
example of a filter 
holder system
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aLTernaTiVes To Using gnd FiLTers

Of course, using GND filters is just one among many approaches to dealing with difficult 
lighting. Other common techniques include the following:

 e shadow/highlight recovery This technique can be applied in photo editing and is a 
great alternative to GND filters whenever the brightness doesn’t vary uniformly in one 
direction and the total dynamic range isn’t too extreme.

 e Waiting for better lighting If you find that you’re requiring a 3-stop or greater filter 
strength, consider instead just taking your photograph at a different time of day.

 e high dynamic range Whenever the preceding approaches aren’t practical, another 
popular technique is to merge several exposures into a single high dynamic range (HDR) 
image using Photoshop, Lightroom, or another software package.

sUmmary
In this chapter, you were introduced to some of the most common types of lens filters, how 
they work, and how you can use them to gain more control over your images. You learned 
how to use polarizing filters to control reflections and color saturation. You then saw how 
neutral density filters can be used to intentionally create long exposures, which can empha-
size motion, or enable larger apertures for a sharper image. Finally, you learned how to max-
imize graduated neutral density filters to manage dramatic lighting when working outdoors.

In the next chapter, you’ll learn techniques for using on-camera and off-camera flash to 
control the appearance of a subject.
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6
Using Flash to 
Enhance Subject 
Illumination
In this chapter, we’ll explore how on-camera flash and off-camera flash 

affect the appearance of a subject. Then we’ll explore how to control flash 

intensity to accommodate ambient lighting. Note that this chapter focuses 

on on-camera and off-camera mobile flash, as opposed to studio flash, 

which we’ll explore in more detail in Chapter 8 when we discuss portrait-

lighting techniques.

 123



How FlasH aFFects subject appearance
A camera flash can 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 tell a flash was used. In 
this section, you’ll learn how the flash affects your light and resulting exposure, with a focus 
on mobile on-camera and off-camera flash. 

Before proceeding further, be sure you have read Chapter 1 so that you are familiar with 
aperture, ISO, and shutter speed.

wHat Makes FlasH lIgHtIng DIFFerent?

Flash photography is fundamentally different from 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. Although this concept may seem 
simple, its consequences are not always obvious.

For example, you can vary the appearance of a subject by controlling the intensity, position, 
and distribution of light from a flash. But when you’re working with ambient light, you can 
only affect the appearance of a subject by changing lens settings. And unlike with ambient-
light photography, you can’t see how your flash will affect the scene prior to and during the 
exposure, since a flash emits light for milliseconds or less.

It’s therefore critical to develop a good intuition for how the position and distribution of your 
flash influences the appearance of your subject. We’ll begin by exploring the qualitative 
aspects of flash photography, and then we’ll concentrate on how to use camera settings 
to achieve the desired flash exposure.

lIgHt DIstrIbutIon: usIng bounceD FlasH anD DIFFusers

For a given subject, the distribution of the light source determines how much contrast this 
subject will have. Contrast describes the brightness difference between the lightest and 
darkest portions of a subject. When light is more localized, one side of the subject receives 
intense direct light, while the opposing side appears almost black because it receives only 
what light has bounced off the walls, ceiling, and floor. Figure 6-1 shows an example of 
localized light on a subject, which results in high contrast.

Localized
light source

Figure 6-1  
High contrast
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When light is more distributed, shadows and highlights appear softer and less intense 
because the light is hitting the subject (in this case, the sphere) from a wider angle. 
Figure 6-2 shows an example of this.

Bounced
flash

Figure 6-2  
Low contrast

Photographers use the term soft light to describe light that scatters substantially or originates 
from a large area and the term hard light to describe more concentrated and directional light. 
Softer light therefore results in lower contrast, whereas harder light results in higher contrast.

In practice, photographs of people appear more appealing if captured using less contrast. 
Higher contrast tends to over-exaggerate facial features and skin texture by casting deep 
shadows across the face, an effect that is less flattering.

The dilemma in portrait photography is that a camera flash is, by its very nature, a local-
ized light source and therefore often produces too much contrast in the subject. A good 
photographer knows how to make their flash appear as if it originated from a much larger 
and more evenly distributed source. You can achieve this using either a flash diffuser or a 
bounced flash.

Although it may seem counterintuitive, aiming your flash away from your subjects can actually 
enhance their appearance by causing the incident light to originate from a greater area. This 
is why photographers take portraits with a 
flash that first bounces off a large umbrella, 
which is called bounced flash.

However, bouncing a flash greatly reduces 
its intensity, so you’ll need to have a much 
stronger flash to achieve the same exposure. 
Additionally, bouncing a flash is often unre-
alistic for outdoor photography when you’re 
not in a contained environment.

Similarly, you can use a flash diffuser, shown 
in Figure 6-3, which is a piece of translu-
cent plastic that fastens over your flash to 
scatter outgoing light.

Figure 6-3  
Flash diffuser
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For outdoor photos, flash diffusers make very little difference, but for indoor photography, 
they can soften the lighting because some of the scattered light from your flash will first 
bounce off other objects before hitting your subject. However, just as with a bounced flash, 
you may need to use stronger flash when using a flash diffuser.

lIgHt posItIon: on-caMera anD oFF-caMera FlasH

The position of the light source relative to the viewer also affects the appearance of your 
subject. Whereas the localization of light affects contrast, light source position affects the 
visibility of a subject’s shadows and highlights.

For example, Figure 6-4 shows how head-on lighting affects the subject.

As you can see, the side of the subject that receives all the light is also the side of the subject 
the camera sees, resulting in barely visible shadows. The subject appears flat and harshly lit 
as a result.

On the other hand, off-camera flash results in a more three-dimensional subject, as you can 
see in Figure 6-5.

Overall, subjects look best when the light source is neither head-on, as with on-camera flash, 
nor directly overhead, as is often the case with indoor lighting. In real-world photographs, 
using an on-camera flash can give a “deer in the headlights” appearance to subjects. Placing 
the flash to one side can also greatly reduce the chance of direct reflections off glasses or 
other flat surfaces, which is usually a telltale sign of using a flash and therefore undesirable. 
In Figure 6-6, off-camera flash has successfully avoided direct reflections on the lenses of 
the baby’s glasses.

However, it’s usually unrealistic to expect access to off-camera flash, unless you’re in a stu-
dio or have a sophisticated setup, which you might for a big event like a wedding.

Figure 6-4  
With head-on lighting, the subject appears flat. 

On-camera
flash

Off-camera
flash

Figure 6-5  
With off-camera lighting, the subject is more 
three-dimensional.
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Figure 6-6  
Flash portraiture with 
eyeglasses

The best and easiest way to achieve the look of an off-camera flash 
using an on-camera flash is to bounce the flash off an object, such as a 
wall or ceiling, as discussed previously. Another option is to use a flash 
bracket, shown in Figure 6-7, which increases the distance between 
the flash unit and the front of your camera.

Although you can use flash brackets to create substantial off-
angle lighting for close-range photos, the lighting will appear 
increasingly like an on-camera flash the farther you are from 
your subject. One advantage of flash brackets is that they 
noticeably reduce red-eye with close-proximity por-
traits. Their biggest disadvantage is size, because 
they need to extend far above or to the side of 
your camera body to achieve their effect.

For full off-camera flash control, you’ll want a 
portable unit that can be triggered remotely, 
as shown on the right in Figure 6-7. This can 
either be placed in a fixed location or carried 
around by a camera assistant if you’re at a dynamic 
event such as a wedding.

Flash bracket remotely triggered off-camera flash

Figure 6-7  
Two options for off-
camera flash
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Direct
afternoon

sunlight

Direct
afternoon

sunlight

Fill flash

Without a fill flash

With a fill flash

Figure 6-8  
Using fill flash to reduce 
harsh shadows from 
strong lighting

DealIng wItH MultIple lIgHt sources: FIll FlasH

A common misconception is that we only use flash when it’s dark. On the contrary, we can 
use flash to enhance the appearance of subjects in harsh outdoor lighting, such as after-
noon sunlight on a clear day. A good example is a fill flash, which is most useful as a second-
ary light source under bright ambient lighting, such as when your subject is backlit, or when 
the lighting has too much contrast.

The term fill flash describes a flash that contributes more to ambient light than it does to 
exposure. It gets its name because it effectively fills in the shadows of your subject without 
changing the overall exposure significantly, as in Figure 6-8.

To use a fill flash, you need to force your flash to fire, because most cameras in automatic 
mode won’t fire a flash unless the scene is dimly lit. To get around this, you can manually 
activate fill flash on compact and SLR cameras when there is plenty of ambient light. Just 
pay close attention to the charge on your camera’s battery because flash can deplete it 
much more rapidly than normal.
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reD-eye reDuctIon

A big problem with camera flashes is unnatural red eyes in subjects, 
caused by glare from the subject’s pupils. The red color is due to the 
high density of blood vessels directly behind the pupil at the back of 
the eye. Red eye can be most distracting when the subject is looking 
directly into the camera lens (as in Figure 6-9), or when pupils are 
fully dilated in dim ambient light. It is also much more prominent 
with hard lighting.

You can sometimes use a red-eye reduction mode, which sends a 
series of smaller flashes before the exposure so that the subject’s 
pupils are contracted during the actual flash. Although reducing 
pupil area doesn’t eliminate red eye entirely (smaller pupils still 
reflect some light), it makes it much less prominent. You can also 
contract the pupil naturally by taking the photo where it is brighter 
or by increasing the amount of ambient light.

Another technique used during post-processing is digital red-eye 
removal, which usually works by using image-editing software to 
select the red portion of the eye and remove the coloration so that 
the pupil appears more natural. If the subject’s eye is extremely dilated and far away, this 
may also include changing the red hue to match the person’s natural eye color found in the 
iris. However, this technique should only be used as a last resort because it does not address 
the underlying cause of red-eye. Also, it’s difficult to perform so that the eye looks natural in 
a detailed print. For example, subjects could easily end up appearing to have either unnatu-
rally dilated pupils or no pupils at all.

In summary, the only ways you can eliminate red-eye entirely are to have the subject look 
away from the camera; to use a flash bracket, an off-camera flash, or a bounced flash; or 
to avoid using a flash altogether.

FlasH wHIte balance

When using flash, you need to be aware of how it affects the color balance of your image. 
Cameras use a process called white balance to adjust colors so objects that appear white in 
person are rendered white in the image, for example. This process requires determining the 
color temperature of a light source, which refers to the relative warmth or coolness of white 
light. It’s also important to know the color tint of your source, which refers to any remaining 
magenta or green color casts.

Most flash units emit light that has a color spectrum resembling daylight. If your ambient 
light differs from this substantially, an undesirable color shift will result (as in Figure 6-10) 
because most cameras automatically set their white balance to match the flash, if it’s used. 
The tint is most apparent with artificial lighting, as well as when balanced ratios between 
light from flash and ambient sources (1:4 to 4:1) make light from both sources clearly 
distinguishable.

Figure 6-9  
example of red-eye caused by flash
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A flash can also create a color cast, which is what happens when any light bouncing off 
a colored surface, such as a wall painted orange or green, casts a color different from 
ambient light onto a subject. However, if ambient light is bouncing off those same colored 
surfaces, this color cast may already exist without the flash; therefore, the addition of a 
flash will not introduce any additional color casts.

Alternatively, you can intentionally modify the flash’s white balance to achieve a given effect. 
Some flash diffusers have a subtle warming effect, for example, to better match indoor incan-
descent lighting or to give the appearance of more flattering or evocative light from a sunset.

Figure 6-10  
Localized color tint 
caused by a flash in the 
foreground but ambient 
light in the background
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external vs. Internal 
FlasH unIts

Most cameras have a flash unit built into 
the camera body called an internal flash. 
Although an internal flash can be adequate 
as a low-intensity fill flash with nearby sub-
jects, it often also risks casting a shadow on 
the subjects due to large lenses. If profes-
sional results are important in a broader 
range of conditions, you’ll likely want an 
external flash unit , shown in Figure 6-11, 
that affixes to the top of your camera along 
a metal connector called a hot shoe mount.

Even though an in-camera flash has enough 
intensity to directly illuminate a nearby sub-
ject, an external flash can often be aimed in 
more directions and has enough power to 
bounce off a distant wall or ceiling and still 
adequately illuminate the subject. An added 
benefit is that external flash units are usu-
ally easier to modify with diffusers, brackets, 
reflectors, color filters, and other add-ons. 
Furthermore, because external flashes are a 
little farther from your lens’s line of sight, they 
can reduce red-eye, reduce the risk of lens 
shadows, and slightly improve light quality.

controllIng your FlasH exposure
Now that you know how a camera’s flash can influence a subject’s appearance, you’re ready 
to learn how to achieve the desired flash exposure using your camera settings.

unDerstanDIng FlasH exposure

As you learned previously, flash exposure involves two light sources: your flash and ambient 
light. In this section, we focus on 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.

Your camera’s flash actually consists of two overlaid exposures: one for ambient light, which 
happens throughout the exposure duration, and the other for flash, which happens only 
during the flash pulse. Figure 6-12 illustrates how this exposure process works.

Figure 6-11  
Camera with an external flash mounted atop the hot shoe mount
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In this graph, the green line represents the light pulse that contributes to the flash exposure, 
whereas the blue lines for the first and second curtain represent the start and end of the 
exposure for ambient light, respectively. Newer SLR cameras also fire a pre-flash to estimate 
how bright the actual flash needs to be. The pre-flash exposure occurs in the split second 
between when you press the shutter button and when the shutter opens.

As you can see in Figure 6-12, 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.

FlasH ratIo

The flash ratio describes the ratio between light from the flash and ambient light. Because 
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, you can use the length of the exposure and flash intensity to adjust the mix of flash 
and ambient light, as detailed in table 6-1.

table 6-1 How different settings affect Flash ratio

 

  only aMbIent FIll FlasH balanceD FlasH strong FlasH

FlasH ratIo: N/A or 0 1:8 to 1:2 1:1 2:1 to 8:1

settIngs No flash Longest exposure,  
weakest flash

Shorter exposure,  
weaker flash

Shortest exposure, 
strongest flash

On the far left of table 6-1, you can see the flash ratio of ordinary ambient light photogra-
phy, and on the far right, you can see the flash ratio of photography using mostly light from 
the flash. In reality, there’s always some amount of ambient light, so an infinite flash ratio is 
just a theoretical limit.

Figure 6-12  
illustration shown 
roughly to scale for a 
1/200th second exposure 
with a 4:1 flash ratio. 
Flash shown for first 
curtain sync. much older 
flash units do not emit a 
pre-flash.
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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 previous table, respectively. Unfortunately, both conventions are used.

Note that not all flash ratios are attainable with a given flash unit or ambient light intensity. 
For example, 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. 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 this section become most important, 
including the flash position and its apparent light area, because this is where the flash starts 
to appear quite harsh unless carefully controlled. On the other hand, you can often use an 
on-camera flash to get flash ratios of less than 1:2 and achieve excellent results.

Whenever possible, most photographers use their flash as a fill flash when starting out, 
because this is the simplest type of flash photography and doesn’t require knowing how 
to use an off-camera flash.

FlasH exposure MoDes

Let’s consider one of the most difficult tasks in flash photography: understanding how 
different camera and flash-metering modes 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. 
So the key is knowing when and why your camera uses its flash in each way. To understand 
this, take a look at table 6-2, which summarizes the most common camera modes and 
their flash ratios.

table 6-2 Common Flash modes

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
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In Auto mode ( ), the flash turns on only if the shutter speed would otherwise drop below 
what is deemed “handhold-able,” which is usually about 1/60 second. The flash ratio then 
increases progressively as light hitting the subject gets dimmer, but the shutter speed 
remains at 1/60 second. This mode therefore functions to maintain handheld sharpness 
first and foremost, regardless of whether that causes the flash to harshly light the subject.

Program (P) mode is similar to Auto mode, except you can also force a flash 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 mode 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 second, flash in Program 
mode acts just as it would in Auto mode. Overall, Program mode is useful when you want 
the automation benefits of Auto mode, but also want to use your flash as a fill flash.

Aperture Priority (Av) and Shutter Priority (Tv) modes have a different behavior. Just as with 
Program mode, you usually have to force your flash to turn on, which results in the camera 
using the flash as a fill flash. However, unlike with the Auto and Program modes, the flash 
ratio never increases beyond about 1:1, and exposures are as long as necessary; this is also 
called slow sync.

In Shutter Priority mode, the flash ratio may also increase if the necessary f-stop is smaller 
than what’s available with your lens. Flash control in these modes is more flexible than in 
Auto or Program mode, but more control also means fewer safeguards, so you can easily 
end up with a blurred long exposure if you’re not careful.

In Manual (M) mode, the camera exposes ambient light based on how you set the aperture, 
shutter speed, and ISO. It then calculates flash exposure 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 results when an aperture is outside the range available 
with your lens or a shutter speed is faster than what your flash system supports (for 
example, X-sync speed, which is usually 1/200 to 1/500 second).

