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Gothic Structural Experimentation 

Gothic builders used the cathedrals themselves as models, modifying 
designs as structural problems emerged. An analysis of buttressing 

patterns shows that information spread rapidly among building sites 

by Robert Mark and William W. Clark 

T
he cathedral of Notre-Dame de 
Paris, the construction of which 
began between 1150 and 1155, 

was planned to be the tallest space in 
Gothic architecture. Its vaulted ceilings 
rise some 33 meters above the floor, 
more than eight meters higher than 
those of any of its early Gothic prede­
cessors; the relative increase in height 
over previous buildings, more than one­
third, was the greatest of the entire 
era. Nevertheless the structural config­
uration of the Paris choir (the eastern 
part of the cathedral where services are 
sung), which was built first, was essen­
tially similar to that of earlier, smaller 
churches. The outward thrust of the in­
terior vaults against the high window 
wall (the clerestory) was resisted only by 
stone quadrant arches hidden under the 
sloping roof of the adjacent gallery. 

In designing the somewhat wider 
nave, however, with its lighter and more 
open structure, the Paris builders evi­
dently decided that the concealed quad­
rant arches were insufficient to support 
the high clerestory. The increased width 
meant that the outward thrust of the 
vaults was greater than the thrust in the 
choir. More important, in building the 
choir the craftsmen must have become 
aware of a new problem for which expe­
rience with lower churches could not 
have prepared them: wind speeds are 
significantly greater at higher eleva­
tions. Wind pressure, it is now known, 
is proportional to the square of wind 
speed: and so it has a much stronger im­
pact dn tall buildings. Concern for wind 
loading, we believe, led the builders of 
the Paris nave to introduce the flying 
buttress just before 1180. Although 
similar in structure to the concealed 
quadrant arch, the flying buttress was 
exposed and supported the wall at a 
higher level. 

In less than two decades the flying but­
tress became the stylistic hallmark of 
Gothic building. The origins and the dis­
semination of such technological devel­
opments in the Middle Ages have long 
interested historians. Our own structur-
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al analyses of a number of medieval 
buildings have revealed that their de­
signers learned from experience, using 
the actual buildings in the way today's 
engineer relies on instrumented proto­
types to ascertain the structural behav­
ior of a design. The observation of 
cracking in weak, newly set mortar, for 
example, often led to structural modifi­
cations that were undoubtedly an im­
portant source of design innovation. 

Moreover, the experience gained at 
one building site was transmitted to 
other construction projects: the earlier 
building acted as an approximate model 
to confirm the stability of a new design. 
Our analysis of Notre Dame and its 
architectural influence demonstrates a 
ready communication between medie­
val building sites and the rapid transmis­
sion of technological innovations, in 
particular the flying buttress. The mas­
ter masons of later cathedrals, such as 
those at Chartres and Bourges, seem 
even to have been aware of flaws in 
the original buttressing scheme at Paris 
and to have modified their own designs 
accordingly. 

The Gothic period coincided with 
late-medieval advances in the man­

ufacture of cloth and an expansion of 
trade that produced great wealth and 
led to the growth of cities. The new 
wealth spurred a prodigious building 
activity that changed the face of western 
Europe. In northern France the success 
of the Gothic style can be seen in practi­
cally every village and town. 

Unfortunately there are few textual 
records from before the 13th century to 
document the work of the Gothic build­
ers and to trace communication among 
them. Most of the surviving written evi­
dence consists of little more than appre­
ciative remarks by nonspecialists, usual­
ly the patrons of a building. The classic 
example is the Abbot Suger's tantaliz­
ing but frustratingly incomplete descrip­
tions of the new construction he com­
missioned in about 1130 for the abbey 
church of Saint-Denis, near Paris, the 

first example of the Gothic style. An­
other unique document is the year-by­
year chronicle by the monk Gervase of 
the rebuilding of Canterbury Cathedral 
from 1174 to 1184. Neither of these 
texts, however, mentions any technolog­
ical development or indicates that ideas 
were communicated from one building 
site to another. Nor have architectural 
drawings from the 12th century sur­
vived, if indeed they ever existed; the 
earliest evidence of the use of draw­
ings to record and transmit architectu­
ral ideas dates from about 1225, almost 
at the time when Gothic construction 
activity

'
began to decline. 

In the absence of documents the 
building technology of the Gothic era is 
best described by studying the buildings 
themselves. One approach is archaeo­
logical. By noting even the most subtle 
changes in structure and ornament from 
one part of a .cathedral to another it is 
possible to determine the order in which 
the different sections were built and usu­
ally to identify major episodes of con­
struction. In some cases the construction 
sequence can be plotted almost year by 
year, as the Australian architect John 
James has done for the cathedral of 
Chartres. Through the systematic ar­
chaeological study of a series of build­
ings we are on the verge of being able to 
follow the work of individual craftsmen 
as they moved from site to site, carrying 
with them information on new construc­
tion developments. The artistic signa­
tures of these artisans are discernible in 
their handling of structural and decora­
tive details. 

A second approach to studying Goth­
ic churches relies on modern tools of 
structural analysis to understand how 
the buildings actually function. One 
such technique, which we have em­
ployed extensively, is called photoelas­
tic modeling [see "The Structural Anal­
ysis of Gothic Cathedrals," by Robert 
Mark; SCIENTIFIC AMERICAN, Novem­
ber, 1972]. A transparent plastic model 
of a cathedral cross section is heated 
to about 150 degrees Celsius, at which 
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CATHEDRAL OF NOTRE-DAME DE PARIS was the tallest of 
the Gothic works of the 12th century. The first Hying buttresses sup­
ported its vast nave. The cathedral was rebuilt extensively in the 13th 
and 19th centuries; the present buttresses, seen in this view from one 

of the west towers, are very different from the 12th-century origi­
nals. An arch embedded in the buttress wall perpendicular to the 
south transept (at right in the photograph) suggests the disposition 
of the original Hying buttresses (see top illustration Oil page 179). 
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CUTAWAY VIEW OF NOTRE DAME shows the main interior 
elevation of the original nave (before the 13th-century rebuilding 
campaign) as reconstructed by the authors on the basis of archaeolog­
ical and structural analyses. The upper flying buttresses transferred 
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outward thrusts resulting from wind loading to the gallery-level fli­
ers, which in turn transferred those thrusts to the pier buttresses. To 
the left of the main aisle the cross-section cut (gray) is through the bu� 
tresses and the piers; to the right it is through the middle of a baJ'-t 
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temperature the plastic becomes rub­
bery and is easily deformed by the appli­
cation of weights that simulate the 
forces of dead weight and wind on the 
building. The deformations are locked 
in when the model is cooled and pro­
duce an interference pattern when it is 
viewed through crossed polarizing fil­
ters. The interference pattern can be in­
terpreted as a contour map of stress and 
can thus reveal possible design flaws in 
the building. 

