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How to Find the Diffraction Limit of Your Lenses

ast month, in episode /32, we
talked about Depth of Field,
Hyperfocal  Distance, aond

Infinity, and also touched on the
Circle of Confusion, the Airy Disk,

and Diffraction. | originally shared
how to test your lenses to find their
Diffraction Limit around four years
QQo, but | had yet to go through this
exercise with my EOS RS and new RF
lenses, so | decided to talk you

Well Resolved

Two Airy Disks at f/8 (10.7 um)
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Airy Patterns

https://martinbaileyphotography.com/

through this process again today.
This Is also relevant right now
because | have just released a new
version of our Photographer’s
Friend app for iOS that includes a
new Pro feature called Diffraction
Limit Guide Adjustment, so I'll also
share a little information about that
today as well.

As we discussed in episode /732, the
depth of field in our images gets

Just Resolved

deeper as we stop down our
aperture, so f/11 has o deeper
depth of field than f8, and f16 has a
deeper depth of field than f11. The
problem with stopping down the
aperture for deeper depth of field
though, is that it forces the light
through a smaller hole, and when
you force li%ht through a small hole,
the Airy Pattern starts to get
disturbed and spreads out, causing
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it to overlap the neighboring Airy
Disk pattern to the point that the
image is considered no longer
resolved, as Ive shown in this
diagram.

Baosed on my Pixel Peeper
calculations which | odded to
Photographer's Friend, around four
years aQo | realized that | could
calculate the diffraction limit based
on the size of the Airy Disk as it

Not Resolved

Two Airy Disks at f/13 (17.4 ym)

Two Airy Disks at f/20 (26.8 um)
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How to Find the Diffraction Limit of Your Lenses

grows with the decreasing size of
the aperture, and | provided
Diffraction Limit Warnings in the
form of traffic light coloring of the
Airy Disk label, and the Aperture
dial, which is responsible for the
limitation.  Unless you  have
changed these colors with the
theme customization feature, green
will show you that you don't need to
worry about Diffraction. Orange or
amber shows when Diffraction will
probably start to show itself and
red alerts you to the fact that that
you will almost certainly be seeing
the effects of Diffraction in your
images. These color warnings
correspond with the Well Resolved,
Just Resolved, aoand Not Resolved
Airy Patterns in the diagram.

The calculated warning points are
pretty accurate, but how much you
allow this to concern you depends
really on how much Diffraction you
are seeing in your images, and this

17:39 9 16:36 7

DoF Calculator Settings

Use Custom Circle of Confusion?

Enter number as decimal mm, i.e. 0.029. Will 3
disable Pixel Peeper mode.

Display Diffraction Limit Guides?
Color-code Airy Disk [AD] display if your
aperture may cause diffraction.
Aperture Dial Diffraction Guides?
Color-code the [Aperture] dial if your setting .
may cause diffraction.
Diffraction Warning Adjustment Hyperfocal Distance DoF
Adjust amber and red diffraction warning points

+-0 el +-0

Enable Pixel Peeper Mode?

Calculate DoF and Diffraction for viewing photos at

100% on a computer. Set your megapixels below. Format Aperture

Select your camera's
megapixels.
In Pixel Peeper mode we use this to
calculate the [CoC], [PP] and [AD].

45 MP

35mm f/8

Infinity Display Value
Select the distance to use for infini
display (Double tap slider to rese
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Depth of Field Calculator

Near Limit Focus Distance  Far Limit

4081m 575m 9727m

Hyperfocal DoF

1401m 5.645m 7007m~co
CoC: 11 um AD: 10.7 pm 45 MP

Focal
o Focus ft/m
Leng

35mm 5.75m

is both why [ like to test my lenses,
but also with this latest release, why
| wanted to be able to adjust the
kick-in points of the warning in
Photographer's Friend.

Where to Start?

