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A few words from the author
Taking good photographs can be a quite difficult task.
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course, to obtain the image that you really want
requires a lot of skill. With the aim of sharing my
passion for photography, I decided to run a free set
of publications to help you get started with digital
photography.
The publication - The basics of digital photography will cover everything you need to know about the
subject and will be divided into simple and easy to
understand modules with reference tables, guidelines
and useful information which involve the basic
principles and rules to obtain good and pleasing
photographs.
I will try to keep the publications as simple, but as
informative, as possible and will explain the technical
and creative aspects of digital photography to give
you confidence during the process of shooting a
photograph while learning, at the same time, the
common terminology involved. The publications are
designed mainly for amateurs and hobbyists to
provide tips and guidelines on how to familiarize
themselves with the basic concept of digital photography.
I hope you will enjoy the photography publications
and I look forward to sharing with you the basic
knowledge of digital photography to create beautiful
images that also capture moments to remember.
This publication – Module 3 – is dedicated to:
Aperture, shutter speed and ISO sensitivity.

Enjoy and I hope you will find it interesting.
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The key elements of the exposure
In the first publication – Module 1 – we introduced
the concept of the Exposure Triangle as a way of
thinking about getting out of “Auto Mode” and
exploring the idea of adjusting the exposure of our
photographs by learning the manual settings of our
DSLR camera.
In the publication – Module 2 – we talked about the
basic theory of how DSLR cameras and lenses work
together, while at the same time, acquiring good
knowledge of their basic features. We covered all the
basics of the DSLR camera design and use, we talked
about lenses and how a lens introduces light to the
camera sensor. We illustrated the three key elements
that control and calibrate the light when adjusting
the exposure: i.e. aperture, shutter speed and ISO.

What we will discover in this publication – Module 3 – is the great
impact that exposure can have on
how our photographs ultimately
look. We will examine more deeply
aperture, shutter speed and ISO to
better understand their importance
and the performance they can have
in photography.
It is challenging to take good photographs without properly understanding how these three elements
work together and their contribution.

Fig. 1

Location: Lausanne, Switzerland.
Hand-held photo with Nikon D810, lens 70-200 mm.
Aperture: f/5.6, shutter speed: 1/500s, ISO: 2000, focal length: 200 mm.
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The key elements of the exposure
continued...

Exposure is the combination of aperture, shutter
speed, and ISO and it must be very carefully chosen
when shooting photographs. Each of these three
elements is related to light and how it enters and
interacts with the camera.
We can never think about one of these elements in
isolation from the other two. So, if we change, for
example, the shutter speed we will need to change
one or both of the other elements to compensate and
create a good photograph.
By changing the aperture, shutter speed and ISO we
have full control over how long the camera sensor
will be exposed to light.
These three elements are usually envisioned as a
triangle known as the “exposure triangle”.

As already explained, exposure is
the amount of light that reaches
the camera sensor (controlled by the
aperture), how long the sensor will
be exposed to light (controlled by the
shutter speed) and how the
camera sensor can absorb light
(controlled by ISO).
The exposure triangle helps us to
understand the combination of
these three elements and how they
interact with the camera to achieve
correct exposure.

The picture below shows my personal
choice of “correct exposure”.
Fig. 2

Location: Sant’Angelo del Pesco, Italy.
Hand-held photo with Nikon D810, lens 70-200 mm.
Aperture: f/9, shutter speed: 1/350s, ISO: 400, focal length: 200 mm.

Aperture – Shutter speed – ISO sensitivity
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The exposure triangle
As explained on the previous pages, when shooting
photographs we need to set the right exposure.
When doing so we have to coordinate the three key
elements which will affect exposure: aperture, shutter speed and ISO sensitivity which are usually envisioned as a triangle known as the “exposure triangle”.
The exposure triangle explains the relationship
between these three elements. We always have to
keep in mind that adjusting one of these elements
will impact all of the others. This means that we can
never isolate just one of the elements but
always need to have the others at the back of our
mind and remember what they do:
• Aperture controls the area through which the light
can enter the camera.
• Shutter speed controls the duration of the exposure.
• ISO controls the sensitivity of the camera sensor to
light.

Many combinations of the three
key elements of the exposure triangle can be used to achieve the same
exposure.
Remember that the three elements
of the “exposure triangle” not only
work together to create correct
exposure (the technical aspect) but
they also control another important aspect of photography (the
creative aspect) which has a great
impact on the final look of our photograph.
The creative aspect controlled by
the aperture is the depth-of-field.
(Shallow or wide depth-of-field?)

The creative aspect controlled by
the shutter speed is the way in
which we capture the motion. (Shall
we freeze or blur the movement?)

Fig. 3

ISO sensitivity changes the graininess of our photograph. A grainy
texture can add a particular appeal
to the photograph.
Mastering any one of these elements is the ideal tool to develop
our skill and follow our passion for
photography.
In this publication we will go
through these features and try to
familiarize ourselves with the
“manual control” of our DSLR camera and acquire experience in dealing with the elements of the
exposure triangle.

The pillars of the exposure triangle.
It is at the intersection of these three key elements that we
find the correct exposure.