The study of Notre-Dame de Paris by 
these two approaches has led us to a 

new reconstruction of the original nave 
and of the first flying buttresses. The en­
tire buttressing system was extensively 
rebuilt beginning in the 1220's, and mas" 
sive restorations were also carried out in 
the mid-19th century. Archaeological 
evidence suggests that the original but­
tressing scheme was much simpler than 
has previously been thought. It included 
two separate tiers of flying buttresses: 
an upper tier above the gallery roof to 
brace the high clerestory wall and a low­
er tier to strengthen the outer gallery 
wall and to help resist the outward 
thrust transferred by the upper fliers. 

The major evidence of this arrange­
ment is a quadrant arch still preserved in 
the inner face of a wall buttress support­
ing the south transept [see top illustration 
at right]. Although it is embedded in the 
wall and has never been open in the 
manner of a true flying buttress, its 
curve almost certainly reflects that of 
the open flier arches that supported the 
clerestory of the adjacent nave. This 
means the original upper fliers must 
have abutted the main wall at a point 
about halfway up the original window 
opening. The lower, or gallery, rank of 
flying buttresses survived more or less 
intact until the 19th-century restora­
tions, and so their configuration can be 
determined from drawings and early 
photographs made before that building 
campaign. Further architectural details 
are suggested by the contemporaneous 
church of Saint-Martin at Champeaux, 
which belonged to the bishop of Paris 
and whose flying buttresses are thought 
to reflect the original buttressing scheme 
of the Paris cathedral. 

Beginning in the 1220's this scheme 
was changed dramatically: the upper 
flying buttresses were replaced by giant 
fliers that spanned both side aisles. (The 
original upper fliers had spanned only 
the inner side aisle, from the clerestory 
to the gallery wall.) What prompted this 
change in design? 

Earlier investigators have argued that 
the change was part of an effort to allow 
more light into' the cathedral. The Paris 
builders seem to have been unprepared 
for the decrease (compared with earlier 
buildings) in the amount of light reach­
ing the floor of the church, an effect 
resulting from its significantly higher 

TWELFTH-CENTURY WALL BUTTRESS above the gallery on the south transept at the 
cathedral has embedded in its inner face an arch that probably repeats the arc of the origi­
nal upper fliers, which supported the adjacent nave clerestory. This archaeological evidence 
suggests that the first flying buttresses abutted the clerestory at a point about halfway up the 
original windows, well below the roof. In the 13th century the upper fliers were replaced by 
huge flying buttresses spanning both side aisles, and the clerestory windows were enlarged. 

rHOTOELASTIC MODEL of the original nave of Notre Dame reveals the distribution of 
stresses induced by simulated wind loading and shows there probably were structural reasons 
for rebuilding the flying buttresses. The transparent plastic model is viewed with the aid of 
polarizing filters. The resulting interference pattern is a contour map of stress intensity in which 
each color corresponds to a different level of stress. Critical regions occur where the colored 
lines are closely spaced. Significant tension was fonnd where the flying buttresses abut the 
clerestory and the gallery. Mortar cracking in these regions probably necessitated frequent re­
pairs until the construction of the new buttresses in the 13th century eliminated the problem. 

179 
© 1984 SCIENTIFIC AMERICAN, INC

This content downloaded from 
������������142.58.232.197 on Fri, 06 May 2022 01:45:51 UTC������������� 

All use subject to https://about.jstor.org/terms



walls. The problem must have become 
apparent in the choir, however, because 
in the subsequent construction of the 
nave the builders raised the height of 
the gallery vaults and enlarged the gal­
lery windows. 

According to one argument, these 
Il. changes were insufficient to dispel 
the darkness in the church, and this led 
directly to the decision in the early 13th 
century to enlarge the clerestory win­
dows to their present size. To lower the 
base of the windows it was necessary to 
lower the roof and outer wall of the gal­
lery; as a result the builders had to mod­
ify the flying buttresses, because they 
were structurally part of the gallery 
wall. In other words, according to this 
argument, the changes in structure were 
only a by-product of the need to'change 
the window design. 

Our structural analysis indicates, 
however, that the rebuilding of the first 
flying buttresses may actually have 
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been a response to structural problems 
inherent in the original design. Initial­
ly undertaken to confirm the technicai 
validity of the new archaeological re­
construction, photoelastic modeling re­
vealed unanticipated critical levels of 
tensile stress in two regions of the wind­
ward buttressing: where the upper fliers 
abutted the clerestory and where the 
lower fliers joined the gallery wall. Dur­
ing particularly severe storms, which 
present-day meteorological records sug­
gest would have struck Paris from time 
to time in the 40-to-50-year lifetime of 
the original buttresses, the wind-pro­
duced tension in these regions would 
have been from three to five times great­
er than the tensile strength of medieval 
mortar. Because of the highly localized 
nature of the tension, it is doubtful that 
major problems with the fabric would 
have arisen. The cracking would have 
been readily apparent, however, and re­
pairs, including the pointing of the af­
fected joints, would have had to be 

a 

. made promptly after every great storm 
to prevent general deterioration. 

Such regular maintenance, however, 
would have been difficult because the 
regions in question were relatively inac­
cessible. This suggests it was more than 
a coincidence that the 13th-century re­
building effort eliminated these regions 
of localized tension. The point of abut­
ment of the new giant fliers with the 
clerestory was considerably higher, and 
they also significantly reduced the thrust 
in the gallery-level fliers. 

In making the crucial structural chang­
es, the builders prooobly seized the 

opportunity to try to raise the light level 
in the church by enlarging the clerestory 
windows. Whereas the structural prob­
lems of the original design were effec­
tively solved, the benefits derived from 
the larger windows were at best slight; 
as anyone who has visited Notre-Dame 
de Paris will remember, it remains a 
dark building. 

WIND VELOCITY (KILOMETERS PER HOUR) 
DEVELOPMENT OF GOTHIC BUTTRESSING reflects the rec­
ognition of structural problems associated with the original flying 
buttresses at Notre Dame. The evolution is depicted here by a se­
quence of building cross sections and a wind-velocity graph drawn 
to a common scale. Additions to the original design of each building 
are shown in color; elements that were eliminated are indicated by 

broken lines. Maximum wind velocity (black curve) increases with 
elevation, and wind pressure, which is proportional to the square of 
velocity (colored curve), increases dramatically. Because of its great 
height Notre Dame (b) was exposed to more severe wind stresses 
than previous Gothic churches were. The need to brace the nave wall 
against winds while allowing light into the church prompted the first 
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Even before Notre Dame was rebuilt 
the lessons learned there had been ap­
piied at other building sites. The choir of 
the cathedral of Bourges, constructed 
between 1195 and 1214, is a simple, 
light yet sound structure. Its elevation 
is unique: instead of achieving great 
height-36 meters from floor to key­
stone-by enlarging the clerestory, the 
builders dramatically elevated the inner 
side aisles. The resulting cross section is 
more triangular than the cross sections 
of classic High Gothic buildings such as 
Chartres and Reims, and the wide, sta­
ble base makes the walls less susceptible 
to lateral deformation. Furthermore, 
the buttressing system is un usually effi­
cient. Because the fliers were steep, they 
transmitted the horizontal thrusts from 
vaulting and wind loading to the foun­
dations more directly, and as a result the 
entire system of supports could be made 
lighter. Modeling has indicated that, in 
spite of its extreme lightness, maximum 
stresses in the Bourges choir are only 

one-half to two-thirds as great as those 
found in other large Gothic churches. 
In critical regions where tensile stresses 
tend to develop, such as at the ends of 
the flying buttresses, the Bourges choir 
outperforms any other large Gothic 
building we have analyzed. 