The tests are easy to do, and
although | used an old Lens Align
tool that you can see in this photo,
you can just use a steel rule or even
just an open book with a page of
text. | like the Lens Align tool
because it is easy to vary the angle
of the rule and it has lots of text and
numbers along the rule to help you
to evaluate sharpness. Although
we'd usually be looking to see where
the focus falls on the rule, for
Diffraction Limit testing the point at
which you focus is less important.
We're just going to check for a lack
of sharpness across the entire
image as we stop down the
aperture.

| recommend using Pixel
Peeper mode in
Photographer's Friend for
the most accurate
information on  which
aperture to start testing
from, ond it depends on
your camera’'s sensor and
Help the number of megapixels,
which you'll need to dial
into the Depth of Field
Calculator settings. You'll
also need to select your
sensor format with the
Format dial. For the Canon
EOS RS I'll select 3dmm as
its a full-frame 35mm
sensor. If you use a crop
factor camera or medium
format comerao, select the
appropriate Format. | then
press and hold the Format

all T @m

dial to lock it, to prevent me from
accidentally changing it later.

With the megapixels set to 45 and
Pixel Peeper mode enabled in the
settings, and also ensuring that the
Diffraction Limit Guides are turned
on for the Airy Disk label and
aperture dial, we can then adjust
the aperture until we see the dial
change from green to amber. The
last green aperture is where we'll
start to test from as we know that
this should not be displaying any
signs of Diffraction. With my comera
details dialed into the settings, | see
that my starting aperture is f/8, so
'll set my camera to f/8 for my first
test shot.

With your comera on a tripod, line it
up with the Lens Align tool or
whatever you are going to use in
your tests, and pick a point at which
you are going to focus, just as a
reference.

If you don't have Photographer's
Friend and don't care about Pixel
Peeper mode, then f/8 is still a good
starting aperture for your tests,
then stop down one third or half
stop at a time, depending on your
camera, and shoot an image with
every change until you reach the
smallest aoperture of vyour lens,
which is f/22 with most of my Canon
RF Lenses.

To make exposure easy, | use
Aperture Priority mode for this, and
| set the ISO to 100. High ISOs can
cause the image quality to degrade
as well as Diffraction, so it's better
to avoid auto-ISO. In Aperture
Priori’g mode though, your comera
should automatically adjust the
shutter speed for you as you stop
down the aperture. | also use a two-
second timer so that | can toke my

Episode 735

hand away from the caomera during
the exposure to avoid shaking the
camera.

If you are testing a zoom lens, to be
thorough, it's a good idea to test at
least three focal lengths. The two
extremes and then something close
to the middle of the zoom range.
For example, when | tested my
Canon RF 15-35mm lens | shot both
19 and 35 mm shots as well as a
series at 24mm. For the 24-105mm
lens, | shot at 24mm, SO0mm and
10Smm.

Once you've shot an image for each
aperture from the starting aperture
to the smallest aperture available
on your lens, you'll then need to
transfer your images to your
computer and open them up in
your usual image editing software
and evaluate the sharpness. With
the high-resolution displays that we
have these days, | generally find
that | have to zoom in to around
200% to really see the sharpness,
ond as | worked through these
images shot at 24mm starting ot f/8
then working through each smaller
aperture, the first noticeable
degradation in sharpness | could
see was at f/16. A certain amount of
diffraction kicked in right there, and
the image got gradually softer
towards f/22, although we are
talking a very small omount.

Over the followin? ten pages you'll
find the series of images from my
Canon RF 24-105mm lens at SO0mm,
so that you can see what I'm talking
about. This is the center 3840px (4K
resolution) of each image cropped
from the larger imo?e, so you will be
able to see the diffraction starting
to kick in, although you may need to
zoom in on the page a little.
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Canon RF 24-105mm
Lens at f/9 S0mm
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Canon RF 24-105mm
Lens at f/10 S0mm
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Canon RF 24-105mm
Lens at £/11 S0mm
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Canon RF 24-105mm
Lens at /13 S0mm
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Canon RF 24-105mm
Lens at f/14 S0mm
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Canon RF 24-105mm
Lens at f/16 S0mm
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Canon RF 24-105mm
Lens at /18 S0mm
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Canon RF 24-105mm
Lens at /22 S0mm
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How to Find the Diffraction Limit of Your Lenses

At 50mm diffraction didn't really

start to kick in until /18, but it got
worse slightly quicker and by /22 it
was about the same softness as at
24mm. At 105mm diffraction was
relatively  weak but  slightly
noticeable from f/16 and got worse
at g/QO and slightly worse still at
/22.From my findings though, | now

now that | don't have to be
concerned about Diffraction until
f/16, and if possible, | want to avoid
using /20 and f/22.

18:32 4 ull ¥ =&

DoF Calculator Settings

Use Custom Circle of Confusion? .

