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1. Foreword 
 
In French sténopé is an odd word which denotes a simple hole! (sténopé in Greek: a narrow 
hole). English people say pinhole which is more meaningful. The erudite French word hides 
the simplicity of the process and makes those who speak seem a lot cleverer.  
First of all, for the average man what is this beast and how does it work? 
 
2. A little bit of history 
 
The pinhole phenomenon was discovered naturally in the prehistoric times as people observed 
images on the ground when the light passed through a relatively narrow hole. The image was 
frequently one of sun. The hole could be natural (a thick foliage through which a whole was 
formed) or artificial (a hole in a tent). The first pinhole images were observed in a very 
rudimentary way. More or less ancient documents, more or less clear, make appear than in the 
antiquity the phenomenon was already well known. More recent documents (about tenth 
century) are able to show that the phenomenon was studied in a scientific way. In the Middle 
Ages the physical phenomenon was used so as to bring out the perspectives (window of 
Leonardo di Vinci), see the three-dimensional paintings in Peep-Show boxes, in trompes 
l’oeil (deception of the eyes) and also in architecture. Inside certain churches or cathedrals 
especially in Italia, the pinhole has been used (and is still working) so as to estimate dates 
particularly solstices.  
Glasses were proposed during the seventeenth century. 
 

 
Cornelius Mayer, Glasses showing every way to see, 
drawing of 1689. Note than the man on the left wears 
pinhole glasses, shown in detail below on the right. 
 

 
Moreover if you have forgotten your glasses or to check that you need glasses, make a hole 
with a pin in a piece of cardboard and look through it. The result is surprising. 
The process has been forgotten for several centuries as soon as lens appeared. The principle 
was taken back up as soon as photography appeared because it is a cheaper alternative to lens 
and allowed attractive characteristics (great depth of focus). But lenses stopped its use as film 
sensibilities did not allow exposure times to be short, thus limiting its performance.   
Since the Seventies a new passion has been aroused and many 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 screen or the film has to be in a closed volume 
without light.  
 
The following scheme shows the working principle: 
 

 
 
Each point of the object is cast onto the screen or the film through the hole. At the level of the 
screen, the vision for a given location is a small part of the object. The image is a 
juxtaposition of all the small secant parts of the projection of the object. 
Using a film, to take a good photograph, 4 parameters are essential:  

- the object-hole distance (L) 
- the hole characteristics 
- the hole-film distance (l) 
- the film. 

 
The problem is to define what a good photograph is? Usually one defines it by its sharpness. 
 
4. Basic assumption 
 
Seen from the eye, very complex optical device, a sharp photograph is an exact representation 
of the object that is to say that the same energy distribution as the energy emitted by the 
photograph represents exactly the energy distribution emitted by the object. 
 

 

Object Hole Image 

Dark room 
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Energy transfer process 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Really, from the eye, the image is a succession of points which emits the same energy with 
the same wave length in all directions: 
 
 
 
 
 
 
 
 
 
 
 
 
The energy emitted during a given time is of course of finite value; the succession of emission 
points can be considered as finite too and the distance between points is probably about of 
molecular dimension.  
 
So as to be more precise on image quality, the sharpness can be defined (or rather the blur) in 
considering an absolute contrast as shown in the following diagram. The object is represented 
by a gap of 1 in the gap and 0 outside: 
 
 
 
 
 
 
 
 

      

Energy emitted 
by the object 

Energy 
emitted  
by the photo. 

 

Transfer device 
- lens 
- pinhole 
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The blur is then defined as being a variation of energy which leads to a contrast less distinct 
than in reality.  
 