How, at this early stage in the devel­
opment of Gothic buttressing, did 

the Bourges master arrive at such an ef­
fective design? Bourges is often linked to 
Notre-Dame de Paris, because it has five 
aisles throughout and a similar ground 
plan. The late Robert Branner, author 
of the only modern monograph on 
Bourges, La Cathedral de Bourges et sa 
place dans l'architecture Gothique (Edi­
tions Tardy, 1962), thought the un­
known master had been trained not at 
Paris but to the northeast, in the Aisne 
River valley. A comparison of the cathe­
dral's cross section with that of our re­
construction of the original Paris nave, 
however, reveals a striking similarity in 

d 

spatial proportions. This similarity sug­
gests that the design of Bourges may 
have been derived from Paris (and also 
provides additional corroboration of 
our Paris reconstruction). 

The evidence that the original inspira­
tion for the Bourges buttressing came 
directly from Paris is actually even 
stronger. From his archaeological anal­
ysis Branner concluded that the original 
design at Bourges called for only a sin­
gle flight of fliers to support the choir 
clerestory, rather rhan the present dou­
ble flight. Our own investigations sug­
gest the same is true of the aisle buttress­
ing system. The upper flight of aisle fli­
ers visible today was probably not part 
of the original plan, and the great pier 
buttresses to which the fliers transferred 
outward thrusts were correspondingly 
shorter. When this scheme is compared 
with our reconstruction of the Paris 
nave, the buttressing patterns are seen to 
resemble each other closely. 

At some point during construction the 

use of tbe flying buttress in about 1180. Tbe buttressing was rebuilt 
beginning in the 1220's. in response to structural problems; the new 
scheme also enabled tbe bnilders to lower tbe gallery roof and enlarge 
the clerestory windows. Fliers were subsequently added to the cathe­
dral of Laon (a), built at about the same time as Notre Dame, even

' 

though it was much smaller and probably did not need them. The 

original designs of the Bourges choir (c), completed in 1214, and of 
the Cbartres nave (d), completed in 1221, were modified after crack­
ing was observed at Paris. At botb buildings upper fliers were added to 
reinforce the high walls against wind loading. In the Reims nave (e) 
the upper fliers were placed to resist wind loading on the clerestory 
and roof; the lower ones countered the outward thrust of the vaults. 
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design at Bourges was changed to the 
one that is still visible. The exact date 
of this decision is not known, but it 
probably was made sometime between 
1208 and 1214. By then most of the nave 
at Paris had been standing for perhaps 
two decades, and it is likely that mortar 
cracking due to inadequate wind brac­
ing had already been observed. The de­
cision at Paris to construct new flying 
buttresses abutting the clerestory at a 
higher level was probably being dis­
cussed by the second decade of the 13th 
century. The bifurcation of the main fly­
ing buttresses at Bourges and the raising 
of the point of abutment of the upper 
flier with the clerestory, as well as the 
addition of the second flight of aisle but­
tresses, can all be seen as precautionary 
measures taken by a master mason who 
had heard about the problems at Paris. 
As it turns out, the movement upward of 
the abutment of the clerestory fliers was 
particularly prudent. Photoelastic mod­
eling has shown that the abutment re­
gion is the only one in the cathedral 
where critical tensile stresses tend to de­
velop and that lower abutment would 
have worsened this problem. 

The steep, efficient flying buttresses at 
Bourges thus appear to be the result of 
increased awareness, based on the expe­
rience at Paris, of the effects of wind on 
tall buildings. In spite of their economy 
and their evident technical success, they 
were not adopted at other High Goth­
ic churches. Perhaps the Bourges but­
tresses were seen in their time as too 
light and too daring, or perhaps they 
were considered a kind of "technical fix" 
inappropriate for "high" architecture. 
For whatever reason, the main line of 
Gothic buttress development passed in­
stead through the cathedral of Chartres. 

B
egun almost simultaneously with 

Bourges, Chartres was built very 
rapidly; it was virtually completed by 
1221. The principal design innovation at 
Chartres was the great enlargement of 
the clerestory windows. They drop well 
below the level at which the main vaults 
spring from the vertical piers. This 
achievement has generally been inter­
preted as deriving from a realization of 
the full potential of the flying buttress, 
but from a technical point of view the 
buttressing of the Chartres nave is rela­
tively ponderous and even clumsy: it in­
cludes the equivalent of three separate 
flying buttresses, as well as an unneces­
sary spur wall under the side-aisle roof, 
perpendicular to the main wall. 

The uppermost fliers are particular­
ly remarkable. They spring awkwardly 
from the top of the pier buttress and cut 
through a projecting cornice at the top 
of the nave wall. No one doubts that 
they were not part of the original design, 
but when and why were they added? It 
was long thought they were a response 

BUTTRESSING OF BOURGES CATHEDRAL is striking in its economy, particularly in 
the choir iforegroullcf). Because the fliers are so steep, they convey the forces of wind and 
vaulting more directly and can therefore be far lighter than other High Gothic buttresses. 

PINNACLES atop the pier buttresses at Reims are slotted and hollowed out, whereas their 
purely decorative counterparts along the west facade of the cathedral are solid. The combined 
weight of each buttress pinnacle and of the statue in the niche below is almost equal to the 
weight of the stone removed from the buttress to create the niche. This suggests the builder was 
concerned that the weight of solid pinnacles might have decreased the stability of the buttresses. 
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to the Expertise of 1316, a report by a 
group of Parisian experts recommend­
ing that the keepers of the cathedral 
"attend to the buttresses." Modern rein­
terpretation of the document indicates, 
however, that its vague injunction re­
ferred only to the need to repair exist­
ing buttresses. Furthermore, modeling 
of the Chartres nave both with and with­
out the relatively light upper fliers has 
shown them to be not fully effective in 
reducing local tension caused by high 
winds. It is thus unlikely that they were 
intended as a corrective to an obvious 
design fault seen by the Paris experts. 

Instead the upper fliers at Chartres 
were probably added at the end of 
the original building campaign. New 
archaeological evidence assembled by 
John James puts the date of their con­
struction at about 1221. One'feasonable 
interpretation is that the Chartres build­
er, like his counterpart at Bourges, add­
ed new fliers as a precaution against the 
possible effects of high winds on his 
structure. The likely source of such cau­
tion, both on the part of the builder and 

on the part of his clients who had to pay 
for the additional construction, was of 
course the experience at Paris earlier in 
the 13th century. 