Aperture – Shutter speed – ISO sensitivity

-6-

Module 3

The basics of digital photography | October 2015

leMultimedia.info

What is aperture?
The aperture is the size of the opening of the
diaphragm in the lens when a photographer is taking
a picture and which controls the open area where the
light enters the camera.
It is measured using the “f-number”, also called
“f-stop” (fractional stop). A lower f-number (f/2.8)
relates to a wider aperture (more light), while a
higher f-number (f/11) means a narrower aperture
(less light).
The aperture diameter of a lens is created by a
diaphragm formed by intersecting blades and can be
adjusted on the camera.
Every camera lens has two main attributes: focal
length and the aperture opening (diameter in mm of
the opening of the diaphragm).

Virtual image of a zoom lens 70-300 mm, 1/2.8.

The illustration, Fig. 4, below shows
a zoom lens of 70-300mm, 1/2.8.
With a focal length of 150 mm and
an aperture of f/9, the diameter of
the nine-sided opening (9 blades) in
the diaphragm is about 16mm.
In other words, the actual focal length
of the lens divided by the f-number
(aperture) gives the effective opening
diameter of the lens diaphragm.

The aperture diameter of a lens can be
adjusted on the camera and controls
the amount of light reaching the camera
sensor.

Fig. 4

Virtual image of a
70-300 mm / 1:2.8 zoom lens

a focal length of 150 mm
and an aperture f/9
will give a diaphragm
opening of 16 mm

The aperture diameter is
created by a diaphragm
formed by intersecting blades

What a diaphragm of a lens looks like.
A motor, inside the lens barrel, opens and closes the blades when a photograph is taken, giving the effective
diameter of the lens opening according to the focal length.

Aperture – Shutter speed – ISO sensitivity
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What is aperture? continued...
The photos below clearly show the great impact the
aperture can have on our photographs.

The photos below were taken on a tripod
with different apertures (increment of 1
stop), with the same focal length (55 mm),
same shutter speed (1/250) and same ISO
(200). Each increment of an f-stop (higher
or lower f-number) represents an increase
or decrease of light entering the lens. Moving to a higher f-stop (f-number) the light
quantity is halved.

< aperture: f/5.6
Shutter speed:250s, ISO: 200, focal
length: 55 mm.
Fig. 5a – With this combination, the opening
of the diaphragm diameter was ~9.8mm
(focal length 55 : f-number 5.6 = 9.8)

< aperture: f/8
Shutter speed:250s, ISO: 200, focal
length: 55 mm.
Fig. 5b – With this combination, the opening
of the diaphragm diameter was ~6.8mm
(focal length 55 : f-number 8 = 6.8)

< aperture: f/11
Shutter speed:250s, ISO: 200, focal
length: 55 mm.
Fig. 5c – With this combination, the opening
of the diaphragm diameter was ~5mm
(focal length 55 : f-number 11 = 5)
Location: Sant’Angelo del Pesco, Italy.

Aperture – Shutter speed – ISO sensitivity
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The meaning of f-numbers
The aperture of a lens is measured in f-numbers (also
called f-stop or fractional stop) which correspond to
the ratio of the focal length (f) and the aperture
diameter of the diaphragm (D).
A lower f-number (f/2.8) relates to a wider aperture
(more light), while a higher f-number (f/11) means a
narrower aperture (less light).
Example: with a focal length of 250mm and a f-number of
f/11 the aperture diameter will be 22 mm (250:11 = ~22).
That means, the focal length divided by the f-number
gives the effective aperture of the lens diameter in mm.

Combinations of shutter speed and
f-number can give the same exposure value. Doubling the exposure
time doubles the amount of light.
Making the f-number one stop
brighter (reducing the f-number)
also doubles the amount of light.
“Stops” give us the opportunity for
directly comparing shutter speed,
aperture diameter and ISO speed on
our camera. They are a really easy
way to adjust all these components.

Fig. 6

more light
large opening
shallow depth-of-field

less light
small opening
deep depth-of-field

Aperture f-numbers (f-stop) on most lenses with standard full f-stop scale.

As already mentioned before, the three elements of the “exposure triangle” not only work
together to create correct exposure (the technical aspect) but they also control another
important aspect of photography (the creative aspect) which has a great impact on the final
look of our photograph.
The creative aspect controlled by the aperture is the depth-of-field. (Shallow or wide depthof-field?).
For in-depth information and further details on depth-of-field refer to a separate publication, Module 4, which
is fully dedicated to this topic.

Aperture – Shutter speed – ISO sensitivity
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Light quantity and aperture
The photographer can alter the aperture on a camera
by changing the f-number in 1, 2 or more f-stops.
Each increment of an f-stop (higher f-number)
represents the decrease of light entering the lens.
Moving to a higher f-stop (f-number) the light quantity is halved. The smaller the f-number, the more
light the camera lets in through the lens. Moving to
a lower f-stop (f-number) doubles the light quantity.
In both cases, to maintain the same level of exposure,
the shutter speed or the ISO or both must be reset
accordingly.

Always remember: the more light
the lens allows into the camera,
the faster the shutter speed should
be set, to avoid an over exposure of
the camera sensor (brighter images),
and viceversa,

the less light the lens allows into
the camera, the slower shutter
speed should be set, to avoid an
under exposure of the camera’s sensor (darker images).

The illustration below shows the amount of light reaching the camera sensor with different f-numbers.
Fig. 7

subject

light

lens
aperture

camera
sensor

image
processor

viewfinder

The f-number of a camera corresponds to the ratio of the focal length and the aperture of the lens.