5. Analysis from an energy aspect 
 
A photograph is an energy transfer process from the object to the film which will be 
considered as parallel rays. In the pinhole, the transfer takes place through the hole. Whole 
characteristics are fundamental. If it is argued in the ideal case, the simplified scheme of the 
energy transfer is as follows: 
 
 
 
 
 
 
 
            Plane-hole 
 
 
 
 
 
 
 
 
 
When the energy emission for a given surface takes place at a 90° angle in relation to the 
plane-hole, the image, in a plane perpendicular to the emission, is a circle. If we move away 

1 

0 

blur 

Ellipse 

Circle 
Plane-film 

Hole 
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from the perpendicular as shown in the diagram, all the energy does not pass through any 
more because of the perspective and an ellipse is seen which becomes a circle again when cast 
onto the plane-film. From an energy point of view, this means that the energy picked up by 
the film is as low as the observed point is far from the perpendicular to the hole (vision angle). 
It is as if the hole dimension is reduced when moving away from the median.  
 
Now the problem is to calculate the levels of energy in relation to the following parameters: 
 

- hole diameter 
- hole length 
- vision angle  

 
The real scheme becomes as follows: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This means that the hole length is a parameter to take into account as the following scheme 
shows: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Hole diameter 

      Hole length 

A B 
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The gap AB represents the influence of the hole length (or the thickness of the foil in which 
the hole is drilled).  
If the visible surface of the hole in relation to the location of the emitted element, that is to say 
the vision angle, is worked out the flow surface of energy will be obtained. The assumption is 
the projection is an ellipse what is not exactly the case because really it is two half ellipses but 
the difference is esteemed negligible. So as to simplify: 
 

- The angle for calculation is the angle taken from the analysed spot to the 
perpendicular to the plane-hole in the hole axis. So as to know the total vision angle, 
the result will have to be multiplied by 2.  

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

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

 
The results are given in the following diagram: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
It can be seen that the thickness/diameter ratio has a great influence on the energy passing 
through the hole.  
 
When energy is cast onto the film and from the same criteria, the following results are 
obtained:  

Visible surface through the pinhole in relation to            
the location on the vision angle 
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Illumination on the film in relation to the locatio n on the vision 
angle (R = length/diameter ratio of the hole)
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The “thickness/diameter” ratio is still a greater parameter because the same energy is cast on a 
larger surface. 
By way of an example, if a hole of 0.3 mm is drilled in a foil of 0.3 mm, the ratio is 1 and if it 
is considered that a gap of 20% in energy is not too visible, it is read around 10° therefore the 
vision angle of the photograph should not exceed 20°. Comparing the two diagrams, one can 
see the advantage of bending the film so as to improve the image quality. As bending a film in 
the spherical way is practically impossible (except for laying a sensitive coat inside a half 
sphere), the film is bent from only one plane allowing to the photograph to be better but 
essentially in this plane.  
 
In the best real case, the maximum vision angle is of 150°. 
 
Note the smaller R ratio, therefore it can be said the smaller the thickness of the foil, the 
more favourable the situation. 
  
It is noted than on this side of R = 0.1 the gain is negligible. 
 
6. Note concerning the formulas of pinhole calculation 
 
Usually, the following formula is found in literature: 
 

FCWB ´´=   consequently  
CW

B
F

´
=

2

 

 
 
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 spreads from 0.4 to 0.8 � m therefore a ratio of 2. 
The constant value can be contained between 0.5 and 1 which gives too a ratio of 2. 
Therefore, the hole-film distance can vary within a ratio of 4. This variation is great and not 
very realistic. 
As there is a diffraction of the light on the edge of the hole the restitution of the image should 
not be in the real colours. 
It seems that the formula is more a simulation trying to reproduce experiments and the 
presence of a wave length makes it very knowledgeable!  
It can be noted too that the hole-film distance is not taken into account. 
 
7. Geometric analysis of the problem 
 
7.1. Object magnification  
 
As in all photographic system the magnification value can be evaluated (object size in relation 
to image size). 
Taking back the basic principle, the system can be shown as follows: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Putting the object in the axis of the pinhole, it is noted � 1= � 2 = � 3 = � 4 and: 
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L
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l
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´

; as 21 ff TgTg =  consequently: 
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L
l

G =       

The ratio of the image size out of the object size is directly in relation to the ratio of the hole-
film distance out of the hole-object distance. 
The magnification is less than 1 to L > l (image smaller than object) and higher 1 to L < l . 
 
