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Abbreviations and Symbols

Measured and recorded cuantities

T tine TT’ TIs TE
V, tidal volume Vo 1 Vo
v ventilation Vs Vg
v volume flow {'I mean inspiratory flow (L)
Vg mean expiratory flow (MiF)
VI,max peak inspiratory flow (PIF)
VE, mex peak expiratory flow (L'=7)
Y volame acceleration .‘;I nay Peak inspiratory acceleration (1'IA)
’

FR functional residual capacity
LFRC change in residual capacity (= Ip 1 = Vg )
’ 9

) pressure, including partial pressure
F fractional concentration
A T.P.D, ambient temperature and pmssune, dry gas

B.T.r.Ds body temperature and pressure, dry gas

Suffixes ievels of statistical significance

I inspired XXX

. expired +++ p<0.001; xx 0,001<p<0.01; x 0,01<p<0,05
oo

A alveolar
et end=-tidal
a arterial

<)

mixed venous



ABST RACT

It has been proposed that the naturally-occurring respiratory
oscillation in Pa,002 carries sufficient information on the rate of
metabolism to be implicated in the generation of the hyperpnoea of
hypoxic exerclse., 4As a PG02 signal of this frequency can be trensduced
by the carotid chemoreceptors tut not by those of the medulla, it would
be of interest to examine the manner in which hypoxia and a CJO2 transient
interact at the carotid body.

In the present study the responses of healthy subjects to an induced
PA,(DZ oscillation (of two breaths' period) were examined against a
background of graded hypoxia at rest and during moderate rhythmic
exercise, The responses were measured on a breath-by~breath basis in a
variety of inspiratory and expiratory variables including times, volumes,
ventilations and flows.

In brief it was found that:-

(i) oscillating responses were largely confined to P less than

:&,02
72 torr;

(ii) their incidence in hypoxia was potentiasted by exercise;

(iii) FRC oscillated, on average, more consistently than any other
output variable;

(iv) at times, an inspiratory stimulation occurred on the same breath
as an expiratory depression;

(v) a linear multiplication between hypoxia and the PA, co.. ©scillation

2
was occasionally observed, the amplitude of the response increasing as



hypoxia became more intense. Linear muliplication was more frequent
in exercise.

The patterns of oscillating responses were interpreted in terms of
oscillation
)
mltiplying at receptor level, and ca subsequent degree of complexity

a carotid body involvement, with hypoxia and the PC

being introduced by the central timing of the carotid body discharge at
the brain-stem., The potentiating efflects of excrcise may have resulted
from a reduced attenuation of the PCOZ oscillation in transit from the

lung to the carotid body, and an improved central timing of the carotid

body discharge.



Chapter 1

INT [{DUCTION

By the end of the nineteenth century, respiratory physiologists
were attempting to formulate theories for the unitary action on respiration
of hypoxia, hypercapnia and hyperacidity of the arterial blood,
Legellois (1612) having focussed attention earlicr on an intrinsically
rhythmic aree of the medulla whose integrity was essential for the act
of breatring. It was the insight of J. S, Haldane that pawed the .y
Joy the elucication of the chemical regulation of breathing in man, with
the aevelopment of an accurate, volumetric method ror measuring respiratory
geses (Haldane & Smith, 1893), and a reliable method for sampling
alveolar gus (Haldane & Irie: ley, 1905).

The importance of PA,CO in the regulation of breathing was implied

2

from its constancy over a wide range of barometric pressures, Pq 0
4,0,

varying considerably (only if the inspired oxygen fell below about 1L was
the constancy disturbed); the exquisite sensitivity of the respiratory

centre to imposed increases in I’ co. Was also demonstrated (llalaane &
1‘.’ J 2

rriestley, 1905). These workers concluded that the F,, in the respiratory
2

centres was the primary factor regulating respiration.
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The emphasis moved to the arterial pH when Boycott & Haldane (1908)
4,CO, to fall during hypoxic hyperpnoea (see also Winterstein,
1910, 1911). This proposal, too, was subsequently modified, #dinterstein

found P

(1915) having shown that an arterial alkalosis accompanied acute hypoxia.
The primary stimulant now became the acidity within the cells of the
respiratory centre (Winterstein, 1921). Jacobs' findin, (1520) on the

ability of CC, to penetrate cells, while the passage of tixed aciccs was

2
prevented, provided strong support for the theory, as it could explain
why a given change in pHa produced by 002 had a greater effect on
ventilation than did the same change produced by fixew acid in the blood.
with the discovery in the dog of chemosensitive areas in the cardio-
#>0tic region (Heymans ¢ Heymans, 1927) and in the carotid body
\Heymans et al.,, 1730) which elicited a reflex hyperpnoca when perfused
with hypoxic or hypercapnic blood, there was no further need to support
a central action of hypoxia on the respiratory centrec., !ore recently,
however, it has been suggested that hypoxia may stimulate breathing in
hishlanders and lowlanders at high altitude by lowering c.s.is pH as a
result of an incrcased anaerobiosis (Lahiri & iilledge, 1967; S¢rensen
et al., 1969).

In the last 20 years, it has become widely, though perhsps not
universally accepted that the site of central chemcsensitivity to co,
and H' is separate from the medullary respiratory centres (ci., Fappenheimer
et al,, 1965; Lipscomb & Boyarsky, 1972): respiration was stimulated

in ansesthetised dogs and cats by perfusion of the L4th ventricle ith



-3 -

artificial c.s.f. having a raised F., or a reduced pH (Leusen, 1954),
2

impl,ing the presence of a superficial site of chemosensitivity
(Loeschcke et al., 1958). nreas of chcmosensitivity were subsequently
locuted near to the surface of the ventro-lateral medulla (area .':
'itchell et al., 1963; and area L: Schlafke et al., 1970); these
worl: siem to be well placec for responding rapidly to changes in
eS¢ pH, produced either intrinsically or by changes in p@,COZ'
changes in arterial B or HOOE, however, havc little efrect becousc of
the poor permeability of the blood-brain barrdier to these anc other
ions (loeschcke, 1966; Fencl et &l., 1969).

sdvances have been made in understanding the steady-state integration
o1 the actions of Hf,CO2 and hypoxia on breathin , it having veen
appreciated that .usessment of the potency of one stimulus nececsitatec
maintenance of the others at constant levels., The iicoretical analysis
of Gray (1.4, 1950), based largely on Nielsen's cata in man (1336),
precicted that the effects of the three :timuli in the wrierial blood

vere additive on ventilation. The additive interacction of arterial v.!

2. P has been conf'imed in the stee.y-state, the slope of the

%, Pg,OOZ relation being unchanged by metabolic acicsemia or alraleemia
in man (Lerche et al., 1960; Cunninghwn et al., 1961; Lamberts .n ct al.,
1961) and in the enaesthetised dog (] onizi et al., 1952;. ‘he relution
is displaced to the left in =scidaemia and to the right in elkalaemi:,

The work of Wielsen & Smith (1,52) on man was soon to override

Sray's proposition of an &dditive interaction between hypoxia :=nc 302:

hypoxia increased the slopc of the V, PA co relation, _plyin, a
¥»wre
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maltiplicative interaction between the two stirmli. “his ouscrvation

was subsequently contirmed (Cormack et al., 1955, 1957; Lloyd et al.,
1956, 1956; Loeschcke & Gertz, 1958), and led to the formulation of an
cipirically determined ecuution of steady-state respiratory regulation
which aescribed the multiplicative interaction through the effects of

hypoxia on the slope of the V, P, ., relation (Lloyd et al,, 1958;
»

O,

c.

this thesis, p. 72).

“he effect of hypoxia on ventilation at PA lying below the normal

,002
air-breathing level complicates the relatively simple concept of hypoxic

siimulation presented above., ‘There is very little evidence of a

rmltiplication by hypoxia, this portion of the V, P co relation
2

M,

spproaching the horizonm:al (Nielsen & Smith, 1952: Iloeschcke & Certz,
1958). Young (1970) reported & small but significant slope on pooling

the results of several experiments. The nature of this portion of the

v, PA,CO relation is obscure and will not be speculated upon here:

P
suiice it to say that there is evidence of a threshold level for the
stimulation of V by Pﬁ co..? though this is not usually apparent in
#,C0,
euoxia .r hyperoxie,

“he site of the interaction between hypoxia anc OO, i. still a

L 2N

source of discussion, here confined largely to observations on mun and
the cat (the former being the experimental species in the presen’
experiments, and the latter the species upon which were ob®: .ned many

observations relevant to this thesis). A review of the evicenc: iw
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favour of a peripheral multiplication between hypoxia and 302 at the
crterial chemoreceptors, and a central addition of the urierial wnu

muzullary chemoreceptor drives has been presented by Curninghesn (1974a).

There is vunle evidence in the anaesthetised cat of multiplication

of the tvo stimuli at the carcotid bedy, from studies on tic .liole

cerotid simus nerve (Hornbein et al., 1961; lywaguicic & Lewin, 1J01;
Mizcerald o Parks, 1971), from few-fibre preparations (ieil & Jcoels,
1763,, ani from single-fibre preparations (fitzeerald, 137k; Hayes o

Torrcuce, 1974; Lahiri, 1,74).

)

‘he results obtained from cin le fibres, and vy Mt el & ...rks
(1971, on the whole nerve, wure especially clear: by analc.y with .hole-
boa s T, P,‘ co relations, a series of curvilinear isc-unic ielatious

Fe 9 2

between aicchare frequency and I’a’mz was cblained, their gradiciits
rilsing with increasing hypoxia wi.le thieir intercepts on . he Pa,CO2 arie
wcre less affected. Intercciion was still present in hyperoxia (Pa 0
»2
ca, LOO torr) (iitzgerald « iarks, 1971; Lahiri, 1974). <his soves

with the earlier demonstration by Cunningham et al, (1964 of there
bein;; a residual arterial chemoreflex drive to breathin; in nan at

) .
lu,'\;z = 210 torr: "the responsc %o hypoxia accompanied by hypercapnia....
is part of an inverse relation that continues far above the levels of

P, that could have been zncountered before,..., the possibility o’

O,

artificial enrichment with oxygen of the atmosphere breathed."
Fultiplication between hypoxia and CO, at the arterial chemoreceptors

is evident, too, in the reflex respiratory responses. Ctey & Bermthal
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(1960) found that the ventilation or an anaesthetised oy in which the
carotid body was perfused from a donor dog was rcater vhen the donor
was subjected to asphyxia than when it was subjected to either hypoxia
or hypercapnia,

Jdecstra (1963) studied the respiratory effects in the anucsthetised
cat of perfusing the arterial -n: medullary chemoreceptors c-i ultaneously,
but separctely, with bloods of different PCOZ and 302. Lloyu (1966)
cnalysed the results in the manner of Lloyd et al. (195¢), anu cenonstrated
tic occurrence of a multiplication between hypoxia and i ot the
srerial receptors, and a central addition of the respiratory urives
from these and the medullary receptors.

=n man, elucidation of the nature of the interaction between hypoxia

-

and 002 ic limited to the study of the reflex responses inuuced by

changing the inspired levels of O, and 002; their interpretation relies

2
on the known properties of the medullary and carotida body chemoreceptors
in animals. .cjours (1959) pioneered the approach of using the latency
of a reflex respiratory response to distinguish between arterial or
medullary chemoreceptor inveolvement.

Leitner et al, (1965a) showed that sudden breathing of ox en ror 2
or 3 breaths by hypoxic anaesthetised cats caused a transient dcecrcase in
the discharge frequency of few-tibre preparations oi the carotic zimus
nerve with a latency of 3 to 4 seconas; this was accompanied by = change

in ventilation with a parallel time course, indicating that most of the
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reflex delay is the trensport time between the lung and carotid body.
/v similar reflex result was obtained in euwoxia from conscious dogs,
being absent after chronic chemouenervation (Bouverot et al., 1965). In
sl the 1&;tency o1’ the reflex response to transient breathing of oxy.en
in ewoxic and hypoxic man is between 6 and 12 seconds (Lejours, 1957,
1362),

"here is some more direct evidence in man that the hyperpnoea of
hypoxia is mediated by the arterial chemoreceptors, anc in particular

those oif' the carotid bodies rather than the aortic bodies. The

hyperpnoe-. was largely abolished after bilateral blockace of the ;losso-
pharyngesl and vagus nerves in ore unanaesthetised subject (‘uz et al.,
13¢6). rurthermore, the hyperpnoea of hypoxia was absent in a group of
subjects who had undergone bilateral carotid body resection for the
treatment of bronchial asthma (Iugliani et al., 1971).

If OO2 and hypoxia interact multiplicatively at the carotid body,
it is predicted that ventilation should change with a short lestency in
response to a change in PA,COZ during hypoxia. In hyperoxia, however,
the response should be delayed, reflecting the longer vascular and
diffusion paths of' the medullary chemoreceptors. This presuppose:s the
reflex effects of the carotid body to be generally diminished, if not
abolished, by oxygen breathing, as might be expected to occur in man
vhere the signal-to-noise ratio of the respiratory system enu the

residual hyperoxic activity are both =zmall.
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The first prediction was confimmed for conscious, air-breathing
dogs that were given two breaths of 7, CUZ belore and af'ter peripheral
chemodenervation (Bouverot et al,, 1965): the short-l:tency hyperpnoea
was replaced by a slower, less marked response after chemodenervation.

In moderately hypercapnic man, repeated exposure to sudden transient
hypocapnia (induced by removal of CO, from the inspired air for 2 breaths)
induced a depression of ventil.tion after Z-3 breaths in milc hypoxia

ca, 63 torr) but only after 5 breaths in hyperoxia (I, o S
-“\, e

“’)1,02
65 torr): Cunningham et al,,(1965a} ani tiller et zl.,(1974).

Lambertsen et al. (1965) distinguished three componcnts in the "ofif™
transient at the end of 002 inhalation in euoxic man. In hyperoxia, the
quickest component, which had a latency comparable to that reported above
for COZ withdrawal in hypoxia, was not seen, Abrupt administration of
oxygen ot two levels of hypercapnia proauced a depression of ventilation
arter about 5 seconds (LUownes & Lambertsen, 196G); the maximal ce:ression
of ventilation was greater at the higher level of P

4,00, °
902

results, the multiplicative cffects of hypoxia and €0, on ventilatl.n

rrom these

st originate from the carotid body and not the brain-stem.

ilowever, evidence for a central multipiicaiion, as well as .hat

occurring at the carotid body, was presented by =delmen et al. (197%) on
the casis of finding smaller increases in ventilation during ny-oxia when

I 00 was increased transiently than when a similar change o.? L\ -

L\’ 2 2 ,i \),»
Z

occurreu between two steady states. There is an alternative explanation

(Cunninghes, 1974b)+ although a predictable relation exists in st:ady

states between the size or a change in alveolar I, \or Py ) an. that
M ”

<

occurring at either set of chemoreceptors, the transient state 1. more
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complex. In its passage from the lung to the capillaries in the
vicinity of the receptors, an alveolar transient is likely to be
attemated by several factors (Chapter 4, v. 159, the ii2in one being the
residunal or end-systolic volume of the left ventricle; in the case of
a 002 transient, the buffering action of the blood and tissues becomes
significant. Thus comparisons between steady-state ond transient
rcsponses are of limited value.

An exception to this criticism is the technique of suddenly and
transiently removing a respiratory stimulus (hypoxia, hypercapnia), as
practised by Cunningham et al.,(19652) and l'iller et al. (1974).  hen
breathing is driven sufficiently hard, sudden withdrawal of either
hypercapnia in hypoxia, or vice versa, is likely to silence the carotid
cnemoreceptors completely, cnabling quentitative comparisons of the
ensuin_ ventilation changes to be made.

/ore recently, an additional means of separatin carotid and medullary
chemorcceptor responses has been used, based on the ability of the
receptors to respond to ﬁa ~~ Oscillations of varyin' lrequc..guency.

""‘L 2
“he limiting frecuency to which a chemoreceptor can respond is dctermined

by the length of the diffusion path betwcen it and the nearcct capillaries
(short for carctid chemoreceptors, long ior medullary chemorecceptor. ),
and the ratio of the COZ bhuffering capacity of the tissuc to tiz blcoo

flow per unit volume of tiscue \large for medullary chemoreceptors,

very small for carotid chemoreceptors);  dller et al., 197%4.
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Thus the carotid body receptors should be able to transduce much
higher frequencies of EJa,COZ oscillation than the medullary chemoreceptors,
and these responses should be effectively absent in men breathing oxygen-
rich gas (p. 6). The difference beiween the respiratory response times
of the two receptor sites has been shown clearly in anaesthetised dogs:
ventilation responded within one breath to a sudden infusion of hypercapnic
euoxic blood into the carotid arteries (Dht'oon et al,, 1967), while a
similar infusion into the vertebral arteries induced a respiratory
response only after a delay of 20 to 30 seconds (Pitzgerald et al,,

1968).

In man, alternate breaths of 002-f'ree and GOz-rich gas, sufficient

to produce an alternate-breath PA_,OO oscillation of about 10 torr

2
amplitude, could induce an alternation in the size of breath-by-breath

Vi v’l‘,E and T, in hypoxia (i’A’OZ ca. 55-65 torr) tut not in hyperoxia

(1?},"0:2 ca. 550 torr); Marsh et al.(1973). From the results of Fitzgerald
et al. (1968) it is unlikely that an oscillation of 2 breaths' period
(5-6 seconds) could reach the medullary chemoreceptors; sand the hypoxia-
dependency of the responses is more direct evidence for the effect being
mediated by the carotid body.

wolff (197L), using a similar technique on ansesthetised cats in
euoxia, observed an alternate-breath oscillation in VT,I which was
sbolished by prior pessage of carotid arterial blood through a mixing
chamber,

Using a wider and lower range of stimulating frequencies (period

renging from 10 seconds to 10 minutes) in anaesthetised cats,
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Daubenspeck (1973) determired the effects of chemodenervation on the
amplitude of the VT oscilletions induced by oscillations of CO2 (A&' 0y ca,o,oz)
against a background of mild hypercapnia and euoxia. as the frequency of

stimilztion rose, so the gain of the response (/\V,i./.f‘_;E;1 - ) decreased,
» T2

both before and after chemodenervation, Over the higher range of
frequencies, the gain after chemodenervation became progressively less
than that occurring before chemodenervation.

This was interpreted as a removal of the miltiplication between
hypoxic and hypercapnic drives at the carotid body. In view of the
remarks concerning the quantitative analysis of transient responses
(p. 8 ), one might expect the vascular attemiation of the Pﬁ_’co2 signal
to increese as its freguency of oscillation rose, Thus, the implied
multiplication might have been underestimated.

A similar approach to that of laubenspeck was used in conscious man
during euoxia and hypoxia (PA,OZ = 60 torr) by Swanson & Bellville (1974).
Over the same range of freguencies, the increase in gain between euoxia
and hypoxia rose with the frequency of P,zl, co, oscillation. The
interpretation is again that a multiplication of hypoxia and CO‘,2

occurred at the carotid body.

Now is a suitable point to consider the significance of an asphyxial

oscillation intrinsic to the cardio-respiratory system. Halcdane &

Friestley (1905) demonstrated that there was a small fluctuation in

) and P, within the respiratory cycle, end-expiratory alveolar
A,002 A,oz

gas samples having a more asphyxial composition than those obtained at
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the end of inspiration. Krogh & Lindhard (1913) found similar
fluctuations on fractionating the expired air, their amplitudes in
exercise exceeding those at rest. The form of the fluctuations in
P.:;, 002 throughout the respiratory cycle vas predicted by Aitken & Clark-
Kennedy (1928) and DuBois et al. (1952).

The "within-breath" oscillation of P 4,00, and PA, o, (ca. 3 torr and
6 torr, respectively, at rest), reflecting the relatively contimous

pulmonary perfusion in the face of a discontimous ventilation, has
become the focus of attention in recent years after Yamamoto's proposition
(1960, 1962) that the P, oo oscillation, rather than the mean value

’

2
about which it varies, is the natural error signal of the ventilatory

fced-back system. The smolitude and rate of change of the oscillation

both increase during exercise as a remult of a raised mixed venous PCO
2
and an increased cardiac output, and could therefore provice the linkage

between ventilation and metabolism, in the face of a relatively constant mean .

Pa,C.Oz'

Yamamoto favoured a central site of action for the PCOz oscillations,
but the carotid body would appear to be a more suitable site if one
considers the observations presented so far on the frequency responses
of the two chemoreceptor areas., Such a hypothesis might iherefore be

periinent to the nature of the potentiating action of exercise on the

hypoxic drive to breathing that has been observed in man (e.g. Christensen,
1937; Asmussen & Kielsen, 1956; Cunningham et al., 1966; cthattacharyya

et al,, 1970).
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The within-breath oscillation has been detected intra-arterially in
pi and, by implication,i co, (Pend & Cemple, 1566, 1967: man, cet,, and
in P02 (furves, 1964 ana 1966e: czt, lamb). The . mplitude of the Pa,Oz
oscillation is decreased by an increased respiratory frequency, a diminished
tidal volume and hypoxia (Furves, 1966a); the amplitude of the pH,
oscillation is decreasec by hypercepnia (Band et «l., 1969b).

The discharge of the carotid body of the anaesthetised cat contains
an oscillation with a respiratory period at rest, both in the whole
cerotid sinus nerve (Hornmbein et al,, 1961; Biscoe & furves, 17(7a) and
in sipgle-fibre prepsrations (Bend et al., 1971; Black et al., 1973;
Gehrich & lioore, 1373; Goodman et al., 1974).

The situation during exercise is largely unexploi'ed. Lavies &

Lehiri (1973) found the mean freguency of carotid body uischar,e to be
unaffected by the imposition of exercise in anesesthetised, hypoxic cats
(exercised electrically at an intensity sufficient ror hypoxic potentiation
of breathing to be demonstrable). These suthors made no mention of
studying the form of the discharge occurring within the respiratory

cycle. Zlack et al, (1973) observed an increased amplitude of within-
breath oscillations in single-fibre discharge from the cat carotid body
when whole~body metabolism was increased by dinitrophenol. ifowever,

this observation might reflect the effects of L.K.P. actin. within the
carotid body, its activity being increased as a result of a lowered

glomal PO .

2

The available evidence favours the oscillation in Pa co. 28 the
’ o
f4

tgent responsible for eliciting the oscillating dischir.e {rom the
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carotid body. A general finding is that the cat carotid body responds

more rapidly to changes :’.n..(_)_g_2 than to changes in hypoxia. McCloskey
(1968) and Black et al, (1971) observed that in hyperoxia single carotid
chemoreceptor fibres respond with over- and under-shoot to large step-
increases and -decreases of Pboz applied near the carotid body. Large
step=changes in hypoxia produced responses that developed more slowly
with no over- or under«shoot. FPrior infusion of acetazolamide, a
carbonic anhydrese inhibitor, abolished the dynamic responses to (302
steps, implying the involvement of the enzyme in the dynunic eifect.

The cat carotid body responded to the intermittent infusion of
euoxic hypercapnic blood into the common carotid arteries at hiirher
frequencies than for infusions of hypoxic eucapnic blood (Fitzgerald et
al., 1969). Perhaps the most direct piece of evidence for an involvement
of Cu, in the oscillating discharge comes from the stuay of Gehrich &
Moore (1973) on single fibre preparations from the cat carotid sinus
nerve. :uoxic hypercapnia (FI,CO = 0,08) abolished the oscillating

2

discharge, while in hypoxia (& = 0.,1) the amplitude of the oscillation

1,0,

was little reduced from its air-breathing value,.

co oscillation may be
"2

more closely related to the rate of change of FCO, with time than to the

The response of the cerotid body to the P

emplitude of the oscillation. This was first suggested by the results
of iicCloskey (1968) and Black et al, (1971) described above. 3Hand et al.
(1971) observed that, in the spontanecusly-breathing, anaesthetised cat,
the peak of the oscillating discharge in single carotid chemoreceptor

fibres preceded the pesk [H'] in carotid arterial blood, implying that
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the receptors had responded to the rate of rise of PCO .
T2
willshaw (1974), using artificially-ventilated, anaesthetised cats,

has shown more recently that the amplitude of' the oscillation in single

fibre discharge frequency was unchanged when the ventilatin frequency
was doubled and the tidal volume halved: this proucedure should have

reduced the amplitude of the within-breath Pa 0o oscillation by a much
’ 2 .
greater degree than its rate of change. Again, it appears that the cat

46

carotid body responds to a rate of change of Pa co.."
»Ure

It is not clear whether hypoxia multiplies the effect of the

within-breath Pa ~~ ©Osclllation on carotid body discharge. Hornbein
,\/Uz
et al, (1961) found the amplitude of the oscillating discharge in the

whole carotid simus nerve of the anaesthetised cat to be greater at

P . of 70 torr than at either & P,
a,uz u,02

Cimilarly, Biscoe & Purves (1967a) found the amplitude of the oscillating

of 40 torr or 500 torr.

discharge was greatest in euoxia, diminishing in both hypoxia and
hyperoxia. Goodman et al. (137L4), working on single fibre preparations
of the cat carotid simus nerve, also found a reduction in the oscillation
amplitude on passing from euoxia to hypoxia, while Gehrich & Joore (1973)
showed there to be little change between euoxia and hypoxia in cats
artificially ventilated at a constant frequency.

The hyperoxic results are best ciylained by assuming the hypoxic
drive {see p. § ) at the carotid body to be much reduced, leaving little

for the P, oscillation to multiply. -nd in hypoxia, the respiratory

co
T2
frequency of spontaneously breathing cats may well increase, scrving to
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Giminish the amplitude of the Pa oscillation; thus there would be a

,602 |
diminished Cco, stimulus for hypoxia to multiply.

..owever, there was no mention of &n increuscw amplive.e of oscillating
¢ischarze in hypoxia from the ex. criments or Cehrich & ioore {(1J72), which
one richt huve expected as the changes in respiratory frciuency hac
presumably been prevented. It is therefore ciiiricult to infer frou these
results vhether hypoxia and the within-breath oscillation in Pa,oo
rulliply their effects on the discharge of carotid cuenoccc:p.ors.

2

By anslogy with the cobservations made on the carotid bocy of the
anaes.hetised cat (p.)3 ), there is evidence in i that reflex responses,
too, .r= more easily elicited by quick changes of Q;;,COZ in hypoxia than
by thiz corresponding changes in hypoxia, Oscillating respiratory responses
vere induced by an elternate-breath PA, 00, oscillation in Lypoxia (. arsh
et al,, 19733 this chapter, p./0 ) but not by a similar oscillation in
hypoxia (Mersh, unpublished results). Respiratory responses were
obtained frcm changes in the within-breath profile orf PA, 0o, in hypoxia,
but not Jiuii corresponding changes in the profile i hypoxia in hypercapnia
(Cunninghar. et al., 1973; this chapter, p.l9 ). 1Tix response to transient
sudden removal of CO, in hypoxia occurs after - or 3 breaths (this
chapter, p. § ), whilst that obtained from the sudden relief of hypoxia
hed a longer latency of 3 or 4 breaths (liller et al., 1974).

Therefore, the carotiu bodies of both cat and man have the ability
to respond to rapid changes of Pl,,o2 , and the within-breath Pa,()02
oscillation in particuler, poscibly in a rate-sen:citive feshion. However,



evidence is equivocal as to whether the ?-a, 002
significant drive to breathing., Support was providel by thic experiments

oscillations ;rovide &

of Yamamoto & Kdwards (1960): loading the venous blood of uncesthetised,

air-breathing rets with CO2 induced a hyperpnoea but no increase in mean

Pa,mz‘

within-breath Pa co oscillations whose sizc was presumably increased in
¥

proportion to the increases occurring in mixed venous Lo s

~0,

conclusion was opposed by Lamb (1966) who performed similar cix-criments

The authors concluded that the drive to breatnin. ~ce from the

This

on the air«breathing ansesthetised cat and found Pa to rise during

a0

. L

venous loading: in fact, V anc I’a co.. Were found to be similarly
»re

related for both CO, inhalation and venous loading.

2
A second approach has involved abolishing the P oscillations

a,Co

by passage of carotiu arterial blood through a mixing chimber wfore it
reaches the carotia body: i1 the oscillations provide a drive to breatiing,
then ventilation should fall in their sbsence. This vas confirme« in
tvo air-breathing studies (DuBois ¢ femamoto, 19°9s rat; iurves, 1966b:
cat); in another, ventilation was stimvlated (Band et al., 1973: cat);
and in one hyperoxic study, ventilation was unchanged, perhaps not
unexpectedly in a situation where the hypoxic drive to the carotic body
is low (Ffenner « Berndt, 1970: cat).

Attractive though Yamamoto's hypothesis on the role of the wiiain-

breath P, oscillations might be (p. 12), the observations presented

co
»2
above are hardly convincing. As it is the carotid body thet transduces
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the within<breath Pa oscillation, the eipcriments shoull perhaps have

,C0
been conducted in hypoxia rather then euoxia to ensure & reasonable mean
level oif' chemoreceptor &ctivity.

Consideration of the role of the oscillations has become complicated
by the discovery that the gain of the carotid chemoreflex arc can be
varied according to the time within the respiratory cycle a particular
signal reaches the braine-stem from the carotid body via the carotid simus

nerve ("central timing").

In anaesthetised, air-breathing cats, injeciions of saline pulscs
equilibrated with 100, CO, past the carotic body in late expiration and
exrl, inspiration (Black & Torrance: 967a; 1971), or only i1 early
inspiration (Band et al., 19568, 1970), can increase the depth of the
current inspiration, the following expiration anc inspiration «ing
unaffected. If the stimulus is applied early in expiration, it may
lengthen the time for expiration, but have no effect on . nex.
inspicztion {tlack & Torrance, 13C7e; 1971). ‘hc response appears to
be iaucc. by CU, rather then H , as injections of rixed aci. in saline
¢id not affect respiration (.und et al., 1968, 1970). The shw. . latency
and memory of this mechanism confer on the -uipi.:tory sysicm the
ability to discriminate between inputs occurring centrally in & jucent
respirotory half-cycles.

Liivcts obtained by brief clectrical stimulation oi’ the carotid simus
ne:v. were more varied, wcpencing on the strength and duration of the
stimulus, nesponses similar to those prouuced above could be elicited
ir' the stimulus strength was relatively low (Zlack & Lorranew, 13.7a,

1371; loward et al.,, 1969; Gtlaridgc, 1972).
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In hypoxic man a small sharp fall of P}. , 002 produced early in
inspiration depresses mean ventilation, whereas if it occurs leic in
inspiration mean ventilation is stimulated, the mean ‘A,COZ hoving been
maintained constantumingham et al,1973). Thus, as in the anaesthetised cat, when the
carotid body chemoreceptors are involved, the timing of stimulavion in
relation to the respiratory cycle is a determinant of uic size of the
reflex response. This point should be borne in minu when interpreting
reflex ei'fects to C‘Oz transients that are mediated vy the caroiiu body.

i{he current status of Yamamoto's nyoothesis, winiclh. has cen estended

by ~liack < Torrance (1967b, 1971) and Cunningham (1974b), is s ill
largely at the speculative stage. '"lack & Torrance proposed tliat the

-1

central timing or th- Pa,002 oscillation was not op.i...l at 1ust,
causing very little respiratory stimulation. #ith increasing intensities
of exercise, the amplitude of the wscillation would rise and, in addition,
the central timing would approech its optimum (maximal respiratory
stimilation). 1he change in central timing would be achieved as a result
of a relatively greater increase in cardiac output (and therefor:,
presumably, a decrease in the lung~carotid bocy trensit time) than in
respiratory frequency.

There is some evidence for the central timing being unfavouratle at

rest: Cunninghem et al, (1973) stimleted ventiletion in hypoxic man by

changing the central timing o. the Yo CO oscillation from it: usucl
2

2
suwate end Band et al. (1973) observed an increase in i..:o.catory
tidal volune in the anaesthetiscd cat when the ra o vocdilavion Lad
’J‘.

2
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been avolished by mixing., Inowled e of the ceitral timd:n:r during
exercise is lackin;; but coulu eesily be obtoined oy cimultaneously
measuring respiratory frequency enl the lung=-caroti: Loly circul~tion
tlie (wilh an cor oximeter: Lejours et al., 1957).

Cunningham (1974b) has emphasised that, during exercise, a reluced
attemiation of the PCOZ oscillation should occur in transit petween lhe
lung and the carotid boly, largely tlx result of a reduccd cnd-gystolic
volume ana an increased stroke volume. Thus, the possibility exists in
cxercise for the effectiive Phoz stimilus at the carotid body o we
increased, and for its central timing to be enhanced.

In vicw of the possible importance of the within-breatii Pa,002
oscillation in the regulation of orcathing during hypoxia, this the is
wao concerned primarily with elucidating, at rest amd in exercise, the
form of the interaction between hypoxia and a CO, transient which,
because of its relatively high frequency spectrum, would be detccted at
the carotid body but not in the medulla, “he o, transient was an

alternate-breath

A.CO oscillation imposed about a concotant iy .crcepnic
»

2
mean P;,OOZ; its amplitude was constant in the range 10«15 torr, .nu
thus was comparable with that of the within-breath P, oscillation

| ‘w.,COZ
occurring in moderate exercise,

This technique was first used by Cunningham et al. (1355a) .o study

the effects of an oscillating I;_OO on mean ventilation Guring hypoxia,
”2



-21 -
They concluded that the presence of the oscill:ition provi‘'«x no stim:lition

, and
2
therel>re that the stimulatin: effect of a rapid increase in CO. wes no

~

to the mean ventilation epart from that due to the rean P o
Y

greater than the depressing effect of a rapid fall in (V.
It was le™ *or Narsh et al, (1973) to .cicustrate that the :cspiratory
tystem coult respond on a breath-byy-breath basis to the alternate-breath

P o oOscillation during hypoxia (n, 10): significant alternate-bresth
‘.’ 2

responses -1 V., and V,, _ were observed in some 60=80%% of the runs, and

7,2
less commonly in Ve
The hypothesis of the present study was that the respiratory

oscillation would
2
incivase its amplitude in rcsponse to graded hypoxia, in a fashion

oscillation resulting from thi alternate-breath P..-A,FC
analogous to ‘E in response to steady-state hypercepnia an: hypoxisa
{‘omack et al,, 1957; Lloyd et al., 1958). .uring exercise one might
expect the attenuation of the altermate-breath PA, 602 oscillation to be
reduced and its central timing to lc iisiovew. Soth factore would lesd
to an enhanced reflex oscillation if the hypothesis oi .-lock ¢ ‘'lorrance
(19670, 1971) and Cunningham (1974b) is to have any claim to rvality.

~n extenslive range o:i' inspiratory and expiratory ocut;ut vari-Lles
was employed to characterise the oscillatin- response: for, thc

conporatively high failure rate o the i oscillation w0 generate

.»1.,002

alternate-breath responses in the study of Larsh et al. had leu to ihe
iuca that some output variable other than VE night bear a clover
relation to the output of the v.ouin-stem respirctory centres in the

transicn. state.
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Thus, in man, v, has beer ceported to respond o~ qic:ly to
Ly

chan s in the chemical drive to breathing than hes ', (Loeschcke et al.,

19F3: ustep-changes in PI,L‘JOz; Pearson & Cuminsha-m (1972) and Miller
¢t 21. (1974): sudden transient withdrewal of hypercapnia during hypoxia
and hyperoxie, ané of hypoxia during hypercapnia). FHovever, the
beheviour of inspiratory variz:les is largely unexnloreu, with the
exception of insriratory duration which is largely unaffected auring
steady-stut: CO, inhalation (Cunninghem & Gerdner, 1972),

“he presence of a multiplicative interaction betvc.:i. hypoxia ¢nd
the CO2 oscillation was confirnec at rest and demonutrated for the [irst
live in excrcise, the majority of che oscillating response: occurring at
a 1‘1’02 o 72 torr or less, ihe incidence of occillating responses was
cererclly similar to that found by iarsh et al., and, as precicted,
cicreise serived o increase the incidence of oscillating responses in
hypoxia. In some instances, too, the suplitude o: the response increasec
vith graded hypoxia,

“hue . cespite the increasce: mnber of outpul varicbles, +the relative
reilure rute ol the response obscrvee by idarsh et al, was lit.lc affected.
wowever, some unexpectcd observations were recorded: ftor cumaple, FRC
oscilloted, on average, more regulerly than any other cutyput viiilable,
This implied an effect of' the 002 ozeillation on iung mecheilcs, nerhaps
independently of' the carotvid body cs there have been recent zunos o of
chanjges in airway oG eliciting reflex respirasatory reoponces, oushey

2
.. sdcharuson (1973) obtained a rcilex slowing of breathing in cnaesthetised
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cats when .-10;. Co, was passed through tiz larynx. rovever, the alow
response time of' the effect precluces it from rurther consideration in
the present stuay. Bartoli et al. (1574) observed a vagal reficx
tacnypnoca in enaesthetised cogs when airway'002 was increased in
hyperoxia indecpendently of changes in Pa,002 by means o1 & cardio-
pulmonary bypass. .lthough the reflex was of suriicient rapidity .o be
considered here, its occurrence in very high levels of oxygen precluded
it from involvement herc,

Thus a model of carotid body function, inclucing tbe phenomenon
ol central timin,, was sct up to account for the observed reflex responses

at rest and in exercise,



Chapter 2

METHQODS

This chapter describes the épparatus , experimental procedure, and
methods of data collection and processing relevant to the study of the

effects of an alternate-breath oscillation of P,

4,CO on respiration,

2

i, Subjects

The subjects were healthy volunteers who had previously signed a
congent form describing the range of experimental conditions to which
they might be exposed. Five subjects (3 males, 2 females) participated
in the first series of experiments, and 4 subjects (3 males, 1 female)
in the second series, Their occupations ranged from that of undergraduate
and graduate medical students to one medical graduate. None of them
professed a detailed knowledge of respiratory physiology.

