
A System for High-Speed Urban and 
Suburban Mass Transportation 
V. K. ZWORYKIN, RCA Corporation 

A mass-transportation system suitable for urban and interurban 
traffic is outlined which increases the carrying capacity and 
minimizes crowding and waiting periods. In its ultimate form, 
the system utilizes individual air-cushioned cars with a capac
ity of about 25 passengers. These cars take on and discharge 
passengers at the periphery of continuously rotating platforms 
without coming to a stop. Transfers between local cars and 
express cars, similarly, can be effected without speed reduc
tion of the express cars. Car storage is provided at the sever
al stations, permitting rapid response of the rolling stock on 
the tracks to passenger demand. Propulsion may be effected by 
"linear motors" with the "rotor" embedded in the track or sim
ilar techniques which minimize the weight and complexity of 
construction of the cars. It is a special feature of the system 
that the cars remain continuously in motion except when in 
storage. Furthermore, the passengers, in proceeding from the 
stationary center of the rotating station platforms to the pe
riphery, where they mount the cars, are automatically accel
erated to the speed of the cars, so that transfer is effected to 
and from relatively stationary cars. 

The system described appears well adapted to automation, 
economic in power consumption, and can be introducedstep
wise, initially utilizing conventional cars. A close examina
tion of technical and economic problems with the aid of a 
reduced-scale model of the system and computer simulation of 
the system operation is recommended. 

•WHEN launching the mass production of his Model T, Henry Ford is said to have pre
dicted that there would be a car in every family in the United States. This prediction 
has come true within a life span. The automobile has become a major factor in the de
velopment of the United States and can be expected to play a comparable role in the rest 
of the world. 

The proliferation of cars created a demand for more and better roads and these in 
turn produced a further demand for new cars. For a while it seemed as though this 
trend might continue indefinitely . However, it has become increasingly evident that the 
process is self-limiting. With the increase in the population density, the proportional 
increase in the number,of cars on the roads and streets gives rise to congestion which 
defeats the primary objective-efficient mass transportation. This effect has become 
most evident in densely populated areas, particularly on the eastern and western sea
coasts. The shortcomings of the automobile as key to mass transportation in regions 
of high population density have been accentuated by the contribution of automobile ex
haust fumes to air pollution. 
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It is thus not surprising that plans for improvipg the efficiency of mass surface 
transportation in and between big cities have redirected attention toward rail transpor
tation, which utilizes space more economically than private automobiles and is free of 
other drawbacks of the latter. However, in spite of many innovations and improve
ments, railroads also have their own limitations. Originally it was more economic to 
make up trains with many cars coupled to one locomotive. This pattern persisted after 
the introduction of electric power for propulsion even on subway and elevated lines. 
Such trains create the problem of bunching people in large groups, resulting in lost. 
time during the loading and the discharging of p~ssengers. 

The commuter desires primarily fast, reliable transportation with minimal waiting 
periods at any time of the day-during periods of slack traffic as well as during periods 
of peak traffic. The use of continuously moving single cars, separated by short inter
vals, could accomplish this. This solution may, however, be economically prohibitive 
since, for a considerable portion of the day, most of the cars would be partly or com
pletely empty. To circumvent this difficulty on subways and high~speed suburban lines, 
cars may be stored at intervals along the line in a manner which does not obstruct traf
fic and yet permits the placement of the cars on the tracks on demand with a minimum 
delay. Furthermore, delays in the loading and discharging of passengers can be avoided 
by carrying out these processes "on the move, " without stopping the cars, by moving 
conveyors transferring the passengers from stationary platforms to points on the loading 
platform moving with the same speed as the cars. With individual cars loading and 
discharging passengers practically continuously at a moving platform, delays are mini
mized and crowding on the platforms and at the stations is avoided. 

The use of automatically controlled continuously moving individual cars in combi
nation with a circular subway station with a rotating platform is illustrated in Figure 1. 
The passengers arrive and leave from the stationary landing area in the center of the 
rotating platform, which is connected to the street level by escalators. From the center 
of the platform the passengers step on one of several conveyors revolving with the plat
form which moves them to the outer rim of the platform, where they mount the cars. 
If, for example, the diameter of the platform is 200 ft and it is rotating at 84 rph, the 
passengers at the rim will travel in a circular orbit at 10 mph. The corresponding 
centrifugal force acting on a passenger weighing 150 lb is only 10 lb, many times less 
than that experienced on :f merry-go-round. Cars arriving at the station from either 
direction do not stop, but slow down to the speed of the rim of the platform and are 
coupled mechanically to it. 

