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Shapes of Thin Soap Membranes 
A fluorescent chemical is mixed into the soap solution and a 

special pair of cameras is constructed. 

I N MODERN ARCHITECTURE a variety of 
shapes and surfaces are used which are 

extremely difficult to express either by closed 
mathematical equations or in numerical form. 
As a result a model structure is needed from 
which the necessary data can be obtained for 
use in the course of eventual construction. 

The author first faced this problem during 

desire to measure the shape of a soap mem- 
brane directly is not new, as soap films have 
been used for some decades to solve torsion 
pr0blems.8~~1 Apart from mechanical 
methods,' several experiments have been 
conductedi6~17 to determine the inclination 
of the surface by optical means. There have 
also been a few photogrammetric attempts. 
Anthest used rectification for flat membranes 

ABSTRACT: I n  varwus technical fields, e.g., architecture and mechanical en- 
gineering, thin soap membranes are used as analogue models to solve certain 
problems. Due to the fact; thak photogrammedry requires neither direct contact 
with the object nor long-time stability of the model it seems to offer a n  attractive 
means of suraeying such a n  unstable membra~e .  hnt i l  now the opticak charac- 
teristics as well as  the swail size of thin soap membranes have limited its use 
orrly to a few experiments however. I n  order to achieve a reasonable accuracy, the 
membrane has lo be prepared for stereophotography, and close-up camera equip- 
mefit must be availabLe. The author solved the first Part by making use of flflplores- 
cent light. He constructed a short-range stereo camera and performed a thorough 
ca~ibration of it. This  yielded large bns distortwns which forced h im to perform 
a n  analytical evaluation of the photographs. For a n  accuracy analysis a well 
known shape-the sphere-was determined, using thzs method and equipment. 
Although only a Jena 1818 comparator was available for the evaluation, it- proved 
suitabbe for the purpose, as the determined errors amounted to less than 0.12 m m  
ia the subject. The method used ha3 therefore fulfilled the requirements for the 
measurements which were of a satisfactory standard. 

the measurements on experimental models 
for the roof of the German Pavilion a t  Expo 
1967 in Montreal" The original shape created 
by a thin soap membrane had been trans- 
formed into a wire model only by application 
of the knowledge of the physical character- 
istics of the membrane and by some imagina- 
tion. The construction data was then de- 
termined from this large-scale wire model. 
Direct measurements of the soap membrane 
would have saved time and money and could 
also have provided a more accurate presenta- 
tion of the shape of the membrane. 

Inasmuch as the object is very unstable, 
photogrammetry seems to offer the best 
method of approaching the problem. The 

which yielded more qualitative results than 
quantitative values. 

ThielZ2 was the first to use stereo photo- 
grammetry. He prepared the membrane for 
photography by putting light seeds (lyco- 
podium) onto the surface. SitekZ0 used cos- 
metic powder to solve this problem and 
Bonanno3 added titanium dioxide to the soap 
solution. 

As all these methods failed with very thin 
membranes, the author concluded that  the 
membranes used either had to be thicker or 
that  rather flat membranes as in Thiel's case 
had to be used. I n  order to obtain a more 
general method two main problems had to 
be solved: (1) how to render the membrane 



PHOTOGRAMMETRIC ENGINEERING, 1971 

visible ior photography; and (2) how to ob- in turning the object and taking the necessary 
tain a suitable camera for close-up photog- photographs. 
raphy. The evaluation of the photographs After considering the light scattering prop- 
could then follow well-known procedures. erties of soar, particles and the use of smoke or * 

fog, a suitable solution to the problem was PREPARATION OF THE OBJECT achieved by mixing a fluorescent chemical 
FOR PHOTOGRAPHY into the soap solution. This chemical must 

The use of soap membranes has been re- 
stricted mainly to the consideration of very 
thin films in order that  the influence of grav- 
ity can be neglected. Having a thickness of a 
few molecules only, i.e., about the magnitude 
of the wave length of light, the membranes 
are completely transparent and practically 
invisible except for the outline. The mem- 
branes are very smooth, and a small fraction 
of the light coming upon them will be reflected 
from the surface in a direction depending on 
the incident angle. For stereo-photos any 
projected grid might be shown in each picture, 
but  the same point of the grid will be reflected 
from a different part of the surface in either 
picture and, if a stereo model is created in this 
way, i t  does not represent the shape of the 
membrane. 