7.2. Sharpness evaluation 
 
Sharpness of a photograph can be due to 3 parameters: 

- 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, only the geometric aspect will be studied. 
So as to determine a blur, it is more simple to study the phenomenon in a particular case 
where the object has the size of the hole and emits a “crenel” (emission = 0 outside the 
crenel). The physical phenomenon is as follows: 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
It can be noted that a point scans an area always larger than the hole size. The image on the 
film is the sum of energies brought by each point. The number of points is very considerable 
(but finite – molecular size?) but the level of energy crenel is finite. It is possible to argue on a 
limited number of points so as to examine the phenomenon.  
If the sum of all points is made, the following curve is found: 
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It can be noted that the curve reproduced doesn’t have the same shape as the basic crenel. It 
can be considered that the 2 parts out of the crenel make up the blur which can be calculated. 
The blur is then an area which evolves from 0 to 1.  
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

L
d

Tg =j  and   
l
b

Tg =j   therefore  
L
d

l
b

=   then the formula said of Hélios is as follows: 

 

           
L

ld
b

´
=  

 
With:     l = 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 angle not nil, the calculation becomes: 
 
 

l

L 

b b 

�  

d 
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It remains:  

            
L

ld
b

´
=  

 
The same formula is found as previously. The blur value is independent of the location on the 
vision angle consequently the same everywhere on the film. 
Practically, what this formula means: 
 

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

- Blur value is directly in relation to the l/L ratio. This means for example that if a shot 
is made at a distance of l/L = 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 the blur. This too means the closer the 

film from the hole the smaller the photograph and the blur will increase after 
enlargement. 

 
So as to use this formula, the process has to be as follows: 
 
- Measure the distance l which is a data of a pinhole camera 
- Determine the dimensions of the photograph after print. 
- Determine the blur value (B) required on the print  
- Determine the enlargement value (G) in relation to the film 

S d 

L 

l 

o 
A B 
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- Determine the distance L of the object. 
 
After that the blur on the film has to be calculated. It will be: 
 

GBb ´=  
 
Knowing b, L and l, the hole diameter can be calculated: 
 

l
Lb

d
´

=  

By way of an example, if the pinhole camera has a l value of 100 mm, the hole-object 
distance of 1m (1000mm) and the required blur value of 0.02 mm, the hole diameter will have 
to be less than or equal to: 
 

mmd 2.0
100

100002.0
=

´
=  

 
7.3. ‘Split capacity’ evaluation 
 
On the object it is important to know the level of detail it is possible to photograph. Taking 
into account blurs which ‘extend’ beyond the image, it can be shown what happens in taking a 
graphic drawing again. 
If there were not blurs, the image would be as follows: 
 

 There would be no distortion. 
 
But a crenel becomes an isosceles trapeze: 
 
  
 
 
 
 
 

Object-plane 

Image-plane 
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But, energies have to be added and the two crenel shapes become: 
 
 

Image shape
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One sees that the image is much distorted and has got levels over the basic crenel. 
So as that the shape be the best respected, the 2 crenels have to be spaced out of the calculated 
blur value, the global energy being the same. The scheme is as follows: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
By building the image again, it becomes: 
 
 
 
 
 
 
 
 
 
 
 

blur 
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Calculating S (Split capacity) in relation to b (blur), the result is as follows: 
 

l
Ld

S
´

=  

 
Physically this means that the split capacity is at a maximum equal to S and is directly in 
relation to the hole diameter and to the inverse of the magnification. It is impossible to 
dissociate 2 elements on the object which are spaced at a value which is less than S. 
 