Aperture – Shutter speed – ISO sensitivity
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Shutter speed
To determine the amount of time the camera shutter
is open to expose an image, when shooting a photograph, we adjust the shutter speed. The shutter
speed, together with aperture and ISO, are the other
main components required to form a proper exposure.

Shutter speed is not only used to
control the amount of light
recorded by the camera sensor, it is
also used to manipulate the visual
effects of the final image beyond its
luminosity.

Since both the shutter speed and the aperture control
the amount of light that reaches the camera sensor
for an exposure, there is a very strong relationship
between the two.

A fast shutter speed will freeze
the action, while slower speed creates a blurring effect. In this publication we will talk about shutter
speed and how it works to create
artistic effects in photography.

Shutter speed is expressed in seconds or fractions.

Slow shutter speeds run into seconds while fast shutter speeds will be shorter than 1/500th of a second.
The bigger the denominator, the faster the speed. 1/1000
is much faster than 1/30.
Fig. 8

Location: Lausanne, Switzerland – The water fountain at the Olympic Park, at night.
Tripod photo with Nikon D810, lens 24-70 mm.
Aperture: f/9, shutter speed: 2.5s, ISO: 200, focal length: 24 mm.

Aperture – Shutter speed – ISO sensitivity
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The shutter speed continued...
The photos below clearly show the great impact the
shutter speed can have on our photographs.

The photos below were taken on a tripod
by changing shutter speed in one stop
increment leaving the aperture and ISO at
the same level.

< shutter speed: 1/125s
Aperture: f/5.6, ISO: 200,
focal length: 24 mm.
Fig. 9a

< shutter speed: 1/250s
Aperture: f/5.6, ISO: 200,
focal length: 24 mm.
Fig. 9b

< shutter speed: 1/500s
Aperture: f/5.6, ISO: 200,
focal length: 24 mm.
Fig. 9c

Location: Lausanne, Switzerland. – The public park of Mon-Repos.

Aperture – Shutter speed – ISO sensitivity
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Stops and shutter speed
As already explained, the shutter speed, together
with aperture and ISO, is one of the methods used to
control the amount of light recorded by the camera
sensor, and is therefore, responsible for the proper
exposure of our photograph.

For example, if we decrease the
shutter speed by 1 stop, it simply
means we are going to capture
twice as much light as in the previous shot.

Like aperture and ISO, shutter speed is measured in
stops.

If we increase the aperture by 1
stop, it means we are going to halve
the amount of light that reaches
the camera sensor.

A stop is a measure of exposure relating to the
“doubling” or “halving” of the amount of light when
taking a photo. Changing the shutter speed by
“1 stop” changes the exposure in the same way as if
changing the aperture by “1 stop”.
Each measurement on the scale is twice as big or
twice as small as the one next to it, and each incremental move to the right or left is the equivalent of
one “stop”.

As a result, decreasing shutter
speed by one stop and increasing
aperture by one stop, should give
similar exposure levels.

Shutter speed is set by fractions of a
second and a typical shutter speed range
may look as follows:

Fig. 10

faster shutter speed

less light
darker images
less motion blur

slower shutter speed

more light
brighter images
more motion blur

Shutter speed f-stops on most DSLR cameras.
Shutter speed range in one stop increments.

Aperture – Shutter speed – ISO sensitivity
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Shutter speed range and long time exposure
As most of the exposure times are really quick, the
shutter speed is usually described in fractions of a
second, so the higher the number, the smaller the
fraction, which means the faster the shutter speed.
On many DSLR cameras seconds are indicated with a
quotation mark ( “ ) whereas, fractional seconds are
without a quotation mark.

Shutter speed range
DSLR cameras stretch shutter speeds from 1/8000 sec
to 30 seconds, plus a bulb mode for long time-exposures. Shutter speeds can also be adjusted in half-stop
or third-stop steps.

Remember, when shooting a photograph without a tripod, the rule
of thumb, to avoid camera shake,
is: the minimum shutter speed
should be, at least the same or
larger than the focal length of the
lens.
For example, if you have a lens of
50mm, a shutter speed of 1/60th is
good enough, if you have a 200mm
lens the minimum shutter speed
should be around 1/250th.

The illustration below shows an extended list of the
range of shutter speeds in 1 stop increments with full
seconds and fraction denominators. As indicated, to
memorize a shutter speed, just think double or half.

Fig. 11

read out on
camera display

read out on
camera display

read out on
camera display

long time exposure
bulb (B) and – – (T time)

Extended shutter speed range (seconds) in one (1) stop increments.
To memorize a shutter speed, just think double or half – note that the shutter speed before 1/60 is 1/125, not 1/20
and the shutter speed after 8 sec is 15 sec and not 16 sec.

Aperture – Shutter speed – ISO sensitivity
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Long time exposure (Manual mode only)
DSLR cameras often include one or two other settings for long time exposures of moving
lights, stars, night scenery or fireworks.

• B: (bulb)

keeps the shutter open as long as the shutter release button is held down.

• T: (time or – –)

when pressing the shutter release button once, the shutter remains open
until the shutter release button is pressed a second time.
With settings B and T, you can take photos that are seconds, minutes, or
even hours long.
For such situations, a tripod is an absolute must.

For long time exposures remember to close the
viewfinder eyepiece to prevent light entering via the
viewfinder which will appearing in the photograph or
interfere with the exposure.
Not all the cameras will have all of these shutter
speeds and settings, but on the new DSLR cameras
the range of shutter speeds has continued grow over
the years.

