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Pinhole camera

By Claude Boutet
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1. Foreword

In French sténopé is an odd word which denotesnalsihole! (sténopé in Greek: a narrow
hole). English people say pinhole which is more mvegful. The erudite French word hides
the simplicity of the process and makes those vpleals seem a lot cleverer.

First of all, for the average man what is this beasl how does it work?

2. A little bit of history

The pinhole phenomenon was discovered naturalligarprehistoric times as people observed
images on the ground when the light passed thraugitatively narrow hole. The image was
frequently one of sun. The hole could be naturahiek foliage through which a whole was
formed) or artificial (a hole in a tent). The firginhole images were observed in a very
rudimentary way. More or less ancient documentgemo less clear, make appear than in the
antiquity the phenomenon was already well known.réMcecent documents (about tenth
century) are able to show that the phenomenon tualsesl in a scientific way. In the Middle
Ages the physical phenomenon was used so as tg brih the perspectives (window of
Leonardo di Vinci), see the three-dimensional pags in Peep-Show boxes, in trompes
I'oeil (deception of the eyes) and also in architee. Inside certain churches or cathedrals
especially in Italia, the pinhole has been usedi (anstill working) so as to estimate dates
particularly solstices.

Glasses were proposed during the seventeenth gentur

@

\ 3 B -, o -
Cornelius Mayer, Glasses showing every way to se
drawing of 1689. Note than the man on the left wear
pinhole glasses, shown in detail below on the right

»

Moreover if you have forgotten your glasses orheak that you need glasses, make a hole
with a pin in a piece of cardboard and look througfhe result is surprising.

The process has been forgotten for several ceatasesoon as lens appeared. The principle
was taken back up as soon as photography appeacadde it is a cheaper alternative to lens
and allowed attractive characteristics (great deptiocus). But lenses stopped its use as film
sensibilities did not allow exposure times to berstthus limiting its performance.

Since the Seventies a new passion has been arandadany people are starting to become
interested again.
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3. Pinhole image principle

The three elements of the pinhole are:
- the object
- the hole
- the screen or the film.

Of course, so as to observe the image, the screémedilm has to be in a closed volume
without light.

The following scheme shows the working principle:

Dark roon

[~

J/

/ .................. — B |

Objec Hole Image

Each point of the object is cast onto the scregh@film through the hole. At the level of the
screen, the vision for a given location is a snmlt of the object. The image is a
juxtaposition of all the small secant parts of pinejection of the object.
Using a film, to take a good photograph, 4 paramseiee essential:

- the object-hole distancé)

- the hole characteristics

- the hole-film distancd)

- the film.

The problem is to define what a good photograplUisi?ally one defines it by its sharpness.
4. Basic assumption
Seen from the eye, very complex optical devicéhas photograph is an exact representation

of the object that is to say that the same eneiglyiltlition as the energy emitted by the
photograph represents exactly the energy distobwmitted by the object.
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Energy transfer process

A

. Energy emitte

¥ by the object
| i | Transfer device
Energy N - lens
emitted . - pinhole

by the photo.

v

Really, from the eye, the image is a successiopoofts which emits the same energy with
the same wave length in all directions:

The energy emitted during a given time is of cowfsgnite value; the succession of emission
points can be considered as finite too and thamiist between points is probably about of
molecular dimension.

So as to be more precise on image quality, thepsleas can be defined (or rather the blur) in
considering an absolute contrast as shown in th@simg diagram. The object is represented
by a gap of 1 in the gap and O outside:

5/33



http://www.erickmengual.com

v

blur

The blur is then defined as being a variation adrgy which leads to a contrast less distinct
than in reality.

5. Analysis from an energy aspect

A photograph is an energy transfer process from dbgct to the film which will be
considered as parallel rays. In the pinhole, thedfer takes place through the hole. Whole
characteristics are fundamental. If it is arguedhie ideal case, the simplified scheme of the
energy transfer is as follows:

Plane-hole

/ Ellinse

Circle
Plane-film

/ AN

When the energy emission for a given surface takase at a 90° angle in relation to the
plane-hole, the image, in a plane perpendiculahéoemission, is a circle. If we move away
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from the perpendicular as shown in the diagramthedl energy does not pass through any
more because of the perspective and an ellipseis which becomes a circle again when cast
onto the plane-film. From an energy point of vidhis means that the energy picked up by

the film is as low as the observed point is fanfrihe perpendicular to the hole (vision angle).

