
valued. Much more recently grand 
unified theories (GUTs) require that its 
mass should be around 1016 times that 
of the proton (i.e. 1016 GeV/e 2

) and 
monopoles could have featured in the 
Big Bang. However the monopole has 
remained elusive. 

Bias Cabrera (Stanford) based his 
search on the interactiQn between 
magnetic charge and the macroscopic 
quantum state of a superconducting 
ring and seems to have met with suc
cess (Phys. Rev. Lett. 1982 48 1378). 
During five 'runs' totalling 151 days, a 
single event (on 14 February 1982) 
showed the expected behaviour for a 
monopole traversing the ring. The flux 
emanating from the single magnetic 
charge conceived by Dirac is he/e, 
whereas the flux quantum of super
conductivity CPo is he/2e. Cabrera's 
detector was a loop 5 cm in diameter 
comprising four turns of superconduct
ing wire, so the response to the pas
sage of a single monopole through the 
ring should be a DC shift corresponding 
to a 8cpo change in the quantum state of 
the superconductor (2cpo per turn). 
There should be no response to mono
poles moving near to the ring but not 
through it, and an intermediate 
response will persist for some time in 
the unlikely event of a monopole pas
sing through the ring wire itself. 
Moreover the passage of a particle 
with electrical charge or a magnetic 
dipole moment will just cause transient 
fluctuations, not a permanent DC shift. 

Cabrera's paper gives experimental 
details, in particular of how he deter
mined the sensitivity of the detector 
and of the shielding which gave 180 dB 
isolation from external magnetic field 
changes and reduced the ambient field 
to 5x 10-8 G. The event on 14 February 
was easily the largest on the record 
(only 27 others exceeded even 0.2cpo) 
and it was consistent with the passage 
of a single Dirac charge to ±5% (com
ing from calibration uncertainties and 
geometrical factors). Cabrera took 
pains to demonstrate that the event 
was, beyond reasonable doubt, 
genuine. The 'disturbances' caused by 
the daily change of liquid nitrogen and 
the weekly one of liquid helium were 
negligible by comparison. He argues 
against it being the result of line 
voltage fluctuations, RF interference, 
external magnetic fields, ferromagnetic 
contamination, mechanically induced 
offsets, seismic or cosmic events; 
however, he was not able to preclude 
some spontaneous internal stress 
release mechanism as the source. 

Assuming that the entire 'hidden 
mass' of our galaxy (the difference 
between the mass deduced from the 
velocity distribution of objects moving 
away from the galactic plane and that 
of the visible matter of the galaxy) is 
made up of an isotropic distribution of 
monopoles and that they have the 
required mass and velocities of 
300 km S-I, the number passing 
through the earth's surface has been 
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calculated to be 4x 10-10 cm-2 S-l sr-1• 

This corresponds to 1.5 events per year 
recorded by Cabrera's detector. On this 
basis, he has been very lucky to have 
success so soon. He plans to repeat the 
work with a new loop with 50 times the 
area, and thus 50 times the chance of 
picking up the passage of mono
polesD 

Implants aid hearing 
In August 1978 surgeons from the 
University of Melbourne carried out a 
cochlear implant operation at the Royal 
Victorian Eye and Ear Hospital on a 
totally deaf patient who had lost all 
hearing following a head injury. The 
operation involved inserting an array 
of 20 separately insulated electrode 
wires along the fluid-filled scala tym
pani of the inner ear and then implant
ing an attached receiver-stimulator 
device in the mastoid bone behind the 
ear. 

The device was designed to enable 
independent stimulation of 10 separate 
channels at rates up to 1000 pulses/s, 
with current levels varying from 70 IJ./\ 
to 1 mA. The current was localised by 
stimulating between each active elec
trode and a common ground obtained 
by interconnecting alternate electrode 
bands. Data and power were transmit
ted to the device through intact skin by 
inductive coupling. The electronics 
were miniaturised using three inter
connected hybrid substrates and 
custom-made and standard CMOS inte
grated circuits. They were hermetically 
sealed in a gold plated Kovar Gon
tainer. Before surgery, biological 
studies were also undertaken to ensure 
that long term implantation of an elec
trode in the scala tympani of the coch
lea through the round window mem-

Figure 2 The Melbourne cochlear implant 
and speech processor 

~.. 

brane did not lead to significant loss of 
auditory nerve fibres or ganglion cells. 

After the operation a number of 
psychological tests were carried out on 
the patient, with the following results: 
(i) loudness increased with both cur
rent level and repetition rate; (ij) pitch 
increased with repetition rate; (iii) pitch 
and sharpness increased in the apical 
to basal direction in accordance with 
the natural way in which sounds are 
discriminated within the cochlea; (iv) 
dissimilarity measures obtained by 
triadic comparisons provided evidence 
that the sensations produced by repeti
tion rate and electrode position are 
separable; (v) for stimuli of short dura
tion the discrimination performance for 
electrode trajectories was much better 
than for repetition rate trajectories. 

Following the psychophysical studies 
a computer program was developed 
which could process speech and send 
appropriate signals to the receiver
stimulator. This was done by extracting 
the voicing frequency and the fre
quency of the sound energy in the 
range 750 to 4000 Hz (second formant), 
and converting voicing frequency to 
rate of electrical stimulation, and the 
second formant to the place of stimula
tion or electrode site. 

As this speech processing strategy 
gave encouraging results on the first 
patient, a second patient, who had 
been losing hearing gradually for 20 
years following infection of the cochlea 
and had had no useful hearing for 13 
years, underwent a cochlear implant 
operation in July 1979. In his case the 
psychological results were similar to 
those obtained with the first patient. 