Note that noise (bright spots, randomly-spaced bright pixel or fog) may
be present in long exposures. Before
shooting, if available on your camera,
choose “ON” for the “long exposure”
option in the shooting menu.
Shutter speed has no effect on the exposure when using flash.

Reminder about the rule of thumb:
1/focal length is the minimum shutter speed you need to overcome camera shake and therefore
blurry images.
(focal length = 50mm, shutter speed = at least 1/50 sec)

Aperture – Shutter speed – ISO sensitivity
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How to choose the shutter speed
As mentioned before, to minimise camera shake set
the shutter speed at a minimum of one second
divided by the focal length. So, for example, if we are
using a 50mm lens, in order to minimise camera
shake, we should shoot at least at 1/50th sec.
If we are shooting at 200mm, then the shutter should
be set at 1/200th sec. The reason for this is that longer
focal length lenses magnify the image, as well as also
magnifying the camera shake.
Shutter speed choice becomes more important when
shooting moving objects. The quicker the subject is
moving, the faster the shutter speed is needed to
“freeze” the subject. With lower shutter speeds,
moving elements will appear blurred, generating a
creative aspect to your pictures.
Understanding how shutter speed and aperture work
together we can choose what is most important for
any given situation.
Smaller number = shutter is open longer (more motion);
larger number = shutter is open for a shorter time
(less motion).

We can also set the camera to Shutter-Priority Auto. In this mode you
set the required shutter speed while
the camera automatically selects
the aperture that will produce the
optimal exposure.
On the other hand, if we are taking
a group photo of about 45 students,
we do not care if the shutter speed
is fast. What we should ensure is
that all the rows are in focus by setting the aperture at either f/8 or f/11
or f/16 with the primary focus on
the middle row.
In this case we set the camera to
Aperture-Priority Auto. In this
mode you choose the aperture
while the camera automatically
selects the shutter speed that will
produce the optimal exposure.

Fig. 12
SLOW

MODERATE

FAST

Sleepingbaby

Childrenoranimals
sittingstill

Movingcars

Spinningcarousel
(tripod)

Movingchildren

Sports

Buildinginthenight
(tripod)

Actions/Activities

Hummingbirds
onflowers

Shutter speed and aperture for other specific situations

Stopactionofrunner

Marchingband

Classroomdiscussion

Groupphoto

Example of shutter speeds and apertures for different given situations.
Keep in mind that the combination of aperture, shutter speed and ISO depends on the light situations of the
moment, the camera model you are using and, of course, the way you perceive photography.

Aperture – Shutter speed – ISO sensitivity
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Artistic effects to our photographs
The shutter speed can also be used to manipulate the
visual effect of our photograph beyond its luminosity
and exposure and is often selected to suggest the
movement of moving subjects. A very high fast shutter speed can cause a moving subject to appear unnaturally frozen.

Fast shutter speeds will freeze a
movement (the moving element
looks still on the picture) while
slower shutter speeds create a blurring effect (we introduce a sense of
movement of the moving element).

In this publication we have a collection of slow shutter speed pictures for inspiration and we will examine
more deeply slow shutter speeds, and how we can use
them to create artistic effects to our pictures. Using
slow shutter speed photography can be really amazing if you get it right.

If you want to create a blurring effect, the choice of how slow the
shutter speed should be depends on
how much you want the moving
subject to be blurred.

When considering what shutter speed to use in a
photograph, always ask yourself: is anything moving
in the scene? How do I want to capture that movement?

The lower the shutter speed the more
blur you introduce to the movement.

Fig. 13

Location: Lausanne, Switzerland – The water fountain at the Olympic Park, at night.
Tripod photo with Nikon D810, lens 24-70 mm.
Aperture: f/16, shutter speed: 8s, ISO: 200, focal length: 70 mm.

In all of the following situations choosing an appropriate slow shutter speed is the only way to go:
when shooting a photo of a water fountain showing how fast the water is flowing, when wanting to give a
feeling of speed when taking a shot of a moving car or train, when creating rails of traffic lights generated by
long exposure in night photography.

Aperture – Shutter speed – ISO sensitivity
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How shutter speed can affect our photographs
The revolving Eolight photographed at three different (slow) shutter speeds. To maintain
correct exposure, the three different shutter speeds were compensated by setting the
aperture to f/8, f/11 and f/16.
As we can see from the three pictures,
there are situations when the blurring
effect can suggest movement in the
photograph introducing, at the same time,
a kind of artistic aspect.

< slow shutter speed: 1/4s
Aperture: f/8, ISO: 200,
focal length: 55 mm, tripod.
Fig. 14a

< slow shutter speed: 1/2s
Aperture: f/11, ISO: 200,
focal length: 55 mm, tripod.
Fig. 14b

< slow shutter speed: 1s
Aperture: f/16, ISO: 200,
focal length: 55 mm, tripod.
Fig. 14c

The Eolights, one of the projects of the Lausanne Festival of Light in
November 2014.

Aperture – Shutter speed – ISO sensitivity
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How shutter speed can affect our photographs continued...
Remember that to maintain correct exposure, you have to adjust aperture or ISO or even both whenever you
change the shutter speed.

High shutter speed to freeze motion or action, for example,
in sport photography / action photography.

Fig. 15

Location: Wembley Stadium, England. – European Qualifiers England-Switzerland.
Monopod photo with Nikon D4s, lens 400 mm.
Aperture: f/2.8, shutter speed: 1/800s, ISO: 1200, focal length: 400 mm.