FlasH exposure coMpensatIon

To set the proper flash ratio on your camera, you’ll need to figure out the right combination 
of ordinary exposure compensation (EC) and flash exposure compensation (FEC). Recall 
from Chapter 1 that when you activate EC, the final exposure target gets compensated by 
the EC value, which allows for manual corrections if a metering mode is consistently under- 
or overexposing.

Flash exposure compensation (FEC) works much like regular EC, by telling 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 whereas EC may affect the exposures for both flash and ambient light 
simultaneously (depending on camera model), FEC only affects flash intensity.

With current Canon and Sony cameras, EC only affects ambient exposure, whereas with 
Nikon cameras, EC simultaneously affects flash intensity and ambient exposure by default. 
However, recent Nikon cameras (such as the D4, D800, and later) can work either way via 
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a custom function. Sony cameras also have this custom function, but they default to the 
same behavior as Canon cameras.

Each type of flash control has clear advantages and disadvantages. When EC affects both 
flash output and ambient exposure, you can easily adjust the flash ratio without affecting 
the overall exposure; for example, a +1 FEC and –1 EC setting will leave the overall exposure 
unchanged.

For cameras where EC affects only ambient exposure, EC and FEC effectively become inde-
pendent controls over ambient and flash metering, but these cameras can also make it 
more difficult to use both EC and FEC to change the flash ratio without also changing the 
overall exposure. If you happen to have a camera that controls flash intensity and ambient 
exposure independently, you’ll learn how to use these settings to control the flash ratio next.

cHangIng tHe FlasH ratIo

table 6-3 provides reference settings to change the flash ratio if it was originally 1:1.  
(Note that EC settings are listed as a range because they can only be set in 1/2- to 
1/3-stop increments.)

table 6-3 How to Change the Flash ratio by adjusting FeC and eC

 

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

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 straight-
forward: 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.

Although this flash ratio table is not something you would necessarily use in the field, it can 
help you develop a better intuition for roughly what EC values are needed in different situ-
ations. For example, positive EC and negative FEC values are typically used when you want 
a fill flash, whereas negative EC and positive FEC values are typically used when you want a 
strong (usually off-camera) flash that overpowers the ambient light.
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The exact FEC/EC combination is also much less important with low flash ratios. For exam-
ple, with a 1:4 fill flash, the FEC setting can vary substantially without noticeably affecting the 
overall exposure. However, if your flash is the primary source of lighting, then a full-stop FEC 
is substantial and will likely overexpose the image by nearly a stop.

tecHnIcal note on ec values

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. you will first want to dial in +1 FeC, 
because that’s the easiest part. However, if only FeC is increased by +1, then the amount of 
light from the flash doubles while the ambient light remains the same, thereby increasing the 
overall exposure. you therefore need to dial in a negative eC to compensate for this so that 
the exposure is unchanged.

but how much eC? because the original flash ratio was 1:1, the total amount of light using 
+1 FeC is now 150 percent of what it was before. you therefore need to use an eC value that 
reduces the total amount of light by a factor of 2/3 (150% × 2/3 = 100%). because each nega-
tive eC halves the amount of light, you know this eC value has to be between 0 and –1, but 
the exact value isn’t something you can readily calculate in your head. it’s equal to log2(2/3), 
which comes out to –0.58.

The following EC and FEC adjustments can be used to quickly increase or decrease the flash 
ratio without changing overall exposure:

 e 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, to achieve a 2:1 flash ratio, you need an FEC value of +1 and a corresponding EC 
value of –1/2 to –2/3.

 e How to decrease the flash ratio: Dial in a negative flash exposure compensation while 
simultaneously entering a positive exposure compensation, but not exceeding +1. Assum-
ing a default 1:1 flash ratio, to achieve a 1:2 flash ratio, you need 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. You can 
also use it to override errors by your camera’s flash-metering system. We discuss how and 
why this might happen in the next section.

tHrougH-tHe-lens FlasH MeterIng

Most current SLR flash systems employ some form of through-the-lens (TTL) metering, which 
works by bouncing one or more tiny pre-flash pulses off the subject immediately before the 
exposure begins, as depicted in Figure 6-13. This is used to estimate what flash intensity is 
needed during the actual exposure.
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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 it 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 during this process. Because a flash exposure is actually two 
sequential exposures, both ambient light metering and flash metering have to be correct for 
proper exposure. We’ll therefore deal with each source of metering error separately.

aMbIent lIgHt MeterIng 

Ambient light metering is the first to occur and determines the combination of aperture, ISO, 
and shutter speed. This is quite important because it controls the overall exposure and is the 
basis for the subsequent flash metering.

Recall that in-camera metering goes awry primarily because it can only measure reflected 
and not incident light (see “Camera Metering” on page 10).

If your subject is light and reflective, like the Dalmatian on the beach in Figure 6-14, then 
your camera will mistakenly assume that this apparent brightness is caused by lots of inci-
dent light, as opposed to the subject’s high reflectance. This causes your camera to overes-
timate the amount of ambient light, thus underexposing the subject. Similarly, a dark and 
unreflective subject often results in an overexposure. Furthermore, situations with high- or 
low-key lighting can also throw off your camera’s metering (see “Image Histograms” on 
page 26).

Note: White wedding dresses and black tuxedos are perfect examples of highly reflective and 
unreflective subjects, respectively, that can throw off your camera’s exposure—which is unfortunate 
because weddings are often where flash photography and accurate exposures are most important.

If you suspect your camera’s ambient light metering will be incorrect, you can dial in a posi-
tive or negative exposure compensation (EC) to fix ambient light metering and improve flash 
metering at the same time.

Figure 6-13  
diagram of the relative 
timing for pre-flash, 
exposure duration, 
and exposure flash
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FlasH MeterIng

Flash metering is based on the results from both the pre-flash and 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 ambi-
ent 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.

Even with proper flash exposure, if your subject distance varies, expect regions closer to the 
camera to appear much brighter than regions that are farther, as shown in Figure 6-15.

Figure 6-14  
reflective subject

Figure 6-15  
Light fall-off is so rapid 
that objects 2 times as 
far away receive 1/4 the 
amount of flash.
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Complex lighting situations can also be problematic as shown in Figure 6-16. 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 that only hits your subject.

Additionally, because flash metering occurs after your camera meters for ambient light, it 
is important not to use the auto-exposure (AE) lock setting , discussed in Chapter 1, when 
using the focus and recompose technique. If it’s available, you 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 might also create additional unintended sources of 
hard light, which can cast more shadows on your subject.

There are also subtle differences among how manufacturers’ metering systems work and 
their naming conventions. 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; and for Sony, it will likely be P-TTL and ADI. 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.

Figure 6-16  
example of complex, 
uneven ambient light
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controllIng MotIon blur

First and second curtain syncs are flash exposure settings you can use to control how a 
subject’s motion blur is perceived. Because a flash pulse is usually much shorter than the 
exposure time, a flash photo of a moving object is actually composed of both a blurred 
portion, caused by the slower ambient light exposure, and a sharper portion, caused 
by the much faster flash pulse. These are overlaid to create the final flash photograph. 
Figure 6-17 illustrates this process in detail.
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First and second curtain syncs control whether the blurred portion trails behind or in front of 
the subject’s flash image, respectively, by synchronizing the flash pulse with the beginning 
(first curtain) or end (second curtain) of the exposure.

Again, 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.

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. Figure 6-18 shows 
an example; the swan has motion streaks, making it appear as though it’s rapidly swimming 
backward, and the snow appears to be falling upward.

Note how the blurred streak from the forward-moving swan appears in front of instead of 
behind it. The start of the blur on the left corresponds with the end of the exposure, whereas 
the swan itself corresponds with the start of the exposure when the first curtain flash gets 
fired. The blurred streaks below the snowflakes also give the appearance of upward motion.

For these reasons, photographers usually avoid first-curtain sync when capturing subjects 
in motion, unless the exposure time is kept short enough that no streaks are visible. On the 
other hand, you can use second-curtain sync to exaggerate 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. Second-curtain sync introduces much more of a delay between 
when you press the shutter button and when the flash fires, and the delay increases for longer 
exposure times. You therefore need 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.

Figure 6-17  
First and second 
curtain sync
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suMMary
In this chapter, you were introduced to flash photography by learning how the intensity, 
position, and distribution of the flash affect the appearance of your subject. You then put 
that knowledge into practice by using EC and FEC to control flash exposure and achieve the 
desired mix between light from your flash and ambient sources.

In the next chapter, you’ll learn techniques for working with natural light and weather conditions.

Figure 6-18  
example of first-curtain 
sync with motion
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7
Working with 
Natural Light and 
Weather
Paying more attention to light is perhaps the single most important 

step you can take to improve your photography. In this chapter, you’ll learn 

techniques to maximize natural light at any time of the day. We’ll also discuss 

how to work with other weather conditions that can affect your lighting, such 

as fog, mist, or haze.
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How Time of Day anD 
ClouDs affeCT ligHT
In landscape photography, having good 
natural lighting can be even more important 
than the choice of subject itself. Different 
types of natural light can illuminate the 
subject very differently, even though the 
source is always the sun, as demonstrated 
in figures 7-1 and 7-2. To achieve the right 
light for your subject, you’ll need to utilize the 
unique qualities of the particular time of day 
and the weather.

Notice how different the subject appears 
in figures 7-1 and 7-2, even though the 
composition is identical in each. Although 
there are no strict rules when it comes to 
lighting, landscapes are generally consid-
ered more evocative when illuminated by 
warm light at a low angle, as in figure 7-2, 
which therefore exhibits more texture, depth, 
tonal range, and color saturation. figure 7-1, 
on the other hand, lacks these qualities and 
is therefore referred to as having flat lighting.

ComPonenTs of 
illuminaTion
Even though all natural light originates from 
the sun, a subject’s illumination is actually 
made up of several components: direct light, 
diffused light, and reflected light. These are 
represented by the colored arrows in fig-
ures 7-3 through 7-6, where direct light is 
represented by the yellow arrows, diffused 
light by the blue arrows, and reflected light 
by the green arrows.

figure 7-1  
Flat natural light

figure 7-2  
Warm, low-angle natural light
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Diffused light Direct light

Reflected light

figure 7-3  
all components of natural light

figure 7-4  
only direct sunlight (warmer, high contrast)

figure 7-5  
only diffuse skylight (cooler, low contrast)

figure 7-6  
only bounced light (takes on the qualities of the surfaces it is 
reflected from)

Depending on the time of day, the relative contribution of each light component changes as 
the sun moves from its apex toward the horizon. This results in illumination with different quali-
ties of white balance and contrast. Table 7-1 summarizes how light quality changes as the 
day progresses from astronomical high noon (when the sun is at its highest) to sunset (or in 
reverse to sunrise).

Table 7-1 Light Quality at different times of day

Time of Day ConTrasT Colors DireCTion of sun

1. Midday Highest Neutral white Near vertical

2. Evening and midmorning High Slightly warm Mid to low

3. Golden hour and sunrise/sunset Medium Warm to fiery Near horizon

4. Twilight, dawn, and dusk Low Cool pastel Below horizon

1 2 3 4
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Three factors influence how natural light renders a subject: time of day, light direction, 
and weather. We’ll first explore the time of day under clear skies and then move on to 
specific weather conditions. The direction of light and how to control it will be discussed 
in Chapter 8, which is on portrait lighting.

 e time of day Further from high noon, the sun dips closer to the horizon. The lower the 
sun is on the horizon, the lower the contrast. This is because sunlight is diffused through 
more atmosphere and also is often bounced off the ground toward the subject. The 
atmosphere also filters more of the sun’s blue light, resulting in warmer light overall.

 e Light direction With landscape photography, you typically don’t have control over the 
direction of light for a given composition and time of day, so this will be discussed in 
Chapter 8. However, you might choose a different camera direction because light is strik-
ing your subject from a more desirable angle. For example, you could aim your camera 
either toward the sun for backlit silhouettes that emphasis shape over texture, perpen-
dicular to a low-lying sun to emphasize texture with long sideways shadows, or away 
from the sun to better illuminate the foreground and hide shadows behind objects.

 e Weather The type and extent of cloud cover are the other strong influences on natural 
lighting variation. Cloud cover primarily influences lighting because it changes the bal-
ance between direct sunlight and diffuse skylight, which in turn affects the apparent 
contrast and color temperature of the light source.

miDDay sunligHT

Midday lighting on a clear day is primarily 
composed of direct, downward sunlight, 
as shown in figures 7-7 and 7-8. Such 
light has little chance to scatter and diffuse 
through the atmosphere or to bounce off 
the ground and illuminate the subject indi-
rectly. This results in the hardest and most 
neutrally colored lighting of any time of day—
and it’s typically the least desirable type of 
natural light.

Due to these drawbacks, photographers 
often put their cameras away, potentially 
missing unique opportunities. For example, 

water may appear more transparent, as you can see in figure 7-8, because light pen-
etrates deeper and direct reflections off the surface are less likely. Alternatively, other types 
of photographs are more about capturing a particular event, as opposed to achieving an 
image with optimal lighting, and thus photographers will want to continue using their cam-
era to capture photos during midday lighting.

figure 7-7  
example of midday sunshine
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When working with midday sunshine, you’ll notice that color saturation is typically lower 
and that downward shadows generally don’t produce flattering portraits or render subjects 
as three-dimensional. To overcome this, many photographers use polarizing filters liberally 
to manage contrast, since this is often when a polarizer is most impactful. However, at 
this time of day, these filters can also more easily make the sky appear unnaturally dark 
and blue. If shadows appear harsh and colors aren’t sufficiently saturated, try converting 
to black-and-white because grayscale depictions of a scene might benefit from the high 
contrast of midday light.

figure 7-8  
Photographs taken at midday
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miDmorning anD eVening

Midmorning and evening light is slightly warmer than midday light, and it begins to cast 
noticeable shadows at an angle. The result of these angular shadows is that subjects often 
appear to have more depth. The lighting is usually much more predictable than at sunset 
and sunrise, primarily because it is relatively independent of the effect of surrounding moun-
tains, the location of the cloud line, and other horizon-line obstructions.

figures 7-9 and 7-10 show examples of the kind of light you’ll typically see in the midmorn-
ing or evening.

figure 7-9  
example of midmorning 
or evening light

figure 7-10  
Photographs taken in 
the evening (left) and 
midmorning (right)
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Notice how both photos in figure 7-10 retain shadows but that these shadows aren’t so 
dark that color and detail are compromised. In the photo on the left, the lower angle of light 
caused one side of the tower to be more illuminated and helped highlight horizontal sym-
metry. In the photo on the right, color saturation is improved substantially compared to how 
this boat would have appeared with midday lighting.

Clear midmorning and evening light perhaps provides the most compromise of any lighting 
scenario: it’s not as neutrally colored as midday light, but also not as warm or intense as a 
sunset or sunrise. It’s less harsh and originates from a better angle than midday light, but it 
also isn’t as soft and diffuse as twilight or overcast lighting. These qualities make it a good 
all-around time of day for photography, but they simultaneously risk making your photos 
appear too ordinary, because you cannot use exaggerated lighting traits to emphasize 
features in your subjects.

Even though midmorning and evening light doesn’t necessarily provide any exaggerated 
qualities in your subjects, this can work to your advantage. For many subjects, this middle-
of-the-road lighting can be just right. For example, sometimes you might want a little more 
contrast and less warmth than at sunset, or conversely, a little less contrast and more 
warmth than during midday.

golDen Hour

The hour just after sunrise, or just before sunset, 
called the golden hour, is typically regarded as 
having the most desirable light for photogra-
phy. It is characterized by horizontal light that 
casts long shadows and gives subjects a warm 
glow, as shown in figure 7-11.

Sunsets and sunrises make for exciting and 
highly varied lighting, primarily because the 
lighting is heavily influenced by subtleties in 
the weather. Clouds are rendered with sunlight 
that reflects off them from underneath—as 
opposed to sunlight that’s diffused through them from above—potentially causing the sky to 
light up with a soft, warm light, as you can see in figure 7-12.

Sunrises and sunsets are often spectacularly vibrant in person, but this doesn’t always 
translate well into an image. To take full advantage of this light, make sure your camera’s 
automatic white balance doesn’t counteract an otherwise warm-looking scene, or that the 
color saturation isn’t overly conservative to minimize the risk of color clipping. Ironically, the 
time when lighting is the most dramatic is also when your camera is most likely to produce 
an image you’re not expecting. Try taking several photos, or use partial or spot metering to 
compensate for anticipated errors with your camera’s default metering mode.

