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Introduction 
An understanding of the theoretical fundamentals 
is essential to becoming a great photographer. 
If it’s really going to become second nature, 
then you need to understand why things happen 
as they do.

Sure, you can take great photos without knowing 
how the camera works, but if you find yourself in 
an unfamiliar situation, knowing the theory means 
that you can take a good guess at how to deal with 
it. If you’re “playing by ear”, all you can do is stab 
in the dark and hope it will work out. Not only that, 
the creative options that become available to you 
can make your photos stand out from the crowd.

Learning by trial and error is an inefficient way to 
go about it. Learning from fundamental principles 
is more rewarding and ultimately more useful.

How to use this book
Photo Nuts and Bolts is the first in a series of 
books designed to help you get the most out of 
photography and become a better photographer. 
This book is written as a series of lessons that start 
with the most basic fundamentals of photography, 
and build on that knowledge with each chapter.

Complicated concepts are explained in a clear  
and concise manner, and at the end of each 
lesson, you are given links to resources for further 
reading, as well as being set “homework” exercises 
to put into practice what you have learned. 
Of course, these are all optional, but you will get 
the most out of the book and the lessons will stay 
with you better if you read more and do some of 
the exercises.

You may be familiar already with some of what is 
discussed, but I encourage you to read the whole 
book, in order. By doing this you will hopefully 
get a better understanding of how everything fits 
together and works to make a photo. Even experts 
benefit from brushing up on the basics from time 
to time!

This book is best viewed in Acrobat Reader 9 to 
fully appreciate the animated diagrams.

http://www.adobe.com/products/reader/
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incredible potential that was not being realised 
simply because the owner didn’t understand 
how to use their camera.
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Lesson 1: Light and the Pinhole Camera

These observations are pretty basic, and most of 
them are either obvious or should have been taught 
in the science classroom. As straightforward as 
they are, these basic points are at the heart of 
photography, and understanding them is very 
important. Throughout this book, and through your 
adventures with the camera, you will be working 
with some or all of these essential principles of light. 
If you are unclear about any of the above points, 
it would be helpful to do a little bit of independent 
research. You’ll find some good links for further 
reading at the end of this chapter, and I encourage 
you to explore further by searching the ’net.

The central point of photography is turning light 
into an image. An image is actually just an illusion. 
Anything that is a representation in light of a real 
thing is an image. So how do we turn light, which 
scatters randomly around the universe, into an 
image that we can recognise?

•	 	We	only	see	light	when	it	reflects	from	
something, or we look directly at the source. 

•	 	Light	can	be	bounced	(reflected)	or	bent	
(refracted)	and	always	does	so	in	predictable	
ways. 

•	 	Reflected	light	scatters	depending	on	the	
“smoothness” of the surface. 

•	 	White	light	is	made	up	of	all	of	the	visible	
colours. 

•	 	Different	coloured	light	has	different	energy	
levels or “wavelengths”. 

•	 	Shadows	occur	when	something	comes	
between a light source and another surface. 

•	 	Light	varies	hugely	in	brightness,	and	our	eyes	
very cleverly adapt to see clearly in a wide 
variety of brightnesses. 

•	 	Cameras	are	far	less	capable	of	“seeing”	clearly	
in as wide a variety of lighting conditions. 

About Light

Light is everywhere, even where you can’t see it. 
Without delving too deeply into the mysterious 
physics of light, there are some basics that are 
helpful to know as a photographer:

LESSON 1

Light and 
the Pinhole 
Camera

Fig 1.1.1: Light hitting a textured surface scatters in all 
directions, like water splashing from a thrown water balloon.
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The image will be dim because only a small 
amount of light can pass through the hole. If you 
make the hole bigger, the image will be brighter, 
but less sharp. Why is this? A small hole is very 
good at restricting the direction from which rays of 
light can enter the room. If the hole is bigger, then 
more light can get in, but that extra light comes 
from a bigger range of angles, and it overlaps 
nearby parts of the projected image.

The Camera Obscura    

Fig 1.1.2 – Imagine a typical outdoor scene with 
the sun shining brightly on a tree. The light from the 
sun travels in parallel rays, shown here in black. 
When they hit the tree, the light is scattered in all 
directions, shown in grey. This is known as “diffuse” 
light. Because of diffuse light you can see the pretty 
tree, as some of this scattered light hits your eyes. 

Fig 1.1.3 – Now let’s imagine we pitch a tent with 
perfect light-blocking material and a tiny hole in 
one wall. To keep it simple, a single ray hitting the 
tree will diffuse in all directions, but only a very tiny 
sliver of that light will go through the small hole. 
If you were sitting in this tent in the middle of the 
floor and you closed one eye and looked through 
the hole from there, you would only see a very tiny 
part of the tree at once. If you move to the right a 
bit, you will see the left of the tree. If you move up, 
you will see further down the tree. Your view of the 
tree is opposite to the direction of your movement.

Fig 1.1.4 – Of course there is more than one ray of 
light hitting the tree. These rays reflect diffusely in 
all directions. This is why you can see more of the 
tree by moving around inside the tent. If we were to 
set up a screen made of nice bright white material 
in the tent opposite the hole, we would actually be 
able to see an image of the tree projected onto it! 
For the reason that we saw parts of the tree in the 
opposite direction when we moved, the projected 
image of the tree appears upside down and flipped 
left to right.

The room we just made in our imagination is called 
a “camera obscura” and you can make one just as 
I have described. Instead of a tent, you could find 
a room in your house with one window, and cover 
the whole window with thick card or foil. Then 
make	a	tiny	hole	(1-5mm)	in	the	covering	and	look	
at the opposite wall. You should see a very dim, 
upside down image of the world outside.

Fig 1.1.2 Fig 1.1.3 Fig 1.1.4 

Fig 1.1.5: A camera obscura made by blocking a window. 
CC Photo: brighterorange

http://www.flickr.com/photos/brighterorange/62833715/
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The Pinhole Camera

The camera obscura is a very old idea, first built 
around 1000AD in what is now Iraq. A variation on 
the concept is the pinhole camera. This shrinks 
the room of the camera obscura into a hand-held 
box, and is the simplest possible camera. Pinhole 
cameras can easily be made of almost anything. 
All they need is a light-proof box, something to 
project the image onto, and a tiny hole. There are 
countless projects online to make your own pinhole 
camera, or make a pinhole “lens” for your DSLR. 
Due to the tiny hole used in these cameras, one 
advantage is that they have an enormous depth 
of field.

Fig 1.1.6 – A small hole through which the light 
passes restricts the possible angles of light 
reflecting from a certain part of the tree. The 
overlap of light rays on the projection is very small 
and the result is a sharp image. The trade-off is 
that the image is dim.

Fig 1.1.7 – A large hole allows a greater variety 
of angles of reflected light from a particular part 
of the tree to pass through onto the projection. 
This means that much light from neighbouring 
parts of the tree overlap each other. This results 
in lower contrast and a blurry image. The benefit, 
however, is that more light can get through and 
the projected image is brighter.

Fig 1.1.6 Fig 1.1.7

How is it relevant?
The trade-off between sharpness and 
brightness should be a familiar one to many 
photographers. The “hole” of the camera 
obscura is the aperture of a modern camera. 
When you open up the aperture you let more 
light into the camera, but the depth of field 
narrows, and more of the image drops out of 
focus. We’ll talk more about this in a future 
lesson.
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               Homework

•  Make a camera obscura 
Whether it be a tent or a room of your house, 
build and photograph a camera obscura in 
action. 

•  Visit a camera obscura  
There is a handful of publicly accessible 
camera obscuras around the world as tourist 
attractions. Visit one and take photographs. 

•  Make a pinhole camera 
There are many projects online to build 
pinhole cameras from matchboxes, sardine 
tins, or various other materials. Make one 
yourself and share photos you take with it. 

•  Make a pinhole attachment for your DSLR 
By drilling a hole in a body cap for your DSLR 
camera, putting some foil over the hole and 
making a tiny hole in the foil, you can turn any 
DSLR into a pinhole camera.

•  Project the sun 
This technique for viewing a solar eclipse can 
work all year round. Put a pinhole in a piece 
of card, and project the sun onto another 
piece of card. You will be able to see clouds 
pass in front of the sun, and maybe even 
observe sunspots.

Share your homework assignments 
to the DPS forum here.

                Resources

• Camera obscura – Wikipedia

• Pinhole photography – photo.net

• DIY pinhole for DSLR – photocritic.org

•  How to make a pinhole Polaroid camera 
– Make Magazine

•  Making a pinhole “lens” for your DSLR – 
Northlight Images

• Pinhole photography group – Flickr

               DPS Reader Comments

My Camera World says: – Source

For those of you with DSLR the camera lens cover 
makes a great device for making a pinhole camera.
Do buy a spare cover as you need to drill a tiny hole.

This hole will be too big as it is best to find metal 
coated mylar or plastic type film. Use a tiny pin and 
with paper backing make a tiny hole. Glue this on 
the back of the camera and voilà, a pinhole camera. 
Do keep in mind that the F-stop is about 264.

Therefore if a normal shot at f8 was 1/100 sec then the 
new setting will be about 8 stops more or about 2 sec. 
This is only an approximation to get you in the right 
ball park. Use the histogram to fine tune exposure.

xoxococo says: – Source  
Did the DSLR body-cap-to-pinhole modification 
during a Photo class last semester for interesting 
results. To those trying this out: Do not be discouraged 
if your pinhole is too “big” and you are getting very 
fuzzy images! You can always make a new hole, 
but the fun of the pinhole is to focus more on light, 
colour and form rather than “Kodak moments” –
although a friend of mine got a darling photo of her 
aunt and baby cousin with this technique.

For the experimenters: Light-block tape is the best 
to use, but since I didn’t have any at the time, 
I didn’t think GREEN DUCT TAPE would make a 
difference… but it definitely did, especially in the 
sun. Everything took on a green cast which I liked 
over the landscapes I’d shot. 

If you decide to leave this on your camera for a 
long period of time, put tape over the hole on the 
opposite side of the cover from the pinhole tape. 
Don’t want dust getting in. :D

http://digital-photography-school.com/forum/share-your-shots/
http://digital-photography-school.com/forum/share-your-shots/
http://en.wikipedia.org/wiki/Camera_obscura
http://photo.net/learn/pinhole/pinhole
http://photocritic.org/diy-pinhole-for-dslr/
http://blog.makezine.com/archive/2008/01/how_to_make_a_pinhole_pol.html
http://blog.makezine.com/archive/2008/01/how_to_make_a_pinhole_pol.html
http://www.northlight-images.co.uk/article_pages/Canon_1ds_pinhole.html
http://www.northlight-images.co.uk/article_pages/Canon_1ds_pinhole.html
http://www.flickr.com/groups/pinholers/
http://digital-photography-school.com/photography-101-light-and-the-pinhole-camera#ixzz0O7ZET43U
http://digital-photography-school.com/photography-101-light-and-the-pinhole-camera#ixzz0O7Z5anTf
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LESSON 2

Lenses  
and Focus

I don’t want to get into the mysterious “dual nature 
of light”, but remember that light can be seen as 
a series of waves. Line after line of these waves 
make up light, similar to waves hitting a beach.

Imagine we have a fish tank of water and a torch. 
For the sake of simplicity let’s also imagine that 
we can see the beam clearly in the air and water. 
When you shine the torch at the surface of the 
water at an angle, from the side of the tank, 
you can see that the beam has been bent  
(Fig 1.2.1). The many wavefronts of the light are 
aligned perpendicular with its direction of travel. 
When the wavefronts encounter the water, one part 
of the front hits it before the rest. The part that has 
entered the water slows down, while the rest of 
the wave is still travelling at the same speed. 
The effect of this is to bend the beam. See Fig 1.2.2.

Okay, that’s enough physics for now. Let’s talk 
optics.

Bending Light    

Last lesson we discussed how we can use a tiny 
hole to direct light so that it forms an image. 
All that a pinhole camera does is exclude all the 
light that doesn’t make an image. As we learned, 
however, the problem with that technique is that 
it results in very dim images. As photographers 
we want bright images, and although that may 
seem obvious, we’ll discuss why in detail in a later 
lesson. Fortunately, there is a better way to do it.

As we touched on briefly in Lesson 1, light is a 
form of energy that can be bent. Bending light 
is called refraction. What happens when light is 
refracted is that it actually slows down. It’s a 
common misconception that light always travels 
at the same speed. In fact, the speed of the light 
depends on the type of material that it is travelling 
through. The really useful thing about refraction is 
that it can bend the path of light.

Fig 1.2.1: 
Light shone 
into a glass 
tank of water 
bends. 
Photo source 

Fig 1.2.2: 
As light passes into 
a more refractive 
material, it slows 
and bends.

Fig 1.2.3: The transition from air to water refracts the 
image of the stems causing them to appear broken.

http://sol.sci.uop.edu/~jfalward/refraction/refraction.html
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Fig 1.2.4 – How much the light beam is bent 
depends	on	the	angle	at	which	it	hits	the	lens	(all	
other	things	being	equal).	Light	passing	through	
the very centre of the lens is unaffected, while that 
at the edge is bent the most. This is why lenses are 
curved.