It is as if the hole dimension is reduced when mgwaway from the median.

Now the problem is to calculate the levels of egengelation to the following parameters:

- hole diameter
- hole length
- vision angle

The real scheme becomes as follows:

d »
< »

Hole diamete

V ¢

Hole length

This means that the hole length is a parameteske into account as the following scheme
shows:
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The gap AB represents the influence of the holgtlerfor the thickness of the foil in which
the hole is drilled).

If the visible surface of the hole in relation hetlocation of the emitted element, that is to say
the vision angle, is worked out the flow surfaceenérgy will be obtained. The assumption is
the projection is an ellipse what is not exactly tase because really it is two half ellipses but
the difference is esteemed negligible. So as tl#yn

- The angle for calculation is the angle taken frohe tanalysed spot to the
perpendicular to the plane-hole in the hole axesa$s to know the total vision angle,
the result will have to be multiplied by 2.

- Results are given in relation of a R parameter Wwiscthe ratio of the hole diameter
and the foil thickness

- Results are given in relative value (%) in relatiorthe maximum energy (angle of 0°)
by surface unit.

The results are given in the following diagram:

Visible surface through the pinhole in relation to
the location on the vision angle
(R = length/diameter ratio of the hole)

100,0% —
T T e R=0,1

80,0%

50.0% e RN = R=05
40,0% \\ ~ -
20,0% \ R=ls
0,0% ‘ -

0 10 20 30 40 50 60 70 80 90

Angle in relation to the normal

% of visible surface

It can be seen that the thickness/diameter ratsoahgreat influence on the energy passing
through the hole.

When energy is cast onto the film and from the samiteria, the following results are
obtained:
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lllumination on the film in relation to the locatio n on the vision
angle (R = length/diameter ratio of the hole)

120
- 100 - ——R=0,01
-% 80 —=-R=0,1
g 60 R=0,5
= 40 R=1
© _
° 20 —+—R=15

0 \x \\.‘,

0 10 20 30 40 50 60 70 80

Angle in relation to the normal

The “thickness/diameter” ratio is still a greatarameter because the same energy is cast on a
larger surface.

By way of an example, if a hole of 0.3 mm is ddlli& a foil of 0.3 mm, the ratio is 1 and if it

is considered that a gap of 20% in energy is n@wisible, it is read around 10° therefore the
vision angle of the photograph should not exce€d @0mparing the two diagrams, one can
see the advantage of bending the film so as toawgpthe image quality. As bending a film in
the spherical way is practically impossible (exc&ptlaying a sensitive coat inside a half
sphere), the film is bent from only one plane allayto the photograph to be better but
essentially in this plane.

In the best real case, the maximum vision angbé i50°.

Note the smaller R ratio, therefore it can be sdlie smaller the thickness of the foil, the
more favourable the situation.

It is noted than on this side of R = 0.1 the gainegligible.

6. Note concerning the formulas of pinhole calculain

Usually, the following formula is found in literatu

2

B=+vW  C” F consequentlyF =

W’ C
With B = hole radius
W = wave length of the light
C = constant

F = hole-film distance
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It is known that the visible light wave length spde from 0.4 to 0.8m therefore a ratio of 2.
The constant value can be contained between 0.5lamdhich gives too a ratio of 2.
Therefore, the hole-film distance can vary withirafio of 4. This variation is great and not
very realistic.

As there is a diffraction of the light on the edgehe hole the restitution of the image should
not be in the real colours.

It seems that the formula is more a simulationnggyto reproduce experiments and the
presence of a wave length makes it very knowledgéab

It can be noted too that the hole-film distanceastaken into account.

7. Geometric analysis of the problem

7.1. Object magnification
As in all photographic system the magnificationueatan be evaluated (object size in relation

to image size).
Taking back the basic principle, the system cashmvn as follows:

X

A
\ 4

A
v

Putting the object in the axis of the pinholesitbted = .= 3= sand:

’LL =Tof, ; % =Tof,; asTgf, =Tgf, consequently:
Y_x
L |

and
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G="

L
The ratio of the image size out of the object szeirectly in relation to the ratio of the hole-
film distance out of the hole-object distance.

The magnification is less than 1lto> | (image smaller than object) and higher Ltol.