Although sunsets and sunrises are identical to each other in theory, weather patterns often 
cause them to be different. Because of that, many photographers prefer one situation over 
the other. Some find it easier to photograph during sunset instead of sunrise because light 
quality builds steadily prior to a sunset, as shown in figure 7-13, thus giving the photo-
grapher more time to prepare.

figure 7-11  
example of golden hour light
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3 figure 7-12  
Photographs taken at 
golden hour

5 figure 7-13  
Photograph taken 
during sunset
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Others prefer to shoot during sunrises, where the light often starts at its best and gradually 
fades. Being awake and on location for a sunrise may be impractical, depending on where 
you are and the time of year. The advantages of sunrise photography are that the scene is 
usually void of potentially distracting crowds and there can be a low-lying mist or dew on 
foliage. Sunrises often also have a calm, quiescent quality—particularly with scenes involv-
ing water—that isn’t present during sunsets.

TwiligHT, Dawn, anD Dusk

At dawn and dusk, which are typically 
described as the half hour before sunrise 
and after sunset, respectively, the sky is 
bright but there’s no direct sunlight. The 
primary source of light effectively becomes 
the entire sky, with one side appearing warm 
and reddish and the other a cool blue or  
purple. This can produce wonderfully soft, 
multicolored lighting that gives a calm, peace-
ful mood to subjects, as shown in figure 7-14.

Perhaps the biggest disadvantage of working with twilight is the lack of contrast and ambi-
ent light. Handheld shots are rarely possible, and achieving a sufficient sense of depth may 
require more attention to composition. Cameras often overexpose twilight scenes when 
automatic exposure is used—potentially washing out otherwise delicate colors because 
twilight almost never contains fully white objects.

If you’re lucky, a phenomenon called alpenglow may appear (see figure 7-15). This is the 
red or pinkish glow in the sky farthest from the setting sun. Alpenglow can be a helpful effect 
for extending the sky’s warmth well beyond sunset.

figure 7-15  
a photograph that 
captures alpenglow

figure 7-14  
example of twilight or dusk light
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sHaDe anD oVerCasT 
sunligHT

Shade and overcast light typically have a 
cool, soft appearance, because the light 
source is spread across the entire sky and 
doesn’t include any direct sunlight. Textures 
therefore appear more subtle, and reflec-
tions on smooth surfaces are more diffuse 
and subdued. The color of light is also 
more heavily influenced by bounced light 
from nearby objects. For example, subjects 
shaded by foliage can be tinted green, as 
you can see in figure 7-16.

Many photographers shy away from this type of lighting, in part because of how low-contrast 
and bluish this light can appear. However, doing so can be a mistake. Depending on the 
degree of cloud cover, bright overcast light can be ideal for outdoor portraits and wildlife 
as long as the cool white balance is corrected (see figure 7-17). It doesn’t cast harsh shad-
ows across the subject’s face. Bright overcast light can also enhance close-up photography—
such as with flowers—because the appearance and saturation of colors usually improve. 
Alternatively, low-contrast light can be better when the subject itself is high contrast, such 
as a subject containing both dark and light colors.

figure 7-17  
Photos taken during overcast light

figure 7-16  
example of overcast light
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A common trick is to keep gray skies out of a photo, unless the clouds are particularly moody 
and highly textured. Because shadows play much less of a role, achieving sufficient depth 
may be difficult—just as during twilight—but you don’t have the appealing pastel lighting to 
help compensate. Images straight out of the camera often appear bluish, so adjusting the 
white balance afterward is encouraged. Liberal use of contrast tools in post-processing can 
be helpful if you want to use the full tonal range in a print.

In figure 7-17, the image on the right avoids harsh reflections off all the shiny surfaces and 
benefits from improved color saturation. The image on the left avoids harsh shadows on an 
otherwise dark face and benefits from contrast enhancement in post-processing.

oTHer weaTHer ConDiTions

Weather is effectively just a massive filter that lies between the sun and your subject. At one 
extreme, light can be relatively warm and highly localized, such as sunlight from a clear sky. 
At the other extreme, light can be cooler and envelop the subject, such as diffuse sunlight 
through a densely overcast sky. The thickness and extent of cloud cover is what determines 
how weather will affect your images.

When the sky is partly cloudy, you can effectively use it to paint your scene with light—if you 
are willing to wait for whenever you feel is just the right moment (see figure 7-18). Partial 
cloud cover can be an excellent and often overlooked opportunity, especially during the 
middle of the day.

figure 7-18  
taking advantage of 
selective light from 
partly cloudy skies
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Stormy weather can produce extremely high-contrast light because rain clears the air of 
haze and dust. Sunsets after a storm are often the most dramatic, in part because the sky 
can become much darker than the land, providing a nice high-contrast backdrop for front-
lit subjects, as shown in figure 7-19. This is also when rainbows are most likely to appear.

Other scenarios include fog, mist, and haze, which we’ll discuss next. These situations 
greatly decrease contrast—just as during an overcast day—and they do so progressively 
for more distant objects.

fog, misT, anD Haze
Photography in fog, mist, or haze can give a wonderfully moody and atmospheric feel 
to your subjects. However, it’s also very easy to end up with photos that look washed 
out and flat.

Fog usually forms in the mid-to-late evening and often lasts until early the next morning. 
It is also much more likely to form near the surface of water that is slightly warmer than 
the surrounding air. Although the focus of the examples here is primarily on fog, the 
photographic concepts apply similarly to mist and haze.

Photography in the fog is very different from photography in clear weather. Scenes are 
no longer necessarily clear and defined, and they are often deprived of contrast and 
color saturation, as figure 7-20 shows.

figure 7-19  
evening light during 
stormy skies
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Localized
light source

In essence, fog is a natural soft box: it scat-
ters light sources so that their light originates 
from a much broader area. Compared to 
localized light sources, such as a street lamp 
or light from the sun on a clear day (as illus-
trated in figure 7-21), light filtered through 
fog dramatically reduces contrast (as illus-
trated in figure 7-22).

Scenes in the fog are dimly lit, often requiring 
long exposure times. In addition, fog makes 
the air more reflective, which can trick your 
camera’s light meter into decreasing the 
exposure. Just as with photography in the 
snow, fog usually requires dialing in positive 
exposure compensation.

In exchange for these potential disadvan-
tages, fog can be a powerful and valuable 
tool for emphasizing the depth, lighting, 
and shape of your subjects. These traits can 
make scenes feel mysterious and uniquely 
moody—an often elusive but sought-after 
prize for photographers. The trick is knowing 
how to make use of the fog’s unique charac-
teristics without also having those character-
istics detract from your subject.

Distributed
light source

figure 7-21  
a lamp or the sun on a clear day (high contrast)

figure 7-22  
Light in the fog, haze or mist (low contrast)

figure 7-20  
example of a photo that 
appears washed out 
and desaturated due 
to the fog
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emPHasizing DePTH

As objects become progressively farther from your camera, not only do they become smaller, 
but they also lose contrast—sometimes quite dramatically, as depicted in figure 7-23.

This can be a blessing and a curse: it exaggerates the difference between near and far 
objects, but also makes distant objects difficult to photograph on their own. A dramatic 
lighthouse that you expected would be the focal point of a composition, for example, may 
appear faded and desaturated because it’s far enough away that the haze has scattered 
its reflected light.

The example in figure 7-24 shows at least four layers of trees that cascade back toward 
the distant bridge. Notice how both color saturation and contrast drop dramatically with 
each successive layer. The farthest layer, near the bridge, is reduced to a soft silhouette, 
whereas the closest layer has nearly full color and contrast.

Although there are no steadfast rules about photographing in the fog, it’s often helpful to 
have at least some of your subject close to the camera. This way, a portion of your image 
can contain high contrast and color, hinting at what everything else would look like without 
the fog. Layering adds some tonal diversity to the scene.

figure 7-23  
southwest coast of 
sardinia in the haze
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figure 7-24  
Mathematical Bridge in Queens’ College, Cambridge, Uk

emPHasizing ligHT

The water droplets in fog or mist make light scatter a lot more than it would otherwise. This 
greatly softens the light but also makes visible light streaks from concentrated or directional 
light sources, as shown in figures 7-25 and 7-26. A classic example of this phenomenon is 
when a photo is taken in a forest during an early morning mist; if the camera faces incoming 
light, the trees cast a shadow and create rays that streak down in the heavy morning air.

In the example in figure 7-25, light streaks are clearly visible from an open window and 
near the bridge where a large tree partially obstructs an orange lamp. The visibility of light 
streaks is often highly sensitive to camera position, though; for example, when the camera 
was moved just a few feet back, the streaks from the window were no longer visible.

The trick to making light rays most pronounced is planning your vantage point. Light rays 
will be most apparent if your camera is located where the light source is barely obstructed 
from your point of view. This “off-angle” perspective ensures that the scattered light will be 
both bright and well separated from the surrounding shadow.
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On the other hand, if the fog is very dense or the light source is extremely intense and con-
centrated, the light rays will be clearly visible independent of the vantage point.

The example in figure 7-26 was taken in air that was not visibly foggy, but the light sources 
were extremely intense and concentrated. The diffused light was brighter relative to the sky 
because the image was taken after sunset.

figure 7-26  
spires above the 
entrance to king’s 
College, Cambridge 
during BBC lighting of 
king’s Chapel for the 
boys’ choir

figure 7-25  
View of king’s College 
Bridge from Queens’ 
College, Cambridge, Uk
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sHaPes anD silHoueTTes

Fog can emphasize the shape of subjects because it downplays their texture and contrast. 
Often, the subject can even be reduced to nothing more than a simple silhouette, as you can 
see in figure 7-27.

Here, the swan’s outline has been defined because the low-lying fog has washed out nearly 
all of the background. The bright fog background contrasts starkly with the darker silhou-
etted swan.

Expose based on the fog—not the subject—if you want the subject to appear as a silhouette. 
Another option is to use negative exposure compensation to ensure that subjects do not 
turn out too bright.

You will also need to pay careful attention to the relative position of objects in your scene to 
be sure outlines of objects don’t unintentionally overlap. In the example in figure 7-28, the 
closest object—a cast iron gate—stands out much more than it would otherwise against this 
tangled backdrop of tree limbs. Behind this gate, each tree silhouette is visible as if layered 
because the branches become progressively fainter the farther they are from the camera.

1 figure 7-27  
swan at night on 
the river Cam, 
Cambridge, Uk

3 figure 7-28  
rear gate entrance 
to trinity College, 
Cambridge, Uk
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PHoTograPHing from wiTHouT

You may have heard the saying “it’s difficult to photograph a forest from within.” This is 
because it can be hard to get a sense of scale by photographing a cluster of trees. You 
have to go outside the forest to see its boundaries and gain perspective.

In the same way, getting outside of the fog can be helpful. This way, you can capture the 
unique atmospheric effects of fog or haze without the contrast-reducing disadvantages. 
Fog, from a distance, is really nothing more than low-lying clouds (see figure 7-29).

Timing THe fog for maximal imPaCT

Just as with photographing in weather and clouds, timing when to take a photo in the fog 
can make a big difference with how the light appears. Depending on the type of fog, it can 
move in clumps and vary in thickness and density with time. These differences can be dif-
ficult to notice if they happen slowly because our eyes adjust to the changing contrast. In 
figure 7-30, notice how the bridge scene changed in just six minutes.

figure 7-29  
Mount rainier break-
ing through the clouds, 
Washington, Usa
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figure 7-30  
First photograph (top) 
and a photograph six 
minutes later (bottom)
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Fog can dramatically change the appear-
ance of a subject, depending on where it is 
located and how dense it is in that location. 
When you’re photographing foggy scenes, 
the texture of the fog is an important con-
sideration. Even if you time the photograph 
for when there is an interesting distribu-
tion, the fog might not retain its texture 
if the exposure time is too long. In general, 
the shutter speed needs to be less than a 
second in order to prevent the fog’s texture 
from changing shape or smoothing out, as 
shown in figure 7-31.

You might be able to get away with longer 
exposure times when the fog is moving 
slowly or when your subject is not magni-
fied much. figure 7-32 shows an example 
of such a scene.

Although the shorter exposure time does 
a much better job of freezing the fog’s 
motion, it also has a substantial impact on 
the amount of image noise when viewed 
at 100 percent. Noise can be a common 
problem with fog photography, because 
fog is most likely to occur in the late evening 
through to the early morning when light is 
low, and it greatly reduces the amount of 
light reaching your camera after reflecting 
off the subject. Compensating for the dim 
light requires increasing the ISO or length-
ening the exposure; therefore, freezing the 
motion of the fog might not be possible if 
you also want to avoid noise.

Beware of ConDensaTion

If water is condensing out of the air, such as in shooting conditions similar to figure 7-33, 
you can be assured that water is also going to condense on the surface of your lens and 
possibly inside your camera. If your camera is at a similar temperature to the air and the fog 
isn’t too dense, you might not notice any condensation at all. On the other hand, if you pre-
viously had your camera indoors and it is warmer outside, expect substantial condensation.

figure 7-31  
shorter exposure time (1 second)

figure 7-32  
Longer exposure (30 seconds)
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To minimize condensation caused by going from indoors to outdoors, place your equip-
ment in a plastic bag and ensure it is sealed airtight before going out. You can then take 
the sealed bag outdoors, wait until the items in the bag have adjusted to the temperature, 
and then open the bag. For large camera lenses with many elements, this can take 30 min-
utes or more if the temperature difference between indoors and outdoors is significant.

Unfortunately, sometimes a little condensation is unavoidable. Make sure to bring a lens 
cloth to wipe the lens.

summary
This chapter summarized the various ways that weather and time of day can influence the 
lighting in your photographs. You learned how the warmth, direction, and contrast of light 
are generally considered beneficial during the golden hour, but also that any lighting sce-
nario presents unique creative opportunities. You also explored various specialty techniques 
for making the most of photos taken in the fog, mist, or haze. Taken as a whole, this chapter 
should form the very core of your photographic intuition—a universal skill set that’s indepen-
dent of camera type.

In the next chapter, we’ll begin to explore what happens when you have control over the size, 
position, and intensity of your light sources in portrait photography.

figure 7-33  
sunset above the clouds 
on Mount Baldy, Los 
angeles, California, Usa
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8
Introduction to 
Portrait Lighting
Good lighting is a critical component of portraiture. It’s also easily identi-

fiable, even by the casual observer. However, despite this apparent simplicity, 

knowing how to use light to achieve a desired look requires a deeper under-

standing. In this chapter, you’ll first learn how a single light source can affect 

your subjects. Then you’ll see how adding a second light source can refine 

that control.

Note that this chapter utilizes both 3D rendered portraits (courtesy of Nikola Dechev) and 
actual subject portraits in a studio setting. Where applicable, we chose to use rendered 
images to more clearly illustrate subtle lighting differences than would otherwise be pos-
sible with an actual model or mannequin. Such rendered images are especially important 
when the subject’s expression needs to remain identical even when light placement and size 
need to vary substantially.

Also note that the real-life photos aim to accentuate the effect of lighting and do not nec-
essarily reflect ideal lighting conditions or subject appearance. Furthermore, such photos 
would also typically be touched up in editing software afterward, depending on artistic 
intent. Touch-ups might include improving skin texture, skin reflections, deep shadows, and 
so on. However, editing was not performed on the images in this chapter in order to demo-
state how lighting affects all subject traits, regardless of whether these effects are desirable.
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UsinG a sinGle liGht soUrce
The primary source of illumination is usually called the main or key 
light. Although additional lights may be added to enhance a portrait, 
key lighting is considered independently. This is great if you’re trying 
to learn portrait lighting, because it means you can ease into the 
process one light at a time. When you decide to include additional 
lights, everything you’ll learn here still applies.

Only two traits control the appearance of light on a subject: its color 
and distribution. For this chapter, I assume you want the light to 
appear natural and match daylight, so we’ll focus on distribution, 
which refers to the positioning and intensity of light relative to a 
subject. For a given light source, we can separate distribution into 
two easily manageable characteristics: direction and apparent size. 
Direction refers to where the light is coming from, and it controls the 
location of shadows and highlights on the subject. Apparent size 
refers to how large a light source appears from the perspective of 
the subject, and it controls the amount of contrast.

As you’ll soon learn, Figure 8-1 shows a less flattering portrait 
because the direction and size of the light source cast harsh, 
unrealistic upward shadows, as compared to Figure 8-2, which 
demonstrates more traditional portrait lighting.

Although these characteristics are simple and controllable, differ-
ent combinations can create a wide array of effects on the subject. 
Lighting can become more predictable when you develop an intu-
ition for each quality.

hard vs. soFt liGht

When photographers describe “light quality” or refer to light being 
“hard” or “soft,” they’re actually referring to the apparent size of the 
light source. This relationship is perhaps the most common cause 
of poor portrait lighting. table 8-1 details the characteristics and 
common causes of hard light versus soft light.

table 8-1 Characteristics and Common Causes of Hard vs. Soft Light

  harder liGht soFter liGht

liGht size Smaller Larger

shadows/hiGhliGhts Abrupt Gradual

types oF sUnliGht Direct Overcast, shade

types oF Flash Direct Bounced, diffuse

Figure 8-1  
Unflattering portrait lighting

Figure 8-2  
Better portrait lighting
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As you can see from the table, the type of sunlight, flash, and studio lighting can all influence 
the hardness or softness of light. Although too much of anything can be harmful, portraits 
usually benefit from softer lighting, as you can see progressively illustrated in Figures 8-3 
through 8-5.