Fig 1.2.5 – Different shaped lenses focus the light 
at different distances. This is the focal length of 
that lens.

A Simple Experiment    

Fig 1.2.6 – An everyday magnifying glass can 
create an image. In a darkened room, set up a 
candle, a magnifying glass and a sheet of paper 
as a screen. With the magnifying glass squared up 
with the candle and the screen, slide the glass and 
screen backwards and forwards until you bring an 
image of the candle into focus. Just as with the 
pinhole camera, the image projected by the lens is 

Lenses    

This bending of light can be very useful! Let’s say 
we wanted to concentrate all the light from a wide 
beam onto a narrow point. If we can direct each 
beam of light by bending it slightly – a little right 
for the light in the left side of the beam, a little left 
for the light in the right side of the beam – then we 
should be able to focus the light. This is exactly 
what a lens does.

There are two main factors that determine how 
much a lens bends the light. The refractive index 
of the material, which is how much it slows down 
the beam, and the angle of incidence. The angle 
of	incidence	(or	incident	angle)	is	how	far	from	
perpendicular the light beam is when it passes 
through the surface. The greater the angle, the 
more the bending. This is why wide-angle lenses, 
that need to bend the light a long way, have such 
a bulging appearance.   

upside down. Notice that the shadow of the glass 
is dark except for the candle, even though the 
magnifying glass is see-through. This is because 
all of the light that passed through the glass has 
been focused into the image.

Fig 1.2.4 Fig 1.2.5

Fig 1.2.6: Click here for larger images.

Fig 1.2.7: Candle image Fig 1.2.8: Projecting the TV.

http://www.neilcreek.com/blog/2008/03/11/projecting-light-with-a-magnifying-glass-p365-feb29/
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An object at an infinite distance is focused to an 
image at the focal point of the lens. This is also 
called the image plane. When an object is closer 
to the lens, however, the image plane shifts further 
away from the focal point. Distant objects are 
still focused close to the focal length, but as they 
become very close, the image plane moves more 
dramatically. This is the reason why extension 
tubes – which move the lens out from the camera 
– are useful with macro photography.

Not all lenses are equal
It’s not always the case that focal length 
equals lens length, as the complex optics 
in modern lenses can give a “virtual” focal 
length while keeping the actual lens size 
small. As a rule of thumb, the focal length is 
usually pretty close to the actual length of 
the light path through the lens.

Focusing    

So far, we’ve been imagining a perfect beam of 
light hitting a refractive surface. In this beam all 
the light is parallel. Parallel light passed through 
a lens will always converge on the same point. 
The distance from the surface of the lens to the 
focus point is called the focal length and is 
measured in millimetres. Most lenses are described 
by their focal length. Zoom lenses have a range 
of focal lengths, a feat which is accomplished by 
using a complex series of lenses which can be 
moved relative to each other. You can tell that a 
400mm telephoto lens will be much longer than a 
24mm wide-angle, without even looking at the lens.

In order to keep the image of a close object sharp, 
the lens must be moved relative to the screen 
(or	camera	sensor).	This	keeps	the	image	plane	
and the sensor at the same place. This process 
is called focusing. When you are focused on an 
object at a certain distance, then objects which are 
closer or more distant than that will not be in focus. 
The situation can be helped somewhat by reducing 
the size of the lens, just like we did with the pinhole 
camera, to restrict the variety of angles of light 
entering the lens. But again, we are faced with the 
loss of brightness as a result.

We’ve hinted at the main reasons to use a lens:  
to make an image brighter and to make it bigger 
(or	smaller!).	Next,	we’ll	take	what	we	have	learned	
about lenses and see how we can use that to 
understand the concepts of focal length and 
f-ratios, and how they translate into magnification 
and image brightness.

Fig 1.2.9: The closer 
an object is to a lens, 
the more the image 
plane moves, and 
so the more the lens 
must be moved to 
compensate.
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               Homework

This lesson is challenging for setting 
homework, so I’d like to encourage you to 
experiment and think of how you can apply 
what you have learned here. Here are some 
suggestions:

•  Project an image with a magnifying glass 
or a lens from your camera gear and take 
a photo of it. 

•  Find and photograph examples of light 
refracting in everyday objects. The clearer the 
example the better. For example the classic 
pencil in a glass of water, or maybe play with 
some large crystals from a jewellery box. 

•  Shoot some natural lenses. Drops of water 
can be creatively used as little magnifying 
glasses to show an inverted image of the 
scene beyond them. This would be a good 
exercise for lovers of macro photography. 

Share your homework assignments 
to the DPS forum here.

                Resources

• Lenses (optics) – Wikipedia

•  Refraction – Ch4 of Optics 
by Benjamin Crowell

• Refraction group – Flickr

               DPS Reader Comments

sime says: – Source

Right, I just burnt my hand on my darn ghetto lamp, 
but I thought I’d try to turn my 100mm macro into a 
projector – as per the homework! The results can be 
seen here.

Firemaine says: – Source

OK, here goes. Thought that I would try one of the 
assignments. First let me say that by doing this 
I learned a lot and found out just how much I did 
not know.

I used an old 50mm 1:1.8 Nikon series E lens, 
a mirror and a flashlight. The mirror reflected the 
light onto the object and through the lens onto a 
piece of paper. I also shined the flashlight directly 
onto the object. The results can be seen here.

http://digital-photography-school.com/forum/share-your-shots/
http://digital-photography-school.com/forum/share-your-shots/
http://en.wikipedia.org/wiki/Lens_(optics)
http://www.lightandmatter.com/html_books/5op/ch04/ch04.html
http://www.lightandmatter.com/html_books/5op/ch04/ch04.html
http://flickr.com/groups/refract/pool/
http://digital-photography-school.com/photography-101-lenses-and-focus#comment-24074
http://www.flickr.com/photos/visper/sets/72157604153159250/
http://www.flickr.com/photos/visper/sets/72157604153159250/
http://www.flickr.com/photos/scfd/sets/72157604161670930/
http://flickr.com/photos/scfd/sets/72157604161670930/
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LESSON 3

Lenses, 
Light and 
Magnification

The power of lenses    

The advantage that lenses gives us over pinhole 
cameras is twofold: brightness and magnification.

Last lesson we looked at the basics of the 
lens. We saw how lenses bend light by 
slowing it down, how the angle the light 
enters the lens affects how much it is bent, 
and how we can use this property to bring 
light that enters a lens into focus and create 
a bright, clear image.

This lesson we examine how lenses magnify 
images and how the lens size affects the 
brightness of the image.

Brightness and f-ratios    

We saw in lesson two, with our experiment with the 
candle and the magnifying glass (Fig 1.2.3), that all 
the light that entered the lens from the candle was 
focused into the image. If we substituted a larger 
lens with the same focal length, then more light 
would be focused, and the resulting image would 
appear brighter, but no bigger.

It seems logical that if you double the diameter of 
a lens, you’ll double the size of the image it makes, 
but as you can see in Fig 1.3.2 above, that’s not true.

Fig 1.3.2 – Doubling the diameter of the lens 
halves	the	f-ratio	(see	below)	and	collects	more	
light but does not change the size of the image, 
which	is	a	function	of	focal	length	(also	see	below).	
Doubling the diameter actually more than doubles 
the brightness of the image, as the light-collecting 
surface of the lens increases rapidly as the radius 
increases	(per	the	formula	πr2 – pi times the radius 
squared).

Fig 1.3.2

Fig1.3.1: A glass sphere acts as a lens creating an inverted 
image of the girl behind.
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f-ratio

In photography there’s a handy number used to 
describe the relationship between lens diameter 
and focal length: the “f-ratio”. Simply put, the 
f-ratio is the focal length divided by the diameter. 
In Fig 1.3.2 on the previous page we have a lens 
with	a	focal	length	of	50mm	and	a	diameter	of	
10mm.	50/10	=	5	which	gives	us	an	f-ratio	of	1/5 
or	f5.	If	the	lens	was	still	50mm	focal	length	with 
a	20mm	diameter,	it	would	be	f2.5.

The f-ratio for an SLR lens should always be 
written on the lens somewhere. Most compact 
cameras also describe the f-ratio somewhere on 
the body. The “shorter” the f-ratio, that is, the 
closer it is to 1, the brighter the image the lens will 
produce. The term “speed” is also used to describe 
a lens. The word speed in this case refers to how 
fast the lens will allow the camera to capture an 
image, given the amount of light available. If the 

lens produces a bright image, then the shutter can 
be open for a shorter time to capture enough light 
to make an image. Thus a short f-ratio lens like 
f1.8 is considered a very “fast” lens, while a longer 
lens such as an f8 or f11 is a “slow” lens.

Recalling lesson 1, we learned that a large hole 
for the light to pass through makes for a brighter 
but less sharp image. Now that we know about 
f-ratios, we can connect these two facts together 
and understand why faster lenses have a narrower 
“depth of field” – the area which is in focus. 
We’ll talk more about this in a future lesson, 
but it’s helpful to connect the dots and see how 
all these various principles fit together.

All SLR cameras allow a photographer to have 
some level of control over a lens’ speed by 
adjusting the aperture. We’ll also cover that in 
more detail in in a future lesson.

Fig 1.3.3: The f-ratio indicated 
on a 50mm f1.8 lens.

Fig 1.3.4: The f-ratio indicated 
on an 80-400mm f4.5-5.6 
zoom lens.
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and big diameter lenses. These telephotos are not 
for the casual photographer!

We’ve talked about how lenses make the image 
bigger, and that’s certainly how it appears when 
you look through the viewfinder, or at the print 
from a telephoto lens. In reality, because most 
objects are distant, and the sensor is small, the 
vast majority of lenses produce an image which 
is smaller than the object itself. There are some 
specialist lenses, however, which do make an 
image larger than the subject. For this to be 
possible, the focal length needs to be long and the 
subject close. These are, of course, macro lenses.

Macro lenses will often be described by 
their “magnification factor”. A lens with a 1:1 
magnification factor produces a projected image 
on the sensor which is the same as the subject. 
So the image of a 20mm diameter coin will span 
20mm of the physical sensor, resulting in an image 

Magnification and Field of View    

Anyone who has played with a magnifying glass 
knows that, as the name suggests, lenses magnify. 
The amount of magnification depends on the focal 
length. The “longer” the lens, the more it magnifies 
the image. Short focal lengths have the opposite 
effect, reducing the size of the image.

We learnt earlier that the f-ratio affects the image 
brightness. The two factors in the ratio are lens 
diameter	(or	more	specifically	the	entrance	pupil)	
and focal length. So far we have only talked about 
changing the lens diameter, but with greater 
magnification you increase the focal length,  
so you also increase the f-ratio. This means that 
the more you magnify the image, the dimmer it 
becomes.	Most	telephoto	(long	focal	length)	lenses	
have large f-ratios, and are therefore slow lenses.  
The exception of course are the hugely expensive, 
and very heavy, giant lenses used by sports 
photographers. These use long focal lengths,  

which will nearly fill 
the entire frame of a 
typical DSLR. A 1:1 
magnification factor 
is usually considered 
the minimum for a 
lens to be described 
as a “macro” lens. 
Specialist macro 
lenses are often 
1:3 or even 1:10 
magnification 
factors, meaning 
that 1mm across the 
subject becomes 
3mm or 10mm when 
projected onto the 
sensor, thus 3 or 10 
times magnification.

Fig 1.3.5: All other things 
being equal, as the focal 
length of the lens increases, 
the relative size of the image 
also increases.

Fig 1.3.6: A macro zoom lens  
showing magnification factors  
on the barrel.
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The size of the sensor also contributes to the field 
of view of a particular lens. In Fig 1.3.7 a particular 
sensor is shown at different focal lengths. 
Obviously if the sensor is smaller, it can see less 
of the image presented by the lens, thus the field 

Field of View    

The final variable in this initially confusing balancing 
act of optics is the field of view. This refers to how 
much of the world the camera can see. A lens’ field 
of view depends on the focal length of the lens and 
the size of whatever the image is projected onto. In 
the case of digital cameras this is the sensor chip.

Fig 1.3.7 – makes it obvious that at the wide-angle 
end, a slight difference in focal length translates to 
a large difference in field of view. The difference in 
field of view between a 10mm and 20mm lens is far 
greater than the difference between 210mm and 
220mm. Some lenses can have exceptionally short 
focal lengths and wide fields of view, such as 12 or 
8mm. These are fisheye lenses, so-called because 
the front of the lens bulges so much it looks like 
a fish’s eye. These lenses can have a 180 degree 
field of view, or even greater.

of view is reduced and the apparent magnification 
of the image produced is increased. This is the 
case for “cropped sensor” DSLRs, and compact 
cameras.

The	“standard”	frame	size	is	35mm,	the	size	of	a	
single picture on a roll of film. Cameras with this 
sized sensor are known as “full frame” cameras. 
Large and medium format film cameras exist with 
much	larger	film	sizes,	such	as	150mm	x	100mm.	
Less expensive, or earlier model DSLRs use 
sensors	smaller	than	a	35mm	film	frame,	and	are	
referred to as cropped sensors. A typical cropped 
sensor may be described as a 1.6x, meaning that 
the apparent focal length of a particular lens is 1.6 
times longer. Compact cameras use the smallest 
frame sizes of all, and as such require very short 
focal length lenses to get wide angle views.

