ogy canaot solve, radical new technologies usually come to rescue. The
jet engine is a case. It came just when it was needed, although it was
patented 30 years before. These innovations tend to come out around
the end of Kondratiev cycles. For us this corresponds to 1995410 years.
In the case of aircraft, apart from the hypersonic already quoted, there
are other designs in the experimental stage. To give an example, the sur-
face effect wing airplanes (WIGs) flying two or three meters above water
surface (WIG, Wing In Ground effect, Fig.6-4). They are really hover-
crafts without aprons, air being trapped dynamically under the stubby
wings. According to Russian sources, where some prototypes have been
built (Fig.6-5), a 1400 tons payload airplane for intercontinental traffic is
possible. Using LH, as fuel and a more sophisticated design, the payload
could be as high as 2500 tons. The plant, however, has to take off and
navigate over water. The introduction of Maglevs with appropriate char-
acteristics make large intercontinental hubs on sea possible, where traffic
can be concentrated like in seaports. -

Maglevs can in many ways be considered as low-flying electric air-
planes. Current development of Maglevs in Germany and Japan points
to the possibility of running these trains at mean speeds of 600 km/h ,
i.e., equivalent to the mean speed of airplanes in intra-continental service.
The problem of Maglevs is that they have to move in fairly straight lines
to limit lateral acceleration, and this normally requires a lot of tunneling.
For a Tokyo-Osaka train, tunnels would cover about 60% of the stretch.

In a recent project by the Polytechnic Federal School of Lausanne,
together with a number of Swiss industries, dubbed Swissmetro, this

point was put to an advantage by making 100% of the stretch in a tunnel,
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but with reduced air pressure (15.000 meters equivalent). The reason for
doing that is the reduction of the cross-section of the tunnel to that of
the train, substantially reducing the amount of material extracted and
consequently the cost of the tunneling. This cost is dominant and can
be 80% or 90% of the whole cost of the infrastructure. The objective of
Swissmetro is to connect couples of Swiss cities in about 10 minutes.
But if air pressure is reduced, then speed is not limited by air re-
sistance, and we have proposed Constant Acceleration Maglevs (CAM)
where the train is accelerated halfway and decelerated the other half,
with acceleration values acceptable to the travelers. Even with relatively
modest accelerations of 0.5 G (5m/sec?) typical of sports cars (a new
car by Audi, the Avus has an acceleration of 1 G) CAMs can simulate
hypersonic airplanes even inside continental limits. To give an example,
with 0.5 G a CAM could cover the distance of 500 km between Bonn
and Berlin in about 10 minutes functionally fusing the two cities. Fol-
lowing the Swiss analysis, a three-tunnel train for that stretch would cost
about 20 billion Marks. The system could have a passenger capacity of
100,000 people/h per direction. These Maglevs are certainly expensive
but can be very useful where traffic density is too large for an air link.
Like high-capacity glass fiber cables linking telephone exchange stations
in a city, these trains could link high-intensity hubs, and in particular
these devoted to intercontinental traffic, from which hypersonic airplanes

and WIGs can pick up passengers and goods for the big jump.
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7. On Airports: From Batch Operation to

Continuous Flow

When the populace had a positive attitude toward technology and “prog-
ress”, typically during the boom phase of the Kondratiev cycle, airports
were the showpiece of local authorities’ pride. As a consequence, airport
terminals tend to be monumental, the dreams of the architect prevailing
over the toils of the user. As a consumer of airports around the world
I can safely state that no airport has ever been constructed with the
passenger in mind. This is one of the reasons of the reigning chaos, and
if we assume an order of magnitude increase in traffic due to come before
2020 airport structures and passenger flow have to be rethought from first
principles.

Now what should an airport do? Basically bring planes in and out
of the airport, and bring passengers in and out of the planes. This is
the internal face. The external one is to bring passengers in and out
their means of transport that diffuse them into, or concentrates from the
hinterland and the city that usually sits nearby. In terms of chemical
engineering, the processing of passengers in an airport today can be de-
fined as a batch operation. People are shuttled from one container to
the next, with some filtering here and there. -Looking at them with the
cynical eye of the systems analyst, the procedure appears nonsensical, at
least from the point of view of the traveler. As every chemical engineer
knows, passing from batch operation to continuous operation, one can
increase the flow perhaps by 100 times with the same volume of plant.