7.2. Sharpness evaluation

Sharpness of a photograph can be due to 3 paraneter

- geometrical parameter

- diffraction of the light on the edge of the hole

- diffusion of the energy in the film
Firstly and for lack of quantified information, grthe geometric aspect will be studied.
So as to determine a blur, it is more simple talgtthe phenomenon in a particular case
where the object has the size of the hole and emitsrenel” (emission = 0 outside the
crenel). The physical phenomenon is as follows:

\ 4

d
<«

»
»
&
<

»
»

It can be noted that a point scans an area alveagsrl than the hole size. The image on the
film is the sum of energies brought by each pdiie number of points is very considerable
(but finite — molecular size?) but the level of Eecrenel is finite. It is possible to argue on a
limited number of points so as to examine the phermn.

If the sum of all points is made, the following eeris found:
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Energy on the film in relation to the location

- 1,2

>

g 1

. :
E = 0,8 —e— Energy on the film
£ 9

= 2 06

fg’, é —&— Energie on the
c S 04 reference object
o

& 02 -

2

L 0 -

1 4 7 10 13 16 19 22 25 28

location on the film

It can be noted that the curve reproduced doesve the same shape as the basic crenel. It
can be considered that the 2 parts out of the treake up the blur which can be calculated.
The blur is then an area which evolves from 0O to 1.

A

+“—> +“—>
b b
. d . b b _d : P
Ty :E and Tg/ =|— thereforel—zt then thdormula said of Héliosis as follows:
p=d !
With: | = hole-film distance

d = hole diameter
L = hole-object distance
b = blur
All the values have to be taken in the same unit.

Now, if the reasoning is made with a vision angdé mil, the calculation becomes:
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d S
T ¢ >< >
7y >
L el

»
Ll

Tof, = S+d
S
Tof, :I

oB=(L+l) Tof,
0A=(L+l) Tgf, +d
(L+1) (s+d) (L+1) s

b=0B- 0A= - -d
L L

It remains:

b:dl

The same formula is found as previously. The balu# is independent of the location on the
vision angle consequently the same everywhere efilth.
Practically, what this formula means:

- Blur value is directly in relation to the hole diater. The smaller the hole is the
slighter the blur will be.

- Blur value is directly in relation to thé_ ratio. This means for example that if a shot
is made at a distance ldf = 1 the blur will be equal to the hole diameter

- The farther the object the smaller the blur

- The farther the film from the hole the higher tHerbThis too means the closer the
film from the hole the smaller the photograph aihé blur will increase after
enlargement.

So as to use this formula, the process has to fidlaws:
- Measure the distandavhich is a data of a pinhole camera
- Determine the dimensions of the photograph aftet.pr

- Determine the blur value (B) required on the print
- Determine the enlargement value (G) in relatioth&film
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- Determine the distandeof the object.
After that the blur on the film has to be calcuthti will be:
b=B" G
Knowingb, Landl, the hole diameter can be calculated:
By way of an example, if the pinhole camera halsvalue of 100 mm, the hole-object
distance of 1m (1000mm) and the required blur vafu@ 02 mm, the hole diameter will have

to be less than or equal to:

002" 1000 _
10C

d 0.2mm

7.3. 'Split capacity’ evaluation

On the object it is important to know the leveldsdtail it is possible to photograph. Taking
into account blurs which ‘extend’ beyond the imagean be shown what happens in taking a
graphic drawing again.

If there were not blurs, the image would be afed:

v

Object-plane

Image-plane

A

There would be no distortion.

But a crenel becomes an isosceles trapeze:
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But, energies have to be added and the two créaekes become:

Image shape

O il T T T T T T T T T T T T T T T T T T T T T T T T T T
1 3 5 7 9 11 13 15 17 19 21 23 25 27

\

One sees that the image is much distorted anddtdswgls over the basic crenel.
So as that the shape be the best respected, thaélchave to be spaced out of the calculated
blur value, the global energy being the same. Therse is as follows:

<+——>
blur

By building the image again, it becomes:
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RN
N

Calculating S (Split capacity) in relation to byl the result is as follows:

S:%

Physically this means that the split capacity i@ ahaximum equal to S and is directly in
relation to the hole diameter and to the inversehef magnification. It is impossible to
dissociate 2 elements on the object which are spaica value which is less than S.