Fig 1.3.7: As the focal 
length increases,  
the field of view narrows 
and the image enlarges.

Fig 1.3.9: 
The comparative 
differences in frame 
size from compact 
cameras through 
film and DSLR to 
medium format.

Fig 1.3.8: An example photo taken with an 8mm fisheye on a 
1.6x cropped sensor. 

Medium Format

35mm & DSLR

Compact
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               Homework

•  Shoot your entire focal range. Find an 
appropriate	subject	(e.g.	an	urban	street	
or	distant	tree)	and	take	a	series	of	photos	
starting at your widest angle and zooming in 
at say 20mm intervals to your longest zoom. 

•  Exploit magnification and field of view 
artistically. Take a photo at each extreme of 
your camera’s focal length range, carefully 
selecting the subject to take advantage of the 
magnification and field of view. 

•  Get up close and personal. This is ideal for 
users of compact cameras, which due to the 
optics of a small camera system are capable 
of focusing very close. Experiment with macro 
photography and take photos of the world of 
the very small. Use macro mode if you have it 
(usually	identified	with	a	tulip	symbol).	DSLR	
users with macro gear may also participate. 

•  If all this is new to you, find an online camera 
store	(for	example	the	Canon	or	Nikon	sites)	
and browse the lens catalogue. Pay close 
attention to the lens specifications we have 
discussed, and see how the shape and form 
of the lens matches up with these numbers. 
Look at how long telephoto lenses are, how 
wide fast lenses are, and how much ultra  
wide angle lenses bulge out the front.

Share your homework assignments 
to the DPS forum here.           

               Resources

• Canon lenses – Canon

• Nikon lenses – Nikon USA

• Sigma lenses – Sigma

• Tamron lenses – Tamron

• Angle of view – Wikipedia

•  Interactive focal length comparison 
– Canon

• Field of view calculator

               DPS Reader Comments

NormMonkey says: – Source

For simple 1-element lenses the focal-length to 
diameter ratio applies, but not so for the complex 
lenses we have on our cameras.

The f-ratio is the ratio of focal length to entrance 
pupil. For a 1-element lens, the entrance pupil *is* 
the diameter of the lens. For a complex lens system, 
elements within the lens restrict the entrance pupil. 
http://en.wikipedia.org/wiki/F-number

I point this out in case anybody decides to look 
at their 14mm lens with its 50mm diameter front 
element, and then gets confused when they find a 
maximum F-number of f/0.28 – as I did when I first 
explored F-ratios.

Instead, with a 14mm lens whose wide open f/
number is f/2.8, somewhere inside the lens there’s 
an entrance pupil of 5mm.

http://digital-photography-school.com/forum/share-your-shots/
http://digital-photography-school.com/forum/share-your-shots/
http://www.usa.canon.com/consumer/controller?act=ProductCatIndexAct&fcategoryid=111
http://www.nikonusa.com/Find-Your-Nikon/Camera-Lenses/index.page?
http://www.sigmaphoto.com/lenses/lenses_all.asp
http://www.tamron.com/lenses/default.asp
http://en.wikipedia.org/wiki/Angle_of_view
http://www.usa.canon.com/app/html/EFLenses101/focal_length.html
http://www.usa.canon.com/app/html/EFLenses101/focal_length.html
http://www.howardedin.com/articles/fov.html
http://digital-photography-school.com/photography-101-light-and-the-pinhole-camera#ixzz0O7ZET43U
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Exposure 
and Stops

What is “exposure”?    

In the simplest terms, exposure: “is the total 
amount of light allowed to fall on the photographic 
medium during the process of taking a 
photograph”. Source: Wikipedia.

Whether it is a digital sensor chip or grains of 
chemically dosed silver on a film, it is the same 
thing. The greater the amount of light that falls 
onto a particular region of the photographic 
medium, the brighter that part of the recorded 
image will be when reproduced, whether on 
screen, print or slide.

The variation of brightness in the real world is 
absolutely huge, much more than you might think 
from your subjective experience of it. A subject 
lit by the midday sun on a beach looks over four 
thousand times brighter to your camera than the 
same subject lit by the quarter moon! 
fredparker.com

So far we have covered the basics of 
turning light into an image, starting with 
the concept of the pinhole camera, then 
introducing lenses and how they focus 
light, and last time about how the qualities 
of the lens affect the size and brightness 
of the projected image. So far this has all 
been pretty theoretical, but it’s important 
groundwork to helping you internalise how 
the camera works. When you know these 
basics, you can get to the solutions of 
photographic problems that much faster.

This lesson we’re finally going to start getting 
a bit more practical. You will learn about the 
brightness of light, and how it is controlled. 
Of all the fundamentals of photography, 
this is probably the most important to 
understand, and can be the most intimidating 
because of the terminology used. But fear 
not! The mysteries of exposure and stops 
are about to be revealed!

Brightness is measured in “Exposure Value” or EV. 

You might recognise this acronym from your 
camera’s settings or manual. An EV of 0 is defined 
as an image exposed for 1 second at f1. Steps of 
one up or down from zero are a change in the light 
by a factor of two. So an EV of 1 is twice as bright,  
+3 EV is eight times as bright, and -2 EV is one 
quarter as bright.

http://en.wikipedia.org/wiki/Exposure_%28photography%29
http://www.fredparker.com/ultexp1.htm#Light%20Intensity%20Chart
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(more	below).	One	of	the	most	important	and	
useful things you can learn as a photographer is 
to get an intuitive feel for light levels.

I’m not suggesting that you should be able to 
walk onto a location and immediately be able 
to assess the EV of the light and determine the 
correct	exposure	settings	(although	some	very	

The “Stop”    

A step up (doubling) or down (halving) by one 
EV is called a “stop”.

If you only come away from this lesson having 
learned one thing, it is this. Photographers talk 
about light and exposure settings in terms of stops. 
In photography a stop can refer to different settings 
in any of the three points of the exposure triangle 

Fig 1.4.1: From a base exposure, the exposure is increased and decreased in one stop steps to +/- 4 stops.

+4EV
+4 stops

+1EV
+1 stop

+3EV
+3 stops

Base 
Exposure

+2EV
+2 stops

-1EV
-1 stop

-2EV
-2 stops

-3EV
-3 stops

-4EV
-4 stops

Fig 1.4.2: 5EV Candlelight Fig 1.4.3: 11EV Overcast Fig 1.4.4: 16EV Sunlit beach

experienced	photographers	can	do	just	that!)	–	
that’s what your exposure meter is for. However, 
if you can learn to look at a photo you have taken 
on the back of your camera, and see that the 
exposure	needs	to	be	increased	by	say	2/3	of	a	
stop, then you will become a much more efficient 
and successful photographer.
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Each of these points will be the subject of future 
lessons. For now, you need to know that they are 
there, and that they all work together to control the 
exposure. At the centre of the exposure triangle is 
your camera’s light meter. It is by reading this that 
you determine how to set each of the three points. 
We’ll cover that in a future lesson as well.

Trade-offs    

Each method of controlling exposure does so in 
a different way, and as such, has a different effect 
on the character of the resulting photo. Increasing 
the shutter speed reduces the light, and freezes 
motion. Decreasing it allows more light in, but  
blurs movement occurring while the shutter is 
open. Closing the aperture decreases the light,  
but increases the depth of field, meaning sharp 
focus over more of the image. Opening the 

Controlling Exposure    

To accommodate the huge variety of brightness 
levels we see in the real world, we need to be able 
to control how much light gets to the camera’s 
sensor. We do this by adjusting one or more of 
the three points of the “exposure triangle”. These 
three points are ISO, Shutter and Aperture.

The aperture is an adjustable iris or opening 
that can be made wider to let in more light, or 
narrower to let in less. The shutter is the “gate” 
that allows light onto the sensor, and it can be left 
open for different lengths of time, to let the sensor 
collect more or less light. Finally, the ISO once 
referred to the sensitivity to light of the film in the 
camera. In digital cameras it refers to the “gain”, 
or amplification of the information collected by 
the sensor. In film days, changing ISO meant 
changing films. Today the ISO can be easily 
adjusted with a dial.

aperture lets in more light, but decreases the 
depth of field, meaning a narrower window of 
sharp focus. Increasing the ISO amplifies the light 
collected, but also amplifies the random noise in 
the chip, which can become visible in photos at 
higher settings.

It’s important to note that all of these effects can 
be used for creative purposes in photography. 
Having a narrower depth of field, for example,  
can be an artistic effect in a portrait, a slower 
shutter speed can convey a feeling of movement. 
Taking a good photo is the result of the conscious 
choice of the three points on the exposure triangle 
in order to get a well-exposed image which has  
a character pleasing to the photographer.  
Adjusting the settings is a balancing act that 
affords huge creative options to the photographer.

Fig 1.4.5: 
The exposure triangle.
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               Homework

•  Put your camera into manual mode, and find 
the controls to adjust each of the three exposure 
triangle points: ISO, Shutter and Aperture. 

•  Set your camera to full auto, find various 
scenes, and “half press” the shutter and 
see what exposure settings it recommends. 
Go to manual, make the settings and take 
the photo. Repeat until you feel comfortable 
adjusting the manual settings. 

•  Using the technique above, see what the 
camera recommends for various scenes, 
then adjust the photo up or down one stop of 
exposure with each of the exposure controls. 
Note the difference in the appearance. 

•  For those already familiar with manual 
control, find difficult, high contrast scenes 
(e.g. a wall with a window outside). Shoot the 
scene on auto, then looking at the result, 
try to guess how much you need to adjust 
the exposure manually to see detail in the 
over or under exposed areas. Practise to see 
how close you can get just by estimating. 

•  Apply these lessons artistically. Experiment 
with deliberately over or under exposing 
photos (high and low-key photos) or tweaking 
the auto exposed settings to emphasise 
otherwise under or over exposed areas. 

Share your homework assignments 
to the DPS forum here.

               Resources

• Exposure (photography) – Wikipedia

•  The Ultimate Exposure Computer – 
fredparker.com

•  Master the Manual Mode –
PhotoAficionado.com

•  Bright Ideas For Shooting in Midday Sun – 
Digital Photography School

•  BOOK – Understanding Exposure – 
Bryan Peterson

               DPS Reader Comments

kristarella says: – Source

So… 0EV = f1@1sec, xEV = 2^x amount of light on 
the sensor. This would mean that it’s entirely relative 
to the situation you’re in, the brightness associated 
with 0EV will change every time you change times or 
locations or weather conditions… this doesn’t make 
a whole lot of sense to me…

ANSWER: There is a defined international standard 
for the amount of light detected by the exposure 
meter to register an EV of zero. This standard 
amount of light is what would appear to make a 
correctly exposed photo at f1.0, ISO100, for 1 sec, 
which is admittedly an arbitrary judgment, but has 
been defined as a standard.

xportebois says: – Source

I want to underline that there is another “problem” 
than depth of field when you play with the aperture: 
if you use your lens full open, it may result in a little 
blurred photograph (like in macro photo). So when 
playing with the three parameters, if it’s commonly 
known to be careful with too high ISO (noise) or too 
slow shutter speed (motion blur), be also aware to stay 
something like 2 stops above the maximum aperture.

ANSWER: I believe what you are describing there 
is stopping down the lens to prevent the light from 
travelling through the edges of the lens, which is 
where (typically on lower quality lenses) the optical 
quality of the glass is not as good. It is true that 
most lenses are less sharp at their widest aperture 
settings, it’s certainly not universal, and it isn’t 
essential to close the aperture by as much as two 
stops all the time. Sometimes, to get the shutter 
speed to an acceptable level, you have to open the 
lens to its widest or risk not getting the photo at all.

http://digital-photography-school.com/forum/share-your-shots/
http://digital-photography-school.com/forum/share-your-shots/
http://en.wikipedia.org/wiki/Exposure_(photography)
http://www.fredparker.com/ultexp1.htm
http://www.fredparker.com/ultexp1.htm
http://www.photoaficionado.com/situationroom/exposure.html
http://www.photoaficionado.com/situationroom/exposure.html
http://digital-photography-school.com/blog/bright-ideas-for-shooting-in-midday-sun/
http://digital-photography-school.com/blog/bright-ideas-for-shooting-in-midday-sun/
http://www.amazon.com/gp/redirect.html?ie=UTF8&location=http%3A%2F%2Fwww.amazon.com%2FUnderstanding-Exposure-Photographs-Digital-Updated%2Fdp%2F0817463003%3Fie%3DUTF8%26s%3Dbooks%26qid%3D1212504183%26sr%3D8-1&tag=neilcreephot-20&linkCode=ur2&camp=1789&creative=9325
http://www.amazon.com/gp/redirect.html?ie=UTF8&location=http%3A%2F%2Fwww.amazon.com%2FUnderstanding-Exposure-Photographs-Digital-Updated%2Fdp%2F0817463003%3Fie%3DUTF8%26s%3Dbooks%26qid%3D1212504183%26sr%3D8-1&tag=neilcreephot-20&linkCode=ur2&camp=1789&creative=9325
http://digital-photography-school.com/photography-1014-exposure-and-stops#comment-30296
http://digital-photography-school.com/photography-1014-exposure-and-stops#comment-30235
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Aperture    

The word aperture simply means “an opening” 
(reference.com). In the case of photography, the 
aperture is created by an adjustable iris that can 
be opened or closed to control how much light 
enters the camera. This iris is made of a series of 
thin metal blades that move together to create a 
roughly circular opening of variable size. In most 
DSLR cameras, the iris is built into the lens itself. 
It is the opening in this iris that is actually the 
aperture.