Figure 8-3  
Hard lighting

Figure 8-5  
even softer lighting

Figure 8-4  
Softer lighting
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The larger and smaller light sources are termed soft and hard, respectively, because of how 
they render the edges of shadows and highlights. A larger light source effectively “wraps” 
light around the subject; any given region of the subject is therefore more likely to receive at 
least some direct lighting, resulting in softer shadows. With a smaller light source, a given 
region of the subject usually receives either all or none of the direct light, producing much 
deeper shadows. Also note how light size is equally transformative to the highlight transi-
tions: the harder the light, the brighter and more abrupt the hair reflections in these figures.

Light size doesn’t just control the appearance of large-scale tones; it also affects the visibility 
of texture, as shown in Figures 8-6 and 8-7. Pores, blemishes, wrinkles, and other facial 
details all become more pronounced with hard light. Hard light also increases the likelihood 
of harsh direct reflections.

Figure 8-6  
Harder light emphasizes texture.

Figure 8-7  
Softer light blends texture.

The most important trick for achieving softer light is to understand that direct light is hard, 
but that whenever this light bounces off or travels through objects, it becomes diffused and 
softer. Photographers use this concept to make the most of otherwise harsh light. Here are 
some tips for making hard light softer:

 e Use a diffuser. Place a larger translucent object between your subject and the light 
source. This might include using a lamp shade or hanging a white sheet or curtain over 
an open window that receives direct light.

 e Use bounced or reflected light. Place your subject so that they receive only bounced or 
reflected light. This might include moving them a little farther from an open window (just 
outside the direct rays) or aiming your flash at a nearby wall or ceiling.

In either case, because you’ll end up with a lot less light, the subject might require a longer 
exposure time or a brighter flash.
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At the other extreme, a light source can be too soft, although this is a much less common sit-
uation. Some might consider photos taken in the shade as appearing too flat, for example, 
because indirect light scatters in from everywhere. Such light is effectively very large and can 
erase all shadows. Other examples of very soft light include portraits in the fog or outside on 
a fully overcast day.

Just how soft is “too soft” really depends on the look you’re trying to achieve, as whether 
lighting is considered soft is relative and can vary depending on the photographer or appli-
cation—unless the lighting is at an extreme. For example, even though Figure 8-5 uses very 
soft lighting, many might consider the result to be a desirable look for glamour portraits. This 
chapter therefore refers to light as being either “softer” or “harder” compared to a reference 
instead of trying to set a standard for what is considered “soft” or “hard” light in general.

distance and apparent liGht size

We’ve established light size correlates with the hardness or softness of light, but it’s not really 
the physical size of the light source that matters, just its apparent size, from the perspective 
of the subject. The combination of distance and size is what ultimately determines apparent 
size, because a small light that’s very close can easily appear larger from the subject’s per-
spective than a large light that’s far away.

In general, moving a light closer makes it softer, because this light strikes the subject from a 
broader range of angles, even if the light itself remains unchanged. Similarly, the opposite is 
also true: direct sunshine is hard light even though the sun is physically enormous. The sun is 
so distant that its light reaches us from effectively one direction.

Moving a light closer also brightens the subject. If this is your primary source of light, then the 
look of your portrait might not change much, other than perhaps becoming a little softer, but 
the exposure time or flash intensity can be decreased to compensate for this. However, if much 
of your subject’s light was previously ambient, then moving a light source closer can decrease 
the influence of other light sources (for example, ambient light). This has the potential to 
make the overall light harder because more of it will come from one location.

Figures 8-8 and 8-9 show how the distance of a light source affects a subject’s appearance. 
Note how the closer light source brightens the subject relative to the background while soften-
ing the lighting on the subject a little.

Closer light sources also illuminate the subject more unevenly, because different parts of 
the subject will become relatively closer or farther from the light. For example, the far side 
of the subject might only be 5 percent farther from a distant light source than the near 
side of the subject, but that relative distance could become 50 percent when the light 
source is moved up close. This would cause the far side of the subject to become much 
darker relative to the other parts of the subject.
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However, this uneven lighting can also be used to your advantage. A light source placed 
closer to the subject might be able to achieve better subject/background separation 
because the subject will become much brighter relative to the background. On the other 
hand, this can also create more separation than desired if the background and subject 
are already well separated.

liGhtinG direction

Finding the right lighting direction requires the photographer to strike a balance among 
several potentially competing considerations. Typically, this includes both portraying a 
sense of depth and depicting facial features in a pleasing manner.

sense oF depth

Creating a sense of depth is a key part of capturing realistic-looking portraits, since it 
helps give a two-dimensional image a more three-dimensional feel. However, our sense 
of depth doesn’t work very well unless light is striking our subject from the right direction. 
Figure 8-10 show how various lighting directions affect perception of depth of a sphere.

Figure 8-8  
Subject appearance 
with farther light source

Figure 8-9  
Subject appearance 
with closer light source
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Note how the upper-side lighting generally makes the shape appear more three dimen-
sional than either front or side lighting. This same principle holds true for portraits, but 
fortunately the irregular geometry of a face can still appear three-dimensional with a 
wider range of lighting directions.

In addition to a person’s head as a whole, individual facial features can have unique shadows 
and highlights. These differences deserve special consideration. For example, this might mean 
preventing a subject’s nose from casting a long shadow to avoid making it seem larger than 
it is, or you might choose to soften the shadows underneath the subject’s eyes to make them 
look less tired. Upper-side lighting, or lighting from the upper left or upper right, could cause 
these and other undesirable effects if not carefully positioned.

rembrandt liGhtinG

One classical way to achieve both a sense of depth and a flatter-
ing appearance is to place the light so that it creates a triangle of 
illumination on the cheek farthest from the light source. This style 
is often called Rembrandt lighting, and we’ll refer to this shape as 
the key triangle.

Figure 8-11 shows an example of the key triangle you should aim 
for if a Rembrandt lighting style is desired.

You can use the key triangle as a guide to help restrict the lighting 
to a narrower range of angles. When the key triangle deviates from 
this shape, you may need to make some adjustments (shown in 
Figure 8-12). For example, when the key triangle is too wide, this 
means the light is too close to the subject’s forward direction, and 
it likely isn’t creating a sufficient appearance of depth since most 
shadows are hidden from the camera’s perspective.

If a key triangle is too narrow, it means the light is too far to the side 
of the subject, which could cause the nose to appear bigger by hav-
ing it cast a longer shadow or leave a substantial portion of the face 
in shadow. However, this is perhaps the least adhered to of all the 
key triangle guidelines.

Figure 8-10  
Front lighting (left), side 
lighting (middle), upper-
side lighting (right)

Figure 8-11  
Illustration of how the key triangle might appear 
on a subject
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Figure 8-12  
examples of how the subject appears if 
the light source is vertically or horizontally 
displaced compared to rembrandt lighting

HIgHer 

Key TrIangLe

Lower

Toward SIde

Toward FronT
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A key triangle that is too short can indicate that the light is too high or low, so the light is 
likely causing shadows underneath the eyes or a lack of shadow definition along the jaw 
line, respectively. Lighting from below is often used for unsightly creatures in movies or to 
create a frightening face when telling a scary story (like when you hold a flashlight under 
your chin).

Keep in mind that the exact appearance of the key triangle will vary greatly depending on 
the subject’s facial structure and expression, so this is only a rough guide.

technical note

Loop lighting is another popular (and more commonly used) portrait style that is similar to 
rembrandt lighting. It is based on the appearance of the shadow underneath the subject’s 
nose, which produces a “looped” diagonal shadow that doesn’t fully extend to the shadows 
on the far side of the face.

As with any rule, there are exceptions. For example, a side-view portrait might not need a key 
triangle to convey a sense of depth if additional shadows have become visible on the side of 
the face (such as in Figure 8-12).

Furthermore, Rembrandt lighting is just one style among many, and each subject is a little 
different. For example, you might want to forego Rembrandt lighting and choose hard side-
lighting to accentuate a man’s facial hair or to convey symmetry by only illuminating half the 
face. The key is knowing how to use light to emphasize depth, shape, or texture, depending 
on your artistic intent. Short lighting and broad lighting are two other common lighting styles. 
These are used when the subject’s face is at an angle to the camera. Short lighting illumi-
nates the full face and leaves the near side of the head in shadow, whereas broad lighting 
illuminates the near side of the head and face but leaves the far side of the face in shadow, 
as shown respectively in Figures 8-13 and 8-14.

Figure 8-13  
Short lighting

Figure 8-14  
Broad lighting
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Figure 8-15  
example of an open window that could be 
used as soft light for a nearby subject
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In sum, the usual goal of portrait lighting is to achieve softer light. This is almost always 
more flattering because it makes a subject’s features appear smooth and the skin texture 
appear softer. Achieving softer light requires making the apparent size of the light source 
bigger. This can be done by employing any of the following methods:

 e Moving the light closer

 e Increasing the light’s physical size

 e Bouncing or diffusing the light

Sometimes it’s possible to make the apparent light size larger using available light. For 
example, you can often achieve light quality that is similar to expensive equipment by pho-
tographing subjects in indirect sunlight, such as the light near large, open windows (see 
Figure 8-15). 

The choice of lighting direction is definitely more subjective than just using hard or soft light. 
Two lighting orientations are usually considered undesirable: lighting from underneath and 
directly from the front. The former doesn’t appear natural, and the latter destroys the por-
trait’s sense of depth. In any case, you’ll generally want to portray your subject in a flattering 
light, but each subject is unique and may require a different treatment.

Regardless of the choices, the key is to envision your artistic intent at the start and then to 
adjust your lighting setup to achieve that goal.

Fill liGhtinG
Adding a second light source—usually called a fill light or fill flash—can greatly improve por-
trait lighting. It reduces the depth of shadows and softens the appearance of facial fea-
tures, as you can see in Figure 8-16. Best of all, a fill light is easy to create using a simple 
on-camera flash or a reflector. However, a second light source can just as easily harm por-
traits. Controlling the location and intensity of the fill light can help you produce the portrait 
appearance you want.

Figure 8-16  
Harsh overhead sunlight 
(left), sunlight with a fill 
flash (right)
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addinG a second liGht soUrce

As you just learned, with a single light source, the most important considerations are its 
direction and apparent size. Although size and direction have the same effect with a second 
light, they aren’t typically controlled the same way as the main light. Instead, we usually adjust 
the relative illumination of the secondary light compared to the main light. This controls how 
much the second light will fill in the shadows that the main light creates, and this is precisely 
why a secondary light is usually referred to as the fill light or fill flash.

For example, Figures 8-17 and 8-18 illustrate the principle of using a fill flash to fill in the 
shadows created by a direct sunlight.

Direct
afternoon

sunlight

Direct
afternoon

sunlight

Fill flash

Figure 8-17  
Harsh overhead sunlight

Figure 8-18  
Using a fill flash to balance out an otherwise harshly lit subject

Perhaps the most common lighting scenario in outdoor portraiture is to use an on-camera 
flash as the fill light and to use sunlight as the main light. In the studio, you could also use 
a second flash or ambient light as the fill light and use a flash as the main light. There are 
many possibilities. The key is knowing how to control the qualities of your fill light, regard-
less of what source is being used to create it.

Flash and Fill liGht ratios

The terms flash ratio and fill light ratio describe the relative proportion of light coming from 
the main and secondary light sources, which effectively determines the overall contrast. For 
example, a value of 1:4 means that the fill light is one-quarter the intensity of the main light. 
More balanced ratios produce weaker shadows. Figure 8-19 shows how different fill light 
ratios influence the appearance of a subject.

Portraits typically appear more pleasing with a flash ratio near 1:2. At this ratio, the fill light 
is strong enough to produce subtle shadows, but not so strong that it eliminates shadows 
entirely, which could make the subject appear flat.

However, you should always be wary of rules in photography. In fact, less fill light is a 
popular choice for dark, low-key portraits with well-defined shadows. Similarly, more fill 
light might be necessary to render a brighter, high-key style, or just to provide a softer 
appearance (such as styles used for photographing babies). When in doubt, though, 
the 1:2 ratio is a safe starting point.
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Figure 8-19  
Fill light ratio and subject appearance

0:1 
(no fill light)

0:1 1:8 1:4 1:2 1:1

1:8–1:2 
(weaker fill light)

1:2–1:1 
(stronger fill light)

The terminology can be a little confusing, because a fill light ratio refers to the ratio between the 
secondary and primary sources of light, whereas the flash ratio refers to the ratio between 
the light from the flash and the ambient light. To make matters worse, sometimes the ratio 
describes the total light (ambient + flash) compared to the flash alone. It’s helpful to remem-
ber that, although the numbers in the ratio are sometimes reversed, the smaller number 
always refers to the fill light.

Fill liGht location

Unlike with the main light source, the simplest location for a fill light is near the camera’s line 
of sight (on-axis), but not so close that it appears in your image. In that position, any shad-
ows cast by the fill light won’t be visible from the camera’s perspective, even if these shadows 
appear hard due to the small size of the source. Unlike with the main light source, where the 
goal is often to add pleasing shadows and dimensionality, the goal with fill lighting is to soften 
the main light without the viewer knowing this has happened. Perhaps the easiest way to 
achieve this type of fill light is to use a built-in or on-camera flash, as shown in Figure 8-20.

On the other hand, an on-axis fill light doesn’t give you any control over where it’s located 
and has a higher chance of producing direct reflections, which you want to avoid. To get 
around this, many photographers use a fill light that strikes the subject from a direction 
that partially opposes the main light (off-axis), as shown in Figure 8-21. This targets main-
light shadows more efficiently than on-axis fill lighting—even if the fill light ratio remains 
unchanged—and is less likely to affect the overall exposure.
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Figure 8-20  
on-axis fill light (shadows fall behind the subject)

On-camera
flash

Off-camera
flash

Figure 8-21  
off-axis fill light (shadows fall across the subject)

Off-axis fills have their own disadvantages, with the worst being that you have to worry 
about the appearance of shadows from the fill light. These need to be made sufficiently 
soft; otherwise, they can cause unrealistic-looking double shadows. To minimize the risk 
of double shadows, the apparent size of the fill light should be as large as possible.

The second shadow to the right of the subject’s nose in Figure 8-22 is caused by off-axis fill 
lighting that is too hard. The on-axis fill light in Figure 8-24 avoids producing double shad-
ows, even though it is just as hard as in Figure 8-22. The fill light in Figure 8-24 still doesn’t 
eliminate the shadows as thoroughly as in Figure 8-23, though, even though it uses the 
same 1:1 fill light ratio.

Keep in mind that off-axis fill lighting requires a more complex lighting arrangement, and 
it is therefore usually reserved for portraits in a studio. An off-axis fill light isn’t technically a 
true fill light either, because it does not lighten all shadows visible to the camera—just those 
from its direction. For example, in Figure 8-23, the off-axis light is unable to reduce the 
shadows behind the hair on the upper left.

Figure 8-22  
Harder off-axis fill light
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Figure 8-23  
Softer off-axis fill light

Figure 8-24  
Harder on-axis fill light

Fill Flash camera settinGs

Many people only use flash when their scene has insufficient light for a handheld photo-
graph. Doing so misses out on what may be a more useful function: fill flash. It might seem 
counterintuitive, but flash is most useful in portraiture when there is plenty of sunlight. Most 
cameras default to using their flash as a fill flash when the subject is well lit, but only if you 
force the flash to fire.

Cameras usually default to a flash ratio near 1:1, but this can be substantially off because it 
relies on your camera’s metering system. As you learned in Chapter 6, you can fine-tune this 
ratio using flash exposure compensation (FEC), which modifies the amount of flash your 
camera would otherwise emit while leaving the other exposure settings unchanged.

technical note

Well lit means that your camera doesn’t deem camera shake a threat, which usually translates 
into having an exposure time that is faster than about 1/60 second.
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other considerations For Fill liGhtinG

Other important fill light techniques and considerations include natural fill lighting, reflec-
tors, subject/background separation, and ambient light, as described here:

 e natural fill lighting Thus far we’ve focused on scenarios where 
natural light is the main light source and then the camera’s flash 
is used as the fill light. These roles could easily be reversed. For 
natural fill lighting, the source of natural light usually needs to 
be soft, such as on an overcast day or when the subject is in the 
shade. You also typically need an off-camera or bounced flash in 
order for this to produce optimal results.

 e reflectors Reflectors make a single light source illuminate a 
subject from a second direction. The reflection is always dimmer 
than the main light, so reflectors are most commonly used for fill 
light. An added benefit is that this light can have the same white 
balance as the main light. A disadvantage is that reflectors often 
don’t provide enough light. The intensity depends on the reflectiv-
ity of the reflector’s surface and its distance from the subject. To 
increase illumination, reflectors are usually placed as close to the 
subject as possible, just outside the image frame. Reflectors vary 
in size and color, but a common one is depicted in Figure 8-25. 
It has a silver foil surface.

 e Subject/background separation With natural light portraits, a 
fill flash can help create additional subject/background separa-
tion, when the flash is placed closer to the subject than the back-
ground. You can control the strength of this effect by moving the 
flash closer to your subject and/or moving your subject farther 
from the background.

 e ambient light All scenes have some amount of fill light that comes from ambient light, 
even if no fill light has been added. For example, light from the main source bounces off 
walls and other objects and collectively acts as a fill light. This is why shadows are never 
fully black and the actual amount of fill light is usually a little higher than that provided 
by your fill flash. However, studio lighting can still achieve very high contrast, such as in 
Figure 8-26, because ambient light can be more carefully controlled.

