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Foreword 

IS0 (the International Organization for Standardization) is a worldwide 
federation of national standards bodies ( IS0 member bodies). The work 
of preparing International Standards is normally carried out through I S 0  
technical committees. Each member body interested in a subject for 
which a technical committee has been established has the right to be 
represented on that committee. International organizations, governmental 
and non-governmental, in liaison with ISO, also take part in the work. IS0  
collaborates closely with the International Electrotechnical Commission 
(IEC) on all matters of electrotechnical standardization. 

Draft International Standards adopted by the technical committees are 
circulated to the member bodies for voting. Publication as an International 
Standard requires approval by at least 75 YO of the member bodies casting 
a vote. 

International Standard I S 0  11314 was prepared by Technical Committee 
ISOTTC 42, Photography. 

Annexes A, B, C and D of this International Standard are for information 
only. 

8 I S 0  1995 
All rights reserved Unless otherwise specified, no part of this publication may be reproduced 
or utilized in any form or by any means, electronic or mechanical, including photocopying and 
microfilm, without permission in writing from the publisher. 

International Organization for Standardization 
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INTERNATIONAL STANDARD Q I S 0  IS0  11314:1995(E) 

Photography - Projectors - Image size/projection 
distance calculations 

1 Scope 

This International Standard specifies a method of cal- 
culating the expected size of the projected image 
from any type of projector given the focal length of 
the projection lens and the projection distance. 

It also specifies a method of calculating the expected 
projection distance given the focal length of the pro- 
jection lens and the dimensions of the required pro- 
jected image size. 

2 Definitions 

For the purposes of this International Standard, the 
following definitions apply. 

2.1 projection aperture: Aperture in the projector 
which controls the dimensions of the object area be- 
ing projected. 

NOTE 1 
the picture area (see I S 0  7943-1 ). 

In an overhead projector, this area is known as 

2.2 object plane: That plane in the optical path of 
the projector which is coincident with the plane of the 
object for projection, for example film. 

2.3 mask aperture: Aperture in a transparency 
frame or slide mount which limits the area being pro- 
jected. 

3 Symbols 

H 

h 

is the height of the projected image; 

is the height of the mask aperture or of the 
film projection aperture; 

W is the width of the mask aperture or of the 
film projection aperture; 

I is the projection distance (last lens surface 
to screen, see figure C.1); 

is the focal length of the projection lens; f 
M is the magnification; 

D is the projection distance from the object 
plane to the screen (see annex Cl; 

is the nodal point separation of the pro- 
jection lens (see annex C). 

d 

NOTE 2 
H , h ,  W,w,l..f,dandD. 

The same dimensional units should be used for 

4 Calculation of size, distance and focal 
length 

4.1 Mathematical relationship 

The projection distance, the size of the projection 
screen and the focal length all have a fixed math- 
ematical relationship to each other, and are deter- 
mined by the following equation: 

4.1.1 The height of the projected image is given by 

H =  ( y ) h  

4.1.2 The width of the projected image is given by 

W is the width of the projected image; 
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4.1.3 The projection distance is given by 5.2 The equations in clause 4 and the dimensions 
given in tables A.l to A.3 are only valid for perpen- 
dicular projection onto the screen. 

W 
I =  (?+ l)f . . . (4) 

4.1.4 The focal length is given by 

1 *= W / W + l  

5.3 Sometimes it is the object being projected (e.g. 
slide, filmstrip or overhead projection transparency) 
which governs the projectable-image dimensions and 
this may not comply with some relevant International 
Standards. 

(5) 

correct results. Therefore, screen width dimensions 
for still projection given in tableA.l are based on mask 

NOTE 3 The mathematical relationship in clause 4 does 
not show the exact dimensions for real lenses. The use of 
equations (2) through (5) will be sufficient for the determi- aperture sizes and not On the larger projection aper- 
nation of dimensions in a viewing room. ture sizes. 

For exact values, the mathematical equations in 
annex B should be used. 

6 

6.1 For most projection lenses the actual focal 
length is not precisely that which is printed on the 
lens housing or given in the specification of the 
equipment to which it is fitted. This is due to allow- 
able manufacturing tolerances.’] 

6.2 Inaccurate results may be obtained from calcu- 
lations when lens focal lengths are not accurate. AI- 
lowances need to be made for this when installing 
equipment and specifying screen sizes. Experimental 
trials are recommended. 

Focal length of projection lens 

5 Projectable-image dimensions 

5.1 For standard projectable-image dimensions, ref- 
erence should be made to the particular format of the 
projector. Relevant International Standards are listed 
in annex D. However, equipment exists which does 
not comply with the appropriate International Stan- 
dard or for which a standard has not been published. 

1)  Commercial tolerances of f 5 % of stated focal length are normal. 
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Annex A 
(informative) 

Projection tables 

A.l Use of tables 

The projection tables are divided into two parts (tableA.l, and tables A.2 and A.3). 