When adjusting the size of the aperture, we 
describe “opening” the aperture up and “stopping” 
it down. That simply refers to making the hole 
wider or narrower. A photographer may say they 
are “shooting wide”, meaning they have opened 
the aperture a lot, or they may say they are 
“stopped way down”, meaning the aperture has 
been closed a lot.

In previous lessons we have talked about 
the basic theory of how a camera works, 
including some basic optics, and introduced 
the idea of exposure and how we control it 
with the exposure triangle. In this lesson we 
will be drawing upon what we have learned 
to understand the first point on the exposure 
triangle – aperture – and how it works to 
create your photo.

f-ratio revisited    

In Lesson 3, we discussed the f-ratio, and 
described that as the focal length of the lens 
divided by its diameter. This is the focal ratio. 
For a single lens, the f-ratio is always the same. 
However, with our adjustable aperture, we can  
do a very neat trick. The aperture acts on the lens 
as if it is cutting away the part of the lens which 
is covered. So as we stop down the aperture, we 
effectively make the lens smaller, and thus change 
the f-ratio of the lens. As such, the size of the 
aperture is described by the f-ratio that it creates. 
A wide aperture may be f2.8, a narrow aperture 
may be f22.

As we discussed in Lesson 3, we measure the 
change in exposure with stops – a doubling or 
halving of the light, and fractions of stops. As such, 
the same measure applies to aperture. To double 
the light getting through a lens, we need to double 
the area of that lens which is uncovered. The area 

Fig 1.5.1: The iris 
opens and closes to 
change the aperture.

http://dictionary.reference.com/browse/aperture
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Recalling what we learned back in Lesson 1, 
the larger the hole that the light passes through 
a pinhole camera the blurrier the image will be. 
When a lens is added to the camera, the image  
can be brought into focus, no matter the size of 
the hole; however, objects just either side of the 
focus point will be affected. If the hole, or aperture, 
is large, only objects very close to the focus point 
will be in focus. If the aperture is small, then the 
depth of the focus field is much wider, and more 
remote objects will be in focus.

Depth of Field can be pretty complex when you 
look	deeply	into	it	(such	as:	hyperfocal distance, 
airy discs and diffraction),	but	for	an	introductory	
course, the most important thing to remember is 
that	a	wide	aperture	(low	value)	means	a	shallow	
depth of field with less in focus and a narrow 
aperture	(large	value)	means	a	broad	depth	of	field	
with more in focus. We may return to discuss the 
more complicated issues in a future course.

of	a	circle	is	determined	by	the	formula	πr2,  
so a doubling of the area increases the diameter 
by approximately 1.41. From this figure we get 
the sequence of f-ratios:

The f-ratio sequence in stops. 
1 - 1.4 - 2 - 2.8 - 4 - 5.6 - 8 - 11 - 16 - 22 - 32

Depth of Field    

If we look again at the exposure triangle diagram 
in Lesson 4, you’ll see that the aperture influences 
the depth of field. The depth of field is the region 
of the photo which is in focus when the image 
is captured. It is a range of distance from the 
camera where objects look to be in focus. 
Aperture influences the depth of field by widening 
or narrowing this range, thus bringing more or 
less of the photo into focus, based on its distance 
from the camera.

Fig 1.5.2: A narrower aperture has a much greater depth 
of field.

f/5.6 f/22

http://en.wikipedia.org/wiki/Hyperfocal_distance
http://en.wikipedia.org/wiki/Airy_disc
http://www.cambridgeincolour.com/tutorials/diffraction-photography.htm
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A wide aperture of f2 separates the subject 
from the background, and turns highlights 
behind into attractive circles of light.

Camera:	 Canon	5D	MkII
Shutter:	 1/40th
Aperture: f2.0
ISO: 800

A narrow depth of field at f2.2 focuses 
attention on the girl’s eyes. 

Camera:	 Canon	5D	MkII 
Shutter:	 1/400th 
Aperture: f2.2 
ISO: 100

A relatively small aperture of f13 allows the 
DOF to cover the whole scene. 

Camera:	 Canon	5D	MkII 
Shutter:	 1/200th 
Aperture: f13 
ISO: 100

A very small aperture of f25 ensures that 
focus is preserved all the way down the alley. 

Camera:	 Canon	5D	MkII 
Shutter:	 1/30th 
Aperture:	 f25 
ISO: 800

Examples    
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               Homework

•  Find a scene with interesting stuff at many 
distances from you. Photograph the scene 
with	different	apertures	(keeping	the	photo	
exposed correctly by changing shutter 
speed),	and	see	the	difference	in	the	depth 
of field. 

•  Find a small subject that stands against a 
background a few metres away, like a flower. 
Try adjusting the aperture to isolate the 
subject from the background with depth 
of field. 

•  Find a view. Try to photograph a vista with 
something in the foreground, such as a rock 
at a lookout. Try and adjust the aperture to 
keep the whole photo in focus.

Share your homework assignments 
to the DPS forum here.            

               Resources

• Aperture – Wikipedia

•  Understanding Depth of Field – 
Cambridge in Colour

•  Depth of Field Calculator – 
DOFmaster

•  Introduction to Aperture – 
Digital Photography School

• DoF group – Flickr

               DPS Reader Comments

Aimee says: – Source

This is great, loved the examples! What’s the best 
aperture to get a scene like the lower ones... how 
much difference does f8 compared to f22 make?

ANSWER: In very much the same way that the field 
of view changes more dramatically at shorter focal 
lengths	(discussed	in	lesson	3),	so	does	the	depth	
of field change more dramatically towards the wider 
aperture settings. You will see a smaller difference in 
depth of field when going from f11 to f22 than from 
f2.8 to f2. There is no “best” aperture, only the one 
which makes the best creative compromise in your 
opinion.

Richard Schulz says: – Source

OK, I’ve known about aperture and depth of field 
since I was fifteen but what were those other things 
you mentioned? Hyperwhat? I have found that by 
doing these tutorials it keeps me going back to 
basics and not taking my shooting for granted. 
It makes me think. Thank you.

ANSWER: For further reading on the other topics 
I mentioned, I suggest the following:

Hyperfocal Distance: Hyperfocal Distance guide at 
DOFMaster

Airy Discs & Diffraction: Diffraction & Photography 
at Cambridge in Colour

http://digital-photography-school.com/forum/share-your-shots/
http://digital-photography-school.com/forum/share-your-shots/
http://en.wikipedia.org/wiki/Aperture
http://www.cambridgeincolour.com/tutorials/depth-of-field.htm
http://www.cambridgeincolour.com/tutorials/depth-of-field.htm
http://www.dofmaster.com/dofjs.html
http://www.dofmaster.com/dofjs.html
http://digital-photography-school.com/aperture
http://digital-photography-school.com/aperture
http://flickr.com/groups/dof/
http://digital-photography-school.com/aperture-101#comment-42921
http://digital-photography-school.com/aperture-101#comment-42932
http://www.dofmaster.com/hyperfocal.html
http://www.cambridgeincolour.com/tutorials/diffraction-photography.htm
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The Shutter    

The shutter’s function in the camera is simply to 
block light from getting into the camera, unless 
a photo is being taken, and then to allow light in 
only for as long as needed to achieve a correct 
exposure. The name shutter is a little misleading, 
however. Rather than being a door that opens, and 
then closes at the end of the exposure, it is more 
like a gate, with a pair of doors that slide together 
across the sensor. This arrangement allows 
for much shorter shutter speeds than could be 
achieved by moving a single door. The animation 
above explains this more clearly:

For the sake of clarity, Fig 1.6.1 excludes the 
mirror and all other camera mechanics, only 
showing the sensor, shutter and some representative 
surrounds to give a context for the illustration.

When you press the shutter release on the camera, 
a complex sequence of events occurs, including 
setting the aperture in the lens, flipping up the mirror 

In previous lessons we have talked about 
the basic theory of how a camera works, 
including some basic optics, and introduced 
the idea of exposure and how we control it 
with the exposure triangle. In this lesson 
we will be drawing upon what we have 
learned to understand the second point on 
the exposure triangle – shutter – and how 
it works to create your photo.

of an SLR and a lot more. We’ll just look at the 
shutter, however. So referring to the animation above:

1.  The rear of the two shutter “curtains” as they 
are called opens behind the front curtain and 
stays up out of the way. At this stage no light 
has entered the camera, as the front curtain 
is still closed. 

2.  The front curtain drops away, revealing the 
sensor behind, and allows the light to enter the 
camera, beginning the exposure. 

3.  After a period determined by the set shutter 
speed, the rear curtain now drops to close the 
camera to light and end the exposure. 

4.  To prepare for the next exposure, the front 
curtain returns to its normal closed position. 

There is an outstanding interactive movie of the inside 
of a Nikon D3 showing the complete process in 
incredible detail. I highly recommend taking a look.

Fig 1.6.1: Shutter 
Firing Sequence.

http://regex.info/blog/2008-09-04/925
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The shutter’s effect on your photos    

It may seem like your camera is capturing an 
instant in time, but in reality, it’s capturing a 
duration of time equal to your shutter speed. 
This is especially noticeable with long exposures. 
Anything in the image that is moving while the 
shutter is open will appear blurred. This also 
includes the camera itself. Accidental movement 
of the camera during an exposure is called 
camera shake and has the effect of smearing the 
image in the direction of movement. This can be 
done deliberately for artistic effect, but in most 
circumstances you’ll want to avoid this.

A good rule of thumb to minimise camera shake 
is to set the shutter speed at a minimum of one 
second divided by your focal length. So for 
example,	if	you	are	using	a	50mm	lens,	then	to	
minimise camera shake, you should shoot at 
1/50th	sec	at	least.	If	you	are	shooting	at	200mm,	
then	set	the	shutter	to	1/200th	sec.	

Fast shutter speeds    

When the shutter has been set for a very short 
exposure	period,	such	as	1/200th	sec	or	faster, 
the twin curtain system comes into its own.  
A single “door” shutter wouldn’t be able to open 
and close this fast. For such short exposures, 
the rear curtain starts to fall, covering up the 
sensor before the front curtain is even fully open. 
The result is a moving open slit passing in front 
of the sensor. See the animation above.

This	method	of	exposing	the	sensor	(or	film)	is	
important when shooting with flash, but the topic 
of flash sync speed is best covered in another 
book. In the very early days of photography, 
when films had poor sensitivity to light, the rolling 
gap effect of this kind of shutter led to problems 
with moving subjects, but today there is no 
disadvantage at all. Most high end DSLRs can 
achieve incredibly short shutter speeds, such as 
1/8000th	sec	with	this	shutter	design.

The reason for this is that as we know, longer focal 
length lenses magnify the image, but they also 
magnify the camera shake.

Some examples of how choosing your shutter 
speed can affect your photos:

•	 	Choose	a	high	shutter	speed	to	freeze	motion 
or action, for example in sport photography. 

•	 	Create	the	appearance	of	motion	in	your	
photo by choosing slower shutter speed and 
deliberately controlling camera or subject 
movement during the shot. 

•	 	A	longer	exposure	on	a	tripod	can	make	moving	
water fluffy and white. 

•	 	Very	long	exposures	on	a	tripod	at	night	can	
capture very dim scenes, and even stars in the 
night sky fainter than you can see.

Fig 1.6.2: The appearance of 
the shutter at various speeds.
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Examples    

Fast shutter speed freezes movement for a 
crisp image. 

Camera:	 Canon	350D
Shutter:	 1/640th
Aperture: f9
ISO: 200

Exposure of 30 seconds or more can capture 
striking night sky images. 

Camera:	 Canon	5D	MkII 
Shutter: 30 sec x 10 stacked 
Aperture:	 f5.6 
ISO: 6400

A slow shutter speed with the camera on 
a tripod turns river rapids misty white. 

Camera:	 Canon	350D 
Shutter: 1.6 sec 
Aperture: f22 
ISO: 100

Panning with the subject during a long 
exposure blurs the background and gives 
the impression of motion

Camera:	 Canon	5D	MkII 
Shutter:	 1/20th 
Aperture: f6.3 
ISO: 100
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               Homework

•  Find a fast-moving subject – a water fountain 
is ideal. Photograph it at different shutter 
speeds,	from	slow	to	fast	(adjust	your	
aperture	to	maintain	correct	exposure),	and	
see what effect it has on the photo. 