Figure l. 
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Pneumatic buffers may be used to simplify the problem of coupling the cars, reducing 
their speed to the exact speed of the platform rim. By leaving alternate spaces around 
the rotating platform free during the initial attachment of arriving cars, additional cars 
can always find space for parking, until all spaces on the platform are taken up. 

If no passengers wish to mount or leave the car, the car circles approximately a 
half revolution with the platform, then uncouples and proceeds to the next station. 
Otherwise the car remains coupled to the platform for at least one full turn, which takes 
somewhat less than a minute. The rim of the platform is protected by a fence with 
numbered gates, which are automatically opened synchronically with the doors of the 
cars, permitting passengers to enter the car while it is coupled to the platform (Fig. 2). 
If necessary, the loading period can be extended to several turns of the platform; since 
a platform of the indicated size can accommodate as many as 30 cars on its rim, this 
need not delay the arrival of other cars. 

It may happen that a car is emptied and that there is no further demand for it. In 
this case it proceeds to the next station where it is switched from the main line and 
descends a down-ramp to a circular track underneath the station platform on which 
the cars are stored, inspected, and, if necessary, serviced. Late at night, with the 
falling off of demand for transportation, roost of the cars may, in due time, be removed 
from the track and stored (Fig. 3). When the first passenger arrives and puts his 
token in the turnstile slot, or the requirement for space becomes higher than is availa
ble, a car from the nearest station will move from the storage ring onto the track, pick 
up the passengers,,and proceed on its route. 

At the peak of traffic all cars may be in service and arriving at the stations a few 
seconds apart. 

With the present state of development of electronics it should not be difficult to de
sign a completely automatic system controlled by a computerized dispatcher. The 
traffic program will be dictated by past experience, with corrections applied for any 
special circumstances prevailing on the particular day. The knowledge of the relative 
positions and speeds of all cars on the track should make it possible to operate the en-

Figure 2. 

tire traffic at maximum efficiency. In many 
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respects the problem resembles those encountered in the electronic booking of seats 
on air lines and in the automatic control of automobile traffic (1 ). 

In the first phase of the system study, existing rolling stock could be used, replacing 
manual control by electronic remote control. Rails and propulsion would remain the 
same as at present. Switching would be controlled by remote control and computer. 
Emergency changes in the schedule of any car could be initiated by passengers from the 
car. New cars specially designed for the system would be smaller (e.g., for about 25 
persons), lighter, and would have wide doors on one side only, with seats arranged to 
facilitate rapid loading and discharge of passengers, (Fig. 4). 

The loading stations with their rotating circular platforms could be located under 
city squares or under the centers of city blocks so as to avoid interference with pipes 
and other services distributed along the streets. Multilevel intersections would be
come unnecessary since cars of several lines could use the same platform. Further
more, individual cars could be routed over a number of different intersecting lines, 
moving from one to another, avoiding the necessity of passenger transfers. 

The platform can be rotated supported by wheels on a circular railroad track, by 
rubber tires on a concrete roadbed, or, preferably, on an air cushion under the rim of 
the platform. 

The introduction of continuously moving cars permits yet other radical modifications. 
A major portion of the power required for surface transport is expended in overcoming 
mechanical friction. At the moderate speeds of city traffic or suburban air resisbµ1ce 
accounts for only a minor fraction of the total power consumption. Furthermore, the 
propulsion machinery in standard cars makes them heavy and expensive. 

To overcome the loss of power from mechanical friction of wheels on rails, vehicles 
could be moved on air cushions, as exemplified by tracked, air-cushion vehicles (A. v. C.) 
such as the experimental French Aerotrain and the British tracked Hovercraft (3). Pro
pulsion by wheel traction could be replaced by methods outlined in the same report, such 
as the linear induction motor or the linear air turbine. Use of the latter would presup
pose the discovery of a method of suppressing the noise of high-velocity air. 

Since the cars are always in motion except when they are in storage, the supply of 
air for the air cushion can be created by the motion itself, through the use of a properly 
designed scoop with variable orifice in front of the car. The air is pushed by the ram 
action of the moving scoop into the space between the bottom of the car and the smooth 
surface of the track, which is lined with magnetic pole faces, similar to the unfolded 
rotor of a multiphase motor. From here air leaks out through the space between the 
1>rla1>Q nf th<> l"!>-r <1nrl th<> <zn-rf<>l'I> nf th<> t-r<1rlr ~;nl"<> hnth th<> t-r,:,rlr <>nrl th<> hnttnn-, nf 

th; car are smooth, the gap through which the air escapes could be small, about 1/ 4 in. 
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or less, lined by rubber edges. The lifting 
pressure should be proportional to the 
weight of the car and its passenger load and 
is controlled by the variable orifice of the 
scoop. If the weight of the car is 5000 lb 
and that of 25 passengers is also 5000 lb, 
the pressure required to lift the total load 
of 10,000 lb, for a bottom area of the car 
of 120 sq ft, is a fraction of a pound per 
square inch. In part this pressure is self
adjusting, through the variation in the width 
of the air gap between the edges of the car 
and the track with the load of the car, in 
part it is regulated by changing the orifice 
of the scoop, operating from the air pres
sure, due to the motion of the car. 