Enter number as decimal mm, i.e. 0.029. Will
disable Pixel Peeper mode.

Display Diffraction Limit Guides?
Color-code Airy Disk [AD] display if your
aperture may cause diffraction.
Aperture Dial Diffraction Guides?

Color-code the [Aperture] dial if your setting
may cause diffraction.
Diffraction Warning Adjustment
Adjust amber and red diffraction warning points

+1.6 ﬁ +0.3

Enable Pixel Peeper Mode?

Calculate DoF and Diffraction for viewing photos at
100% on a computer. Set your megapixels below.

Select your camera's
megapixels.
In Pixel Peeper mode we use this to
calculate the [CoC], [PP] and [AD].

45 MP

Infinity Display Value
Select the distance to use for infinity
display (Double tap slider to reset)

fim €@

1,000 m
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Baosed on this, | went into the
settings of the Depth of Field
Calculator in Photographer's
Friend, oand adjusted the amber
warning slider to +1.6 stops, and
also the red warning slider to +0.3 of
a stop. As you can see from these
screenshots, that puts the actual
warning colors displayed so that
the aperture dial is green until f/14
then changes to amber at f/16 then
to red at f% 20.

For your reference, note that | also
tested my Canon RF 50mm /1.2 lens,
which has a smallest aperture of
f/16 and once again, | really couldn’t
see any diffraction until | hit f/16, so
'm pretty hoppy to leave my
warning color guides
at these  settings.
Because the math
dictates where the
default settings c]go,
and because 'm
testing some of the
best lenses available, |
don't want to adjust
the default settings. |
really think people
should do these simple
tests themselves to
really see the effects of
diffraction as it kicks
in, and if you do use
Photographer's Friend,
| hope you find the
ability to adjust your
warning sliders useful.

Note that thisis part of
the Pro Add-on as it all
takes additional work
that was not included
in the base price of the
app, and also not
something that
everyone will want. The
good news is though, if

18:31+

Hyperfocal Distance

8.023 m

Format

Depth of Field Calculator

Near Limit Focus Distance

3.352m 5.75m

DoF Hyperfocal DoF

16.86 M 4.011m~oo

CoC: 11 um AD: 18.8 um

Aperture

35mm f4

you already bought the Pro Add-on
or the Complete Pro Bundle
including the Apple Watch add-on,
this feature will automatically be
activated when you update to
version 3.71 which is availoble now
in the App Store.

OK, so | hope you found that useful.
Before we finish I'd quickly also like
to mention that if you absolutely
must stop down to a small enough
aperture to cause your system to
become diffraction-limited, it's not
the end of the world. If you are a
Canon user, you can consider using
Canon’s Digital Photo Professional
software and applying the Digital
Lens Optimizer, which removes the

oll T @ 18:314

Near Limit Focus Distance

3.163 m

Far Limit

20.21m

Help

Hyperfocal Distance DoF

45 MP CoC: 11 um AD: 21.5 um 45 MP
Focal

Length

Focal

T Format

Focus ft/m Aperture

o
£13
114

SSmim R

f18
/20

22

-lll =T .

Depth of Field Calculator

Far Limit

575m 31.54m

Help

Hyperfocal DoF

/7.024m 28.38m 3512m~c

Focus ft/m

f[16 35mm
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effects of diffraction very well when
detected. Also, my image
management and editin% software
of choice, Capture One Pro, has a
Diffraction Correction option under
the Lens Correction section which
also does a very good job of
cleaning up the effects of
diffraction when your images are
aoffected. Photoshop and Lightroom
also have lens correction in Adobe
Camera Raw which removes the
effects of diffraction pretty well too.
| rarely have to use this option
because I'm generally fine with the
slighter wider apertures, but it's
good to know what your options
are.

18:32 4 all ¥ @8

Depth of Field Calculator

Far Limit

Near Limit Focus Distance

2844 m bH575m

>00

Help

Hyperfocal Distance DoF

5.626 m

Hyperfocal DoF

=00

CoC: 11 um AD: 26.8 um 45 MP

Focal

Format P

Aperture Focus ft/m

S S 35mm /20 SOmm Sl
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See You Onlinel

Check out our Tours & Workshops, eBooks
and fine art prints and other products and
services, or listen to the audio of our
articles on our website!
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