7.4. Phenomenon observed in the hole projection
The problem is to find out what really happensdesthe hole projection on the film. Is the

information reliable? If the object emitted a pi@fenformation in a surface corresponding to
the hole diameter, the scheme would be as follelwswing only a symmetrical part):
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Object of the size

T of the hol
/ hole
A/
4—
4—
47
4—

The following shape has been obtained:

Information inside the hole projection

—e— Shape on film
—#— Object shape

Energy level

dimension of the hole

Information projected by the hole is very differefrom the reality. The image is
reconstructed by juxtaposition sequent of elemgrgarfaces. Of course energy is kept. So
that the hole does not give erroneous informatio@ hole has to be reduced to a maximum.
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7.5. Hole length effect (or foil thickness)

Taking again the same reasoning but in taking edoount the hole length and making
simplifying assumptions (values much small thanethand also considered as nil), it is
demonstrated that the blur is:

b:dl

TheHélios formula is found again.
7.6. Practical charts

So as to make the operation more smoothly, itastpral to give representative charts of the
Hélios formula:

Blur in relation to the pinhole-object distance for
different I*d products (I and d in mm)

40,0

35,0 +—+
= \ —e— |*d=50
£ 30,0
= \\ —=— [*d=100
% 25,0 T \\ |*d:150
£ 200 \ I*d=200
S —x— [*d=250
= —e— [*d=300
= —+— [*d=350
o]

1 2 3 4 5 6 7 8 9 10

Distance in m

The different curves are given for a building canstwhich is the hole diameter multiplied by
the hole-film distance.

These curves show that blur increases for the shatl distances. It is not easy to photograph
at less than 1 m. But the following chart givesvhkies for a distance smaller that 1 m.

18/33



http://www.erickmengual.com

Blur in relation to the pinhole-object distance for
different I*d products (I and d in mm)

——[|*d =50

\ -
300 —=—I*d = 100
T\

250 I*d =150
,7\\\ I*d = 200

blur in hundredth of mm
N
o
o

—x—*d = 250
—e—|*d = 300
——I*d = 350

o1 02 03 04 05 06 0,7 08 09 1,0

Distance in m

It is shown that high value can be reached whick pethaps please artists!

In both cases, there is blur on the film.

8. Exposure time

Exposure time is an important parameter in obtginnsatisfying quality of photograph
because there are limits which must not be excedda®dexample, if the exposure time is too
long, that is to say the energy supply too bigréhe saturation on the clearer part of the
object. The clear parts on the dark parts ratinotsreal and the photograph seems blurred.
Film is a non linear sensor of energy.
Two parameters seem important in the phenomendgsigia
- The hole-film distance
- The hole diameter
The most global parameter is the hole-film distariedeed, the total energy received by the
film is the sum of all the elementary energiesha image passing through the hole during a
given time. Reasoning from the surface unit energy:

E

E=—2

S
S is the exposed surface of the film, Eg is théal@nergy passing through the hole and Es is
the energy by surface unit on the film.

The exposed surface depends on the hole-film distan
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Object

Film

S S~
e

If the film is moved away, the same energy is pags$ihrough the hole (for short distances
there is no energy loss in the air) and it can thusritten:

E

E(s)=—2

(s) 5

E

ESZ -_9

(S.) 5,

therefore

ES)_S

ES,) s

reasoning during a given time.

So as that the images are identicaBpandS; the exposure time has to be in the inverse ratio
of surface unit energy, thus:

L_.S
T, S
Calculating S in relation to I, it becomes:
T._L»
T LA
Or
T - L 2
T2 - 1 22
Ll

Practically that means when the hole-film distarceloubled, the exposure time has to be
multiplied by 4.
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A similar reasoning can be made concerning the H@almeter and it can be considered that
the energy is directly in relation to the hole deer and then the relative exposure times
between holes of different diameters are:

When the diameter of the hole is doubled, all offs@ameters being equal, the exposure time
has to be divided by 4 or vis versa.

It is evident that these formulas are exact if antly if the energy accumulation phenomenon
by the film is a linear phenomenon which is prolgatdt the case. On the other hand, this
assumption can be considered as exact if the gagpeat too great.

In relation to a given hole diameter (reference)=thhe multiplying coefficients for initial
diameter relations on diameter ratios used arelbmss:

Ratioof | 0.1 025 | 05 |1 1.5 2 25 3 35 4 4.5 5
diameters
Multiplying | 0.01 | 0.06 | 0.25 |1 225 | 4 6.25 | 9 12.28 16 20.25 25
coefficient

Absolute value of exposure time is directly in tigla to the type of film used and is part of
the know-how of photographers but is relativelyden than exposure time of a camera
equipped with a lens.

