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Tolle f. DRUG-HMSIETANT STRAING OF Staph, tureus [SOLATED FHOM TIOR
ERIN AND NOSE OF PIGE AND FOWLS (MODIFIED FROM SMITH AND CRANDH)

Poreentage ol strine
reelstant to

Animnln birug fed Hooalrilnn Telra- Poni- rit:::.:l.
exnmined evelines eillln eyelines
oy only and
ponicillin
Pigs Tetrneyelnes G (160) L] it il
Peaielllin 108 [40) 0 303 0
Neither A30 (1040 &5 0 0
Fowls Tetrnovelines nnd 402 [ 1n0g 1 41+ 105
penkciliin
Nuolther 248 {100y 28 24 1-2

The figures in brackels were the numbars of animals examined, ton rons
i berd or fock,

Table 7. DPRAUG-SENSITIVITY OF Slaph, duréus ETRAINS ISOLATED FROM
THE NOHE OR SR OF THR ATTENDAKNTE OF ANIMALS FED DIETH CONTAINING
LOW LEYELS OF ANTI-MICHOWIAL DRUGE (MODIFIRD FROM SMITIE AND CRANAM)

Percentage of carrliers among attendants of

. Tetracycline-
Totracyollne- Pigs nnt naid peni-
Typo of strainn Teal pign fed drugs el fed
(L") (B fowli
[3a7*)
Telriutveline-realatunt only jif G 1] 14
Tetraoyeline- and panleiilln- 4 0 i
reelstant
Ponlclllin-reaistant only 11-3 Gi=d a0
Banaltive to both drogs 257 284 24
No Slaph, mureua olabed 428 G644 52

Where possible, twelve atraina feome the nose snd twelve Trom U akin
wore gxnnined,
* Number of stlendants exsamined,

farma on which theso mixtures were not fed wea only
36 por cent.

The impaet of the common polioy in Britain of feeding
fowls continuonaly on diets contoining “nutritional’* lovels
of pendeillin andfor tetracyelines on the meidenes of oat-
breaks of infection in poultry caused by drog-resistant
gtrnins of Staph. awrews ¥ ehiown in Table 8. Penicillin
and the totracyclines now have little application in the
trentment of this disease, a situstion guite difforent from
that which existed al the commencement of the antibiotic
BTk,

Tahble B, DEUG BESEITIVITY OF Sliph. aureur STHAING CAUEING RTAPHVLO-
COHNOAIE 1IN FOWLS

Forventagn of stralos that were rosletant to

No. of Tatra- Penlolllin
Faowln shralnn Peniaillin - oyelines and tetra-  Blreplo-
examineid only anly uyclines mycln
Kot f=d drogs a0 i} ] i L1}
Feil alrugs® 40 A 0 a0 2:h

*At "nutritional™ levels only, penleillin and/or tatracyelines,

Conclusions

The widesprosd use of snti-microbial drogs in animals
has led to the mmergence of drug-resistant strsdng of patho-
genic bacteria and thesa resistant strains are now causing
& considerable proportion of the dizeass hitherto caused by
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eensitive strains. This complicates the satisfactory trout-
ment of unimal disease and the position is worsening, Tt
nlso haz implications for human health,  There is no
evidonce that the resistant straing aro any more, or any
less, virulent thar thelr sensitive counterparts.  Neither js
the character of nnimal disease altering in any observable
wiy—other than in ity ehemothorapy—that  can b
attributed to thoe increased meidence of resistant strains.

There is little doubt that the continuous feeding of
animals on drug-containing diets for “nutritionnl” Al
poses has contribuled significantly to the present position.
The more o drug is used in diets tho less ita valus in the
treatment of clinical disease. Moreover, us the varioty of
drugs used for “sutritional” purposes inercases, so the
variely of drog-resistant slraing that are ineriminated in
outbreaks of disesse inereases and the number of drigs
that enn be used with sonfidencs in the treatment of tlhese
outbriaks decressss. A strong cnse thorefore exists for
limiting the number of different kinds of drugs that can
be used for “nutetional” purposes.  Tdeally, only drogs
that are unsuiteble or not wsually vsed for the treatiment
of disease in animels and misn, and that do not produce
eross-resistanece with ones thoat are, should be used in
animal feeds, Sucl antibiotics are now availahle, Finally,
the information now available calls into question tho
rationale of the so.called proventive use of drogs, whether
as food additives or in any other form, agninst diseases
eauged by basterinl spevies in which drug resistanco of the
infective type enn vecur. The use of drupgs in this manner
may well give rise to the very situations they are intondod
to prevent,
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Rotating Neutron Stars as the Origin of the

Pulsating Radio Sources

The constancy of frequency in the recently discovered pulsed radio
by sources can be accounted for by the rotatien of a neutron star.

T. GOLD
Center for Radiophysics and Space Research,
Cornell University,

Ithaca, New York beacan.

Tar caose that nevtron sfars are responsible for the
recently discoversd pulsating radio sources'-* appears to
be o strong one. No other theorctically known astron-
omical object would possess such short nnd accurate

Because of the strong magnetic fields and high rotation speeds,
relativistic velocities will be set up In any plasma in the surrounding
magnetosphere, leading to radiztion in the pattern of a rotating

periodicitios ns thosa observed, ranging from 133 to 0-25 s,
Highor harmonics of a lower fundamental frequency that
may be possessed by o white dwarfl have heen mentioned;
but the detailed fice strueture of several short pulses
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repeating in each repetition cycle makes any such ex-
planation very unlikely. Since the distances are known
approximately from interstellar dispersion of the different
radio frequencies, it is clear that the emission per unit
emitting volume must be very high; the size of the region
emitting any one pulse can, after all, not be much larger
than the distance light travels in the few milliseconds that
represent the lengths of the individual pulses. No such
concenjtrations of energy can be visualized except in the
presence of an intense gravitational field.