Overall, the most important fill light choices are location of the light and the fill ratio. You’ll 
need to decide whether to place the fill near your camera’s line of sight (on-axis) or off to the 
side (off-axis). On-axis fill is easier since you don’t have to worry about how shadows appear, 
but off-axis fill provides more flexibility with placement and with control over the appear-
ance of reflections.

You’ll also need to consider the relative strength of your fill light compared to the main light. 
A good starting point is typically one part fill light for every two parts main light (a 1:2 ratio), 
but this also depends on where your fill light is located.

Figure 8-25  
Handheld light reflector

180 U n d e r S Ta n d I n g  P H o T o g r a P H y



sUmmary
This chapter reviewed the fundamentals of portrait lighting with one and two light sources. 
You learned why the distribution of light around your subject is key and that this distribution 
is controlled by the apparent size of your lights and their direction relative to the subject. You 
also learned that portraits are generally more pleasing with softer lighting, which you can 
enhance by diffusing, reflecting, or bouncing your light to effectively increase its size.

In the next chapter, we’ll explore various tips and techniques to help you achieve better 
results with your photography.

Figure 8-26  
Low ambient light
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9
Other Shooting 
 Techniques
In this final chapter, you’ll learn techniques for reducing camera shake 

with handheld shots and how to make the most of lighting when using a 

tripod is not possible. You’ll also learn tips for using camera shutter speed 

creatively. Specifically, you’ll learn to manipulate exposure settings to convey 

motion, freeze action, isolate subjects, and smooth water. Then you’ll learn 

the inner workings of autofocus sensors to achieve more predictable results. 

Finally, you’ll learn about composition and how to use the rule of thirds to 

improve your shots.
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ReducIng cameRa Shake
Blurry photos can be a problem when you’re taking handheld shots. The cause is camera 
shake, which is especially common for those of us who are unfortunate enough to have 
unsteady hands (see Figure 9-1). Although it cannot be eliminated entirely, there are 
steps you can take to greatly reduce its impact.

Camera shake is more visible when your shutter speed is slow compared to the unin-
tended motion of the camera. Therefore, you can reduce the impact of camera shake 
by either increasing the shutter speed or reducing camera motion. Many who are new to 
photography don’t appreciate the importance of using fast shutter speeds or a tripod, but 
experienced photographers sometimes overestimate their impact. More often than not, 
it is your shooting technique—not high-end lenses or high megapixel cameras—that ulti-
mately limits the resolution of a photograph.

While either increasing shutter speed or reducing camera motion can be a great help, the 
most effective solution is to take both into consideration. Even the steadiest hands cannot 
hold a camera perfectly stable during a several-second exposure, and fast shutter speeds 
are unlikely to perfectly freeze motion when a telephoto lens is held by a photographer with 
shaky hands. Also, increasing the shutter speed helps freeze a moving subject, whereas 
reducing camera motion does not.

Figure 9-1  
Blurry photo from 
camera shake (left), 
photo without camera 
shake (right)

IncReaSIng ShutteR Speed

The three ways to increase your shutter speed are to optimize 
exposure settings, avoid unintentional overexposure, and improve 
the lighting.

 e Optimizing exposure settings Make sure you’re making the best 
tradeoffs with the camera exposure triangle (see Figure 9-2). Use 
the highest ISO speed and/or the lowest f-stop possible. Consider 
using a shallower depth of field to open the aperture and allow a 
faster shutter speed. If you use your camera in automatic mode, 
then it’s likely already doing whatever it can to increase the 
shutter speed.

 e Avoiding unintentional overexposure A common cause of 
blurred shots is the camera’s metering system choosing a longer 
exposure time than is necessary. Dark subject matter and uneven 
light can trick your camera into overexposure.
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Figure 9-2  
The exposure triangle from Chapter 1
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 e Improving the lighting If you’re using a compact camera with a built-in flash, try get-
ting closer to your subject so that they’ll be more brightly illuminated. If you’re shooting 
people without a flash, try relocating the subject closer to the light source(s) or wait for 
the light to improve. If you’re in a studio setting with controlled lighting, try including an 
additional light source.

After making the most of exposure, you may also need to employ techniques for holding the 
camera to further improve sharpness.

ImpRovIng YouR handheld technIque

Although increasing the shutter speed is often the easiest technique to implement, how you 
take handheld photographs can often make a great difference. Methods for improving your 
handheld technique include bracing yourself and your camera, optimizing your camera 
grip, using better shutter-button technique, and taking multiple shots in rapid succession, 
as detailed next:

 e Bracing yourself and your camera Steadying yourself and your camera might include 
leaning up against a wall, kneeling or sitting, or using the viewfinder instead of the rear 
LCD—the camera gets braced against your face. Holding your camera directly against a 
wall or other object improves stability (see Figure 9-3). Try to have at least three points 
of contact between your body and the ground, wall, or other stable object. Always avoid 
situations where your position or equipment causes you to strain while taking the photo-
graph. Make sure to stand in a position that leaves you relaxed and comfortable.

 e Optimizing your camera grip It’s important to hold your camera firmly with both hands, 
but without straining (see Figure 9-4). When using long telephoto lenses, make sure to 

7 Figure 9-3  
Photographer leaning 
against a wall to brace 
his camera

1 Figure 9-4  
It’s important to hold 
your camera firmly but 
not tensely and to use 
both hands.
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place one hand under the lens and the other on your camera. Make sure that your arms 
remain close to your body and in a comfortable position. Practice with using your cam-
era can make your grip feel more natural and train your hands for the task. Make sure 
you keep yourself warm so you don’t shiver and do have optimal sensation in your hands.

 e Using a better shutter-button technique Always try to press the shutter button halfway 
first, then gently press the button with no more pressure or speed than necessary. It can 
help to pay attention to breathing. Try taking a deep breath, exhaling halfway, then 
pressing the shutter button.

 e Taking multiple shots in rapid succession Often the very act of knowing you’ll have 
to hold your hands steady can make it more difficult to do so. When shooting in short 
bursts—three images is likely enough—you’ll likely find a difference in sharpness between 
each, as shown in Figure 9-5. In part, that is because you’re less concerned about 
individual shots. Review these at full resolution by zooming in on the image either on 
your camera or in post-production, because differences often won’t be as pronounced 
as the example here.

otheR technIqueS and equIpment advIce

Clearly, the best way to minimize handheld camera shake is not to hold your camera in 
the first place and use a tripod instead. See Chapter 4 for more about camera tripods to 
improve your tripod technique. To steady your shots without a tripod, you can set your 
camera on a surface to brace it, use image stabilization, and avoid using telephoto lenses.

Figure 9-5  
Significant blur (left), 
less blur (middle, the 
keeper), medium 
blur (right)
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 e Setting your camera on a firm surface 
to brace it Although setting your cam-
era on a surface can produce sharper 
photos than using a tripod, it can also 
restrict composition. On the other hand, 
bracing can make for interesting per-
spectives because it encourages taking 
shots from angles other than eye level 
(see Figure 9-6).

You can frame your shots by choosing 
an appropriate position on uneven 
ground or by placing your lens cap or 
another object underneath the camera 
body to position and level the shot. 
Make sure to use a remote release device 
to trigger your camera’s shutter or set 
your camera to self-timer mode. With 
SLR cameras, using the mirror lock-up 
(MLU) setting can improve results if the 
option is available. The MLU setting 
helps ensure all vibrations caused by 
a flipping SLR mirror have time to die 
down before the exposure begins.

 e Using image stabilization Image stabi-
lization comes in several variations based 
on manufacturer. It is abbreviated as IS 
(image stabilization), VR (vibration reduc-
tion), or SR (shake reduction). These 
features can greatly reduce the effect of 
camera movement, especially with tele-
photo lenses. Stabilization enables hand-
held shots at shutter speeds that are 5 to 
10 times slower than otherwise possible. 
Although this can improve results, it can-
not work miracles and usually works best 
in conjunction with a proper handheld 
technique.

 e Avoiding telephoto lenses Using a fancy 
image-stabilized lens isn’t the only way to 
reduce the appearance of shake. Getting 
a little closer to your subject and using a 
wider angle lens will reduce the impact of 
shaky hands. It can also have the added 
benefit of creating a more interesting 
perspective. You can read more on lens 
selection in Chapter 3.

Figure 9-6  
example of a photograph taken by setting the camera on the ground and 
aiming using a lens cap
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uSIng ShutteR Speed cReatIvelY
A camera’s shutter speed can control exposure, and it’s one of the most powerful creative 
tools in photography. It can convey motion, freeze action, isolate subjects, and smooth 
water, among other abilities. This section describes how to achieve these various effects, in 
addition to hopefully stimulating other creative ideas for using shutter speed in everyday 
shots. For a background on how it factors into exposure, see Chapter 1 on camera exposure, 
which includes aperture, ISO, and shutter speed.

As you learned in Chapter 1, a camera’s shutter is like a curtain that opens and lets in light to 
start the exposure, then closes to end it. A photo therefore doesn’t just capture a moment in 
time but instead represents an average of light over the time frame of an exposure. Shutter 
speed is used to describe this duration.

Whenever a scene contains moving subjects, the choice of shutter speed determines what will 
appear frozen and what will be blurred, like in Figure 9-7. However, you cannot change the 
shutter speed in isolation, at least not without also affecting the exposure or image quality. If 
your goal is minimizing image blur caused by camera movement, you therefore might want 
to first try the techniques for reducing camera shake, as described in the previous section.

The combinations of ISO speed and f-number/aperture in table 9-1 enable an amazingly 
broad range of shutter speeds. Regardless of the combination, more light permits faster 
shutter speeds, whereas less light permits slower shutter speeds.

For a given exposure, SLR cameras typically have a much greater range of shutter speeds 
than smaller cameras. The range is roughly 13–14 stops (or 10,000×) with most SLR cameras 
but is often closer to 9–10 stops (or 1,000×) with compact cameras or smartphones. See 
Chapter 4 for more information on comparisons between camera types.

technIcal note

At very short exposure times (typically 1/500 second or faster), the shutter mechanism works 
more like a moving slit than a curtain. In that case, the shutter speed instead represents the 
amount of time that each region of the sensor is exposed to light, not the total duration of its 
exposure to light.Figure 9-7  

Slow shutter speed (left), 
fast shutter speed (right)
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table 9-1 Adverse effects of Fast and Slow Shutter Speeds

  CAMerA SeTTIngS ADverSe SIDe eFFeCTS

FASTer ShUTTer SPeeDS
Higher ISO speed

Lower f-number

Increased image noise

Shallower depth of field

SlOwer ShUTTer SPeeDS
Lower ISO speed

Higher f-number

Reduced handheld-ability

Decreased sharpness*

*Note that the decrease in sharpness occurs only if the f-number increases so much that it causes visible 
diffraction.

conveYIng motIon

Although some might see still photography as restrictive for conveying motion, many see it 
as liberating because still capture often allows more control over how motion is conveyed. 
For instance, a subject in motion can be rendered as an unrecognizable streak, a more 
defined blur, or a sharp image with everything else blurred (as in Figure 9-8). These 
choices are all under the photographer’s control.

Achieving the intended amount of blur can be difficult. For a given shutter speed, three sub-
ject traits determine how blurred the result will appear:

 e Speed of the subject Subjects that are moving faster will generally appear more blurred. 
This is perhaps the most obvious of the three traits.

 e Direction of motion Subjects that are moving toward or away from the camera usually 
won’t become as blurred as those moving across the frame, even if both subjects are 
moving at the same speed.

Figure 9-8  
Controlling the feel of 
the subject’s motion by 
allowing blur
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 e Magnification A given subject will appear more blurred if it occupies a greater 
percentage of your image frame. This is perhaps the least obvious, but is most eas-
ily controlled, because subject magnification is the combined effect of focal length 
and subject distance, where closer subjects and longer focal lengths (greater zoom) 
increase magnification.

technIcal note

The display size of your leD screen can be important. Blur that appears acceptable on the 
small screen size may appear too pronounced on large screens or prints.

Developing intuition for what shutter speeds to use in different scenarios can be difficult, but 
plenty of experimentation will help you on your way.

A slow shutter speed can emphasize a stationary subject. For example, a person standing 
still among a bustling crowd will stand out from the surrounding motion. Similarly, using a 
moving train as a background when the shutter speed is slowed to about 1/10 to 1/2 second 
can emphasize the subject against a moving background, as shown in Figure 9-9.

A specific but common application of using shutter speed to convey motion is capturing 
moving water (see Figure 9-10). Shutter speeds of around 1/2 second or longer can make 
waterfalls appear silky or make waves look like a surreal, low-lying mist.

In the example in Figure 9-10, freezing the motion of splashing water required a shutter 
speed of 1/400 second. Because this is a wide-angle photo, a faster shutter speed could 
have achieved a similar look if the camera were instead zoomed in to just a portion of 
the waterfall.

Figure 9-9  
A 1/6-second handheld 
photo of a statue in 
front of a moving train
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1/2 second 1/10 second 1/30 second 1/400 second

Increasing shutter speed

movIng wIth the Subject

Depending on the subject, you can move with the subject to keep it in focus while rendering 
everything else blurred. This requires the camera either to be located on the moving subject 
or to follow the moving subject, which is known as panning.

Taking a photo from a moving car, an amusement park ride (safety first!), or another mov-
ing object can create interesting effects, as you can see in Figure 9-11.

Figure 9-11  
Taken from a moving 
car at night with 
a shutter speed of 
15 seconds (photo 
courtesy of Dan 
DeChiaro at www 
.flickr.com/photos/
dandechiaro)

Figure 9-10 
The effect of shutter 
speed on rendering 
water in motion
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The required shutter speed will depend on the speed of motion in addition to the stability 
of the moving object. Somewhere around 1/30 of a second is a good starting point. You can 
then adjust accordingly after viewing the results on your camera’s screen.

The panning technique doesn’t mean that the camera has to travel at the same speed as the 
subject. It just means that the image frame has to track the motion. Even fast subjects can be 
captured by slowly pivoting the camera, especially if the subject is far away and you’re using a 
telephoto lens.

To pan, follow your subject in a smooth motion and press the shutter button—all in one con-
tinuous motion.

A successful panning shot will use a shutter 
speed just slow enough to cause the back-
ground to streak, but fast enough so that 
the subject appears sharp. This can be tricky 
to achieve. Experiment and take more shots 
than you would for still subjects. Achieving 
longer streaks produces a much more dra-
matic effect, but is also more challenging to 
achieve while maintaining a sharp subject. 
Using an image-stabilized lens that has one-
axis stabilization, as shown in Figure 9-12, or 
a tripod with a pan-tilt head, can help you 
achieve this dramatic effect.

Panning requires a textured background 
that isn’t completely out of focus; otherwise, 
the background streaks will be less visible. 
Subject backgrounds that are closer will 
appear to streak more for a given shutter 
speed and panning rate.

technIcal note

Figure 9-12 shows a Canon lens with “mode 2” IS, which uses one-axis stabilization that is 
designed for panning. nikon lenses with vibration reduction (vr) automatically switch to 
panning mode when the lens motion is in one direction.

A benefit to panning is that it permits slower shutter speeds than would otherwise be needed 
to capture a sharp subject. For example, available light might only permit a shutter speed 
of 1/50 second—which might be insufficient to render a particular moving subject as sharp 
without panning. With panning, this 1/50-of-a-second shutter speed might be fast enough to 
make the subject appear sharp.

Figure 9-12  
A lens with additional stabilizing modes
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FReezIng hIgh-Speed motIon

High-speed photography is capable of new and exciting representations of subjects in motion. 
Examples include water droplets, wildlife in motion, and moments in sports—among many 
other opportunities. Figure 9-13 shows one such example of high-speed photography.

Capturing fast-moving subjects can be challenging. Anticipating when your subject will be 
in the desired position is important because shutter speeds faster than 1/5 second are faster 
than our own reaction time. Waiting and pressing the shutter button when the subject is 
perfectly as you want it will cause you to miss the moment.