9. Validity of formulas

As all theories which are based on assumptionis, itecessary to verify if what has been
calculated is well the reality. It is indispensatdeget back down to earth!

9.1. Magnification

It is very simple to verify the formul& = L / |. By photographing a target located atlan
distance of the pinhole and knowing thieole-film distance and measuring the dimension of
the object on the target and on the film. The sahiave to be equal.

The formula can be verified with much longer dises) in exploiting the characteristics of

the pinhole located in the San Pietro cathedraBatogne and used as noon-mark (see
document of Eric Renner). The hole is located atual36 m from the floor and gives an

image of around 30 cm. Knowing the sun’s diametet.B9 million Kms and the distance

between the earth and the sun is 149.5 millions Kafier calculations a theoretical diameter
of around 33 cm is found though the diameter meakisr 30 cm that is to say a difference of
10% which is very satisfying knowing the uncertegston the data.

The formula has been verified accurately with aekaibject distance of 75 mm and a hole-
film distance of 60 mm. The object was the follogviarget:
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MIR it MIRE

Mire E

The ratios have given identical results.
9.2. Sharpness

Sharpness is a value which is difficult to estimbezause the evaluation criteria are not
always objective. The formula has to be verifihdirefore making the different parameters
varied especially the hole-object distance; otlegameters are rather building parameters.
How can this formula be verified without much efror

The best way is to begin from a photograph of aefarin black and white without
intermediate colour.
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What can the eye really estimate?
To find out, take the example of a quadrilateratioe edge of which a blur is added by using
merely the Word software possibilities as showreater:

Two levels of ‘exposure’ have been taken so asetifythat the exposure time is not very
influential.

It is noted than with a dilated scale the blurrsuad 1 cm on the left edge and nil on the right
with a quadrilateral length of 145 mm.

If the scale is divided by 10, the blur should bauad 1 mm.

In the both two cases the measurement of the sldifficult though it can be noted than the

right part is sharper than the left part.

It is necessary to verify the formula with blursger than 1mm. Taking again the formula the
aim is to work with a large hole and Hh < 1. Images with blurs of 1, 2 and 4 mm can be
compared but the evaluations are always suggestive:
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Tests have been carried out with holes of 0.3 mdha® mm, hole-object distances of 30 mm

and 60 mm and a hole-film distance of 60 mm (beybd@ mm measures are not possible any
more and are more subjective than objective). Takato account the small shot distance and
the means used, the centring and the distance nesaae not accurate but sufficient to allow

the formula to be validated.

The different photographs given thereafter havenbseanned directly onto the negative

(partial scanning because the available equipment).

Photograph 1: 0.3 mm hole — hole-object distanc&ahm

Taking again the simulation of a blur of 1mm, iraexning the different lines it seems the
blur on the photograph is a bit lower than in timeutation; the reference is the target given in
9.1. The object magnification is by 2 which gitegker lines.

If the calculation is carried out with the Héliagrhula it is found that b = 0.6 mm which is a

nearby value. Towards the edge of the photograpbeains that lines become thicker but the
background is very much clearer.
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Photograph 2: 0.9 mm Hole — Hole-object distanc&0omm

Taking again the same analysis as before but cadpaith the simulation of 2 mm, it
appears that the blur on the photograph is ab@usdme. In carrying out the calculation 1.8

mm is found. The blurs are of about the same valigee too the phenomena of blur makes
the line appear thicker.
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Photograph 3: 0.3 mm Hole — hole-object distancglainm

For this hole-object distance, only a small blun b& seen and it is difficult to compare with
the simulation of a blur of 0.5 mm. The value cited by the Hélios formula is of 0.3 mm.

Photograph 4: 0.9 mm Hole — Hole-object distancéComm.
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Comparing that photograph with the previous or@nall increase of blur can be noted which
is difficult to quantify. However, it seems that ig a nearby value compared with the
simulation (1 mm). The calculation gives 0.9 mm.

In all analysed cases, the Hélios formula seentmetsuitable. However it is to be noted that
below 1 mm it is difficult to make measurements amdly estimation is possible. Exposure
time is a parameter which leads to difficultiegshe comparison of results, especially if blurs
have low values and photographs are under exposed.