Maybe chemical engineers should plan airports, before the architect puts



his hands on the stuff. In the chemical engineer’s view, the passenger
should never stop between the chair at his desk and the seat on the plane.
Let us try to visualize a possible configuration approaching such an

ideal, and let us start from the internal side of the process:

o The tarmac where the planes are parked could be a big circle from
which runways radiate out much like Kennedy airport in New York.

One can obviously have one runway only.

¢ Under the tarmac there is a circular, extended subway station, with
mechanical stairs rising to the level of the tarmac in the positions

where the planes are parked.

¢ Reservations are done by phone, as in most cases today in the USA,
and the ticketing process should be in the plane, as often in shuttles.
Reservation tags should, however, be carried by the traveler. Because
most travelers are habitual, and most people have credit cards, a
special travel card should carry the necessary identification codes
of the traveler. A vendor machine on the subway trains or at the

airport gate can then interrogate the computer and deliver the tags.

e People suffer in parting from their luggage and luggage should be
carried in the cabin (all stairs are mechanical) to be stored in special
racks. Complimentary baggage handling could come in parallel, but
the traveler gets his baggage under the plane when disembarking.

Incidentally, this is the way baggage is handled on trains and buses.

» People disembarking have usually three destinations: city, parking
lots, taxis (plus connecting planes). Trains in the circular station

may stop at any bay if requested by pushing one of the corresponding



three buttons: If these trains were Maglevs, as experimented in some
airports, they could side-step for stopping, with one lane left for
trains to move continuously. People moving to connecting planes
can put their travel card into a slot and have commuter wagons

shifting them to the proper bay.

o People embarking put their travel card in a slot in the wagon they
come with. Their gate is identified, and the train stops there. The
wagon can come from the city, from the parking lot, or from the
taxis, all trains circle in rounds under the tarmac. Security checks

can be made at the entrance stairs leading to the planes upstairs.

This configuration would transform an airport into a subway station,
where airplanes can be visualized as connecting lines. The monumental
buildings will have no functions any more, but they could be profitably
recycled as souks, with shops, restaurants, Turkish baths, and convention
centers.

Reconstructing the pathway of the outgoing passenger, he makes his
reservations by telephone, then takes a subway line to the airport. This
line can come from the city, taxi, or parking lot. Slotting his travel card
he will be stopped at his flight’s gate. Slotting again he will get the
embarkation card and pass to move into the airplane. When seated he
will pay the fare if not done otherwise.

Reconstructing the pathway of the incoming passenger, he will disemn-
bark into the platform of the circle, together with his luggage. If changing
plane, he will slot and embark a circling vehicle that will land him at his
flight’s gate. If moving out he will push one of the three buttons, city,

parkings, taxis, and the incoming train will land him at one of these



places.

It all looks chemical engineering with computer control and no batch-
ing (trains come in minutes). People arriving too early may certainly clog
the gates before the plane is ready to embark. But the souk will absorb
any time and any money available. Most airports appear to sit in two
opposite states, frantic or cavernous and empty. It seems that forecast-
ing traflic and the necessary capacity has found no connection with the
actual construction based more on pride and money available. But even
elaborate (and contested) planning like the one that went into the Munich
airport, did not bring much result. The capacity for vehicles and passen-
ger handling was almost saturated the same day the airport was opened.
In fact, delays due to “traffic” are as common now in Munich-2 as they
were in Munich-1 (Fig7-1, Fig.7-2). The point we want to make after
having analyzed a number of airports, is that logistic analysis provides
a reasonable tool to forecast traffic although we could not forecast the
start of a new wave inside the same Kondratiev. In this specific case the
error, 15 years ahead, would have been macroscopic because the second
fast wave has about the same value of saturation than the first slow one.
We should develop a warning method for these second waves, perhaps
through the taxonomy of the first one (e.g., saturation before the end of
the Kondratiev).

Airports are infrastructures built to “fill” territories through connect-
ing lines. As it happens with cities, or banks (or airplane capacity), the
rank size description of the connections should correspond to a fractal
distribution. Apart from descriptive elegance, these charts reveal dise-

quilibrium situations which normally lead to processes of re-equilibration.