•  Set your camera to a variety of slow shutter 
speeds	–	for	example	between	1/15	sec	to	
1/2sec	–	and	experiment	with	moving	the	
camera during the exposure in different ways. 
Exploit this creatively. 

•  Find a moving subject and shoot them at the 
same slow shutter speeds. Pan the camera 
to keep the subject sharp, and see how the 
background blur changes at each setting. 

•  At night, grab a tripod and experiment with 
longer exposures, from one to 30 seconds. 
Try this with moving subjects such as people 
at a busy street intersection. 

•  Shoot the stars! Take your camera and a 
tripod away from the city. A moonless night 
is best. Use the self-timer or a remote shutter 
release to minimise camera shake. Set the 
shutter to 30 sec and shoot the stars. Focus 
can be a challenge, so try auto focusing on a 
bright star, or use live view zoom to focus if 
you have it. Here’s some of my astrophotos.

Share your homework assignments 
to the DPS forum here.

               Resources

•  Aperture and Shutter Priority Modes – 
Digital Photography School 

•  Nikon D3 Shutter Release in Super Slow 
Motion – At Jeffrey Friedl’s Blog 

•  Camera Works: shutters, flashes, and sync 
speed – penmachine.com

• Focal plane shutter – Camerapedia

               DPS Reader Comments

John says: – Source

How closely/accurately do you have to be focused 
on your subject when you pan? 
For example, when I want to take pictures of a 
bicyclist going about 25-30 km/h in daylight?

ANSWER: Focus during a slow shutter pan is just as 
important as with any other photo, it’s no different 
here. So use the focus techniques you’d use in other 
sports photography, such as prefocus. The difference 
with the slow shutter is that you’re trying to keep the 
subject in the same place on the sensor. For most 
shots	like	this,	a	moderate	shutter	speed,	like	1/15	sec	
for example, will be enough to blur the background, 
and should make it fairly easy to track the subject. 
Experiment with different speeds, and get lots of 
practice, and you’ll soon get the results you’re after.

dcclark says: – Source

The curtain illustration also gives a good 
understanding of “Front Curtain” flash vs “Rear 
Curtain” flash — the flash goes off at different times 
depending on which mode you select. “Front” 
means the flash lights things up just as the sensor is 
exposed, while “Rear” means the flash lights things 
up at the very end of the exposure.

George Kravis says: – Source

The original focal plane shutters traversed the film 
plane in a horizontal direction. This worked well when 
flash bulbs were used but limited synch speed for 
electronic flash to only 1/60th sec. That was until the 
introduction of the “Copal” shutter, that changed the 
direction of the curtain travel to vertical, as you’ve 
shown in your illustrations. As a result of this shorter 
travel, flash synch speeds could be increased to as 
much as 1/250th sec in digital SLR’s.

http://www.neilcreek.com/blog/2009/03/03/chasing-a-comet-finding-much-more/
http://digital-photography-school.com/forum/share-your-shots/
http://digital-photography-school.com/forum/share-your-shots/
http://digital-photography-school.com/aperture-and-shutter-priority-modes
http://digital-photography-school.com/aperture-and-shutter-priority-modes
http://regex.info/blog/2008-09-04/925
http://regex.info/blog/2008-09-04/925
http://www.penmachine.com/2008/09/camera-works-shutters-flashes-and-sync
http://www.penmachine.com/2008/09/camera-works-shutters-flashes-and-sync
http://www.camerapedia.org/wiki/Focal_plane_shutter
http://digital-photography-school.com/photography-1016-shutter#comment-44339
http://digital-photography-school.com/photography-1016-shutter#comment-44324
http://digital-photography-school.com/photography-1016-shutter#comment-44369
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The Sensor Chip    

The sensor inside your digital camera actually works 
on the same principle as a solar cell. When light 
hits the chip, a tiny electric current is generated: the 
brighter the light, the stronger the current. Instead of 
there being one giant solar panel generating lots of 
electricity, there are millions of extremely tiny solar 
cells collecting very small and precisely measured 
amounts of light. These photosites will eventually 
create the pixels in the image you capture.

It should be noted that a photosite is not the 
same as a pixel. Several photosites will add their 
captured light, which is filtered and processed 
and eventually combined to make a pixel. That’s 
a complex topic for discussion in another book.

All of this carefully measured electrical current, 
which reflects light intensity, is measured and 
stored by the camera’s circuitry. This data is called 
the signal. The signal, however, must compete 
with the noise inherent in all electrical equipment.

In previous lessons we have talked about the 
basic theory of how a camera works, including 
some basic optics, and introduced the idea 
of exposure and how we control it with the 
exposure triangle. In this lesson we will be 
drawing upon what we have learned to 
understand the third point on the exposure 
triangle – ISO – and how it works to create 
your photo.

ISO is probably the most mysterious and 
complicated aspect of modern photography. 
ISO simply stands for International Organisation 
for Standardisation, and refers to – in simplest 
terms – the sensitivity of the camera’s sensor. 
Confusingly, there are several different 
standards, some which measure different 
things, and only a few completely agree with 
each other. To understand how to use ISO in 
your photography, you don’t need to know 
anything about that. You should understand 
how the camera’s sensor chip works, however.

Signal vs Noise    

An unavoidable fact of electronics is noise. 
While the sensor is measuring the tiny electronic 
currents generated by the light, there is also a tiny 
electric current that comes from other places. 
This unwanted current is called noise, and it mostly 
comes from the ambient heat of the sensor.  
The difference between the value of the signal and 
the value of the noise is called the Signal to Noise 
Ratio. When the ratio becomes smaller, the noise 
is more apparent, and the signal may get lost in it.

There are two ways that the signal to noise ratio 
can become low: by a drop in the signal, or an 
increase in the noise. In modern cameras, the 
noise is mostly a constant value, so we only need 
to worry when the signal drops – that is, when 
we’re photographing a dark subject. The graph 
above may help to visualise the situation.

Fig 1.7.0: A typical 
digital camera sensor 
and mount.

Fig 1.7.1: Noise 
is at a constant 
background level 
to the signal.

http://en.wikipedia.org/wiki/International_Organization_for_Standardization
http://en.wikipedia.org/wiki/International_Organization_for_Standardization
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You have now increased the noise value – which at 
100ISO would be invisible – sixteen times, resulting 
in a noisy, grainy mess.

Shooting at high ISO settings is one of the most 
challenging technical issues in photography. Noise 
can look ugly and obscure detail in your photos, 
but sometimes the light is so poor that you have  
to accept the noise or get no photo at all.  
The newest breed of cameras are able to get 
incredibly high signal to noise ratios, and let 
photographers get clearer images than ever before 
in very dark conditions. Compact cameras, with 
their tiny sensors, are always going to perform 
relatively poorly at high ISO.

Much can also be done about noise in your photos 
in the processing stage, but that’s a topic for a 
future book. As always, one should strive to do 
the best one can in the camera, before resorting 
to post-processing to fix problems.

The ISO’s effect on your photos    

Sometimes we aren’t fortunate enough to be 
shooting with enough light to be able to ignore the 
noise. When we need to keep a fast shutter speed, 
or there’s not enough light even with the aperture 
wide open, we can increase the ISO setting on the 
camera. When we do so, we are increasing the 
signal gain. Essentially this is like turning up the 
volume. All of the values of the measured current 
(whether	from	light	or	noise)	are	increased.	 
Each doubling of the ISO value is a doubling of  
the gain: a doubling of the measured current in  
the chip.

Doubling the light in your photo is a pretty easy 
way to make an otherwise under exposed photo 
bright enough, but it comes at a cost: you lower 
the signal to noise ratio, and the noise becomes 
more apparent. Imagine you’re in a candle-lit  
room, and to take your photo you have to set  
your camera to ISO1600 to get a correct exposure. 

This is all too confusing!    

I warned you! ISO and noise are difficult concepts, 
but the good news is that there’s a simple take-
away lesson from all this:

Noise is ugly
Avoid noise by shooting at low ISO settings. 
Only increase your ISO if there is no 
other way to get enough light for a good 
exposure.

If you’re tempted to say that you like the look 
of grain in your photos for effect, I would 
argue that applying grain as a post effect is 
a much better way to do it. You have more 
control over the result, and if you decide 
that the photo looks better without grain, 
then you can always reverse the filter effect. 
This is the same argument I use for never 
shooting black and white in your camera.

Fig 1.7.2: As the ISO  
setting increases so  
does the noise, until it  
overwhelms the signal.
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Examples    

Fortunately most DSLRs are very good at handling 
noise	at	low	ISO	settings	(100-400)	so	you	don’t	
need to worry about them too much. When you 
start	to	get	into	the	medium	(800-1600)	to	high	
(1600+)	ISO	settings,	noise	does	begin	to	become	
obnoxious. If the alternative is missing a great shot 
though, don’t be afraid to crank up the ISO.

The forward march of technology is very exciting, 
as new technologies and techniques ever improve 
the sensitivity of camera sensors. Even though ISO 
is a bear the photographer must wrestle, it’s getting 
friendlier and cuddlier every year.

High ISO was required 
to balance low ambient 
light with flash, to fill in 
shadows.

Camera:			 Canon	EOS	5D	MkII
Shutter:		 1/100	sec
Aperture:		 f/6.3
ISO:  3200

In order to get a bright 
photo of the stars 
without trailing, high  
ISO was necessary.

Camera:			 Canon	350D
Shutter:  30 sec
Aperture:		 f/3.5
ISO:  1600

Without a tripod, this 
shot in very low light 
was only possible with 
high ISO.

Camera:			 Canon	5D
Shutter:		 1/80	sec
Aperture:		 f/2.5
ISO:  1600

Fig 1.7.3: A series of images taken with 
the Canon 5D MkII, changing the ISO 
and other settings to keep a constant 
exposure. Noise increases dramatically 
at higher ISO settings.
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               Homework

•  Homework for this lesson is fairly simple. 
ISO is simply a matter of “turning up the 
brightness” on your photos, so it’s not really 
complicated in practice. What you should  
do, however, is experiment with your camera 
on various ISO settings and get a feel for  
how images look. If you know that ISO 1600 
looks terrible on your camera, then you’ll be 
more likely to try to find other ways to get 
more light on the subject than just be lazy 
and increase the ISO. On the other hand, 
you’ll also know when it’s worth pushing 
it all the way just to catch the photo that 
can’t be missed.

Share your homework assignments 
to the DPS forum here.

               Resources

•  Film Speed – Wikipedia 

•  Digital Camera Image Noise – 
Cambridge in Colour

•  Image Noise and Noise Reduction Review 
Digital Camera Reviews

•  What Are CCD Image Sensors? – 
On Ezine Articles

               DPS Reader Comments

Steve Berardi says: – Source

Just one tiny thing to add – avoid using any ISO 
that ends in “50″ .. on most cameras these ISOs 
are just digital interpolations, and not really a “real” 
ISO value. Using one of these is like using the digital 
zoom versus optical zoom on a P&S camera... this 
isn’t true for all DSLRs – some of them DO have 
REAL ISO50... so just google your camera to find out.

Sybren says: – Source

What I miss in this blog post is what I miss in most 
explanations of ISO: the effect on the colours. 
Higher ISO doesn’t just give you more noise, it also 
makes the colours less saturated, more bland. This 
may be an important factor for you to choose a 
lower ISO setting.

http://digital-photography-school.com/forum/share-your-shots/
http://digital-photography-school.com/forum/share-your-shots/
http://digital-photography-school.com/aperture-and-shutter-priority-modes
http://en.wikipedia.org/wiki/Film_speed
http://digital-photography-school.com/aperture-and-shutter-priority-modes
http://www.cambridgeincolour.com/tutorials/noise.htm
http://www.cambridgeincolour.com/tutorials/noise.htm
http://digital-photography-school.com/aperture-and-shutter-priority-modes
http://www.trustedreviews.com/digital-cameras/review/2008/10/13/Digital-Photography-Tutorial---Image-Noise-And-Noise-Reduction/p2
http://www.trustedreviews.com/digital-cameras/review/2008/10/13/Digital-Photography-Tutorial---Image-Noise-And-Noise-Reduction/p2
http://digital-photography-school.com/aperture-and-shutter-priority-modes
http://ezinearticles.com/?What-Are-CCD-Image-Sensors?&id=1257212
http://ezinearticles.com/?What-Are-CCD-Image-Sensors?&id=1257212
http://digital-photography-school.com/photography-1017-iso#comment-47847
http://digital-photography-school.com/photography-1017-iso#comment-48144
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What is the Light Meter?    

For as long as people have been taking photos, 
there has been a need to determine how bright a 
scene is. Any method of recording light can only 
work in a relatively narrow band without over or 
under exposing the image. To find the correct 
exposure that will record the image without over 
or under exposing it too much, photographers 
need to know how bright the scene is. An extremely 
talented photographer may be able to guess a 
near-enough exposure, but a light meter is a far 
more accurate and convenient way to do it.