To freeze the rapid movements of the footballers a high shutter speed (1/800 s) was the best way to go.
To maintain correct exposure, the aperture was set to f/2.8 and ISO to 1200.

Aperture – Shutter speed – ISO sensitivity
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How shutter speed can affect our photographs continued...

Slow shutter speed to create blurring effects, for example,
in the photograph with a water fountain.

Fig. 16

Location: Lausanne, Switzerland. – The water fountain at the Olympic Park, at night.
Aperture:f/2.8,shutterspeed:1/125s,ISO:200,
focallength:42mm.

Aperture:f/11,shutterspeed:2.5s,ISO:200,focal
length:42mm.

Picture on the left – The relatively high shutter speed (1/125 sec) freezes the movement of the running
water giving a more natural and realistic look.
Picture on the right – The long exposure (2.5 sec) creates a blurring effect and makes running water appear
a bit fluffy.

Aperture – Shutter speed – ISO sensitivity
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How shutter speed can affect our photographs continued...

Slow shutter speed to create a motion of moving objects, for example,
in a moving train on the rails.

Fig. 17

Eurocity train Milan-Geneva approaching the railway station of Lausanne, Switzerland.
Tripod photo with Nikon D810, lens 70-200 mm.
Aperture: f/11, shutter speed: 1s, ISO: 64, focal length: 105 mm.

Aperture – Shutter speed – ISO sensitivity
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How shutter speed can affect our photographs continued...

Slow shutter speed to create traffic light trails, for example, at night,
in this way beautiful images can be captures of blurred traffic light trails.

Fig. 18

Location: Lausanne, Switzerland. – Lights in motion during the rush hour.
Tripod photo with Nikon D810, lens 70-200 mm.
Aperture: f/11, shutter speed: 6s, ISO: 100, focal length: 150 mm.

By holding the camera static on a tripod, all moving lights in the scene are blurred, resulting in a night
photograph of traffic light trails generated by long exposure.

Aperture – Shutter speed – ISO sensitivity
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Slow shutter speed and panning
What does panning mean?
Panning is the horizontal movement of the camera which follows, at the same speed and
direction, the fast moving subject on the scene moving in parallel to you: cars, running pets,
cyclists or runners on a track, etc. In other words, you follow the moving element in the
scene with your camera. This gives the pictures a feeling of movement and speed. As a result,
the background is blurred while the moving subject remains sharp.
Pan the camera of a fast moving subject, such as a car, at a relatively slow shutter speed.
See images below:

Slow shutter speed and panning to keep the moving object sharp, for example,
a car in movement, a cyclist, a running pet, etc. which keeps the movement of the subject
sharp, but the background blurred.

Fig. 19

Location: Lausanne, Switzerland.
Hand-held photo with Nikon D810, lens 24 - 70 mm.
Aperture: f/5.6, shutter speed: 1/30s, ISO: 100, focal length: 70 mm.

Panning the camera: the car looks clear and sharp but the rest of the picture is bit blurred suggesting the
vehicle is in motion.
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Slow shutter speed without panning the camera
Example of slow shutter speed without panning the camera
Fig. 20

Location: Lausanne, Switzerland.
Tripod photo with Nikon D810, lens 24-70 mm.
Aperture: f/5.6, shutter speed: 1/30s, ISO: 100, focal length: 70 mm.

Slow shutter speed without panning the camera. The suggestion of the movement, in this case, is given by
the blurred car whereas the background remains sharp.

Deciding which of the above two images (Fig.19 and
Fig. 20) is better is only a matter of preference.

How to choose the shutter speed
for panning.

When panning, it is very difficult to keep the moving
subject in focus. The most important thing is to keep
it relatively sharp in comparison to the background.
If the main subject is a little blurred, this can also add
a supplementary feeling of motion to the photograph.

The shutter speed depends on the
speed of the subject on the scene.
Generally it will be 1/200th or
slower. 1/200th if the subject is really flying along, such as a speeding
car on a race track, and it may be as
slow as 1/40th of a second if your
subject is a runner on a track. Also
keep in mind that the faster your
shutter speed is, the easier it will be
to keep your subject sharp, while
the faster your subject is moving
the more difficult is the panning.

Panning is a technique that can produce creative results, to get
it right takes a lot of practice. It requires a steady hand and a
relatively slow shutter speed.
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Understanding ISO
In the last publication, we covered all the basics of
DSLR camera design and use, we talked about lenses
and how a lens introduces light to the camera sensor.
We also introduced the concept of the three pillars
of photography: aperture, shutter speed and ISO.
We also previously looked at making adjustments to
aperture and shutter speed and now we would like to
turn our attention to the ISO camera settings so as
to better understand the performance of another key
feature of photography.
As already explained, ISO along with aperture and
shutter speed, is part of the exposure triangle and
these three elements, all together, correlate directly
between each other.