So they can be used also for some sort of forecasts. The case of Frankfurt
is of textbook quality (Fig.7-3). Curiously Vienna “should” have more
passengers to Frankfurt. For London (Fig.7-4), the “weak” connection
is curiously Paris. In the case of Tokyo (Fig.7-5), there is a sort of sat-
uration around 10° pass/year for Honolulu and Hong Kong. Maybe the
Jumbo-1000 could help on these routes.

Anomalous distributions are shown by various airports in newly emerg-
ing countries, like Prague (Fig.7-6) and Hong Kong (Fig.7-7). In these
cases the fractal ratio is not constant but increases rapidly. We could not

identify a cause or some correlation for this behavior.



dLJeI} IR plIiom Ul asnd puooss 9y} SIOIITUI PUR JRET Ul Parajuad st as[nd puooas
9, "HIOYS 00} ISAMOY SI ]V 29[} ‘AdIjRIpUO}] 9y} sy juiodidjusd ayJ, ‘[ewrlou ABS 0} OS SI aUO 3SIY BYJ,

"sos[nd O19S130] om) Yim (GG 20UIS pajapoul oq ued j1odire YIIuny 24} Jo jno pue ur szefusssed Jo mof oyJ,

1-4°814q



MEG YNAINOHYW

E661 "YSYIl ILLIHOHYN D *

0002 0661 0861 0i61 0961 0s61

1661 UBIYEZ Wi JyayieA ejeq

Ag=iv

v'9+
(9)

(1no + y g0l siabuassed ) 4 4-1
1HOdHIY HOINOW d



"91el ST IolARYeq JO PULY STYT, "€661 = 2L + ORGI Ul sojeInyes
1 se ‘o1oy oqy AJaoru s3y as[nd puooss oy, ‘8ET Ul Apesife sejeines 91 Suruesux ‘S9INI ADIJRIPUOY] 10 }IOYS
00} pue A[res 0oy st as[nd js1y oyJ, -seue[d 1oSrel [)im jjeop A[feWIIOU SI OIJeI) IoZre| asnedaq SNOlAGO jou

ST gOIqm ‘so1ysI30] om) UjIm pajuesardor aq ureSe ues j10dire YoIUNgy oy) Jo MO pue ur ssue[dire Jo mop ayf,

Z-1°814



MEQ L VIINOHY Y

€661 'VYSVIl LULIHOHYN O °
000¢ 0661 0861 061

1661 usyeZ W ayaniep (ejeq

0961 0561

{ 4 oA z-0l

g8 +
(£2)

(no + uy 000 sauelq)
1HOJHIV HOINNW



"SOI}ID WBDLIDWY JO 9ZIs oYY 1opio 03 Jdiz Aq pesn A[[eurdiio sem 3] “A[[eucijounj
sadeds  JuUI[[Yy, SIINJONIS JO O1)SIILFORIRYD ST UCHNQLIISIP SIY], ‘U Jo juapuadopul Sl [ + u YURI JO aUO puw
u YUel JO UOIRUI}SOp & 03 Juloari) s1dfudssed Jo JoquInu o1) Usomiaq onel oY) ‘AJ[ewllo]  UOnNQLIISIp

[ejor1] j0a)1ed jsowfe ue moys jnpjuel] woiy 3ullg sieBusssed I0] SUOIJRUIISIP JO SisA[eue ozis Yuel 9y,

€-1"31 4



C661 ‘'VSYII ‘11Ivydepy -5

yuey
oy ot 0c Oleg l 9 5§ ¢ £ A i
| 1 i | I N | I 1 i 1 1 QOH
0Ov)| xi1eQ
w
-+ mcﬂ m.
mm——ﬂﬁ—
s|ossnig
Emﬂ.—wumgd\!
:ﬁ___\d .m==0_>
NioA 2—02 L4
uopuoT /
€22 - Hiv
—4 01

