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ORBITAL RING SYSTEMS AND JACOB'S LADDERS — IlI

PAUL BIRCH*
51, Highland Drive, Bushey Heath, Herts, WD2 3HH, England.

A method for transferring payloads into space without using rockets has been presented in Part I, in which massive
rings encircle the globe in a low orbit supporting stationary ‘sky-hooks,” from which cables hang down to any point on
the Earth’s surface. Vehicles can climb up these “ladders’ into orbit, or can accelerate along the rings. The structure,
deployment and use of such Orbital Ring Systems was examined in Part II. Further applications are now considered,
including several methods for obtaining power from space. The future potential of Orbital Ring Systems for very large-

scale construction projects and applications is noted.

1. INTRODUCTION

The origins of the concept of Space Elevators lie far back in
time. In Genesis 28 v 12 Jacob dreamed of a ladder set up on
the Earth, the top of which reached to heaven. Earlier still,
the inhabitants of the city of Babel are reported to have
attempted to build “a tower with its top in the heavens"
(Genesis 11 v 4). In more recent literature the story of Jack
and the Beanstalk is well known. Each of these early dreams
or fancies have helped provide names for workers in this
field today: Jacob's Ladders, Orbital Towers, Beanstalks and
others.

The modern concepts made use of the fact that a body
some 36,000 km above the equator revolves about the Earth
at the same rate as the Earth rotates, thereby hanging
apparently motionless in the sky. A long cable, dangling
from geosynchronous orbit, could be supported by a counter-
weight suspended further out; the Earth’s rotation would
keep the cable taut and permit its use as support for a Space
Elevator. Unfortunately, a cable capable of supporting
thousands of kilometres of its own length is not yet practi-
cable.

To avoid the requirement for ultra-strong materials I have
devised another system, in which the supporting element is
a massive ring in Low Earth Orbit, as illustrated in Fig. 1.
Here the comparatively short cable from the ring to the
ground (called a Jacob’s Ladder) is suspended from a *Sky
Hook’ which rides upon the ring, supported by magnetic
levitation, The skyhooks and ladders are geostationary, but
the orbital ring is moving at slightly more than orbital
velocity, The complete “Orbital Ring System’ (ORS) appears
to be within reach of present-day technology.

Part I of this study [1] was devoted to the theoretical
aspects of Orbital Ring Systems and Jacob’s Ladders, the
initial concept being generalised to include Eccentric Orbital
Ring Systems (EORS) and Partial Orbital Ring Systems
(PORS); a large family of configurations was shown to exist.

Part 11 [2] was concerned with various aspects of engineer-
ing, logistics and safety, describing how Orbital Ring Systems
could be built in the near future and put to use in transport-
ing cargoes into space; costs and potential economic returns
were also considered.

In Part III (this paper) I shall be dealing with additional
aspects of the construction and use of the Orbital Ring
Systems, building upon the theoretical foundation of Part |
and the work in Part II. In particular, I shall be considering
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Fig. 1. The Orbital Ring System.

the problem of providing power from space. I shall conclude
by pointing out how the ORS concept can be applied to
certain extremely ambitious projects involving astro-engineer-
ing on the grandest scale, I hope to convince you that the
potential for human growth and achievement has never been
greater.
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2. POWER FROM SPACE WITH ORBITAL RING
SYSTEMS

2.1 Solar Power from High or Geosynchronous Orbit

Solar Power Satellites (SPS) are best located in high orbits
where they are rarely eclipsed. The available insolation is
high and constant, and there are no fuel costs, so power can
be produced very cheaply {once the power satellite has
been built). However, to be useful on Earth this power must
be brought down to ground level.

Usually, the method considered involves power trans-
mission by a beam of microwaves from the SPS, the power
being recovered by ‘rectennas’ on Earth, It is likely that this
process would be around 50% efficient (DC on SPS to AC
on Earth transmission lines).

There are several imperfections in this scheme. Each SPS
must be flown in equatorial geosynchronous orbit, poten-
tially causing interference to certain radio services and to
radio astronomy. The power beam could easily be directed
to wherever the power is required, but unfortunately the
rectennas would take up quite a lot of ground area. Some
concern has also been expressed that such high power micro-
wave beams might have deleterious effects on the upper
atmosphere (although recent tests have demonstrated that
considerably more than the nominal 23 rnW.u"cm" can be
passed safely); there have also been the usual ridiculously
exaggerated fears of low level exposure of the general public
to microwaves. These problems can all be overcome (except,
of course, for the fundamentally irrational objections of
those groups that are automatically opposed to all new
technology) but one can see that there could be economic
and other benefits in avoiding them.