The great precision of the constancy of the intrinsic
period also suggests that we are dealing with a massive
object, rather than merely with some plasma physical
configuration. Accuracies of one part in 10* belong to
the realm of celestial mechanies of massive objects, rather
than to that of plasma physics.

Tt is|a consequence of the virial theorem that the lowest
mode of oscillation of a star must always have a period
which is of the same order of magnitude as the period of
the fastest rotation it may possess without rupture. The
range of 1-5 s to 0-25 s represents periods that are all
longer!than the periods of the lowest modes of neutron
stars. |They would all be periods in which a neutron star
could rotate without excessive flattening. It is doubtful
that the fundamental frequency of pulsation of a neutron
star could ever be so long (ref. 7 and unpublished work of
A. G. 'W. Cameron). If the rotation period dictates the
repetition rate, the fine structure of the observed pulses
would represent directional beams rotating like a light-
house beacon. The different types of fine structure
observed in the different sources would then have to be
attributed to the particular asymmetries of each star (the
“sunspots’, perhaps). In such a model, time variations in
the intensity of emission will have no effect on the precise
phase in the repetition period where each pulse appears;
and this is indeed a striking observational fact. A fine
structure of pulses could be generated within the repetition
period; depending only on the distribution of emission
regions around the circumference of the star. Similarly,
a fine structure in polarization may be generated, for each
region may produce a different polarization or be overlaid
by a different Faraday-rotating medium. A single pul-
sating region, on the other hand, could scarcely generate
a repetitive fine structure in polarization as seems to have
been observed now®.

There are as yet not really enough clues to identify the
mechanism of radio emission. It could be a process
deriving its energy from some source of internal energy
of the star, and thus as difficult to analyse as solar activity.
But there is another possibility, namely, that the emission
derives its energy from the rotational energy of the star
(very likely the principal remaining energy source), and
is a result of relativistic effects in a co-rotating magneto-
sphere;

In the vicinity of a rotating star possessing a magnetic
field there would normally be a co-rotating magnetosphere.
Beyond some distance, external influences would domin-
ate, and co-rotation would cease. In the case of a fast
rotatirlg neutron star with strong surface fields, the dis-
tance out to which co-rotation would be enforced may
well be close to that at which co-rotation would imply
motion at the speed of light. The mechanisin by which
the plasma will be restrained from reaching the velocity
of light will be that of radiation of the relativistically
moving plasma, creating a radiation reaction adequate to
overcome the magnetic force. The properties of such a
relativiistic magnetosphere have not yet heen explored,
and indeed our understanding of relativistic magneto-
hydrodynamics is very limited. In the present case the
coupling to the electromagnetic radiation field would
assume a major role in the bulk dynamical hehaviour of
the magnetosphere.

Thel evidence so far shows that pulses occupy about
1/30 df the time of each repetition period. This limits
the region responsible to dimensions of the order of
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1430 of the circumference of the *“‘velocity of light circle”’,
In the radial direction equally, dimensions must be
small; one would suspect small enough to make the
pwlse rise-times comparable with or larger than the flight
tine of light across the region that is responsible. This
would imply that the radiation emanates from the
plasma that is moving within 1 per cent of the velocity
of light. That is the region of velocity where radia.
tion effects would in any case be expected to become
important.

The axial asymmetry that is implied needs further
comment. A magnetic field of a neutron star may well
have a strength of 10! gauss at the surface of the 10 km
ohject. At the ‘‘velocity of light circle’”, the circum-
ference of which for the observed periods would range
from 4 x 10%° to 0-75 x 10" em, such a field will be down
to values of the order of 10°-10% gauss (decreasing with
distance slower than the inverse cube law of an undis-
turbed dipole field. A field pulled out radially by the
stress of the centrifugal force of a whirling plasma would
decay as an inverse square law with radius). Asym-
metries in the radiation could arise either through the
field or the plasina content being non-axially symmetric.
A skew and non-dipole field may well result from the
explosive event that gave rise to the neutron star; and
the access to plasma of certain tubes of force may be
de¢pendent on surface inhomogeneities of the star where
sufficiently hot or energetic plasma can be produced to
lift itself away from the intense gravitational field
(10-100 MeV for protons; much less for space charge
n¢utralized electron-positron beams).

The observed distribution of amplitudes of pulses makes
it very unlikely that a modulation mechanism can be
reésponsible for the variability (unpublished results of
P. A. G. Scheuer and observations made at Cornell’s
Arecibo Jonospheric Observatory) but rather the effect
has to be understood in a variability of the emission
meechanism. In that case the observed very sharp de-
pendence of the instantaneous intensity on frequency
(1 MHz change in the observation band gives a sub-
stantially different pulse amplitude) represents a very
narrow-band emission mechanism, much narrower than
synchrotron emission, for example. A coherent mechanism
is then indicated, as is also necessary to account for the
intensity of the emission per unit area that can be
egtimated from the lengths of the sub-pulses. Such a
coherent mechanism would represent non-uniform static
configurations of charges in the relativistically rotating
reggion. Non-uniform distributions at rest in a magnetic
firld are more readily set up and maintained than-in
the case of high individual speeds of charges, and thus
the configuration discussed here may be particularly
favourable for the generation of a coherent radiation
meechanism.

If this basic picture is the correct one it may be possible
to find a slight, but steady, slowing down of the observed
rapetition frequencies. Also, one would then suspect that
miore sources exist with higher rather than lower repetition
friequency, because the rotation rates of neutron stars are
cgpable of going up to more than 100/s, and the observed
periods would seem to represent the slow end of the
distribution.

Work in this subject at Cornell is supported by a con-
tract from the US Office of Naval Research.
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