Light meters in cameras react to how intense the 
light is as seen from the camera. SLRs measure 
the	light	(called	metering)	through	the	lens	–	TTL.	
They collect light that has actually passed through 
the camera’s lens and measure its intensity. There 
are problems when the scene has parts that are 
much brighter or darker than others, for example 
shadows on a sunny day. This can trick the light 

In previous lessons we have talked about 
the basic theory of how a camera works, 
including some basic optics, and introduced 
the idea of exposure and how we control it 
with the exposure triangle. Now that we have 
covered each of the points of the exposure 
triangle, it’s time to bring them all together 
with the tool at the core, the light meter.

meter into measuring the intensity of the light 
incorrectly, depending on which part of the scene 
was illuminating the sensor.

Modern SLR cameras use multi-point light 
meters, meaning that several light meters are 
actually scattered around the projected scene, 
each measuring the light intensity at that point. 
Very sophisticated cameras may have dozens of 
metering points. How much the measured intensity 
of the light at each point influences the final meter 
reading depends on the metering mode selected 
by the photographer.

For a more detailed look at metering modes read 
Lesson 10.

Fig 1.8.1: A challenging scene to meter.

http://digital-photography-school.com/introduction-to-metering-modes
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If you want to take creative control of the photo, 
you can manually set each of the three variables 
yourself. Typically ISO is left at the default, or 
previous setting, and you take control by choosing 
aperture priority or shutter priority. On most DSLRs 
that’s done by turning the exposure mode dial. 
If you set the dial to Av – aperture priority, the 
photographer chooses what the aperture will be, 
and the light meter adjusts the shutter speed to 
maintain the correct exposure. The reverse is true 
for Tv – shutter priority.

When using these modes, it’s useful to refer to 
the exposure meter display on the camera. 
The	exposure	meter	(display)	shows	the	result	of	
the	measurement	taken	by	the	light	meter	(sensor). 
It will typically look something like the images to 
the right.

How to use the Light Meter    

As we now know, the correct exposure is created 
by juggling the three points of the exposure 
triangle: aperture, shutter and ISO. The light meter 
is the tool that puts us in the right neighbourhood 
for how these should be set. If you are shooting 
on full auto, then when you meter the scene – 
usually done at the same time as focusing, by half 
pressing the shutter – the light meter gives its best 
guess for each of these variables.

Fig 1.8.2: Exposure mode dial.

Fig 1.8.3: Exposure meter display on LCD.

Fig 1.8.4: Exposure meter display in viewfinder.
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Here the exposure meter simply displays whether 
the current settings will under or over expose 
the image, according to the light meter. The 
photographer can freely change any of the values 
on the exposure triangle, and see the change to 
the predicted versus recommended exposure.

Exposure Mode Examples    

Just to make it clear, exposure modes are where 
you take control of the camera settings by telling 
the camera how you want to set one or more of the 
points on the exposure triangle. Metering modes 
are different ways of metering the scene, which will 
be discussed in Lesson 10. To show you how the 
different exposure modes might work in real world 
situations, here are some scenarios.

The settings following are what they happened to 
be for the scenarios shown. Settings for your own 
photos will be different.

Each number represents a stop change in the 
light, as indicated, with the central mark being the 
“correct” exposure, as determined by the light 
meter. Each pip between the numbers represents 
one-third of a stop. The arrow underneath indicates 
how close the current settings are to the correct 
exposure. Usually in priority modes, the arrow will 
stay in the middle as the light meter will be able to 
set the exposure correctly. However, if for example 
you	set	your	aperture	to	1/400	sec	in	Tv	(shutter	
priority	mode)	and	the	light	meter	indicated	that	
you needed an aperture of f4, but your lens was 
only	capable	of	f5.6,	then	the	exposure	meter	will	
display one stop of underexposure. You will need 
to compensate for this by setting a longer shutter 
time, or increasing the ISO.

The juggling act becomes more complicated, and 
the light meter’s assistance more valuable, when 
you go to full manual control of the exposure. 

Scenario 1 – Sports   

I was shooting kite surfers at the beach. I had 
a decent amount of light available in the late 
afternoon on a partly hazy day. Because I was 
shooting with a telephoto, and wanted to freeze 
the action and avoid camera shake, I set the 
exposure mode to Shutter Priority, and set the 
shutter speed to 1/800th sec. To increase 
the chances of getting the action in focus, 
I wanted to have a fairly good depth of field. 
I increased the ISO until I was happy with the 
balance of noise and DOF, settling on ISO 400 
with the meter setting an aperture of f10. If 
the light changed, the camera’s meter would 
compensate by changing the aperture without 
affecting the shutter speed. If the light changed 
so much that I wasn’t happy with the aperture 
setting, I simply adjusted the ISO to get it back 
to an aperture range I was happy with.
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Scenario 3 – Night Scenery   

Shooting fireworks can be tricky, and the 
exposure meter will have slim chance of getting 
a correct exposure. From experience I know 
that somewhere in the range of f8-f11 is good 
for fireworks. I wanted to expose the city 
skyline and water reflections well too, so before 
the fireworks started, I did some test 
exposures. I put the exposure mode in full 
manual, because I wanted to control the 
exposure completely. I set the ISO to ISO 100  
to minimise noise. After setting the aperture 
to f11 which suits the fireworks, I took a few 
shots to see how long was needed for a good 
exposure of the city. I settled on 20 sec. 
Throughout the shoot I experimented with 
changing the shutter speed and aperture by 
one or two stops for different looks. 

Scenario 2 – Portrait   

For this portrait in “golden hour” late afternoon 
sunlight, I wanted to isolate the subject from the 
background with DOF. I set the exposure mode 
to Aperture Priority, and set the aperture to f5.6. 
This allowed me to blur the distant background, 
but still keep the subject’s face wholly in focus. 
With the ISO set to a nice noise free ISO 100, 
the exposure meter set the shutter speed to 
1/160th sec.

Scenario 4 – Off-camera manual flash   

Mixing ambient light and flash can be very 
tricky, especially if you don’t realise that the 
shutter speed has no effect on the exposure 
of the parts of the image illuminated by flash. 
I wanted to have full control over the exposure, 
so I went to full manual mode. For effect, 
I wanted the ambient light to act as a fill, 
and to keep the background dark. I used the 
camera’s exposure meter to find a “correct” 
exposure, and then under exposed by two 
stops. I then added the flashes to the scene, 
positioning them for the effect I wanted, 
and then adjusting the power to achieve the 
exposure I wanted. In the end the settings 
were ISO 125, f8, 1/160th sec.
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Often the best solution is to let the meter set 
the auto exposure settings, and then adjust the 
exposure with exposure compensation, which we 
will also look at in Lesson 10. If you are shooting 
with manual exposure control, however, you will 
need to compensate the exposure yourself.

If you have no medium tones to meter off in the 
scene, then choose an even tone, and adjust the 
exposure manually. If you took your meter reading 
from a dark tone, then decrease your exposure 
settings by one stop, as the meter will try to make 
the dark tone medium grey, so you need to push 
it back down to dark. If the tone you metered was 
very dark, or black, then under expose by two 
stops. The reverse is true if you metered from 
a light or white surface, over expose by one or 
two stops. 

Medium Grey    

The real world has hugely varying levels of light, 
both coming from various light sources, as well 
as reflecting from different surfaces. To try to get 
close to a “correct” exposure, the camera meter 
assumes that the subject has a medium grey 
tonality. When you meter off a subject, say a tree 
trunk, the camera assumes this medium tonality, 
and reports the settings to expose the tree trunk as 
a medium grey object. Often this is what you want, 
as much of the world has a medium grey tonality.

Other times, however, your subject will be much 
darker or lighter than a medium grey tone. Imagine 
a black cat sitting against a white wall, or a skier 
on brightly lit snow. Your exposure meter will be 
confused by these scenes, and will often meter 
incorrectly. Choosing a metering mode can help in 
this kind of situation. We’ll have a look at metering 
modes in Lesson 10. 

Fig 1.8.5: A grey card can be used to assist in metering and to 
achieve accurate white balance.
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               Homework

•		Put	the	camera	in	auto	mode	and	half	
press the shutter. While looking through the 
viewfinder, pan around a scene and see  
how the automatically selected camera 
settings – f-ratio and shutter speed – change.  
This preview will disappear after a few 
seconds, so half press the shutter again for 
another look. 

•		Set	the	camera	in	shutter	priority	mode	
and choose a shutter speed for effect; e.g. 
short for sports, long for motion blur. Shoot 
different scenes and note how the camera 
adjusts the aperture to balance the exposure. 

•		Do	the	same	as	above	for	aperture	–	wide	for	
shallow depth of field, narrow for focus detail 
at all distances. 

•		Get	adventurous	and	put	the	camera	on	full	
manual. Adjust the camera settings yourself, 
and watch the arrow below the exposure 
meter. Tweak the settings to get the arrow 
in the middle of the meter – half press the 
shutter while looking at your scene to take 
a meter reading. 

•		Try	to	apply	what	you	have	learned	to	make	
creative photos that take advantage of the 
different exposure modes. 

Share your homework assignments 
to the DPS forum here.

               Resources

•  Light meter – Wikipedia

•  Understanding Camera Metering and 
Exposure – Cambridge in Colour 

•  Ultimate Exposure Computer – 
fredparker.com 

•  Aperture and Shutter Priority Modes – 
Digital Photography School

               DPS Reader Comments

Pat Bloomfield says: – Source

Another point of note is that your camera meter 
probably under exposes between 1/2 to 1 stop. 
Once you have tested your camera you can 
compensate for this. For example my Canon 1Ds 
and 10D under expose by 2/3 stop while my newer 
5D only under exposes by 1/3 stop. See how 
accurate your camera exposure is.

fromBrandon says: – Source

I have really been working on my metering abilities 
lately, but what I really struggle with is knowing what 
to meter off of. I want to be more efficient with my 
metering, but it is a challenge.

ANSWER: Look for a medium tone in the scene. 
Some good examples of medium tones are: a blue 
sky, tree trunks, grass, dense foliage, olive skin 
tones etc. These will vary, but will be within one 
stop of medium grey. Don’t be afraid to check the 
LCD and tweak with exposure compensation. Make 
sure what you meter off is in the same light as your 
subject for accurate metering.

http://digital-photography-school.com/forum/share-your-shots/
http://digital-photography-school.com/forum/share-your-shots/
http://digital-photography-school.com/aperture-and-shutter-priority-modes
http://en.wikipedia.org/wiki/Light_meter
http://www.cambridgeincolour.com/tutorials/camera-metering.htm
http://www.cambridgeincolour.com/tutorials/camera-metering.htm
http://www.fredparker.com/ultexp1.htm
http://www.fredparker.com/ultexp1.htm
http://digital-photography-school.com/aperture-and-shutter-priority-modes
http://digital-photography-school.com/aperture-and-shutter-priority-modes
http://digital-photography-school.com/photography-1018-meter#comment-56848
http://www.patb-photography.co.uk/2112/how-accurate-is-your-cameras-exposure/
http://www.patb-photography.co.uk/2112/how-accurate-is-your-cameras-exposure/
http://digital-photography-school.com/photography-1018-meter#comment-56513
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Lesson 9: White Balance

LESSON 9

White Balance

Colour of the Light Source    

Obviously, in order to capture a photograph, 
we need to have a light source to illuminate the 
subject. Depending on the kind of light you have 
available, however, its colour can vary quite 
dramatically. Some lights, like light bulbs and 
candles, look distinctly yellow, whereas others, 
such as the brilliant spotlights used to illuminate 
car parks at night, look very blue by comparison.

The way we describe this colour is, somewhat 
confusingly, referred to as temperature. Even more 
confusingly, “hot” temperature colours are more 
blue, which are traditionally referred to as “cool” 
colours, and “cold” temperature colours are more 
yellow but are traditionally described as “warm” 
colours.

If you were to stick a rod of iron into a blacksmith’s 
fire, you would see it glowing red after a short 
while. If you were to keep heating the rod, it would 
start to glow yellow, and then white. If it were 

Colour doesn’t really exist. It is, in fact, an 
artificial creation of our brains in an attempt 
to interpret the world as our eyes see it. 
In reality, an object’s colour is simply the 
portions of the electromagnetic spectrum 
that it reflects or emits. 

The measuring of colour can be extremely 
tricky and complicated. What the eye sees, 
the camera captures, the monitor displays 
and the printer prints can vary drastically, 
and is all affected by the kind of light in the 
environment in which we see an image. On 
top of this, each person can have a different 
opinion of what a colour is, and that’s not even 
taking into account physiological issues such 
as the various forms of colour blindness.

The many complexities of colour are 
something that you will have to deal with 
at some time in your experience as a 
photographer, but in this book we look 
specifically at one aspect: white balance.

possible to keep on heating the rod without it 
melting, it would eventually glow blue. The colour 
temperature of a light source is measured in 
degrees	Kelvin	(above	absolute	zero),	based	on	the	
heating of a theoretical object called a black-body 
radiator. Thus, reddish yellow light has a lower 
temperature and blue light sources have a higher 
temperature. Here’s a list of some example light 
sources and their colour temperature:

Candle flame 1850K

Incandescent light bulb 2700-3300K

Typical daylight, electronic flash 5500-6000K

Daylight, overcast 6500K

Daylight, shade 7000K

Fig 1.9.1
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the outside looks very blue. This is our brain 
adjusting our perception of the world to try to 
keep everything consistent. The result is that 
smaller parts of the world lit by different coloured 
light look dramatically different.