Here we may mention that Orbital Ring Systems are not
likely to have any deleterious effects upon radio astronomy
or communications. An ORS will not in itself be an active
source of radio frequency interference (RFI) and although
it will reflect back any RFI generated on the Earth’s surface
the reflected noise will be weak (some 60db down on direct
RFI, since the ORS will cover only about a millionth of the
sky). The effects for even single-dish radio-astronomy would
be small, less than the typical effect of passing aeroplanes,

It should also be pointed out that, once an SMF is available,
it will be scientifically and economically advantageous to
build any new telescopes in space.

An alternative scheme for bringing down the power makes
use of the EORS up to the satellite orbit (Fig. 2). Each SPS
generates electrical power which is used to drive linear
induction motors or mass-drivers against the High Earth
Orbital Ring System (HEORS). The rings of the HEORS are
thus spun up in opposite directions; there is no net force on
the SPS. As the rings pass through Power Transfer System
One (PTS 1) they are slowed back down again, and the re-
generated power is used to speed up the EORS passing the
same point. In LEO the EORS is slowed down by PTS 2, and
the Low Earth Orbital Ring Systems (LEORS) is speeded up.
Finally, skyhooks recover power from the LEORS and send
it down ladders to the ground, where is can be used to
electrolyse water or to feed the electricity grid.

Imagine a twin-ring system with orbital velocity Vg
(Fig. 3). There is a ‘centrifugal force’ acting, with the accelera-
tion due to gravity, to maintain the orbit; the force per unit
length

f = mgVg/te (1)

where 1¢ is the radius of curvature and mg the total line
density.

If the rings approach S with velocity (Vg-v), line density
m_, and are accelerated to Vg+V), line density m,., we now
have (Fig. 3b)
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Fig. 2. Power Transfer viz Orbital Ring Systems.
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Fig. 3. Orbital Rings being accelerated at a PTS.

f=((Vg-V)’m_+ (Vg+V)’my)/2r, (2)
But m is inversely proportional to orbital speed, so
f = ((Vg -V)mgvg + (Vs +V)/2r, = mg‘.’é,’rc (3)

Since this is the same as Eq. (1) the pair of rings will still
follow the original orbit, provided that suitable vertical
forces between the rings are used to hold them together.

The power input at S is calculated from the difference in
kinetic energies per unit time:

P = Ymy (Vg +V)* - %m_ (V,-V)? (4)
Substituting for my and m_we have
- 2 2
P = YampVo(Vg +V)* - YamgVy(Vg -V) (5)
- 2
P = 2mg VgV (6)

The power carrying capacity of the arrangement in Fig. 2
is worked out in Table 1. In order to cope with projected
SP?apmduction we would need to be able to transport about
10°°W.



TABLE 1. ORSs for Power Transport.

Orbital Ring Systems and Jacob'’s Ladders — IIf

Uat Tap (1) Tpe (1) Vap P/mgpV (2) P/MV M/myyp (3) ViVap M/P fv (4)
ts
Mm Mm kms™! MJ kg kgt m? 108 - kg kw! -
EORS (5) 42.4 6.7 1.61 5.2 0.085 61.3 0.5 14.7 12.7
0.3 24.5 9.7
HEORS (5)  42.4 42.4 3.08 19.0 0.071 266 0.5 9.1 4
0.3 15.2 19
LEORS (5) 6.7 6.7 17.15 120 2.85 42.1 0.5 0.09 4
0.3 0.15 1.9

Notes: (1) Apogee and perigee radii in 1000 km; (2) From Eq. (6); (3) From Eq. (88) of Part I; (4} f; EVmNnﬁln; {5) See Fig. 2.

Let the LEORS have the same mass as the HEORS (so
that there is a reservoir containing about a week’s supply of

energy) and use the smaller value of fy from the table for the
EORS. Then,

Total Mass of Power Transport Rings = 4.3 x 10%kg  (7)

The line density of these rings is similar to that of the
main ORS in Section 3. 5 of Part II so the same specific cost
can be used (25 m§ kg!)