To make matters worse, many cameras have a delay between when the shutter button is 
pressed and the exposure begins. This is known as shutter lag. With SLR cameras, this may 
be just 1/10 to 1/20 second, but with other cameras, this can be as high as 1/2 second. These 
lag times are in addition to the time that it takes your camera to autofocus. Pre-focusing 
on or near your expected subject location can greatly reduce shutter lag. The pre-focusing 
technique works by pressing the shutter button halfway while aiming at an object at a simi-
lar distance to your anticipated subject location, then pressing the shutter fully to initiate the 
exposure only once your subject is nearing its desired location. Some photographers may 
even also turn off autofocus once they have pre-focused to further minimize shutter lag. For 
more on pre-focusing, see the section “Understanding Autofocus” on page 196.

Sharp, high-speed photos require you to be attentive to variations in subject motion, poten-
tially timing the shot to coincide with a relative pause in the action. For example, try to time 
your shot for when the subject is at their highest point in a jump or when they are changing 
directions. At these points, they are moving the slowest. Even with proper timing, you might 
be better off setting your camera to continuous shot mode (or an equivalent setting). This will 
let you capture a burst of images while you hold down the shutter button, thereby increas-
ing the chances of capturing the right moment. Another option would be to use a special-
ized camera device that’s designed to trigger the shutter with specific events, such as a loud 
sound or subject motion.

Figure 9-13  
An example of high-
speed photography
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technIcal note

Just because a subject is moving at a given speed doesn’t mean that portions of the subject 
might not be moving even faster. For example, the arms and legs of a runner might be moving 
much faster than the body. The subject speed refers to the speed in the direction across your 
frame (side to side). You can typically get away with a 4× slower shutter speed for subjects 
moving directly toward or away from you and a 2× slower shutter speed for subjects moving 
toward or away from you at an angle.

Knowing which shutter speed to choose to capture motion takes practice. Most cameras 
are only capable of maximum shutter speeds up to 1/2000 to 1/8000 second. If you need 
a shutter speed exceeding the capabilities of your camera, your other options are to try 
panning with the subject to offset some of their motion and to use flash photography.

zoomIng bluR

Another interesting technique is to change the zoom during the exposure, often called a 
zoom burst. You can achieve this look by setting your camera on a tripod, by using a shutter 
speed of 1/15 to 1/2 second, or by zooming while not moving the camera. You can try zoom-
ing during part of the exposure to lessen the blurring effect, as you can see in Figure 9-14.

Zooming causes radial blur, mostly near the edges of the frame, with the center appearing 
more or less unblurred. The effect can be used to draw attention to a subject at the center of 
the frame or to make the viewers feel as though they’re moving rapidly.

Figure 9-14  
An example of a zoom 
burst (photo courtesy 
of Jeremy vandel at 
www.flickr.com/photos/
jeremy_vandel)
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The zoom burst technique is usually only possible with SLR cameras, but may be possible 
with other cameras that have manual zoom capabilities. Zoom burst can also be replicated 
using still photos and post-processing filters, such as Photoshop’s radial blur filter.

addIng aRtIStIc eFFectS

Sometimes photographers will intentionally add camera shake to induce blur and give their 
image a unique and artistic effect, as in Figures 9-15 and 9-16.

You typically need to use shutter speeds of 1/30 to 1/2 second or more. This is just beyond 
the limit of sharp handheld shots, but not so long that the subject will become smoothed 
out entirely. Predicting the result can be difficult, so these types of shots often require many 
attempts using different shutter speeds before you are able to achieve the desired look. 
Some painted effects are easier to achieve with filters in Photoshop or other editing soft-
ware than in the camera.

7 Figure 9-15  
Artistic painted effect 
using vertical blurring

1 Figure 9-16  
Abstract blurred 
light effect

addItIonal noteS on ShutteR Speed

So far, you’ve seen several creative ways of using shutter speed. However, the amount of 
light may prevent you from selecting the desired shutter speed, even after all combinations 
of ISO speed and aperture have been considered.

To allow for faster shutter speeds, you can try switching to a lens with a larger maximum 
aperture, or you can add more light to the scene by changing the shooting location or using 
a flash. To use slower shutter speeds, you can block some of the light by using a neutral 
density (ND) filter or a polarizing filter, or can use the image-averaging technique, as you 
learned in Chapter 5, to create a longer effective exposure.

Key points to remember are knowing when to use shutter priority mode and how to 
avoid unintentional camera shake. Shutter priority mode can be a useful tool when the 
appearance of motion is more important than depth of field or just to let you know if 
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your desired shutter speed is even possible using the available light. It allows you to pick 
a desired shutter speed and then lets the camera’s metering choose an aperture (and 
possibly ISO speed) that will achieve the correct exposure.

undeRStandIng autoFocuS
A camera’s autofocus system adjusts the camera lens to focus on the subject and can mean 
the difference between a sharp photo and a missed opportunity. Despite a seemingly simple 
goal—sharpness at the focus point—the inner workings of how a camera focuses are not 
simple. Knowing how autofocus works enables you to both make the most of its assets and 
avoid its shortcomings.

Autofocus (AF) works either by using contrast sensors within the camera (known as passive 
AF) or by emitting a signal to illuminate or estimate the distance to the subject (known as 
active AF). Passive AF can use either contrast detection or phase detection methods. Both 
rely on contrast for achieving accurate autofocus.

technIcal note

Autofocus technology is always changing, so your camera’s implementation may differ from 
the exact description in this section. The recommendations still apply to the focusing technique.

how autoFocuS SenSoRS woRk

A camera’s autofocus sensor(s) are the real engine behind achieving accurate focus. The 
sensors are overlaid in various arrays across your image’s field of view. Each sensor measures 
relative focus by assessing changes in contrast at its respective position in the image. Maximal 
contrast is assumed to correspond with maximal sharpness, as shown in Figure 9-17.

higher 
contrast

highest 
contrast

Blurred Partial Sharp

Figure 9-17  
example of increasing 
contrast at the focal 
point as the subject 
comes into focus
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The process of autofocusing generally works as follows:

1. An autofocus processor (AFP) makes a small change in the 
focusing distance.

2. The AFP reads the AF sensor to assess whether focus has 
improved and by how much.

3. Using the information from the second step, the AFP sets the lens 
to a new focusing distance.

4. The AFP may repeat the second and third steps until satisfactory 
focus has been achieved.

This process is usually completed within a fraction of a second. For  
difficult subjects, the camera may fail to achieve satisfactory focus 
and will give up on repeating the preceding sequence, resulting in 
failed autofocus. This is the dreaded “focus-hunting” scenario where 
the camera focuses back and forth repeatedly without achieving a 
focus lock. This does not mean that focus is not possible for the cho-
sen subject, however, and it may be possible to improve performance.

ImpRovIng autoFocuS peRFoRmance

The subject matter you are shooting can have an enormous impact 
on how well your camera’s autofocus performs—often even more 
so than variation between camera models, lenses, or focus settings. 
The three most important factors influencing autofocus are the light 
level, subject contrast, and camera or subject motion. Each factor 
can be used to offset deficiencies in another factor; you may be able 
to achieve autofocus even for a fast-moving subject if that same 
subject is well lit, for example. However, your autofocus technique 
can also improve focus accuracy regardless of these three factors. 
Because contrast can also vary within a subject, where you choose 
to locate autofocus plays a key role in the resulting image. Selecting 
a sharp edge or pronounced texture to focus on can improve auto-
focus performance dramatically.

Figure 9-18 highlights potential autofocus locations that are all at 
the same focusing distance but that achieve substantially different 
results. With this image, fortunately the location where autofocus 
performs best happens to also correspond with the subject’s face.

Figure 9-19 is more problematic because autofocus performs best 
on the background, not the subject.

If you focused on the fast-moving light sources behind the subject, 
you would risk an out-of-focus image due to the speed of those light 
sources. Furthermore, even if focus could be achieved on those light 
sources, you would also risk having the image appear back-focused 
because the depth of field is shallow (because a wide aperture is 

Figure 9-19  
example of a backlit subject that would be 
challenging for autofocus because it lacks a 
statically lit foreground

Figure 9-18  
less motion, high contrast, and strong lighting 
result in the best autofocus choice for this image

Contrast: highest 
Motion: most 
light: most

Contrast: high 
Motion: little 
light: high

Contrast: medium 
Motion: none 
light: low

Contrast: low 
Motion: none 

light: low
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required to achieve a sufficiently fast shutter speed under dim lighting). Alternatively, focus-
ing on the subject’s brighter outline would perhaps be the best approach, with the caveat 
that the highlight is rapidly changing position and intensity, depending on the location of 
the moving light sources.

If your camera had difficulty focusing on the subject’s bright outline, you might choose a 
lower contrast but stationary and reasonably well-lit area to focus on. A possible focus point 
would be the subject’s foot or the leaves on the ground at the same distance from the cam-
era as the subject.

These decisions often have to be anticipated or made within a fraction of a second without 
the convenience of lengthy analysis. Additional techniques for autofocusing on still and 
moving subjects are provided later in this discussion.

numbeR and tYpe oF 
autoFocuS poIntS

The robustness and flexibility of autofocus 
is primarily a result of the number, position, 
and type of autofocus points in a given 
camera model (see Figure 9-20). High-
end SLR cameras can have 45 or more AF 
points, whereas other cameras can have as 
few as one central AF point. Three sample 
layouts of autofocus sensors are shown in 
Figure 9-21.

For SLR cameras, the number and accuracy 
of autofocus points can change depending 
on the maximum aperture of the lens being 
used. This is an important consideration 
when choosing a camera lens. Even if you 
do not plan on using a lens at its maximum 
aperture, it can still help the camera achieve 
better focus accuracy because the maxi-

mum aperture is always what drives autofocus prior to an exposure. Because the central AF 
sensor is almost always the most accurate, if your subject is off-center, it is often better to 
achieve focus lock by pointing the lens directly at the subject before recomposing the frame.

Multiple AF points can work together for improved reliability, or they can work in isolation for 
improved specificity. Your camera settings often control how this works without you know-
ing. For example, some cameras have an “auto depth of field” feature that ensures a cluster 
of focus points are all within an acceptable level of focus, which can be handy for group 
photos. Alternatively, your camera may use multiple autofocus points to better track a mov-
ing subject, as described in the next section.

Figure 9-20  
Sample autofocus locations as they might appear in your camera’s viewfinder
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Figure 9-21  
Three layouts of auto-
focus sensor types for 
different apertures

high-end Slr at f/2.8 entry to mid-range Slr at f/2.8

high-end Slr at f/4.0 entry to mid-range Slr at f/4.0

high-end Slr at f/5.6 entry to mid-range Slr at f/5.6
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compaRIng aF modeS

The most widely supported camera focus mode is one-shot focusing, which is best for sta-
tionary subjects. The one-shot mode is susceptible to focus errors with fast-moving subjects 
because it requires focus lock before a photo can be taken and does not anticipate subject 
motion. One-shot focusing may also make it difficult to visualize a moving subject in the 
viewfinder because focus is not maintained while you hold the shutter button halfway.

Many cameras support an autofocus mode that continually adjusts the focus distance. 
Canon cameras refer to this as AI Servo focusing, whereas Sony and Nikon cameras refer 
to this as continuous focusing. It is intended for moving subjects and works by predicting 
where the subject will be in the future based on estimates from previous focus distances. 
The camera focuses at predicted distances in advance to account for the shutter lag (the 
delay between pressing the shutter button and the start of the exposure). This greatly 
increases the probability of correct focus for moving subjects.

Figure 9-22 shows a graph of tracking speed versus distance, assuming that the subject 
is oncoming or receding. Here, sample values are for ideal contrast and lighting, using the 
Canon 300 mm f/2.8 IS L lens.
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The figure shows that the greater the subject distance, the higher the max tracking speed. 
The blue line is above the red line because the high-end camera can track a faster subject at 
the same distance as the mid-range camera. The plot provides a rule-of-thumb estimate for 
other cameras as well, although the key takeaway is that the faster your subject is moving, 
the farther they will need to be for accurate autofocus. Actual maximum tracking speeds 
also depend on how erratically the subject is moving, the subject contrast and lighting, the 
type of lens, and the number of autofocus sensors being used to track the subject. Be aware 
that using focus tracking can dramatically reduce the battery life of your camera, so use it 
only when necessary.

autoFocuS aSSISt beam

Many cameras come equipped with an AF assist beam, a type of active autofocus that uses 
a visible or infrared beam to help the autofocus sensors detect the subject. This works by 
temporarily illuminating the subject prior to the exposure in order to achieve focus lock, 
then deactivating the illumination once the exposure begins. The AF assist beam can be 
very helpful in situations where your subject is not adequately lit or has insufficient contrast 
for autofocus, but it can also reduce the autofocus speed.

Figure 9-22  
Blue and red lines rep-
resent the max track-
ing speed versus the 
subject’s distance with 
high-end and mid-range 
cameras, respectively.
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Some cameras use a built-in infrared light source for the AF assist, whereas digital SLR 
cameras often use either a built-in or external flash. When a flash is used, the AF assist 
beam might have trouble achieving focus lock if the subject moves a lot between flash 
firings. Use of the AF assist beam is therefore only recommended with still subjects.

beSt pRactIce FoR autoFocuS In actIon photoS

Autofocus will almost always perform best with action photos when the AI Servo or continu-
ous focusing mode is used. Focusing performance can be improved dramatically by ensur-
ing that the lens does not have to search over a large range of focus distances.

The best way of achieving quick focus lock is to pre-focus your camera where you anticipate 
the subject will be. In Figure 9-23, you could pre-focus on the side of the road because it is 
close to where you expect the biker to pass by.

Some SLR lenses have a minimum focus distance switch. Setting this to the greatest distance 
possible (assuming the subject will never be closer) can improve performance because it 
restricts the range of distance over which your camera searches for focus.

Continuous autofocus mode shots can still be taken even if focus lock has not been achieved.

Figure 9-23  
Pre-focusing on the edge 
of the road and antici-
pating movement help 
achieve this capture.
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beSt pRactIce FoR poRtRaItS and otheR StIll photoS

It is best to take photos of stationary subjects using the one-shot autofocus mode. This 
will ensure that focus lock has been achieved before the exposure. The usual focus point 
requirements of contrast and strong lighting still apply, although you need to ensure your 
subject is relatively still.

Accurate focus is especially important for portraits, which typically have a shallow depth of 
field. The eye is usually the best focus point, both because this is an artistic standard and 
because it has good contrast. Thankfully, many modern cameras have advanced focus 
algorithms that specifically identify a person’s head or eyes and automatically use them 
for autofocus. This focusing feature is usually indicated by a box that appears around 
a subject’s head when you press the shutter button halfway while taking a group photo 
or portrait.

Although the central autofocus sensor is usually most sensitive, more accurate subject  
distance estimation is achieved using the off-center focus points for off-center subjects.  
This is because the focus distance will always be behind the subject if you first use the 
central AF point and then recompose. The error increases as the subject gets closer and 
is more apparent with a shallow depth of field.

Because the most common type of AF sensor is the vertical line sensor, focus may be more 
accurate when your focus point contains primarily vertical contrast. In low-light conditions, 
you may be able to achieve a focus lock not otherwise possible by rotating the camera 
90 degrees during autofocus if your subject matter is primarily composed of horizontal 
contrast.

In Figure 9-24, the stairs are composed primarily of horizontal lines, which means that 
most of the contrast is in the vertical direction.

If your camera does not have cross-type AF sensors, achieving a focus lock in portrait ori-
entation may be challenging with the image in Figure 9-24. If you wanted to focus near 
the back of the set of stairs in the foreground, you could improve your chances of achieving 
focus lock by first rotating your camera in landscape orientation during autofocus and then 
rotating back to portrait orientation for the exposure. This situation is unlikely to be encoun-
tered in typical photography, but it highlights a key weakness of cameras without cross-type 
AF sensors.

technIcal note

For further reading on where to focus rather than how, see “Understanding Depth of Field” 
on page 14.

undeRStandIng compoSItIon
The rule of thirds is a powerful composition technique for making photos more interesting 
and dynamic. It’s also one of the most well-known. We’ll use examples to demonstrate why 
the rule works, when it’s okay to break the rule, and how to make the most of it to improve 
your photography.
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Figure 9-24  
A low-light image 
featuring high-contrast 
horizontal lines
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the Rule oF thIRdS

The rule of thirds states than an image is 
most pleasing when subjects are composed 
along imaginary lines that divide the image 
into thirds vertically and horizontally, as 
demonstrated in Figure 9-25.

It is actually quite amazing that a rule so 
mathematical can be applied to something 
as varied and subjective as a photograph. 
But it works, and surprisingly well.

The rule of thirds is all about creating the 
right aesthetic tradeoffs. It often creates a 
sense of balance, without making the image 
appear too static, and a sense of complexity, 
without making the image look too busy.

In Figure 9-26, note that the tallest rock 
formation (a tufa) aligns with the right third of the image and how the horizon aligns with 
the top third.

The darker foreground tufa also aligns with both the bottom and left thirds of the photo. 
Even in an apparently abstract photo, there can still be a reasonable amount of order 
and organization.