Although the upper fliers were not en­
tirely effective at Chartres, they seem to 
have pointed the way to the judicious 
placement of flying buttresses in later 
High Gothic cathedrals. In these build­
ings a lower tier of fliers is positioned to 
resist the outward thrust of the nave 
vaults, and an upper tier braces the high 
clerestory wall and the tall timber roof 
against wind loading. The classic exam­
ple of this design is the vast cathedral of 
Reims, begun in about 1210. The Reims 
buttressing is more refined than that of 
Chartres: the unnecessary spur wall be­
low the side-aisle roof was eliminated, 
as was the third flier arch. Yet Reims is 
relatively conservative compared with 
the taller structures begun later in the 
century, such as the huge cathedrals 
of Amiens (1220), Beauvais (1225) and 
Cologne (1248). 

The cautious approach at Reims, as at 
Chartres, may well be attributable to the 

TOLEDO CATHEDRAL section shows substantial upper Hying buttresses that appear un­
necessary for its structure. They were probably deployed in reaction to the observation, before 
building began at Toledo in about 1227, of wind-induced tensile cracking at Notre Dame. 

184 

influence of Notre-Dame de Paris. At 
Reims it extended even to minor details, 
for example to the design of the pinna­
cles that top the pier buttresses and lend 
a strong, unified visual impact to the ca­
thedral exterior. Ordinarily a pinnacle 
placed near the outside edge of a but­
tress .adds to the bending effect created 
by the outward thrust of the fliers and 
thereby diminishes the stability of the 
pier buttress. Because the pinnacle is rel­
atively light compared with the great 
weight of the buttress, this effect is 
small, and at most churches it was ig­
nored. At Reims, on the contrary, the 
builder appears to have taken some 
pains to lessen the effect of pinnacle 
loading. The central spire of each pinna­
cle is slotted and hollowed so that the 
weight of the pinnacle, combined with 
that of the statue in the niche below it, is 
estimated to be 52 tons-or only about 
two tons less than the estimated weight 
of the stone removed from the buttress 
to form the niche. The pinnacle there­
fore does not affect the overall stability 
of the buttress. 

Such a sophisticated balancing of 
mass might seem to be beyond the abili­
ty of a prescientific builder. Yet in re­
gions of the cathedral where the pinna­
cles have only a decorative rather than a 
structural role, such as along the west 
facade, they are solid and heavier than 
their counterparts on the pier buttresses. 
This supports our view that the hollow­
ing out of the pier-buttress pinnacles 
was the premeditated act of a builder 
concerned about the stability of the but­
tressing. The structural conservatism 
was quite deliberate, and it probably 
was a response to the problems encoun­
tered at Paris. 

Caution born of the experience gained 
at Notre Dame appears to have 

been a pervasive influence in Gothic 
architecture of the early 13th century, 
even affecting many smaller churches. 
One example is the cathedral at Laon, 
the construction of which was well ad­
vanced by the time the flying buttress 
was invented. There is no reason to be­
lieve fliers were necessary at Laon, 
which has an interior height of only 24 
meters, but they were nonetheless incor­
porated, almost immediately after they 
appeared at Paris, into an otherwise 
unaltered structural scheme. An even 
clearer example of overbuilding is the 
Parisian abbey church of Saint-Ger­
main-des-Pres. Flying buttresses were 
added to the already completed choir, 
even though its vaults are barely 14 me­
ters high, significantly less than half the 
size of those of Notre Dame. 

The influence of Notre Dame was not 
confined to France. In Spain, for exam­
ple, a number of major Gothic churches 
were under construction in the third 
decade of the 13th century, just as reno-
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vations were being undertaken at Paris 
to address the problem of wind-pro­
duced tensile stress. The buttressing of 
the cathedral of Toledo resembles our 
reconstructions of the original buttress­
ing of both Paris and Bourges. Com­
pared with the French cathedrals, how­
ever, Toledo is relatively broad for its 
height (about 31 meters), and the roof is 
low-pitched, so that the maximum force 
of winds against the clerestory is rel­
atively small. Nevertheless, the clere­
story is buttressed by two tiers of fliers. 
The upper tier, which in the classic 
French churches resists wind loading on 
the roof, seems to have only a visual role 
at the cathedral of Toledo. It too was 
probably a response to the experience 
at Paris. 

The modification of an entire series of 
Gothic cathedrals following the obser­
vation of structural flaws in an earlier 
building has a parallel in the present, 
one that also involves new experience 
gained from light construction on a 
large scale. When the 854-meter main 
span of the Tacoma Narrows suspen­
sion bridge opened in July, 1940, it was 
the third-longest in the world. More­
over, its weight per meter of roadway 
was by far the lightest of any long span. 
The Tacoma Narrows Bridge epito­
mized the early 20th-century trend to­
ward lighter, almost ribbonlike road­
way decks and slender towers. The 
depth of its plate-girder deck stiffening 
was only 1/ 3 50th of the span. 

Four months after the bridge opened, 
a fairly steady 40-mile-per-hour morn­
ing wind produced severe twisting oscil­
lations in the span; it collapsed cata­
strophically by midday. The only direct 
casualty was a dog abandoned in an au­
tomobile, but an indirect casualty was 
the "thin aesthetic" in American sus­
pension bridges. Many of the suspen­
sion spans built during the period be­
tween the two world wars, including 
the Bronx-Whitestone Bridge in New 
York and the Golden Gate Bridge in San 
Francisco, were quickly stiffened, usual­
ly through the addition of heavy trusses 
to the roadway decks. The generation of 
bridges built after the disaster also In­
corporated such trusses. 

Thus even in the scientific age archi­
tects and engineers must gain experi­

ence from completed structures, partic­
ularly from those that are much larger 
than earlier prototypes. And if the expe­
rience is to have a maximum. benefit, it 
must be rapidly communicated to other 
building sites. From our studies of pre­
scientific, Gothic structures we have 
concluded that similar, if a bit slower, 
communication occurred as early as the 
12th century. With the establishment of 
such a network of communication the 
empirical approach to structural de­
sign proved surprisingly effective. 

Is this the wave of the future? 
Find out when NOVA examines the ever-growing field of 

fish farming around the world. 
"Farmers of the Sea" on NOVA, Tuesday, Nov. 13. 

Check your local listings. 

Aha 'i�� ... . " 

� . 

GAMES FOR THINKERS 
An exciting, new way to learn creative 
problem solving! Games designed by uni­
versity professors improve thinking skills 
using fun, strategy and challenging com­
petition. Like chess, each game can be 
played at many levels from young chil­
dren to intelligent adults. Fascinating for 
everyone! 