It seems that beyond a hole-object distance of 3 ¢imes the hole-film distance and a
diameter inferior to 0.5 mm, blur can be considexgadegligible.

9.3. Split capacity evaluation

So as to evaluate split capacity the previous mirafths have been taken up again and the
distance between the lines has been exploited.

\

Hole = 0.3 mm Hole = 0.9 mm
Hole-film = 60 mm Hole-film = 60 mm
Hole-object = 30 mm Hole-object = 30 mm

Measuring directly on the target-object the distahetween the 2 lines marked by the above
arrows a distance of 0.3 mm has been found.
Examining the 2 photographs the 2 lines are sefmmab the photograph on the left and
indiscernible on that of the right. In the 2 analysases, working out the split capacity, the
following values is found:

- 0.3 mm hole, S =0.15 mm

- 0.9 mm hole, S =0.45 mm
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As the real distance between the 2 lines is 0.3 theyretically it is possible to dissociate
them with a hole of 0.3 mm and impossible with dehof 0.9 mm. The photographs
demonstrate that this indeed the case.

Taking into account the photographs shot at 60 mm:

\, .

Hole = 0.3 mm Hole = 0.9 mm
Hole-film = 60 mm Hole-film = 60 mm
Hole-object = 60 mm Hole-object = 60 mm

The calculated values of S are:

- 0.3 mm hole, S =0.3 mm
- 0.9mm hole, S=0.9 mm

In the two cases it is impossible to dissociateZlimes with real distance of 0.3 mm which
validates the split capacity.

This validation allows the Hélios formula to be idated a second time as split capacity is
based on the blur value calculated by that formula.

9.4. Energy aspect verification

The chart given in paragraph 5 can be verified.tRat, the photographs given in 9.1 can be
used again.
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Exposure radius

Hole : 0.9 mm
Hole-object : 30 mm
Hole-film : 60 mm
Hole length : 1 mm

It is noted that the central part is almost darkdmeing clearer towards the edge and
becoming transparent in the lower part (film p&cteaiving no energy). The centre the more
exposed (level of grey around constant) can bealised by a circle and the radius gives the
total exposure area. Outside this area the filns chaé receive energy.

Measuring this radius, the angle value beyond wiinghfilm does not receive energy any
more can be worked out (Arctg (63/60)). A valuaajund 46° is found.

From the chart of paragraph 5 and if the R ratioalgulated (in the present case of 1/0.9 =
1.11) this value can be located as follows:
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lllumination on the film in relation to the locatio n on the vision
angle (R = length/diameter ratio of the hole)

120
c 100 - ——R=0,01
-% 80 - = R=0,1
o i -
£ 60 R=0,5
= 40 ’ R=1
S _
> 20 —*R=15

0 AV I

0O 10 20 30 40 50 60 70 80

Angle in relation to the normal

The value calculated from the film is located oe % axis (simple red arrow) when the
theoretical value is the red double arrow. The tatues are relatively close allowing the
theory to be validated.

From the photograph and considering that insidecttaee the exposure is almost constant,
the extreme angle location allowing a photograpbeédiomogeneous can be calculated. The
value worked out is of around 20° which gives dmnilination limit of around 60% (green
arrow).

Taking again the photograph made with a 0.3 mm, hibie noted that the part which is more
or less constant in illumination terms is limitedthe first circle of the target.
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That circle having a radius of around 60 mm, thglers at 45°. Referring to the curve as R =
0.16 (foil thickness = 0.05 mm), the illuminatioalwe is around 60% (blue arrow). That
confirms the previous value and means that fortgpe of film an illumination gap of 40% is
allowed.

The maximum dimension of images on the film in tielato the hole-film dimension can be
given. The results are given in the following chart

Image size in relation to the hole-film
distance (for different ratios
thickness/diameter)

500
450

400 A

30 %l ——R=0,1
222 - -®-R=0,5
200 P -— R=1

150 ///./?4/'/ _| R=15

100 /

5 7;,4-/"
0 & ——— T T

0 20 40 60 80 100 120 140 160 180 200

maximum image size
(mm)

Hole-film distances (mm)

The results can be given in terms of maximum visingle:

R= 0.1 0.5 1 1.5

Vision angle 95° 60° 40° 30°

Beyond these angles, the photograph does not expressality any more.