The purpose or nature of the experiments was not revealed to the
subjects; however, they were informed that they would be made hypercapnic
or hypoxic, and would have to exercise on a bicycle ergometer. After
each experiment, the subject was asked for his opinion as to the nature
of the experiment, and to comment on any unusual sensations experienced
(noises; taste of the inspired gas). In no case was the true purpose
of the experiments perceived; most often subjects thought that the

experiments were of a metabolic nature,
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Subjects were selected for participation in the stucy accorcing to
two criteria. irst, a fairly regular breathing pattern should be shovn
during steady-state hypercapnia and hypoxia, with no tendency towarcds
emotional hyperventilation., GSecondly, an alternate-breath oscillation in
at least one of the recorded respiratory output variables should be
exhibited at rest in response to a similar oscillation of PA,COZ in
hypoxia (PA,02 about 50 torr), but not in hyperoxia (l’i"02> 200 torr).
For this purpose a preliminary experiment was performed on each subject,
in which an alternate-breath PA,002 oscillation was induced at each of
the two levels of PA,O2 (p.26 ). The sife of the alternate-breath
oscillations of expiratory ventilation (vE), tidal volume (VT’E) and time
(TE) and of breath duration (TT) and inspiratory time (TI) were estimated
by the method used for the Series One experiments (p. 57).

All subjects were in a semi-fasting state during the experiments,
having taken only a light meal at least 90 minutes before the start of
an experiment.

Relevant information on the subjects is included in Appendix 1,

Table 1 (p.161).

2. Apparatus

Ceneral description of the apparatus

The arrangement of the apparatus was of open~circuit design (Fige 1).
It was situated behind the subject, as far as possible; any moving parts
that were visible were covered so as to mask the movement from the

subject. Two inspiratory gas mixtures, differing only in P(‘O , were
2
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prepared in each of two banks of flowmeters (Rotameter anufacturing Co.
Ltd, Croydon) by mixing CO,, air, N, and 0, in suitable flow ratios).
0,, N, and CO, were supplied from cylinders (British Oxygen Co.), and
air was obtained from outside the building by the suction of a domestic
vacuun cleancr. A coarse adjustment of air flow was achieved at each
flowmeter bank by means of a variable transiormer (Variac, Zenith
“lectrical Co, Ltd, London) attached to the air supply line. ine
adjustment of all gas flows was effected by means of a needle valve at
the head of each flowmeter.

The mixtures so produced were directed into 2 inspiratory lines
(1,, I,) where they were humidified at 4LO°C. Tﬁey were then passed into
wide-bore, corrugated tubing (reservoir tubes: Ry s Rz) of 10 cm diameter
and 40 1. volume, open at the end to the atmosphere., The subject could
inspire gas from either inspiratory line through a side-am situated at
the junction of the inspiratory line and the reservoir tube, as long as
the solenoid-operated valve (V, or V,) at this point was open. The
reservoir tubes served to store excess inspiratory gas, thus preventing
room air being pulled back by the subject should his peak inspiratory
flow exceed the total forward flow of the inspiratory gas mixture.

The solenoid-operated valves provided the means for imposing upon

the subject alternate breaths of high and low PCO gas, i.ach valve was
2

switched, at the start of each expiration, between open and closed
positions on alternate breaths; however, the two valves were always of

opposing phase, one valve being shut when the other was open and vice
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versa, Thus the subject was presented with gas from one or other of the
inspiratory lines in sequence, on alternate breaths. Prior passage of
the two inspiratory geses through a mixing chamber (M) was employed
during control periods when the subject was to be supplied with identical
gas mixtures on alternate breaths.

A heated pneumotachometer head (PIV), (Fleisch, Switzerland;
distributor: P. K. Morgan, Chatham, Kent), was situated in the coxmndn
inspiratory line near the respiratory valve (i V.). The instantaneous
pressure difference along the PTM was monitored by means of a micro-
manome ter (M.D.C. 300, Hilger - I.R.D. Ltd, London) to give instantaneous
inspiratory flow (;r’I) . Subsequent electrical integration and
differentiation of the flow signal gave instantaneous inspiratory
volume (VI) and acceleration (:';I)’ respectively.

Inspiratory and expiratory time (TI, TE) and breath duration (TT)
were measured on a breath-by-breath basis from a time-dependent voltage
ramp which was interrupted and reset by signals at the start of inspiration
and of expiration, respectively, These signels were obtained by
differentiation, with a Schmidt trigger, of the mouth pressure waves
recorded manometrically (M.D.C. 301, Hilger I.R.D, Ltd) from the common
space of the respiratory valve,

Breath-by~breath end-tidal P002 and P02 were measured similtaneously
by a dual headed mass spectrometer (M.S.), (VG-Micromass Ltd, insford,
Cheshire), which sampled expired gas contimously from a point just
beyond the expiratory flap of the respiratory valve. The res:iratory

valve was low in both dead space and resistance.



- 28 -

Expired gas was passed through an ice-filled condenser (C), for
drying, and then through a dry gas meter (G.x.), (Parkinson % Cowan Ltd,
London) for measurement of mean expired ventilation, Finally, the gas
entered a wedge spirometer (V.S.), (SP 70, Cryotech, .allingford, Berks)
where instantaneous expired volume (VE) was measured, This was achieved
by evacuation of the spirometer through a double solenoid-operated valve
(Vs) back to a reset position during each subsequent inspiration. The
volure signal from the spirometer was differentiated to give instantanecus
expiratory flow (;E).

Connections between the components of both inspiratory and expiratory
lines were made with plastic corrugated tubing (i.d. 3.8 cm). The
connections were kept as short as possible so as to minimise the resistance
of the apparatus to gas flow.

The various respiratory variables were recorded on a ~mlti-channel
hot-stylus recorder (18, Devices Ltd, ielwyn Garden City, Herts). These
were breath-by-breath inspiratory and expiratory times (TI and TE)’
tidal volunes (Vy ; amd ¥, ), peak flows (‘.’1 or PI¥, ami v, ___ or

,max E ,max

PEF), peak inspiratory acceleration (v or }1A), end-tidal P.. and
I,max 002
P, (s and P, o ), and mean expired volume.
Ve,

02 “et,COz

The next section describes in more detail various componcnts of the
apparatus, This includes an account of the mode of operation and, where
relevant, details of calibrations conducted to detem:ine linearity and

of the effect on perfbrmance of various interactins factors.



Resistance of the epparatus to flow

The resistance of the apparatus to o steacy gas {low may be
ascribed to purely resistive elements; however, where the gas flow is
chan;ing, the inertia of the gas and any moving parts of the apparatus
(flaps of the respiratory valve) may become signiZicant. Tiue the
resistance of the inspiratory and expiratory lines was estimated
under conditions of steady flow (static resistance) and changing flow
(dyneric resistanc:),

The static resistance of the inspiratory line, as far as the
subject is concerned, is limited to the cemanu sysicn, which is Uiav
pert of the line t'roi. juct upstreaun of the inspiratory solenci.-~
operated valves to the common space of the respiratory valve. teady
air flows (20=140 1. min"1) were passed along this section of the
line, and the associated pressure dilferences were measureo (as side
pressures) vith & strain-gauge manaweter (i, K. organ Lt., Chatham,
Kent; model iM15:)., i'rom rige 2 it is evicent thas the inspiratory
static resistance was not linear: calculateu values ranged from

0.23 cn HzO/l. se:c"1 at a {low of 4O 1, min’l: to; O.3% an.HzO/J.sec-i
at 21140 1.min"? (Appendix 1, Table 2, p-162).

Tl static resistanécz 0s the expirntory lince was measti<u between

the common space of the respiratory valve and thu sczled outlet of

the wedpe cpirometer. Again, the resistance vas found to be alircar
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(ranging from O. 69 cit, 1'120/1. sec-d at a flow or 20 1. xnin"1 to

o0 44 am L0/l sec” at 80 L min™1), end of the same order &s
that of the inspiratory lire.

The dynauic resistance of the inspiratory and c.piratory lines
was then estimeicd. -~ sine-wave pump was connected to the common
space of the respiratory valve, sc that the pulsatile flows of
inspiration and expiretion could. be simulated. The rean flow along
each line woo 66 1, min—1. Instantancous tlow was measured with
the P} in cach case, and cisplayed on the Devices recorder with the
corresponling pressure Jifrirence. -Esistance was calculated at
about 20 points *hroughout inspiration and expiration.

At the start of inspiration and expiration the dynamic resistance
was markedly greater than the static resistance for the same mean
flow, ~r-sumably reflecting the inertia ol tho ges and the re=sapirciory
valve fleps. hc dynamic resistance Woreatter .celined to
values of the same order as the static resistance. .ven the
largest values of dynamic resistance did not approach that oi the
human rcspiratory system: a value of abcut L cn H20/1. sec-"
has becr obiaiaec from the dnta of lecd & Agostoni (1964) tor
the dynamic resistance of the relaxed respiretory system auring

mouth breathing.
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It was therefore concluded that the estimated dynemic resistance
of the apparatus over the range of flows encountered in an experiment
was not large enough to influence the mechanics of a subject's
breat!.ino, +t no time aic a subject coment on any undue resistance

to breathing.

Mixing chamber and reversing tar

A six-way reversing tap, mounted securely behind the subject and
situated upstream of the inspiratory solenoid-operated valves, was used
to direct the two inspiratory gases i~ either of two ways. The :ases
could pass along the inspiratory lines, makinzg no contact, so that
alternate breaths of high and low PGOn
The alternative was the direction of ::he two gases into & mixing chamber

could be imposed upon the subject.

for provision of identical gases in each inspiratory line; this
procedure simulated the previous condition in all ways but for the

occurrence of an oscillation in PCO . The flows of the two ~ases into
2
the chamber were equal, so that the UCO of the ~mergent mixture was the
2
arithmetic mean of the P,..o of the inflowing gases. The .’i‘-*o was

unchanged as both inflowing gases had matched Po :
2
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The reversing tap consisted of three superimposed circular plates.
Zach of the two outer plates (made of duralumin) bore six ports; the
plates were fixed with the ports of each aligned to formm six channels
through the tap. ihether or not a particular channel would be patent
was detemined by the relative position of a central plate of poly-
tetrafluorethylene (PI¥s). The 17t plate could, by means of a lever,
be rotated mamually and silently through 90°, relative to the outer
plates. The plate was pierced by four ports, arranged so as to produce
two patent channels (a,, a2) with the lever at L, (fig. 3a), and four
patent channels (b1, by, 4 cz) with the lever at L, (rig. 3b): hence,
the two inspiratory gases bypassed or entered, respectively, the mixing
chamber, as described below.

The mixing chamber consisted simply of a piece of perspex tubing(i.d.3.2cm. -
volume. 0.4¢ )wb\ic(« \')o.'nco' He bases of tuwo pevspex T- pieces g
(ieds 3.2 cm). These served as inlet and outlet for the mixing chamber.,
7ig. & incorporates the mode of operation of the tap (T) and the mixing
chamber (). The tap is shown in cross-section, the outer plates being
cross-hatched, and the central ITi. plate shaded. Open channels are
indicated by breaks in the FTFs plate, and are labelled according to the
convention of Fig. 3. The arrangement for delivery of the separate
inspiratory gases to the subject is shown in ¥ig. La, and that f'or their
mixing in Fig. 4b.

Mixing was effected by directing the two gases into the chamber
from I, and I,, via lines B, and B,; after mixing, the resulting gas

left by lines C1 and 02 t. crejoin the inspiratory lines downstream of
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the tap and mixing chamber., .hen gases were not to be mixed, closure of
both the inlet lines (B,, B,) and the outlet lines (C,, C,) of the
mixing chamber was fount to be essential. i'or not only were the gases
and B

prevented fram flowing forwards into the chamber azlong o but

1 2°
they were also prevented from mixing by r.tiograde passage through C1
and C,.

Successful operation of the mixing chamber required that the
composition of the mixed gas reaching the subject be at its new level on
the first inspiration following the introduction orf the chamber into the
inspiratory lines. The speed with which constancy o. composition could
be attained was related to the presence and size of various volume
capacitances which had first to be cleared oi pre~existing gases, The
major capacitance was the chamber amd its connections leading to the
reversing tap., Its total volume was about 7.1., representing a 3.5 1.
capacitance for each inspiratory line.

such capacitances had little effect on the composition or' the initial
mixed gas, the measuread BI,COZ and PI,02 ol' this gas difiering little
from the expected levels. This is explained by all lever switches being
made rapidly and at the start of expiration; ample time was thus

available for clearance o1 residual gas from the inspiratory lines

through the reservoir tubes prior to the start of the next inspiration.

Inspiratory solenoid-operated valves

The design and operation of the inspiratory solenoid-operated valves
has been described extensively by Pearson (1971), (i'ig. 5). The
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following ¢ .timising features existed in ihe valve desizn: (i) quick
action t¢ provide rapid switching between the two gas mixztur:cs inspired
by the subject; (ii) a low resistance of the valve sperture, achieved
Ly making the cross-sectional srea of the eperture as large as possible;
(iii) silent operation of the valve to eliminate noise having a
respiralory rhythm, which might otherwise affcct the subject's breathing
pattern,

n solenoid (!4 w williams & Co. Ltd, tolilull, .arwicks) was
situatew within en cxpeanwed T-piece on each of the two inspiratory lines.
«ue pad of the vaelve secicd the siae-arm of the T-pizce, thereby closirn,,
Lie demanc line to the suvject, .ach pad consisted of a conical tent-
like structure ..uuc of toy valloon rubber, atticica W a perspex disc at
its base, The whole structure wes centred on a bolt. By varying the
posi.ion of T perspex uisc on the bolt, the tension ia the rubber
could be varied. On clusure of the valve, the elastic.ty of its rublber
absorbed ihe ilupact, mirumising noise, and the conical shupe of the pad
2reatly reduced the pressurv waves reachin, the subject.

The signal lor switching the solenvid-operated valves originated
from the contimmuous mouth pressure record, monitored from ine common
space of the respira.ory valve Ly a micromanometer (%.D.C. 301). The
micromanometer output was processcu by a Schmidt trigeger ani a
differcntiator (si.. 6). The Giiferentiated signel was passed into &
half-wave rectifying circuit which gave a step pulse -t the st.rt of
each expiration. The output was convertec, by pas.age through a

bisi.ble, into a square .ave with & period twice that of the previous



Fig.6 Arrangement used for triggering the switching
of the inspiratory solenoid - operated valves.
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signal (two breaths duration). .his signal changed the state of a
relay at the start of each expiration, so that one or other uvi' the
solenoid-operated valves was activated, and therefore open, for one
breath duration (expiration to expiration). In addition, the signal was
sent to the Levices recorder to provide an indication of which solenoid
valve was open at any particular time,

thus, the tacility existed for administering gases o1 uiiicring
PCO 1o the subject, on alternate vreaths. whether or not the subject

Z

ac'ually received inspiratory gases possessing the original tag a8
2

agetermined by the size of the common inspiratory cea. space., “his space
represented that volume or' the inspiratory demand system which was
comanon to both inspiratory lines. The outlets from the T-pieces
containing the solenoid vclves were joined by another '-piece, wacse stem
was diviued along its length by a thin perspec:: partition, so maintaining
the integrity of the two inspiratory lines. The space common to both
lines therefore lay between the end of the Y-piece anc the inspiratory
:.ap of the respiratory valve, and was estimatcd to be 130 ml. it
includeu the prneumotachometer. =rsach insniration woula therefore consist
of 130 ml of high PCO gas, :or example, mixed with a larger volume of

2

gas having a PCOZ near zero, or vice versa, ihe actual values of PI,CO

woulc thus deviate from the desired values,

2

rearson (1971) overcame the problem of a breath-by-breath
contamination of inspirates by attaching a suction line to the comion
inspiratory space near the respiratory valve. This cleared the common

space of pre-existing gas and flushed it wiun the jas woout to be inspired.
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In tls present study this method was not used because the presence
of the suction line interfered with the pressure difference generated
by flow along the pneumotachometer (the rate of suction varied with the
changin; pressure during inspiration). Thus, the difference between the
PI,CO?_ of alternate breaths, recorded at the subject, was somewhat less
than the difference existing between the two inspiratory gases in their
separate lines, The contamination effect was, in practice, usually
insignificant because of the small size of the common space in relation

t~ the recorded tidal wvolumes,

_neumotachometer (70:)

Operation. The principle of the Tl is based upon I’oiseuille's law

for laminar flow along a cylinder (Ri =8 " L/-rrl*) , where R is the

T

flow resistance; hence, the pressure differential within the 2TV (f-\l’Iﬂ.pf)

is & function of overall gas viscosity (1) and ITis case dimcnsions

(len;*k, L; redius, r). snd, flow through the PI.., "’!FL“" = '“P}f’l‘}'/;{‘»’“‘ .
IR i, 414
If S is constant, then "JF‘ is linearly related to Al T However,
& A A 4 il

such an assumption is an oversimplification (e.g. Blumenfeld et al.,
1973): both gas composition and temperature affect "; PIVM dinensions
are temperature dependent; changes in :JE,T‘,“ will affect 1! case
temperature. The errors introduced into flow measurement were cstimated
under concitions similar to those met in the experiments reportec in
this thecis, where chenging ges flow and composition might be expected

to influence ITM performance. The nature of such errors is ciscussed

in Chapter 4 (p.138).
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calibration and performance. (i) Effccts of gas flow on i case

tempersture: Air was passed through a heated rleisch 1% head (seriel

no. 2.1709) from a rotameter, at steady flows in the range of 2:-75 l.min
The air was previously saturated with water vapour., The PT)N was heated
vy a 6-volt A.C. supply. Ges temperatures immediately upstream (7,) and
downstream (‘22) of the P’lii were measured by mercury-in-gless thermometers
(range 20-40°C). 10 mimutes was allowed for stabilisation o gas
tespecrature arter a change in flow. rlow through the i1 was not
ne:sured, as it was thought that the presence of the upstream thermometer
mi_ht aistort the assumed laminar flow patternm.

The results arc shown in Table ). As might be expected, 1, vas

constant over the flow range, at about 2£°C. T, was always greater than

2
Ty, & result of the relatively high case temperature. However, as :I'ilow
rose, so i, and the temperature ai.:icrential across the T4 fell,
inaicating, albeit inairectly, a fall in .Ti case temperciurec. Iiuis
would be expected to af'tect the estimate oi Ilow, through €riccts on g zs
viscosity ama .Us! case dimensions,

(ii) Effects of varyin: gas composition on steedy flow measurement:

The apparatus was similar to that of (i) with the following changes:
thermometers were omitted; 1low was measured both with the Pil! and the
dry gas meter (Type CL, no. 01334, barkinson & Cowan .tw, London), which
was put downstream of the :Ti; gas was sampled from ihe gas meter outlet
~Jor measurement of PO and PCO by the mass spectrometer; PO, , PCO, R

2 2 2 2
PIi flow, and gas-meter volume (as 10-litre increments) wcre uisplayed on



Table 3:

difference across the IPTi.,

25
50
75

[
.

°C
28,2
28.1

28.4

3k, 2
31.9
290 3

The effect of flow on the temperature



Fig.7 Calibration of pneumotachometer (PTM) against a dry
gas meter using air saturated with water vapour.
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the Devices recorder. The TV was calibrated for steeday flow, cover a
range of 20-260 Zl..min"1 , ior various saturated gas mixtures: air, and

four mixtures having the following P and PO velues: - P(“O = 0 torr,

€O, 2 2
P02 = 200 torr; *:"’COZ = 65 torr, P02 = 200 torr; P002 = 0 torr,
P, =40 torr; P = 65 torr, P, = 4O torr. These last t'our covered
O2 C02 02
the extremes of P and P used in the experiments,
1,c0, 1,0,

Il output on the Devices recorder (ordinate), was plottea against
sas meter flow, for air (fig. 7). The relation was linear up to about
160 l.min.1 , having a slightly steeper gradient for higher flows. The
Pl outputs for each of the other gases were converted to air 1lows,
using the air calibration curve, then plotted against the corresponding
gas meter flow (rig, 8: hyperoxic gases; r'ig. 9: hypoxic gases).
kach curve approximated to a linear r'orm, but each of them lay above the
lire of equality by an amount of 10-15 Lomin™] , indicating an
overestimation of PTM flow, <“he data upon which the calibr:tion curves
were based are presented in appendix 1, iable 3, p.163.

Calculations were performed to test the hypothesis that the
overestimation of I'l. flow could be attributed solely to the eiiccts of
gas composition on mean viscosity. These were based on empirical
expressions of the temperature cependency of viscosities produced by
Blumenfeld et al, (1975). +or the temperature range of <U=40Q ¢ , pure
gas viscosities can be expressea as apuvroximations to linear functions

of temperature (T):-

Ti 02 = zwoo * 00299 T,
i 002 = 150,7 + 0.465 T,
Ny o= 167.6 + 0,453 1,

n‘ HZO = 15(—.0 + 00570 T,



Fig.8 Calibration of pneumotachometer against a dry gas meter, for
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Fig.9 Calibration of pneumotachometer against a dry gas meter, for
° hypoxic gas V\Fl)ith & without CO, (saturated with water vapour)
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where 7 is measured in (deg. C"1 b 10”6 poise), and 1T = tas average gas
temperature along the PTM. It was assumed that the mean gas viscosity
of a particular gas mixture was the linear combination of the viscosities
of the pure gases, weighted by their f{ractional concentrations.

The mean gas viscosities were calculateu for each of the i1ive gas
mixtures used for the 1% calibration, at T = 30 'C and 34°C (~ppendix 1,
Table 4, p.164). The values for the four mixtures were expressed as
ratios of the mean viscosity ot air at each temperature (Table 4). For
a constant PIi flow, the flow recorded by an air-calibratea PTi. will be
overestimated when the average gas viscosity exceeds that of air.

The following predictions were made. .or hyperoxic :ns (gases 2 and
3)y 1I'J flow is overestimated; the prescnce of U, (zas 3) removes some
or the discrepancy, by lowering mean i|. Hypoxic gas (gases L4 and 5 flow
is underestimated; addition of CO, (uas 5) increases the discn:puncy by
lowering mean , rurther below that of air (gas 1). increase in Ik
temperature from 30 to 34°C, as might occur in an experiment with a fall
in mean inspiratory flow, increases mean 7| oy less than < deg. 0‘1 X 10“6
poise., This increase, though small, shows an oxygen dependency, rising

as PO falls.
2

However, thcre was liittle a; recment between pred.ction and obscrva-
tion, slthough the :..!' flow ias overestinzted in nypwroxis, as predicied,
the addition or 002 scrved tc enhance thi: eif=ct rother than to reduce

ite In hy;cxia, flow was also seen to be overestinated, in conirast

to the prediction; furthemmore, the .cditicn of CU. did rot reduce Dlivie

4



‘"able L: Calculated mean gas viscosilies, as ratios

of air viscosity (saturatec gases).

Gas mixture | mixture : ) air
1~>02 1}002 30°C 34°C
(torr) (torr)
2 200 0 1.014 1.013
200 65 1.007 1,006
L0 0 0.579 0. 980

vooF W

40 65 0.972 0.973
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a further factor, not so far consiucred, is aeviation 'ram a
condition oi' laminar gas flow through the PIi, Turbulent ilow ;crnerates
a greater drop in pressure across o tube than coes laminur {iow, l'or the
same mean flow, reflecting a greater flow rcsistance. In such a case,
the Iii flow would e¢xceed that actually occurring, as was four
experimentally in this study. Turbulence coula ari-c from the geaietry
of the Jjunction of tne paired inspiratory linec vwith the Plu (rig. 1, p.26),

vhere an asymmetrical increase in cross-sectional area existed:-

I, (open)

To Subject

I, (closed)

FIG.10

There is no intformation avuilapnle as to ik existence ou sucn a
phenaucnon, or wnat its relative i riance .uighi be in accounting for
the differcaces lxtween ocoscrved ana precvicwuy JTK flow. Thus, it wos
concluw.u that the tempereture-aepencency or gas viscosit, coul. not
account for all I'low deviations, it being probable th:c¢ a moiv coinplex
intci L. of gas flow, LT temperature amnd case diiensions was involvec,

with the possibility of a uistortion ot laminer flow tarcu b wx 4T
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(1ii° Effects of alternate breaths of high and low CO,, on the

breath-by-breath measurement of flows The theoretical considerations of

(i1) led to the possibility of alternate breaths of high and low CO,, in
hypoxia or hyperoxia, inducing a similar oscillation in the P7i' output:
for the presence of 002 is expected to reduce mean |, and therefore to
reduce the measured PIN flow. Thus, the effects of such an oscillation
in P002 on breath-by-breath I' output were examined by driving the
apparatus (Pig. 1) with a sine-wave pump, so as to simulate an actual
experiment (varying the levels of P02
required ranges). The peak flow and volure recorded by the Iii. during

, mean flow, and frequency over the

inspiration (peak inspiratory flow and inspiratory tidal volume) were
taken as suitable measures of PTM output, being two of the variables
monitored during experiments.

Using those methods of measurement and computation employed in the
analysis of experiments (p.63, p.67), alternate~breath oscillations in
I« and VT,I could sometimes be detected. However, they were either
below the limit of measurement (less than 0.5 mm on the recording paper)
or not significantly different from zero (:ppendix 1, Table 5, p.165).
Thus, it was concluded that efi'ecta of alternate breaths of high and low
co, had no significant effect on the ITM performance.

(iv) The integration and differentistion of uTK flows 14l flow

was integrated to give a measure of instantaneous inspiratory volume,
using an integrator, reset at the start of expiration by a step pulse,
The pulse was obtained by rassage of the mouth pressure electrical

analogue through a Schmidt trigger, a differentiator, and a half-wave
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rectifier. Differentistion of ITx flow to give instantaneous inspiratory
acceleration was performed by a 0.1 us capacitor, pleced in scries.

The performance of these circuits was examined by presenting them
with an electrical sine-wave, of periods ranging from 1.0 to 4.0 sec,
“hus, tre¢ range of erxpiratory times likely to be met in experiments was
covered, Lifferentiation converted Lne sine-waves to positive cos-waves
(approximating to a 270° phase shii't), wiile integration zave negative
cos-waves (having & 90° phase shift). The initial anc final waves were
recorded at tast paper speed on the Levices recoruver, and the aeviations
1rom the expected phase shifts were estimated,

ihe _icatest deviations observeu, expressed os a percentage of the
corresyording cycle perioa, were 2,6, for the integrated wave (period =
.55 sec) and 5 for the differentiatea wave (period = 1.0 sec,. .11
ceviztions were in the Girection of a reater than predicted lay
(~ppencix 1, Teble 6, n.166). Thus, it was conclucea that the
uifferentiating and integrating circuits were ¢ zrating in cn acceptable
menner. This conclusion, taken witih the ouservation of & mearly linear
flovw calibration, alloweu the deduction to be made that the M. circuitry
was reasonably linear l'or both inspiratory volume and acceleration.

Calibration during experiments. The rT.i was used to measurc breath-

by-breath inspirstory tidal volume, peak flow anu peak acceleration.
“he 17.. was calibratca tor flow by :: .ssage throuxh it of a steady air
flow, hunidified at LO°C, ihe calibration for tical volume wus &lso

periomed with air: a manually-operated syringe pump of 1 litre volume
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passed gas throu,i the I4ui., Uhe calibration i'or inspirstory accelerztion
was electrical: a ramp of voltage varying witl time, at selected constant
rates, was fed into the levices channel normally recording inspireatory
flow, at the gain setting to be used in the experiment. The signal was
passeu simultaneously through the differentiating circuit, and recorded
on a separate channel, The amplitude of the differentiated signal was
equal to thc rate of change of the undiftferentiatea signal, expressed as

a rate of change of flow,

.easurement of breath duration

The mouth pressure signal, converted to an electrical =znalogue by a
micromanometer (M.[.C., 301), was differentiated by passage through a
Schmidt trigger and a differentiator. The differentiated signal was
passced to two separate halfewave rectifiers; one produced a =signal
having a step pulse at the s*nrt of each inspiration, and the other, a
step pulse at the start of each expiration (Fig. 11). The rulse et the
start of insviration closed a relay transiently which resulted in the
resettinz, at that ypoint, of an integrating circuit (output: 1 volt/sec)
in the circuitry of the vedge spirometer,

The risingz voltage signal was interrupted at the beginnins of
expiration by the cxpiratory oulse (Gerdner, personal coirunication).

Thus, measures of breath-by-breath ., T; and T could be oh*iired, by

P

display of the signal on the Devices recorder,



.espiratory velve

The subjiuct breathed through a rubber mouth-piece attacheda to a
pers»ex respiratory valve, The valve was a Lloyd valve modified by
turning the te.- ‘.2l part of the valve through 90° (laruner, personal
comunication). fThus, the main body of the valve and mast of its
cornncctions lay to one siue of the subject, allowing him to read a book
in relative comfort., .1his modification increased the valve cead .p:ace
from about 15 ml to about 35 wml., wravity-operated hinged perspex flaps
clcica ithe inspiratory anc expiratory oritices of the valve; tne tlaps
opened in response to the appropriate chenge: of precsure gratient

imduced across them by inspiratlion ana expiretion.

Yass svectrometer for respiratoi gas analysis

Operation. The :ass spectrometer analyses vapours at low nressure,

accordin~” to their moleculsr weishts. For accurate quantitative
enelysis, the total pressure of the sample should be less than 1077
torr; above this pressure, the spectrometer is non-linear, Therefore,
semles of respiratory gas obtained at atmospheric pressure were passed
through a pumping system attached to the spectrometer vhich reduced the
totusl pressure to the recuired low level., The atoms or molecules of the
vapour are first ionised by passage of an electronic beam through the
vapour. Llectronic bombardment can produce both positive and negative
ions, but only positive ions are used for gas analysis. The positive

ions are accelerated by a voltage, VA, and injected at constant velocity
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into a chamber (analyser) that is subjected to a magnetic field. Ions
are thus caused to orbit in a circular path of constant radius.

The radius of orbit (1) is dependent upon the velocity (which is
proportional to V,), mess (), and charge (e) of the ion, and the

strength of the magnetic field (H):-

2 M.Va
R® = pFl.e X constant (1)

n the mass‘ spectrome ter, the radius is fixed by limiting the emergence

ol e ion beam from the magnetic field of the analyser to two slits

(the alpha and resolving slits): ions can only emerge through the slits
if the correct values of VA and H are used. The width of the resolving
8lit determines the ability of the instrument to separate ions of adjacent
mass numbers, The Micromass spectrometer employed here is a2 1 em radius,
180° magnetic deflection type, operating with & constant magnetic field
which causes ions to orbit through a semi~circle. Only those ions having
e 1 cn radius of orbit will emerge through the resolving slit for

subsequent ion detection (Fig. i2). Purther, from equation (1),

. VA = constant.

o

Thus, a .pecific vapour may be located by fixing V A at a level aprropriate
to its (¥/e) rutio. 4 fine tuning device allows adjustment of 7 to
bring the ion speciecs to peck focustir . ‘on (.otection ic achieved by

collecticr. from the analy:i.r of emergent ions (collector current, Ic)

for amplilication.
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The size of Ic is a measure of the partial pressure of the vapour
in the spectrometer. Factors other than the partial pressure of the
vapour may affect Ic, and so distort the true pressure; those relevant
to the analysis of respiratory gases will now be considered.

The pressure of the residual gas within the spectrometer influences
I o? since the number of ions produced at the collector depends on the
molecular concentration in its vicinity. For this reason, gas samples
were freed from water vapour by passage through magnesium perchlorate
prior to entry into the spectrometer, Otherwise, water vapour would
accumlate in the spectrometer, because, for reasons unknown, its rate
of removal from the spectrometer is much slower than those of other
respiratory gases.

The composition of the residual gas may also affect IC. Iydrocarbon
contamination, resulting from common oil contaminants, produces CH2
aggregates (mass = n x 14, where n is the number of aggregates), a major
mass peak occurring at mass L1-43, close to the COZ+ peak at mass L.,
Thus, it is essential to tune the spectrometer carefully. The tuning of
each hesd (for CO, and 02) was checked prior to each experiment, though
little adjustment was needed between or during experiments. Moreover,
the resolution of the spectrometer heads for O2 and 002 is one unit of
mass: thus, peaks of adjacent masses (e.g. 43 & 44) having equal heights
will be ciscrete for all but the first 107 of their height. ilence, it
was considered unlikely that hydrocarbon contamination would have a

major direct influence on P(‘O readings.
2



Indirect effects of hydrocerbon contamination, in the presence of

0,, may result from the production of C02 f'rom CLEZ units by o:xcidation,

29
This has been considered as a possible explanation for the observed
separation of the calibration curves for CO, in 0, and CO, in I, (see
below).

002 itself may be present in the residual ges, being a fairly
common contaminant of ultra-high voltage systems. This effect was
minimised by opening the mass spectrometer for sampling at least orne
hour before starting an experiment. During that time, room air was
sampled contimiously, in an attempt to clear the endogenous 002 that had
accumilated. That this was largely achieved was indicated by a decline
to near-zero levels of TCOZ in the analyzer from an initial raised level
(maximum of 4 torr) with contimuous air sampling. The initial clearing
operation probably also removed at least somc of the hydrocarbon

contaminants,

Sampling of respiratory gas. The mode of operation of the mass

spectrometer durin; experiments is now discussed., Two ‘icromass <

analyser heads were employed for the simultaneous and contimuous

monitoring of O, (head 1: mass 32) and co, (heed 2: mass L4). Respiratory
gas weas sampled continuously, being drawn by a small pump through a

2.5 ml drying tube, containing magnesium perchlorate, to the start of

the spectrometer sampling line. The gas was sampled in one of two ways.

In some early experiments, gas was sampled from the common space of the

respiratory valve, This gave a record, throughout the respiratory cycle,
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of inspired gas, mixed expired gas, and finally eni-tidel gas, the last
being taken as a reasoamble approximation to mean alveolar gas (iig.234,
p.82). Because of the two extremes of PI, co, present ondlternate breaths
in test runs, it was often difficult to locate precisely the level of
Pet,mz in the low sz
alveolar plateau was, in fact, sloping. Thus, for the main series of

breaths, especially during exercise where the

experiments, sampling of gas from beyond the expiratory flap was performed,
giving Pe t,002 and Pe t,02 at the end of each expiration. Iuring each
experiment the values recorded by each method of sampling showed close
correspondence. The sampling rate from the expiratory line was 0.5 l.min-1;
measured gas meter ventilation was corrected for sampling by adding to it
this flow rate.

Calibration during experiments. The spectrometer heads were

calibrated auring experiments at frequent intervals. 41he 002 head used
air for the zero point gas, and, for a span point, a standard gas mixture
(containing 6-7,: o, and 7-1 o7 02) » anslysed accurately by Lloyd-Haldane
analysis, %he zero point for the 0, head was obtained by tuning the
head to mass 3 for helium, a gas present in negligible amounts in air.
Alr and the standard _as mixture provided two span points to cover both
hyperoxic and hypoxic ranges.

The various standard geses were directed into the mass spec:irometer
sampling line via a tap with five inlets and one outlet (Drellim
Industries Lid, Bexhill-on-Sea). The outlet branched into a bubbler and
a line leading to the drying tube containing magnesium perchlorate),

The bubbler ensured that standard gases were delivered to the start of



Fig.13 Calibration of mass spectrometer (head 2) for CO, in O, & in N,
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the sampling line at near atmospheric pressure, as was the sampled
respiratory gas. A three-way tap which could connect either the standard
ges line or respiratory gas line to the dryin; tube pemmitted rapid
switching between the two gas lines.

Calibration and performance. The 99.9" response time of the mass

spectrometer, excluding the attached sampling line and drying tube, was
0.2 sec, at a sampling rate from the expiratory line of 0.5 l.min'd.
This was in response to square waves of air and 1007 CO, (head 2), and
of 100;" 0, and 1007 X, (head 1). Inclusion of the sampling line ana
drying tube increased the response tdme to 0.7 sec. This speed of
response was considered as adequate for the measurement of breath-by-
breath Pet,002 and Pet,oz'

Calibration curves were constructed for each analyser head (igs. 13

& 14). The ranges of Foy_ ond P, used were similar to those of the
2

2

experiments (PCO 0-60 torr; F, L5-150 torr). The ocutput of the
2 2

appropriate analyser head was converted to a partiel pressure, by the
usual experimental calibration method. This was then plotted against the
corresponding velue obtained by volumetric analysis (Iloyd-Haldane
method). The data are presented in Appendix 1, Table 7, p. 167. Both the
002 and 0, calibration curves were linear, lying near or on the line of
equality.

The CO2 curve was determined both in pure Co and in pure NZ’ to
assess the possibility of an interaction occurring in the analyser

chamber, of CO, with either L, or Oy The CO,-in-Q. line lay sbout



Fig.14. Calibration of mass spectrometer (head 1)for O,.
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1.5 = 2,0 torr above the Ooz-in-Nz line; the lirne of equality lay between

the two, being slightly nearer the (302--:’11'1--1*12 line. Irom a consiceration

of mass, there is no reason to suppose that 02*(32) or N2+(28) could

influence 002+ at mass 44, However, as mentiorned previously, 002 might

be produced by the oxidation of contaminating f}HZ units by 02, causing a

greater than expected PCO to be recorded. sssuming the effect of 02 on
2
002 to bei.linear function of P 2, the expected effect over the experimental
P, range (150 torr) would be 0.5 torr P.y » OF less. .5 this approaches
2 2
the limit of me n'rement of PCQ , it has been ignored,
2
Gas meter

Operation. A dry ges meter (Type CD, serial no. 01334, Parkinson &

Cowan Ltd, London) measured expired volume in 10 1. increments. A micro-
switch was attached to the 10 1. marker on the face of the gas meter scale,
This was closed briefly once every revolution by the passage of the meter
needle over it, thus producing an electrical pulse for each revolution

(10 1. of gas). The signal was displayed on the Devices recorder, All
volumes measured in experiments were at A.T.FP.D., gases being previously
drieud by passage through an ice-filled condenser.,

Celibration, The gas meter was calibrated for mean flow by passing

a range of steady flows of dry air (15-105 1, min"1) through it and a
standard dry gas meter (Type CD serial no, 02011; iarkinson & Cowan Ltd),
placed upstream and in series, The standard gas meter had been calibrated
for flow previously at Parkinson & Cowan Ltd; it deviated from lineuxrity by

only 0,1 lomin™ , for increments of 10 l.min”" , for air at A.T,P,D,



-1

flow, test gas-meter, I. min~ a.t.p.d.