Write for free catalog and studies that 
show how WFF 'N PROOF Games can: 
• double math achievement 
• cut school absenteeism by ,/, and 
• raise 1.0. scores by 20 points 

ORDER YOUR tAMES FOR THINKERS TODAY! 

WFFN PROOF (logiC) 
QUERIES 'N THEORIES (sci. method) 
EQUATIONS (creative mathematiCS) 
ON-SETS (set theory) 
ON-WORDS (word structures) 
PROPAGANDA (social studies) 
CONFIGURATIONS (geometry) 

Complete 7-game Special 

$16.00 
16.00 
13.00 
13.00 
13.00 
13.00 

7.75 

79.95 
All prices include postage and handling. 

Satisfaction Guaranteed 

Order from: WFF 'N PROOF. 

1490-FF South Blvd., Ann Arbor, MI48104 

�LLIED 

One c�Jendar-S7.95 ppd. Order two or more-S6.95 ea ppd 
(Foreign airmail post<lge-SS for one. Each addltlonal-S I ) 

Please send me __ caJendars for s ____ posrpald 

Order now and receive a FREE Ch..'lrt of the Heavens and set of 
asuonomical GHalogs wrth your order! 

Name _____________ _ 

Street 

City _____________ _ 

St.::lte _______ z,p _____ _ 

o MasterCard 0 Visa 
o Money Order 0 Check 

� CREDIT CARD I�! 1:1 HOLDERS CAN c= 
ORDER TOLL·FREE � 

Expiration Dilte ____ 1-800-321-2369. � 

Card No 

HANSEN PlANEfARIUM 
Dept. SA - 22 15 South State Street 
Salt Lake City, Utah 84111 (8011535-7317 
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BAVARIA: 

The European High-Technology Showcase 

This survey of Bavarian technology was written by Joel Stratte-McClure following visits to government 

ministries, universities, financial institutions, private research organizations and industrial companies 

throughout Bavaria. 

The Bavarian past is still very much alive in the midst of the high-technology present. A 

BMW aerodynamic test vehicle, the magnetically levitated (maglev) train system and the 

headquarters of the Bayerische Vereinsbank present different faces of Bavaria. 

Bavaria, with its capital Munich, is 
the dynamic pacesetter for much state­
of-the-art technological development in 
the Federal Republic of Germany. This 
area, West Germany's southernmost 
federal state, is as renowned for its brain 
power as for its beer (820 of Germany's 
1,200 breweries, or one-third of the 
world's total, are in Bavaria, and beer 
consumption is almost twice the na­
tional average). 

A barrage of posters at the Munich­
Riem airport greets the visitor to the 
geographical heart of Europe, advertising 
neither perfume nor liquor but some of 
the numerous research-intensive elec­
tronics companies in the area. The 
advertisements underscore an important 
point about Bavaria: one out of four jobs 
and 25 percent of the revenue from the 
West German electronics industry is gen­
erated in the area, which sells 44 percent 
of its electronics products abroad. 

A visit to the Deutsches Museum on 
the banks of the Isar River, displaying 
exhibits dedicated. to the history of 
technology, will establish that Bavarian 
innovation did not begin yesterday. The 
first German railway was built in 
Bavaria, and Rudolf Diesel worked with 
the Krupp Company and Maschinen­
fabrik Augsburg-Niirnberg (M.A.N.) to 
develop the "sparkless" internal com­
bustion engine. The German and Euro­
'ean patent office across the street from 
·the museum is a reminder that Bavarian 

innovation probably will not end in the 
near future. 

Contemporary developments are nu­
merous. The world's first magnetically 
levitated (maglev) train ·system has been 
developed by a team including engineers 
from Messerschmitt-Biilkow-Blohm 
(MBB) and Krauss-Maffei. The system, 
which has yet to be installed on a com­
mercial basis but is being marketed by a 
joint enterprise called Transrapid Inter­
national, reduces operating costs by 
means of friction-free suspension, guid­
ance and propulsion. 

Munich is also the base for collabora­
tion between European data-processing 
firms. Siemens, the United Kingdom's 
ICL and Bull of France have formed a 
research laboratory for knowledge engi­
neering. And a four-year technical uni­
versity outside Munich that trains stu­
dents for the beer industry still thrives. 

"Bavaria is synonymous with innova­
tion because the industry here is domi­
nated by small- and medium-size com­
panies, which quickly adapt to new 
technologies and business opportuni­
ties," explains Klaus Hauptfleisch of the 
Bayerische Landesbank's Department of 
Economic Research. "Small- and me­
dium-size firms have been particularly 
important in such new industries as bio­
technology and robotics. In addition, a 
number of regional advantages set Bavar­
ia apart from the rest of West Germany: 
industrial growth is twice as fast, unem-

ployment is lower and clean industries 
attract well-educated, skilled labor from 
northern Germany and other countries." 

The cultural, educational, technologi­
cal, financial and industrial tradition and 
infrastructure in Bavaria have prompted 
numerous domestic and foreign firms­
in industrial sectors ranging from aero­
space, agribusiness, automotive, data 
processing, glass and optical instruments, 
machine tools, telecommunications, tex­
tiles and traffic systems-to settle in 
Munich, Nuremberg, Augsburg, Hof, 
Ingolstadt, Erlangen, Schweinfurt and 
other parts of Bavaria. Consequently ex­
ports have grown about tenfold in the 
past two decades, with Italy and France 
remaining the most impQrtant custom­
ers. There has also been a rise in exports 
to the Far East, which now accounts for 
about 13 percent of the total. Typically, 
exports reflect the industrial infrastruc­
ture. Motor vehicles (which make up 27 
percent of total exports), machinery 
(ball, roller and needle bearings are man­
ufactured for machines worldwide by 
FAG Kugelfischer Georg Schiifer), elec­
trotechnical products and chemical 
products lead the list, but musical in­
struments, glass products and ceramics 
and leather goods are also sold abroad. 

The Clocks Tick Differently 

According to an old proverb, in Bavaria 
even the clocks tick differently. This 
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may not be true, but some statistical sur­
prises do await the visitor to the area. As 
the largest of the 11 West German feder­
al states, it is the country's most im­
portant food producer. It is physically 
larger than Switzerland, Denmark, Bel­
gium or the Netherlands, and it is more 
populous than Belgium, Austria or 
Sweden. Although 30 percent of the 
work force was engaged in agriculture 30 
years ago (two-thirds of Europe's hops 
are produced in the Hallertau region), 
only nine percent of Bavarians work in 
agriculture today, whereas 44 percent 
are engaged in manufacturing industries 
and 47 percent in transportation, 
communications and services. Over half 
of the region's industrial jobs are in ad­
vanced-technology areas such as electro­
technology, electronics and computers, 
chemistry, high-technology machine 
tools, precision instruments, optics and 
aerospace� 

Behind the figures are some industrial 
surprises. A relatively small company 
called Eurosil sells its low-power inte­
grated circuits to Japanese firms, which 
use them in digital watches. Motorola in 
Bavaria exports some of its microsystem 
products to Arizona for resale in the 
United States. A small microcomputer 
company (Periphere Computer Systeme), 
on its way to becoming a data processing 
equipment maker for the broad market, 
has transferred its technology to a U.S. 
company. And beer producer L6wenbriiu 
has licensees in a dozen foreign coun­
tries and opened a new plant this year in 
Istanbul. 