It’s very subjective    

If you look at a piece of white paper in the daylight, 
it would look white to you. If you were to look at 
the same piece of paper at night under a light bulb, 
you would probably still say it looks white. If you 
had taken photos of that paper with your camera, 
however, the sheet would look very different in 
the	two	photos	(assuming	the	camera	was	set	to	
a	constant	white	balance).	Our	brain	has	a	pretty	
good idea of what things in the world should be 
white, so even though the colour of the light we are 
in changes, a white sheet still looks white to us.

If you have ever stood outside a house after 
sunset, and looked into a room lit by light bulbs, 
you will notice that the light inside seems very 
yellow, compared to outside. However, after going 
inside for a while and then looking back outside, 

White Balance    

Your camera has a little brain, and it tries to do 
the same job our brain does, by adjusting how an 
image is displayed so that white things appear 
white. The problem is, the camera doesn’t know 
what objects in the world are white. When set to 
auto white balance, your camera does its best job 
to try to guess what white should look like in the 
image, and it adjusts the colours in the photo to 
match. This is called setting the white balance.

Auto white balance can be confused fairly easily, 
however. This is particularly true when there are 
large areas of highly saturated colour in the photo, 
when you are shooting into a bright light source, 
or the scene is illuminated by lights of different 
colours.

Shoot in RAW?
If you shoot all of your photos in RAW, then 
white balance is something you can sort out 
later in processing. If you are using JPEG, 
this choice has to be made when the photo 
is taken. RAW contains so much more light 
data that white balance can be set in post-
processing.

Fig 1.9.2: Custom white balance – 5300K. Photo taken by daylight. Fig 1.9.3: Daylight white balance – 7500K. Photo taken by daylight. Fig 1.9.4: Tungsten white balance – 2850K. Photo taken by daylight.
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Working with White Balance    

As mentioned on the previous page, if you are 
shooting in RAW format, then usually you don’t 
have to worry about your white balance setting. 
White balance can be set, and tweaked to your 
liking in post-processing. It’s usually a good idea 
to shoot with auto white balance selected, as it will 
usually do a good job of guessing the correct white 

To help out with this predicament, camera 
manufacturers have put some white balance 
presets into our cameras. These white balance 
settings tell the camera to adjust the colour on the 
image for typical lighting situations. Here are some 
of the common white balance presets and their 
colour temperatures:

balance, and you’ll be able to get a better idea of 
how your photos will look on your computer when 
looking at the preview screen on location.

When there are multiple light sources in the scene, 
with different colours, and over which you have 
control, then white balance becomes an issue in 
the field. This topic is a bit too involved for a “basic 
introduction”, as this book is, but briefly, the white 
balance can be used in such situations to match 
the available light, or any added light you provide. 
You can also set the white balance to go against 
the colour of lights in your scene to create a 
colour contrast.

I plan to talk about the creative potential of working 
with artificial light and white balance, but that will 
be a topic for a future book. In the meantime, 
I highly recommend reading strobist.com. 
This article on the topic is very good.

Auto WB As determined by the camera’s exposure meter 3000K–7000K

Daylight Direct illumination by the sun 5200K

Shade In the shade on a sunny day 7000K

Cloudy Anywhere outside on a cloudy day 6000K

Tungsten Typical light bulb illumination 3200K

Fluorescent Typical fluorescent illumination 4000K

Flash Standard strobe flash colour 6000K

Custom Set by metering white balance off a calibrated surface 2000K–10000K

Temperature Manually setting the colour temperature of the light 2500K–10000K

Source: Canon 5D MkII manual

Fig 1.9.5: Custom white balance – 3400K. 
Photo taken under mixed artificial lighting.

Fig 1.9.6: Daylight white balance – 7500K 
Photo taken under mixed artificial lighting.

Fig 1.9.7: Tungsten white balance – 2850K 
Photo taken under mixed artificial lighting.

http://strobist.blogspot.com/2008/06/lighting-102-assignment-work-that-cto.html
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               Homework

•  During the daytime, photograph a scene 
lit mostly by direct sunlight. Shoot it first 
on auto white balance. Then photograph 
the same scene at each of your camera’s 
preset white balance settings, and note the 
difference in the colour of the photo.

•  Repeat the same process, but under different 
lighting conditions, such as tungsten light, 
fluorescent, overcast weather and in the 
shade on a sunny day. See how the colour of 
the light affects the appearance of the photo, 
and how changing the white balance corrects 
for different light.

•  Find or create a scene with mixed lighting, 
such as a desk lamp in an unlit room 
around dusk. Photograph an object at the 
appropriate white balance for each of the 
light sources, and try to find a setting that 
works to compromise between each – try 
custom white balance for this.

•  Experiment with using white balance for 
creative effect.

Share your homework assignments 
to the DPS forum here.

               Resources

•  Understanding White Balance 
– Cambridge in Colour

•  Colour Balance – Wikipedia

•  Colour Temperature – Wikipedia

               Tips from Twitter

@cfimages says:
Don’t be afraid to take control of your white balance 
setting for creative effect. Pushing the WB in 
camera or in post-processing can create interesting 
photographs, quite different from how they 
appeared to the eye. Read more in this blog entry 
from @cfimages

@Cranialstrain says:
My number one WB tip would be aware and account 
for multiple light sources with different temperatures.

@monabasolo says:
Shoot in RAW. You will be able to tweak white 
balance in post-process.

@evilZardoz says:
White point can change rapidly, depending on 
shooting conditions. Accurate white balance isn’t 
necessarily more correct – sometimes I’ve warmed 
up outdoor shots purposely to emphasise the 
sunlight and communicate a feeling of warmth. 

http://digital-photography-school.com/forum/share-your-shots/
http://digital-photography-school.com/forum/share-your-shots/
http://digital-photography-school.com/aperture-and-shutter-priority-modes
http://www.cambridgeincolour.com/tutorials/white-balance.htm
http://www.cambridgeincolour.com/tutorials/white-balance.htm
http://digital-photography-school.com/aperture-and-shutter-priority-modes
http://en.wikipedia.org/wiki/Color_balance
http://digital-photography-school.com/aperture-and-shutter-priority-modes
http://en.wikipedia.org/wiki/Color_temperature
http://twitter.com/cfimages
http://www.craigfergusonimages.com/2010/01/white-balance-for-creativity/
http://www.craigfergusonimages.com/2010/01/white-balance-for-creativity/
http://twitter.com/Cranialstrain
http://twitter.com/monabasolo
http://twitter.com/evilZardoz
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LESSON 10

Metering Modes 
and Exposure 
Compensation

Metering Modes    

There are several different metering modes a 
photographer can set which place different 
emphasis on different parts of the frame when 
determining the best exposure for the scene. 
While the modes are similar among camera 
manufacturers, the actual formulas and 
calculations performed can differ from maker to 
maker and even from camera to camera, so some 
metering modes can behave differently than you 
may be used to.

It is important to remember, even though there are 
several different metering modes, some cameras 
have dozens of exposure meter sensors, and 
matrix metering uses some very sophisticated 
technology, only one exposure determination  
will be made for each photo. Only three settings 
– the exposure triangle – can be changed, and the 
settings apply to the whole image as it is captured.

There is tremendous variety in the world, 
and you will use your camera to take photos 
of an incredible number of dramatically 
different scenes. The light meter can do a 
very good job of measuring the amount of 
light reflected from or emitted by the subject, 
but not all scenes are evenly lit. Measuring 
the average brightness of the entire photo 
will not always be the best way to find the 
correct exposure.

In DSLR cameras, a portion of light is 
diverted away from the light path so 
that both auto focus and auto exposure 
measurements can be taken. This light is 
measured by a matrix of tiny light sensors, 
spread across the frame. This allows the 
scene to be metered at various places,  
and the results are fed into the camera’s 
brain to then determine the best exposure 
settings to use, based on whatever metering 
mode has been chosen by the user.

Evaluative   

The camera averages the exposure readings 
for all light sensors in the frame and determines 
the correct settings to correctly expose this 
average. Evaluative mode is best in low-
contrast environments, without dramatic 
differences in lighting, such as outside on an 
overcast day, or in shade, without any sunlit 
elements visible.

Fig 1.10.1: The grey area is metered.

Fig 1.10.2: The resulting exposure
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Partial   

The camera only takes measurements from 
a cluster of sensors in the centre, covering 
about 8% of the whole frame. Partial metering 
is best when the background illumination is 
significantly different from that on the subject. 
As everything but the centre is ignored, 
metering off the subject will set the exposure 
for just that part of the frame.

Centre Weighted   

The camera reads the light levels from all 
sensors, weights the values from the centre of 
the frame and then averages the whole scene. 
This puts an emphasis on the exposure of the 
centre part of the photo. Centre weighted is 
best where your main subject is evenly lit, but 
the background has moderately higher contrast 
backgrounds, either bright or dark.

Spot   

Only a very tight cluster of sensors at the very 
centre of the frame are metered, covering about 
3%. The rest of the frame is ignored. Spot 
metering gives the most control, with only the 
tiny spot metered. The photographer should 
have a good understanding of medium tones 
and how the light meter works to expose them. 
With this knowledge, spot metering allows for 
the most reliable and controlled scene metering.

Fig 1.10.7: The grey area is metered.Fig 1.10.5: The grey area is metered.Fig 1.10.3: The grey area is metered.

Fig 1.10.8: The resulting exposureFig 1.10.6: The resulting exposureFig 1.10.4: The resulting exposure
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Whatever metering mode you choose for your 
subject, don’t forget to change it, if your subject 
changes and calls for a different metering mode. 
Using the wrong metering mode, or being mistaken 
about the mode you are using, can result in poorly 
exposed photos.

Fig 1.10.9: The resulting exposure

Spot (Different metering target)   

For this example the spot meter reading was 
taken from the bottle rather than the candle. 
This resulted in a significantly different exposure 
setting.

Matrix   

Invented by Nikon, the sophisticated Matrix 
metering system uses a very large number of 
light sensors to build a detailed description 
of light levels in a scene, and then processes 
it with an algorithm derived from analysing 
thousands of photos from a database.  
The algorithm then suggests the best exposure 
based on the results of its analysis. The Matrix 
system can be very effective at finding a good 
exposure in challenging situations, and many 
professional photographers use it by default. 
It has the shortcoming, however, of being 
software based, and thus can show noticeable 
variation between camera models, making 
it potentially unpredictable when changing 
between cameras.
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Exposure Compensation    

When	shooting	in	an	auto	mode	(Program	mode,	
Aperture	or	Shutter	priority),	you	have	the	option	of	
using exposure compensation to tweak your photo. 
The way this works is that you instruct the camera 
to over or under expose the metered exposure 
value. On most cameras the range is plus or minus 
two stops at one-third stop intervals. Naturally this 
has no effect when you are in full manual mode, 
and the feature is usually disabled in full auto mode.

Exposure compensation is useful in a number of 
situations:

•			You	want	to	shoot	high	key	or	low	key	photos	
specifically for effect, such as high key portraits 
for a flattering light.

•			To	ensure	you	have	a	correct	exposure,	or	
want to assemble several different exposures 
into a HDR photo, you could use exposure 
compensation to bracket the metered exposure.

•			You’re	shooting	in	an	environment	that	is	
predominantly brighter or darker than medium 
grey, such as in the snow, or in an open cut 
mine. Compensating for the difference from 
medium grey will make the exposure meter 
more accurate.

•			You	have	your	camera	mounted	to	a	tripod	
for landscape photography, and the meter is 
under or over exposing the shot, but you want 
to stay on auto to keep up with changing light 
conditions.

•			You’re	in	a	brightly	lit,	high	contrast	environment,	
such as on a sunny day, and you’re shooting 
subjects in shade with evaluative metering. 
Increasing exposure compensation will help 
expose the shadows correctly, even though 
there are areas brightly sunlit.

•			You	are	shooting	into	a	bright	light,	such	as	into	
a sunset, and want to ensure that the shadows 
are well exposed, no matter where the sun 
appears in the frame.

Remember that all exposure compensation does 
is to treat the metered image as if it was over or 
under exposed by the amount you set. The camera 
will achieve this by changing the relevant points of 
the exposure triangle. You are not gaining any extra 
camera sensitivity or dynamic range, you are just 
overriding the meter’s chosen settings. This is why 
exposure compensation is not possible in Manual 
mode. The camera has to have the freedom to 
change at least one of the exposure settings.

Just as with metering modes, don’t forget to 
change it back when you’re done!

Fig 1.10.10: Evaluative metering overexposes the sky and 
underexposes the trees.

Fig 1.10.11: Compensation of -2 exposes sky correctly. Fig 1.10.12: Compensation of +2 exposes the trees correctly.
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               Homework

•  Experiment with different metering modes in 
different lighting conditions. Try landscapes 
on a tripod, portraits hand-held, pictures 
with the sun, or other light sources in the 
frame, high contrast lighting on a sunny day. 
What works best and most reliably in each 
situation?