Fig.15 calibration of dry gas-meter (serial No. 01334)
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Steady air flows were produced through & flowmeter, as described
previously., The time taken for 100 1, of air, at a given flow, to pass
through each gas meter was measured with a stop-watch (to the nearest
0.2 sec). In an attempt to minimise errors of time measurement, two or
three measurements were made at each flow, for flows of 50 l.min™ or
more; the mean time of these was taken for subsequent computation of flow,
The temperature of air issuing from the downstream gas meter was found to
be invariant (21,5°C) with respect to flow.

Computed mean flows, at A,T.F.U., for the gas meter being calibrated
were plotted (ordinate) against the corresponding flows for the standard
gas meter (abscissa), (Fig. 15; Appendix 1, Table 8, p.16&. “he points
were scattered closely about the line of equality, the greatest departure
of 0.& l.m:m"‘l (0.6,.) occurring at the highest flow measured, wheie the
timing error mi:ht be expected to be the greatest. rience, the performance
of the dry gas meter (serial no. 01334) for measurement of mean flow and
volume was accepted as being both accurate and linear.

Luring en experiment, the error of time measurerent (and hence of
mean flow measurement) was greatly reduced from that of the calibration
procedure. s timing circuit in the Devices recorder produced a marker at
one-minute intervals, This signal, toether with the gas meter 10 1.
signal, was displayed on the recorder for subsequent computation of mean

expired ventilation,



Fig.16 Operation of spirometer for breath-by-breath measure-
ment ok open circuit.
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Viedge spirometer

Operation. The wedge spirometer (SP 70, Cryotech, “allingford,

Berks) consisted of low compliance bellows, suspended vertically, which
could be inflated or deflated in a horizontal plane with a minimal change
of cross-sectional area, 1Its operating volume was 10 1., but it was
rarely used beyond 3 1, in the experiments, A Linear Variable Differential
Transformer, attached to the moving bellows, provided electrical outputs
of instantaneous flow and, by means of an iyﬂ:eés’r‘cdcorJ volume.

In an open circuit, the spirometer outlet had to be closed during
expiration, so as to recorda the total expired gas volume. buring
inspiration, the ocutlet was opened for emptying of the spirometer, by
auction, béck to a fixed position set by a mechanical stop. 4 double
solenoid-operated velve allowed a suction line to be directed between
either the atmosphere (during expiration) or the spirometer (during
inspiration). The suction line originated from a domestic vacuum cleaner;
a variable trensformer (Variac, “enith Electrical Co. Ltd, London) was
employed to regulate the suction rate.

The pair of solenoid-operated valves were connected by a central
steel rod, whose ends titted freely into a solenoid at each emd (Jig. 16B).
The valve pads were made -:i' truncated cores of perspex which sealed
against the ;:ircular opening in a disc of hard rubber sheet., s power
was switched from onhe solenocid to the other, the rod moved back anu fortn
between the solenoids, so that the attached cones altcrnately closed the
suction line to the spirometer and to the atmospi..e. The solenoicic were

powered by a 10-volt A.C. supply.
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The mouth pressure wave was recordea from the common space of the
respiratory valve by & micromanometer (iwlei®e 301 , Hilger-l, i, ', Litd,
Iondon). The micromanometer output operated a Z“chmiul trigger which
produced a voltage step lasting for the cCuralion of inspiration., This
signal was sent, after amplification, to a relay driver and thence to the
solenoid -operated valves, so that the suction line was brought into
contimiity with the spirometer outlet, causing evacuation of the spirometer
(Pdg. 164). The solenoid-energising circuit was broken by the opening of
a micro-switch situated at the mechanical stop; this occurred when the
spirometer had been evacuated down to the stop. 7‘hus, the spirometer
outlet was sealed, and the spirometer was ready to receive ;jas from the
next expiration. &ny noise caused by evacuation of the spirometer went
unnoticed by the subjects.

Calibration and performance. The spirometer was calibrated for the

measurement of breath~by=breath expiratory flow, as follows, A range of
dry air flows (20-130 l.min'1), set up on an air-calibrated flowmeter, was
passed into the spirometer, and its electrical flow output was recorded
on the Devices recorder. .. the linear range of the spirometer was only
10 1., the time during which continuous air flows could be pcgssed into it
was necessarily limited: to 10 sec for a flow of 60 l.m:'mm1 y for example.
A three-way tap was therefore used to connect the evacuated spirometer to
the 2ir flow source for short periods, curing which the spirometer vias
assumed to be linear for volume and flow. For the remaining time, the air

flow was directed into the atmosphere.



Fig.17 Calibration of the wedge spirometer for steady flow
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The air flow through the flowmeter was noted during its passage
into the spirometer, and the corresponding flow signel from the spirometer
was fed into the Devices recorder, The recording channel, and its gain
setting, were those employed for the recording of peak expiratory flow
in experiments. A graph of channel deflection (ordinate) versus air
flow (abscissa) was plotted (¥ig. 17; Appendix 1, Table 9, p. 169). It
showed a linear form with a near-zero intercept on the abscissa.

The performance of the Integrati ng circuit for conversion of
instantaneous flow bto volume was examined by presenting the circuit with
an electrical sine-wave, of periods ranging from 1.0 to 4.0 sec. Thus,
the range of expired times likely to be met in experiments was covered.
Imtegro—biom converted the sine-waves to mgﬂtive COS=WAavVesS
(approximating to a 0° phasc shift). The initial and and integrated. .
signal were recorded at fast paper speed on the DCevices recoruer, and the
deviation from the expected phase shift of 90° was cstimaicd. Leviations
were all in the direction of a greater than predicted lag. ut all
frequencies, deviations from the expected result were less than 0,05 sec,
which is less than 10, of a 0.5 sec eycle period {ippendix 1, .able 10,

p. 170). Thus, the performance of the .integrator was considered sound.

It was further concluded that the spirometer must be lincar for
breath=by~breath expired tidal volume., This was inferrec from the
precision of the differentiator of the volume signal, =nc frox the
demonstrated linearity of the spirometcrfor breath-by-breath expirato:y

flow,
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A8 the gas meter was situated upstream of the spirometer, ,the
possibility of it damping the expiratory flow profilc was examined,
.eduction in the amplitude of breath-by-breath peak expiratory flow,
produced by a sine wave pump, was found to be less than 3. of the value
obtained in the absence of the gas reter. This was largely invariant
for different mean flow rates and frequencies over the experimental
ran;e.

Calibration durin: experiments. iIxpired tidal volume calibrations

consisted of passing 1 1. volumes into the spirometer fron a syringe
pump of 1 1. capacity. The peak expiratory flow calibration was performed
in a similar manner to that used in the complete flow calibration of the

spirometer (p. 53 ).

. safet

The following safety precautions were taken in order to ensure the
well-being of the subjects:

a). Signature of a consent form (p. 24 ).

b). Subjects who had suffered any cardio-respiratory illness were
rejected,

c). ledieal cover: a doctor was present in the room, or an
adjecent room, throughout the experiment.

d). A cylinder (BOC Special Gases) of resuscitation gas (95 0,,
5% 002) was available for supply to il subject throughout
the experiment. A supply line with a tap from this

cylinder allowed rapid provision of the gas to the subject.
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e). Checks on the consciocusness of the subject were provided in
the following manner. At rest, whether seated in a chair
or on the bicycle ergometer, the subject was encouraged to
read a book which he was required to support by hand., 1In
the absence of conscious motor activity the hook would
fall. from his hand, Iuring exercise, a sufficient check
was the subject's ability to keep pedalling.

f). Close scrutiny of PA’OZ and PA,002 was made, with frequent
calibration of the mass spectrometer.

g). The subject was observed by the experimenter as often as the
duties of the experiment permitted.

L, Experimental procedure

Series One

A simaltaneous investigetion was conducted of the effects of
hypoxia and controlled frequency of breathing on the respiratory
response to alternate breaths of high arnd low P, , at rest, Six
experiments were performed, two on one subject (328) and one on each of
four other subjects (377, 392, 418 and 230). The experimental design
was that of a three-way analysis of variance (Sokshl & Rohlf, p.3uLL),
with the three factors each having two states. These were:-

(i) the presence or absence of an alternate-breath oscillation of

P, o (denoted as "OSC" or "STa:DY", respectively);
»mr2



..57-
(ii) a steady P, o Of 60 torr or of 50 torr (except in experiment
ke |

2
418.1, where P, s of 65 and 60 torr were used);

J"L’ 2
(1ii) respiratory frequency uncontrolled (NC) or controlled (C) by
the experimenter, at a velue appropriate to the prevailing level of

ventilation.

The order of runs in any experiment was selected randomly. Breath-

3 | 3 =
by-breath Pet,CO2’ Pet,oz’ V’l‘,r)’ TT’ TI and TE were recorded, and JE was

subsequently computed; from here onwards Pe £,00, and Pe t,02 are assumed

to equal PA,002 and PA,OZ,' The respiratory response used was the mean
alternate-breath oscillation of each variable in each run (p. 67).

The subject was seated in a comfortable chair, and breathed
through the respiratory valve by means of an attached rubber mouthpiece
which was clenched between the teeth. The subject's nose was occluded
by & spring clip.

Alternate inspirates of gas containing a high level of 002
(8-10.5"; 56=73.5 torr) and a low level of CO, (0-1:5;3 0-7 torr)
were administered to the subject by means of the alternate opening

and closing of the inspiratory solenoid-operated valves, at the

start of each expiration. The PI co values on alternate breaths
T2
were adjusted to produce an oscillation of about 10 torr in the
breath-by-breath I’ A.CO.* The oscillation lay within a
e

range of i’ that was well above any presumsd
A,CO,
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threshold of the V., - P relation. If the ... were allowed to
I A’COZ C‘.)2

oscillate across the threshold region, then the resulting alternate-
breath response might show a positive rectification, its mean value

being higher than that predicted by the mean P, (Cunningham et al.,
?

O,

1968). Ths, the lower level of P was about 5 torr greater, and

A,00,

' the mean P, oo 10 torr greater, than the subject's resting euoxic
g4

P. o (as measured at the start of each experiment)., During cTEiDY
."., 2

runs, identical PI co values were produced on alternate breaths by
»re

mixing the two inspiratory gases in the mixing chamber., The PI co
yUre

axd PA,COZ

values characterising the P oscillation, Thus, mean P wa.s
mz ;1,@2

constent throughout the course of the experiment (+1 torr between

were the arithmetic means of the corresponding pairs of

runs). The levels of O, in each inspiratory gas were such that the

2

P of elternate breaths was similar (+1 torr).

¢40,

Fine control of alveolar gas composition was effected by monitoring

breath-by=-breath and Ph,o, , using the results to make

P
4,00, 5
appropriate minor and rapid adjustments to the inspiratory gas

compoaition.

After any change in mean I’ or P , NO measurements were made
.‘;,&2 A,Oz
until a new steady state had been attained: a minimum of 10 min for

CO, (Padgett, 1927-28), anc 2 uin for 0, (Gee, 1949). As all

2
runs were concucted in at least moderate hypoxia, two

precautions were taken to minimise & hypoxic depression of
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the respiratory centres (iitchell et al,, 1964; Gooce, 1968): each run
was preceded by 2 min of hyperoxia (PA,OZ ca, 200 torr; mean PA,COZ
maintained), and the duration of & run was short (3-5 min; 35-97 breaths).

The rhythmic noise produced by closure of the inspiratory solenoid-
operated valves being slight, it was unlikely to influence respiration.
lHowever, if any respiratory effects were induced, they were assumed to be
constant throughout the experiment, as the switching mechanism was always
operating. At no time did a subject comment on rhythmic noise, either
spontaneously or on being questiored.

The control of respiratory frequency was effected, as required, by
means of a signal generator which presented the subject with audible
signals at regular intervals. The subject was instructed to change the
phase of respiration at each signal; this procedure was expected to
furnish similar times for both inspiration and expiration, which was a
departure from the spontaneously breathing state where T, and T.. are
rarely equal. The duration of the respiratory cycle approximated to the
current mean level of non-controlled breath duration, at the same level
of chemical drive.

The duration of an experiment was always less than one hour, ard,
where possible, experiments were conducted without interruption. The

subjects made no complaint of the length or nature of the experiments.



Series Two

A more extensive and quantitative examination was made of the nature
of the possible respiratory interaction between steady hypoxia and an

alternate-breath oscillation of P, co..? at rest and during mild exercise,
2

Ii.,

The following variables were recorded on each breath:- Pe ¢ .CO and
»r2
P

et,0,, breath duration '(TT) » inspiratory and expiratory times (T; and

TE), tidal volumes (VT’I and VT’E), peak flows ("I,max or PIF, and

V.. nax OF PEF), and peak inspiratory acceleration (¥

or PI.). From
Ly I ’

these were compu ... inspiraiory and expiratory ventilations (VI and VE)
and mean flows (51 or MIF, and 5E or MEF), and the breatn-by-breath

change in functional residual capacity (DFRC or Vo 1 - Y E). Indices of
? ]

oscillation employed were the mean alternate-breath oscillation and a
derivative of an autocorrelation coefficient,

INine experiments were conducted, two on each of three subjects
(409, 455 and 396) ani three on another (421). Alternate-breath

oscillations of 2, 5o (ca. 10 torr amplitude) were induced (as before)
Y2

in subjects seated on a bicycle ergometer, both at rest and during

cycling (ca. 30-50 watts), at L4 to 7  levels of P, o Within the
2

range 45-200 torr (OSC runs). Control runs, in which the P, oo
H

oscillation was absent, were conducted at similar levels of F A
?

2

, also
Oy
at rest and during exercise (ST .Y runs).

"he exercise level was intentionally mild, to avoid the complicating

effects of lactic acid accumulation and catecholamines associacted with
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heavy exe:cise. The same level was used for all experiments conducted on
a single subject, being that level which produced a hsart rate of about
120 beats/min in euoxia (30, 35, 40, 50 watts for subject 421, 409, 425
and 392, respectively).j The pedalling frequency was not controlled.

The order of runs was selected so that corresponding UTiAl'Y and OSC
runs vere adjacent in time, rolonged exposure to hypoxia was prevented

by suitable ordering of the F, levels, and by brief excursions

s0,

(ca. 2 min) into hyperoxia ( ca, 200 torr). Following the imposition

*4,0,
or withdrawal of exercise, five .inutes was allowed for the acyuisition

of a new steady state (Astrand & Saltin, 1961).

At the end of one experiment on each subject, a series of V - co
™) ls’ 2

points was obtained at a lower P, .o (ca. 5 torr above the euoxic
yUre

P, o ), at rest, at each of the levels of P, 5 used in the experiment.
2

o

*»v2

These points were used in conjunction with those of the resting ST..lX

runs to give 2« or 3-point V._-i’, co lines, Thus, an estimate of the
L ny 2

steady-state V,, P , P. relations of each subject could be made
' J A A,GOZ :*.,02
(p.72).

The duration of an experiment was of the order of 2% hours,
representing sbout 20 runs of 5 min maximum duration (41-1L43 breaths).

zach experiment was interspersed with one or two rest periods (5-10 min)

during which the subject was free to leave the apparatus,
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5. Data preparation and processing

Treatment of data prior to measurement

mans were marked for subsequent measurement, starting and finishing
on a .'l.ow-Pcoz breath, or its equivalent in the STEADY runs (coming from
the same inspiratory line). Any alterations in the two-breath nature of
the PA,002 oscillation were removed by editing. For example, premature
triggering of the inspiratory solenoid-operated valves could be induced
by swallowing so that valve switching occurred during inspiration (when
swallowing tended to occur) as well as at the start of expiration. This
meant that the subject received gas from the same inspiratory line for
two consecutive breaths. Thus, starting at the first breath of the
disturbance, an odd number of breaths was removed from the run, for all
variables, so as to restore the phase of the PA,COZ signal, r'ive breaths
were usually removed. In the event of the disturbance not altering the
phase of the signal, six breaths were removed from the run. This would
also largely eliminate any effects the disturbance of P A,COZ might have

had on respiration.

Measurcment of data

Breath-by-breath respiratory variables were measured from the paper
record of the Devices recorder, using a mamally-operated digital data
reader (P.C.D. Ltd, Parnborough, Hents) which recorded the magnitude of
deflections potentiometrically. ZIZach reading was antomatically punched
onto digital paper tape, for subsequent analysis by a 1906i computer, a

total of 90,000 readings being made,
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Ho attempt was meade of reading ceflections to less than 0.5 mm.

This was converted to absolute units for each of the measured variableas
in each experiment, at the appropriate gain setting of the signal. A

table of measurement linmits is presented in Appendix 1 (Table {f, p.I7]).

Basic data analysis

For each run, breatheby~-breath calculation was performed of variables
derived from the measured variables. Basic statistics (mean, variance,
standard deviation) were computed for all variables, assuming a normal
distribution,

In Series Two, a correction was applied to breath=by-breath VT,I
and VT,E’ so as to equate their run-mean velues (‘-J.T,I’ VT,LJ) with

the run-mean VT E obtained from gas-meter ventilation and run-mean TT’
(%, .. ...). Allowances for changes in the calibration of V_ . and
T,B,G. M. T,I

V. .. could thus be mede., Discrepancies between run-mean V,, . and ¥, .
T,z 1,1 T,E

were assumed not to reflect long-term changes in the respiratory quettent
(R.Q.) or in functional residual capacity (FRC).
- Run-mean values of VT o differed little from gas-meter V., ., as was

’u .L.’.‘J

expected; the differences were not consistent in either size or direction.
However, more obvious differences were seen between run-mean values of

Vo, 1
to the composite effects of gas viscosity, temperature and flow éan the

and the corresponding values of gas-meter VT B These were attributed
9

performance of the pneumotachometer,
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The correction factor for breath-by-breath V,  was (Vo oo o /T2
,Lf; ,.u,\.l‘.lu. .L,u

each VT E value was multiplied by this factor. The correspording
b

correction factor for V
T,I1

V'I’ I and VT B equalised, breath-by-breath changes in FiC coulc be
] ’

estimated (VT

G -
was ('T,E,G.}a./v&‘,l)' ith the run-means for

1"V = DFRC).

The runs of data thus obtained were processed in several ways., fThe
data runs of Series Two, and alternate-breath differences arising from
them, were tested for the significance of any deviation from a normal
distribution. In Series One and Series Two, run-mean alternate breath
oscillations were calculated for P

A,002
variables, using two slightly different methods. In addition, auto- and

and the respiratory output

cross-circulation anslysis was performed in .eries Two, on PA co and the
y»re

output variables,

Common statistical formulae

The following formulae are employed in this thesis; bracketed
numbers are page references to Sokahl & Rohlf.,

Woigchted average of a statistic "St".

— n I
5t = =W, . St1/‘;.‘, W, (178)

wvhere n values of Ct, each weighted by factor W, are bteing averaged. The
weighting factor for a mean is its sample size, and for a variance, its

degrees of freedom,
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t-test for the significance of a statistic. The significance of a

deviation from a paremeter is given by

ts = (St - Stp)/ S.E g, (171)
where Stp is the parametric value of the statistic, and S.E.S its
standard error,

t-test for the compar’ son of 2 means (unequal variances).

2 2

8
) % (374)

- 2 - .
where X, 8 ar® n represent mean, variance and size of the sample,

L3

&

- =\
ts = (1!1 - 2)/(n1

Variance ratio test for the comparison of two variances.

2,.2
F, o= 8,5, (183)

Chi-squared test for the comparison Qf observed probabilities with

expected probabilities, The expected probabilities, p, of events being

significant or non-significant are o{ and (1 -d), where Ais conventionally
0.05. <“he observed probebilities, p', of events being significant or
non-gignificant are the ratios of the mumber of significant or non-
significant events to the total number of events., The significance of
the difference between observed and expected probabilities is given by

X2 = [(p, - ps)z/psl + ', - pns)z/pns]
where the subscripts s and ns represent the states of significance am

non-significance,

Normality of data
The presence of a normally distributed sample is necessary before

certain statistical tests can be performed and conclusions drawn as to
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the nature of the population from which the sample originated.
Therefone, the breath-by-breath records, and the computed differences

and the 13 output
2

between alternate breaths of these records, for P,., co
variables, were tested for deviation fram nomality.
A non-parametric test, the Kolmogorov-Smirnov test (Sokahl & rohli’,
p.571), was used to assess the "goodness of fit" of the normal probability
density function (the integrel of the normal frequency distribution
function) to the probability density function of the data, The maximum
deviation betw~=n the observed and expected cumulative frecuencies,

dmax’ was used as the sample statistic. The mull hypothesis of normality

(a

nax = 0) was rejected at the level of p = 0.05 or less. The advantages

of the Kolmogrov-Smirnov test are that it is designed for a contimously
distributed variable, and is suitable for use with small samples (n < 100),

Yor those sampled variables which showed departure from nomality,
the nature and degree of the departure were considered in terms of
skewness (loss of symmetry about the mean) and kurtosis (maintenance of
of symmetry): Sokahl & Rohlf, r. 142, and rig. 18.

The sample statistics for skewness (g‘) and kurtosis (gz) for the
variable, x, represent the population parameters Y4 and Yo» and are
defined as:-

g = (9.2 &x-%’

1 -
gy =) B0 -3

where n and 8 represent the size and standard deviation of the sample.
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&4 lies within the range of + «, and 85 is > -2, For & normally
distributed variable, & ard &> both equal zero, Hence, the mull
hypotheses of "no skewness" and "no kurtosis" were examined by testing
the significance of the deviations of ¥ and &8, from zero, by a 2-tailed
t-test (p.65 ). 957 confidence limits were calculated for g and g,;
values of g or g, lying beyond these limits led to rejection of the
appropriate mull hypothesis,

The calculations for both the parametric and the non-parametric
tests were performed using a modified computer program (Sokahl & Rohlf,
Program A3.1, p.671).

Computation of mean alternate-breath oscillations

Alternate-breath oscillations were computed for all variables, in
all runs, as follows. Each run was first edited so as to remove any
obviously large or small events resulting from extraneous interference
with the expected response (e.g, -sighing, coughing). Such events, if
retained in the run, would distort greatly the mean alternate-breath
oscillation. Thus, for each variable, any breath having a value of more
than 2 standard deviations from the mean of the run was excluded., The
breath immediately following the excluded breath was slso eliminated,
thus retaining the two-breath periodicity of the run, The alternate-
breath oscillation could then be calculated,

The expected response to an alternate-breath oscillation of P

A,CO
is a correspording oscillation in one or more of the measured output

2

variables, Thus, in Series One, for a particular variable, successive
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subtraction throughout a run of the response of each breath from that of

the immediately preceding breath should give a series of differences

exhibiting an alternation of sign, between positive and negative. 1In

Series Two, successive subtraction of each breath from the mean of the

run was performed throughout the run. As for the previous method, a

series of differences alternating in sign should be obtained. (“'1“_ 374, peoidh).
An arbitrary convention was followed: the first breath of a run

,COZ) and the subsequent odd-numbered breaths were classed as

"low", i.e. having amaller volumes, flows, ventilations, and longer times

(low P "

than the immediately following even-numbered breaths, which were classed
es "high". Thus, odd-numbered differences should be negative in sign,
and even-numbered differences, positive. During computation, the sign of
each of the odd-numbered differences was reversed, so that those
differences which had the sign expected from the hypothesis became
positive. Thus, all differences having the sign predicted by the
hypothesis were now positive, while those contrary to expectation were
negative and would therefore reduce the size of the mean oscillating
response,

Basic statistics of the normal distribution (mean, vari:nce,
standard deviation) were obtained on the collections of alternate-breath
¢ifferences for each variable, in each run., The oscillation aiplitudes
of Series Two were then doubled, convertin, them frum peak-to-mean into
peak=to-troush va.u-s,thus making them ccuparable with the peak-to~-truugh
values éalculated in Series Une. Both methods should yield identical

results if the run-uean is stationary {p.125).
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sutocorrelation analysis of alternate-breath responses

In Series Two, it was thought necessary to conduct a comparative
analysis, between the several output variables, of the mean response to
an alternate-breath PA,COZ oscillation. The alternate-breath oscillation,
as Just described  , gave the response in the absolute units of the
variable concerned, In order to standardise the responses an auto-
correlation analysis was performed, prior to editing the data for large
and small events,

The autocorrelation coefficient of product-moment correlation
between the neighbouring members of a series is called the autocorrelation
of order 1; and similarly the correlation between members (k - 1) apart
is called the autocorrelation of order k. Thus, the estimate, r, of the

population autocorrelation coefficient, p, for the variable, u, is

%

(ug, ug 4 x)

where n is the number of variates of u in the series and :?.’.u is a standard
deviation (Yule & Kendall, 1950, Ch, 27). A prerequisite of this method
is that the frequency distribution of the population (and therefore the

sample) be normal, or nearly normal and single-humped.
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The value of rk

approaches zero for any value of k, other than k = O, where r equals +1.

can range between +1,0, ror a random process, r,

For a periodic function of period, J, rj is large and positive; and
r /2 is large and negative. Thus, for an alternate-breath oscillation
(period = 2 breaths), r, should be large and positive, and r,, large
and negative. It was predicted that (z, - 2,), or ZD, representing the
z-transformed values of r

2
positive if an oscillation was present. In addition, the size of this

and Ty respectively, would be large and

quantity could be used as a comparative index of the amplitude of the
alternate breath response of each of the output variables. However, the
autocorrelation functions have no phase component (Bendat & Piersol,
p«20). . This procedure is depicted in Fig, 37B, p.12L.

The significance of ZD tested by means of a one-tailed t-test for

the homogeneity of 2 correlation coefficients (Sokahl & Rohlf, p.521).

Cross-correlation analysis for the estimation of latencies

The cross-correlation coefficient, r, , describes the dependence
between two variables, x and y, when they are displaced in time by an
amount k, relative to each other:-

- covariance (xt, Y o k)
k Sx

t"° Sy t +k
This expression is analogous to that presented on pf9 for the auto-
correlation coefficient., The graphical representation of r, against

the time displacement, k, is known as a correlogram (ig. 30, p.112).
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Crosa-correlation analysis was used in Series Two for the
estimation of the latency of oscillating responses induced by the
alternate-breath P A,COZ oscillation: a maximum, positive value of T,
should occur at that time displacement between stimulus and response

which is equal to the latency of the response (Bendat & Piersol, p.30.).

The correlation between PA co and each of the output veriables was
e

examined for the ten breaths preceding and following a change in the

state of P, , from OSC to STEADY ("off" transient), or vice versa
V2

("on" transient): thus, the sample size, n, was 20 breaths., Time

displacements of O, 1, 2, 3 and L breaths were used, larger
displacements being excluded because the reliability of ry is affected
if k greatly exceeds 0.1 n, or 2 breaths (Gessner, 1972), The latency
of COZ-ixxiuced arterial chemoreceptor effects on VL in man is between
2-3 breaths (iiller et al., 197L), and well within the range of time
displacement used here.

If a periodic stimulus elicits a periodic response, then will

Tk
oscillate between positive and negative amplitude as a function of k
(Gessner, 1972). In the present study, where a sizeable portion of the

PA co transient comprised an altermate-breath oscillation, r.
¥

expected to oscillate with a period of k = 2, This prediction arose

was

from the cross-co.-relation analysias conducted on a simulated "off"
trensient (as above), the output of which followed the input function
almost faithfully, with a latency of 2 breaths (Appendix 1, p.172).

For even values of k, r, was large and positive, and for odd values,
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large and negative; the maximum positive value of occurred at

Tk
k = 2, which was the latency of the response,

Thus, the maximum positive value of r (rk, max) of each PA,002

transient was obtained by comparing the size of appropriate pairs of

Iy using a 2-tailed t-test for the homogeneity of correlation

coefficients (Sokahl & Rohlf, p.521), as follows. ‘hen the latency

be tween PA co and an output variable was an even number of breaths,
»r2

r was obtained by comparing Tq with rps and r, with in the

k ;max
hypothetical example above, rp<r

o > T “hen the latency was an

odd number of breaths, r, and ry were compared. In the case of T, TI

and TE’ however, should be negative because these variables are

Tk ,;max

inversely related to PA,COZ’

Determination of respiratory parameters at rest

The steady-state V, P, PA 0

11,002, s 2
for each of the experiments of Series Two, using the following

relation was outlined at rest

assumptions,
(1) Ventilation is linearly related to P at constant P, _ ,
A,C02 11,02
for PA,COZ greater than the presumed PA,002 threshold : -

LJ

vy = Sy - B ()

where S (1./min/torr COZ) is the slope of the line at constant P . ,
Jk, 2

and B (torr 002) is its intercept on the P, .,
t A 2

axis obtained by
linear extrapolation,

(ii) B is independent of P,

»0p
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(1ii) 5 and P, o &re related hyperbolically:-

h, 2
S = D+ AD/(P 0. - C) (2)
4‘)., 2
where C (torr 02) is the PA o 8t which S becomes infinite; L is the
2
value of S at infinite P 4,0, ; and 4 (torr O ) is a hypoxic sensitivity
factor,
Thus, Vg = (PACO - B) {D+AL LAO -c)} (3)

(Léyd, Jukes & Cunningham, 1958)
In one experiment on each subject, V measurements were made at two

or more levels of P (at least 5 torr above the resting euoxic

A C02

value) for about five levels of P, 0, (range 4L,7-200 torr). . minimum of

, and

16 min, elapsed before measurement of V after a change in T
- 2

IL,CO

2 min after a change in P, o
h.,z

An estimate of B was obtained from that VE’ PA Cco line which had
T2

the smallest standard error of the slope when subjected to a least

squares linear regression analysis (Sokahl & Rohlf, p.410). The intercept
point ({r =0, P, ,C0, = B) then became an additional point in the
estimation of the regression slopes, S, of the remaining lines. A linear
regression of S on 1/(P P, 0, - C) was performed, for each value of C in

the range 25-40 torr Po . C was selected as that value at which the

2
standard error of the slope of the regression line was a minimum, for

significant slopes (p<0.05) only. Estimates of D (intercept on S-axis)
and 4 (the negative reciprocal of the intercept on the hypoxia axis)were also
obtained.
In the second experiment on each subject, V measurements were made

at a single level of P ., (ca. 10 torr above the resting euoxic value),
»mr2
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for about 5 level!s of PA The value of L found for the more extensive

»0,°

experiment was used as an eatimate of D for the seccend experiment, as
Bhattacharyya (1969) has found D to vary little from day to day, in the

same subject. B was estimated from D and the single hyperoxic point

(PA:Ozr,ca. 100~200 torr). Vi PA,COZ lines for the remaining levels of
PA 0. were constructed by joining the single points to B. The remaining
172

parameters were estimated as before.

“here two siznificant estimates of C were obtained on the same
subject, their mean value was used for both experiments, as C, like D,
varies little from day to day in the same subject (Bhattacharyya, 1969).
‘here only one estimate of C was significant, that value was used in
both experiments. T"here neither estimate was significant, a mean
population estimate of 32 was used (Weil et al,, 1970). Tlose estimates
of C calculated at rest were assumed to apply to the exercising state:

that is, the relation existing between PA 0 and the PO of the carotid
*2 2

body chemoreceptors was assumed to be unchanged by the imposition of
mild exercise. It was therefore possible to calculate the hypoxic
stimilus to breathing at rest and in exercise as 103/(PA’0" - ¢), Lloyd,
Jukes & Cunningham (1958). )

In addition, the mean {’E of a STEALY run at rest could be compared

with that of its corresponding OSC run, under conditions of constant

mean LA,COZ and PA,02' Any discrepancy between the mean PA,COZ values
of the two runs was converted into a ventilation term by the \‘I,, PA co
?

2
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line at the appropriate PA 0. This term could then be added to, or
2
subtracted from, the mean v, of the S5T:.lY run, as appropriate,
Similar correction of mean VE in exercise was based on the

i, relation in exercise had a slope which
.«1,002

approximated to that at rest, for the same PA 0.}
2

limited to P, .4 at least 10 torr above the euoxic value (Asmussen &
r e

Nielsen, 1957; Bhattacharyya et al., 1970).

assumption that any VE. -

the assumption is



Chapter 3

RESGLTS

1. Introduction

The experimental results of both Series One and Series Two are
presented in this chapter, Figure 19 serves as a useful introduction
to the main methodologicel problem of the thesis: the extraction of an
alternate-breath oscillation from the otherwise "noisy" output of the
respiratory system. The experimental record illustrated was obtained at
rest from subject 409 in Series Two, and is equally applicable to the
experiments of Series One, apart from the larger mumber of recorded
variables. »n alternate-breath P.!«; ,002 oscillation of about 10 torr
amplitude had been induced, and was subsequently abolished (at "a") by
passage of the two inspiratory gases through the mixing chamber (p. 31):
that is, an OUC run was converted to a ZT0.iY run., .ll the while,

P, 0 remained constant at about 48 torr.
£uy 2

iespiratory gas was sampled continuously from beyond the expiratory

flap of the respiratory valve. Thus, in expiration, the PCOZ and P02

profiles represented the progressive washout with time of the dead space

and alveolar compartments; during inspiration, PCOZ and POZ tended to

remain at their previous end-expiratory levels. "1’6 t,C'OZ“ indicates the
end-expiratory PCOZ of a hj.ga;h-CO2 breath and an adjacent low-()02
Lying between the P(102 and P02 traces is a signal indicating from which

inspiratory line gas was being supplied; the signal changed ot the s#art

breath,

of each expiration (p. 35 ).



Fig,19 An experimental record
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In the presence of an alternate-breath P
A,CO,,

corresponding responses could be detected in breath duration (TT) R

oscillation,

expiratory time (T,), peak inspiratory flow (FIF or v max) and
-~ ’

acceleration (FIA or '\'r]: ), and less clearly in inspiratory time (TI) ,

’nmu:

inspiratory andi expiratory tidal volumes (VT 1 and E) , and peak
] H

expiratory flow (IEF or v, ).

-y
The two uppermost traces (VT,I and PuF) were recorded on a separate
Devices recorder from the remainder, at a slightly reduced recording
speed. Hence, events in VT,I
with those of the other variables (e.g. at "a"), except at the extreme

and Pzl showed a lack of correspondence

-
o

left of the record, Here it was evident that, on the same breath, T
and PE: were stimilated (smaller and larger, respectively, than the
previous breath), while inspiratory variables such as PIF and PIA were
depressed, The phase relations existing between the oscillating output
variebles are described (p. 92 ; p. 107) end discussed (p. 136 more fully
below, Upon removal of the PA,COZ oscillation, the alternating responses
subsided with a latency that was difficult to estimate, but appeared

to be less than 6 breaths,

Thus, although a P;L,ooz oscillation of regular amplitude had been
imposed, the responses it elicited were, at times, anything but regular,
Close attention had therefore to be paid to the two methods of estimating
alternate-breath responses: the detemination of the mean altermate-
breath difference for a particular variable (p. 67) and the zuto-

correlation function, ZD, (p. 69 ). 4 condition common to both methods
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was that the responses should not increase or eecrecse progreEsively

with tize: . this is discussed more fully in
the next chapter (p.125). The frequency distributions of all data runs
have therefore been examined for possible deviation from a normal
distribution (p. 80).

«n essential prelude to the description of the oscillating responses

is a description of the stimulus: this was reconstructed from end-

expiratory P A values throughout two consecutive respiratory cycles

,CO

(p.81). In chaf'acterising the responses to the PA,COZ oscillation,

two facets were concentrated upon. !'irst, the pattern of the response
was explored for each OSC run in temms of those variables exhibiting a
significant alternate-breath response (ceries One, p, 873 Series Two,
Ps 10Q. +1s0o, ancstimation was made by cross-correlation techniques of
the absolute latencies of the stimulation of these variables by a 002
stimlus (2 high-CO, breath) in Series Two (p, 114).

In Series One, alternate-breath responses were estimated for
expiratory ventilation (‘}1‘;) and its components (VT,E’ Tgs Ty and T,.).
The range of variables was extended in Series Two in an attempt to
identify one variable in particular as being a better index than any
other of the output from the brainstem respiratory centres. The
reasondng which underlay selection of these variables is presented in
the next chapter (p. 127.

secondly, the nature of the interplay between steacdy hypoxia and

the I oscillation on the size of alternate-breath responses was



Fig.20. The proposed interaction between hypoxia & the
Pa co, Oscillation
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investigated in different variables, both at rest and in mild exercisec,
In resting man, the effects of steady hypoxia and steady hypercapnia on
V. miltiply (Nielsen & Smith, 1952); exercise supplies an additive
component to reset the Vn, I’z.;,(‘o relation upwards at all »

s 2 *
certainly within the range of I

.,0,°
co, used in the present smdyd(ésmssen
& lielsen, 1957; Bhattacharyya et al., 1970). In hypoxia, part of the
resetting has been attributed to an influence of exercise on the carotid
bocy chemoreflex arc (reviewed by Cunningham, 197. &)

A similar mechanism is proposed here for the interaction between

hypoxia and the transient CO, signal: that these stimuli would multiply

2
in their effects on the amplitude of alternate-breath responses and
that exercise would furnish an extra additive effect on these (¥i.;. 20).
4 tentative examination of the proposals was madc at rest in Series Cne
(p.95). This was extended in .eries Two to include exercise and a

wider range of P, which enabled a linear regression analysis of

£,0,°

A
oscillation amplitude on hypoxia to be made (p.1/4).