. Cost of Power Transport Rings = 11 G (8)

I have suggested that the acceleration and deceleration of
the rings might be carried out by means of linear induction
motors. However, a scheme using a version of the ‘mass-
driver’ [4] could prove more efficient.

Each ‘unit cell’ of a ring can have its own superconduct-
ing coil {corresponding to the bucket coils of the mass-
driver); the drive coils would be on the PTS. In the decelera-
ting sections the mass-driver has its phasing arranged in
reverse; energy is dumped into the coil and capacitor and

fed into the appropriate drive coil of the accelerating section.

If design parameters similar to tose of Ref. 4 are used
(with the necessary changes of geometry) we can expect the
superconducting coils to mass about 1 kg m! at apogee, OT
3 x 10® kg in all. Judging by the Table on page 125 of
NASA SP-428 [3] the mass of each PTS will be about
3 kgkW!, or some 1 x 10! kg in all (including PTS 1,

PTS 2 and the mass-drivers at each SPS and ladder). The
‘Kinetic Power Mass’ is of course the SPS itself and is about
5 kgkW-', that is 5 x 10'® kg for the full 10" W, There
remains only the mass of the (probably) superconducting
cable down the ladders; here a lugé'l line voltage should be
used (500 KV would mean 1 x 10™ kg of superconducting
cable),

As a rough estimate, then, we can say

Cost of superconductors for Power Transport = 1 G§
(9
Cost of PTSs and drivers for Power Transport = 100G§
(10)

The important distinction between these two is that Eq.
(9) must be paid at once, like Eg. (10): but each PTS can be
made much smaller initially and extra portions can be added
as more SPSs come on-line.

The rings going through PTS 1 will be accelerating at
approximately 10 ms2 and the completed driver will be
some 300 km long.

The efficiency of each stage of acceleration and decelera-

tion will be about 97% (Ref. 3 p. 125), so the overall

efficiency (SPS to ground) will be about 80%, which com-
pares favourably with the efficiency of the Amplitron-
rectenna link (up to 70%). There will also be a fixed cryostat
power requirement of up to 100 GW (probably ~ 10 GW),

It is likely that this system for power transport would
require a similar amount of labour as the setting up of
phased arrays of Amplitrons or Klystrons; the cost would
probably be somewhat less, since Amplitrons use precisely
machined samarium-cobalt magnets whereas mass-drivers
use mostly cheaper materials like aluminium, By the time
that 10'® W was on-line the specific cost of the whole
system, including the SPSs, would be down to about
20 §kW-! (one tenth the cost of conventional fossil fuel or
fission power plant); running costs would ptobably be
around 1 §/kWyr so that the cost of electricity at the foot
of the ladders could fall as low as 0.2 m$/kWhr for the
power company or electrolysis plant, Of course, the cost to
the consumer would be rather higher, because of the cost of
distribution, maintaining transformers, transmission lines,
etc. Nevertheless, liguid hydrogen could be made available
at a competitive price (around 5 c§ kg ) as a fuel for cars
and machinery.

The massive rings of the system could also be useful for
transporting payloads to high Earth orbit and beyond, as
well as providing a link with the Power Satellites themselves,
with manufacturing facilities and perhaps the habitats.

Obviously it is not necessary to bring all the power
down a single EORS. If a number of independent EORs and
PTSs are built the redundancy improves the reliability of
the system; an accident to one ring will not prevent the
power from getting down to Earth, Moreover, other geo-
metries and combinations of precessing and non-precessing
rings are possible; and the location of the SPSs is not fixed
— they need not be in a geosynchronous orbit.

A Power Transport Ring System (PTRS) is therefore an
economically viable alternative to the use of microwaves
for bringing power from Space down to Earth.

2.2 Power from Gravitational Energy

Because of the Earth’s gravitational attraction any body
orbiting about it has both kinetic and potential energy; if
the body were to be slowed and brought down to the ground
by a mass-driver, say, its energy could be extracted and put
to use. The Moon is just such a body, a great store of energy
(" 4 x 10* J). Soil could be mined on the Moon, sent up
ladders to LLO, from LLO to LEO by ORS, and then down
ladders to the Earth. As it fell from Moon to Earth the lunar
soil would gain kinetic energy, which could be recovered at
the ORS in LEO. A constant stream of mass from the Moon
would provide continuous power to the rings of a LEORS
upon passing a PTS in LEOQ (Fig. 4). .

Consider a mass flow from Moon to Earth of Me and
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