Even with changes in the direction and in- 
tensity of lighting, and with the use of differ- 
ent photographic emulsions or backgrounds, 
the membrane remains monotonous and 
transparent. Therefore other means were to 
prepare the membrane for photography. 

OPTICAL MEANS 

produce fluorescent light in the visible section 
of the spectrum, most favorably in the green- 
blue area, in order that  orthochromatic 
emulsions may be used for the photography. 
Further, i t  must neither react chemically 
with the soap solution nor change its physical 
characteristics. A chemical which meets these 
requirements is Fluoresceinnatrium, which 
was used by the author in later experiments. 
As high energy radiation is needed for the 
emission of low energy fluorescent radiation, 
ultra violet light had to be applied, thereby 
creating a shiny green membrane surface. 

In  order to obtain a texture on this surface, 
the ultraviolet radiation was partially 
screened, resulting in a light-and-shade reac- 
tion on the surface. Parallel radiation through 
a grid made up of bars of approximately 1/2 
cm thickness and separated by 1-cm spaces 
proved to be most satisfactory for this pur- 
pose. Mainly because of diffraction, a smaller 
grid could not be used. Although the border 
lines between light and dark were not sharp, 
the pattern was sufficient for stereo-photo- 
grammetric purposes (Figure 2). 

Several mechanical methods for using soap 
bubbles were considered to be unsatisfactory, 
such as cosmetic powder, Lycopodium pow- 
der, thin nylon threads and hairs, and needles. 

As the outline of the membrane is always 
visible, i t  seemed to be possible to use this 
characteristic by putting the membrane into 
an array of parallel light. The projected image 
could then be photographed on a screen 
placed perpendicular to  the direction of the 
light. After rectification with the aid of a fine 
grid drawn onto the screen, the pictures 
showed the outline of the membrane perpen- 
dicular to a certain direction. By rotation of 
the object, numerous pictures would repre- 
sent the surface. The author tried to perform 
this operation with the aid of several students 
and satisfactory results were obtained's. 
However a problem was created because the 
projection of the outline of the membrane 
onto the horizontal plane was represented 
generally by an unknown curve. Only for 
simple figures, such as a sphere, is i t  a straight 
line, as shown in Figure 1. Furthermore this 
method requires a more stable and therefore 
thicker membrane due to the time involved 

FIG. 1. Horizontal and vertical views of a simple 
(spherical) and a complex (tent-shaped) membrane 
illuminated with light parallel to the x-axis. The 
center views are projections of the outlines onto 
the ye-plane. The lower views show the projections 
onto the xy-plane. 
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FIG. 2. Soap membranes with 
fluorescent light. 

In  order to obtain a reasonable photoscale, 
neither a common photogrammetric camera 
focussed on infinity nor a stereometric camera 
with fixed focus (such as the ones built by 
Wild4, Zeiss, Oberkochen26 or Zeiss, Jena27 
can be used because the minimum object 
distances are several meters. For this special 
problem, the camera should meet the follow- 
ing specifications: 

I t  should have a variable focus setting. 
I t  should be possible to use high quality wide 
angle lenses with changable diaphragm. 
The  backframe should accept glass plates. 
I t  should be possible to make fine adjustments 
of the interior characteristics of the camera. 
I t  should be possible to establish a base per- 
pendicular to the direction of photography. 

After considering the camera equipment 
discussed in References 14, 15, 21, 23 and 25, 
the author decided t o  construct a new camera. 