Big Bavarian companies, traditional 
industries with a high-technology out­
look, are household names from New 
York to Tokyo: the electronics firm 
Siemens, automobile manufacturer 
BMW (Bayerische Motoren Werke AG), 
commercial transport producer M.A.N., 

BAVARIA BY NUMBERS 

Area: 27,240 square miles 
(28.4 % of the Federal 
Republic of Germany) 

Population: 11 million 
(17.8% of the population 
of the Federal Republic 
of Germany) 

Main Cities: Population 
1.3 million 

490,000 
248,000 
132,604 

Munich 
!)Iuremberg 
Augsburg 
Hegensburg 

Work Force by Industry: % 
Agriculture and forestry 9.2 
Manufacturing 44.2 
Commerce, transportation 

and communications 16.4 
Service industries 30.2 

Manufacturing: 
No. of firms with over 

20 employees 9,832 
No. of craft businesses 125,000 

Foreign Trade (1983): 
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Exports DM 60,600,000 
Imports DM 53,400,000 

automobile company Audi and aero­
space manufacturer MBB. 

From Wagner to Electronics 

The tradition of the Bavarian past 
surrounds the innovation of the present. 
Bavaria remains a colorful land of ba­
roque churches, Renaissance town halls, 
dizzying castles and Richard Wagner's 
operas (all attractions that helped to in­
crease American tourism by 37 percent 
in 1983), and even today 125,000 firms 
are devoted to craft production. 

The past and the present are close 
together in an automated bottling plant 
at L6wenbriiu producing 80,000 bottles 
of beer an hour (a purity law in force 
since 1516 specifies that all Bavarian 
beer must be made from barley, water, 
hops and yeast only). It is the same 
building in which a simulator was 
housed during the 1920's to study the 
movements of beer shipments on the 
high seas. The brewers tried to deter­
mine how to keep beer from deteriorat­
ing on long voyages. Bavaria might have 
the longest ski trails in Germany, but it 
is also a center of nuclear fusion research 
and was the first German state to estab­
lish a ministry for the environment. 

A service industry flourishes in Bavar­
ia. Roughly a quarter of all German 
banking institutions have a home office 
in Bavaria (there is a bank for every 
1,200 Bavarians but only one for every 
1,400 people in the rest of the country). 
The world's largest reinsurer (Miinchener 
Riickversicherung, which has palatial 
offices near Munich's English Gardens) 

'and Europe's largest accident and 
damage insurers, largest legal fee insurer 
and second-largest health insurer oper­
ate out of the area. (West Germans 
spend more per capita on insurance than 
any other members of the European 
Economic Community.) 

Although most of the insurance com­
panies and financial institutions have 
large financial stakes in a diverse num­
ber of industries, they are also striving to 
improve operations in their own sector. 
Business at the Bayerische Hypoteken­
und-Wechsel-Bank (known simply as 
the Hypo Bank) has tripled since 1972, 
but the number of employees has re­
mained constant. 

The local electronics industry includes 
small but innovative companies such as 
Preh in Bad Neustadt, which employs 
1,800 people and manufactures precision 
electronic components and computer 
keyboards and graphic pads, and Rohde 
& Schwarz in Munich, which has 4,000 
employees and manufactures measuring 
equipment. But it is Siemens, which 
came to Bavaria from Berlin following 
World War II and now employs about 
100,000 people in 25 factories in the 
region, that sets the pace for Bavarian 
electronics. 

Siemens is one of the six largest elec-

Advertisement 

trical and electronics companies in the 
world. Divisions include power engi­
neering and automation, electrical in­
stallations, communications, data sys­
tems, components and medical engineer­
ing. In 1984 Siemens increased spending 
on capital projects by 20 percent and 
boosted R&D expenditure to 3.8 billion 
deutsch marks (DM)* from DM3.5 bil­
lion the previous year. 

Today Siemens is a renowned leader 
in telecommunications network devel­
opment (integrated services digital net­
works), the digitalization of commu­
nications, automation and robotics and 
new energy systems. In addition, the 
company allocates an increasing amount 
of funds for research and development on 
medical techniques and engineering, in­
cluding magnetic resonance tomography 
for imaging internal organs and tissue. 

"We want to become more creative 
and offensive in our research and devel­
opment activities and translate those 
results more quickly into products," says 
Siemens' chairman, Karlheinz Kaske. 
As a step in that direction Siemens reg­
ularly holds seminars to bring the whole 
pipeline of marketing, production and re­
search personnel together to formulate 
specific plans for product development. 

Kraftwerk Union (KWU), a Siemens 
subsidiary, is a firm believer in nuclear 
power, which currently generates a 
quarter of all electrical power in Bavaria. 
In fact, the use of nuclear power in 
Bavaria is expected to increase from 
nine percent in 1980 to about 35 percent 
in 1985, and KWU foresees business in 
Turkey, Egypt, Japan and China. In 
Brazil and Argentina, it has already 
made technology transfer agreements. 
Although KWU does not have any fac­
tories in Bavaria, the company's en­
gineering staff and laboratories are in 
Erlangen. 

"The first West German nuclear power 
plant was built in Bavaria, and worldwide 
KWU now has 20 plants in operation, 12 
under construction and four under con­
tract," explains Wolfgang Braun, vice 
president of KWU's nuclear divisions. 
"Although our nuclear business now rep­
resents 80 percent of our total business, 
we also build conventional power plants." 

Less than five percent of KWU's re­
search and development is government 
financed-"which keeps us indepen­
dent," says Braun-and the company 
maintains a number of cooperative 
agreements with firms in the United 
States and other countries. KWU spends 
DM200 million annually on research and 
development, allocating one-third for 
the improvement of present technology 
and plant safety, one-third for inspec­
tion and repair of service equipment and 
one-third for new products. Some recent 
developments are systems to monitor 
acoustic leakage, remote-controlled un-

• At the time of this writing, 1 U.S. dollar equaled approxi­
mately 3.0 deutsch marks (DM). 
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howcase BAVARIA 

� BAYERISCHE 
� VEREINSBANK 

Dynamic investors find Bavaria an excellent location for securing 
their international growth. Bayerische Vereinsbank has helped 
along many. We offer more services than you would expect. We 
bank domestic, international, wholesale, retail, mortgage, 
investment. We are your German partners as underwriters, 
securities and foreign exchange advisors and traders. Bayerische 
Vereinsbank maintains units in 20 cities all over the world, five of 
which in the United States. 