The ISO number indicates how
quickly the image sensor of the
camera can absorb light. In other
words, ISO determines how sensitive the camera sensor is to light.
High numbers on the rating mean
that the camera sensor is more sensitive to light and will expose faster
that lower numbered ratings.
ISO numbers follow a common
scale on most digital DSLR cameras.
A typical ISO range may look as follows:

ISO range in one stop increments. The higher the ISO number the more sensitive the camera sensor is to light,
allowing to take pictures in low light conditions. Depending on the camera that you are using, the ISO range
available may differ. Check your camera manual for specific details.
Fig. 21

small ISO number

less sensitive to light
darker images
lower grain/noise

large ISO number

more sensitive to light
brighter images
higher grain/noise

For specific details, check your camera manual.
ISO range in one (1) stop increments.
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Understanding ISO continued...
With increased sensitivity (large ISO numbers), the
camera sensor can capture images in low-light conditions allowing higher shutter speeds (to freeze fastmoving objects in the scene) or smaller apertures (to
avoid a shallow depth of field of the photograph) in
some cases without the use of a tripod.
Keep in mind that higher sensitivity adds noise to the photograph.

Let’s assume we are shooting at a
shutter speed of 1/60 and an aperture of f/5.6 at ISO 200. By changing the ISO to 1600 (3 stops) we
would be able to shoot the same
photograph increasing the shutter
speed at 1/500 (3 stops) or decreasing the aperture to f/16 (3 stops),
maintaining in both cases the same
level of exposure in the photograph, adding (depending on the
camera you use) a grainy and noisy
texture to the photograph.

ISO comparison at 200, 3200, 6400 and 12800.
The difference is clear. The more you increase the ISO the more noise will be added to the photograph.
(see enlarged detail)
Fig. 22

enlarged detail

Location: Lausanne, Switzerland.
Hand-held photo with Nikon D810, lens 70-200 mm.
Aperture: f/5.6, shutter speed: 1/250s, ISO: 200, focal length: 150 mm.
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Understanding ISO continued...

Fig. 23

enlarged detail

Location: Lausanne, Switzerland.
Hand-held photo with Nikon D810, lens 70-200 mm.
Aperture: f/11, shutter speed: 1/1000s, ISO: 3200, focal length: 150 mm.

Fig. 24

enlarged detail

Location: Lausanne, Switzerland.
Hand-held photo with Nikon D810, lens 70-200 mm.
Aperture: f/16, shutter speed: 1/1000s, ISO: 6400, focal length: 150 mm.

Aperture – Shutter speed – ISO sensitivity

- 27 -

Module 3

The basics of digital photography | October 2015

leMultimedia.info

Understanding ISO continued...

Fig. 25

enlarged detail

Location: Lausanne, Switzerland.
Hand-held photo with Nikon D810, lens 70-200 mm.
Aperture: f/16, shutter speed: 1/2000, ISO: 12800, focal length: 150 mm.

You can never enlarge an image without losing quality. The more the image is enlarged, the more
you need to worry about a blurry image, regardless of whether or not there is ISO noise.

Aperture – Shutter speed – ISO sensitivity

- 28 -

Module 3

The basics of digital photography | October 2015

leMultimedia.info

What is “noise” in photography?
“Noise or digital noise” in photography, is when your
picture looks grainy or pixilated. Raising the ISO to
an extremely high number (6400 or more), even
with a highly professional DSLR camera, digital noise
will still be visible in your photograph, at time giving
a very nice effect.
Digital noise and film grain are two different things.
The digital noise is typical of a digital camera sensor
(chroma-noise), while film grain is typically in traditional analog film photography (luminance-noise)
which is the optical texture (metallic silver) that
appears in a film during the development process.

Digital graininess in a photograph
can be beautiful but, today, the performance of modern DSLR in this
subject is no longer attractive. Postprocessing software such as Lightroom, Photoshop, etc. have grain
filters that emulate the grainy, filmlike appearance in the picture with
a distinct preference for black and
white photographs.

Fig. 26a and 26b

Above, a RAW capture converted to black
and white with no digital noise.
Below, the same capture with a grainy
film-like texture emulated in post-processing with Adobe Lightroom.

< Hand-held photo with Nikon D300s,
lens 17-55 mm.
Aperture: f/8, shutter speed: 1/250s,
ISO: 200, focal length: 55 mm.
Fig. 26a

< post-processed in

Adobe Lightroom
Fig. 26b
Location: Sant’Angelo del Pesco, Italy.
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When to use high ISO?
High ISO settings are most frequently used when
shooting photos in challenging lighting conditions,
ranging from night and low light photography, indoor sports to dimly lit weddings. In situations like
this, to capture the correct exposure, we need to
reduce the shutter speed with the result that the
photograph could appear blurry due to camera shake.
Adjusting the ISO to a high number enables us to
select a faster shutter speed.
An high ISO, however, together with the proper shutter
speed and aperture setting, is an incredible tool that helps to
obtain a proper shot when light levels are low.

On the other hand, higher ISO ratings produce much more noise in
the final photograph, reducing the
quality of the picture (grainy texture, less sharpness). Therefore,
digital noise is normally avoided if
possible or, at least, minimized,
unless a grainy and noisy texture is
desired so as to add an artistic
effect to the picture, in particular in
black and white photography.

In indoor/outdoor photography where light conditions are not always the best, and relatively
high shutter speeds and smaller apertures are required, a higher ISO setting is the only way to go.
Fig. 27

Location: Wembley Stadium, England. – European Qualifiers England-Switzerland.
Hand-held photo with Nikon D4s, lens 400 mm.
Aperture: f/8, shutter speed: 1/250s, ISO: 4000, focal length: 350 mm.