Values have been calculated according to equation (1 1, modified as follows: 

Table A. l  describes the relationship 

M=- W 
W 

Tables A.2 and A.3 describe the relationship 

M = -  1 - f  
f 

IS0 11314:1995(E) 

. . . (A.l) 

. . . (A.2) 

. . . (A.3) 

M is the connecting link between tableA.l and tables A.2 and A.3. 

A.l. l  If W and w are known, use tableA.l and determine M .  Then use M in tables A.2 and A.3 to find I orf. 

A.1.2 I f f  and I are known, use tables A.2 and A.3 and determine M. Then use M in tableA.l to find W 

NOTE 4 
mask aperture, or from the picture ratio of the film projection aperture. 

The height H of the projected image is not included in tableA.l. It can be calculated from the picture ratio of the 

A.2 Examples 

A 2 1  Example 1 

Question: What is the width of the projected image? 

Given conditions are 

- a 16 mm projector with a 50 m m  projection lens; 

- the projection distance is 10 m. 

Focal length f and projection distance I are known; using tables A.2 and A.3, the magnification M can be deter- 
mined. 

Therefore 

f = 50 m m  

I = l O m  

M = 199 (from table A.2) 
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Then using tableA.l 

M = 200 

film width = 16 mm 

find film width W =  1,93 m 

Answer: The width of the projected image is 1,93 m. 

A.2.2 Example 2 

Question: Which lens should be used with the slide projector? 

Given conditions are 

- a slide projector using 5 cm x 5 cm slides having a mask aperture of 22,5 m m  x 34,3 m m  is placed next to the 
16 mm projector used in Example 1. 

- a t  the same projection distance of 10 m, the projected slides should fill the given screen of width 1,93 m. 

The width of the mask aperture, w, and width of the projected image, W, are known; use tableA.l to determine 
the magnification M. 

Therefore 

w =34,3 m m  

W =  1,93 m (between 1,71 and 2,06 in tableA.l) 

M = 55 (between 50 and 60 in table A. l )  

Then using tables A.2 and A.3: 

M=55 

projection distance = 10 m 

find focal length = 181 m m  

Answer: A lens with a focal length of 181 m m  should be used. 
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M 

4 

5 
6 
7 
8 
9 

10 
12 
15 
18 
20 

25 
30 
35 
40 
50 

60 
70 
80 
90 
1 O0 

110 
120 
130 
140 
150 

160 
170 
180 
190 
200 

210 
220 
230 
240 
250 

260 
270 
280 
290 
300 

310 
320 
330 
340 
350 

360 
370 
380 
390 
400 

- 

- 

- 

- 

- 

- 

- 

- 

- 

~ 

- 

- 

Picture area írnrn) 

285 x 285 250 Y 250 

Nominal size (cm) Film width 

8.5 Y 10 8.5 x 8.5 7 x 7 5 x 5  3 x 3  35 rnrn 16 rnrn 58 

Mask aperture írnrn) 

280 Y 280 247 Y 247 73 x 88 73 x 73 53.5 x 53,5 22.5 x 34.3 12 x 15,8 
0 O * 0,7 f 0 3  f 0.1 

280,OO 247.00 88.00 73.00 53.50 34.30 15,80 

I 2  I 2  -0.5 -0.5 

Film projection aperture lrnrn) 

15.29 irnax.) 7.26 lrnax.) 4.01 írnax.) 
21.11 horn.) 9.65 (ref.) 5.46 (ref.) 

21,l l 9.65 5.46 

0.24 
0.29 
0.34 
0.39 
0.48 

0.19 
0.22 
0,27 

0,58 
0.68 
0.77 
0,87 
0.96 

0.33 
0.38 
0.44 
0.49 
0.55 

1 ,O6 
1.16 
1.25 
1,35 
1.45 

0.60 
0.66 
0.71 
0.76 
0.82 

1.54 
1.64 
1.74 
1.83 
1,93 

2.03 
2.12 
2.22 
2.32 
2.41 

2.51 
2.61 
2.70 
2.80 
2.89 

2.99 
3.09 
3.18 
3.28 
3.38 

3.47 
3.57 
3.67 
3,76 
3.86 

0,87 
0.93 
0.98 
1 .O4 
1 .o9 

1,15 
1,20 
1.26 
1.31 
1.36 

1.42 
1,47 
1.53 
1.58 
1.64 

1.69 
1,75 
1,80 
1.86 
1.91 

1.97 
2,02 
2,07 
2,13 
2,18 

0 I S 0  IS0 11314:1995(E1 

Table A.l  - Screen width W, in metres, in relation to magnification M 
Overhead projection 1 Slide projection I Motion-picture projection 