.. £inal point should be mentioned. It was thought that if much
of the breath-by-breath variation in TT could be eliminated, then the
responses to an alternate-breath P,

h,CO2
regular, Changes in TT could affect the alveolar-to-arterial transmission

oscillation might become more

of the 1‘>A’062 oscillation (iurves, 1966a)and also its time of arrival at
the brain stem in relation to the respiratory cycle, presupposing the
latter to determine the degree of respiratory stimulation elicited
(Black & Torrance, 1967a, 1971; Band et al,, 1968, 1970).

/n attempt was therefore made to control 'I‘T in some runs of

Series One at a level appropriate to the current level of chemical drive
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to breathing, and so minimise breath-by-breath variation in 'i‘,:. However,

the procedure proved to be ineffective as the variance of i. was not

consistently reduced by it, 7he results are reported briefly on p.86.

2. lormality of data

The frequency distributions of all runs in Series Two, and those of
their derived alternate~breath differences, were tested for the significance
of their departure from a normal frequency distribution. The results
are summarised below, being presented in greater detail in Appendix 2
(p.173).

The distribution of I—‘h ’002 in 0JC runs was predictably non-normal,
having & marked bimodal form (Fig, 214) which was to be expected. In
the _1.-UY runs PA,COZ was usually distributed normally; any non-normmal
distributions were always unimodal, usually occurring in runs which
showed considerable breath-by-breath variation in their respiratory
responses,

Deviations from e normal distribution were infrequent amongst the
output variables and slways unimodel (Fig. 21B): a nommally distributed
run hes been included for comparison (rig. 21C). The occurrence of
non-normality appeared to be unrelated to the nature of the run( in
terms of P.&,OZ’ the state of PA,COZ’
or exercising).

and whether the subject was at rest

The presence of "augmented" breaths (Glogoswka et al.,, 1972) was
noted in some experiments, the criteria for their identification being

a large inspiratory tidal volume (greater than 2 standard deviations



Fig.22. A diagrammatic representation of an augmented
breath
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above the run-mean), a long breath duration, and a biphasic pattemn of
inspiratory flow amd acceleration (#ig. 22, the arrow indicating the
augmented portion of inspiration). Such breaths almost invariably

resulted in non-normal distributions for V,, and T

T T and their derived

varisbles, (Fig. 21B, € at "a" and "b").

However, runs previously edited to exclude excessively large and
small events (p. 67 ) gave collections of alternate-breath differences
having unimodal distributions which were rarely non-normal.

~s bimodal distributions were absent from the output variables of

OSC runs, it must be concluded that the reflex responses elicited by the

alternate-breath PA co oscillation had been contaminated by the noise
¥R

of the respiratory system,
In conclusion, the use of statistical methods dependent upon
normmally dist.ibuted date was Jjustified for all frequency distributions

examined, with the exception of breath-by-breath P, in the OSC runs,

A,CO2
These conclusions were applied also to the data of Series One.

3,__The form of the alternate-breath . co oscillation
This section describes the form of the alternate~breath PA co
14

2
oscillation, as computed throughout its 2-breath period., In Fig., 234 is

shown the P profile of one cycle of an alternate-breath I’
co, £,00,

oscillation (solid trace) at rest and in exercise, recorded from the

ca., 100 torr)., Thus,

50,

throughout each respiratory cycle, inspired, mixed expired and finally

comnon space of the respiratory valve (PA




AP co, /At
torr sec
10+

Fig.23 The form of the alternate breath F, o, oscillations
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end-tidal gases were sampled. The period of each expiration is denoted

by a solid horizontal bar. As PI co values were not needed for
e

oscillation, the P(‘O
2 e
at their expense to emphasize the alveolar plateaux,

computing the continuous PA co sigznal was expanded
=t

The chenge in PA co. On successive breaths was &«9 torr in both
¥»r2

records, but the form of their alveolar plateaux differed. The slope of
the alveolar plateau in healthy individuals depends on the size and

direction of the PCO gradient existing between pulmonery arterial blood
2

and alveolar alr, and the rate of decrease of lung volume with time
(Aitken & Clark-Kennedy, 1928) and the rate of pulmonary blood flow
(DuBois et al., 1952).

In exercise, the alveolar plateaux had positive slopes on both the

high- and low-CO, breaths, implying that mixed venous P (P .. ) was
2 co, *v,®,
always greater than P[ co.* At rest, alveolar plateaux on the low-002
i’ 2

breaths were also of positive slope, tut this was reversed to a negative

slope on the high-002 breaths, indicating P 5 to be greater than

,CO

2
P- and the CO, flux to be temporarily reversed.
v,002 2
The time course of the PA co oscillation at rest and in exercise
e

was predicted according to the principles of DuBois et al,.,, 1952,
assuming the arrival of inspired gas at the alveoli to take O,L sec at
rest and in exercise (Appendix 2, p.2!4). The predicted oscillation has
been superimposed (dotted line) on the PCOZ profile of both records in
Fig., 23A, The peak~to-trough amplitudes are approximately twice the
corresponding differences in Pet,m : ca, 15 torr at rest and 17 torr

2
in exercise,
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The computed alternate-breath P A,C0, oscillations were cifferentiated
with respect to time (Fig. 23B), there being evidence that the carotid
body of the anacsthetised cat may respond to the rate of change of PCOZ’
rather than PCO2 per se (McCloskey, 1968; Black et al., 1971; sand et
al., 1971).

Lifferentiation broulgh . out differences between the PA, 002 signals
at rest and in exercise, Thus, the differentiated signal was reasonably
symuetrical at rest, but was less so in exercise. The loss of symmetry
vas largely a result of a shorter time being available in inspiration

for P, co to change from its maximum at the end of a l'd.glrx-(‘:o2 breath to
.L’

2
its minimum at the end of the next (low-CO,) inspiration, and also of the
change in PA co being greater in exercise than at rest. Lepending on
’ 4

2
the relations between T

1 and TE in exercise, the profile may be more or
less symmetrical. Asymetry might lead to the occurrence of rectification
of alternate-breath responses (p.119): that is, the mean response to an
oscillating stimulus might be greater (positive rectification) or less
(negative rectification) than the mean response obtained from a steady

stimulus equal in amplitude to the mean of the oscillating stimulus,

L, The results of Series One

The experimental d@sign of Series One conformed to a three-way
analysis of variance for assessing the effects on the reflex transmission

of an alternmate-breath PA co oscillation at rest of two levels of
»re
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hypoxia (60 torr and 50 torr) and of controlling the respiratory frequency.
The form of the analysis of variance was outlined on p.5¢ ,

It became apparent, however, that the aim of reducing the breath-by-
breath variation in TT by controlling respiratory frequency, and thus
possibly making alternate-breath responses more regular, was not realised
(p.86 ). Therefore, the study became confined to establishing the nature
of the response patterns induced in the output variables (‘:fb, VT,ﬁ’ TT’

cOo oscillation in hypoxia, and whether or not
2

increasing hypoxia interacted multiplicatively with the PA

T; and T,) by the P
4 y

oscillation

,C0,

on the size of alternate-breath oscillations,

A convention of Systems inalysis was adopted in this study, whereby
the phase and amplitude of oscillations may be analysed separately. Thus,
in the amplitude studies, all alternate-breath oscillations were given
a positive sign. Tables of alternate-breath oscillations, with their
significence levels, are presented in Appendix 2 (Table 16, p.R/4a). ihe
following nomenclature, bracketed, was employed in characterising the

run-types:

p = 50 torr (50), or 60 torr (60);
;4.,02

——— Respiratory frequency controlled (C), or not econtrolled (NC);

P.
4,00,

or constant on alternate breaths (LTEADY),

oscillating on alternate breaths (0SC) 9

The variability of oscillating responses in different experiments

A preliminary 2-way analyeis of variance was conducted on the
collected alternate-breath oscillations of all six experiments,

for each variable (VE, vT £ TT, 'rI and T.). The intention of this was
’ b4
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to exemine the relative variation in the ampl:tude of oscillaiing responses,

both within the six experiments and the eight run~types, to decide
whether or not the experiment could be pooled when exploring the nature
C02 sigml.

The method of analysis is described in Sokahl & Rohlf (p.299): the

of the interaction between hypoxie and the PA
]

distribution of the total variance between the experiments and between

the run-types was estimated, and the variance-ratio test (p. 6§) was

used to estimate the significance of the contribution of each variance

to the total by comparison with the error variance (error variance =

total variance mimus the sum of the "experiment" and "run-type" variances).
The results are presented in Table 5,

ror all variables, except T;, the "runetype" and "experiment"
variances were significant (p<0.05). The "run-type" variance was more
significant than the "experiment" variance for {lﬁ and TE‘ The converse
was true for VT, B and TT. Neither variance was significant for TI , &r
observation which was in keeping with the later observation (p.9/ ) of
the paucity of significant alternate-breath oscillations in this
- variable.

Thus, two conclusions were arrived at., First, the asignificance of
the “zun-type" variance in all variables but TI implied that oscillating
responses of varying amplitude must have occurred in at least some of the
run~-types, a point to be explored in greater detail in the following
sections. Secondly, the significance of the "experiment" variance in

most variablea implied the existence of considerable variation in the
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amplitude of the oscillating responses in different experiments, and
therefore in different subjects. Intersubject variation of respiratory
responses is certainly not a new phenomenon, and its occurrence in this

study precluded any pooling of alternate~breath oscillations from

different experiments,

The effects of controlling respiratory frequency on the relations between

Tﬂ" TI and TE

The method of controlling respiratory frequency, at a level
appropriate to the prevailing level of ventilation, was expected to have
the following effects:-

(1) The run mean of T,
whether the respiratory frequency was controlled or not.

would be similarinmnshavingthesamePAo R
12

(44) The run means of Ty and Ty would approach equality in the
controlled runs, as the signal controlling respiratory frequency had been
arranged to give equal inspiratory and expiratory periods (p.59 ).

This condition would differ from the state of spontaneous breathing in

which T, and TE are rarely the same,

I
(1ii) The breath-by-breath variations in Tp, T; end T, would be less
in the controlled runs than in the corresponding runs where respiratory
frequency was not controlled. Thus, the variances of these variables
would be reduced,
These predictions were examined for each experiment, using 'paired
comparisons's each pair consisted of & run with controlled breathing

frequency and one in which frequency was not controlled, the two runs
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02 and the state of PA,CO?_‘ The

results of this study are presented in detail in Appendix 2 (p.2/5);

being identical with respect to P,
?

they were computed from runs of data which had been previously edited to
exclude excessively large or small events (p.67 ).

Of the six experiments examined, in only two was there any indication
of the predictions presented above being fulfilled. Thus, in 392.6 a
reduction in the difference between mean TE and TI occurred consistently
when respiratory frequency was controlled; and in 377.5 the variances of
ip and T, were similarly reduoced.

These results pointed to the small degree of success obtained from
controlling respiratory frequency by means of a rhythmic audible signal.
It seemed that the subjects were, in general, not heeding the imposed
signal, though, on questioning at the end of each experiment, the
consensus was that respiratory frequency had been matched to the signal

in the manner requested by the experimenter,

The occurrence of altermate-breath oscillations in V_, VT, Aatme Ly and T,

Alternate-breath oscillations were calculated for each variable in
all runs of each experiment, using the method described on p,67 for
Series One, ZXach oscillation was then tested for the significance of
its difference from zero amplitude by a two-tailed t-test (p.65),
according to the mull hypothesis that the difference was not significant.

In addition, each oscillation (x) was normalised, by expressing it

as a percentage of the breath-by-breath mean of the run (x'):-
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This enabled comparisons to be made of the relative responses of the
five variables to an alternate-breath oscillation of PA,COZ°
the absolute and normelised oscillations, with their significance levels,

Tables of

are included in Appendix 2, (p.2/4).

The distribution of significant alternate-breath oscillations was
examined for each variable on the pooled results of the six experiments.
The method used a Chi-squared test for the comparison of the observed
probabilities of oscillations either differing from, or equalling, zero
with the corresponding probabilities expected from a random process
(p = 0.05 and 0.95, respectively) (p.€9). The mull hypothesis was that
the corresponding observed and expected probabilities would be equal.
Table 6 presents the number of significant alternate-breath oscillations

(a) for each variable at the 2 levels of P, in the OSC runs and in the

,0,

ST2ADY runs. The observed probability of a significant oscillation
occurring is (a/n), where n is the total of runs being examined.
Observed probabilities were only tested for significance in cases of n

being greater than 20,

0SC runs. In no variable was a difference apparent between the
numbers of significant alternate-breath oscillations occurring at the
two levels of PA’OZ.

The combined results at both P, o showed the incidence of
e

significant oscillations to range from 22 out of a total of' 24 for T}«; to

13 for Ty, Vi o, Vg and T were intermediate, having 17, 20 and 21

I* ‘7,2 T
significant oscillations,; respectively. The total number of significant
oscillations was 93 out of a total of 120 (77.5/). Each of these

results was shown to be highly significant by the Chi-squared test

(p<0.001),



Table 6: The distribution of significant alternate~breath oscillations between

five variables for all experiments

No. of sijmificent oscillations (a)

Variable V., VT,E Ty T T, Total(a/n)
Ran Total no.
runs (n)
60, OSC 12 10 9 10 6 11
50, OSC 12 10 8 11 7 11
All 0sC 2L 20 xmx 17 xxx 21 xxx 13 xxx 22 xxx 93/120xxx
830 5}0’ 70. 8(}:: 87. 5; , Sh—o 25/(" 91 . 75’: 770 Zj
60, STEACY 12 1 2 1 L 1
50, STE/DY 12 5 5 3 2 0
All CTEADY 2L 6 xxx 7 xxx 4 xx 6 xxx 1 N.S.  24/120%xxx

25,07  29.2°  16.7  25.07 L.2Ze 20,07



-89 -

Thus, in hypoxia, an alternate~breath P oscillation was very

n,OO2
effective in eliciting a similarly alternating response from the
respiratory system. The occurrence of such responses was little

o, from 60 to 50 torr.

2

STEADY runs, The total number of significant oscillations occurring

affected by changing the P,u
-9

in the absence of an alternate~breath PA, co,, oscillation was 24 out of a
total of 120 (20)): p<0.001. The distribution of these oscillations
between the different variables was significant, with the exception of TE’

The amplitude of each significant oscillation occurring in a [T ADY
run was compared with that of the corresponding OSC run (identical with
respect to P‘Q’O2 and the state of the respiratory frequency), using a
two-tailed t-test which assumed unequal variances (p. 6§). The null
hypothesis stated that the two oscillations would not differ in amplitude,
The results are presented in Table 7.

Significant comparisons (p<0.001) occurred in 8 out of 24 instances,
the :Tu:DY oscillation always being smaller, Tre remaining 16 comparisons
vere not significant; as six of these comparisons concerned OSC values
of zero amplitude (shown as N.:.), the corresponding STEADY values were
therefore considered, on reflection, not to differ from zero. This
anomaly arose because the test which estimated the significance of an
oscillation compared it with a constant (zero) rather then with a mean
of zero and its attached variance,

Thus, the totel number of significant altemate-ﬁmath oscillations
in the STEADY runs was reduced from 2k to 18 (157)., The incidence of

oscillations was of the same order as seen by Marsh et al., (1971), and



Table 7:

STiAY alternate-~breath oscillations.

Lxpt.
368k, O
NC
wre C
Il e I-‘-2
NC
5775 ©
NC
C
292,.6 NC
C
L1, 1
NC
C
230,15
NC

Starred runs:
N.S.

(N.S.)

&0

(N.s.)

0osC

oC

N ‘ \J .
vy Vr R
50 60 50
I\‘Y. S.
N. S. xoz (NE,)
N.S.
(H.8.)
XXX
XXX R
YA
(N.s.)
XXX N, 3.
> STZADY

H

STELDY, and 0SC > O

STEADY, and OSC = 0, so

TT ’L‘T
60 50 60 50
xxx  (N.S,)

Ne S,

(N, s.)

I‘Yo So No S.

that STEATY = O,

The results of the :umplitude comparisons between paired CSC and

60

50
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was very mich less than the 77.5% of the OSC runs. TFossible reasons for

the occurrence of significant alternate-breath responses in the absence

of the P, ., oscillation are discussed in the next chapter (p./33).
e

The patterns of alternate-breath responses within runs

An investigation was conducted in each run of the relative amplitude
of the oscillating responses (using the nomalised alternate-breath
oscillation) and of the phase relations existing between these responses.

Variables were ranked in each run, according to the amplitude of their

normalised alternate-breath oscillations (p.87). BRanks of 5, 4, 3, 2
and 1 were applied to the variables, in descending order of oscillation
size, starting with that variable having the largest oscillation. Only
significant oscillations were ranked. The results are presented in
Table 8.

Thus, in experiment 368.4,, the run "60, NC" had the following

ranking order:-

Variable: TE > TT > VT, > > ‘1‘I
Oscillation size: (9.60%) (7-37) (W 35%)  (2.99,)
Rank: 5 N 3 2

The oscillation in VE was not significant, and was therefore omitted,

Inspection of Table 8 showed that T. predominated over the remaining
variables in having the largest normalised alternate-breath oscillations.
In four of the six experiments (368.14-1, 3684y, 377.5, 230.15), T, was
the most highly ranked variable in all the run-types.
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nnother feature was the near-absence of T1 from the ranking orders.
This was to be expected, taking account of the relatively low incidence

of significant oscillations in 7T where 1. oscillations proved to be

I I
significant, their nomalised oscillations were usually small, placing
them at the lower end of the ranking order,

Average rankings of the five variables were obtained for the pooled
experiments and for the individual experiments, irrespective of run-type,
(Table 9). The pattern of ranking in the pooled experiments showed the
alternate-breath oscillations in ’1‘5 to be the largest, in relatiw temrms,
having a ranking of 4.5 out of a possible of 5. Oscillations in TI we re

the smallc;t, with a ranking of only 0.5. TT’ VT,B and V. assumed similar
intermediate rankings in the range of 2,5 -3. This pattern was almost
identical with that reported previocusly for the occurrence of the oscillating
responses in the pooled experiments (p.®8). “hus, not only did oscillations
in *L occur more frequently ut also they tenced to be relatively larger,
on average, than the oscillations of the other variables in the same run,
There was variation in the ranking obtained from the individual
experiments, two patterns emerging. The first pattern ("T ~dominant")
was present in four of the six experiments (368.41, 368.k,y 3T7.5, 230.15),
and was similer to that obtained from the pooled experiments. “he second
pattemn ("VT’E-dominant"), oceurring in experiments 392.6 and 418.1,
possessed & considerably narrower range of rankings between the five
variables, in which the dominance of the Tﬁ oscillations was lost. v‘l‘,:i;
was now the most highly renked variable, followed by \.IE, Tr; and TT , these
three variables having rather similar rankings. The ranking of TI

oscillations was again low,



gable ;" .

(normelised) for each varieble in the OSC runs of each c.perizent,
Variable 1}5‘4 v 2, T'.L . TI Tb;

Experiment

3Ly 2 2.5 L 1 g

36E. Ly 2.5 1 3 0.5 5

377.5 ) 0 3 0 5

392, 6 3.5 > 2.5 1 5¢5

L1E.1 3.5 L 2 1 2.5

230.15 L 2e5 2 1.5 5

ALL 3 2.5 3 0.5 Lo5

The average ranking of significant alternate-breath oscillations

Average rankings are presented to the nearest 0.5 of an

inte 22 o™
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fention should be made here of the two subjects (377, 392) in whom
controlling respiratory frequency was relatively successful (p. g7).
There was no difference between the ranking patterns of the runs in which
respiratory frequency was controlled or not controlled, in either
experiment, Thus, controlling frequency had little effect on the form of
the oscillating responses, as judged by the ranking patterns of their

normalised alternate-breath cscillations.

The phase relations existing between the alternate-breath PA,COZ
oscillation and the oscillating responses elicited in the several ocutput
variables will now be considered. The latency of such a response wes
taken as the number of breaths elapsing between a high-002 breath and
the breath it subsequently stimulated (& stimulated breath having larger
volumes, flows and accelerations, and shorter times than an unstimlated
breath).

There is a problem associated with the detemination of phase
differences between a pair of periodic signals: unless the true phase
cifference (TFD) is less than the period (P) of the signal: it cannot be

determined, as illustrated below:-

Period (P)
-~ ->

Input

Output

Measured phase
difference (MPD)

FIG. 25
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If TED < I, then TED

MED.
If TED » P, then TFD = MIT + n. P, where n is an integer,

In the present study, MFDs could not be obtained, as measurements
were confined to integral mumbers of respiratory cycles (of period, TT).
Thus the only observation that could be made concermning phase differences

was that a particular variable had been either stimuilated on a high--CO2

breath (positive phase difference) or on a low-CO, breath (negative

phase difference). This situation is illustrated in Fi:. 26, which shows

co oscillation as an input, and two
T2

hypothetical variables (2 time and a flow variable) as outputs,

a simplified alternate~breath PA

The results on the phase relations of z2lternate-breath responses in
the OSC runs are presented in Table 10, according to the +/= notation
described above., Only significant oscillations were included.

A rather consistent picture emerged within most experiments, in
which the oscillations of a particular variable had the same phase
difference with respect to P. co for all runs: for example, in

4,0,

VT & oscillations always had a positive phase difference,
]

while the phase of Tﬁ oscillations was always negative. There was often

experiment 36E. by

consistency, too, in the phase relations existing between the output

variables in runs from the same experiment. The phase of oscillations in

'?E and T,, from the same run was always the same, as was that of '.1‘I

T
oscillations in all but ore case of their beinyg significant. The
amplitude and phase of V oscillations was determined by those of the

corresponding oscillations in Vn o and Trpe
’



and the output
2

rable 10: The phase differcnces existing between I, co
.{‘\’

variailes in the 08C runs,

‘-lg'ﬂﬁmnt 36&.14-1 36&0 l“;) 377- 5 3920 6 1‘?-1{). 1 2300 1 5

Vexriable Aan

V.. . 60 IiC + +
~ g
60 C + + +
50 NC v +
5 ¢ ¥ + -
Tm 60 NC - - - -
i
60 ¢ - - - -
50 LC - - -
0 ¢ - - -
T. 60 IC - - - -
4
60 ¢ - -
5 I\K: - -
50 ¢ - - ! -
T 60 1iC - - - - ¥ *
60 C - - - - +
50 NC - - + - +
0 C - - + -
v, '~ NG N .
60 C - - + r +
5C I’lf‘ - - t + t '
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In the experiments conforming to the I,dominant pattern of
amplitude response (p. 9/ ), the phase of ¥ oscillations determined,
through T, the phase of V_ oscillations. In two experiments (366.l,,

368.4,), oscillations in V,, , and T, were out of phase; in experiment

230,15, these oscillations were in phase; and in experiment 377.5, VT E
H

did not oscillate, and the variability in the phase of T . oscillations

was reflected in VE’

Of the 2 experiments having the y_,l. ~~dominant pattern of amplitude
’-81

response (p.9! ), 392.6 had oscillations in Vo . and T, that were out of
"'J
phase, the phase of Vg oscillations being detemined by the phase of the

Vo g oscillations, Experiment 418.1 showed little consistency in the
3

relative influences of V, . end T,
,u

In the STEADY runs, there was no consistent pattern to the phase

on the phase of V.. oscillations.

differences of the significant alternate-breath oscillations,

These findings can be summarised in terms of the relative
predominance of Ty (itself largely under the influence of TE) and VT,E
in the alternate-breath responses of the various experiments. In the
first part of the section, this was considered in terms of the amplitude
of the oscillating responses, while the added consideration of the phase
relations existing between the variables reinforced the earlier conclusion
of the predominance of primary variasbles such as VT,::: and T, (or 'I‘T),
rather than the derived varieable, Vﬁ This is of interest when one
considers the emphasis which is laid upon VB as the controlled variable

of the respiratory system,
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lhe etrects of increasigg hypoxia on the size oi alternmate-breain
oscillations of Vi a3 V'I‘ STV I and T

As mentioned on p.93 , the original intention of performing a
three-way enalysis of variance to assess the effects of controlled
respiratory frequency end two levels of hypoxia on the amplitude of
alternate-breath responses was rescinded. The reason for this action
was that the experimental control of respiratory frequency had not been
generally achieved in the desired manner (p. 87). Respiratory frequency
was therefore eliminated from the group of imdependent variables, only
hypoxia and the state of lA,CO remaining.

#S interest in PA,COZ was now confined to the oscillating state
(tLe occurrence of significant alternate-breath oscillations being rare
in runs where P, Co, did not oscillate), the analysis of variance was
dispensed with, and the hypothesis of a multiplicative interaction

between steady hypoxia and the alternate-~breath P, oscillation was

A,CO
£y WMo
examined as follows. The average alternate-breath oscillations at
P.oo = 60 torr and 50 torr were compared, for each variable in each
»72

experinent, by a one-tailed t-test which assumed the variances to be
unequal (p.65 ). The mull hypothesis stated that no multiplication
occurred between hypoxia .n: the (}02 oscillation, the oscillation at

P, ;= 50 torr not being greater than that at + , = 60 torr. The
-‘1, 2 iy 2

mean end variance of an average oscillation at a particular P
‘a"v‘z
represented the weighted average values of the NC and C runs at the

seme P~l o (a forrmla for the weighted average of a statistic is given

2



rigs, 27 & 28

The effects of 2 levels of PL& on the response to an alternate-breath

2

,0

Y. oo -oscillation.
.L’l., 2

The response is the alternate-breath oscillation: each oscillation is
the average value for a pair of NC and C runs. A significant difference
between an oscillation at P, o. = 50 torr and at 60 torr is indicated

n, 2
by starring in the top right corner of the appropriate box.
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-2.te 11: A cemparison of the effects of two levels :f L poxia

on tne amplitude of alternate-breath oscillation..

Variable ‘i L8 i ‘1 Y
Expt

568.2-.-1 P;;. S. N. S. ?‘;. ;:). I ('] Ej. x

368. l‘-z }"' :—'. Ir. f.:. ly. S. }\z. S. Izg i -

37705 PZ' S- :z. bo r“o S. P‘VO So » /-
392, 6 X x N. S, N. S. XX

L18.1 N. . N. 5. N.S. L. 8. e &

2 P !5 XX X N. :—. N.:.‘u I\?O L«c



on p. ‘4'). The results of the comparisons are presented in Table 11 arnd
Figs., 27 and 28.

Taking each variable (5) in each experiment (6) together gave 6
comparisons out of 30, as being significant: that is, showing a
miltiplicative interaction. These were confined to 3 experiments:
368,y (1), 392.6(,Vo3Ty) and 230.15 (Vg V. ).

The observed probability of multiplication occurring (6/30) was
almost significant (0.,05<p~0.10), by the Chi-squared test (p. ©$). The
'valu‘e'of X2 obtained (3.7) compared favourably withithe critical value
of X2 at p = 0,05 for one degree of freedom (3.8).

Thus the possibility of a vnult_iplicative interaction occurring at
rest between hypoxia and the P oscillation cannot ts ruled out, in

A,CO
2
some variables at least, and merits further investigation,

Summary
(1) The investigation of the effects of increasing hypoxia and of

controlled respiratory frequency on the responses elicited by an
alternate-breath oscillation resolved itself into a study solely of the
effects of increasing hypoxia, on discovering that controlling the
respiratory frequency had been generally unsuccessful.

(i1) In response to the PA,002 oscillation, 77.5; of the pooled
runs on all variables (Vy, Vj ., Tp, T; and T) had significant

-9
oscillations, Th‘ oscillated most frequently, followed by T.,, VE’ V,: .

Changing PA o from 60 torr to 50 torr had no effect on
U2

and lastly Ty.
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the frequency of occurrence of oscillations in any of the variables. In
the absence of @e PA,COZ oscillation only 157 ot all the oscillating
responses had amplitudes different from zero.

(iii) The average pattern of response within each run for all
experiments, in temms of the relative amplitude of oscillations in the
different variables, was similar to that for the occurrence of significant
oscillations in (ii). Thus, oscillations in T, were not only the most
frequent, but also were, on average, relatively the largest in each run,
The runs of individual experiments conformed consistently to one of' two
response patterns: one was similar to that of the pooled experiments,

in which oscillations in T predominated (4 experiments), while in the

other, oscillations in V, . predominated (2 experiments),
’

T
(iv) The phase relations, with respect to the P .00 oscillation, of
2
oscillations in primary variables such as VT B and T.. were often
’ ad

consistent within an experiment: VT,E almost invariably had a positive
phase difference, while 7 (and T,) often had a negative phase difference.
The phase of VA oscillations depended on the phase and relative amplitude
of the oscillations in VT,;;‘ and Tr.

(v) In contrast to the occurrence of oscillations, the amplitude of

oscillations was sometimes greater at P ., = 50 torr than at 60 torr,
at’ 2
demonstrating a multiplicative interaction on respiration of hypoxia and

. .
the I A,002 oscillation.



5. _The results of Series Two

The findings on the reflex transmission of an alternate-breath P, co
irg

oscillation which emerged from Series One produced several alterations

2

in the original experimental cdecsi,;n which would permit iurther
examination of these findings in Ceries Tvo.

.n acditional methoC of estimating alternate-breath res.onses,
based on autocorrelation analysis, was introduced: autoco:*;‘elaiion
tecl.iljues are particularly appropriate for the detection of oucillating
si_mals which .re masldef.; in a background of noise (e.g. sencot & Liersol,
pe 22). The index of oscillation, ZU, was the difference betuccn the
z-transformed autocorrelation coefficients for the sanplins intervals of
two oreaths and one breath (p. ©9). It replaced the normeliszed alternate-
breath oscillation (p.87 ) as a comparative index of alternate-breath
responses in different variables,

The range of output variables was extended to include inspirctory
as well as expiratory variables, in an attempt to characterirec :cre
completely the patterns of oscillating respomse. UIhc vuristley vere
classed as being either primary (comprising a single measur:. cuantity)
or derived (comprising 2 or more measured cuantities)., The nriury
variables studied were inspiratory end expiratory times (TI and T“) ,
tical volumes (V

7,1

inspiratory acceleration (!1s), The derived variables wer. br:.th

and VT,E) ana peek flows (rI7 and inr), and peax
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duration (T.), the change in functional residual capacity (L¥iC, = Ve 1= Vo )y
b b
inspiratory and expiratory mean flows (MIF and 1.03%) and ventilations
(V. and V).
Crecter attention was paid to the latency of the responses inTuced

by the P 00 oscillation. /An implication erisin; from the nhase sw.lies
500,
Series One was that the latency of the oscillatin: resronse mi_ht not

g

ClL

be similar for all the participatin. variables., 7This was explored

further by means oi' a cro:.-— orreletion analysis between P.A,CO,: and. each
output variable in regions of the experimentzl record where thg state of
Pz’a,ccz was changed from O57 to LTU21Y, or vice versa, against a background
oI’ hypoxia,

The impliecd multiplication between hypoxia and the P}’\,COZ oscillation
on rcspiration at rest was re~examined in Series Two. .. wider ranre of
P . (ca, 200-45 torr) and a sreater number of I levels (L-7) were

J"L, [\ “1,0
P4 2
used for characterising the effects of hypoxia on the amplitude of

oscillating responses. A linear regression analysis of oscillation
ariplitude on hypoxia was performed to examine how closely the eflect of

hypoxia on the reflex tranamission of the Pf.\ oscillation avr~roxched

,CO,,

a linear multiplication.

+inally, the effects were explored of moderate rhythmic exerci:e on
the responses outlined at rest: that is, the patterns ol oscilliting
responses and their hypoxic dependency. Also included was an ..ove _tigation
of the possible rectification of the oscillating responses incucec in

oscillation, as proposed on 2. 83.

ventilation (V.) by the F
2

,CO
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The occurrence of alternate-breath responses in 13 cutput variables

in hypoxia and hyperoxia, at rest and in exercise

An alternate-breath oscillation and a 7D value were calculated for
each variable in all runs (p.68% and p.€9, respectively); these
values were then tested for the significance of their differences from
zero (p. 5 and p. 70, respectively). These results are presented in
Appendix Two: Table 24 (p.225) for the oscillation, and Table 25 (p.226)
for D,

The distribution of significant alternate-breath oscillations and
ZD values between the L subjects (409, 421, 425 and 392) and the 13
output variables was examined, in the OC runs and in the STEADY runs,
the results of the two or three experiments conducted on each subject
having been pooled. The incidence of significant events occurring in
each subject and in each variable was tested for its deviation from a
rendom event, using a Chi-squered test as in Series One (p.6S5).

0SC runs. The incidence of alternate-breath oscillations differing
from zero in all variables from the pooled runs of all subjects was
highly significant (p<0.001) by the Chi-squared test (Table 12: "ALL
RUNS"): at rest, 387 (range: subject 425, 16,7 to subject 409, 58.5%),
and in exercise, 46.67 (range: subject 425, 23,17 to subject LO9,
.80).

The overall effect of hypoxia was assessed by pooling all runs with

a PA 0 of 72 torr or less. The incidence of significant oscillations
'-2
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here was 49.2% at rest (range: subject 425, 23.1” to subject 409,
67.07) and 58,5 in exercise (range: subject 425, 37.2  to subject
409, 81.7.),: Table 12, "HYPOXIA",

Rerlacing the alternate-breath oscillation by ZD consistently
reduced the inciuence of significant responses in hypoxia, whilst
retaining <hc pattern of the oscillation results (Table 12,
"HYPOXI:i-4i": cf. "HYPOXIA"). At rest, 24.8 of the ZD values from
the pooled runs were significant, and 40.9% in exercise,

The results obtained in hyperoxia (runs with a P, o, > 180 torr)
were in marked contrast to those just reported for hypoxia, it rest,
the incidence of significent oscillations was 1k4.1,. (p<0.001 by the
Chi=squared test), while in exercise the incidence was 9.2, (not
significant): Table 12, "HYPEROXIA"., There appeared to be no
preferential distribution of the oscillations between variables
(Appendix 2, Table 29, p.R39). Because of the small mumber of runs in
this group (one per experiment, at most) little statistical weight could
be lent to the results.

Having presented a general description of the hypoxic dependency

of the oscillating responses, their distribution between the different

output variables in hypoxia will r.w be examined, for both the
alternate-breath oscillation and ZD. Rather similar results were
obtained from each index of oscillation. a highly significant
incidence of oscillations (p<0.00%) occurred for each variable in the

pooled runs at rest and in exercise (Appendix 2, Table 27, p.2R¥).
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The pattern for ZD was similar, with only a few variables having an
insignificant result: FLF, TT and TI at rest, and TI in exercise

(Appendix 2, Teble 28, p.29), The results from individual subjects

were not tested statistically because of the small numbers of
observation..

vwhile TI evidently responded poorly to the PA,COZ oscillation at |
rest and in exercise, it was equally important to establish which
variables responded most frequently. Those variables having a high

incidence of oscillating responses are presented in Table 13 (alternate-

breath oscillation) and Table 14 (ZD), for each subject and for the
pooled runs. 4s before, the study was confined to hypoxic runs,

The identity of these variables for the pooled runs was common to

the resting and the exercising states for both indices of oscillation,
the ZD result differing from that of the alternate-breath oscillation
only by the substitution of FIA for NMIF.

Variation was evident in the aifferent subjects. Using the alternate-
breath oscillation, the patterns of prominent variables for two subjects
(425 end 392) were similar at rest and in exercise, and involved most
inspiratory variebles (not T;). Less correspondence between rest and

exercise occurred in subjects 409 and 421: for example, in 409,

inspiratory variables were dominant at rest, and expiratory variables
in exercise,
The results obtained on L for the individual subjects were

essentially similar to those reported above, the same variables tending
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to be prominent for both indices of oscillation, but not always in the
same order of prominence, nor with such a high incidence of significant
events., Therc wes a tendency for DI to be relatively more prominent
than was foun. for the alternate-breath oscillation,

Finally, ihr incidence in hypoxia of significant alternate-breath
oscillations in VM, VT, B’
pooled runs Series One (ipp. 2, p.213a ) and Series Two (Appendix 2,

TT, '1‘I and T, at rest was compared between the

Table 24, p.225). The results are collected in Table 15. It is evident
that oscillating responses were generally more prolific in the
experiments of Series One than in those of Series Two. TE was again the
most prolific of variables in Series Two (with ‘,1,) as in Series One;

and, in contrast with Series One, T, had a greater tendency to oscillate.

I

STADY runs. Alternate-breath oscillations were computed and tested

for the significance of their differences from zero as was done for the
0SC runs (p. 68). The amplitude of each significant oscillation was
compared with that of the oscillation from the corresponding OSC run, as
described for Series One (p. 89). Any ST:iALY oscillation not differing
from the 0SC value, when the latter was not different from zero, was not
regarded as being a significant oscillation itself.

The distribution of the collected significant oscillations, for all
variables, in the individual and the pooled runs was examined for all
runs, and for the hypoxic and hyperoxic runs. The incidence of

significant oscillations in the pooled runs, irrespective of P 0. » VWas
."t’ 2
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3.5, at rest (range: subject 425, OX to subject 409, 13.1%) and 6,27
in exercise (range: subject 392, 2.8 to subject 409, 16.2): Table 16,
":1L RUNS". The results from the hypoxic runs were very similar (see
also Tables 30 and 31 in Appendix 2, p.R3/). In hyperoxia, however, none
of the oscillations was different from zero.