Experimental work with the linear motor 
is carried on in this country and abroad, 
particularly in France. In the United States, 
the work is done at several places. A re
cent report (~) summarizes the result of 
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this study: "The size and weight requirements for a linear induction motor and the 
necessary speed control system are consistent with those available in projected HSGT 
vehicle designs. The linear motor can provide the output power necessary to drive the 
HSGT vehicles at speeds in excess of 400 mph. " Small-scale linear motors are on the 
market in this country (for instance, by the Electro-Nite Co. in Philadelphia for driving 
a recorder pen). 

The use of a scoop for generating an air cushion is well known; the question is 
whether the speed of the car when coupled to the terminal platform is sufficient to main
tain the required lifting pressure. If it is not, additional lift could be provided by tap
ping the compressed-air reservoir requiredforfloatingthe platform itself, to the ap
propriate places for releasing the air under the individual cars, coupled at points on 
the circumference of the platform (Fig. 2). The air release is initiated and controlled 
by cars at the points where they are coupled to the platform. The rotation of platforms 
can be synchronized and serve as a clock for the whole system. 

The motion of the cars to and inside of the storage ring could be provided by a con
ventional moving cable with sleeping coupler, as used in cable railways, or a combi
nation of short cables at the entrance and exit of the platform and coupling with the 
platform itself in the remainder of the storage ring. 

Pneumatic catapults may be employed to increase the acceleration of the cars leav
ing the platform. 

The carrying capacity of such a system is determined largely by the capacity of the 
individual platforms. Since the maximum number of cars attached to a platform with 
a diameter of 200 feet is about 31 and all of them make one full turn with the platform 
or pass through the station in one minute, the carrying capacity in both directions is 
31 (cars) x 25 (persons) x 60 (minutes) = 46,500 persons/hour or 23,250 persons/hour 
in each direction. 

The capacity of the system can be increased by increasing the speed of loading and, 
as in present systems, by the addition of express lines. In this case only two end 
stations would be needed for the express cars, since transfers from local to express 
cars can take place at full speed, by hitching cars started from local stations to the 
express cars at predetermined points on parallel tracks. The express line could be 
either on both sides of the local track or under it. 

The general operation of the system can be visua1ized as follows: Suppose the sys
tem is idle and that there are no passengers and no cars on the track. The first pas
senger arriving at any of the stations puts his token in the turnstile slot; this token, 
purchased from an automat or cashier, has recorded on it the point of departure and 
the destination of the passenger. After being admitted by the turnstile the passenger 
steps on the escalator and is delivered to the stationary center of the rotating platform. 
Here, one of several gates, determined by the destination on the passenger's token, 
admits him to a conveyor which delivers him to a car at the rim of the platform. At 
the same time, the deposit of the token initiates the transport of a car from storage at 
an adjoining station to the loading position on the rim of the platform and the platform 
gate and car doors open simultaneously to admit the passenger. If the system is al
ready in operation, when the new passenger arrives and several cars are already 
hitched to the platform, a lighted number on the appropriate conveyor gate routes the 
passenger to the car which has space for him and will deliver him to his destination. 
Signaling devices on the cars would be provided for emergencies and to permit pas
sengers to dismount before arriving at the destination indicated on the token. 

It is desirable to recover the power released during deceleration of the cars by 
employing magnetic braking and pumping the power back into the power line, as is done 
in Swiss mountain railways. 

The guidance is provided by the air-cushioned track. Cars still retain wheels but they 
remain idle during high-speed cruising, since they are lifted from the track by an air 
cushion; wheels, however, will still be used in storage, where the air cushioning is 
unnecessary. 

This system is appropriate not only for subways, but also for high-speed surface 
transport. In the latter case the way should be covered by a cylindrical plastic canopy 
to protect it from the weather. 
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The preceding paragraphs have sketched a rough outline of a novel system of trans
portation. Unquestionably, many technological difficulties lie in the way of its reali
zation; however, it is hard to foresee whether these difficulties are surmountable unless 
the system is tested. Tests could be carried out on a reduced-scale of the system at 
comparatively low cost, and the preliminary analysis of optimum operation by computer. 
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