Using the elements of a "SINAR-Norma" 
1 3 X  18 cm camera as  a base, a new camera 
was built according to the specifications of the 
author. The variable exterior settings of the 
camera, such as  the shift and tilt were zeroed 
and the equipment fitted with fine adjustment 
screws. The focus setting was also combined 
with a measuring screw, allowing readings of 
0.01 mm. 

The back frame (Figure 3), together with a 
device for pressing the photographic plates 
against the fiducials was the main subject of 
the reconstruction. Because a direct contact 
between plate and frame with fiducials was 
desired, either the plates had to be removed 
from the cassettes during exposure, or the 
frame had to press into the cassettes as  in 
common photo theodolites. As this construc- 
tion would have been too elaborate, i t  was de- 
cided to introduce the plates from the top 
using cloth bags as for the TAF (Finster- 
walder's light phototheodolite). Upon re- 
lease, a metal plate, supported by springs, 
presses the photographic plate onto the frame 
against the fiducials. After exposure, the 
metal plate can be pulled back and the photo- 
plate pushed back up into the bag by a 
scissor-like liiting device (N&mberg Scissors) 
because the mount of the camera does not 
allow the plate to fall vertically downwards 
(Figure 4). 

FIG. 3. Workshop drawings of the backframe. 



FIG. 4. Nurnberg Scissors. 

For stereo-work a second camera was built 
in the same manner, and also a metal bridge 
of 1.20 m length was constructed onto which 
one camera can be fixed rigidly (Figure 5). 
The other can be moved along and set a t  
intervals of 10 cm, thus allowing different 
base settings for different object distances. A 
centering device for the Kern DKM-I theo- 
dolite has been established on each end of the 
bridge, which can be exactly levelled. With 
the known base length, control points around 
the object can be determined by intersection. 
A built-in thermometer shows temperature 
changes of the bridge so that  corrections to 
the base length can be made if necessary. 

ADJUSTMENTS AND CALIBRATION 

FIG. 6. Arrangement for adjusting in the image 
plane in the vertical position. 

achieved through the application of autocol- 
limation (Figure 6). With the same arrange- 
ment the camera-beam alone which the back " 
and front frames can be moved was checked 
for straightness. 

(2). In order to determine the infinity posi- 
tion of the objective lens, the front frame 
carrying i t  was installed between mirror and 
telescope (Figure 7). Through-a-lens auta- 
collimation can only occur ii i t  is located ex- 
actly at the focal length in front of the mirror 
and if i ts  axis is exactly parallel to the tele- 
scope axis. I t  was quite time-consuming t o  
find this position, adjust the frame, and then 
take the reading on the focussing screw. 

(3). With the frames adjusted so that they 
can only be moved along the beam without 
change in the orientation relative to each 
other, the motion of the lens relative to the 
front frame during changes in the focus set- 
ting must then be parallel t o  the axis of the 
lens. This condition was established by in- 
serting lenses of different focal length into the 
front frame and adjusting the moving part so 
that  autocollimation occurred by variation of 
the focus setting. 

(4). Fiducial marks had to be adjusted in 
such a ~osi t ion  that  the intersection of the 
lines connecting them would coincide with 
the principal point. For this task the camera 
was mounted on a lathe which allowed mo- 
tions to be measured to +5 pm in two per- 
pendicular directions. 

The length of the stereobase was measured 
with a theodolite. similar to o ~ t i c a l  distance 

Before the equipment could be used, several 
adjustments had to be performed on each 
camera. 

(1). The image plane had to be adjusted so 
that  it was exactly vertical when the bubble 
on the back frame was level. This was 

measurement with the subtense bar, by en- 

FIG. 5. Stereo camera. 

back frme front Eruc 

FIG. 7. Armngement for the determination of 
the infinity position of the objective lens. 
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larging a n  extremely accurate shorter dis- 
tance. These measurements were performed 
a t  various temperatures in order to  get a n  
idea on the expansion of the steel due t o  
temperature changes. 