Dynamic Banking - advanced EDP systems and worldwide 
communications - has made Bayerische Vereinsbank a major 
focus in Europe's showcase Bavaria. Our commitment to the 
domestic and international business community is firm. We are 
big in Bavaria. We believe in close-to-the-action approach. We 
cover nine out of the eleven German states. 11,500 employees in 
400 offices carry on two centuries of European banking tradition. 
Since the times of George Washington. 

Bayerische Vereinsbank AG 
(Union Bank of Bavaria) 
New York Branch 
335 Madison Avenue 
New York, NY 10017 
Telephone (212) 210-0300 
T�lex 126745 ubb nyk 

Atlanta Agency 
Telephone (404) 522-2636/7 
Cleveland Office 
Telephone (216) 566-8055 
Chicago Branch 
Telephone (312) 782-9225 
Los Angeles Agency 
Telephone (213) 629-1821 

� BAYERISCHE 
� VEREINSBANK 

AKTIENGESELLSCHAFT 
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derwater inspections units (for pipes, for 
example) and a weld-cladding machine 
to be used inside pipes. 

Automobiles and Aerospace 

Bavarian automobiles are especially 
acclaimed for their technological prow­
ess. Typically, a BMW annual report 
was replete with pictures and testimo­
nials of Japanese clients happy with 
their Bavarian acquisition. 

"Currently environmental problems 
have numqer one priority in develop­
ment at BMW. We are discussing the 
introduction of unleaded gasoline with 
the government in order to reach ex­
tremely low, emission standards, as in 
the United States," explained Hans 
Hagen, BMW's technical director, at the 
company's headquarters on the edge of 
Munich. "The main objective of this 
development is to improve the economy, 
in particular the fuel efficiency, of our 
automobiles without sacrificing typical 
BMW features such as power and per­
formance." 

According to Hagen, fuel consumption 
in BMW's declined 17 percent from 
1978 to 1985 while a variety of innova­
tions increased performance. "In tomor­
row's BMW, electronics will not only 
control the engine but also the drive 
shaft and automatic transmission," 
Hagen predicts. "Engine management is 
one of our most interesting develop­
ments, along with electronic transmis­
sion and engine controls." 

BMW is constructing a new manu­
facturing facility in Regensburg to han­
dle additional production requirements. 
The plant should be turning out a hun­
dred cars a day by 1986, twice as many 
by 1988 and 400 a day in 199I. 

Audi, an hour's drive away from 
Munich in Ingolstadt, is continuing to 
promote the permanent four-wheel drive. 
The "Quattro" concept will soon be an 
option for all models. Decrease in 
resistance during driving by reduction of 
weight and improvement of aerodynam­
ics, increase of driving performance and 
safety, further improvement of quality 
and increased efforts to improve envi­
ronmental protection are R&D priori­
ties. 

"We believe weight can be reduced by 
10 to 20 percent during the next 10 
years," says Jarn Klingel, manager of 
development projects at Audi. "We also 
hope to extend the life of the car from 
six to eight years by increasing corrosion 
resistance. Work on achieving a main­
tenance-free vehicle represents a valu­
able percentage of our research and 
development." 

"We have never made a move toward 
designing lower-performance cars be­
cause market demand was never for such 
cars but simply for lower fuel consump­
tion," adds H. C. Ferdinand Piech, head 
of research and development and vice 
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chairman of the management board of 
Audi. "In the future, we will keep our 
cars at the same performance level and 
size, but they will have considerably 
lower fuel consumption." 

M.A.N.'s research and development is 
concentrated in three areas: transport, 
including commercial vehicles, road 
structures, exhaust gas turbochargers 
and airport equipment; energy, including 
thermal power plants and components, 
solar power plants and flywheel energy 
accumulators, and communications. 

"M.A.N. spends DM200 million per 
year on research and development and 
has 100 computer-aided design and 
manufacturing (CAD/CAM) workplaces 
to assist us in making modifications that 
will cut fuel consumption another 10 
percent in the next decade," explains 
Kurt Detzer of M.A.N.'s technical and 
planning department. 

In the aerospace sector, Bavarian 
contributions to the pan-European Air­
bus and the Tornado multirole combat 
aircraft project accounted for over half 
of the sector's sales. MBB predominates 
in the field, with activities in civil and 
military aircraft, defense systems, 
helicopters, transport and electronic sys­
tems and space technology. 

"MBB is a high-technology-product 
company that is becoming increasingly 
influenced by market demand," says 
Horst Prem, director of technology at 
MBB. "Formerly we concentrated chiefly 
on metals, but chemistry is gaining in 
importance with us because we are using 
more plastics and incorporating more 
electronics in many of the components 
that we manufacture:" 

MBB is currently concentrating its 
R&D efforts on three major technical 
areas: microelectronics, control tech­
nology, and composites and materials. 
The company has increased transfer of 
technologies to companies working in 
areas such as fiber composite materials, 
quality-control and simulation technol­
ogies and CAD/CAM processes. 

"We want to increase international 
cooperation because it increases our 
market," says Peter Kraus of MBB's 
space division. 

Motoren-und-Turbinen-Union (MTU) 
in Munich has about 10 percent of the 
Western world's civil aviation engine 
business and will increase its civil work 
from 26 percent today to about 50 
percent in 1986. The company partici­
pates in most international engine pro­
grams and is consistently making head­
way on new materials, improved engine 
aerodynamics and thermodynamics and 
digital engine control. 

"We will halve the number of parts in 
a new fighter engine by using advanced 
aerodesign that will reduce the number 
of the turbine and compressor stages," 
says MTU's engineering director, Wolf­
gang Heilmann. "We spend 20 percent 
of our revenue on research and develop-

Advertisement 

ment, and collaboration forces us to be 
competitive with our partners." 

Another important Bavarian ,com­
pany, Dornier, is involved in a number of 
aircraft development programs. Among 
its projects it manufactures components 
for the A310 Airbus and the European 
remote sensing satellite ERS-I. 

Backing Industry with Scholarship 

Much of Bavaria's scientific bent is 
the result of an excellent university 
network dating from the time of certain 
Bavarian kings who had a special inter­
est in scholarship. Today educational 
institutions and industry cooperate to­
gether in what is known as the dual 
training system, which often leads to 
fruitful on-the-job training. In addition, 
Bavarian university laboratories, as well. 
as research institutes, conduct research 
and development in aerodynamics, 
astrophysics, biochemistry, communi­
cations, metallurgy and other areas. 

The application-oriented technical 
university in Munich, for example, does 
research and development in 10 special 
fields, including software engineering, 
chemical reactions and mass-transfer 
processes, physics and physical chem­
istry and civil and surveying engineering. 
Expansion of the technical university 
network has created new state and tech­
nical universities covering a wide variety 
of fields. 

