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OPTICAL ENGIMEERING NOTE #17:
IRIS DIAPHRAGNS AND OTHER APERTURES

An iris, diaphragm, aperture, or f/stop is an important part of
any optical system to control the intensity of the light passing
through the optic and also to control its aberrations.
Conventional Wisdom states that a lens works best two or three
stops down form its largest opening.

Joseph Nicephore Niepce is not only credited with the earliest
surviving photograph, using his heliographic process, but he is
also the inventor of the irisgs diaphragm in 1816, amongst other
things. (See the Photographic Inventors Handout, JOSEFPH ISIDORE
NIEPCE.) His design used a series of overlapping leaves to
approximate a circle; how close it gets depends on how many
blades. His design ig basically what is used today.

The mechanism controlling the movement of the blades is quite
simple; one end of the blade is fixed on the housing in a pivot
point, while the other end of the blade has a pin that fits in
the rotating ring with the handle. The handled ring brings the
inside ¢f the arc blade towards the center of the circle.
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Most cameras manufacturers try to get away with as few iris
blades as possible. You may notice 5 or 6 bladed irises in the
typical 35mm camera lens, and even as few asg three in some
cheaper items.

On many early cameras the aperture was fixed, or the lemns had to
be disassembled to change the opening. A c¢heap and simple method
of controlling the light throughput was desigmned by Waterhouse in
1857. His stops were nothing more than holes drilled in metal,
placed in a slide in the lens mount. Stops like these contreol
the light just as well as an irisg, however it is not infinitely
variable in size.
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Folarold S5X-70z and the

more currenkt madels uam
cat'a-aya pupil shapee -t —
rather than ¢ircular

cnes. Light gathering

power iz depeandent on

surface area; it deesn't -
really matter if the abapa is perfectly round or aymmutrin The
Polarcid engineers used thiag waconventional shape so that the
auto-expoaure mechanism can move through its range of
intenaitias in & linearly fashiom.

The lacation of the iris in a lens gyatem is determined by ite
usefulness in eliminating aberration=. See the Aberratiom

Handemt.
MHY THOSE f£/8#'s

Pigure Thres showa the affact of stopping deown the iris on the
valume of light paseing through the lana. Tha smaller volyme of
the more acutely angled cone of the stopped dawn lens forms a
dimner image.

Lenses of different dlameters and focal lengths c¢an deliver the
game amounk of light if they all form the same tip angle of the
cona of convergent light, as shown in Figure Four.
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The diamatars aod Eocral diatancea of the above lanzes are
praportional to each other, by the Geometric Rule of Similar
Triangles, tha bases and heights being the diawmeter and focal
diatancas. Therefore the ratio of facal length to diameter is
the pame for all lenses, which is the named the f£/#.

It ig for thias reapon the f£/numbaring eystem was adopted to
characterize the light-gathering power of an optical system, as
an £/# af four collects the same amount of light into the image
na mattar what the focal langth of the leanx may be.

t/8's
£/1 E/f1.4 b o E/f2.8B /4 £/5.6 £/B £/11 Efle

£/22 TV £/45 f[/64 £/00 £7128 EF1BO0 f£/256 E£f...
This is the typical set of £/#'s found on camara lemzed,
although this whole range is hardly ever utilized. There are
inkatwean numbera, as thare could be any focmrl length/diamatar
ratin. The largest opening, typified by the lowest number of a
lena i3 celled ity speed. FPor ipnstance, a 50mm £/1.4 lens mAY
come standard with a2 35mm camera, and its £/%'8 will range from
1.4 tn 16, While 3 Z10mm lans for view camera work will have
atops from 5.6 ta 90.

The light-gatharing power of the lens iz dependent wupon the area
of the ecircle formed by tha aparture. To cut down the intenaity
of light by a factor of two, (to be able to reciprocate with the
deubling and balving of shubter speed timea on cameras), the ares
must he changed by a factor of two, which doea nat mean changing
the diamater {(or radiua} by e factor ¢f two but by a Factor of
tha square roaot of twol The reader is asked to compuba some
examplea to prove it to themsalves.

Dftentimes when photographing with bright light scurces in the
srwnw inkeresting rainbow patterna may appear. Clope inspaction
may find images of the iria, oftan polygomal., with speciral
projections emanating from the ¢orners, cauzsed by diffraction
effecta of tha aperture.

Diaphragms are useful for getting rid of junk around lager beams,
and controlling iliumination in microscopes. They are hardly
ever uged in projectiom lenamg, but are imporbant in photographic
snlAargers.

Bara irises sre availablae from the MAJOR OPTICAL MANUFACTORERSL,
NWE Surplua. and sometimea found in bine at Amarican Scieme &
Surplua, and Darkroam Adds.

l gpe the Handout, SOORCES.

¢ L3345 Fri Wesly 3-.. PiTek Urall 4725058

it




Figuwn IFiwe ulivwd Che componsant narke =0 o«
luzqe broken dyamassgn; bmara dece ansl when
Fhim Rhirg hoL Lhe 21901, &9 & mAcaniam Lhiu
Wizxw vosta anodkl A purdrad dolluecwe Lo seplozz,
The ard:v-dual sLuzpud wprong otrsl Elwden

lire w fuaceBal wer mbapa: whas Lhiee ococ:zlap

aarF mnhar Liwy zake a TWwesTtr-p1dmed pelygen.



kil

aur gr LERTH 2.7 nF
LTS o focus
L. ._FIELD | )
- — i
i e
B B e B T
e — — [ I LT
— — '—__:__———.I_ _‘_|-—|_\';\_"________
B I ey =~ N
TR ey ;
A B o G E OIAPHAAGM 5ET AT IE =
i . LARACER AFERTLIRE "_H""'"'_“'\-\.r"'\-\.._\_'_-.‘_\_'_ a2
FIELD PLANES | AdrS FROM A E InTOMRECT /' B oa
&M AAEA DN Fi kW LLRGER LA o=
THAr THAT OF TALEMaBLE - _ AL D I:l:;
. B Mace 32
= E L= QF PG LS L .IILNE.E old
o - L -
[=3 [
- o8
ﬂE i
£2 "
Ax
aT
an
—— =‘— _._ -------
ry N DIeFHRAGKM SET AT
p——=— QDEFTH T LD B SMALL BPEHTUNE nE
Aav-CGHE MADE HiRROWLR - ar
Ak THAT &-E MAvEy s TER- .-'-: Fochl
LECT 4 JrRLLER ARE ]
G FLLM
_.--"_r"_r _____ H_‘--""-
-~ \ -~
P IMAGE POINTS DF ! -
- % “\.
- - T
- 5 s R\
7 H & - poed FAIZW R-B 5
— n o \4TCASCET FiLm 1
! E u @ '1:.: g ALAWE I & GIAGIE Y
f . E g = z - ar COMFUSIDN 130 1
- | E | = o LASEL TS BE 1DLERLFED
! o L R ‘
e - -
~l- . ad - |
FosecTion a ‘M“‘x E = 17 = J f
1 L. = Sl R - —_— ," 1‘\ i)
k .| TV
R N g
b B . " - K
L _ o “a r
NS = 5
-, T i i TOLE®ABLE TCIAGLES o~
- ___d_,-"__ ; ! ar GoNruLIcA ra
- - . -~
o £ 8 0 E -
— - -
- e

—_— o o —

If the focused object distance is w0, the {ocal length of the lens is &, the diameter of the
lenis aperture is A4, and the “circle of vonfusion™ o the film {which i3 a circle so small as
o be indistinguishable from a point) is &', then the near and far depths of field are given
by:

{ Continned on follpwing pape) -
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