The results of the comparisons made between the significant
oscillations of corresponding STEADY and OSC runs are presented in
Appendix 2, Table 32, p.R33). Of 21 comparisons at rest and 36 in
exercise, 13 and 26, respectively, showed the STEADY oscillation to be
significantly less than the 0SC value, the remaining comparisons showing
inaignificant differences between the two. 4s in Series One, therefore,
the incidence of significant oscillations was low in the absence of the
PA,002 oscillation,

The main observations of this section will now be summarised. In
response to an alternate-breath l’;s’coz oscillation, alternating responses
vere induced almost exclusively in hypoxia (PA, , < 72 torr); exercise
imposed an additional stimulus in hypoxia., There was a tendency for
the oscillating responses to occur more frequently in inspiratory
variables than in expiratory varisbles (cf. subject 421 at rest, and
subject 409 in exercise), with the change in FRC (DFRC) being the most
prominent in this respect.

The examination of the alternate-breath oscillation and ZD as

indices of oscillation showed that oscillating responses were more

prolific in the former, This appeared to reflect differences in the
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sensitivity of the two methods, rather than the fact that alternate-
breath oscillations had been computed from data runs which no longer
contained any excessively large or amall events while ZU values had
been derived from unedited data. 4. comparison of significant ZD values
obtained from unedited and edited data in the hypoxic 0SC runs of
experiment 409.5 had shown the general pattern of the size and significance
of ZU values to be relatively little affected by the editing procedure
(Appendix 2, Table 33, p.R34). Uespite the difference in the relative
efficacy of the two indices, they both appeared to generate qualitatively
similar patterns of oscillating response,

| Within the range of variables studied in Series One, the relative
occurrence of significant oscillations in hypoxia at rest was rather

similar for the pooled experiments of Series One and Two, although

their absolute incidence was greater in Series One,

The patterns of alternate-breath responses within runs in hypoxia, at

rest and in exercise: amplitude

The patterns of oscillating responses induced by an alternate-breath
PA,002 oscillation were explored with a ranking procedure analogous to
that used in Series Ore (p.99 ). The analysis was conducted on the
hypoxic group of runs, to which most of the oscillating responses were
confined. Thus, within each hypoxic OSC run, ranks of 13, 12, 11,...,
and 1 were applied to the variables in descending order of ZD size:
only those variables having significent ZD values were ranked. .verage

rankings of the 13 variables were obtained for each subject and for the
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pooled subjects at rest and in exercise. The results, expressed to the
nearest integer, are presented in Table 17,

At rest and in exercise, all variables but T, were ranked in the

I
pooled runs, the more prominent variables being:-

Rest: DFRC (7); PIA (L) Vo 1o MIF, PIS, T, (2).
’ ek
Exercise: DFRC (10); Vo 1 (7); EIF (5).
]

This pattern of DFIC and inspiratory variables dominating the rankings

was similar to the pattern for the occurrence of oscillating responses

reported in the previous seation, both for the alternate-breath oscillation

and for ZD,

The ranking patterns of the individual subjects, certainly for the

more prominent variables, were virtually identical with their patternms
for the occurrence of oscilla ting responses (/D) presented in Table 14
(p.102), and reasonably similar to the patterns for the occurrence of
alternate-breath oscillations (Table 13, p.le%). The more hiyhly ranked
variables are presented below:-
L09 Rest LFRC (13); PIF, T (9); FPIA (8).
ixercise T. (11); e, Tps DFRC (10).
421 iest LFRC (7); FEEF (5); Vo 17 {fI (4).
Exercise FIA, LFRC (10); Vp s MLF (7).
425 Hest DFRC (3), only.
Exercise Di#rc (11); v,l,,I (8); irI (5).
392 Rest MIF (6); DFRC (5).

Exercise DFRC (8); L (6); PIF (5).



Table 17: The average ranking of significant ZD values for each
variable in the OSC runs of each subject (PA o < 72 torr).
H

Rest o Exercise
Subject LO9 K21 425 392 A1l LO9 421 425 392 All
No. runs 7 9 € 6 30 8 6 6 8 28
Variable
VT, B 2 2 0 3 2 0 L 0 N 2
VT, I 7 b 0 3 3 7 7 8 6 7
Vi 2 3 0 3 2 8 2 0 b 3
v, 1 L o 3 2 2 2 5 4 3
Pl 5 2 0 2 2 10 3 0 L L
1 b o) 0 6 3 2 7 b 4 b
IEDR 0 5 0o o) 1 7 3 O 0 3
PIF 9 2 o 2 3 7 > b z 5
rla 8 3 0 3 L L 10 1 2 N
TT 3 1 0 0 1 10 2 0 0 3
T:J 9 1 0o 1 3 11 2 0 1 3
Ty 1 1 o 0 0 1 0 0 1 0
DFRC 13 7 3 5 7 10 10 11 8 10



- 107 -
In contrast, TI was rarely ranked in any subject: no other

variable lacked an oscilleting response so consistently.

The patterns of alternate-breath responses within runs in hypoxia, at

reast and in exercise: phase

In Serlies One the phase relations existing between an alternate-breath
P;;,coz oscillation and that of a primary ocutput variable in hypoxia
were not necessarily identical in different experiments (p.92): the
poseibility presented itself that the occurrence of opposite phases
for the oscillations in VT,E and TE might indicate an interplay of more
than one mechanism of excitation., With this hypothesis in mind, the
phase relations of the several output variables were examined during the
0SC runs, as in Series One, and also at the transition between OSC and

STEADY runs.

411 phase differences related high-CO, breaths to stimlated
breaths, a stimulated breath having larger volumes, flows and accelerations,
and shorter times, than an unstimulated breath (though it was shown
subsequently that some variables might be stimulated, and others
depressed, on the same breath), An arbitrary convention was adopted
for the derived variable, DFRC (= VT’I - VT’E), whereby an increase in
PRC (DFRC positive) was taken as a stimulation.

E%,coz oscillation. As described on p.9R and in Fig. 25, the
measured phase difference (MD) of an oscillating response in relation

to the P, ., oscillation was limited to being positive (stimulation
n, 2
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occurring on a high-CO, breath) or negative (stimlation occurring on a
1ow-CO,, breath). Complete results on the phase differences of
alternate-breath responses in the OSC runs are found in Appendix 2
(Table 24, p.225): only significant oscillations are examined here.
The study was confined to the alternate-breath oscillation, ZD carrying
no phase information (p.70).

The data on subject 409 were used as a reference with which to

compare the less extensive results on the other three subjects. Table 18
presents the phase results of experiments 409.5 and 409.6 at rest and in

exercise. Hypoxic runs (I’A 0. < 72 torr) were grouped, while the
T2

0 > 72 torr) were considered separately.

)

In hypoxia, a rather consistent pattern of phase relations emerged

remainder (PA

for each veriable, with respect to PA o0..* The phase of oscillations in
g

the inspirstory primary variables was always positive, with the exception

of T, which rarely exhibited significant oscillations (these were usually

I
of negative phase). Of the expiratory primary variables, oscillations

in VT,E

positively phased, while oscillations in IE}F and TE were negatively

resembled those of the inspiratory primary variables in being

phased.

The phase differences of the derived variables depended on the
phase and relative amplitude of the oscillations in their component
variables. Thus, oscillations in LUFRC (v,l,,I - vT’E) were of positive
phase; this reflected the greater influence of the V‘I‘, I oscillation,
the similarly phased VT,E oscillation being smaller and less frequently



vable 18: fihe phase differences existing between I’, ., and the
output variables in the OSC runs of subject 4LO9 at rest and in

exercise.

409, 5 402, 6

Rest Exercise Rest “xercise
Py,o (born 11545 <72 14 72 127.5 78 <712 127.5 75 <7=

Variable
o,z * * *
vV 7,1 + + + + + + + + + +
Fl " - - - - - -
:f 1 - - + + -
h - - - - - -
IR + + + + + + + 4 +
PrE - - - -
Lo + + + + + + + + + +
rIA + + + + + + + +
TT - - - - -
TE - - - - -
TI - - + -
DIFEC + +* + + + + + + + +

*ﬁ“egative phase at PA o. = L6.5 toir.
*e2
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significant. The phase of ‘}I and Vﬁ oscillations was usually negative
as the relative lengthening of TT outweighed the respective increases
in VT, 1 and VT,E' MEF oscillations were also of negative phase,
reflecting the phase of the prominent TE oscillation; and MIF oscillations
showed the same phase as the V'I',I oscillations,

The phase relations of the remaining runs in experiments 4L09.5 and
409,6 (I?‘.1 0, > 72 torr) were consistent with the pattern presented above,
though significant oscillation was not so common. There were no obvious
differences in the phase patterns at rest and during exercise, through
the incidence of oscillations was usually higher in the latter condition;
this finding was common to the other subjects.

The consistency of the phase relations found in the experiments on
the other three subjects (421, 425, 392) were less well defined

(ippendix 2, Table 24, p.RA§). Subject 421 conformed with the phase

pattern of the inspiratory primary variables and v‘l’,.ri exhibited by
subject 409, However, differences emerged in the responses of the
primary expiratory variables., Oscillations in Pii' were invariably
positively phased, and could accompany oscillations in T, of the same
phase; however, on occesions, T. oscillations vere negatively phased
and were not accompanied by an oscillation in PEF. The phase of
oscillations in the derived variables were easily predictable: thus,

;II oscillations were often prominent and positively phased in runs where
oscillations in both Vo 1 end T, (and therefore Tq) were of positive

phase. Again, DFRC oscillations showed a positive phase, reflecting
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the greater prominence of VT I oscillations over those in VT 5
» s

non-hypoxic runs in which significant oscillations occurred tended to

Those

resemble the hypoxic responses; however, they were not frequent.

The experiments on subject 425 showed a smaller number of significant
alternate-breath oscillations and considerable variation in phase
patterns. lore often than not in hypoxia, oscillations in the same run
showed the same phase, but this of'ten differed between runs, hLowever,
consistency was present in experiment 425.2 during exercise, with
oscillations in the inspiratory primary variesbles showing a positive
phase (with the exception of T1).

In subject 392 almost all significant oscillations in hypoxia were

of positive phase, involving inspiratory variables and VT Significant

’ 1:;.

responses in PEF and TE rarely occurred, Those non-hypoxic runs having
significant oacillations conformed with the hypoxic phase pattemm.
Thus, in summary, there was a general tendency for the phase of

oscillations in inspiratory primary variables to be positive, with the

exception of TI which rarely oscillated., Oscillations in expiratory

primary variables were confined to the experiments of subjects 409 and

421, with the exception of the positively-phased V., . oscillations: the
?

phase of Ful' and T oscillations were similar, being positive in subject

421 and negative in subject 409, The phase of oscillations in a

derived variable reflected that of the more prominent of its component

oscillations.



Eo. o mesncoiont. as exylained on p. 93 , measurement of' the true
. v,\—.' 2R
L

phase diirerence (TIT) between a periodic stimulus and its response is

problematic, unless the period (i) of the siznal is greater than the
TID. This problem may be overcoie by employing a transient stimlus,

for then the meacured phase ciiference (ML) equals the THD:-

Periodic signal Transient signal
P
ey
Input |
TR N R S
| |
i |
N | |
Qutput L !
| |
bl e e | A
b | ' :
u | L MPD )
MPD TPD
€ —» :
TPD
FIG, 29
Thus, the THD of the responses induced by the PA co oscillation
,CO,,

was estimated in hypoxia by performing & cross-correlation enalysis
between P c0 and each output variable where the state of P co
iy 2 diy 2
chan, ed from CC to STADY ("off" transient) or vice-versa ("on"
trensient); time displacements of O, 1, 2, 3 and Lk breaths were used,

It was assumed that the TFD equalled the time displacement, kme.:c’ at



30 Diagram of two typical responses occurring at a

PACOZ ‘off " transient, with their cross-correlograms.

€«—0O5C—n |<—-STEADY———->

N

o L e

2 brecrhs dag

3 breaths’ lag

it Al s

cross - correlograms
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which the cross-correlation coefficient, r,, Was a maximum and positive

(with the exoeption of Tp, ¥ and T, where the maximum r, would be
negative, these variables being inversely related to P oo Y. The
¥

method is deacribed in detail in the previous chapter (p.7¢); and an
"off" transient is illustrated in rig. 19 at "a" (p.77 ). Transients in
which PA,02 changed by more than +2 torr, or in which an excessively
large or small event occurred, were not analysed.

Two typical responses are shown diagrammatically in Fi;. 30, with
their cross-correlograms (p. 76). One has a positive (2-breath) phase
difference, and the other a negative (3-breath) phase differencs; the
correlograms are strongly periodic, as predicted (p.!72), with Ty max
occurring at k = 2 breaths and 3 breaths respectively. almost invariably,
r, was significant for all time displacements.

In other instances, the periodicity of r, vas not marked: often,
only one positive value of r, would be significant, its time displacement
being teken as the latency of the response. In other cases, again,

there were no significant values of r,, presumably indicating a lack of

response to the P, co, signal.
?
Estimation of by the statistical method of p. 72 was
4

unsuccessful for all transients, no value of Iy being significantly

greater than any other. ILowever, there was often a value of Ty which
was numerically greater than the others, and sometimes with a higher
level of significance: the time displacement at which such a value
occurred was taken as the latency of the response. The reasons for the

lack of success of the statistical test are discussed in the next

chapter (p.!37).
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Complete results on all transients are presented in Appendix 2,
Table 34 (p.235); there are four categories comprising "on" and "off"
transients at rest and in exercise. Because of the vagaries inherent in
the method of latency estimation, only a rather general account of the
results is presented. As only one transient was suitable for analysis
in the experiments of subject 425, this subject is excluded from the
account,

Fairly consistent latency patterns existed for each subject, serving
to reinforce the findings reported above on the PA, 002 oscillation.
There was no evidence of a difference between the latency patterns of
the four categories of transient in any subject, though the small
mumber of observations may have hindered the detection of changes in

latencies,

Latencies of the inspiratory primary variables (excluding TI)

generally tended to be of 2 breaths duration; less often, latencies of

L, breaths or zero (response occurring on the same breath as the stimilus).

Responses in DFRC (change in FRC) and in V 2 (rarely significent), as
b

before, responded with the inspiratory variables. Responses in the

expiratory primary varisbles, PEF and T, were seen consistently only in

subject 409: their latencies were 1 _breath shorter than the predominant

phase of the inspiratory variebles: i.e. 1 or 3 breaths.

The latency of the response in a derived variable was governed by
the more prominent of the responses elicited in its components, 1In
subject 409, Ty (and therefore TT) was especially prominent in this

respect, the phase of the derived variables VI’ Vr, anc. MEF conforming to

that of Tr;.
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The effects of graded hypoxia on the size of altermate-breath responses
in 13 output variables, at rest and in exercise

The hypothesis of a multiplicative interaction of hypoxia and the

P A,002 oscillation on respiration was reinvestigated more extensively
(pe79 3 pPe 99). At rest, there was already some evidence from the
experiments of Series One to support this hypothesis: and the results
reported so far for Series Two at rest and in exercise support the
general notion of a hypoxic dependency of the oscillating responses,
with exsrcise further increasing their incidence,

A linear regression analysis of the oscillating response on hypoxia
was conducted for each variable, at rest and in exercise, in each
experiment, Three forms of oscillating response were used: (i) the
alternate-breath oscillation, for making comparisons on the same
variable (e.g. between rest and exercise); (ii) 11, for making

comparisons between different variables; and (iii) the normalised

alternate-breath oscillation, for studying whether the size of oscillations
increased with hypoxie more than did the run-mean., The independent
variable, hypoxia, was eveluated as 105/(PA’02 - ¢) (Cunningham, 1974b);
the value of the constant, C, was determmined for each subject (p.72 ).
Variation in the rnumber and the size of the individual observations
which constituted each oscillating response was taken account of by
using a regression analysis with replication in the dependent variable
(SokahX & HohIf, p.428). Thus, for edach level of hypoxia, there, would be,
in effect, many cbservations of the dependent variable, rather than just

Qma.t
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The significance of a2 regression coefficient, b, differing from
zero was estimated by a one-tailed wariance ratio test (p.65 ), according
to the mull hypothesis that the component of the variance due to the
regression was no greater than the error component (Sokahl & Rohlf,

p.423). The regression coefficient was used as an index of the

multiplication occurring between hypoxia and the PA co oscillation;
2

comparisons between pairs of coefficients, and therefore between degrees

of miltiplication, were performed by an analysis of covariance (Sokahl &
Rohlf, p.uk8).

Regression analysis: the alternate-breath oscillation. In contrast

with the practice of Series One, the amplitude and phase of the alternate-
breath oscillations were not dissociated here: this facilitatec the
interpretation of responses in the derived variables (p.116: experiment
L09. 6, V.II in exercise).

There was no evidence for the existence of a threshold to the

generation of an alternate~breath oscillation in the P 0. renge of
4‘&, 2
100-200 torr for any varieble in any experiment, at rest or in exercise.
Pairs of regression lines obtained from all the points, irrespective of
P and from points having a P of 100 torr or less, had been
4,0,° A,0,

tested for concurrency: an analysis of covariance had been used to test
the mill hypotheeis that the two regression coefficients of a pair were

not different, and in Wo case was o s ignificant clffevene obtained
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A study was next made of the occurrence of sisnificant re;ression

coefficients (b) during rest and exercise (Table 19), In 2ll cases
ut one, values of b were significant, indicating an increase of
oscillation amplitude with increasing hypoxia. The exception (experiment
409, 6, ;’I in exercise) had a negative b, with the phase of oscillations
changing from positive to negative as hypoxia increased: this reflected
& corresponding increase in the prominence of the negatively-phased T

T

oscillations over the positively-phased V, , oscillations (g, 32).

I
s
In the pooled experiments at rest, a total of 11 regression

coefficients out of 117 (13 variables x 9 experiments) or 9..45 differed
from zero, which was a significant incidence (0.01<¢ p<0.05) by the

Chi-squared test (p.©5 ). The regression coefficients were distributed
fairly evenly between the group of variables: Mor, MIF, :&Ff, PIF, PIA,

Tn and T, , with a maximum of 3 occurring in FIF. During exercise the

T
incidence of significant regression coefficients rose to 23-out of 117,

or 28.57 (p £0,001). These were distributed over a wider range of
variables then at rest, a maximum of 4 occurréng:in M:iF amd in PSF, and
3 in PIF. The intercepts of the regression lines on the hypoxia axis

were confined to the euoxic-hyperoxic range of P with the exception

4,0,

of the ;,I run described sbove,

Of the 33 comparisons made between pairs of regression cocfficients

at rest and in exercise, where one or both differed from zero, the
exercise coefficient was greater than the corresponding coefficient at

rest (mltiplicative interaction) in 12 instances, or 3%.4%: p < 0.001



by the Chi-scuared test. Only 1 comparison showed the converse result,
the remaining 19 not being significant.

The effects of exercise on the hypoxia intercept could only be

assessed in the 3 cases where the regression coefficients at rest and in
exercise differed from zero. In 2 (experiment 409.5: MEF and PiJ),

the hypoxia intercept was reduced (to a higher PA’OZ) with no accompanying
increase in slope, representing a resetting upwards of the oscillation-
hypoxia relation (or an additive interaction). In the third case
(experiment 421.4, PIF), the hypoxia intercept was little affected, but
the slope was increased( MuHi?\icaﬂon).

The individual experiments showed considerable variation in the

occurrence of significant regression coefficients between rest and exercise.
From Table |9 it was evident that most of the significant regression
coefficients occurred in experiments 409.5, 409.5 and 422.2: .igs. 31-33
show the relations between the oscillation and hypoxia for each variable,
at rest and in exercise,

In the STSADY runs, only 2 regression coefficients out of 117 were

significant:-

b hypoxia intercept
units x 102/‘ooz'r"‘| torr !
LFO9.6: Rest’ VT I 0.@: "2005
’
421,43y Rest, DFRC 0.04" 12.3

In both cases, the size of the oscillation that would occur at ¥ . =
1‘., 2

50 torr (by prediction from the regression equations) was unlikely to be

perceptible. Thus, both relationships were discountedas beu’nﬁ Plu,sioloﬂ-‘cally
‘Gc'gm.-F;c‘u\f.



Table 19: Lincar regression of the alternate-breath oscillation on hypoxia,
at rest or in exercise (significant results only).

nest lixercise
Coefficient Hypoxia Coefficient Hypoxia Rest v. exercise
(unit§1x 102/ intercept (units x 102/ intereept comparison of
torr~') (torr"@ torr~1) (torr=') coefficients
409.5
MEF -26.1 + 8.9 -25.0 + -3bs N. S.
MIF 9.3 + -3,8 N.S. N, 8.
P -20.3 + 15.0 ~22,1 + -5l Ive Se
PIF 22,6 + -2.7 N. 5. X>E +
FP1a he3 + 5.2 11. S, N, S,
TT ~0.6 + 0.1 N.S. N. S,
TE -0.8 ++ 9.9 e Soe e o
409.6
v, N, €. b B+ 3,1 E>R+
{’I O AL.9 +++ 29.9 o > ++
L N. S, -59.6 + 72 N> R e
PLF N. S, -53.2 + 9.5 E >R ++
rIF 18,6 +++ -13.9 e Se N, S.
FPIA 1.4 + 7.9 N. S. N. S,
T, N, S. - 0.6 + 50 E >R+
Ty e Se «0.,6 + 8.3 E >R ++
421,2
vy - 9.9 ++ 0.2 N.S.
L21.4
VT,E Vel O.L + 14.% E> i+
MIF 19,1 ++ 10.1 N. & N. S.
PIF 19.7 +++ 7.9 34.8 + 4.5 N.S.
425, 2 |
V'.L‘,E e e -0.2 + 0.5 LS K+
V'L‘,l R .5 + 8.2 E>R +
MIe e S, 23.0 + 50 Ie Se
PEF N. S, 25.1 + 19.5 N. S.
Il e B L2.0 ++ 9.6 E >+
PIA e U 3.6 ++ 20. 4 L > R ++
DFRC .G, 0.6 + - 0.1 £ > R 4e
L25.5

i Ne S 1 5‘ 7 + 1 30 8 No S.



Table 19 continued:

Rest Exercise est - ex.

comparison
S b n' of b
(- x 107 (torr ) (-x137 (torr™ )
392.13 cee)
VE N. S. 16. 6+ 12.2 N.S.
PER N. G Zfe3 = 12.1 N. .
PIF N. S. 27.9 + 1.3 N. S,
PIA N. S, 2.9 + 5.2 N. S,
392.15
:im.:‘.“ N. :). 12.0 + '.705 I:o So

oo C3e scutaon of significant regression coefficients between variable

——
—

Rest ixercise
Ve, o 2
T, E

‘2,1 !

VE 2

v, 2
Mo 1 IR
MIx 2 1

PEPF 1 IN
Yis 3 3
PIA 2 2

TT 1 1

T E 1 1

1

Li'RC 1

Total 11/117 24117

The units of the different veriables are listed in ippen. 3x 2, Table 2k (p.23F).



fMigs., 31-33

The relations between the alternate-breath oscillation and hypoxia for
each variable at rest (filled circles) and in exercise (open circles).
Significant regression lines are present as solid lines (rest) and
broken lines (exercise). A solid triangle and a broken horizontal line

incdicate zero amplitude of oscillation.
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Regression analysis: ., The regression coellicient of “L on

hypoxia was used as an index of the relative degree of multiplicative
interaction of hypoxia and the PA,COZ oscillation occurring in the
different variables., ior each experiment the significant regression
slopes at rest and in exercise were ordered by size, and are presented
in Table 20. The complete results are found in Appendix 2, Table 25 (p.23%),
and from these the following conclusions were crawn,

eplacement of the alternate-breath oscillation by ZD reduced the
incidence of significant regression coefficients, as was found for the
occurrence of significant oscillating responses (p./®l): at rest 8.57
of the regressions were si nificant (an insignificant incidence by the
Chi-squared test), and in exercise, 13.7, were significant (a significant
incidence, p € 0.001). The hypoxia intercepts tended to occur at a lower

-

r for &&. In some experiments, the identity of the variables having

4,0
yr2
significant regressions was occasionally altered when ZD was used.
It is evident from Table 20 that several expcriments had no
significant regressions (experiment 425.5, #iz. 36) while others had

very few. Only the experiments on subject 409 had a reasonzble occurrence

of significant regression coefficients, the larger values bein;
consistently prominent in T, at rest anc in exercise (Pigs. 34 < 35).
The involvement of T'l‘ and Y5F was presumably a reflection of the role
of T, All the variables listed for 409 were also rather prominent in
the incidence of their oscillating responses, both for the altcrnate-

breath oscillation ‘ani 20 (#is. 13 & 1k, p.102).



Table 20: The regression coefficients of ZD on

hypoxia, ordered by size (largest three only).

est Exercise
Experiment
L09.5 T? > PIA > viB TT > ’ll;, > MEe
409.6 T, > M & PIF D > MEF T
L21,2 None one
Let. . Hone MIF only
~ rm~ TR
L21,6 I only VT,E > PIF > VT,I
Lz5,2 None DFRC > V.. I
1y
L4L25.5 None None
392.13 None I.one

352.15 None lone



igs, 3h-36

The relations between 7D and hypoxia for each variable at rest (filled
circles) and in exercise (open circles). Significant regression lines
are present as solid lirnes (rest) and broken lines (exercise). 4 solid

triangle and a broken horizontal line indicate ZU = Q.
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The original intention of using the 'L regression coefficient for
comparative purposes was not fulfilled in the remaining experiments,

probably because 7D was generally a less sensitive index of oscillation

than the alternate-breath oscillation.

Regression analysis: normalised alternate-breath oscillation. The
results of the regression analysis are presented in Appendix 2, Table 36

(pe ).

The inclidence and distrilution of significant regression coefficients
were similar to those of the absolute alternate-breath oscillation
(cf. Tablefg, p.116). The possible Significance of Hus

obgervatipn s duscwgSed. ow P~ IS1.

The effects of an alternate-breath P, co oscillation on mean ventilatiion
11, 2

In 1965, Cunningham et al. concluded that an alternate-breath

P oscillation imposed in hypoxia (PA. about 60 torr) had no effect

A,C0, -0,
on mean expired ventilation in resting man. This finding was examined
in the experiments of Series Two during moderate muscular exercise in
hypoxia (PA,02< 72 torxr): .74.
A method of paired comparisons was used to estimate the significance
of the mean difference in mean Vh (mean A;IE) between paired OSC and STEADY

runs in each experiment, at rest and in exercise (the runs were paired
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-

according to P. ). The mill hypothesis stating that mean AVJ.). would

Ai,02
not differ from zero was tested with a two-tailed t-test (p.65 ).

Prior to making comparisons of ventilation, ony difference in mean

P, co. between each OSC and STUUDY run was converted into an equivalent
¥y e

ventilation tem by means of the VE’ PA,COZ’ P 4,0, relations of the

experiment in question (p.72 ). This term was then used to correct the

mean ventilations to isocapnic conditions. The results are presented

in Table 21,

None of the mean Avn. values differed from zero at recst, In

exercise, ore value was significant (experiment 392.15) having a mean

IV of =3.83 l.min~' (0.01 € p € 0.05). This represented > negative

reflex rectification of the altermate-breath ;-",t co oscillation. It is
“r2 T
possible that the estimation of significance levels for mean A'JE was

impeded in this study by the small munber o observations in each
experiment (maximum = 4). .ith a larger mumber of observations in each
experiment, a somewhat cii'ferent result might have been obtained.
However, the series of experiments wus not designed specifically to test
this point.

In summary, the conclusions of Cunningham et al.,(1965) were
confirmed at rest, and extended to the exercising state, within tlic limits

of the experimental cesign.



Table 21: .. comparison of mean V  in paired 05C

and STEADY runs, at rest and in exercice,

Mean A%E’ (l.min-1)

fixperiment Hest Excreise
409.5 0.13 -0, 38
403. 6 1.76 3.83
421,2 3.17 3499
Let. b 0.73 ~l., 66
421,6 LoL5 0.28
425,2 -1.8L 1.98
he5.t 3.15 ~7.64
392.13 5.93 -0.22

392,15 -0.90 -3.83"
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Summary
(1) The effects of graded hypoxia (PA o range: 200 to L5 torr) on
»¥2
the responses elicited by an alternate-breath P 0 oscillation were
ll.’ 2

investigated in several inspiratory and expiratory variatles, at rest
and in moderate rhythmic exercise.

(i1) In response to the P, co. Oscillation, significant oscillating
V2

responses were confined almost exclusively to hypoxia (P.:x, 0, { 72 torr).
The incidence of these in the pooled runs for all variables was 43.2

at rest, rising to 58.5 in exercise. Oscill.tions verc seen more
frequently in the inspiratory primary variables (with the exception of
T; which rarely responded) than in the expiratory »rimary varisbles

(cf. subject 409): the brecath-by-breath change in PRC (measured as DFRC,
=V, -

Oscillating responses, estimuted by ZD, were less prolific than

Vo E) responded more frequently than most other variables.
]

those estimated by the alternate-~breath oscillation, reflecting the
different sensitivities of the two methods. IHowever, tie occurrence of
responses in the different variables was qualitatively similer by both
methods, in both the pooled runs and the runs of the individual subjects.
vithin the range of variables studied in Ceries One (.x:.’ V‘;,;g’ Tps

TI and Tﬁ) , the relative occurrence of oscillations in hypoxia at rest

was rather similar for the pooled runs of Series One and of Cleries Two,
though their absolute incidence was greater in Deries One,
(iii) The phase relations, with respect to the P, oscillation,

e
of the oscillating responses in the primary variables had cimilarities in
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different subjects; the phase paticrns were not altcred betwcsn rest
and exercise. Oscillations in VT, E and the inspiratory primary
veriables (not 'L‘I) showed a pocitive phase difference., The remaining
expiratory primary variables (P, TE) oscillated in phase: a positive
phase difference for subject 421, and a negative phase ifference for
subject 409. The phase difference of oscillations in a derived variable
was that of the most prominent of its component variables.

The phase relations obtained at the PR,COZ transients confirmed the
pattern described above. Latencies ror the responses of VT,E and the
inspiratory primary variables tended to be of 2 breaths duration, while
those of the expiratory primary variables, Pur' and ’1.;&., were 1 breath.
Variations from this pattern were apparent.

\iv) Interaction between hypoxia and the PA’ 00, oscillazion was
demonstrated in several variables, using &s a criterion the occurrence
of a significant linear regression coefficient of oscillation anplitude
on hypoxia., Fooling the results gave a greater incidence of interaction
in exercise (22,5,) than at rest (J.4x). Considerable variation existed
in the individual experiments. )

"he regression analysis of the amplitude of the nommalised
oscillation upon hypoxia demonstrated that, often, the amplitude or
oscillations increased proportionately more with hypoxia than did the
corresponding run-means as the deqree of Wypoxia increased (ov Pao, fell).

(v) The P, oscillation had no effect in hypoxia on mean expired

,CO,,

ventilation at rest or in exercise,
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Chapter 4

DITCUSSION

This chapter considers first the various methods used in estimating
the amplitude of altermate-breath oacillations, and the reasoning behind
selection of the extensive range of respiratory output variables in
~cries Two, There then follows the presentation of a hypothesis ol
carotid body perticipation in the generation of alternate-.rcoth responses,
2inally the nature of thce multiplicative interaction between hypoxia ard

oscillation, and its modulation by moderate exercise, are

}ethods of estimating the size of slternate-breath responses

In the experiments of .erles One the amplitude of the oscillating

response induced by an alternate-breath P oscillation was calculated

fm,COz
s the mean alternate-breath difference obtained from successive pairs of

breaths in the run (method 1): Fig. 374 and p.67. This method had been
used by i‘arsh et al. (1973), and they had been concerned lest an
occasionasl excessively large or amall breath should distort the true
estimate of the oscillation amplitude, They therefore preferred to use

a method which estimated the regularity of the alternmation ruther than

its amplitude.



Fig.37 Computation of alternate-breath responses

A.  Alternate-breath oscillation
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An attempt was made in the present study to minimise the distorting
effects of extrene-sized breaths by excluding any breath whose size was
more than two standard deviations from the run-meen (p.6y ): it wes
assuped that such events were not part of the immediate response to the
PA,002 oscillation,

In Serles Two the range of output variables had been extended in an
-attempt to isolate one variable which might bear a closer relation than
any other to the output of the brain-stem respiratory centres. Thus a
relative index of oscillation was needed so that the size of the
responses in different variables could be compared for each run., It was
decided to use the methods of autocorrelation analysis for this purpose:
not only could an index of the relative size of oscillations be provided,
ut also the method is especially suitable for the extraction of &
periodic signel (alternate-breath oscillation) from a moisy background.
An examination of the frequency distributions of datu from the 0..C runs
(p oscillating) had shown that P

A,002 A,CO,
a bimodal fashion whereas the output variables were distributed unimodally,

was invariably distributed in

even when an alternate-breath oscillation was visually apparent (p.80 ).
A considereble degree of contamination of the oscillating out uts
therefore must have occurreda; whether this reflects the transducing
properties of the carotid chemoreflex arc or & less specifiic effect is
considered later (p.158).

The index used was /L', representing the difference between the Z-

transformed autocorrelation coefficients for displacements of two breaths
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and of one breath, respectively (method 2): Fig. 37B and p. 69 . I was
calculated from runs of unedited data so as to asséss the degree of

distortion introduced into the oscillating responses by occasional very
large and small breaths.

islternate-breath oscillations were cslculated in Series Two , using

a variant of method 1. As the calculation of a correlation coefficient,
anc therefore of ZD, involves the processing of the differences of
variates from their mean value, the alternate-breath comparisons were
related to the run-mean rather than the next breath (method 3}: ['ig. 37A
and p. 6% .

Under steady-state conditions, where the response should not increase
or decrease progressively with respect to time, the arplitude of an
alternate-breath oscillation obtained by method 1 should be excctly
twice that obtained by method 3 on the same data (Pg. 374: "trend
absent"). If a trend were present, this equality woull be abolished,
and method 3 would then be less sensitive than method 1 {(Fig. 374:

"trend present"). However, visual inspection of the runs revealed no
obvious trends in the present experiments: this was not unexpected as
ample time had always been allowed for breathing to stabilise «fter
imposing changes in the mean siimulus level (p.5% ; p.60 ). iterefore,
in the yresent study, alt-rnate-breath oscillations obtained . either
method should have been similar in sigze.

A comparison between Series One and Series Lwo of the incidence of
T

oscillations occurring in V_, V, T ’l‘1 and T during hypoxia showed

& T,E?
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the oscillations to be more prolific in Series One (p.103). A4s
different subjects were used in the two studies, it is difficult to
conclude whether the difference was due to inter-subject variation or
to the method of estimating the oscillation, though the former explanation
is favoured.

In Series Two there was a greater incidence of oscillating responses
in hypoxia when the elternate-breath oscillation was the index of
oscillation, as compared with 2 (p.|0l ). Otherwise, both indices
generated qualitatively similar patterns of response, in terms of the
relative predominance of oscillations in the thirteen outpui variables.
The difference between the results reflects partly the use of unedited
data for the calculation of ZD (and therefore the distorting presence of
occasional largé or small breaths) and partly the lesser sensitivity of
7ZD as an index of oscillation. In experiment 409.5 the latter factor
accounted for most of the difference, the size and distribution of
significant ZU values being changed little when edited Gata were used
instead of unedited data (P.ios). |

In conclusion, the two methods used for estimating the amplitude of
alternate-breath oscillations were comparable in the experiments or this
thesis, as the data was free of any obvious trends. In Series Ywo the
autocorrelation function, 7D, was qualitatively compatible with, though
less sensitive than, the alternate-breath oscillation; this was a
reflection more of method than of the differences between unecited and

edited data. Thus, ZD was used as & standardised (or relative) index
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of oscillation, while the alternate«~breath difference methods were used
as absolute indices.

The selection of respiratory output variables

Ventilation (V) is conventionally regarded as that cutput variable

of the respiratory system through which homoeostasis of P 2, PCO2 and pH
in the body fluids is maintained. 2ir flow in and out of the lungs is
effected by transmission of activity from the brain-stem respiratory
centres on to the appropriate sets of respiratory muscles, generating
differences in transpulmonary pressure: in inspiration the main effector
is the diaphragm (Mognoni et al., 1969; Agostoni & Sant'imbrogio, 1970),
with the extermal and parasternal portions of the internzl intercostal
miscles (Koepke et al., 1958; Taylor, 1960); and in hyperrnoeic
expiration, the interosseons portions of the internal intercostals
(Taylor, 1960) and the abdominal wall muscles (Campbell, 1952).

However, the possibility has already been considered that an cutput
variable other than \.I might bear a closer relation to the output of the
respiratory centres during states of changing ventilatory drise from the
carotid and medullary chemoreceptors (p.2l ).

Murthermore, the steady-state proportionality existin: between
chemoreceptor drive and ‘.f is maintained only while the resistance to
airflow is unchanged. A dissociation of V from Py, co, Oocurs in healthy
humens when the flow resistance is increased experimentally, whilst the
relations between P, ., and inspiratory work (21dridge & Davis, 1359)

Hy 2
and the rate of imspiratory work (¥ilic-Emili & Tyler, 1963) are little



- 128 -

affected. is airway resistance (i, ) can be influenced by hyr-rea nia
and hypoxia, both locally (Nisell, 1950; Raw decreased) and rerloxly
(Nadel & widdicombe, 1962; R, increased) a:rsearch was made for
respiratory variables which were measurable and closely related to the
outputs of the brain-stem respiratory centres, while being relatively
uncontaminated by concurrent changes in the mechanical staote of the lungs
and airways.