7.4. Phenomenon observed in the hole projection 
 
The problem is to find out what really happens inside the hole projection on the film. Is the 
information reliable? If the object emitted a piece of information in a surface corresponding to 
the hole diameter, the scheme would be as follows (showing only a symmetrical part): 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

S 

b 
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The following shape has been obtained: 
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Information projected by the hole is very different from the reality. The image is 
reconstructed by juxtaposition sequent of elementary surfaces. Of course energy is kept. So 
that the hole does not give erroneous information, the hole has to be reduced to a maximum. 
 
 
 
 
 

hole 

Object of the size 
of the hole 
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7.5. Hole length effect (or foil thickness) 
 
Taking again the same reasoning but in taking into account the hole length and making 
simplifying assumptions (values much small than others and also considered as nil), it is 
demonstrated that the blur is: 
 

L
ld

b
´

=  

 
The Hélios formula is found again. 
 
7.6. Practical charts 
 
So as to make the operation more smoothly, it is practical to give representative charts of the 
Hélios formula: 

Blur in relation to the pinhole-object distance for  
different l*d products (l and d in mm)
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The different curves are given for a building constant which is the hole diameter multiplied by 
the hole-film distance. 
 
These curves show that blur increases for the small shot distances. It is not easy to photograph 
at less than 1 m. But the following chart gives the values for a distance smaller that 1 m.  
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Blur in relation to the pinhole-object distance for  
different l*d products (l and d in mm)
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It is shown that high value can be reached which may perhaps please artists! 
 
In both cases, there is blur on the film. 
 
8. Exposure time 
 
Exposure time is an important parameter in obtaining a satisfying quality of photograph 
because there are limits which must not be exceeded. For example, if the exposure time is too 
long, that is to say the energy supply too big, there is saturation on the clearer part of the 
object. The clear parts on the dark parts ratio is not real and the photograph seems blurred. 
Film is a non linear sensor of energy.  
Two parameters seem important in the phenomenon analysis: 
- The hole-film distance 
- The hole diameter 
The most global parameter is the hole-film distance. Indeed, the total energy received by the 
film is the sum of all the elementary energies of the image passing through the hole during a 
given time. Reasoning from the surface unit energy: 

S

E
E g

S =  

S is the exposed surface of the film, Eg is the global energy passing through the hole and Es is 
the energy by surface unit on the film. 
 
The exposed surface depends on the hole-film distance: 
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If the film is moved away, the same energy is passing through the hole (for short distances 
there is no energy loss in the air) and it can thus be written: 
 

   ( )
1

1 S

E
SE g=  

( )
2

2 S

E
SE g=  

therefore  

     
( )
( ) 1

2

2

1

S
S

SE
SE

=  

reasoning during a given time. 
 
So as that the images are identical on S1 and S2, the exposure time has to be in the inverse ratio 
of surface unit energy, thus: 
 

1

2

1

2

S
S

T
T

=  

Calculating S in relation to l, it becomes: 
 

1
2

2
2

1

2

L
L

T

T
=  

Or 
 

2
1

2
21

2
L

LT
T

´
=  

 
Practically that means when the hole-film distance is doubled, the exposure time has to be 
multiplied by 4. 
 

l1 
l2 

S1 

S2 

Object 

Film 
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A similar reasoning can be made concerning the hole diameter and it can be considered that 
the energy is directly in relation to the hole diameter and then the relative exposure times 
between holes of different diameters are: 
 

2
2

2
11

2
F

F´
=

T
T   

  
When the diameter of the hole is doubled, all other parameters being equal, the exposure time 
has to be divided by 4 or vis versa.   
 
It is evident that these formulas are exact if and only if the energy accumulation phenomenon 
by the film is a linear phenomenon which is probably not the case. On the other hand, this 
assumption can be considered as exact if the gaps are not too great.  
 