T h e  interior orientation d a t a  was deter- 
mined in two steps. First the radial distortion 
was determined together with affinity and 
asymmetry. This  was done for the focus FIG. 9. The "e~t". 
setting a t  infinity a t  the Zeiss factory in  
Oberkochen. As the results obtained differed 
only by a few micrometers with the theoretical computer program based on ~ a r l e ~ ' s  method, 
values given by the lens producer, i t  was a the camera constant and the principal point 
proof t h a t  the construction of the  lens fol- could be determined to a n  accuracy of k 0 . 0 1  
lowed very closely the  theoretical optical mm which was sufficient for this project. 
calculations on which the  theoretical distor- 
tion is based. Therefore the theoretical dis- EVALUATION OF THE PHOTOGRAPHS 
tortion values for various focus settings a s  Due  to the large distortion of the objective 
provided from the factory were used. lenses i t  was impossible to  use a n  analogue 

Due t o  the fact t h a t  the distortion was plotter for the evaluation of the photographs. 
quite large (up to 0.7 mm a t  the corners of the  An investigation showed t h a t  a level plane 
picture), the image coordinates were cor- photographed with this stereo camera a t  a dis- 
rected for distortion before performing any tance of 1 m would be deformed by  more than 
further steps. With these nerw image co- 1/2 mm, which means t h a t  contour lines of 
ordinates, t h e  computational effort was re- a n y  object would have to be referred to  such a 
duced considerably. deformed base. 

A calibration was performed by a method Therefore a n  analytical approach was re- 
proposed by Harley12 who uses a three-di- quired which could take care of t h e  influence 
mensional array of control points and calcu- of distortion. I n  this instance the object needs 
lates a space resection thereby including the  to be represented by  numerous points which 
origin of the  image coordinate system a s  well have t o  be  measured with a stereo compara- 
a s  the camera constant a s  unknowns. For  this tor. Afterwards the image coordinates have to 
a minimum of 5 control points are needed. be corrected for distortion with the aid of a 

As a test field the author  used a large small computer program and the resulting 
wooden plate onto which metal blocks with corrected image coordinates can then be used 
bolts of different lengths were mounted. A in a n  analytical orientation program. This  
number of points were also marked directly on program was written in similar steps to  the  
the plate, which was set up about  1 m in f ron t  analogue method and consists of the  three 
of the camera a s  it  was planned to use this parts: relative orientation, computation of 
distance for  the membrane photography. For  model coordinates and absolute orientation. 
the same reason the bolts ranged up t o  20 cm T h e  first two parts  follow mainly the well 
in height. known formulas derived by SchutlV for aerial 

\17ith these si~rlple control points and  a photogrammetry. For terrestrial application 
the y- and z-axes can be interchanged. T h e  
absolute orientation is performed according t o  
the formulae published by  Kubik13, who 
solves the adjustment for the rotational ma- 
trix by  the method of conjugate gradients. 
With the  known elements of orientation any  
number of points can be transformed. 

PRACTICAL EXAMPLE AND RESULTS 

EXPERIMEN rAL PROCEDURE 

For the practical test of the  method, a theo- 
retically well-known soap membrane was 
chosen: the segment of a sphere (Figure 8). 
Also a more complicated open surface, a so 
called eye was measured (see Figure 9). Both 



which were possible as the membranes had a 
stability of several minutes. 

RESULTS 

After analytical evaluation of the photo- 
graphs measured with a Jena 1818 compara- 
tor, contour maps were drawn (see Figures 12 
and 13). No irregularities could be detected for 
the sphere. The evaluation of several cross- 

FIG. 10. Experimental arrangement. 

membranes were based on a circular cross- 
section of 10 cm in diameter. 

The support is of a conical shape. Upon 
immersion in the soap solution a membrane 
forms, which ascends to the upper limit of the 
support similar to a foam bubble which rises 
in a beer bottle. After the base is closed off 
a t  the bottom the membrane can be set under 
light pressure and forms part of a sphere. 
(Figure 10). 