Shutter speed 1/250 to avoid any kind of blur (camera or hand shake), aperture f/8 to ensure the sharpness of
all the scene (depth of field) and high ISO (4000) to achieve correct exposure of the photograph.
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When to use high ISO continued...
In action and sport photography (for example, football) where, to freeze the action of the soccer
players in constant movement, high shutter speeds (1/800 – 1/1000) are a must, and since the choice
of the widest aperture (f/2.8) is not enough to create proper exposure, the only way to proceed is
the setting of a high ISO rating (1000 – 2000, and sometimes even more).

Fig. 28

Location: Geneva Stadium, Switzerland for Portugal-Italy.
Monopod photo with Nikon D4s, lens 400 mm.
Aperture: f/2.8, shutter speed: 1/1000s, ISO: 2000, focal length: 350 mm.

High shutter speed 1/1000 to freeze the movement of the players getting hold of the ball.
Wide aperture f/2,8 and a relative high ISO (2000) to ensure correct exposure.
Sometimes, in situation when the action is much faster, a higher shutter speed (1/2000) would be much
better, and this means increasing the ISO at 4000, at the same time.

As you can see in the picture in the previous page (Fig. 27) and in the picture above (Fig.
28), the ISO value is an important tool that allows you to work more effectively in different
situations with low light conditions.
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Lowest and widest ISO range
Not all DSLR cameras manage noise in the same way,
and the ability to reduce noise at high ISO rates differ
from one camera to the other. Today, professional
DSLR cameras with extremely wide dynamic ranges,
expand the widest ISO range to H1 and H2 (equivalent to ISO 25600 and 51600) and the lowest to 64
and L1 (equivalent to ISO 32) thus reducing high ISO
noise to a minimum. Image noise is carefully controlled across all ISO sensitivities.

Remember that, often a high ISO value
is inevitable to obtain the correct exposure,
to get the subject into proper focus
and, last but not least, to avoid motion
blur in the photograph. A photograph
with image noise is much better than no
photograph at all.

Expanded low and wide ISO range in one stop increments.
Fig. 29

lowest ISO values

widest ISO values

Not all DSLR cameras manage noise in the same way and the dynamic ISO rates differ from one camera to the other.
Lowest and widest ISO range in one stop increments.

The settings and information provided in this tutorial only explain what some of the important
settings do. It does not mean that when shooting with exactly the same settings you can
achieve the same results. As already explained, it all depends on the light situation of the
moment, the camera model you are using (professional or not) and, of course, the way you
perceive photography. Most of the time, the same results could also be achieved with another
combination of the three basic settings (aperture, shutter speed, ISO).
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When is an extremely low ISO necessary?
In a very highly lit scene, with the aperture fully
closed, and the shutter speed at a maximum, the ISO
rate 64 or 32 (L1) is the only way to go, even though
this kind of situations rarely occurs.
In telephoto (long-focal lens) or close-up photography, however, to retain the clarity of detail (sharpness) and to maintain a noise-free quality of the
texture, the lowest ISO rate (64 or 32) is highly
recommended. In such situations working with a
tripod and setting the camera to Mirror Up Mode
(mirror lock-up function) need to be considered in
order to ensure high-quality photographs for highquality publications.

The “mirror lock-up function” makes
the mirror flip up before the shutter is
activated.
The idea is that the fast flipping mirror
can cause a slight vibration of the
camera caused when the mirror is
raised. (slow shutter speeds are often
affected by this).
With this function, when pressing the
release button, pictures will be taken
automatically, a while after the mirror
has been raised.

Tripod photo at lowest ISO rate L1 (equivalent to ISO 32) and Mirror Up function.
Fig. 30

enlarged detail

The “mirror lock-up” function avoids camera vibrations produced when the mirror of the DSLR camera is raised.
Tripod photo with Nikon D810, lens 24-70 mm.
Aperture: f/2.8, shutter speed: 1/250s, lowest ISO value L1 (ISO 32) and Mirror Up function.
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When is an extremely high ISO necessary?
The highest expanded ISO setting of 25600 and 51200
are best saved for emergency use.
On the other hand, many photographers use it intentionally to create a grainy/noisy texture to the picture, especially when shooting antiques, machinery,
rough surfaces (streets, stone walls, etc.) and most
of the time, for black and white photography. In
these cases, the high ISO value (H1 or H2 equivalent to
ISO 25600 or 51200) is of great interest and creative
utility.

Keep in mind that, if you want to
produce photographs for exhibitions or high quality prints which
require extreme sharpness and
noiseless texture, you have to avoid
digital noise by keeping the ISO
sensitivity as low as possible, and,
of course, depending on the light
situation, the use of a tripod is
much more recommended than a
higher ISO for an hand-held photo.

Fig. 31a and 31b

< Hand-held photo with Nikon D810,
lens 24-70 mm.
Aperture: f/5.6, shutter speed: 1/250s,
highest ISO values H2 ( ISO 51200).
Fig. 31a

< enlarged detail

of above picture
Fig. 31b
Old typewriter.

Most of the settings and values on this tutorial refer to Nikon DSLR cameras, mainly because we
are personally familiar with these models. In any case, basic settings are similar in all professional
DSLR models. For specific settings, just check your camera manual.
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Understanding auto ISO control
Most of DSLR cameras offer the ability to automatically control the ISO sensitivity (Auto ISO) maintaining proper exposure with the selected aperture and
shutter speed. This is very useful when shooting
across a variety of lighting, from outdoors to indoors
or from bright light to shadows. If light levels fall or
the aperture and/or shutter speed is changed, the
camera will decrease or increase the ISO without exceeding the maximum setting you have chosen in the
Auto ISO function.