In relation to a given hole diameter (reference = 1), the multiplying coefficients for initial 
diameter relations on diameter ratios used are as follows: 
 

Ratio of 
diameters 

0.1 0.25 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 

Multiplying 
coefficient 

0.01 0.06 0.25 1 2.25 4 6.25 9 12.25 16 20.25 25 

 
Absolute value of exposure time is directly in relation to the type of film used and is part of 
the know-how of photographers but is relatively longer than exposure time of a camera 
equipped with a lens. 
 
9. Validity of formulas 
 
As all theories which are based on assumptions, it is necessary to verify if what has been 
calculated is well the reality. It is indispensable to get back down to earth! 
 
9.1. Magnification 
 
It is very simple to verify the formula G = L / l. By photographing a target located at an L 
distance of the pinhole and knowing the l hole-film distance and measuring the dimension of 
the object on the target and on the film. The ratios have to be equal. 
 
The formula can be verified with much longer distances, in exploiting the characteristics of 
the pinhole located in the San Pietro cathedral in Bologne and used as noon-mark (see 
document of Eric Renner). The hole is located at about 36 m from the floor and gives an 
image of around 30 cm. Knowing the sun’s diameter is 1.39 million Kms and the distance 
between the earth and the sun is 149.5 millions Kms, after calculations a theoretical diameter 
of around 33 cm is found though the diameter measured is 30 cm that is to say a difference of 
10% which is very satisfying knowing the uncertainties on the data. 
The formula has been verified accurately with a hole-object distance of 75 mm and a hole-
film distance of 60 mm. The object was the following target: 
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The ratios have given identical results. 
 
9.2. Sharpness 
 
Sharpness is a value which is difficult to estimate because the evaluation criteria are not 
always objective. The formula   has to be verified, therefore making the different parameters 
varied especially the hole-object distance; other parameters are rather building parameters. 
How can this formula be verified without much error?  
The best way is to begin from a photograph of a target in black and white without 
intermediate colour. 

MIRE  MIRE 

Mire MIRE  
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What can the eye really estimate? 
To find out, take the example of a quadrilateral on the edge of which a blur is added by using 
merely the Word software possibilities as shown hereafter: 
 
 
   
 
 
 
 
 
 
 
 
Two levels of ‘exposure’ have been taken so as to verify that the exposure time is not very 
influential. 
It is noted than with a dilated scale the blur is around 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 be around 1 mm.  
 
  
 
 
 
 
 
 
 
 
 
 
In the both two cases the measurement of the blur is difficult though it can be noted than the 
right part is sharper than the left part.  
It is necessary to verify the formula with blurs larger than 1mm. Taking again the formula the 
aim is to work with a large hole and an l/L < 1. Images with blurs of 1, 2 and 4 mm can be 
compared but the evaluations are always suggestive: 
 
 
 
 
 
 
 
 
 
 
 
 



http://www.erickmengual.com 

24/33 

Tests have been carried out with holes of 0.3 mm and 0.9 mm, hole-object distances of 30 mm 
and 60 mm and a hole-film distance of 60 mm (beyond 100 mm measures are not possible any 
more and are more subjective than objective). Taking into account the small shot distance and 
the means used, the centring and the distance measures are not accurate but sufficient to allow 
the formula to be validated. 
The different photographs given thereafter have been scanned directly onto the negative 
(partial scanning because the available equipment). 
 
Photograph 1: 0.3 mm hole – hole-object distance of 30 mm 
 

 
 
Taking again the simulation of a blur of 1mm, in examining the different lines it seems the 
blur on the photograph is a bit lower than in the simulation; the reference is the target given in 
9.1. The object magnification is by  2 which gives thicker lines. 
If the calculation is carried out with the Hélios formula it is found that b = 0.6 mm which is a 
nearby value. Towards the edge of the photograph it seems that lines become thicker but the 
background is very much clearer. 
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Photograph 2: 0.9 mm Hole – Hole-object distance of 30 mm 
 
 

 
 
Taking again the same analysis as before but compared with the simulation of 2 mm, it 
appears that the blur on the photograph is about the same. In carrying out the calculation 1.8 
mm is found. The blurs are of about the same value. Here too the phenomena of blur makes 
the line appear thicker. 
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Photograph 3: 0.3 mm Hole – hole-object distance of 60 mm 
 

 
 
For this hole-object distance, only a small blur can be seen and it is difficult to compare with 
the simulation of a blur of 0.5 mm. The value calculated by the Hélios formula is of 0.3 mm. 
 