The effects on inspiration of changing the chemic:l drive o
breathing are perhaps more evident in the earlier parts of the rhase,
The rate of increase of inspiratory volume with respect to time during a
breath is unaffected by vagal block or section (Head, 1889: rabbit;
Hammouda <« Wilson, 1932: dog), the larger tidal volumes which occurred
after vagotomy being achieved only as a consequence of the prolonged
duration oi inspiration. .. similar result on the development of efferent
phrenic activity was obtained by Larrabee & Knowlton (1946) using
experimental pneumothorex in cats,

In addition, Hammouda & Wilson reported an increased rate of change
of inspiratory volume in response to asphyxia; and tuler et al. (1970)
found the rates of change of the integrated phrenic neurogrer, intra-
pleural pressure and inspiratory volume all to be increased ', hypercapnia
in cats. Hence, in the present study, mean inspiratory flow (I} mi ht
serve as an inspiratory index ol the chemical drive to breathin:, more
so than inspiratory tidal volume (VT,I)'

liowever, MIF may be less suitable at the higher levels ol chanical

drive to breathing, for kuler et al, (1970) found the effects of



hypercapnia on the rate of change of inspiratory volume to be confined

to the lower levels of stimulation, and to the lower frequencies of
breathing for a constant level of stimulation, The increasing hypercapnia
may have produced a reflex bronchoconstriction (Nadel & Widdicombe, 1962);
and a greater incidence of turbulent flow accompanying increases in
instantaneous flow may have further raised Ry (“est & Hugh-~Jones, 1957;
leau, 1961). 1In addition, the dynamic compliance of the lung is reduced
at high lung volumes (lead & .hittenberger, 1953). 7hus, at high levels

of' P CO._? MIF may increase less in xesponse to CO,, anc the inst:ntaneous

iy 27
rate of inczease in inspiratory volume may decline progressively during
inspiration, as pulmonary compliance falls.

-nuices of the rate of change of inspiratory volume at thc ctart of
iluc,lration were therefore caw.incu; the peak inspirator) acceleration
(XI..; and flow (.i:s), These variables iy also be influcuced by changes
in Row? though not in compliance.

The corresponding expiratory variables ({.EF, Pu¥ anc P24, the last
not measured here because oi' & lack of recording space; are thc net
result of an interaction uctween at least three factors: & o uer;ism

tween the forces of passive lung recoil and the cipirulory muscles, and
an antagonism by post-inspiratory activity in the inspirato.; uuscles
(Green & Howell, 1959; owostoni ct al., 1960; FPetit et =l., 1960).
with increasing chemical drive 1o breathing, the activity in thc
expiratory muscles increasci, while the post-inspiratory cctivi. of the
inspiratory muscles declines; and recoil pressure at the ciur. of
expiration will be greater because of the larger end-inspiratory lung

volume,
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The time for expiration, T, is also ol interesu: Cunningahan o
Gerdner (1972) have shown in man that increases in respiratory frequency
accompanying steady-state 002 inhalation in both hyperoxia and hypoxia
are accomplished by a decrease in TE’ while TI remains essentiaily
constant,

#inally, changes in rR. were estimated for each breath Vo 1 =V, )
]

.L,.‘J
as it was thought that the behaviour of 'RC might provide an indication
of changes in Raw occurring from one expiration to the next. 'hus,
assuming Th‘. to be deternined by the current level of respiratory arive,

an increase in R, would be manifest as a rewced V, . and, if VT [ were
14

T,a
unchanged, as an increased <. .5 will be recountea later, there was
inceea evidence of a participation by “aw in the alternate-bresul.
responses of expiration in some subjects (p.)46 ;.

«I'ter completing the experiments of this study, two reports vere
published concerning the use of measures of the isometric aciivity in the
inspiratory muscles at the onset of inspiration as indices of uic output
from the brain-stem respiratory centre: (iilic-.wili, 1373: cat;

Lowell, 1973: man): thus, the problem of changing lung mechanics
during inspiration would be overcome. In man, isometric anu isotonic
effects were separated by a transient blockade of the inspiratory t'lap
of the respiratory valve (lor less than 50 msec) during which vi:c the
rate of change of mouth pressure was measured, This quantity co.rclated
well with PA,COZ' Attractive though the method is in concept ami dcsiun,
it may be invalidated if the subject perceives the momentary impairment

ol inspiration.
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Lescription of results

The hypothesis presented earlier (p.J23) stated that the
respiratory effects induced by the alternate-breath PA co oscillation
A 2
were mediated by the carotid body. They should therefore be characterised

by their hypoxia-dependency and short latency (p.6).

Oscilleting responses were estimated in iaoth primary and derived
output variables, the primary variables being inspiratory and expiratory
times ('rI and TE), tidal volumes (VT,I and VT’E) and peak flows (.ir and
pud), and peak inspiratory acceleration (PIA), and the derived variables
being breath duration (TT), the change in functional residual capacity
(Lrie, = .‘T,I - VT, E) , inspiratory and expiratory mean flows (¥I< and Msi)
and ventilations (‘}I and '}E).

The condition of hypoxia-dependency demands that the oscillating

responses should be present while there is a hypoxic drive to the carotid
body (Cunningham et al., 1964). rFor practical purposes, carotid chemoreflex
effects in man usually require a P, somewhat below the euoxic level

.0
£50,
for their manifestation., lowever, this does not preclude the possibility

, but on the basis of
. pd
steady-state V, P 7.CO relations the response should be small.

-

Thus, in the experiments of Series Two most oscillating responses

of observing such a response at a higher PA 0
b

occurred in hypoxia (PA, 02< 72 torr) with very few apparent in
hyperoxia (PA,O2 ) 180 torr), both at rest and during exercise (p.100).
This confirmed the earlier work of :iarsh et al. (1973) at rest, and
provided the new observation that moderate exercise potentiates the

effects of hypoxia.
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That the oscillating responses are hypoxia-dependent implies that

hypoxia and the altermate~breath P co oscillation interact multiplicatively.
JL’ 2

The form of the multiplication is considered later (p.148), s iz the
n.ture of the potentiatin; action of exercise (v./54 ).
These results are not incompatible with those of wolff (197L):

anacsthetised euoxic cats responded to similar alternate-breath P, .
Ly o\

4

oscillations by generating a regular oscillation in V. Such regularity

T,I°
vas not & feature of the oscillating responses observed in conscious man
(p.76 ); and the responses wcre not often present in euoxia. This may
reflect a higher aignal-to-noise ratio of the respiratory system in the
anaesthetised cat, or possibly a greater sensitivity ito hypoxia, or both.
The hypoxia—iepeniency of the eflects of the alternate-brcath PA,CO

oscillaticn on ncun e cnces was studied in leries Ywo, 2t rect and in

2

excrcise . .|19 ). The study was limited to a comparison of mean V., in
peirec GoC an. T ML Y runs: only in the case of v, vwere the :cteruy-state
input-out relations sufficiently well characterised to enable uccurate

comparisons to be made (;.72 ).

"Tie Cindings of Cunningham et al. (1J65a; were ru:rfirmed: the
effect of the PA co oscillation on mean VA was not different :'rom that
»T2
cue to mean P ... . This umuy reflect that the P, oscillaiio:n vwzs
I'L,(.J‘Oz (./02

¢ uelly effective at refle.l; stimulatiin: and dcpressing V oon alternate

breaths, or alternatively that the P(‘O oscillaticn <licited no .reath-
. e

by-breath response in V.
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Absolute latencies of the oscillating resppnses were estimated

during hypoxia when the alternate-breath P A,CO2 oscillation was either
suddenly imposed or suddenly removed (».111); the techniques of cross-
correlation analysis were used and were not entirely satisfactory, as

is discussed on p.d37. It was concluded that latencies were of tour
breaths' auration or less, both at rest and in exercise.

In each run ot an experiment the oscillating responses in different
output variables were examined so that & pattern could be obtainea of
their relative amplitudes and their phase relations with respect to
PA,COZ' in some experiments the patterns obtained fron ciffecrent runs
wvere rather consistent (subject 409 in .eries Two). In other cases
there was more variation, anc because of' the relatively, small number of
runs performed in each experiment (limited by the time available for
experimentation), it was difficult to decide whether the voriation was
raxom or the early indication of a mechanism more complex than had been
previously envisaged.

4+t the risk of sucacumbing to over-gencralisation, wipwiuce and phase
patterns were presented in Series Une (pe90 and ;.92) and weries “vo
(p.105 and p.107). -or the sake of clarity, the description was -onfined
largely to the primary wveriables, including the derived veciublcs where
relevant, These observations are summarised in the following pages as a
prelude to the synthesis of a mechanism possessing suitficient rlcidbility
to acoount for the variations in pattern while rctaining « degree or

phyeiological credence.
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In cries One renking the relative amplituces of oscillation

produced two patterns of reSponée: the I ~dominant pattern, in which Tj

oscillations were consistently larger than those in 7., V,or V,
PR w2

occurred in experiments 568.14-1 ’ 368.l+2, 377.5 and 230.15; and the

V; ~dominant pattern (experiments 392,6 and 418.1) in which the

,L.l

prominence of' the ‘TE oscillations was lost, leaving the four variable:,
led by VT, &2 with rather similar relative amplituces of oscillation,

In both patterns T; was ranked either lowly or not st all, reil-cting
its ihfrecnxent oscillation: this was not unexpected, for 'l'I in man is
hardly changed by CO, inhalation during Lyperoxia or hypoxia
(Cunningham & Gardner, 1972).’

The phase relations, with respect to , of oscillatiozui in the

P
4,C0,

rrincry variables (VT K and ZL‘E) were consistent within most experiments.
’

Two phase patterns could be distinguished (rig. 26, p.93) in 3 experiments
(36t.1,, sct.h, and 332.6) the T, oscillations werc of negative phase

and out ol phase with the V.. _ oscillations, while in one experiment

L’JJ

\¢30.15) the oscillations of both variables werc puo.itive and in phase.

sn alternating expiratory stimulation (V,i1 .. larger, . shorter) and
- ’~.l ]
cepression (V,, . smaller, I longer), as described ror the “in phase”
,.L‘J [

pattern, might have been predicted: for the finaing: or Curaingr... &
Gardner (1972) on steady-state CO, inhalation, and of Gardner (1974) on

step-transients of PA co have shown VT

~and T . to respond in inis
N 2 g n,

mANne r,
The "out of phase" pattern was vnexpected. 1t resembles the bruath-
by-brea"hh positive correlation between V.. and 'l‘T first reported by

Priban (1963) during steady-state conditions of respiratory drive,



- 135 -
There appear to be at least two possible explanations for the behaviour
of VT,E and TE: the two variables may be responding to the same signal
but by different mechanisms, or one variable may be responding and the
other following passively. Judgement on this matter is postponed until
the results of Series Two, including both including both inspiratory and
expiratory responses, have been reviewed.

In Series Two, the amplitude patterns (obtained by ranking ZU) and

the phase patterns were conveniently classed as inspiratory and expiratory:

thus one or both might be present in any experiment. The imposition of
moderate exercise had no obvious effect on the patterns, except to increase
the incidence of oscillating responses.

The two or three experiments performed on any subject were analysed
as one, in an attempt to emphasise any latent patterns of response. This
procedure was justifiable as visuel inspection of the results had
revealed no gross differences in the pattern of response in separate
experiments on the same subject, though the incidence of oscillations
might have been different.

Perhaps the most surprising finding of the whole study was the
ubiquity of the oscillation in LFRC at rest and in exercise: the breath-
by-breath oscillation in FRC reflected a difference in the behaviour of
and VT,E This observation is returned to later (p.l44).

Vo 1
The amplitude pattems of the primary variables are briefly

described. Subjects 425 and 392 had inspiratory patterns only, with
oscillations occurring in the inspiratory primary veriables (VT,I , PIF

and PIA) to varying extents. Subjects 409 and L21 possessed both



FIG.38. Subject 409: phase paftern of the derived vanables.

.
FOREABINE
o I

+,— depicts the phase of the oscillation.
Thick boxes indicate the prominent primary
variables. Thick arrows indicate prominent
influences on derived vanables.
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inspiratory and expiratory patterns, so that oscillations were present
in TE and PEF, as well as in the inspiratory variables, VT,E has been
omitted from the expiratory pattern for, as will soon become apparent,
its behaviour is more in keeping with an inspiratory primary variable.
TI’ as in Series One, respomded infreguently.

The phase patterns of the primary variables were rather consistent

in subject LO9. The inspiratory pattern consisted of positively-phased

oscillations in VT, I’ YIF and PI4A, The expiratory phase pattern was
manifest as negatively-phased oscillations in Tm and PE?, This implies
that an inspiratory stimulation occurred on the same breath as an
expiratory depression, and vice versa. Oscillations in VT,E were less
frequent and were of positive phase, This pattern corresponds to the

"out of phase" pattern for V and T, in Series One.

T,E

The manner in which the oscillating responses in the primary
variables interacted in the derived variables is depicted in FMig. 38.

The only derived variable relevant to the present discussion is DFRC: it
oscillated with a positive phase determined by the VT,I oscillation,

The phase patterns in the remaining subjects were less easily
characterised because of a lower incidence of oscillations. The
inspiratory phase pattern, together with positively-phased oscillations
in V’I‘, & and DFRC, occurred in the remaining subjects to varying extents.
An expiratory phase pattern was absent except in subject L21: it
differed from that of subject 409, TE and PEF oscillating with a

positive phase in some runs, while in others T,

E? only, oscillated with a

negative phase,
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Thus, a hypothesis of carotid body function is needed which can
account for a relatively consistent pattern or response during inspiration
and a more labile expiratory response. It had been hoped that estimation
of the absolute latencies of the oscillating responses with respect to
PA,002 might have determined whether the inspiratory primary variables
responded ahead of the expiratory primary variables, or vice versa, in
those runs where oscillations in TE and PEF were out ot phase with those
in VT,I’ FPIF and FIA.,

It had been concluded that latencies were of four breaths' duration
or less (p.}13), but a greater accuracy was not warranted because of the
shortcomings of the method. Its weakness lay in the form of the stimulus
used. As mentioned on p.92 the latency of an alternate-breath oscillation
could not be measured in absolute terms. In retrospect, a similar
drewback applied to the CO,-transient (p.112): the oscillating portion
of the transient proved to dominate the single change between the

oscillating and steady states of P, co..*
g8, 2

an oscillating cross-correlogram of 2-breath period (Fig. 30, p.l2)

As predicted, this resulted in

which precluded a statistical estimation of Toax®

Thus, the conclusion that in subjects LO9 and 421 the oscillating
responses in TE and PLE¥ tended to lead those in the primary inspiratory
variables by one breath can only be tentative (p.ll3 ). It would be
worthwhile re-investigating the absolute latencies using a more suitable
form of 002 stimlus: perhaps of a more randomised form, with a frequency

spectrum beyond the limits of resolution of the medullary chemoreceptors.
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Prior to considering the physiological mechanisms which mizht have

produced these response patterns, the elimination of influences arising

from the experimental conduct is discussed. The first influence concerns
the effects of changing gas viscosity on alternate oreaths on the

performance of the pneumotachometer., It was predicted on p. 39 that, on

theoretical grounds, inspiratory flow should be overestimated by the
preumotachometer on a high-C02 breath, because the increase in mean gas
viscosity. As inspiratory volume and acceleration were derived from the
flow signal, they should also be subject to overestimation., Conversely,
on a low-002 breath underestimation should occur.

As the potential existed for the pneumotechometer to generate an
alternate-breath oscillation it was essential to estimate the significance

of this effect under the conditions of Po y ¥V, Vo, and T,, normally

T T
encountered in an experiment (p.4]|). Itzwas concluded that the
pneumo tachome ter did not participate in the generation of alternate-breath
oscillations in VT,I’ PIF or FIA.
The other factor that might have induced a spurious oscillation in

respiratory output was noise arising from the closure of the inspiratory

solenoid valves at the start of expiration., If such noise was perceptible
to a subject, persistent alternate-breath oscillations would have been
seen in all the STEALY runs: for, the valves operated throughout all
experiments. lowever, the incidence of significant oscillations in the

STEA'Y runs, was very low, so that this effect was discounted.
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The incidence of alternate-breath responses occurring in the
absence of the P,-.,con oscillation, although considerably less than in
its presence (Sex'ie;One: 15, p.89; Series Two: 3.5/ at rest and
6.2, in exercise, p.103) may reflect a more general tendency of the
respiratory system towards oscillation. Steady-state analysis of the
human respiratory system under conditions of constant PA,OOZ and

P,t 0 indicates the presence of oscillating responses at several
4 » 2

different frecuencies (Jensen & Ward, work in progress).
Thus, the patterns of oscillating response that have been described
in this section represent the reflex respiratory effects of an alternate-

breath P A oscillation, presumably emanating from the carotid body.

cO

2

The mechanism inducin, these effects has to account for some rather
unexpected findings: the possibility of obtaining an inspiratory
stimulation and an expiratory depression on the same breath (and vice

versa), and of FRC oscillating more regularly, on average, than any

other output variable.
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The role of the carotid body

1t is proposed that the alternate-breath PA co oscillation is
*TTe

transduced by the carotid body during hypoxie into an oscillating
discharge of the same period. This then reflexly affectes respiration to

produce the observed alternate-breath responses, both at rest and in

moderate exercise.

As the within-breath PA oo oscillation can be detected in the
e

brachial artery of man (Band & Semple, 1966, 1967), it is not unreasonable

to expect that the alternate-breath P, 5o Oscillation (half the frequency
2

and about thrice the amplitude of the within-breath P " oscillation at

CO
y-re
rest) is transmitted as far as the carotid body. This has been confimed

for the cat (Band et al., 1969b).

It may be similarly inferred that an alternate-breath oscillation
is produced in the carotid sinus nerve discharge (p.13). The peaks and
troughs in the discharge frequency might coincide with the raxime and

minima of PCO or of its rate of change with respect to time. The latter
2

is favoured in the cat (Band et al., 1971; W%illshaw, 1974: this thesis,
p.14), and possibly also in man, for the human respiratory system
resembles that of the cat in responding more easily to quick changes in

P, 5o Guring hypoxia than to the corresponding changes in hypoxia (p.16).
T2

The calculated alveolar profile of the alternate-breath oscillation

is depicted in Pig. 23 (p.82) for F,, and for its rate of change.
2

Allowing for a certain amount of attemation of the POo oscillation to
2

occur in transit from the lung to the carotid body (p.)§2), the two



- 11 -
profiles probably do not differ greatly on re.ching this point., Thus
the basic predictions of the hypothesis are not unduly affected if the
carotid body responds to Pboz or to its rate of change. To simplify the
subsequent argument, the alternate-breath profile of the carotid sinus
nerve discharge frequency is assumed to be a square wave,

It is further proposed that the variation observed in the pattern of
oscillating reflex response represzents a variation in the central timing
of the alternate-breath oscillation in carotid body discharge in relation
to the current respiratory cycle: Black & Torrance (1967a, 1971) and
Band et al, (1968, 1970), as described on p.19. The mechanism which
mediates the reflex effects of central timing has a sufficiently short
latency to enable it to discriminate between adjacent respiratory half-
cycles; thus an expiration could be influenced indepencently of the
ingpirations immediately preceding it and following it.

The central timing of the carotid body discharge is determined by the
ratio between breath duration and the circulation time from the lung to
the carotid body (p.19). Two examples are shown in Fig. 39 (p.143): in
(a), the carotid body discharge oscillates in phase with the respiratory

cycle, being either high or low for a complete inspiration and the

following expirstion; in (b), the discharge is out of phase by half a

respiratory cycle, the period of high or low discharge spanning the
expiration of one breath and the inspiration of the next.

4 raised level of carotid body discharge arriving centrally early
in an inspiration should stimulate that inspiration by increasing VT,I
(Black & Torrance, 1967a, 1971; Band et al., 1968, 1970); thc absence



- 142 -

of the Hering-Breuer reflex in man, except in extreme hyperpnoea, should
preclude T, shortening in consequence (Crossfill & viddicombe, 1961;
Cunningham & Gardner, 1972). Hence, increases should also occur in XIF,
Pl and YIa. replacing the raised discharge by a diminished discharge
in the next inspiration should depress the previously stimulated variables,

Thus, if the carotid simus nerve discharge arriving centrally
oscillates between these two levels on alternate inspirations, those
inspirations may be altermatively stimulated and depressed, generating
alternate-breath oscillations in VT,I’ MIF, PIF amd PIA.

The effect of a raised discharge from the carotid body arriving

centrally during expiration should be to depress the current expiration

by lengthening Tp (Black & Torrance, 1967a, 1971; Howard et al., 1969)
and decreasing ZEF (Howard et al., 1969). As in inspiration, an
alternation in the level of carotid body discharge arriving centrally
during successive expirations could alternately depress and stimlate
the current expiration, producing alternate-breath oscillations in Tn:
and Prs,

There have been no reports of VT, 2 responding to central stimula tion
by the carotid body during expiration. As described earlier (p.)3% ),
when VT, E oscillated it wfas invariably in phase with the oscillations of
the primary inspiratory variables, but its relation to the remaining
primary expiratory varisbles (T, F£F) was more variable. Integration
of the responses of VT, E into the hypothesis of carotid body involvement
is therefore postponed until the next section (p.l44) where the factors

influencing PRC are considered, rfor present purposes, it is assumed that
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in Series One the occurrence of oscillations in VT,E was an indication
that similarly-phased oscillations had been present in the inspiratory
primary variables, although these variables had not been recorded.

Thus, depending upon the central timing within the current respiratory
cycle of the alternate-breath oscillation in carotid body discharge, the
hypothesis predicts that inspiration and expiration may be both stimulated
or both depressed on the same breath (Fig. 39b), or one may be stimulated
on the same breath as the other is depressed, and vice versa (Fig. 39a).

The pattern of central timing depicted in fig. 39a could account for

the "out of phase" patterns of oscillation of V., . arnd T K in Series One

o I
(experiments 368.4,, 368.4, and 392.6), and of the primary inspiratory
and expiratory variables in Series Two (subject 409, consistently;
subject 421, occasionally). The central timing pattern of iig. 39b
could likewise account for the "in phase" oscillations of VT,E and TE in
Series One (experiment 230.15), and of the primary inspiratory and
expiratory variables of Series Two subject 421, occasionally).

The observation of Black & Torrance (1967a, 1971) that the effect
ot 002 pulses delivered to the cat carotid body during expiration was
more labile than the effect obtained during inspiration might explain the
absence of oscillation in TE and PEF in subjects 425 and 332, Either
pattern of central timing in Fig. 39 could. account for inspiratory
phase pattern in these subjects.

In sumary, the response time of the human carotid body (activated

by hypoxia) is sufficiently short for a reflex respiratory response to be

elicited by the alternate-breath PA co oscillation. A degree of
e
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flexibility may be imposed upon the carotid chemoreflex arc by the timing
at the brain-stem of carotid body discharge. Thus it was proposed that
the variations observed in the patterns of oscillating responses in
different subjects reflect differences in the central timing of the
alternate-breath oscillation in carotid body discharge. These differences
in timing may arise from differences in the ratio of breath duration to
the lung-carotid body circulation time; the means by which these may

occur are considered later (p./$3).

The alternate-breath oscillation in FRC

The incidence of altermate-breath oscillations in the derived

variable, DFRC (= Voo was more widespread than that of the

-V
I T,E)

oscillations in either V’I‘ 1 °F VT e 28 if the combined effects of these
? t Tt

two variables was more uniform than either of them alone. Some examples

of the relations occurring between V‘I‘ 1 and VT g are presented in Fig. 40,
4 »

Generally, the DFRC oscillation was positively-phased, and.as both

the VT I and VT E oscillations invariably had the same phase, the
4 ? .

amplitude in wag greater than that in V On infrequent occasions,

VTsI T,E’

other observations were made: a matching of the amplitude of the VT I
’

and VT ., osclillation gave no oscillation in DFRC; a greater amplitude
’
of the VT, E

insignificant oscillations in VT I and VT & produced a significant
» ?

oscillation resulted in a negatively-phased DrRC oscillation;

oscillation in DFRC.
The apparent inability of the changes in VT E to match those in
H

V'I‘ I has led to a consideration of some factors which might influence
’



the degree of pulmonary emptying: the breath-by-breath respiratory
exchange ratio, the time available for expiration, and the airway

resistance.

Respiratory exchange ratio. The breath-by-breath oxygen uptake

should be little affected by the presence of an alternate-breath PA co
b ]
2
oscillation. However, the PCO gradients between pulmonary arterial
2

blood and alveolar air change on alternate breaths, being about the same

as the usual air-breathing gradient on the low~CO, breaths, but being

2

diminished (in exercise) or even reversed (at rest) on high-CO,, breaths

2
(p. 82). The reversal of CO, flux on alternate breaths at rest should

decrease the volume of gas expired on a h:i.gh-(}o2 breath. This could

generate an alternate-breath oscillation in VT £ negatively-phased with
H

respect to PA,COZ and therefore out of phase with VT,I:

is, however, contrary to observation,

such a prediction

Even if the rate of CO‘,2 flux into the blood on a high-CO, breath
were to equal the normal air-breathing efflux at rest (ca. 240 ml min.1) R
during a breath of 3 sec duration only 12 ml of 002 would enter the
pulmonary blood from the alveolar air: this would be imperceptible.
Thus, changes in breath-by=breath 002 flux are unlikely to affect VT,E
or, therefore, FIC,

Expiratory time (T.). There is little reason to doubt that

expiration was an active process in the present study (Campbell, 1952;

Taylor, 1960; this thesis, p.J2%). Thus, the oscillations in Ty which
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occurred in several experiments are assumed to reflect the central
timing of the alternate-breath oscillation in carotid body discharge
(p.142).

The exact nature of the mechanism which detemmines the level of TE
has not been elucidated. Over a wide range of respiratory stimulztion
in man, the increase in respiratory frequency accompanying an increase
in ventilation is achieved by a shortening of T with relatively little
change in Ty (steady-state hyperoxic and hypoxic hypercapnia at rest:
Cunningham,& Gardner, 1972; step-changes of hypercapnia in hyperoxia at
reest: Gardner, 1974; transient removal at rest of hypoxia alone, of
hypercapnia in hypoxia, and of hypoxia and hypercapnia together: Drysdale,
Jensen & Cunningham, in preparation; in air-breathing exercise: Kay
et al., 1974b).

There is evidence in animals that TE may be modulatec by residual
inspiratory-inhibitin, activity from the previous inspiration (Nadel et
al., 1973; conscious dog; Clark & ruler, 1972, and Knox, 1973: anaesthetised
cat). In man, however, this effect should be insignificant, if not
absent, as the Hering-Breuer inflation reflex can only be demonstrated
in excessive hyperpnoea (Crossfill < wWiddicombe, 1961; Cunninghsm &
Gardner, 1972).

If the oscillating drive to expiration determines both the amplitude
and duration of the expiratory effort, then Ts and VT,E should oscillate
in phase, as was found in experiment 230,15 of Series Une and, on
occasion, in subject 421 of Series Two, If the VT, E oscillation departs

from this relation, a change in Raw night be a2 causative agent.
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adxway resistance (R ). uhile the oscillating responses in T

have been shown to satisfy the conditions of hypoxia-dependency ard
short latency demanded of a carotid chemoreflex (p.6), the implication
of reflex changes in Raw being mediated by the carotid body was basec
upon evidence in the literature from animal experiments,

In animals, CO, may dilate the airways locally ( isell, 1350),
and constrict them by a vagal reflex (Linthoven, 1892; Nadel & widdicombe,
1962). In man there have been conflicting results, perhaps due to varying
participation of the locel and reflex actions of CO,: at present, 0,
is regarded as having a constrictor action (Sterling , 1969; FRodarte &
Hyatt, 1973). .s 002 reduces laryngeal resistance slightly in man
(Spann & Hyatt, 1971) by a laryngeal reflex (cat: Dixon et al,, 1974),
the incrcase it causes in Row should reflect a constriction of the lower
airways (cf. Sterling, 1969).

In the experiments of Nadel & “iddicombe (1962) on the cat, there
was evidence of a multiplicative interaction at the carotid body between
hypoxia and hypercapnia on lower airway constriction: the reflex
bronchoconstriction produced by hypoxia, and part of that produced by
euoxic hypercapnia were abolished by ligating the glossopharyngeal nerves.
Exact estimates for the latency of the reflex bronchoconstriction were
not available: the neural camponent from the carotid body to the
bronchial smooth muscle should be short, but the limiting factor may be
the time taken for contraction or relaxation to develop in the muecle,
Nadel & %iddicombe's observations showed R 4 to increase within the

first 30 seconds after a ’change in P or P, .
€O, O2
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Yhether a similar mechanism of bronchoconstriction mediated Ly
increased carotid body drive can occur in man warrants experimental
study. At present, however, one is faced with the dangers of over-
speculation when invoking an alternate-breath oscillation in lower
airway tone and R,w Yo account for the discrepancies observed between
the oscillating responses in V‘l‘,.;d and T;z"

Perhaps the relevant conclusion to be dra.n from this section is not
so much that R” oscillated ubiquitously, but that the responses in
v’l‘,I and VT,::. were rarely matched. If the hypothesis of carotid body
function and central timing presented on p.|40 has validity, then the
mis-matching of v’i‘,I and VT,:; would seem to reflect the rather un-natural
profile of carotid body discharge (an oscillation with half the frequency
of the within-breath oscillation) which makes it possible to stimulate

inspiration and depress expiration on the same breath.

Ihe multiplication between hypoxia and the CO, oscillation: at rest

Bvidence was presented in Chapter 1 of there being a multiplicative
interaction between hypoxia and hypercepnia on VL in resting man,
mediated by the carotid body (p.21). During steady-state conditions the
multiplication is effectively linear: Vh increases linearly in response
to iso-oxic hypercapnia (Nielsen & Smith, 1952), and to isocapnic hypoxia

A,0
The effects of graded hypoxia on the respiratory responses to 002

(Lloyd et al., 1958), where hypoxia is an inverse function of P (pa?3).
2

transients have received less attention., The present study was an
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attempt to rectify this situation by examining the hypothesis that the
miltiplication of the alternate-breath Pﬂ’ co, oscillation by hypoxia is
analogous to that of the steady state, so that the amplitude of an
oscillating response increases linearly with hypoxia.

In Series One it was tentatively concluded that a multiplication had
occurred between the PA,COZ oscillation and hypoxia within the P;-‘,O?_
range of 60 to 50 torr (p.95). The collected results of the Series in
all variables (;’E’ VT,E’ Trps TI and TE) provided 6 instances out of 30

where the oscillation amplitude was greater at the lower P, the

,057

most marked response occurred in experiment 392.6, with V., V, . and T

J-’.A‘J

L"
et

showing a multiplication (Fig. 28, p.96).
The hypothesis of a linear multiplication between hypoxia and the

P, Co oscilla tion was investigated more fully in Series Two., Because of
£,CO,

the extended range of P 0, (ca, 200-45 torr) and the greater number of
measurements (ca. 4~7), multiplication was assessed by & linear regression
analysis of oscillating response (oscillation, 7L) upon hypoxia (p.|l4).
The collected results at rest from nine experiments produced 11
regression coefficients out of 117 (9.4") that were different fram zero.
In each instance, the oscillation amplitude increased with the degree of
hypoxia, as predicted. Although this represented a statistically
significant incidence of linear multiplication, it was less than had been
hoped for. It should be pointed out that one of the 4 subjects (425)
showed very few oscillating responses at rest, and that experiment 42,2

hardly encroached upon hypoxia. The incidence could therefore be
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re-expressed for the remaining 6 experiments as 11 out of 78 (e 1)
which is still perhaps rather low.

It might be pertinent to compare these results with those of Band
et al. (1970) obtained from anasesthetised cats. 1In 3 cats out or 4, the
ref’lex response (VT,I) elicited by a pulse of CO, applied to the
carotid body ai a given point during inspiration was increased when the

animal breathed air instead of oxygen; a further reduction in s 0 haa
4 ? 2

relatively little effect in ¢ cats, but elicited an edditional respiratory
stimlation in a third, Thus in both conscious man anc the anaestiixtised
cat, mltiplication by hypoxia oi' the respiratory effects of a high
irequency 002 signal was seen, but by no means invarisbly.

There was no evicence of a hypoxic threshold for the generation of

reflex oscillating responses in the P,5 0. range o1’ 200 to 100 torr
4., 2

(p.llS). cCunningham et al. (1964) reached a similar conclusion for

steady-state breathing in man: inhalation of pure oxypen at a PA 0 of
’ D2

210 torr during hypercapnia produced a small but definite fall in Vi

-

implying the existence of a hypoxic drive to the carotid body even at a

roderately raised P, o0.*
.(1, 2

The observed multiplication between hypoxia and the PA oscillation,

,CO,
although scattered between the different experiments, occurred most
often within the group of variables (MIF, il and FIs) and to a lesser
extent in lLF, PEX and ¥, (Taeble 19, p.116). iultiplication was

noticeably absent from the wolumes and ventilations, urthermore,

although L'FC oscillated more frecuently in hypoxia than any ovher



FIG.41. The effects of hypoxia on the amplitude of the
alternate-breath oscillation and run- mean.
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output variable, graded hypoxia did not systematically increase the
amplitude of oscillation.

It is encouraging that those cutput variables which exhibited the
effects of a linear multiplication between hypoxia and the Pt.&’ 002
oscillation were those considered more likely to reflect the reflex
effects of a changing drive to breathing (p.l2%).

Cf interest was the observation that linear multiplication was
usually still present after the alternate-breath oscillations hac been
normalised with respect to their run-means (r./l) ). This implied that
the amplitude of the oscillations increascd proportionately more with
hypoxia than did the corresponding run-means (.s'ig. 41): for, in all

experiments the run-means in the several variables (T,L,, expressed

L‘E, ’;’I
as frequencies for this purpose) incrcased with hypoxia, with the
exception of ij¢thoygh often +o a lesser degvee at +he highev level of hypoxia.
Thes¢ observations coulc imply that the human carotid bocy is more
sensitive to a changing &, stimulus than to a steaay CU, stimlus,
cvidence for the carotid body of the cat responding to the rate of

change of PCOZ rather than to 2002 per se has presented in Chapter 1
(p.14). and, in man, the reflex responses elicitea by quick changes of

P co curing hypoxia are elicited more quickly ana easily than the
p

corresponding changes in © \uescribeu on p.16).
The validity of this argument depends on the relation between PI\ o0
1,00,

and carotid body PCO being maintained as hypoxia increases: for, an
2
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"extra" effect of the P‘,& osclllation on respiration could result

,C0

from a reduced attemation if the 002 signal during its passage fronm

the lungs to the carotid body. In addition, as it is the reflex

effects of carotid body activity that are being considered, one cannot
exclude the phenomenon of central timing: again, an apparent hyper-
sensitivity of the carotid body in the presence of the P;._&, co, oscillation
might reflect an improved central timing of the carotid body discharye.

stitemation of the P, co oscillation. The two main sites at which
2

“*9

the PCO oscillation may be attemiated to a greater or lesser degree are
2

the lung end the left ventricle., The mis-matching of alveolar ventilation

and pulmonary capillary perfusion and the heterogeneity of pulmonary
cepillary transit times should both contribute to the attermation
(Yokota & hreuzer, 1973). Their effects should be lessened with an
increased activity of the heart, as occurs in muscular exercise anc, to
a lesser extent, in hypoxia. £ more even perfusion of' the lung in
exercise reduces the degree of ventilation-perfusion incquality (Vest &
Dollery, 1960). Also there is less variation in the pulmonary capillary
transit times during exercise (Knop]? & Bassingthwaite, 1969).

In the left ventricle the oscillation is temporally segmentea and
nixed with the residual blood volume. Therefore, any influence increasing
the ratios of heart rate to respiratory rate (i c/fv} or of left ventricular
eni-diastolic to end-systolic volume (il-V/ESV) will limit the uistortion
of the Pooz oscillation ut this site (Yemamoto, 1962; Yokota & Kreuzer,
1973). And, exercise should decrease the attenuation by efflects on

both ratios: f c/fv is increased in exercise (C-f.Yamamto)1962): this thesis,



- 153 -
Appendix 3, p.240 , and although the behaviour of the cerdiac residual
volumes is lacking in man, KDV/.SV increases during exercise in the
conscious dog (Chapman et al., 1959).

The effects of hypoxia are less easy to predict. ssmussen & lielsen
(1955) found that in man the cardiac output (measured by dye dilution
using T-1824) was increased during hypoxia (Pa,oz ca., 4O torr) by 10-20;
of the control value at rest and during exercise. 7The increase was due
to an increased heart rate, the stroke volume tending to fall slightly.

In the present experiments, at rest fv rose from ca, 20 m:i.n"1 to ca.
25 min'1 , on average (an increase of 25,). Although the conditions of
this study and that of ‘smussen & Nielsen are not cirectly compatible,
it does appear that the tendencies for fc and fv to increase on exposure
to hypoxia are of the same order,

*hether MXDV/ESV is affected by the small reduction in stroke volume
observed by Asmuissen & Nielsen would be difiicult to predict.

Thus, the effects of hypoxia on the degree of attemiation undergone
by the F,, oscillation in transit from the lungs to the carotid body

2
would seem to be minimal.

The timing of the PA,002 oscillation. The central timing of the
oscillation in carotid body discharge in relation to the current respirateory
cycle ia determined by the ratio of breath duration and the circulation
time between the lung and carotid body. In hypoxia, as discussed above,
breath duration is shortened (fv increased) and cardiac ocutput is

raised. an increase in cardiac outmut is onc of. the factors which



- 15 -
should decrease the lung-carotid body tronsit time: during exercice
the transit time between the lung and ear lobe capillaries is shortened
(e jours et al., 1957¢,b; Drysdale, personal communication), this being
considered comperable to the lung-carotic body time (Jain et al., 1972).
liowever, Lrysdale (personal commnication) found no systematic decrease
in the lung-ear lobe circulation time when resting subjects vere made
hypoxic.