The computer-based speech proces
sor was then evaluated on the two 
patients, using a number of standard 
audiological tests to see objectively 
how effective it was in helping patients 
to understand running speech. Open
set phonetically balanced words and 
everyday sentence tests were adminis
tered, using electrical stimulation plus 
lip-reading, lip-reading alone and elec
trical stimulation alone. The results 
showed that the computer-based 
speech processor produced very signif
icant improvements in word scores, 
when used in conjunction with lip
reading, at levels which indicated that 
the patient could perceive everyday 
speech. Using electrical stimulation 
alone, word recognition scores were 
also significant; this correlated with the 
clinical observation that it was possible 
to have a conversation with the patient 
using electrical stimulation alone, pro
viding the subject material was very 
familiar. 

As a resu It of the successful tests on 
the first two patients, a wearable unit 
with dimensions 15 cmx15 cmxS.5 cm 
was designed with speech processing 
strategies similar to those of the 
computer-based processor. The unit 
was assessed on the first patient using 
the standard audiological tests, and the 
results showed that it was more effec
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dve than the computer-based device in 
~,elping the patient unoerstand running 

echo Furthermore, a comparison 
as made on this patient between a 

'rocessing strategy presenting the 
oicing frequency alone, and the one 

described above where voicing was 
presented as rate of stimulation and 
the second formant stimulated an 
appropriate electrode. A statistical 
analysis of the results showed that the 
processor presenting both voicing and 
second formant information was signif
icantly better than the one extracting 
voicing alone. These results indicate 
that the additional spectral information 
available with multiple channel stimu
lation is an advantage il'J helping 
patients understand speech. 

To help with the industrial develop
ment of the device and produce a unit 
as illustrated in figure 1, the Minister 
tor Science and Technology, Mr David 
Thomson, announced a grant of over 
$2m from the Australian government 
to the Sydney-based firm Nucleus Pty 
Ltd to carry out the necessary work D 
Graeme M Clark 
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ITaking a leaf out of 
IBalmer's book 

• 

!The Balmer formula A=bm 2/(m 2-n 2 ) 

[with m, n integers gives the ultraviolet 
:Iines of the hydrogen spectrum with 
[great precision, yet it was initially a 
!purely empirical relation. Taking this as 
his precedent, M Taube of the Swiss 
Federal Institute for Reactor Research 
has come up with an empirical formula 
that gives the coupling constants of the 
four elementary interactions 
(Atomkernenergie Kerntechnik 1982 40 
128): 

(n In) n-l 

an 
2[(n!n )n-l+ (n ! n2+1 )(n ! n )2k-l] 

(2 22n /n!) k-l 

x--
n! 

The values that this expression gives 
are compared with experimentally 
and/or theoretically determined values 
(in dimensionless form) in table 1. 
The ag reement shown is good, espe
cially if a factor of 7r is taken out of the 
experimental/theoretical values for the 
weak and gravitational forces. What is 
more, if k is put equal to zero, the four 
coupling constants fall within 
0.021 ±0.05. This is highly reminiscent 
of the coupling constant deduced 
within grand unified theory, which has 
a value of 0.022. 

From this promising beginning, Pro
fessor Dr Taube goes on to postulate 
that a continuous change in the factor k 
describes changes of the coupling con
stants of the elementary interactions 

Table 1 Comparison of coupling constant values for the four elementary interac
tions 

Interaction Order number Experimentally and/or Calculated coupling 
n theoretic~lIy determined constant (k= +1) 

coupling constant 

strong 1 0.2±20% 
electromagnetic 2 0.0073 
weak 3 3x 10-12 

gravitational 4 5.09x 10-39 

Table 2 

Factor 
k 

0 

V8 

2/8 

3/8 

V2 

5/8 

6/8 

7/8 

63/64 
0.9875 
Now 

1 

Figure 3 

Evolution of the elementary interactions 

Age (s) 
Universe 
Energy (GeV) 

5x10-44 12x 1019 

3x 10-36 -1015 

-10-28 -1011 

10-20 -107 

-10-13 5-103 

-10-5 -0.7 

-103 

4x1010 

3.5x 1017 s 
-11 Gyr 

Decoupling of 
neutrinos 

Decoupling of 
photons 

-2.1x1018 s 
-66 Gyr 

The evolution of the coupling 
constants during the evolution of the uni
verse. The labels A-F correspond to those in 
table 2. The roman numerals are defined as 
follows: I Superunified; II Grand unified; III 
Unified; IV Gravitation; V Strong; VI Weak; 
VII Electromagnetic (all from Taube). Lines 
labelled U(1), SU(2), SU(3) are from the 
work of Glashow and Nanopoulos 
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1.5x 10-39 

Elementary 
interaction 

Very hot (A) Super unified 

Hot (8) 

Luke warm (C) 

Cold (D) 

Very cold 

Present era (E) 

Maximum 
expansion 
(closed 
universe) (F) 

c:: 
0 

'';:; 
;g 
'S; 
~ 
~ 

Grand unified 

Q) 

~ 
.E 
C> 
c:: e 

ci5 

Unified 

Q) 

~ 
.E 
~ 
co 
Q) 

~ 

(,) 

.~ 

c:: 
C> 
co 
E g 
(,) 

~ 
w 

during the evolution of the universe, 
with k= In (tltpd/ln 7' where tpl is the 
Planck time (5.38x 10-44 s) and 7' is a 
very large number so that k= 1 can be 
associated with the epoch of maximum 
expansion, assuming the universe to 
be closed. The implications of this 
hypothesis for the elementary interac
tions are shown in table 2 and figure 3, 
which are taken from Professor Dr 
Taube's paper. The latter also demon
strates agreement with theoretical 
work by Glashow (1980 New Scientist 
869) and Nanopoulos (1981 Progress in 
Particle and Nuclear Physics (Perga
mon))D 
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