Photograph 4: 0.9 mm Hole – Hole-object distance of 60 mm. 
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Comparing that photograph with the previous one, a small increase of blur can be noted which 
is difficult to quantify. However, it seems that it is a nearby value compared with the 
simulation (1 mm). The calculation gives 0.9 mm.  
In all analysed cases, the Hélios formula seems to be suitable. However it is to be noted that 
below 1 mm it is difficult to make measurements and only estimation is possible. Exposure 
time is a parameter which leads to difficulties in the comparison of results, especially if blurs 
have low values and photographs are under exposed.  
 
It seems that beyond a hole-object distance of 2 or 3 times the hole-film distance and a 
diameter inferior to 0.5 mm, blur can be considered as negligible. 
 
9.3. Split capacity evaluation 
 
So as to evaluate split capacity the previous photographs have been taken up again and the 
distance between the lines has been exploited. 
 

                                                    
Hole = 0.3 mm 

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

 Hole = 0.9 mm 
Hole-film = 60 mm 

Hole-object = 30 mm 
 
Measuring directly on the target-object the distance between 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 separable on the photograph on the left and 
indiscernible on that of the right. In the 2 analysed cases, 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 mm, theoretically it is possible to dissociate 
them with a hole of 0.3 mm and impossible with a hole of 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-film = 60 mm 
Hole-object = 60 mm 

 Hole = 0.9 mm 
Hole-film = 60 mm 

Hole-object = 60 mm 
The calculated values of S are: 
 

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

 
In the two cases it is impossible to dissociate the 2 lines with real distance of 0.3 mm which 
validates the split capacity.  
 
This validation allows the Hélios formula to be validated 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. For that, the photographs given in 9.1 can be 
used again. 
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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 dark becoming clearer towards the edge and 
becoming transparent in the lower part (film part receiving no energy). The centre the more 
exposed (level of grey around constant) can be visualised by a circle and the radius gives the 
total exposure area. Outside this area the film does not receive energy. 
 
Measuring this radius, the angle value beyond which the film does not receive energy any 
more can be worked out (Arctg (63/60)). A value of around 46° is found.  
From the chart of paragraph 5 and if the R ratio is calculated (in the present case of 1/0.9 = 
1.11) this value can be located as follows: 
 

Exposure radius 
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Illumination on the film in relation to the locatio n on the vision 
angle (R = length/diameter ratio of the hole)
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The value calculated from the film is located on the X axis (simple red arrow) when the 
theoretical value is the red double arrow. The two values are relatively close allowing the 
theory to be validated.  
From the photograph and considering that inside the circle the exposure is almost constant, 
the extreme angle location allowing a photograph to be homogeneous can be calculated. The 
value worked out is of around 20° which gives an illumination limit of around 60% (green 
arrow). 
Taking again the photograph made with a 0.3 mm hole, it is noted that the part which is more 
or less constant in illumination terms is limited to the first circle of the target. 
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That circle having a radius of around 60 mm, the angle is at 45°. Referring to the curve as R = 
0.16 (foil thickness = 0.05 mm), the illumination value is around 60% (blue arrow). That 
confirms the previous value and means that for this type of film an illumination gap of 40% is 
allowed.  
The maximum dimension of images on the film in relation to 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 
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The results can be given in terms of maximum vision angle: 
 

R =  0.1 0.5 1 1.5 
Vision angle 95° 60° 40° 30° 

 
Beyond these angles, the photograph does not represent reality any more. 
 