The occurrence of a reduced breath curation in the facc of a relatively
constant lung-carotid body circulation time must affect the central
timing of the oscillating carotid body cischarge. However, without
prior knowledge of the central timing in euoxia, the effects of o changed
timing in hypoxia cannot be predicted: the facility exists for either
stimilating or depressing respiration,

Thus, in conclusion, the observed lincar multiplication at rest
between hypoxia and the alternate-breatii Pﬁ, 002 oscilla‘'i on may represent
miltiplication at the carotid body, possibly by a mechanism sensitive to

the rate of change or' In addition, the possibility exists of there

(}(,2

being a reflex moaulation by changes in the central timing of the
oscillating carotid body discharge. The alveolar-urterial transmission

of the P(‘O oscillation appears little changed, however,
T2

The multiplication between hypoxisa and the 00;_L o8cillation: in exercise

In the previous chapter it was proposed that exercise interacted

sdditively with the combined reflex effects of hypoxia and the alternate-

breath ¥, o, oscillation (ps78 and fig. 20), by analogy with the
=2
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steady-state observations of .smussen & Nielsen (1957) anc Bhattecharyya
et al. (1970). slthough this hypothesis may be a slight oversimplification
(the ‘}E’ PA,COZ relation during hypoxic exercise is often curvilinear
rather than linear), it allows the effects of exercise to be ciplc.ed by
linear regression analyesis, as at rest.

At least some of the steady-state "additive" component is hypoxia-
dependent (as shown by the rapid fell in VL when oxygen is breathed),
the remainder reflecting a neurel drive to breathing (Cunningham et al,,
1968). The nature of the hypoxia-dependency is not yet clear., Black &
Torrance (1967b, 1971) and Cunningham (1974b) have proposed that the
increased amplitude of the within-breath PA’ COZ oscillation in exercise
provides an increased chemoreflex drive to breathing in hypoxia, and that
further modulation may occur as a result of an improvement in the central
timing of the carotid body discharge (p.18). Others have proposca a
central facilitation of the chemoreflex occurring independently of changes

in the arterial blood gases (Hilton & Joels, 1964; Davies & Lahiri,

1973).
In the present stuuy an attempt was made to separate the effects of
oscillation amplitude and timing by inducing a PA 00 oscillation of
*re

constant amplitude at rest and in exercise (the amplituue being comparable

to that of the within-breath P in moderate exercise). Therefore the

4,00,
differences observed in the oscill:ting responses between rest anc
exercise should principally reflect changes in the central timing of the
carotid body cischarge. If the major influence of the within-vivath
A,C-Oz oscillation is exerted through its profile rather than its timing
one might expect the effects of exercise in the present .tudy to be of
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little consequence in generating more prominent alternate-breath
responses, .0 involvement of the carolid body in exercise was irplieu
from the hypoxia-depencency o: the oscillating responses, as at rest.
There was a considerable increase in the incidence of oscillating responses
(p«100) and of significant regression coefficients (w.114). Linear
multiplication was indicated in 24 cases out of 117 (22.5))) from the
collected results, representin_ an approximate doubling of the incidence
at rest.

Some features of the hypoxia-dependency were common to the resting
and exercising conditions: there was no evidence of & l'h, 02 threshold
in the range of 200 to 100 torr; 1linear multiplication was still
present in many cases after the responses had been nomalised with respect
to the run-mean; the most commonly involved variables were rather
similar, though the ren c of involvement was wider.

The hypothesis of addition by exercise predicts that the regression

coef'ficient is unchanged but that the hypoxia intercept occurs at a higher

P 0. In only 3 cases did significant coef:'i .ients occur both at rest
IL’ 2
and in exercise: in 2, addition was confirmed (experiment 409.5: II»F,

PEF), while in the third, further multiplication was indicateu
(experiment 421.k: PIF).

The enhanced status of the oscillating responses in exercise may
result f'rom a reduced alveolar-arteﬁal attenuation and an improved
central timing of the alternate-breath P, oscillation (5.152). Also

P
it is evident from #ic. 237 (p.f£2) that, although the altcrnate-breath



- 157 =

oscillation in end-tidal POO is approximately equal at rest and in
2

exercise, the maximum computed occillation in alveolar PC is laiger in

0

exercise, reflecting a greater rate of CO2 elimination. nﬁ the inspiratory
and expiratory times are rcduced in exercise (Kay et al., 1974%) the

P A,COZ oscillation becomes sharper in profile.

The effects of changes in the central timin’ oi' the oscillating
carotid body uischarge should also be considered (p.IS3): for, both the
lung=carotid body circulation time and breath duration are shortened in
exercise. The lack of change in the phase relations of the output
variables, both between themselves and with respect to the l-"} 400,
oscillation, on goin; from rest to exercise (p.107) imdicates that the
ratio of breath duration to lung-carotid body circulation time wes not
grossly altered, However, smaller significant changes in central timing
could have occurred within the respiratory cycle but these would not
have been detected by the methods of this thesis.,

In conclusion, the observation that moderate exercise can potentiate
the incidence of alternate-breath responses in hypoxia mey imply that an
improvement in the centrul timing of the carotid body discharge had
occurred, and that this effect might provide part of the potentiating
action of exercise on hypoxic hyperpnoea unier more natural conditions.
However, there was no indication of the relative contributions to the

oscillating responses in exercise of reduced attemuation and changed

central timing of the PCo2 oscillation,
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karely did exercise modify & pre-existing linear multiplication
between hypoxia and the PA,co?_ oscillation at rest. This reflecteu a
rather low incidence of multiplication at rest rather than the absence

of a further stimulation in exercise.

Variability of responses

There was considerable variability in the incidence of oscillating
responses in cifferent subjects, bein; especially marked in Scries Two.
1t may be relevant that Band et al, (1970) weie unable to elicit a
respiratory stimulation in some cats by close delivery of CO2 1ulses to
the camtic body, VFhether this reflected a depression of chemoreflex
activity by ancesthesia or whether the carotid body lacked the ability

to transcuce high frequency information on P, is not clear, If the

cO
latter vere the case, one miizht inwoke the pheﬁomenon to account for the
poor oscillating responsecs of subjectsz L25, 377 ani W€,

:lternatively, the efficicacy of the P002 at the carotid body might
be poor as a result of substantial alveolar-artcrial attemustion; or
its reflex efficacy may be impaired by the central timing of the carotid
body discharge such that the level of activity arriving centrally at

sensitive phases of the respiratory cycle was similar on alternate breskhs,
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Concluding remarks

The ability of the human carotid body to respond to an alternate-breath
P(202 oscillation when ectivated by hypoxia has been amply demonstrated
at rest and during moderate exercise in a wide variety of respiratory
output variables. The hypoxia-dependency could take the form of a
linear multiplication between hypoxia and the 002 oscillation, especially
in those variables which had been considered as being suitable incices
of respiratory centre output. There vere indications that the
multiplication mizht involve & mechanism sensitive to the rate of change

of PCOZ'

The reflex effects of the oscillation proved to be more complex
than previously imagined, perhaps reflecting the modulating effects
conferred on the carotid chemoreflex by changes in the central timing of
carotid body discharge. Thus either inspiration or expiration occuld be
excited or depressed independently of the other. 1t was felt that the
ubiquitous oscillation in RC mi:ht reflect this situation, althou;h
an additional effect of changing airway resistance has also been
considered. The behaviour of FRC and airway resistance in response to
changes in carotid chemoreflex drive from one steady state to another
warrants attention,

The results obtained during exercise lead to the possibility of a role

in hypoxic exercise hyperpnoea of changcs in the profile anu central

O,
Z
studies on this point are nceded. ror example, the degrec of alveolar-

timing of the within-breath P, .. oscillation. Rather more specific
-y (4
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arterial attenuation occurring at rest and in exercise could be explored
by the techniques of indicator dilution theory: the attenuation urcer-
gone by a pulse of nitrogen introduced into the lung coulc be stucied at
the car lobe with an ear-oximeter to record the time prol'ile ot the
attemuated pulse in arterial saturation.

-n addition, rather simple experiments could be performed to cxamine
the relevance of the proposed change in central timing occurring in
exercise, The lung-carotid body circulation time could be estimated
from the lung-ear time (Jain et al., 1972) at rest and at various icvels
ol exercise; when related to the corresponding breath duration time,
this would provide an index o' central timin.,

Thus, the significance of Yamamoto's hypothesis (160) concerning
the role of the within-brath P,

£,C0
e
hypoxic exercise still remains to be ecstablished,

oscillation in the hyperpnoeca of
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Table 1:

Subject

230
368
3n
392
L09
L18
ha1
425

Osb*ocz.os%*oq.
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Physical characteristics of subjects

Sex

Age  Height
m,
23 1.1
21 1.67
19 1.78
23 1.7
18 1.75
21 1.65
20 1.52
27 1.78

Weight
kg

65
70
67
70
65
6l
51
71

Occupation

Graduate student in physiology

2nd year medical student

13t year medical student

Graduate student in physiology

18t year medical student

374 year undergraduete in biochemistry
1st year medical student

Medical doctor
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Table 2: The effects of mean flow on the pressure difference

measured along the inspiratory and expiratory lines of the

apparatus,

Mean
Flow

I.Min'

20
40

60
g0

(00
120
| 40

Mean
Pre ssure

cm. H;0

0.100
0. 150
0.250
0.400
0.925
0. 675
0. 375

Inspiratory line

Resistance

cm. Hy0/1.sec”!

0 300
0.225
0250
0. 300
0. 320
0.33%
0.375

Expiratory line

Mean l?esistai\ce
pressure

cm. H,0 cm.H;O/I_sgc_"
0.230 0.690

0. 330 0.495
0.460 0.460
0.S530 0.43]
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Table L: Calculation of some gas viscosities.

Assumptions: (i) Pp = 760 torr.
(i1) Average temperature of the gas in the FIM is 30°C or 34°C.
(iii) The viscosities of 0,, C0,, N, and H, may be closely
approximated by linear functions of the average temperature of
the gas (Blumenf eld et al,, 1973).
(iv) The mean viscosity, N, of a mixture of gases is the linear
combination of the viscosities of the pure gases weighted by
their fractional concentrations, F (Blumenfeld et al,, 1973).

a, Viscositles of gases at 30°C and 34°C:
", deg. ¢ x 10-6 poise

Gas g . 30% T = 34°C
HO 149,70 151.98
0, 208,96 210,15
CO, 16465 166. 51
N, 181,19 183.00

*Data from Blumenfeld et al. s 1975,

b. Viscosities of gas mixtures at 30° and 3,°C:

T = 30°C T = 3!:°C
miiau?re Gas iﬁ:;alre F i xF degsg"1 X 1xF deg, ¢! x
(torr) 107" poise 106 poise
1. H,0 L7 0.062 9.28 184,707 .42 186,494
0, 150 0,197 41,16 b1, 47
002 0 0.000 0.00 0.00
N, 563 O, Tl 134,26 135. 60
2. H20 L7 0. 062 9.28 187.262 .42 188,92L
02 220 0.289 60. 39 60,73
CO2 0 0. 000 0.00 0. 00
N, L93 0.649 117.59 118.77
3. H,0 L7 0,062 9.28 185.952 9.42 187.621
0, 220 0.289 60. 39 60,73
C0, 60 0.079 13,01 13.15
N %3 0. 570 103.28 104, 31



Gas

mixture

L.

Gas

P.P .

L7

673
L7

60
613

- b4 -

0.062
0.053
0. 000
0,886
0.062
0.053
0.079
0. 807

T=30°C

MNxF 'n

9.28 180,890
11,08
0.00
60,53
9.28 179,584
11.08
13.01
146,22

T=34'

OxF

9.42
1,14
0.00
162.14
9.42
11,14
13.15
147.68

9

182, 701

181, 398
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Table 5: The size and significance of alternate-breath oscillations in Fii.
output induced by alternate breaths of high P, (60 torr) and low Pao (0 torr)
2 2

The results presented below derived from a simulated experiment, in
which the subject was replaced by a sine-wave pump. The "tidal volume" :nd
"breath duration" of the pump could be altered to cover the range of values
encountered in a typical experiment. The PCO and PO of inspiratory gas
mixtures likewise covered a typical exper:’unen%al mngé Output from the
PTM was recorded as flow (PIF), volume (VT,I) and acceleration (PIa).
Alternate~breath oscillations in these three variables were computed and

proceased as described in the text, (p.67).

a, The effects of varying inspiratory tidal volume (\.I.T I) end breath
2

duration (‘f.r) at constant mean flow (v, = 4O l.min'1) and P, (200 torr):
2
: Atkernake - breath oscillation
\'7 T v PIF PIA
T,I T T,I -1 -2
0.5 0.75 N. S. N. S. N.S.
1.5 2,25 N. S. N. S, N. S.
3.0 L,50 N.S. N. S, N, S,

4y

b. The effects of varying mean flow (¥) and P, at constant V, (2.0 1.):
2

Al ternate-breath oscillation

P, v Vo g PIF s
tofr  l.min" 1, lomin™l  l.sec™?
200 40 N. S. N. S. 0.18""
200 50 N. S. N. S. N. S.
200 60 N. S. N, 5. N. S.
100 40 K. S. X. S N.S.
100 50 N. S. N. S. N. S.
100 60 N. S. N. S. N. €.
50 40 N. S. N. S. -0.18"*
50 50 N, S. N, <. N. S.
50 60 N. S. N. S. N. S.
50 70 N. S. N. S. N. S.
50 80 N.S. N.S. N. S.

-2
*PIA oscillations measured to ncarest 0.18 1l.sec

N.S.: amplitude of oscillation not different from zero.
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Table 6: Performance of integmator and differentiator for the

preumotachometer, in response to an electrical sine-wave.

Deviation from predicted lag

Integrated wave Differentiated wave
Period
sec sec % of period sec % of period
1.00 0.00 0.0 0.05 5.0
1.55 0.05 2,6 0.10 5.1
1.95 0.00 0.0 0,10 Lot
2.55 0.05 2.0 0.10 3¢9
3.15 0.05 1.6 0.15 4.8
3¢ 35 0.00 0.0 0.05 1.5
3.65 0.00 0.0 0.10 2.7

Time measured to nearest 0,05 sec
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Table 7
&, Calibration of the mass spectrometer (head 2) for CO, in 0, and in L
002 in 0, CO2 in N,
POOZ y torr PCOZ’ torr
Lloyd-Haldene lass Spectrometer Lloyd-Heldane lass Spectrometer
18,21 19, 30 20, 36 19.90
35.28 35.85 35.49 3. 35
L0, 80 41,85 39. 94 39.80
L, 60 45,85 L5.7h L5, 35
49.26 50. 35 50. 33 L3, 35
59. 37 60, 85 60,01 59.35
Regression equations;=
CO, in 0,: ICOZ,M-S = 1,01 1-"’(.:02’];‘1_.H + 0,63
CO, in N?_: PCOZ,M—S = 1,00 PCOa,Ll—H - 0.45

b. Calibration of the mass spectrometer (head 1) for 0, in N,

2
Po, , torr
Lloyd-Haldane rass Spectrometer
L6, 5l L5.89
6. Ol 63.80
80, 00 80. 33
36. 9 96.48
147. 21 145,12
Regression equation:-
P = 0,98 P + 0,86

0,,M-S 02,L1~H

2’
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Table 8: Calibration of Parkinson-Cowan dry gas meter
(Type CD, No.O1 334) with dry eir.

Gas flows
Standard gas meter (Lmin7) Test gas meter
Type CL, No, 02011 Type CD, No, 01334
17.1 16.9
29.3 29.1
39.6 39.2
50.8 50. 6
63.6 63.6
Thed 73.7
82.9 82,6
96.8 96.9
104.7 105.5

Regression equation:-

VTI‘JST = 0,99 Vm + 00524-
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Table 9: Calibration of the Wedge spirometer Jor ._teady
flows of air.

Air flow (37°C, saturated) Wedge spirometer output

1.min.1 on Devices recorder (cm)
20 0.475
30 0.75
L0 1.00
50 1,25
60 1.475
70 1.70
80 1.95
90 2,20
100 2450
110 2,75
120 2.975
140 365
150 3470
160 3. 95
170 4.20
180 Lol2b
190 L. 65

Regression equation:-
Deflection = 0,024, Flow + 0,068
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Table 10: Performance of the integrator for the iiedge

spirometer, in response to an electrical sine-wave,

Period —eviation from predicted lag

0.50 All measured deviations were less
1.00
1.50
1.95
2.45

than 0,05 sec

3,00

330
3.80

Time measured to nearest 0,05 sec



Measurement limits

Table 11:
Variable P A, 002
Expt torr
s 2 O
377.5 0.5
392.6 0.5
L18.1 0.5
230,15 0.5
L09.5 0.5
409.6 0.5
Le1.2 0.5
21,4 0.5
Le1.6 0.5
4eb.2 0.5
L25.5 0.5
392.13 0.5
392.15 0.5

PA,o2

torr
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5

v

T,k
ml
35
35
35
25
35
30

-171 -

Vo 1
ml

30
20
20

20
40

30

PEF

3.0
3.0
1.7
2.0
1.7
L.9
5.2
5.0
e 5

FIF

2.5
2.5
1.4
1.7
1.8
2.4
2.1
2.4
2.4

iPTa_

1/min 1/min 1/ sec®

0.09
0.09
0, O
0.17
0, 20
0.08
0.20
0, 08

00114-

noch  mads
50 50
50 50
50 50
50 50
50 50
50 50
50 50
50 50
50 50
50 50
50 50
50 50
50 50
50 50

:i\
1

msec

DFRC
ml

20
20
20

L0

&

30
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The prediction of an oscillating cross-correlation function ior ohe

_?_Mmz transient.

The P, ~o transient was that produced by converting an alternate-
iyt L

breath oscillation of P (03C) to a steaay P, ... (STH.DY): it
J’L,Coz .A., \)2

consisted of 10 OSC and 10 57..DY breaths. This transient is siwlotec

below, the output following the input slmost faithfully, with a laténcy

of' Z breaths, The cross-cérrelation function (the variation of r, with

the time displacement, K) was characterised ror K = 0, 1, 2, 5 and &4

breaths, with r. being calculated according to the formula on :. 70,

The simulated transient:-

l'ata esults
Input Output Cross~-correlation
1.01 1,00 coefficients
2,01 1.99 Iy = 0.911
1.00 0.99 r, = ~0.956
<s 02 .00
0SC  0.98 1,01 Tp = 1.00
1,99 2.01 ry = 0. 953
1.00 1.00
2,01 1.99 n, = 0.8%
1.01 1.01
S N
1.50 1.01 Latency of
1.49 2.00_ -2 breaths
ST ;.;1- ) 1.51
STEADY  1.80 1.80
1.52 1.51
1.49 1.52
1,51 1.52
1.50 1.49
1.80  1.50
1.49 1.49

The resulting values of r, oscillated between positive (even values

of k) and negative (odd values of k), being maximum and positive for k = 2

(the latency between inppt and output).
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Normality oi date in Series Two

This is an account of' the results upon which the conclusions
concerning normality in Chapter 3 (p.80 ) are based. Complete data on
non-normality are presented for each experiment at the end of this

account (p.\30 ). The teminology used here originates from the statistical

account of normality in Chapter 2 (p. 65 ).

“reath-by-breath non-normality of P
A,CO2

0SC_runs, The Kolmogorov-fmirnov statistic, d_ ., (an index of

non-normality) differed from zero in 99 out of 101 runs. “he frequency
distributions were all bimodal (platykurtotic), having a mean g, value

01‘ "1.9 (rarlge: -1.l+ ‘GO “2.0)0

Vsl runs, Non-normality, as indicated by dma.x , occurred in 22
runs out of 91 (15 at rest; 7 in exercise), being distributed fairly
ever 1y between the nine experiments. The nature of the departure from

nomality had little consistency between runs.

Sreath-by-breath non-normelity of output variables

The occurrence of non-normelity was assessed for the collected

.

ex criments as follows, Ior each run-type (rest OSC and UT...LY;
exercise OSC and STii.Y), the total mumber of variables not normally
3istributed (&) was expressed as a percentage of the gran total of

variables of all runs concerned (13 x no. of run., = n); Table 10.
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The largest ueirec oi nou~nommality was found in the .i%ADY runs
at rest (11.27; experiment range 0-2U.4), followed by the .\ u.li runs
in cacrvise \8.6,.; range 1.3 - £1.5)), the 0OSC runs in exercise (..6,s;
range J-¢1.5,.), and the 0S¢ runs at rest (C.2%; range 0-15.4.). o
clatlevicul test ol the Giiference in the ceyrce of non-nonaaliy
betvcen run-types was iacc; however, it seemed unlikely cuct any
signislcant cii'ferences existeu. The average degree u. non-nommality
for the pooled run~types of all experiments was {.1 .,

The most conmon non-normally distributed variasble in eacn oi' .he
Iour run .ypes wis TI, with T’I" TE’ VT,i:) ard VT,I also showing varying
degrees of prominence (Table 11). looling of the run-.;cs gave ..
similar pattern. Oubse u.nt inspection o: the experimental recorus

showed that many of those runs possessing non-normality in ’;‘T, . or TE

I
contained evidence of interiere.ice by events considered extraneous to the
.xpected respiratory response (swallowing, induced by the accumlacion of
salive in the subject's mouti; coughing). It was deciued to remove the

alfected breaths from the records of ail variables, and then to re-examine

their frequency cistributions,

llon-normality of outmut variables, after removal of extraneous cisturvances

Lfter removal of disturbances, the occurrence of non-nomality was
assessed as above. The results are shown in lable 12. The pattemn of
non-nomality was similar to that noted before, the l-rgest degree

occurring in the STZADY runs at rest (7.0)); range O=21.2). In all
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cases the degree of non-normality was reduced, on average, to about
0.5 of' its pre-existing level. !.o significant differences were considered
w0 exist octween the four run-types. On pooling the results on w.« four
run=-. pes, the average dc;ree of non-normality was 5,14, compared with
8.1. prior to the removal of c¢isturbances.

~he distribution of non-normelity between the output variables for
botl: the inaividual run-types and the pooled run-types wes very similar
(Pable 12): only the latter will be described, 4n absolute reduction
in e degree of non=-normaliiy ves seen in all variables, wncu compared
with the unediteu data. However, when expressed as & percentoyge of the
totoi number of non-normal events, the distribution of non-normali.y was
littie cnongeaq,

.he poassible effects of hypoxia on the pattern ...? degree oi
non-normality .cre examined by comparing the results obtainca i'rom
hyperoxic runs (PA,0 180 torr or more) with those from hypoxic runs

2
(2 of 70 torr or less). ‘eking the pooled results on the four iun-

a0
typesz('i‘able_15), thie aversge non-normality was slightly greater in
hyperoxia than in hypoxia, as was the variation between run-types
(hypoxia: mean = 5.27, range = 2.7 - ©.5; hyperoxia: meen = .3,
range = 4.5 - 15.4.). In both hypoxia and hyperoxia, the largesti degree
of non-normality was present in the STEADY runs at rest.

The distribution of non-nomality between the output veriables for

the pooled runs in hypoxia wn: in hyperoxia appeared to be similar, when
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examined as the pe:centage degree of non-normality (Table 414), if the
small number of hyperoxic runs was taken into consideration.

Felations between the non-nomsality of breath-by-breath P, anc
4‘.’ 2

output variables

It seemed important to establish whether the observed non-normality
in output variables was a direct result of the patterns described for

P , or due to other influences,
1q002

If some, or all, of the output variables were linearly reclated to
PA ’Coz on a breath-by-breath basis, one might expect the form of their
frequency distributions to be similar to that of PA,COZ' However, the
demonstration of such similarity is not sufficient evidence to conclude

that P. .. had induced the non-normality.
41y ‘2
In none of the OSC runs was the bimodal frequency distribution of

P co reflected in the frequency distributions of any output variable.
A'», 2

In only 10 out of 91 ST::LY runs was there any correspondence between

the frequency distributions of F co and an output variable, as would be
.l,.’ 2
predicted if the breath-by-breath variation in P, was influencing
..,002

respiration.

.elations between the non-normality of breath-by-breath su.~utl voriables

It was considered of no zrcat merit to present a detailed empirical
deseription of the non-nor..ality existing amongst the output varisobles,
unless this would shed 1lizht on any mechanism of interrelation betveen

selectol variables. The only phenomenon 1o iw < udied in this context
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wes the occurrence of' augmented breaths., The presence of one or two
augmented breaths in a run could pertaps impose a degree of non-normality
on the freauency distributions of breath~by-brecath VT,A. oend ""1 ,» the large
values producing a ri ht-skeved. distribution (g1 ~ositive), This
prediction was examined for each subject. »11 runs whose non-normality
‘was th ught to be induced by the presence of augmented breaths arc

rarked (.. E.) in the following non-nomality tables.

In the experiments performed on subjects 409 and L25, no augacnted
breaths were apparent, though, on isolated occasions a biphasic profile
ol inspiratory flow and acceleration was seen in combination with an
inspiratory tidal volume and breath duration of more usual dimensions.
ihe occurrence of such a biphasic profile, alone, is not sufficient to
classif’y a breath as being augmented: the corresponding tidal volume
must also be considerably greater than the mean,

The other two subjects (421 anc 392) both showed consistent but
differing patterns of augmented breaths. Subject 421 procuced an
occasional cusmented breath (sometires two) in most runs, which were
otherwise of a fairly regular nature with respect to all breath-by-
breath outnut variables. The peak inspiratory flow and acceleration and
peak expiratory flow of aujrented breaths did not eppear to cepar
greatly { v.. the mean level.

in experi.ant 421.2, a totul of 10 au mented breaths was rscorded

from 8 runs out of 19, Of these runs, two (A.B.1 and ., 5.2) we re

non-normal with respect to V., r, havin, a positive value of g . skewed
s
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to the right), as would be expected if an augmented breasth were
contributing to the non-nomality. In run A.B.,‘, VT,E’ '1'3._,, TT—: and TI
were also non-normal (positive g.‘). It is reasonable to conclude that
the presence of augmented breaths was at least partly responsible for
the observed non-normality. ‘hether this is also the cause of the
izolated instances of non-nommality of T; or Ty (positive g1) is less

clear,

In experiment 421,4, & augmented breaths were recorded from 8 runs

out of 19. Two of the runs (4 ., and .. B, 2) showed non-normal, right-
skewed distributions for V’P 1°

augmented breaths occurred in 14 runs out of 23. Cnly two of these runs

In exreriment 421.6, a total of 17

(A. ]3.1 and A, B. 5) showed the armronriate none-normality of V. tut five

A
mns (A B., to A.B., with the exception of 4. B 5) showed non-normality
of VT,;c;'
The pattern of ~ugmented breaths foun: in the experiments of
subject 352 was more complex, as a result of the large amount of breath-
by-breath veriation in tidal volume., This was especially marked in runs
where the drive to breathing was not too intense. The occurrence of
breaths having relatively large tidal volumes and breath durations was
cuite common, in some cases one every 5-10 breaths. liowever, by no
mear. all of these breaths could be considered as augmented breaths,
there being no evidence of a biphaesic pattern in inspiratory flow -nd

acceleration. No analysis of augmented breathrs was »erfom:d on

experiment 392.1%, where the occurrence of large bDro-ths was especially

frecuent.
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in _eriien. -, 15, 16 au; mented breaths were identified in 7 runs

out of 22, an average of' ¢ per run (cr. 421: 1 per run). Two of ihese
runs {..B., an. sl 2) showeu & non-normel, right-skewed Lrequency
alstaiaation ror Vi, ;.
T,1
ilus, it was concluded that augmented obreuths couic. wistort the
I'recueney distributions ol breath-uy-breaih VT i’ V., | and 'I'T so that
’ I
they were skewed to the right., cwever, they Gid not appear wo be the

sole cause of the observec non-nornality.

won-normal 1ty of alternate-br:ath differences

The samples of alternate-breath difrerences computed f'or ea
variable in each run (Chaspter 2, p.67) were tested for their anproximation
to a normal distribution, as described previously. The non-normal runs
ere presented in Table 15 (p.213). 41l the frequency distributions were

unimodal, departing from normality only rarely: for i 8 runs out

4CC. ?

of 192 (L4.2:) were non--omal, and for the collected outyu . varizbles,

10 out of 2436 events (13 x 192), or 0,04,
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’

co

Rest, P A osclillating
?

cOo

Exercise, P " steady
?

co

Exercise, P

A,CO oscillating
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Table 1

A,0

112.5
69.0
5l 0
54, 0
16,5

115.5
69.0
55.5
54.0
46.5

117.0

67.5
51.0

51.0

114,0
69.0
57.0
52.5
51.0
51.0

Variable K-S d _

None
None
None

4,00,

None

v

4,00,

v W

11,002

X

A,00,

g

None

None

v

o

i14CO

rd

o

A,00,

Hd

A,C0,

*d

4,00,

<0, 05

<0, 01
<0, 01
<0, 01
<0, Ot
<0, 01

<0, 01

<0, 05
<0, 01

<0, 01
<0, 01
<0, 01
<0, 01
<0, 01
<0,01

-1.78

e 67

-2,57
2.97

11.18

-1.95
2,00
-2.00
-1.95
-1.93

31.0

10, 32
11.96

-1.96
-1.90
-1.98
-2,02
-2,03
-1.97



409,6

fest, PA,CQZ gready

Rest, PA’ co oacillating

Exercise, P A steedy

,CO

Exercise, P A,002

oscillating
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Table 2
P 4,0, Variable
129,0 None
78.0 None
63.0 None
555 None
W80 By oo
'y
r&
127.5 P, ,C0,
78.0 P A,C0,
1
63.0 P 4,00,
57.0 PA,CO 2
1
48,0 r 4,00,
1
126.0  DFRC
75.0 None
63.0 None
57.0 None
51.0 None
127.5 P A,00,
75.0 P 4,00,
63,0 P 4,00,
PEF
57.0 P, ,CO,
4b9.5 P £,C0,
T

K-S d
max

<0, 05
<0.05
N. S,

<0,
<0, 01

‘N. 8,
<0.01
<0, 01
<0.05
<0, 01
<0, 02

<0,05

<0, 01
<0, 01
<0, 01
<0, 05
<0, 01
<0, 01
<0,05

0.96
0. 71

0.81

0.69

379

0. 65

0.60

"1.98
-1.96

-1.98
"1 - 92

"1 090

0.10

23,01

-1 . 95
"1 * 95
-2,00

-1.95
"1098



Rest, P,

,C0

2

steady
:t."B. 1
AB.
oscillating
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Table 3
B0, Veriable
M25 F o
76.5 VT,E
Vo 1
T
Tg
b
76.5 None
66,0 VT,E
V-!‘I
MEF
PEF
Tp
DFRC
61.5 VT,I
M25 P, oo
75 B0
%5 P
Tp
Ty
1
6.5 By oo,
1
6.5 P00
T

K=3 4

max

<0,05
<0, 01
<0.05
<0, 05
<0, 01
<0.01

N.8.
K. S.
N.S.
N.S.
N.S.
N. S.

<0, 01

<0, 01
<0, 01
<0, 01
<0, O1
<0, 01
<0.05
<0, 01
<0.01
<0, 01

<0, 05

&

0.85
S0 Sl
332
1.25
1.69
1.62

1.30

3.29
L018
2.48

5.19

1.64

1.23
18. 14
17.29

3.01
3.45

9.52

-1.93
-1,96
-1.92
13.71
21,62
12,00
-1.89
39.92
-1.91

6.08



L21.2 contimied

Exsrcise, P,
iy

Exercise, PA,COZ oscillating

CcO

2

steady

- 193 -

A,0

120.0
100, 5
88.5
70.5

121.5
103.5
102.0
90,0
70.5

Variable

None
None

None

v

4,00,

v Y

*g

*o

A,C0,

K-S 4
max

<0, 01

<0, 01
<0.01
<0, 01
<0, 01
<0, 01

<0,05%

3¢32

14.02

-1.76
-1.83
-1.91
-1.99
~1.94
10.42



Rest, PA

,CO

oscillating AB.,

- 19 -

Table ),

A,0
193.5
67.5

51.0

195.0

97.5
66.0
58.5
540

Variable

None

4,00
MIF

2

A,CO

g

[L, 002

+

A,C0,

4,00,

v w

4,00,

K-S d
max

<0.05
<0, 01
<0, 01
<0.01
<0, 01
<0, 01
<0.01
<0, 05
<0.02
<0. 01
<0. 01
<0, 01
<0.05

<0, 01

<0,01
<0.05
<0, 01
N, S.

<0, 01
<0, 01
<0, 01
<0, 01

<0.01

1.07
1.52
-1.05
-6,08
-1.57
0.83
2,39
L.16
-1.17
-3.15
-7.95
-3,02
-1. 61
-0, 58

1-95
2.61

0.56

1.40
1.76
1.42
50.88
6.75

9.65
27.67
8.39
14.20
68,82
2k, 50
15.17
16.60

-1,85
9.39
15.13

-1.36
-1.95
-1.90
~-1.88



421.4 continued

Exercise, PA

Exercise, P

»CO

£,00

2

2

steady A‘B‘z

oscillating

- 195 -

Fa,0,

189.0

91.5
76.5
66.0
58.5

189.0

9.5
78.0
66.0

51.0

Variable

4,00

<0, 01
<0,01

<0, 01

<0, 01
N. S.
N.S.

<0, 01

<0, 01

<0, 01

<0, 05

<0, 05

<0, 01

1.06
2,09
-2,61
-0, I
-1.65
L.05
b.25
-0, 96
1.67

7.05
3.08

1.32

3.73
2,63

2.87
14,65
13.35

8.67

3. 6
22,37
30.79

5.53

56. 41
12,88
3.08

-1.89

-1.98
-1.95
-1.90
25,06
12,41
-1.96



Rest, P, o, steady 4.4,

A,

Ae Be

;.o Be

RN

- 196 -
Table 5

Fu0

199.5

90.0

75.0

49.5

Variable
Vo &

Vo1

MEF

MIF

DFRC

K-S dm

<0, 01
<0.05
<0, 05
<0, 01
<0, 01
R.S0
<0, 01
<0, 05
N. S.
R.S.
<0, 05
<0,CH
N. S,
N.S.
<0, 01
<0, 02
<0, 01
<0, 02
N. S.
N, S,
N.S.

<0, 01

&

2,08
2.15
0. 92
~la 14
7.58

0.95
0.83

"20 Oh
-1.,06

-8.06
2.42
h.23

-1.27

5.26

&

12.90
13404

3147
65.66

2,02
6.80

7.63
2.02

66, 34
11.14
27.37
17.50



- 197 -

421,6 contimed
P A,02 Veriable K-S d nax &4 &
oscillating 199.5 P, 00 <0, 01 -1,86
It, 2
Vo 1 H.5,
MIP <0, 02 -1.33 11,96
T <0.01  5.48 43,97
M.5 P A, 002 <0,01 .‘-1 N
MIF N. S.
TT N. S.
TI T\T. S.
. . .01 -l
75.0 PA’ 002 <0,0 90
8.5 Fyop, OO -1.89
TI <0, 01 6,12 57.15
511-.0 PA,COZ <0.01 -1.91-‘-
Trp <0,05 1.73 6.09
Ty <0.01 7.28 64,58
SN 49.5 F 4,00, <0,01 -1,84
VT,E <0.02 0.%! 9.97
MIF 20,05 =2.65 11.10
TI <0, 01 L.52 26.24
T Ive S



421,6 contimed

Exercise,

Py,c0

2

steady

- 198 -

P Variable
zt,(%z

199.5 None

9105 PA,wz

3.5 P, oo

69.0 MIF

57.0 T‘I‘

K-S a

<0, 01
<0, 01
<0, 02
<0,01
<0, 01
<0, 01
<0,05
<0, 01
<0, 05
<0, 05
<0,05
<0,02
<0, 05
<0,02
<0,01
<0.01

~7. 64
-0, 06
-1.09
~dto Ol
~4o 16
2,24
1.38
6.07
1,03
0.75
1.98
1.20
-2.09
1.89
3.6
1.06

63.73
10,50
179
23,40
30.05
11.72
5. 62
52,00
1.38
b T
7.1k
3.90
10,72
6.22
19.84



- 199 -

421,6 contimued
P

4,0,

Exercise, PA co. 98cillating 199.5
»U2

93.0

72,0

69.0

ﬁ,ﬁ.6 57.0

K-S d

max

<0, 01
<0, 05
<0, 01

N. S,

N. S,
<0, 01

N.S.
<0.:.5

N. 5.
<0, 01

B.S.
<0, 02
<0, 01
“B. 8.
<0, 01
<0, 05
<0, 01
<0, 01
<0.02

2.27

333
2.87

1.3
b i1
5.02

&

-1.95

-1,82

12.19

-1.91

18.44
15.07

-1.97
4,20
26.11
36.65
1.2



Table 6

Rest, P_

stead
4,00 y

Rest, P A oscillating

»CO,

4,0,
189.5
100. 5

70.5

66.0

55.5
5.0

189.5
99.0

69-0
6k. 5
57.0

L9.5

Variable

P,
4,C0

P.f«.,CO

None

MEF

3
3

T

=i

4,C0

None

2

4,00,

4,C0
PIF

2

2
2

K-S d
max

<0, 02

<0, 05

<0, 01
<0, 01
‘N. S,
N.S.
<0, 01
<0, 01
<0, 01
N.S,
N.S.
N. S.