The “rule” is really just a guideline: you don’t need to worry about perfectly aligning every-
thing with the thirds of an image. What’s usually most important is that your main subject 
or region isn’t always in the direct middle of the photograph. For landscapes, this usually 
means having the horizon align with the upper or lower third of the image. For subjects, this 
usually means photographing them to either side of the photo. This can make landscape 
compositions much more dynamic and give subjects a sense of direction.

For example, in Figure 9-27, the biker was placed along the left third because he was 
traveling to the right.

7 Figure 9-26  
Composition by rule 
of thirds

1 Figure 9-27  
Off-center subjects 
can create a sense of 
direction

Figure 9-25  
Applying the rule of thirds
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ImpRovIng exIStIng photoS bY cRoppIng

It is often quite amazing how you can resurrect an old photo and give it new life by doing 
something as simple as cropping it, as demonstrated in Figures 9-28 and 9-29.

In the seascape example in Figure 9-29, part of the empty sky was cropped so that the 
horizon aligns with the upper third of the image, thus adding emphasis to the foreground 
and mountains.

If there’s nothing in the image to apply the rule of thirds to, it would be an extremely abstract 
composition. However, the spirit of the rule may still apply in order to give the photo a sense 
of balance without making the subject appear too static and unchanging.

7 Figure 9-28  
Uncropped original

5 Figure 9-29  
Cropped version
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In the example in Figure 9-30, it isn’t immediately apparent what can be aligned with 
the “thirds.” In this composition, the C-shaped region of light is aligned to the left third. The 
image is brighter to the left compared to the right, effectively creating an off-center compo-
sition and balance.

bReakIng the Rule oF thIRdS

The free-spirited, creative artist in you probably feels a bit cramped by the seeming rigidity of 
the rule of thirds. However, all rules are bound to be broken—and this one’s no exception. It’s 
acceptable to break the rule, as long as it is for a good cause.

A central tenet of the rule of thirds is that it’s not ideal to place a subject in the center of a 
photograph. But this doesn’t work as well if you want to emphasize a subject’s symmetry. 
The example in Figure 9-31 does just that.

There are many other situations where it might be better to ignore the rule of thirds than to 
use it. You might want to make your subject look more confrontational by placing them in 
the center of the image, for example. Alternatively, you might want to knock things out of 
balance by shifting your framing relative to where you’d expect it based on the rule of thirds.

It’s important to ask yourself what is special about the subject and what you want to 
emphasize. Defining the mood you want to convey can often be facilitated by using the 
rule of thirds. If it helps you achieve any of these goals, then use it. If not, then don’t let it 
get in the way of your composition.

Figure 9-30  
working with an 
abstract composition
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Figure 9-31  
example of beneficial 
symmetry

SummaRY
In this final chapter, you learned a variety of tips and techniques for controlling your camera 
and improving image quality. You first learned how to reduce camera shake, which can often 
matter more than using high-end lenses or a high-megapixel camera. Then you learned how 
to think about your exposures more creatively by using shutter speed to control the appear-
ance of motion, including various effects ranging from freezing action to smoothing water to 
creating motion streaks from panning. You also learned how autofocus works and how its 
performance is influenced by light level, subject contrast, and camera or subject motion.
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Cleaning Camera 
Sensors
If you’re using an SLR camera, you’ll eventually encounter spots in your 

images. When this happens, you need to know if what you’re seeing is from 

sensor dust or the result of a dirty viewfinder, mirror, or lens. If it turns out to 

be dust on the sensor, you need to know how to clean the sensor and how 

to minimize the risk of this happening again.
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3 Figure 1  
Photo taken with a dirty 
camera sensor

5 Figure 2  
Close-up of the dust in 
Figure 1

A dirty camera sensor is most apparent in smooth, light regions of images, such as bright 
skies, as shown in Figures 1 and 2.

The appearance can change, depending on the nature of the dust, image content, and 
exposure settings, but will likely look similar to the example in Figure 2. Even if dust isn’t 
immediately apparent, it can reduce image quality by decreasing contrast. In Figure 2, 
some of the spots are less pronounced than the others.

The dust spots appear diffuse because the particles themselves aren’t actually sitting 
on the camera sensor’s photosites; the particles are resting slightly above the sensor on 
the outermost surface of the sensor’s filters. This causes the particle to cast a shadow, 
which is what we’re actually seeing in the image—not the dust itself. At wide apertures 
(lower f-numbers), the dust is often barely visible because the incoming light (shown as 
orange arrows in Figures 3 through 5) hits the dust from a wide range of angles, which 
as you recall from Chapter 8 creates “soft” lighting. Similarly, at narrow apertures (higher 
f-numbers), the dust becomes more visible because the lighting effectively becomes “harder.”
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Figure 3  
angle of incident light 
and resulting dust 
appearance at f/8

Figure 4  
angle of incident light 
and resulting dust 
appearance at f/16

Figure 5  
angle of incident light 
and resulting dust 
appearance at f/22
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OtheR POtentIaL DuSt RePOSItORIeS
Just because you see spots in your viewfinder and/or images doesn’t necessarily mean you 
need to clean your camera sensor. Other potential dust repositories include the viewfinder, 
viewfinder focusing screen, SLR mirror, and front and rear of the lens.

VIewFInDeR-FOcuSIng ScReen anD SLR MIRROR

This type of dust is clearly visible on surfaces in the viewfinder (see Figures 6 and 7) and 
doesn’t alter the image file. If you look through your viewfinder and change the f-stop (for 
example, hold the depth of field preview button), viewfinder dust will appear the same size, 
regardless of the f-stop.

Figure 7  
slr camera mirror

Figure 6  
slr camera-focusing screen

FROnt OR ReaR OF YOuR LenS

Dust on a lens is tricky to diagnose because spots on your lens may impact your image and 
be mistaken for dust on the sensor. If you change your camera lens (see Figures 8 and 9) 
and the spots remain, they are probably from the sensor. Lens dust generally appears 
larger and more diffuse than sensor dust, and it is usually only visible with wide-angle 
lenses at high f-stops (near f/22+).

Dust on the front or rear lens element will become more apparent when you aim your 
camera at a clear sky or light-colored wall. If this isn’t the case and you’re still seeing spots 
in your images, it is safe to assume that the dust is on your camera’s sensor.
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Figure 8  
lens rear element

Figure 9  
lens front element

hOw tO LOcate SenSOR DuSt
Although sensor dust is never ideal, sometimes it’s helpful to know just how dirty the sensor 
really is. If there are more spots than you thought and these are near the middle of the frame, 
they are more likely to affect your images. Some dust is often acceptable when weighed 
against the risk of scratching your sensor or SLR mirror during the cleaning process.

The easiest way to assess the severity of the dust on your sensor is by following these steps:

1. Aim your camera at a smooth, light background (such as a white wall).

2. Defocus the lens so the background appears smooth and textureless.

3. Apply a +1 or +2 stop exposure compensation.

4. Take a photo at your lens’s highest f-stop setting.

The resulting image provides an excellent map of sensor dust,  
as shown in Figure 10 (note that the image contrast has been  
exaggerated to highlight dust spots). To see the dust better, you  
can use post-processing. For example, in Photoshop, you can  
increase the image’s contrast using “auto levels” or drag the  
black point slider of the levels tool to the right while holding the  
alt key. Be aware that your dust map is reversed compared to  
the position of the dust on the sensor. For example, spots at  
the top of the image are created by dust at the bottom of the  
sensor, and vice versa.

Figure 10  
example of a sensor dust map
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BeSt PRactIceS FOR KeePIng 
YOuR SenSOR cLean
The old saying “an ounce of prevention is worth a pound of cure” certainly applies to cam-
era sensor dust. If you’re extra careful and minimize potentially contaminating events, you’ll 
require fewer sensor cleanings over the lifetime of your camera.

Techniques for minimizing dust deposits in your camera include:

 e lens changes Try to avoid unnecessarily changing out lenses, 
and when you must change out lenses, do so in an environment 
with clean, still air, if possible. Be sure to change out lenses quickly 
and to face the camera sensor sideways or downward during the 
lens change to reduce the chance of dust settling. Use covers for 
the rear element of your lenses when they’re not mounted (see 
Figure 8 for uncovered rear element) to avoid dust collecting on 
the lens: any dust collected on the rear element may later transfer 
to the sensor when the lens is mounted.

 e self-cleaning sensors If you’re fortunate enough to have a 
digital SLR camera that automatically cleans the sensor every 
time the camera is turned on or off (as depicted in the menu 
in Figure 11), you’ll find the process a lot easier. This feature 
is surprisingly effective and decreases how often you have 
to physically clean the sensor, but it will not remove all types 
of dust. Particulates accumulate in the camera body, thus 
increasing the risk of them landing on the sensor over time.

SenSOR-cLeanIng MethODS
A camera sensor should only be cleaned when absolutely necessary, because cleaning 
carries a risk of damaging the sensor or SLR mirror.

technIcaL nOte

strictly speaking, only the outermost layer of the filter that covers the sensor is what actually 
gets cleaned, not the sensor itself. replacing this filter is much less expensive than replacing a 
sensor. the camera can usually be repaired by the manufacturer.

Figure 11  
example of a self-clean menu
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Cleaning a camera’s sensor, shown in Figure 12, is risky because 
it requires flipping up the SLR mirror to give open access to the 
sensor. What’s more, if the camera’s battery dies before cleaning 
is complete, the mirror can shut onto your hand and/or cleaning 
apparatus, potentially damaging the mirror in the process. In addi-
tion, direct contact with the sensor can introduce new contaminants 
and drag existing dust across the sensor’s surface, creating micro-
abrasions or scratches.

In consideration of the risks, if you do decide that your sensor needs 
cleaning, how aggressively you clean should fit the severity of the 
problem. Listed in order of increasing effectiveness (and increasing 
risk), the most common types of cleaning devices include a dust 
blower, sensor brush (sweep), a cleaning stamp or lens pen, and a 
sensor swab (wipe or wand).

 e dust blower This cleaning method carries the least risk of dam-
age because the blower (shown in Figure 13) never comes into 
direct contact with the sensor. This method is also the least effec-
tive. Blowing dust may just move it around and can potentially 
make the problem worse. Only use a blower specifically designed 
for camera sensors. Compressed air blowers are unnecessary 
and generally emit air at too high a pressure. Some compressed 
air blowers also use a damaging coolant liquid, so those not 
specifically designed for optics should be avoided.

 e Cleaning brush or sweep A lens brush (shown in Figure 14) is a good compromise 
between risk and effectiveness. It can often remove all but the most stubborn dust, and it 
generally has little risk of scratching surfaces because the brush is designed to make light 
contact. Some designs can remove individual particles without sweeping over the whole 
sensor. An added bonus to these cleaning devices is that you can use a sensor brush to 
remove dust from your SLR mirror, lenses, and focusing screen. Avoid inadvertent contact 
with either the mirror or focusing screen and clean only when the battery is well charged.

 e Cleaning stamp or lens pen A cleaning stamp (shown in Figure 15) makes contact 
with the sensor, but it isn’t dragged across the sensor surface. Because it lifts rather than 
drags dust and dirt, it is less likely to scratch surfaces. The tip usually consists of deform-
able silicone, which is pressed onto the sensor’s surface to mold around particulates, 
hold onto them, and lift them from the surface. It is a good idea to avoid using products 
that work by using an adhesive, as this can potentially leave a residue on the sensor.

Figure 14  
lens brush or sweep

Figure 15  
lens pen or cleaning stamp

Figure 12  
slr camera sensor

Figure 13  
a cleaning bulb or dust blower
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 e sensor swab, wipe, or wand Swabs, wipes, and wands can remove even the most 
enduring particles, but these require a careful technique. As you can see in Figure 16, 

the device usually consists of a small, flat-
edged paddle that is wrapped in a special 
lint-free tissue that has sensor-cleaning 
fluid applied. Make sure to get one with a 
width that’s appropriate for your sensor size 
(cropped sensors generally need a narrower 
swab than full-frame sensors).

Sometimes several devices can be purchased together as a sensor-cleaning kit (shown 
in Figure 17), but if you only plan on using one type, the sensor brush or stamp is usually 
adequate. It’s often a good idea to try several tools in succession (although some people 
skip the blower). Ideally, you won’t ever have to use a sensor swab, but if you do and have 
been doing maintenance with other tools, most of the larger and more abrasive particles 
will have been removed prior to you risking full contact with the swab.

Figure 17  
Cleaning equipment 
for the sensor, lens, 
and lens filter

Figure 16  
sensor swab or wipe
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hOw tO cLean YOuR SenSOR
Knowing what cleaning might entail can give you a better idea of whether this is something 
you’re comfortable doing yourself. The procedure shown Figures 18 and 19 provides the gen-
eral steps for cleaning with a sensor brush and/or sensor swab tool. Although these steps are a 
tested guide, you should always consult the instructions come with your specific tool.

In Figures 18 and 19, the light blue represents the tip of your sensor cleaning swab or brush 
tool. The dark rectangular region represents the camera sensor. The arrow is the path the 
tool should move along. These diagrams assume that your cleaning tool is the width of your 
sensor. Follow this motion only once; sweeping back and forth is less effective and has more 
potential for damaging the sensor.

Figure 19  
Face view of the camera sensor

Figure 18  
side view of the camera sensor

PRePaRatIOn FOR cLeanIng

The cleaning process can be easier and more effective with the following preparation:

 e Become familiar with the process Read through all the steps for cleaning ahead of time 
so you are familiar with each and ready to perform them in succession.

 e Check the battery Fully charge your camera battery.

 e Plan a time Set aside a block of 15–20 minutes when you are unlikely to be interrupted. 
Also, plan to turn off your mobile phone while cleaning to minimize distractions.

 e Choose a location Pick a clean environment with still air.

 e arrange the tools Have all necessary tools ready and easily accessible.

 e Prepare It’s good practice to clean the camera body, lens, and lens mounts with a damp 
cloth to remove dust that could end up on your sensor later.

 e set camera to cleaning mode Set your camera to its manual cleaning mode. Consult 
your camera manual if necessary.

 e Position your camera Remove the lens and place your camera on its back on a flat 
surface that allows good visibility and easy access to the sensor.
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chOOSe a cLeanIng MethOD

Next, you’ll want to decide on your sensor-cleaning tool:

 e sensor blower Turn the camera over so the sensor is facing downward and then send 
several puffs of air into the camera body. After each puff, wait 5–10 seconds for dust to 
settle out. You’ll usually need to use one of the other tools as well.

 e sensor brush Gently place the bristled end of the brush at the edge of your camera 
sensor and follow the motion shown in Figures 18 and 19. Apply only very light pres-
sure—much less than if you were painting—and whisk away the dust. Brushes work by 
attracting dust particles to their fibers electrostatically, so you don’t need to scrub the 
sensor. Try to prevent the brush bristles from touching anything outside the sensor’s 
edges, as this may transfer camera lubricants or other contaminants onto the sensor.

 e sensor stamp Gently press the cleaning end of this tool against your camera sensor’s 
surface. Avoid dragging it across the surface, which may leave streaks or create scratches. 
If the stamp area is smaller than your sensor’s area, use placements that minimize the 
number of times the stamp needs to be pressed against the sensor.

 e sensor swab If necessary, affix the cleaning tissue to the end of your cleaning tool and 
place two to three drops of cleaning fluid on the tip. Some tools come already prepared, 
so this step might not be necessary. Gently place the tissue-covered end of your tool on 
the edge of the sensor and follow the motion shown in Figures 18 and 19. Be sure not to 
apply more pressure than you would when writing with a fountain pen.