Am<m>\mzvmmmemmm<m~=<..0hAl.rm:uxzqmu



"Po3uosaidolIopun MOoUIoS s8I YOINYZ PUeR S[asSNlg] OS[ pue ‘pUBRUIIP P[NOM YUEI I3y

uey) s1odusssed sso] 908 0y A[PSUeI)s SWAds SR "N URL] JO Je() SE JJOOUIS SB J0U S| WOPUOT] JO 9sed JYT,

P-L°81q



Z661 'VSVII ‘Mdynue *D yuey

Ot 0c 0res 2 9 S 13 [A
I 1 1 I S O T | i ] 1 | gO1
OvDl ‘e1eg
awoy
v
e Younz
FO* «sfessnug
unpues
wepJsajswy * wn
wiqnQ 90T 5§
HI0A MBI\ .
cee - Hiv
4,01

(V3IA/YN) SHIONISSVY HIV - OL — NOANOT



‘reak 10d 01 punore sduer ssesed yjoq ul edusssed a1 se ‘syurer)suod [esisAyd swros 03 anp aq Aeur siy T,

juer ur suonisod omjy 3sIy oY) JOj JuljeInjes UCHNJLISIP 9ZIs Yuel e Jo o[dwexd oY) aaeq am 0AYOT, YITM

G-1°31q



MET IHOLOHYY

2661 VSV ‘1LIHOHYW D

000L68ZL 9 S

3

14

£

s

< coL68L 9 S t < o6 8 £
1
|

| T S S VR SR | i " L1l
Tt +

oVl eeg
SIHVYd i
®aNVdiVS
®A3NGAS
VINVIN T
zo..oon_z.um.__oz<m.._ NVS

WvNO o MOMONVE
* JHOJVONIS 1
SIATIDNY SO T
L12 - HIV T
ozwz ONOH |
ATNIONOH

( 0661 - 1234 / siabuassed) Q1= O AMOL

o Ol



‘Tedd rod jnpjueiq o) angeid uiory Surof sivfusssed 00 008
-89 ‘ourdewr 03 JMOTYIP ST J] 'IAISSOOXd 8¢ P[ROM U MO] JO suoljedo] 0} sxaduassed a1y ‘u ySIY Jo syuer woj
duryejoden)xy -pes] p[noys wnuqimbs oy} sIoym Iea[> JOU ST 31 4nq ‘WwnuqMbasip Jo aje)s & 10J uoIyedIpUl

ue st S, "wonnqINsIp 921s juel oY) ur oryel Juifueyd A[SNONUIIUOD Jo osed pauTe[dXoun ue o919y 2AvY op\

9-2°31q



* MO OVHIOUYIV

2664 ‘VSYIl ‘LLIIHOHYN D

00L68L 9 S v £ Z W68 L 9§ ¢+ ¢ c Ci68Z2L 9 9§ ¢+ ¢ A g
e T S S e—— + + gt $ 4 } } 01
OV meg NOH S, ¢ NIOYHNIDOD

80¢ - HIVY

(0661 - 1e0h / s10Buessed ) 0L - INOVHI



"(000T-oqunp Y3m uead) oA)oT, 03 Suoy] Fuol woiy Sulol 1eos /ssed ,01
43 ‘aurdewur 0y JMOTYIP SI ] "9AISSAIXD 9q P[NOM U MO JO SUOIYROO] 03 s1efusssed oYy ‘u 431 jo syjues wolj
Suryejodenxy -pes] p[roys WRLIQIMbs 2y} aIoym Ie2]d J0U SI 31 INq ‘WnLqIMbIsp Jo 9ge)s © I0} uoIjyedIpUI

ue sl SIyJ, "UonnquIistp azls juel oy} ul oljerl Jurdueyd A[STONUIUOD Jo 0sed paure[dXoun uUe oIy 9ARY 9AA

IRIAEIR |



© MHQ'DNOHOHYW

661 ‘YSVII 'LLLIHOHYN D

00016829 S v € 4 Wie8L 9 S v € 4 oleeL9 § v ¢ c L
et + e +—H+————+—1 } 0L
OV -|eg

IIMO—.
AJNAAS
VAOQODVN
ONSIONVH NVS
mMNoASe
gl - Hiv 1
CANOLT

—4- 501
( 0661 - 1804 / s10Buessed ) QL < DNON ONOH