- 

M Width W írn) of projected image in relation to magnification M 

rlr 4 

5 
6 
7 
8 
9 

10 
12 
15 
18 
20 

- 

- 

1,12 I 0.99 

1.40 
1,68 
1,96 
2.24 
2,52 

1.23 
1.48 
1.73 
1.98 
2.22 

0,37 0.24 
0,43 0.27 
0,48 

0.53 0,34 
0.64 
0.80 0.51 
0.96 0.62 
1.07 0.69 

2.80 
3.36 
4.20 
5.04 

2.47 
2.96 
3.70 
4.45 

0.32 
0,38 

0.32 0,42 ï_ 8.40 

1.76 1.46 

25 
30 
35 
40 
50 

60 
70 
80 
90 
1 O0 

- 
3.52 
4,40 3,65 

5.28 4.38 
6.16 
7,04 5.84 
7.92 6.57 
8.80 7.30 

2.14 
2.67 1.71 

3.21 2.06 
3.74 2.40 
4.28 2,74 
4.81 3.09 
5.35 3.43 

1.90 
1.58 2,11 

l- 110 
120 
130 
140 
150 

1.74 2.32 
1.90 2.53 
2.05 2.74 
2.21 2.96 
2.37 3.17 

5,88 3.77 
6.42 4.12 
6.95 4.46 
7.49 4.80 
8.02 5.14 

8.56 5.49 
5.83 
6.17 
6.52 
6,86 

7.20 
7.55 
7,89 
8,23 
8,57 

160 
170 
180 
190 
200 

210 
220 
230 
240 
2 50 

260 
270 
280 
290 
300 

- 

- 

2.53 3.38 
2.69 3.59 
2.84 3.80 
3.00 4.01 
3.16 4.22 

3.32 4,43 
3.48 4.64 
3,63 4.86 
3,79 5.07 
3,95 5.28 

4.11 5.49 
4,27 5.70 
4.42 5.91 
4,58 6.12 
4.74 6.33 

4,90 6,54 
5,06 6,76 
5,21 6,97 
537 7.18 
5.53 7.39 

5,69 7.60 
5,85 7.81 
6.00 8.02 
6,16 8,23 
6,32 8.44 

t 310 
320 
330 
340 
350 

1 360 
370 
380 
390 
400 - 
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Table A.2 - Magnification M in relation to projection distance 1 and focal length f (Range of focal length$ 
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Table A.3 - Magnification M in relation to projection distance I and focal lengthf (Range of focai lengthf: 
125 mm to 400 mm) 
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B.l Use of the exact equations 

Annex B 
(informative) 

Calculations 

B.l. l  Equations (B.l) to (B.6) take the position of 
the two nodal points of a projection lens system into 
consideration. In practice the use of equations (B.l) 
to (B.6) will be important only to the manufacturer of 
projection equipment. For the determination of screen 
size and projection distance in a viewing room, the 
use of equations (2) to (5) will be sufficient, since the 
position of the nodal point is generally unknown. 

B.1.2 Equations (B.l) to (B.6) can be used for all 
types of projectors. The choice of equations depends 
on whether the projection distance is to be measured 
from the object plane to the screen [equations (B.l) 
to (B.31-J or from the lens secondary (image) nodal 
point to the screen [equations (B.4) to (B.611. 

B.1.3 In practice, equations (B.1) to (B.3) will be 
used with projectors where the optical path is straight 
(e.g. for projection of slides, filmstrips and motion- 
picture films). Equations (B.4) to (B.6) will be used 
with projectors where the optical path is folded 
through the use of a mirror (e.g. overhead projectors 
and episcopes or opaque projectors). 

The projected-image width is given by 

r 1 

The projection distance is given by 

where M is the magnification which is defined as 

W H  w Or 7 

B.3 Projection distance measured from 
lens secondary (image) nodal point 

Dimensions of the projected image are calculated as 
follows. 

The height of the projected image is given by 

B.2 Projection distance measured from 
the object plane 

Projection image dimensions are calculated as fol- 
lows. 

The width of the projected image is given by 

w= (+-+ . . . (B.5) 

The projection distance is given by 
The projected-image height is given by 

r 1 
T =  f(l  + M) . . .  

2 where T is the projection distance from the lens sec- 
ondary (image) nodal point to the screen. * ' ' (B.') 

8 
Copyright International Organization for Standardization 
Provided by IHS under license with ISO

Not for ResaleNo reproduction or networking permitted without license from IHS

--`,,,`-`-`,,`,,`,`,,`---



W 4853903 Ob43897 T3b M 

t 

IS0 11314:1995(E) 

1 

d T - 

Annex C 
(informative) 

Nodal points and nodal point separation 

Many rays pass through a lens from an off-axis point 
on the objective to a corresponding point on the im- 
age. One of these rays from each point on an object 
enters and leaves the lens on parallel paths. 

The point at which the produced (extended) entering 
ray intersects the optical axis is the primary (image) 

The point at  which the negatively produced exiting ray 
intersects the optical axis is the secondary (image) 
nodal point. 

The distance between the two nodal points is the 
nodal point separation, d. 

nodal point. 

Object plane Screen 

O 
t 
7' 
d 
D 
1 

is the angle between the optical axis and the rays entering and leaving the lens and passing through the nodal points; 
is the distance from the object plane to the lens primary (image) nodal point; 
is the projection distance from the lens secondary (image) nodal point to the screen; 
is the nodal point separation of the projection lens; 
is the projection distance from the object plane to the screen; 
is the projection distance from the last lens surface to the screen (see 4.1). 

Figure C.l - Positions of nodal points 
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Annex D 
(informa tive) 
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