When you are done cleaning, it is good to verify the results. Turn your camera off and 
reattach your lens. Take a test photo of a smooth, light surface using your lens’s highest 
f-stop value (review the “How to Locate Sensor Dust” on page 213 for additional details on 
performing this step). If the remaining dust is still unacceptable, you’ll need to repeat the 
cleaning and perhaps use more aggressive methods.

aLteRnatIVeS tO cLeanIng SenSORS YOuRSeLF
If the thought of cleaning the sensor makes you nervous, it should. A lot can go wrong if you 
aren’t careful. If you’d rather play it safe, your alternatives are to edit out the spots or have 
someone else clean the sensor.

 e editing out the spots Using the clone and healing brush tools in Photoshop can be a 
very effective way of removing dust spots. This works well if the spots are easy to edit and 
if the dust problem remains minor. Editing software sometimes has dust map features 
that digitally edit dust spots that occur in the same locations of each photo. Eventually 
you’ll have to get the sensor cleaned, though.

 e having someone else clean the sensor You can always send your camera to the manu-
facturer or a camera store so that it can be cleaned by a professional. If you plan on hav-
ing a local store perform the cleaning, make sure to verify up front that they will insure 
your camera against any potential sensor damage. Also, check your camera immedi-
ately by taking a test photo upon pickup.
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Index

A
A mode. See Aperture Priority mode

aberrations, 44–45, 54

Action/sports mode, 9

AI Servo focusing, 200

alpenglow, 151

ambient light, 13, 131–136, 137, 176, 180, 181

angles of view, 56, 64, 65

anti-aliasing filter (AA), 25

Aperture Priority mode, 8, 9, 133, 134

apertures. See also f-stops

and depth of field, 16–17

in exposure modes, 9

with neutral density filters, 104, 105

settings, 2, 5–7, 51–54, 77, 78, 184

apparent light size, 166–168, 169–170, 175

architectural photography, 48, 58–59, 78

artifacts, 25, 48

astronomical photography, 25

auto-exposure (AE) lock, 139

auto-exposure (AE) modes, 8, 12, 30

Auto mode, 8, 9, 133, 134

autofocus

mechanisms, 193, 196–202

and metering calculations, 12

in pre-set modes, 10

SLR advantages, 81

with telephoto lenses, 69

autofocus (AF) assist beam, 200–201

autofocus (AF) points, 198–199

autofocus (AF) sensors, 196–197, 198–199, 202

autofocus processor (AFP), 197

Av mode. See Aperture Priority mode

B
B mode. See Bulb mode

backgrounds, 70, 169–170, 180

ball tripod heads, 86–87

banding noise, 36

barrel distortion, 63

Bayer array, xiv, 23–24

Bayer demosaicing, 24–25

birefringence, 101

bit depth, 20–21

bits per pixel (bpp), 20–21

black-and-white photography, 147

blown highlights. See clipping

blur. See also camera shake; motion blur

as aberrations, 44–45

in depth of field, 15–17

and focal length, 48

and focus, 68

with image averaging, 109–110

and long exposures, 134

and shutter speed, 3–5

bokeh, 16, 70

bounced flash, 125, 166, 168, 180

bpp (bits per pixel), 20–21

brightness. See also highlights; midtones; shade 
and shadows

and noise, 38

broad lighting, 173

Bulb mode, 8, 9

C
camera bodies, xiv–xv

camera shake

creative, 195

and exposure time, 179

and focal length, 48

minimization, 3, 5, 69, 83–84, 184–187

cameras. See also compact cameras; digital 
SLR cameras; mirrorless cameras; pinhole 
cameras

bodies, xiv–xv

choosing, 74–75, 81

comfort with, 1, 185–186

condensation protection, 162–163

model differences, 48, 75, 134–135, 139, 192, 
199, 200

candid shots, 66, 79

center-weighted metering, 11–12, 13

chroma noise, 39–40

chromatic aberration, 44–45

circles of confusion, 15–16

cleaning practices

lens care, 93

sensors, 214–218

cleaning tools, 215–218

clipping, 31, 80

cloud cover, 152–153, 153–154

color

and depth, 156

human perception of, xii

and polarizers, 100

and time of day, 145, 146–151

color casts, 93–94, 105, 106, 111, 130

color channels, 20–21

color filters

on lenses, 92, 93–94

in sensor arrays, 23–24

color temperature, 129

color tint, 129

compact cameras, xv

choosing, 74–75, 77, 79, 81

f-stop values, 6

focal lengths, 48, 51, 64

ISO ranges, 7

maximum aperture ranges, 54

shutter speed range, 188

using, 184

viewfinders, 76

wide-angle on, 56

composite images, 84

compositions

and focal lengths, 46–47, 49–51, 84

ground-level, 187

rule of thirds, 202, 204–206

symmetry, 207

with telephoto lenses, 65–68, 70–71

with wide-angle lenses, 56–58, 60, 62–63

continuous focusing, 200, 201

continuous shot mode, 193

contrast

aberrations, 44–45

and autofocus, 196–198

and depth, 156

and filters, 102–103, 113–114

and flash lighting, 124–125

histograms, 31–33

in natural light, 145, 147, 152–153

silhouettes, 159

converging vertical lines, 58–59, 63, 78

creative program modes, 8, 81

cropped sensor cleaning, 216

cropped sensor factor, 48, 83

cropping, 205–206

curtain syncs, 140–141

d
dawn, 151

demosaicing, 24–25

depth

and distance, 65–68, 156, 160

sense of, 170–171

depth of field

and camera shake, 184

and camera type, 79

concepts, 2, 14–17

and f-numbers/f-stops, 6, 52, 53, 109, 189

and ND filters, 104, 105

with telephoto lenses, 68, 69–71

and tripods, 84

wide-angle lenses and, 62

diffraction, 17, 105, 107

I n d e x  219



diffusers, 125–126, 130, 168

digital SLR cameras, xiv–xv

f-stop increments, 6

focal lengths, 48

ISO ranges, 7

maximum aperture ranges, 53, 54

pixel size, 79

summary comparisons, 74–75

viewfinders, 76

digital zoom, 51

distance

and depth, 62, 65–68, 138, 156, 160

of light source, 169–170

distortion, 44–45, 63

documentary photography, 48

DSLR cameras. See digital SLR cameras

dusk, 151

dust, 210–213

dynamic range, 80, 113

e
edge distortion, 63

editing. See also Photoshop

dust spot removal, 218

image averaging, 109–110

of lighting, 112, 118, 121

red-eye reduction, 129

software, 36, 39, 195

electronic viewfinders (EVF), 76

enclosed spaces, 60

evaluative metering, 12, 13

EVF. See electronic viewfinders (EVF)

exposure. See also flash exposure

concepts, 2

in high- and low-key images, 29–31, 137

uneven, 61–62, 112–113

exposure compensation

with flash, 134–136

in fog, 155

silhouettes, 159

using, 13–14

exposure modes, 8–10, 81

exposure times

and focal length, 48, 83

in fog, 162

and motion, 104, 105, 107–109

exposure triangle, 2, 184–185

F
f-stops

and aperture, 5–7, 51–52, 54

with neutral density filters, 106–107, 114

in pre-set modes, 9

and shutter speed, 184, 189

fill flash, 128, 132–133, 134, 176, 179

fill light ratio, 176–177

fill lighting, 175–180

filter mounting systems, 110–111

filters. See also graduated neutral density (GND) 
filters; neutral density (ND) filters

in digital sensor arrays, 23–24, 25

lens, 92–95

stacking, 94, 111

fixed-pattern noise, 36

flare. See lens flare

flash brackets, 127

flash diffusers, 125–126, 130

flash exposure, 131–135

flash exposure compensation (FEC), 134–136, 179

flash exposure lock (FEL), 139

flash lighting. See also fill flash

with AF assist beam, 201

and camera type, 81

concepts and equipment, 124–130, 131, 166

flash metering, 138–139

flash ratio, 132–133, 134, 135–136, 176–177, 179

focal lengths, 46–49, 56, 64

focal plane, 15

focus

accuracy of, 68–69

and recompose, 69, 198

tracking, 200

focus lock, 198, 200–201, 202

fog

and camera protection, 162–163

distance and depth, 67–68, 156

lighting in, 154–155, 157–158

location and timing, 160–162

silhouettes in, 159

foreground, 58, 67, 68

frame rates, 81

freeze, 3–4, 190–191, 193–194

G
ghosting, 94

glare, 102–103, 125–126, 139

GND. See graduated neutral density (GND) filters

golden hour, 145, 149–151

gradients

in GND filters, 114–117

Photoshop, 112, 119

graduated neutral density (GND) filters, 61–62, 
92, 111–121

grain, 34. See also noise

gray cards, 11

grayscale images, 20, 147

H
handheld shooting

settings for, 5, 7, 134

techniques, 185–186

hard edge GND filters, 115–117

hard light, 125, 139, 166–169, 178–179, 210–211

haze. See also fog

filters for, 92, 93

high dynamic range (HDR) photography, 80, 
84, 121

high-key images, 28–31, 137, 176

high-speed photography, 193–194

highlights

clipped, 31, 80

in histograms, 26–27, 28–29

and light source, 166–168

histograms, 26–33

hot shoe mounts, 131

I
illumination. See light and lighting

image averaging, 109–110

image bit depth, 20–21

image histograms, 26–33

image quality

filters and, 94, 119, 120

lens types and, 77

sensor size and, 79–80

and UV filters, 93

image stabilization (IS), 84, 187, 192

incident light, 10–11, 211

interior spaces, 60

IS (image stabilization), 84, 187, 192

ISO speed

in exposure modes, 9

in exposure triangle, 2, 184

and image noise, 7, 36, 40, 80

and neutral density filters, 106

settings, 35, 81, 84, 189

J
JPEG file bit depth, 21

K
key lights, 166–175

key triangle, 171–173

L
Landscape mode, 9

landscape photography. See also natural lighting

camera direction, 146

cameras for, 25, 79

composition, 58
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GND filters, 61, 112, 114–119

lenses, 48, 67–68

layering, 67–68

LCD/LED screens, 5, 76, 81, 97, 190

lens collars, 87

lens filters, 92–95. See also graduated neutral 
density (GND) filters; neutral density (ND) 
filters; polarizing filters/polarizers

lens flare, 48, 62, 93, 94

lens hoods, 62

lenses. See also telephoto lenses; wide-angle 
lenses

changing, 214

dust on, 212

elements, xii–xiii, 44, 213

and f-stop values, 6

fixed vs. interchangeable, 74–75, 77–79, 81

types, 43, 49–51, 54

light and lighting. See also flash lighting; natural 
lighting; portrait photography

and aperture settings, 5

and autofocus, 197–198

color filters for, 93–94

concepts, xii

distribution, 124–126

with neutral density filters, 106–107

positioning, 126

and shutter speed, 3, 195–196

in viewfinders, 76

light-gathering ability, 51–52, 54

light meters, 10–11

lighting direction, 166, 170–175

live-view rear LCD, 81

loop lighting, 173

low-key images, 28–31, 137, 176

luma noise, 39–40

luminance, 11

M
M mode. See Manual mode

macro lenses, 77, 78

macro photography, 78, 86

manual control, 81

Manual mode, 8, 9, 133, 134

matrix metering, 12, 13

maximum apertures, 52–54

medium-angle lenses, 48

medium-telephoto lenses, 64, 71

metering, 10–14, 136–139

microlens arrays, 26

middle gray, 11

midtones, 26–27, 28, 30, 113

mini tripods, 88

minimum apertures, 53

mirror lock-up (MLU), 187

mirror mechanism, 76, 81

mirrorless cameras, xv, 48, 74–75, 76

mist. See fog

moiré, 25

monopods, 89

motion

and autofocus, 200

and neutral density filters, 104, 105

and shutter speed, 3–5

motion blur

creative use of, 189–195

and curtain syncs, 140–141

with image averaging, 109–110

shutter speed, 2, 3

multiple exposures, 119

n
natural lighting

and cloud cover, 153–154

components and quality, 144–153

as fill lighting, 180

in mist and fog, 154–155, 157–158

silhouettes in, 159

neutral density (ND) filters, 92, 104–111

Night/low-light mode, 9

noise

and camera type, 80

concepts, 2, 34–41

in fog, 162

and microlens design, 26

and shutter speed, 189

noise-reduction software, 36, 39

O
off-axis/on-axis fill light, 177–179, 180

one-axis stabilization, 192

one-over-focal-length rule, 49, 83

one-shot focusing, 200, 202

opening up. See f-stops

optical low-pass filter (OLPF), 25

optical quality, 44

optical zoom, 51

overcast sunlight, 152–153

overexposure

clipping, 31

defined, 2

and noise, 38

unintentional, 11, 13–14, 184

P
P mode. See Program mode

painted effects, 195

pan-tilt tripod heads, 86

panning, 191–192

panoramic photos, 84, 103

partial metering, 11–13

perspective

creative, 88, 187

and focal lengths, 46–47, 49–51

telephoto, 65–66

wide-angle, 56–58

photography

investments and shooting style, 81

learning and mastery, xi, xvi

photon collection. See photosites

Photoshop

filters, 112, 118–119, 121, 195

locating sensor dust with, 213

photosites, xiv, 22–26

pinhole cameras, 17

pixels

in fixed-pattern noise, 36

on histogram axis, 26–27

in sensor arrays, 22–26

size, 16, 40, 79–80

point-and-shoot cameras. See compact 
cameras

polarizing filters/polarizers, 60–61, 92, 95–104, 
111, 147

Portrait mode, 9, 202

portrait photography

depth of field, 53, 79

fill lighting, 175–180

focal lengths, 48, 57

focus, 202

light distribution, 125

metering, 13

natural lighting, 152

single light source lighting, 166–175

posterization, 21, 22

pre-focusing, 193, 201

pre-set modes, 8–10

prime lenses, 51, 54

print size and circles of confusion, 15–16

Program mode, 8, 9, 133, 134

Q
quick-release mechanisms, 87

R
radial blend GND, 115

random noise, 36

RAW files, 81, 93

red-eye reduction, 129

reflectance, 10–11, 13–14, 137, 138–139

reflected light, 10–11, 92, 101, 168

reflections, 92, 101, 139, 146

reflectors, 180

Rembrandt lighting, 171–173

remote release devices, 187
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reverse grad filters, 120

RGB histograms, 26

rule of thirds, 202, 204–206

S
S mode. See Shutter Priority mode

sensor arrays, 22–26

sensors. See also autofocus (AF) sensors

and camera types, 48, 74–75, 79–80

cleaning, 214–218

dust on, 78, 210–211, 213

function, xiii–xiv, 22–26

and noise, 40

shade and shadows

detail in, 80

fill lighting, 176–179

histograms, 26–27, 28–29

and light source, 166–169

and lighting direction, 170–175

shooting in, 152–153

by time of day, 145–151

shake reduction (SR), 187

sharpness. See also depth of field

and aperture, 105, 107, 189

and autofocus, 196–197

circles of confusion, 15–17

and focal length, 48–49

noise, 34

and shutter speed, 3

shooting styles, 81

shooting techniques

handheld, 185–186

high-speed photos, 193–194

short lighting, 173

shutter button technique, 186

shutter lag, 81, 193, 200

shutter mechanisms, 76, 81, 188

Shutter Priority mode, 8, 9, 133, 134, 195–196

shutter speed. See also exposure times

for camera shake, 69, 184–185

creative use of, 188–196

in exposure modes, 9

and flash ratio, 132–133, 134

in fog, 162

settings, 2, 3–5, 52

signal-to-noise ratio (SNR), 34, 35

silhouettes, 159

single-lens reflex (SLR), 77

Single-Lens Translucent (Sony SLT) cameras, 75

single light source lighting, 166–175

slow sync, 134

SLR cameras. See also digital SLR cameras

single-lens reflex defined, 77

smartphones, xv, 188

SNR. See signal-to-noise ratio (SNR)

soft edge GND filters, 115–117

soft light, 125, 166–169, 174–175, 178–179, 210–211

Sony SLT (Single-Lens Translucent) cameras, 75

spatial frequency, 39–40

Sports/action mode, 9

sports photography, 48, 53, 193–194, 201

spot metering, 11–13

step-up/step-down adapters, 95, 111

stopping down. See f-stops

street photography, 48

strength-to-weight ratio, 87

studio lighting, 176, 178–179, 180

subjects. See also portrait photography

and autofocus, 197–198, 200–201, 202

distance and composition, 62–63, 65–69, 
70–71

and flash error, 138–139

focal lengths for, 48

lighting of, 126–129, 144–153

in motion, 189–194

reflectance of, 10–11, 12–14, 137

in rule of thirds, 204–206

sunlight. See also natural lighting

with fill lighting, 175–176

and polarizers, 96–100

by time of day, 145–153

sunrises and sunsets, 149–151, 154

T
tabletop tripods, 88

telephoto lenses

alternatives to, 187

collars, 87

focal lengths, 46–47, 48

using, 63–71

theater photography, 53

through the lens (TTL) metering, 136–139

TIFF file bit depth, 21

time-lapse photography, 84

tonal ranges

and GND filters, 113

high- and low-key, 28–31

histogram characteristics, 27–28

by time of day, 144

tripod heads, 86–87

tripod lens collars, 87

tripods

alternatives to, 186–187

choosing, 84–86, 88–89

using, 69, 83–84, 88, 192

Tv mode. See Shutter Priority mode

twilight, 151

two-point perspective, 58

U
ultra-wide-angle lenses, 56, 57, 61, 78

underexposure

concepts, 2

on high-key images, 30, 31

and noise, 38

unintentional, 11, 13, 14

underwater photography, 92, 93

UV/haze filters, 92, 93

V
vanishing point, 58

vertical line convergence, 58–59, 63, 78

vertical line sensors, 202

vibration reduction (VR), 84, 187, 192

viewfinders, 74, 76, 106, 185, 212

vignetting, 44–45, 94

W
weather conditions, 146, 153–155

well lit, 134, 179

white balance

and filters, 92, 93

with flash, 129–130

in golden hour, 149

in overcast sunlight, 153

wide-angle lenses

with filters, 94, 95, 98–100, 103–104, 116, 118

focal lengths, 46–48

using, 55–63

wildlife photography, 48, 64, 66, 152

x
X-sync speed, 134

Z
zoom

digital vs. optical, 51

manual control, 81

zoom burst, 194–195

zoom lenses, 49–51, 54
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