10. Future development 
 
The main defect of the classical pinhole camera is its relatively long exposure times which 
can bring blurs and make shots of rapid moving object impossible. 
 
The development of digital cameras probably brings a solution to the problem. Indeed, the 
energy sensor sensibilities are very high allowing shots 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 sensor is that the sensor works with a level of energy 
which is not in relation to exposure time whereas the film is an accumulator of energy which 
becomes saturated over a certain level. 
On the face of it, there is no physical reason that a digital system can not be used. The scheme 
would the following: 
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There would be no difference between the two processes and all the formulas are applicable.  
The only difference is the matrix definition which can bring extra blur. But if the unitary 
sensors are around 0.01 mm (around 1000 x  1000 pixels per cm²), the blur remains second 
rate in relation to the blur of the pinhole camera principle. But the matrix is very small 
therefore the image is also very small. To display on a video screen it is necessary to enlarge 
the image by at least 20 which multiplies the blur on the matrix by 20. It is not sure that the 
matrixes of the digital camera suit well. It would probably be better to have larger matrixes.  
If the advantages are retained the disadvantages are also retained, especially the decrease of 
energy in relation to the normal on the plane-film. In principle, that could be corrected by 
amplifying the level given by every sensor directly before the restitution of the image. This 
correction would follow a reverse law to that of illumination in relation to the location from 
the normal (previous chart). Indeed, the information that each sensor would send would be 
treated by multiplying the level by a coefficient depending on hole characteristics. It could be 
possible by treating sensor location information to project an image on a semi-spherical 
screen using a video projector and thus obtaining restitution in three dimensions. 
The same thing could be obtained by creating a sensor matrix 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-sphere? 
These processes are difficult to be undertaken by an amateur and the help of a specialised firm 
is necessary. 
 
11. Conclusions 
 

- The analysis of the pinhole principle allows laws to be defined which can be used 
practically. 

Matrix of 
sensors 

Object 



http://www.erickmengual.com 

33/33 

 
- It has been demonstrated that there is not only one solution to a given problem 

but the solution is a trade-off between the main parameters. All parameters are 
linked (foil thickness, hole diameter, hole-film distance, hole-object distance, film 
type, film sensibility, film size, image enlargement ratio). 

- For example, sharpness is in relation to the shot distance, contrarily to what it is 
normally written. Photography at short distance poses sharpness problems and it is 
preferable to work with small holes to the detriment of the exposure time. 

- The hole length parameter can be eliminated by using a 0.01 to 0.02 mm foil 
thickness. Beyond of 1m it can be considered, to hole-film lengths of portable pinhole 
camera, that blur is practically invisible for holes up to 1 mm.  

- Although bringing no distortion, the pinhole process can not in any case reproduce an 
object perfectly because there is a decrease of absorbed energy on the film from the 
centre to the edges. It is as if the exposure time was shorter on the edges than in the 
centre. However, it can be considered that a decrease of 40% is not too visible on a 
photograph in the tested conditions. This remains to be tested in other conditions. 

- Generally sharpness on a photograph is a more subjective than objective notion and 
exposure time is an important parameter which often changes sharpness appreciation. 
Long exposure times do not seem the best solution because perturbations have 
considerable effects (vibrations, illumination variation and so on  ...). It is always more 
interesting to work with as big a hole as possible for a required blur so as to decrease 
exposure time. 

- For artists who love blurs, it is sufficient to greatly increase the  hole size! 
- In spite of rudimentary means of investigation, the theory has been properly verified. 
- The parameters which have not been voluntary taken into account have repercussions 

which as a rule lead towards to damaging results. It seems that these are  second rate 
parameters but that remains to be demonstrated.  

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

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

- It must be made clear that limits can not be exceeded for mechanical strength reasons 
of elements. A foil thickness of 0.01 mm and a hole of 0.05 to 0.1 mm can be 
envisaged. Below that the pinhole would be practically useless. To avoid any doubt, a 
foil thickness of 0.01 mm has to be used.  
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