10. Future development

The main defect of the classical pinhole camerisiselatively long exposure times which
can bring blurs and make shots of rapid movingadbjapossible.

The development of digital cameras probably briagsolution to the problem. Indeed, the
energy sensor sensibilities are very high allovehgts to be taken at night practically what is
far from being the case with the classic camera.

The big difference between a film and a sensdnas the sensor works with a level of energy
which is not in relation to exposure time wherdssfilm is an accumulator of energy which
becomes saturated over a certain level.

On the face of it, there is no physical reason ghdigital system can not be used. The scheme
would the following:
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Object

Matrix of
sSensors

There would be no difference between the two pseeand all the formulas are applicable.
The only difference is the matrix definition whican bring extra blur. But if the unitary
sensors are around 0.01 mm (around 1000 x 10Gfspper cm?), the blur remains second
rate in relation to the blur of the pinhole cameranciple. But the matrix is very small
therefore the image is also very small. To disglaya video screen it is necessary to enlarge
the image by at least 20 which multiplies the arthe matrix by 20. It is not sure that the
matrixes of the digital camera suit well. It wogdcbbably be better to have larger matrixes.

If the advantages are retained the disadvantagealso retained, especially the decrease of
energy in relation to the normal on the plane-film.principle, that could be corrected by
amplifying the level given by every sensor diredilgfore the restitution of the image. This
correction would follow a reverse law to that déimhination in relation to the location from
the normal (previous chart). Indeed, the informatibat each sensor would send would be
treated by multiplying the level by a coefficiergpending on hole characteristics. It could be
possible by treating sensor location informationptoject an image on a semi-spherical
screen using a video projector and thus obtairesgtution in three dimensions.

The same thing could be obtained by creating acsanatrix inside a semi-spherical surface
and in this case the correction is not necessary.

But is it possible to put a matrix into a semi-g@te
These processes are difficult to be undertakemignaateur and the help of a specialised firm
IS necessary.

11. Conclusions

- The analysis of the pinhole principle allows latesbe defined which can be used
practically.
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It has been demonstrated that there is not only onsolution to a given problem
but the solution is a trade-off between the main pameters. All parameters are
linked (foil thickness, hole diameter, hole-film détance, hole-object distance, film
type, film sensibility, film size, image enlargemetratio).

For example, sharpness is in relation to the slsiftimce, contrarily to what it is
normally written. Photography at short distanceegsosharpness problems and it is
preferable to work with small holes to the detritneithe exposure time.

The hole length parameter can be eliminated bygusin0.01 to 0.02 mm foil
thickness. Beyond of 1m it can be considered, te-fin lengths of portable pinhole
camera, that blur is practically invisible for helep to 1 mm.

Although bringing no distortion, the pinhole prosesn not in any case reproduce an
object perfectly because there is a decrease afrladxs energy on the film from the
centre to the edges. It is as if the exposure twras shorter on the edges than in the
centre. However, it can be considered that a deere&40% is not too visible on a
photograph in the tested conditions. This remairisettested in other conditions.
Generally sharpness on a photograph is a more divgighan objective notion and
exposure time is an important parameter which ofteenges sharpness appreciation.
Long exposure times do not seem the best soluterause perturbations have
considerable effects (vibrations, illumination \aion and so on ...). It is always more
interesting to work with as big a hole as possibtea required blur so as to decrease
exposure time.

For artists who love blurs, it is sufficient to gtly increase the hole size!

In spite of rudimentary means of investigation, tteory has been properly verified.
The parameters which have not been voluntary takienaccount have repercussions
which as a rule lead towards to damaging resultsekems that these are second rate
parameters but that remains to be demonstrated

The digital camera solution seems to be a soluabowing pinhole use to be
developed in improving performance (moving object)l above all allowing its use in
the case of video camera. It also allows artistavtok’ images from digital datdt is
probably the solution which will ‘democratize’ the pinhole camera

One practical problem is protecting the hole frobstouction. Maybe a transparent
film could be used (subject to be treated).

It must be made clear that limits can not be exedddr mechanical strength reasons
of elements. A foil thickness of 0.01 mm and a hofe0.05 to 0.1 mm can be
envisaged. Below that the pinhole would be praltfiasseless. To avoid any doubt, a
foil thickness of 0.01 mm has to be used.
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