Bavarian support of basic research 
after the war resulted in its becoming an 
important center in areas as diverse as 
astrophysics and behavioral studies, 
biochemistry and patent law. Pure, fun­
damental research is contributed by the 
laboratories of the Max Planck Institute 
throughout Germany. There are 12 
separate institutes in Munich, including 
those for international and comparative 
social law; laser research, physics and as­
trophysics; plasma physics; psychiatry; 
psychopathology, and psychotherapy. 
The budget for the institutes of DM986 
million in 1984, which increases at 
about 3.5 percent annually, is financed 
primarily by the state and federal gov­
ernments. Other institutes conduct re­
search and development in the natural 
sciences and engineering, aerospace, bi­
ology and medicine. Most Bavarian re­
search, however, is self-financed by com­
panies. 

Attracting Foreign Capital 

The Bavarian infrastructure attracts 
foreign financing and know-how to the 
region. About 1.1 billion of the DM5 bil­
lion invested in Bavaria since 1962, or 
about 22 percent of investments, comes 
from U.S. companies. Motorola recently 
bought 15 acres of land near the airport 
to extend its operations (this site will it­
self be a large advertisement). Robert 
Heikes, general manager of National 
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SPAS-01. Made in Bavaria. 

15 years after the American 
first step on the moon, a Ger­
man satellite moves forward in 
practical utilization of space. 
The MBB SPAS-01. 

This satellite - successfully 
tested and brought back to 
earth aboard the Challenger -
finally presents an economic 
way to rent space in space for 
research and other purposes. 

MBB's jntegration and parallel 
transfer of know-how from field 
to field insures that nothing is 
left to chance - from concept to 
the last detail - achieving new 
levels of sophistication in 
research, development and 
manufacture. This has made 
MBB into a world-renowned 
problem-solving specialist and 
- internationally - into the major 
German program partner.· 

Achievements such as the 
Airbus, Tornado, B0105 and 
BK117 in aviation, the SPACELAB 
spacecraft and TV-Sat, the 
Roland, HOT and Milan defense 
systems - among others - open 
limitless vistas in terms of new 
applications. For example: From 
helicopter rotors to wind-driven 
power plants, from satellite 
power systems to solar energy 
power plants. 

MBB 

Partner in 

international programs 

German Aerospace 

P.O. Box 8011 09 
0-8000 Mi.inchen 80 
W-Germany 
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Bavarian companies are producing a number of new materials for use in a wide range of components and equipment. At left are several ce­

ramic components produced by MTU. Lowenbriiu, however, does not use any new materials for its beer-brewing techniques. 

Semiconductor, says, "It takes about 30 technology. At the same time National 
microseconds to fit into the Bavarian Semiconductor sends 10 to 15 Euro­
mindset and marketplace" and is study- peans to the United States to provide a 
ing the possibility of a quick turnaround two-way transfer of talent. 
facility for semicustom devices in Mu- "American companies need local man-
nich. agement and should respect traditions," 

Motorola, NationalSemiconductor and cautions" Horst Gebert, president of 
other electronics and data processing Eurosil, in which United Technologies 
companies (Digital Equipment, Texas Corporation has a substantial stake. 
Instruments, Intel, Tandem Computers, "When one U.S. company fired people 
Fairchild, Hitachi) were attracted to here, it did not endear itself to the local 
Bavaria for similar reasons, as were a population." 
number of companies in the petro- Despite so much technological activity 
chemical and machine tool sectors. it would be erroneous to conclude that 

"Bavaria is centrally accessible, at- Bavaria is another Silicon Valley. For 
tracts good people and has the neces- one thing, venture capital is still much 
sary industrial competition," says Fred less available than in the United States. 
Shlapak, general manager of Motorola. "Entrepreneurs and venture capital 
"Existing industry provides resources aren't that plentiful and change can be 
and there is a good local market: 25 slow," says Heikes. 
percent of our products are sold in West ' "We are behind the U.S. in practicing 
Germany. Problems? Not as much move- a venture capital philosophy," agrees 
ment and cross-fertilization of employees Wilhelm Arendts, chairman of the board 
as in the United States, difficulties in re- of managing directors of the Hypo Bank. 
cruiting senior management personnel "We need more tax advantages for the 
and a labor system that does not encour- entrepreneur, and somehow we must 
age a seven-day work week." better sponsor innovation if we are to 

Bavarian industrial land is still abun- narrow the technology gap between 
dant: only three percent is currently ourselves and the United States and 
being used for industrial purposes. State Japan." 
financial assistance is available for in- But venture capital is beginning to 
vestment along the eastern borders. flourish and be invested in Bavaria. 

"We don't manufacture in Bavaria, Siemens has traditionally encouraged 
but we have our European headquarters engineers to set up their own firms. The 
for marketing and design of micro- parent company often assists in financ­
processors, microprocessor systems and ing" new ventures and has established an 
semicustom devices here, employing 300 investment company, Venture Capital 
people," adds National Semiconductor's Beteiligungs (VCB) GmbH, to provide 
Heikes. "We can attract many national- financial and technical support for new 
ities and the work ethic is reasonable, enterprises. Earlier this year Siemens' 
but as elsewhere in Europe there's too first industrial spinoff took place with 
much vacation." the creation of Integrated Circuit Test-

Although his replacement will be ing, which markets electronic test 
European, Heikes feels it is necessary to equipment. Financing for the venture 
have American employees in Bavaria to comes from the German-American­
introduce American techniques and British capital investment firm Techno 

B-6 Advertisement 

Venture Management, in which VCB 
has a 31.25 percent stake. 

"Our venture capital efforts will allow 
us to get into new high-technology 
companies and buy technology we aren't 
developing ourselves," says Bernhard 
Nottbeck of Siemens' research depart­
ment. "Not all of our R&D results fit the 
company's product or equipment spec­
trum, and we need outside avenues for 
their commercialization." 

Bavarian banks are discussing par­
ticipation in a risk capital fund set up by 
the government's ministry of finance, 
and the Munich-based Bayerische Ver­
einsbank has created a special unit to 
service new high-technology businesses. 

"German firms were undercapitalized 
because they had to start over after 
World War II, which is why banks have 
traditionally played an important role in 
Bavaria and the other states," explains 
Gunther Thalmeier of the Bayerische 
Landesbank. 

"The structural problems traditional 
German industry faces are forcing banks 
to provide not only financing but also 
management expertise, market evalua­
tions and other services," adds Hans­
Detlef Bosel, senior vice president at the 
Bayerische Vereinsbank. "But for coq­
servative banks it is often difficult to 
evaluate software companies, where as­
sets are in the employees' heads. How­
ever, since 50 percent of Bavarian in­
dustry will be high technology or service 
oriented in 1990 the banks must make 
the necessary adaptations." 

Although the importance of venture 
capital companies is unlikely to be as 
great as in the United States, they will 
undoubtedly be an integral part in the 
future of Bavarian technology, and an­
other factor that will enable Bavaria to 
maintain its reputation as Europe's 
high-technology showcase. 
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"What singles out Lufthansa is its 
. dedication to advanced technology!' 

This is an authentic passenger statement. 

8 Lufthansa 
German Airlines 
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