In  order to be able to see the fiducial marks 
in the pictures, sheets of white cardboard 
were fixed in the background and illuminated 
by candles which were screened off from the 
camera (see Figure 11). T o  avoid disturb- 
ing reflections, the whole experimental ar- 
rangement was painted matt black or covered 
with black matt paper. For the photography 
an object distance of about 1 m and a base of 
30 crn was chosen. 

The membrane was created by dipping the 
base into a special soap solution according to a 
recipe of Boy@, into which a few grains of the 
fluorescent chemical were added. After il- 
lumination through a grid from above by 
parallel ultra violet radiation, emitted by a 
coal-arc lamp through an ultra-violet filter, 
the membrane appeared with a green and 
black pattern. For reasons of symmetry the 
back half could be shaded off. The small 
amount of light required long time-exposures 

sections proved that, with the exception of 
very few points, the theoretical surface was 
obtained with an error of less than 0.1 mm. 
Additional measurements were performed to 
obtain an impression of the accuracy with 
which points can be measured on the surface. 
Several points on different slopes with differ- 
ent images were measured a t  the comparator, 
each 20 times. 

For the determination of the surface, the 
error in direction of the photography was of 
main interest. This error depends directly on 
the error in *-parallax and amounted after the 
full analytical treatment to + O. 11 mm in the 
object space. The errors in the other two di- 
rections were 30 to 59 percent smaller. 

Although it was expected for geometrical 
reasons that the positioning error would be 
smaller a t  the steeper parts of the membrane, 
there was practically no difference. The 
author believes that the small amoudt of the 
fluorescent light emitted a t  these parts be- 
cause of the extremely thin concentration of 
the solution cancelled the advantage of a bet- 
ter intersection of rays a t  these points. 

The results obtained by this method oi 

FIG. 11. Experimental arrangement showing the 
illumination of control points and of fiducia1.j. 
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determination of the shape of thin soap mem- 
branes were very satisfactory. With the use of 
fluorescent light there is no restriction insofar 
a s  thickness or inclination of the membrane is 
concerned. T h e  stereo camera a s  well a s  the  
analytical evaluation met  the  specifications 
laid down beforehand. However, through the  
use of a precision stereo comparator better 
results can probably be obtained. 

For  the  production of a plan with contour 
lines, i t  would be more economical to  evalu- 
a t e  the photographs directly on a n  analogue 
plotter. Although this was not possible in this 
instance due to the  distortion, i t  can very well 
be done in the future, because in  the  mean- 
time two wide angle lenses (f = 115 cm) with 
practically no distortion (<2pm) could be 
purchased from Wild Heerbrugg, Switzerland, 
for the  stereo camera. 
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ASP Solicits Officer Nominations 

T h e  Nominating Committee for the  
American Society of Photogrammetry's 
new officers to  be installed in March 1972 
earnestly solicits members' suggestions 
for names of persons to  be considered a s  
candidates. 

Because of the changes t h a t  have been 
duly made to the Bylawsand Constitution 
of t h e  Society, i t  is  now necessary t o  se- 
lect nominees for only the office of Sec- 
ond Vice President. The  incumbent First 
Vice President and Second Vice Presi- 
den t  become by precedent single candi- 
dates  through succession to be elected t o  
the offices of President and  First Vice 
President, respectively, unless for good 
reason a n  eligible officer cannot accept his 
new post. (The Directors of the Society 

are  now elected b y  the Regions.) 

Under the precedent being followed, 
the  candidates for Second Vice President 
who are proposed this year should be se- 
lected from persons in  government ser- 
vice (rather than from industry). Bar- 
ring unforeseen circumstances, the  suc- 
cessful candidate will assume the office of 
President in March 1974. 

T o  have your suggestions considered, 
the  names of your choices must be re- 
ceived before October 1, 1971, either by  
ASP Executive Director Lawrence P. 
Jacobs (105 N. Virginia Ave., Falls 
Church, Va. 22046) o r  Mr. Pliny Gale, 
Chairman of the  Nominating Committee 
(P.O. Box 13089, Houston, Texas 77019). 