For example, if the shutter speed is
set at 1/100 sec and the aperture
at f/5.6 the camera will work at the
lowest possible ISO for this situation.
Changing the shutter speed or aperture
or if the light level become more
dim, the camera will then choose another lowest possible ISO value according to the new situation, while always
maintaining the proper exposure of the
photograph.

If the maximum ISO is set to a certain number (for example, ISO 3200), the ISO will be automatically
changed by the camera, based on the amount of light available at the moment. Keep in mind
that if you set the Auto ISO to 3200 it does not mean that all your pictures will come out at
ISO 3200. The camera will decrease or increase the ISO values without exceeding the value ISO 3200.
With this setting the camera will never pick ISO 6400.
Fig. 32

Location: Pont-à-Mousson, France.
Hand-held photo with Nikon D810, lens 24-70 mm.
Aperture: f/2.8, shutter speed: 1/60s, ISO: 6400, focal length: 24 mm.
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Creativity with high ISO values
As already explained, aperture, shutter speed and ISO
are the components of the exposure triangle. Each of
these components has two uses: one technical one
creative.
The technical use of ISO is to give us the opportunity
to shoot in adverse light conditions sensibilizing the
camera sensor to light. The second effect of ISO is
much more creative, especially when combined with
slow shutter speed (to suggest a blurred motion), shadows (to give an abstract look), in some cases artificial
light sources (for artistic effects) and, if you are considering a black and white conversion of the picture.

As you can see, high ISO values are
not always undesirable. In street
and urban photography, or scenes
with rough surfaces (streets, walls,
etc.) a grainy/noisy texture can add
a particular appeal to the photograph.
The following pictures will show
how we can use high ISO values creatively.

Night RAW capture converted to black and white.
Fig. 33

Location: Lausanne, Switzerland.
Hand-held photo with Nikon D810, lens 24-70 mm.
Aperture: f/2.8, shutter speed: 1/125s, ISO 12800, focal length: 70 mm.
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Creativity with high ISO values continued...

Night RAW captures converted to black and white.
Fig. 34

Location: Sant’Angelo del Pesco, Italy.
Hand-held photo with Nikon D810, lens 24-70 mm.
Aperture: f/2.8, shutter speed: 1/125s, ISO: 51200, focal length: 70 mm.
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Conclusion
If your first attempts do not produce the results you
expected, try again. If the picture with the blur/trails
is too bright, you need to decrease the aperture. If
your image has no blur/trails at all this means you
have to choose a slower shutter speed and decrease
the aperture to compensate the exposure.
In any shooting situation certain factors are more
important than others. If you need a shallow depth
of field, you must pay particular attention to the
aperture. If you need to freeze an action in the scene,
the shutter speed is to be considered first. But do not
forget that along with aperture and shutter speed,
ISO is an important feature of exposure control, and
if a lower ISO setting means that you miss the shot,
it is better to come to a compromise.

To ensure the best quality photo
with no grainy pixel or noise, set
the ISO sensitivity to 100. When
photographing traffic lights, another thing that should be taken
into consideration is rain. Soaked
streets at night add very nice reflections and artistic effects of traffic
lights into the photograph.
When you are faced with adverse
lighting conditions where a wide
aperture is needed or in situations
where a higher shutter speed is required, you must find a compromise
to obtain the picture you want,
sacrificing the sharpness given by a
low ISO with higher ISO ratings.

Fig. 35

Location: Sant’Angelo del Pesco, Italy.
Hand-held photo with Nikon D810, lens 24-70 mm.
Aperture: f/2.8, shutter speed: 1/125s, ISO: 51200, focal length: 70 mm.
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Terminology used in this tutorial
Exposure:
Amount of light reaching the camera sensor
and how long the camera sensor will be
exposed to it.

Fig. 36

Aperture:
Aperture (diameter) of the lens which
controls the amount of light reaching the
camera sensor.
Shutter speed:
The length of time the shutter of the camera is open determining the amount of light
that reaches the camera sensor.
ISO:
The sensitivity of the camera sensor to light.
The larger the ISO number the more sensitive the camera sensor to light.
Depth-of-field (DOF):
The distance between the nearest and the
furthest objects in a scene that appears
acceptably sharp in an image.
Diaphragm:
A thin structure inside a lens formed by
intersecting blades which increase or
decrease the opening (aperture) to control
the light passing through the lens to the
image sensor of the camera.
Location: Sant’Angelo del Pesco, Italy.

Stops:
A stop is a measure of exposure relating to
the doubling or halving of the amount of
light when taking a photograph. Changing
the shutter speed by 1 stop changes the
exposure in the same way as if changing the
aperture by 1 stop.
Blur or motion blur:
Blurring of an image due to movement of
the subject or camera shake.
Panning:
The horizontal movement of the camera
which follows at the same speed and
direction the fast moving subject on the
scene moving in parallel to you.

Hand-held photo with Nikon D810,
lens 24-70 mm.
Aperture: f/9, shutter speed: 1/350s,
ISO: 200, focal length: 30mm.

Bulb (B or bulb):
a setting in the shutter speed range that keeps
the shutter open as long as the shutter release
button is held down.
Time (T or – –):
a setting in the shutter speed range that keeps
the shutter open until the shutter button is
pressed down a second time.
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