•  Spend some time shooting in spot metering 
mode. See if you can consistently find a 
medium tone in each scene to take meter 
readings from, so that you can correctly 
expose the image.

•  Experiment with shooting at +1 and -1 
exposure compensation to see what subjects 
work well with high key and low key exposure 
respectively.

•  Shoot on a sunny day and practise using 
auto exposure with exposure compensation 
to correctly expose the shadows, or the sunlit 
parts of your photos. You will likely be unable 
to expose both correctly in one photo.

Share your homework assignments 
to the DPS forum here.

               Resources

•  Understanding Camera Metering and 
Exposure Modes – Cambridge in Colour

•  Metering Modes – Digicam Help

•  Metering Mode – Wikipedia

•  Understanding Exposure Compensation 
– Photoxels

•  Exposure Compensation – Wikipedia

               Tips from Twitter

@eflopez says:
Fake incident meter: spot meter your hand add 2/3 
to one stop for correct exposure. Spot meter + zone 
system is kick ass. Learn the zone system.

@bruincub says:
When shooting a greater than 2 stop scene, I use 
spot metering to meter the darkest and brightest 
areas. Expose for the middle slightly under/
overexposing depending on desired effect or ability 
of processing program to pull up shadows or pull 
down highlights.

@yeknom says:
I choose a metering mode depending on application 
and use it only as a guide. With manual mode I have 
the final say.

@jaseygalore says:
Use histogram to keep highlights to far right without 
clipping, correct the exposure on PC later.

Lesson 10: Metering Modes and Exposure Compensation

http://digital-photography-school.com/forum/share-your-shots/
http://digital-photography-school.com/forum/share-your-shots/
http://digital-photography-school.com/aperture-and-shutter-priority-modes
http://www.cambridgeincolour.com/tutorials/camera-metering.htm
http://www.cambridgeincolour.com/tutorials/camera-metering.htm
http://digital-photography-school.com/aperture-and-shutter-priority-modes
http://www.digicamhelp.com/camera-features/camera-modes/metering/
http://digital-photography-school.com/aperture-and-shutter-priority-modes
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http://en.wikipedia.org/wiki/Exposure_compensation
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http://en.wikipedia.org/wiki/Zone_system
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Appendices: Reading Diagrams

•	 	Dashed line: this line is drawn vertically through 
the image plane – the surface where the image 
is focused, whether it is a screen or film or 
the sensor chip. This is helpful for drawing 
diagrams, but is often omitted from the final 
diagram, especially when the subject’s symbol 
is used to represent the projected image. 

•	  Labels: whenever a new element is used, it will 
be labelled. Some concepts will be described in 
the diagrams with labels. 

•	  Direction: unless otherwise indicated, the path 
of light is from the left to the right. 

Here’s a helpful point to keep in mind when trying 
to work out where to draw an image as focused 
by a lens. If you know the focal length of the lens, 
draw	the	lens	and	the	subject	(for	example	our	tree	

APPENDIX 1

Reading Diagrams
Explaining some of the concepts of optics and 
physics covered in the lessons with words alone 
would make understanding very difficult. To help 
visualise optics and light, simple diagrams can 
be used that show the optical components, and 
path of light through them. To the right is a typical 
diagram with some of these features labelled.

Diagram components:

•	 	Lens: a pale blue spindle shape of varying 
thickness. 

•	 	Tree: a generic object used as an example 
subject. 

•	 	Lines: generally these represent the path of the 
light. They will have arrowheads on them if the 
direction is not obvious. If it is important to  
distinguish different lines, I’ll show them in different 
colours – this is for illustration purposes only.

•	 	Focal length: the focal length of the lens is 
where parallel beams passing through the lens 
meet. This is usually shown as the end point of 
a line indicating the focal length.

symbol	on	the	left).	Put	a	dot	on	the	centre	line	
of the lens where the focal point is located. Now 
take a ruler and draw a straight line from the top 
of	the	tree	(or	any	other	point),	through	the	centre	
of the lens and to the image plane. We can do 
this because we know that any light that passes 
through the centre of the lens does not get bent 
from its path.

Next draw a line from the same point on the tree, 
parallel to the optical axis of the lens, and then 
from the lens through the focal point. Where this 
line and the line from the same point on the tree 
which passes through the centre of the lens meet 
is where the image plane is located and the image 
will be formed. Now that we know where light from 
that part of the tree is focused on the image plane, 
we can draw as many additional lines as we need 
to illustrate our point.

Light from top of tree

Light from bottom of tree

Focal length

Lens

Image plane

Tree as
image

Tree as
subject
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Exposure: The combination of settings in the 
camera chosen to capture the image, resulting in 
the specific brightness of the photo.

Exposure Mode: A control on the camera which 
allows the user to tell the camera how they wish 
to set the camera’s exposure behaviour, including 
automatic exposure, priority modes or full manual 
exposure.

Exposure triangle: A name for the three camera 
settings which can be adjusted to achieve a correct 
exposure. These three settings are aperture, 
shutter speed and ISO.

Exposure Value (EV): An absolute measure 
of a scene or light source’s brightness. The scale 
covers brightness encountered in everyday life, 
and each step up the scale is a doubling of 
brightness.

Field of View: The portion of the world visible to 
the camera, depending on the focal length of the 
lens and the size of the sensor. It is measured in 
degrees, and can be taken from corner to corner, 
or edge to edge.

Focal length: The distance from a lens that parallel 
light entering it will be focused. It is determined by 
the shape of the lens and the refractive index of the 
material from which it is made.

APPENDIX 2

Glossary 
Aperture: An opening in the lens which may  
open or close by adjusting an iris, to control the 
amount of light entering the camera. This is one 
of the three primary exposure controls, called  
the exposure triangle.

Aperture Priority: An exposure mode, where 
the aperture is set manually by the user, and 
the camera’s light meter determines the correct 
settings for the other points of the exposure 
triangle to correctly expose the photo.

Brightness: A description of the intensity of 
a light source. Measured in lumens.

Camera Obscura: A room that functions as a 
pinhole camera and projects an image onto an 
internal surface through a hole in the wall.

Diffraction: A phenomenon in optics where 
waves of light passing through a narrow 
aperture are caused to partially diverge and form 
interference patterns. In photography, diffraction 
is an unavoidable source of image softness seen 
at very high aperture settings.

DSLR: Digital Single Lens Reflex camera.

Focal plane: A plane perpendicular to the optical 
axis of the lens and passing through the focal 
point. An image of an object at an infinite distance 
will be focused on the focal plane.

Focal point: The point at which a lens will focus 
parallel light entering it. The focal point is located 
at a fixed distance from the lens equal to its focal 
length. An image of an object at an infinite distance 
will be focused at this distance from the lens.

f-ratio: The focal ratio of a lens, defined as the 
focal length of a lens divided by its diameter.

Hyperfocal distance: The distance from the 
lens to the nearest object in focus when the lens is 
focused on infinity. This is dependent on the focal 
length of the lens and the current aperture setting.

Image plane: The image plane is a plane 
perpendicular to the optical axis where the 
lens forms an image. If the object is at infinite 
difference, the image plane and the focal plane are 
the same. The closer the object is to the camera, 
the further back the image plane is.

ISO: The amplification or signal gain applied to 
the data collected by the camera’s sensor. This is 
one of three primary exposure controls, called the 
exposure triangle.
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Refraction: The effect of slowing down or 
speeding up the speed of a beam of light as it 
transitions between two different transparent 
materials of different density, or refractive index. 
This causes the beam to bend, redirecting the light.

Refractive Index: The quality of a transparent 
material which describes by how much a beam of 
light is slowed, and thus bent, when light passes 
through it.

Sensor: The electronic device that detects, 
measures and records the intensity of light in the 
camera, at the image plane, thus capturing the 
photo.

Shutter: Mechanical blinds, mounted just before 
the image plane in the camera, which open to 
reveal the sensor to begin an exposure, and close 
after a pre-determined time. This is one of the three 
primary exposure controls, called the exposure 
triangle.

Shutter Priority: An exposure mode, where the 
shutter speed is set manually by the user, and 
the camera’s light meter determines the correct 
settings for the other points of the exposure 
triangle to correctly expose the photo.

Stop: A change in the brightness of an exposure, 
darker or brighter, by a factor of two. An increase 
of one stop is a doubling of light. A decrease of 
one stop is a halving of light.

Kelvin: The measure of a light source’s colour 
on the temperature scale. Low temperature 
Kelvin colours appear warm, high temperature 
Kelvin colours appear cool.

Light Meter: A light sensitive sensor in the 
camera which is capable of determining the 
brightness of the scene about to be captured, 
and used to help set the exposure settings  
for the photo.

Medium Format: A broad term for a number of 
standard film and sensor sizes, of moderate size, 
larger	than	35mm	and	smaller	sensors,	smaller	
than large format film. Commonly used in high 
end professional photography.

Metering Mode: Various software algorithms 
used to evaluate the information passed to the 
camera from the light meter to determine the 
correct exposure.

Noise: In photos, noise is the grainy looking flaw 
in an image that appears as a result of high ISO 
settings. 

Pinhole camera: The simplest possible designed 
camera, consisting of a box with a tiny hole and 
film mounted inside opposite the hole. The pinhole 
creates an image by excluding light from all but 
very small angles. See Lesson 1. 

TTL: Through The Lens. This refers to metering 
the exposure of the photo from the light passing 
through the lens of the camera taking the photo, 
as opposed to a separate hand-held light meter.

Tungsten: The name for the colour of light emitted 
by traditional light bulbs. So-called because the 
light emitting element of such bulbs is made of 
tungsten.

White Balance: The control over the colour 
cast of an image, in order to compensate for light 
sources of various colours, so that whites in the 
scene are rendered white.



Photo Nuts and Shots
Following Photo Nuts and Bolts will be the second book in the series: Photo Nuts and Shots. This book builds on what you 
have learned here and applies that to real world situations to help you take better photos, no matter where you are.

Features:
•		Discussion of practical concepts – such as how to take sharp photos, composing powerful photos, working with people.

•		Lots of example situations – recommended settings, how to adapt to your situation and changing conditions, 
thought process behind taking one or more photos in that situation.

•		Beautiful photos – visually compelling, as well as packed full of practical information.

•		Answers real questions – a lot of the book has been inspired by actual questions asked by DPS readers in surveys.

•		Will make you a better photographer – a practical approach is taken throughout the book to take you from a difficult 
situation to an amazing photo.

As an owner of Photo Nuts and Bolts, you will be among the first to hear about the new book Photo Nuts 
and Shots as soon as it is launched.

BOOK 2 IN THE SERIES



2. Become a Forum Member 
Over 70,000 of the readers at DPS have joined our 
free	forum/community	area.	In	this	section	of	the	
site members share what they’re learning, post 
their best photos, ask and answer questions and 
have a lot of fun with their camera. 

There are areas for all kinds of photography, 
including the “share your shots” forum where 
readers are encouraged to submit their Photo Nuts 
homework assignments.

We’d love for you to join us – simply visit our forum 
area and look for the join now link.

3. Follow us on Twitter or Facebook 
Many of our readers also choose to interact with 
DPS on social media sites Twitter and Facebook. 
Become our ‘friend’ on these sites for updates 
from the site as they happen!

www.twitter.com/digitalps 
www.facebook.com/digitalps

Happy Snapping!

Darren Rowse

Thanks for buying a copy of DPS’s latest 
photography resource. I trust that you’ve found 
it helpful in becoming more familiar with your 
camera.

Tell a Friend

If you’ve enjoyed this resource we’d love for you 
to share news of it with a friend. Not only do we 
think they’ll thank you for helping them improve 
their photography but it helps to keep growing 
the DPS community with every sale of the book.

Please pass on news of this ebook by:

Emailing a friend
Share this link with your friends who you think might 
appreciate learning how to improve their photography 
www.digital-photography-school.com/nuts-bolts

    

How to Keep Improving Your Photography

Of course there is a lot more to learn about the 
camera and I’d like to personally invite you to 
continue to journey with us as we explore the topic 
on the Digital Photography School site.

There are three main ways that I’d like to invite you 
to do this:

1. Subscribe to our Weekly Newsletter 
Each Thursday I email a free newsletter to over a 
quarter of a million of our readers. It contains links 
to the latest tutorials on the site, key discussions 
in our forums, reviews, great resources and 
equipment for photographers and shows off some 
great photography.

To get this free weekly newsletter sign up here:

Tweet about it Sign Up

Share the love Want more?

http://digital-photography-school.com/forum/share-your-shots/
http://digital-photography-school.com/forum/
http://digital-photography-school.com/forum/
http://digital-photography-school.com/forum/register.php
http://www.twitter.com/digitalps
http://www.facebook.com/digitalps
http://www.digital-photography-school.com/nuts-bolts
http://twitter.com/home?status=READING: Photo Nuts [Know Your Camera and Take Better Photos] http://bit.ly/photonuts by @digitalps
http://digital-photography-school.com/portraits-newsletter
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