<O. 01

£,

1.2

0.83

&2
1.60

'1096
-107‘4'

""1 097
"1097
-1 . 95

-1.72



!@_5, 2 contimied

Exercise, PA

Exercise, PA

,CO

,CO

steady

oscillating

- 201 -

PA,OZ

189.5
100.5
88,5
66.0
6o 5
60.0

189.5
100.5
88,5
66.0
63.0

60.0

Variable

None
None
None
None
None

Ty

W W W W

k=Sdx &

<0, 01
<0, 01
<0, 01
<0, 01
<0, 01
<0, 01 1.60
<0, 05 1.04
<0, 01

-1.69
-1.79
-1.77
-1.82
-1.66

3416

1.99
-1.80



steady

Rest, PAt oscillating

Exercise, P, ateady

Exercise, P, 4 oscillating

- 202 -

Table 7

Pp,0

202, 5
79.5
61.5
5k. 0

201,0
79.5

61.5
55.5
5.0

199.5
82.5
72.0
60,0

205.5
81.0
70.5
60.0
58.5

Variable

None

A,CO
None

2

G G

None

None

7,1

4,00,

4,00,

A ,002

4,00,

4,00,

K-S d

max

<0.05

<0.01
<0, 01
<0.01
<0, 01
<0, 01
<0.01
<0, 01
<0, 01

<0.01

<0.02

N.S.

<0,01
<0, 01
<0, 01
<04 O1

<0, 01

g,

"za 03

1.05

3. 66

4.73

&2

11.79

3.08

-1.72
~1.83
8.19
29.9
-1.96
-1.86
-1.86
-1.96
20.89

30, 30

-1.95
-1.88
-1.87
-1.95
-1.91



392.13

Rest, PA,OO

fest, P o

2

steady

oscillating

- 203 -

Table 8

A,0

2.5
g

111.0
72,0
57.0

55.5
51.0

202.5
111.0
72.0
51.0
51.0
51.0

Variable

Vo K

Vo1
MIF

PIF

TE
None
None
None

DFRC

2

N

A,C0,

*d

4,00,

o

2

d

4,00,

gs/

A,C0,,

Y

4,00,

IS dmax &4
<0.05 1.43
<0,05 1.4
<0, 02 1.59
<0.01 1.75

N.S.
<0, 01 -3.97
<0. 01
<0.05
<0,02
SON
<0.01
<0, 01
<0, 01

&

1,62

2.3
2.7

27. 27
15.81

-1.£7
-1.63
-1.90
-1.87
-1.88

-1.92



392,13 continued

kxercise,

Ixercise,

Fa,c0,

Fa,co,

steedy

oscillating

- 204 -

4,0,
202.5
97.5
87.0

76.5
60.0

60.0

204.0

100, 5
88.5
78.0
60.0
58.5
51.0

Veriable

None

Nore

A,OO2
None
A,CO2

4,00,

4,00,

K-S dmax

N.S.

N. S.

230, 01
i, S,
N. S,

<0, 05

0,75
N.S.

<9.05

<0, 1
N.S.

<0.02

<0.01

<0.01
<0.01
<0, 01

<0,01

<0, 01
<0, 01

<0, 01

-2.64

"‘50 37

-2.08

-2,50
-2, 99

20,41

13.51
8.89

8.96
10,41

6.82
10, 32

10,11
23,49
-1.86
-1.88

-1,88

-1.90
"1089



392.15

Hest, A,CO steady

A4 B

st I

scillat
4,00, ° ing

2

- 205 -

Teble 39
P A, 02 Variable
208, 5 VT, I
Ty
93,0 P A,002
Vi
MIP
70.5 T,
YIF
60,0 VT’ I
52.5 P 4,00,
Vo8
Vg
VIR
Tr
208.5 Pk,ooz
91.5 PA,COZ
72.0 PA’CO2
MIF
Ty
61.5 PA,002
. P,
2.5 4,00,
T.

t=

™ %max &
<0, 01 1.66
<0.05 1.93
<0, 05 1¢S5k
<0, 05
<0, 02 1.70
N, S,
<0.05 1.01
<0, 05 0. 79
<0, 02
N. 2,
N. S,
N &
N.S.
<0, 05
<0, 01
<0,01
<0, 01 3.07
<0, 02 1.61
<0, 01
~0. 01
<0, 05 2435

&2
2.47

6elt3
2,61

3.13

1,91

-1.65
-1.65
-1.94
12,24

3.68
-1.85
-1.77
10,47



2.15 contimied

Exercise, 2

2,00

steady

- 206 -

A,0

201.0 None

AB, 9.0 V. <0,05
TE <0, 01

60,0 PA,OOZ <0.01

52.5 TT <0.05

TI I;. S.

l"90 5 PII& <0. 01

0.72
3.68
-7.09
1.3

"2002

18.17

57.41
2,05

513



2,15 contimed

Exercise, Pa,ooz

oscillating

P Variable

4,C0

Tg

2

.0 P.
20 A,CO2

72.0 PA,CO

65 PA,CO

2

63.0 P

25¢5 P.z'i,CO

V7,5

49.5 PA,COZ

FIA

=S Q

<0, 01
<0, 05
<0, 01
<0, 01
<0, 01
<0.05
<0, 05
<0, 01

.S,

<0, 05

<0, 05
<0, 02
<0. 02
<0. 01
<0, 01
<0, 05
<0.05
<0,01
<0.05
<0.02
<0, 01

<O. 01

1.76

-1,10
1.57

-1.86
-0, 98
1.98

1410
b 56

-1.85
-1.31
-1.79

1.14

0.89

-1,62

~1.93

423
-1,98
-1.95
-1.92

2.48
-1.96

10.57

6.37
1.68
32,23
-1.99
5.62
3e40
2,86
1.33
2,57
-2, 04
2.53
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Table 15: Non-normality of runs of alternate-breath differences,

L09.5

Exercise, PA,COZ oscillating

409, 6

Rest, PA,CO2 oscillating
421,2

aest, PA,002 oscillating

L21 .4
Rest, PA,CO steady

uxercise, PA co oscillating
14

2
Le1.6
Rest, PA,CO steady Rl

Rest, P, 002 oscillating
2

J‘.’

L25.2

sXercise, PA oscillating

’Coz

392.13

kxercise, P

co steady
..‘\,

2

392.15
itest, Pk’co
Exercise, P’

1\,00
wXercise, P
* 7 .,C0

oscillating
steady

oscillating
2

P

3,02

52.5

78.0

76.5

67.5
57.0

199.5
75.0
58.5
L9.5

66.0

60.0

61.5
43.5
6o 5
63.0

55.5

Variable

E

A,CO

™
+ “lt’CO

Ladd

A,CO

l)

A,CO
A,CO

Hd

te

A,CO

4,CO

P

2

2

2

=c d

<O' 01

<0.05

<0, 05
<0, 05

<0.05
=0, 01
<0, 01
<0, 01

<0. 01

<0,05
~0.01

~0.05
<0. 0%
<0, 05
<, 05
<0.05
<0, 01

&

-50 37

<l 64

3.92

3.88

‘1057
6.79
147

-<.53

"jo 91
-4, 60

-2.60
"1 014-5

£

32.6h

33.12

25.17

5.38
214'0 l‘-1

65. 37
6. 11

7.0L

22.56
29. 62

2.47
3.05
533
4,12

15.29
7.05
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An estimate of the time taken for newly inspired gas to reach the alveoli

Assumptions:-~

1. The inflow rate of gas in the early part of inspiration spproximates

to the current value of mean inspiratory flow (MIF, = Vi I/TI)‘

»
2. The dead space, VD’ = 0,33 of the tidal volume, VT: Lambertsen, C. J.,
1968, in Medical Physiology, Vol. 1, p.641, ed., Mountcastle, V. B.,

12th edn, St Louis: C, V. Mosby.
Data on MIF and Vp were taken from experiment 409.6, at rest and in
exsrcise, over a PA o, Tenge of 200 to 50 torr: average values of MIF

12
and VT were obtained from the values at the two extremes of PA

205"
Rest Exercise
wrE 92.5 107.5
l.min
VT )
2.00 2.
(1.) 2
V.
D
0.6 0.7
(1.) 7 5
Time for ges
to reach O. Lk sec 0.42 sec
alveoli

Therefore, a time of O.4 sec was presumed to exist both at rest and in

exsrcise.
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The effects of controlling pespiratory frequency on the

relations between T, T. and T

3¢
This 1s a description of the results from which the conclusions

concerning the effects of controlling respiratory frequency have been

drawn: Chapter 3, p. 87. Basic statistics (mean and variance) for the

runs of T‘I" TI and TE are presented at the end of the account .-

The three predictions of p.86 were tested by a method of "paired comparisons"

(each pair consisted of a NC and a C run; the two runs were identical

with respect to P, , and the state of P, 4 ).

2 »re
Paired comparison: mean TT

,O

A two tailed t-test (p.b5 ) was used to test the mull hypothesis that
the NC mean and C mean of each pair were not different. Of 25 comparisons

in 6 experiments, 20 were different (p<0.05): Table 20, p.22%.

Paired comparison: mean T. and TE

The hypothesis to be tested was as follows: within any pair of
runs rhe discrepancy existing between mean TI and TE would be no less in
the C run than in the NC run. Two mull hypotheses were employed. First,
it was stated that in any run, mean TE was not significantly different
from mean TI‘ This was tested with a two-tailed t-test, as used in the
previous section. The results presented in Table2! (p.222).

Combining the results on the 6 experiments, of all the NC runs 22
out of 25 had differences between mean T, and mean T (p<0.001). 1In the
C runs, mean T, and T, differed in 21 runs out of 25. Thus, the occurrence

of significant differences between mean TE and TI appeared to be little
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affected by controlling respiratory frequency.
The second hypothesis was concerned with meking pesired comparisons
of T* (the difference between mean T, and mean T;) in order to assess
the probability of T' being lessened when respiratory frequency was

controlled (i.e. e > T'C). In 13 comparisons out of 25, T'.. was

NC
numerically greater than T'. (Table22 , p.223). It is evident that the

observed probability of T'NC > T'C is similar to that of T'NC <7, and
that a random process is therefore indicated. 4 similar conclusion was
reached in all but one of the six experiments. The exception was 392,6;,
where all five runs showed T' to be reduced when respiratory frequency

was controlled. Thus, subject 392 was the only one to have any success

in following the controlling signal.

Paired comparison: variance of Tq,
The padred variances were tested according to the following mll

hypothesis: the variance of the controlled run was not less than that of
the uncontrolled run. The hypothesis was tested with a one-tailed
variance ratio test (p.65).

Out of a total of 25 comparisons in 6 experiments, 12 had significant
velues of F_, (p<0.05), (Table23 , p.o2zk ). Their distribution between
experiments showed variation. In 377.5, all 4 comparisons were
significant, the situation being less marked in the remaining experiments.
Thus, in only one experiment was a consistent reduction in the breath-by-
breath variation of Ty observed during the controlling of respiratory

frequency.
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Paired comparison: variance of TI and T,

The paired variances of TI and of Tﬁ: were each tested in a similar
manner to the variance of TT‘ The mull hypothesis for each variable was
that the variance of the controlled run of a pair was not less than that
of the corresponding uncontrolled run. A one-tailed variance-ratio test
was then performed (p. 65). The results on both T; and T are presented
in Table 23 (p.22L).

The results obtained on the occurrence and distribution of significant
Fs values was similar, in both cases, to those obtained on TT.
for Ty, 9 comparisons ocut of & total of 25 in 6 experiments had significant

Thus,

values of F_ ($20.05). The significant values were distributed fairly
evenly between the 6 experiments. The pattern for T, was largely similer,
with 11 comparisons out of 25 being significant., As was found for TT,
all four comparisons in experiment 377.5 were significant.



Table 17: TT’

P
A, O
(tg;ri

60

50

50

60

50

Type of run
Frequency

NC

NC

NC

3
4,00,

St. Mean
Var,
N
St. Mean
Var,
I
St, Mean
Var,
N
St. Mean
Var,
N
Osc, liean

Var,

Osc. lean

Var.

OSCo Mean

Var.

Osc., Mean
Va-r‘

N
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368.k, 368.k, 377.5

2. 90
0, Ol
63
3.10
0.02
61
3. 05
0, 02
65
3,05
0.03
65
2,10
0. Ol
7
3.10
C.03
75
3.05
0. Ok
75
2,95
0, Ol
89

2.60
0.03
65
3.05
0.02
67
2,55
0.02
65
3.00
0.02
55
2,85
0.03
35
3,00
0.02
65
3615
0.04
37
2.95
0,03
59

3.65
O, Ol
b5
2,75
0. 01
63
2,25
0,03
71
2,80
0.02
63
3.60
0.07
L7
2,80
0. 01
55
¢35
0, O
L3
2.70
0,02

75

392.6

0.0c

67

3.10

0.06
55
2,95

0,02

75

TT measured to the neasrest 0,05 sec.

3625
0.02

35

418,1

2,55
0. Ol
L9
2,45
0,01
55
2,05
0. 01
53
2.05
0. 02
13
2,00
0. 01
77
2455
0. 01
L9
24 30
0. O4
61
2,25
0.01
61

mean, variance and number of observations of the edited runs,

230.15

2.10
0. 01
69
2,10
0,02
77
1.95
0,01
59
2,05

0,01

2,00
0, 01
7
2.05

0,02

2,05
O, Ok
59
2,05
0, 01

85
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Table 18: T;: meen, variance and number of observations of the edited runs,

368.4y 368.4, 377.5 392.6 4181 230,15

of run
PA,02 Freq. J PA,CO2
(torr)
60 NC 5t.  Mean 1.20 1.20 1.70 1,65 1.35 1.05
Var, 0,01 0,01 0,0t 0,02 0,01 0.00
N 59 57 b3 59 43 69
60 C St.  Mean 1.35 1.25 1.3 1.70 1,30 1.05
var, 0,01 0.00 0,00 0,01 0,00 0.00
N 59 69 63 57 53 %
50 NC St, lean 1.35 1,20 1,10 1,65 1,10 1.00
Var. 0.00 c.0k 0.01 0,00 0.00 0.00
N 65 59 63 55 51 63
50 C St. Mean 1.25 1,3 1,30 1,50 1.20 1.05
Var. 0. 01 0.04 0.0¢ 0,00 0.00 0.00
N 65 53 65 53 13 Sh
60 NC Osc. Mean 1.35 1.25 1.70 1.65 1.75 1.05 1.05
Var. 0.01 0.01 0,02 0,01 GOt 0.00 0.00
N 65 35 L9 37 33 &1 81
60 C Osc. Mean 1,30 1.25 1.4L0 1,60 1,35 1.05
Var. 0.00 0.04 0,00 0,01 0,00 0.0t
N 13 I L5 67 L5 79
50 NC Osc. Mean 14 30 1.45 1.20 1.65 1.25 1.00
Var. 0. 01 0.01 0,01 0,01 0,01 0.01
N 13 39 27 53 L9 67
50 C Osc. Mean 1.30 1.26 1.30 1.55 1.20 1.10

Var, 0. 01 0,00 0,01 0,01 0,00 0. 01

N 87 31 81 73 59 85

TT measured to the nearest 0.05 sec.
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Table 1% T, : mean, variance and number of observations of the edited runs.

nXperiment
Type of run 368,k 368.4, 377.5 392.6 18,1 230.15
I()ﬁ’,?.ﬁ) Freq,” P.ﬁ.,co2
60 NC St. Nean 1.70 1.0 1.95 1,35 1,20 1.05
Var, 0, 02 0.02 0,02 0.01 0. 01 0. 00
N 61 63 L7 57 L3 63
60 C St.  Mean 1.75 1.80 1.40 1.45 1.15  1.05
Var, 0.02 0,01 0,01 0. 01 0.05 0,01
N 61 69 59 55 o7 67
50 NC St. Mean 1.70 1.35 145 1,35 0.95 0.95
var, 0. 02 0.0t 0,02 0.01 0.00 0,00
N 67 59 73 55 73 61
50 c S5t. lean 1.80 1.70 1.50 1.30 1.85 1.00
Var, 0,02 0.01 0. 01 0, 01 0,00 0.00
N 65 53 63 49 5 50
60 NC Osc. Idean 1.75 1.60 1.90 1.L0 1,50 0.95 0.95
Var. 0.02 0,01 0,04 0.01 0,01 0.00 0,01
N 69 37 P 35 3 13 79
60 C Osc. iean 1.80 1.75 1.40 1.40 1.20 1,00
Var. 0. 02 0.03 0,01 0.01 0.01 0.0t
N 67 7 L5 [ 51 73
50 NC Osc. l.ean 1.75 1.70 1.15 1.45 1.05 1,05
Var, 0.03 0,03 0.02 0.03 0.01 0,02
N 75 31 L3 53 59 67
50 C Osc, Mean 1.65 1.70 1,40 1,40 1,05 1.00
Var, 0.03 0.02 0,01 0, O1 0.01 0.01
N 97 33 7 75 61 83

TE measured to the nearest 0.05 sec.
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Table 20: The significance of the differences in rean T, between }C and C runs.

Experiment
Type of run 368.1»1 368.1;-2 377.5 392.6 1431 230.15
.L?'A, 02 le’ C\)z TT «‘TT L.TT lA»TT HTT ;(L‘T
torr) (nc-c) (NCC) (ne=C) (rcc) (nn=0) (iic=c)
(sec.) (sec.) (sec.) (sec.) (see.) (sec.)
50  Steady  -0.157F o5 0,907 0,155%F  0.10%*  0.00

50  Steady  0.00 0457 0,55 0,268 0,00 ~0,107%

62  Osc. 0.00 0.15F  0.80°%* 0,05  -0.557F 0,05
0,25%
50 Osc. 0,40 0,207 -0.35  0.157 0,05  0.00

i.easurements to the nearest 0,05 sec
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¢ The siznificance of the differences between :een 7

Type of run

2,0,

(orr)

Freq,) P,

NC

NC

(@]

IhC

{2

9]

’Coﬂ

Cteady

Steady

~teady

steady

Osc.

Cec.

Csc.

Osc.

haneriment

m m m ry dn r
(2g-Tp) (T..::"*I) (T4 (T, -4p)
(sec) (sec) (sec) (sec)
O.onxx O.2Oxxx 0.25XXX —O.}OXKX
0.0 0,357 0,057F 0,257~
0,357 .05 0.057%F 0,30
0.555%  0.40°F 0,207 0,207
O LOF 0,35 0,20°F 0,25
0,25
0.50°%  0.50°% 0.00 ~0.20
5 0,357 20,05 ~0. 20

0.35°%F 0,45 0,107 .15

Leasurements to the nearest 0.05 sec.

.oaud TI.

po)

K18.1

(T ~7p)

-

(sec)

_0.15XXX

_0.55xxx

XXX
‘0095
0. 55X

0,10

20,15

XXX
“0020

‘0015

230,15

\1u—11)

Ad

(sec)

~0, 05 %

0.00

~0.05*

-0005

0,107



.wled2 : laired comparisons between (T,
1.

Tyre of run

4

P ‘
’.1,02 rJA,CO
( tor?)

60 Steady

50 Steaqay

€0 Osc.
50 Osc,
\&/n)

368. )+1

368. 4

-0.15
-0, 35
-0.15

-0, 05

- 223 -

_11 .

I

e

> SRR S 1 -

,  371.5

and (TL. -TI)

39246

Ll
()

L1E.

(¢ Ty = (TpTp)g 5 sec

0.20
0,15
0.20
-0.05

e/k

0.05
0.10
0. 05
0.05

5/5

0.05

-0, 40
0.40
-0.05
0.05

20

€30.15

0.05

O.(X)

0. 05

~C. 05

e b

(a/n)
L/6

2/6
L/6
3/6

13/25

(2,T.) = the ratio of the number of positive differences to the total number of

differences. ‘easurementsto the nearest 0,05 sec.
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Zable 23 Tos T; and T, variances: significance of ¥. values for the
paired comparisons (NC-C).

tpe o mm | M 3By TS 39206 M4 250.15
r 4,0, E"’COZ s s e s Ty Fs
(torr) (a/n)
60  Steady 1.765  1.87% .57 2,80%% L3 s, 5/6
50 Steady  N.S. MO 2,000 N, . LG 1/6
60 Osc. N, S, Kot 5,300 2,47 N.s. N.S. NS 2/7
50 Osc. K. 5. K.S.  2,59%% 4,009 4.200% 2,92 /6
(a/n) 1/4 1/ vn 3/5 2/k 1/4 12/25
‘1
50 Steady  N.S, Bl 3,67°F 3,297 He3ETT s, 306
50 Steady N S. B, . NS, 2,3505% H.S.  MN.S.  1/6
60 1 Osc. 2.35%  K.S. 733 ms. NS, NS, S,  2/7
50 ;,'z,Osc. N. S. 2. 67 i.s. 2.55xxx 1.75% ive e 3/6
(a/n) 1/4 1/4 2/ 3/5 2/ oL 9/25
Ty
60 Steady  f.8.  1.54F 2,869 27 2. 00" wis. w6
50 ‘teady  N.S. Fes. 1,90 2,7 K.S. .00 3/6
60 Ose. N. 5. hS. 6,007 L.S. .. WS, ILE. 1/7
50 Ose. feSe Netn 2 5 3,505 MoE 243 3/6
(a/n) o/ 1/ L/ 3/5 1/4 2/ 11/25

(a/n) = the ratio of the mumber of significant 75 velues o thc total

number of . values.

S



260" 10 ¢ 0 c'n

py- 6y — AR

RS, GU*O= Vl'0= .:_.:z

el 10 Vo o
1*¢~- V- /Y —
:x,.: GO*0O= D1 %0= 1%
[8¢° ¢ SD €0
G*e 0°1¢=  £L°Gl=—

60ty Go*n 06%0= |
[
1
|

¢ 10 ¢ £ 0

pe- G*lI= G'/-

600 Gn*0=-, 02°u-, GZ'u-

90 2% £°0 720
Z2°1 |2 SV AY A
A oo*o ,,02°0=-,,0e°0=_,08""
I 92§ i 39S
SEED 11 ED! 11
o
l
0
N
N

Syio=

-

1°01

g2
.:m.m

9°6
6y
on°g

6°01
9°*01
.b:.nﬁ

6
96

,ootol

W

41 d

.\c.f:
00°C 1= 96°G 1=
Loute=  9gt¢

66

00° €=, T A,

. ns-
p. ‘- J

G600V

TRE 20 ¢ 0 9

QP 8°9 9°0 O*ud
bﬁ.ﬁt..mﬂ.o 00°0 0%

G 10 1°0 2° 1

0°G=- 6'¢% L= n*oe
yotie Goto f0*0o= 00

( L°6 £'n ¢’ /°1

2'0l= b= Al 9°'9 n°*1¢
byope :nq.ms .a:.c ..w«.o u'e
Iy ¢*0 A0 1°1

1° - £'9w= £ 0*e G*al
LE°0= 80%E= Z1°0  €0°0  0°6
9°vp 20 ¢'o £l

6° 0 G*'9e= | SV4 2’0 6°01
ggoo=-, 0€%¢=- 210  00°0  0°6
[} . - Y [ L

.cc_.cs ._ ‘_ ._ ) 0&

A I1A LA 2Alvd

NOILVITIISH HIVIMA-ILYNYTL Y

*0°*s
Jsu 4
16 o6°T11

.ﬂ_.ﬂtu.
Y50 %
64 F£°9¢

‘a*s
1SV %
gy G*9yp

2403
N dAH

*ONILVIN13SA 2@dvd ¢

(8'gge:sabed gy)
‘'SNNY DOSO.

OML

'SNOILVTTNIOSO HLVIHI-A1LVYNH3ILTY V¢

S3IHY3S

319V L



-

a1 %o ¥ U v 1°¢ 8ol LV Y* Y 6° V1 H°G 9°G ¢*0 ¢’y G* 1 tats
bl G- 0°f=  2°G 9°¢ 0°¢~ 9°¢ £'p~ %3 g'¢=  2°G 0= 9°0¢ SR .
Lot SIURNY GOTu=  Gntu~  2L00 Uu*G QU= 69°2 YOV ©60°1 L= 60°0 FO°0= U6 G9  2*¢t 0'vild
b6l 1°0 ¢tu 2 n 61 byl viue 9y AR 1°9 6°4 ¢*u ¢"0 n°e VRS
Y- A ¢ G—= 0°y 6°G 6L*Y- Gty grs- €l 0°4G- L4 60 L4 ¢ AU
L LRTU G0t 0t GLta= 000 00T0L 00te= @lts gutae s vLt0 wltes Z1T0 0 g0T0 G0l G etyd athy
cri® %0 LU o0 ¢°e Gyl G vl ¢ °y L7V 6"V 0°4 ¢t ¢ B° s
/= dGI- £T0h- 6°Y (°¢ E ¢’y 0°Gl= p* (= £ 6° ¢ ¢ 0= /°¢e s %
LLAeT0 S0t 0eto= ugto= 9¢tl 0674 u0tals 99t/ pGtucs 46°0=  GGTy= 12°0 00f0  GTOF Gy wtve 2704
611° 10 Vo 1o 1%e 811 9l €201 vee £ v 9°f ¢*0 1°0 ¢ 1 "0°S
0*v=-  6%9-  0°9-  G°'¢ G°G £°6= GV ¢c'g~ £°1 G'p~  6°9 e 9*'¢e ISy %
LSE'0 goto= pIt0~ G1°0= pG'0 , 00701, 00°Gl- 99°G  1gt0l~ 6£4°0  Fe°C=  GI°0  9u'0  sT0V /v v'vS vTOS
yiie 1°0 ¢*0 £°0 L% £°8 6°6 £°9 vo1 9°¢ A7 1°0 1°0 1*1 "a°s
21 g*0I- g6~  9°vl  £°G g°8= 2y 6°6=  9°1=  [L'v= [°C G G°91 IS0 %
,,90°0  woto  Grto=-  Glt0=  68°1 | 06/ 00%6= €9V 6L%/= w('0- €£1°C= 90°0 f0°0 6%/ 19 e*6e 6°/6
9¢1® ¢°0 ¢’ £°0 6°¢ c*el 6°¢l G 11 c°6 8°¢ 6°¢€ 1*0 ¢*0 0°f¢ *a°s
L°1 g'91- €°01- £°6 6°1 0°9~ pv*o=  E°C€I= 6°4= 1%4= 1°2 G°¢ £°91 ISv %
0°0= 00°0 | Ge*n=- 0€°0= 66°0 0G°2 | N0°'9- @GE'0- 64701 €976~ Ge2TE- €070 _90°0 G/ €y  0°0G6 G°g§
2440 11 1 11 vIid 41d 43d 4T W 43IW IA dA ILA LA ¢Alvd N dAH CuVd

*NOTLVITIOSO HLIVIHH=FLVNHILIY

*ONTLIVINIISY 20IdVvd ¢ ISTIM3IXS

=225 2.



LG 17

' Bl

0¢1°

2l*u

1°0
Vo
Outo

10
1
G0*0

10
/1
oo *n

£
£°¢
Go*o

¢
¢’
U0

¢ty
Q°* G~
GO

¢
£y
S0°0-

*
()
-

L ]
C «~

S o~
.

c°0
1°0
N *0

31

0 6°0
9°0 0°9
0o ..xm.c
£ 0 9°l
L= O*¢d
m:.:;..co.c
£ 70 ¥*u
1°¢=- By

GO0~ £e*0

veo 80
9°*1 L°S
GO0 (C°0
0 9°0
€0 6b'e
o00*0 60°0
11 vid

9°n1l
G*9
uo*otl

N,
* -
X<

(Q 8

(R oI o]
.
0o,

41d

9°61
L0
0o*to

G*yy
[ *C=
O ¢ =

9° ¢
AR
00 -

1°1¢
7
00°*o

n0*01
S
¢9°*y

e
N*¢
Vo8

99°8

£°01
6"V
YETY

ERRY

veel G*'G
6*1l= /°G
ﬂ\.ﬁ:..\:.m
¢ " /2 6°1
Cty- 0°¢
96°p=  £LR']
0°¢1 'S
L°6- 't
Loptr= ov*l
G*'91 9°9
gr0=- £/
GG*0~- :mm.m
vepl vy
1= n*e
9s°'0= Wv.°0
43N IA

?°60¥

6°G
U=
LEtO-

} n*el
6*0-
BG U=

P,
[

[ 4

©
.
C — C

A
g l=-
Py -

aA

¢’
)
¢ *0

90°0

I[1A

¢
0=
00 °*uY

¢t
v°o
no°o

1*0
G =
OO0

2o
v°O
no*o

e’ 0
L°0=
00°0

4L1A

9°1
|l ¥
GO

e
n*ee

Grtul

A
80
0°6

G*1
p*ec
G0l

el
1°12
G071

cWivd

NALLVYITIOSY HLIVIANY=3LVYNYIL Y

"ONILVININSHY

*a*s
I A
¢l 2°1v

.ﬁu .m
sn %
¢t 0°¢y

‘g
IS %

Ge £ ay

*a°s
ASW %

Ty 6°1¢

‘u*s
IS %

G G°Ul

N dAH

2ulvd 3

O LY

0°*¢9

L°LL

G*eed

covd

1S3y



6<1” 1°0 A0 ¢ 11 9°g1 6°2¢ 6°21 [°¢¢ 1°9 1°8 €0 £°0 (%] *a°s
£0¢= /°¥l= 6°Tl= p°01l G°9 (T1= 2% 6°vi= B°2=- 28~ 0°8 G*¢ 9°'¢e ISy 4 .
LZVT0 S0°0= | Get0=  UET0=  €9°0  00°0T  00°8I- 86°v  00°/1- 19°T- 6/%¢= 81°0  00°0 S0l 10T 9TOv L7098
| GEIT ¢*0 ¢y €0 S 061 1°¢¢€ 6°G1 ANIS 2°*6 Vo 0 ¢ l°1 *g*s
/°0 9%9¢~= g/'¢i= o1l 1*1 6°4L1= 0*9Y L%l p°*Q~ Cvi=w (£%9 1 * 1= l°G¢ aSw %
.wx,.c SIS OL*0=  0F*'0= 06°%0 :cm.mm QU9E= £9°*Q :@c.mn: cvihe me.c:. gl*0 fo*0= 0°¢l b9 Y LG 0°*04
911° 1°%°0 2*o ¢ *0 11 9°G1 1°6e L1 6°61 9°*Y/ 9*Ys 'O T*0 £ *a°s
G*e- 9°Gl=  6°g~- 0°'¢ 9°g [°8~- £°G £°91l= p*1= 6°8= 89 I°0= T*ve 150 %
L81T0 0 g0°0= 0¢t0~  02*0= 81°0 | 00°01 00°¢l=- g/f9  £9°/1- £8°0-  fE7Ge G170 000 §°0l L /°1g€ 6'¢9

!

2e1° 1°0 £°0 PO 21 8° /1 G*Of B¢ L°Ge G*g £'6 2°*0 2°0 [°1 *a°s
G- L8 £*9= v°s 6°8 9 y=- D°*¢ prel= L] 0°8= £°6 72 g*ee 150 %
yg*o  G0°0= 01°0- GI*0=- 9¢€°0 | 00°G1 00°6= 0e°8 | /8%el- 96°0 _ ev'y- 1c°0  £0°0- s*0r  £6 1°fe¢ €°6G/

Ggo: 2°0 ¢*0 €0 6°0 €1y e'wve  1°GL e*e6l 9'« 6°9 20 ¢*0 8T *U°s
6°0 1°¢ e 1 G L G°¢ N 9°9 9°0= 6°9 G*0= P9 6° 1= g*ee ISy %
.8l*0  oo*o  s0*0 00 Spt0 00°G 00°E- 61°/ b9°0= IG6*¢  9g°0=- ¢1°0  €070= G701 GZ G0l gt/ed
J44d Il B 11 VId 4ld 43d AIW 43N IA 3A TLA 31N ¢PIvd N dAH 2evd

PNUTLYITIISY HLIVINE=3LVYNYILV

*ONTLIVIAT1ISA 28avd ¢ 3ISTIHIAX3

* 9°60¥



1°0
v
000

LLO°

00°0

990" T1°0
0°*0

NNy uo*n

1*0
9%~
Goto-

£830°

- 90°0

I 40 11

0
q

[}

O Lo
* @
CcCmC

e
)
00°*0

¢’
G*u
SIOREN

91

2’n
vee
.n:.:

1°0
Vo
0o0*0

20
8°0
00y

FAl0)
720
00°0

11

L°0 6°01 8°01 1°¢/ S A
G*G 'y 1°8 9°f 9°*Y
Beto o uetv 089 svte  £9°G
0°1l g2l y°ol L°6 S
G* - 2= L°C ¢! £y
au*u~ U8°¢= oOv'g  ge*0 | 98°¢%
c*1 BeCl vw'ye vee6 ARt
6°0- 12l 0° 1= [°Ce L% 1=
HO*0= 0Op°®le QOv'*€= 00°Z~ uUs'l=~-
6°0 T°¢1 8°G1 u*q 801
Qe 2= G- 1 veQ-
BO*0= O0OV°*1= Q°l=« QE°l= Ge*'0=
/°0 H*6 vepi vee JARA:
1°6 1°q p°*Q Vo ¢y
Jrto o 002 016 £ty €6°C
vid 41d 43d 41w 43W

G*¢ g*¢ 1°0 1°0
£°9 £°G £y 8¢
Lrete | 68°1 90°0 , v0°*0
9°*g 6'y 20 ¢*0
9°¢ 2 0°1 0=
L6t 29*u  20*o 0oty
0°G 9'y 10 10
g°* 1= 0°C= A 0°¢~-
Cc8°0D= ¢0°1l= 20°nN= 20°0p-
9y vy 10 1°0
g0~ R €l L% 1=
b= Gp*0= 20°0= 20°0~
gy £°g c*0 20
£°6 G*¢ g 0°*g
..mO.n G1°1 Lorso .w:.:
1A 4A TLA 31A

G°1
veoe
0*6

g1
1
G0l

¢ivd

NOTLYVINIISH HIVINH=FLYNYIL Y

*ONTLVIATNTISY

A6 %
Cw 6°¢s G619
*g°*s
16Y %
Tul v°8e A
*U*s
ISV %
I8 ¢°1¢ 0°6/
*g°*s
asw %
Ol €21 0°¢€LT
*u°*s
ISH %
Go G*ee G*9/
N dAH 20vd
2uivd ¢ 1S4y



860" T°0 1°0 £°0 1°1

1o £° 0°*e- L9

R4V 000  V0°0 GO*0=-  €G°0
690° 1°0 I*u 1°0 8°0
0°¢- ¢’ pee- 6°2

Lruco GO*0=- QLU G0°0= 0c°u
590 1°0 T°u 20 6°0

(A ! %0 6*¢

. poto 00°0 Bu*o co*n  peto
060° ¢°0 ¢u £°0 A

8°0 A ¢®0 0°4

JJoto 0n*o ou®0  00°0 8¢°0
pL0O 2°0 e°0 p*0 8°0

£°0 ¢ L~ VA R L°6

L9000 00*0 010~ 07°0=  26°0
Iy 44 I1 41 11 vid

~225¢~

2°G1
0°*s
00°¢

@ LN
L 4
(A VARG VIR o N

.C'
NG -
.

T 30

02}
£*q
ey

41d

6°v1 6°/ 1°6
(*e pev L)
op°¢ BL*E 14°%1
Gg*el £ L°8
v*e VAR Pl
op°*e eyl ety
6°p1 1*9 v*6
[°¢ n*e G*1
ov°'e AT 1e*1
2've £°¢} 6°v1
(1 I*°¢ g9*1
021 vG*e ov°1
vyl g*g L6
0~ g A
SIe RNV WA S P
43d 4IW 43K

) -t O
L ]
N O™

(o)

N
e o @
-— " QNN

- On
.
—~ ™

(o))
[ ]
- (NN

]
< .

IA

2'¢ 20 '
6°0 9°qG €°¢
ev'to .mo.: vo*0
¢*¢ 1°0 1°0
£0 1°G 6°¢
G1°0 ..wc.o Joo
pee 1°0 1°0
p*0 Y 72
v1°0 ..wo.o c0°0
0*9 €°0 £°0
vl L° € ve
29°'0 90°0 vo*o
G*'y 'l 20
2°e= + 9°yp 0°*Q=-
2g*u= 800 00°0
A ILA alA

*NOILVITIASY HLv3IHE=3LVN

*ONTLVITIISY 2vdvd 3

9°1
0*0d
06

Ut
SRV
0°6

cAlvd
44171V

ISV %
/9 [°Ge 6°0/
*a*s
LN A
19 1°/1 G*'06
‘Gu°*s
84 %
G9 covl 0*201l
‘g*s
IS %
G 1°v1 0*gol
*a*s
I8 %
Gl A G*1et
N dAH cuvd
361344x3



0T T°0 ¢V 20 €1 g*'el g°9l 9°'21 £°01 9°G 0°*4 20 0 9°*1 ‘u°s
2°9=-  0°6b-  v°/-  8'21  8°'gY L2 G/ 9°2~ 2°9 0'2= £°C1  p°S 0°e2e Js0 % .
.bd.: :m:.o: .mﬂ.:- Gl = :m@.c U8*9 00°¢e :wm.n 1€°1= vg°*l BG*0~- :wﬁ.: 90°0 0°6 11 68 0°86
00 10 ¢’ u 0 9°*0 vy 9°g AR 1%y 6°2 l°¢ 1°0 1°0 G* 1 *0°s
L°0 G*¢ 9°1 G- 1°0~- 1°v PO G°* R*1 (AR | €1 L= /tal asn %
0Q 0u°o GO0 GO I R0) 000 vo°*e J1°0= vp°'0 I€*0 1¢°0 0o*to 0Oo*u G/ GY 1*g [°Gol
(60° 1°0 £°0 £°0 1°1 c°6 YAWA 2’0l G* /T 9/ 9° Y ¢ 0 1°0 G*1 *G°*S
Al 6°4 £*e 90 pee 0T Cef 8°/ LY "V v Al £°1e A5 %
.mc.c un*o .nc,c G0 SIORY ov'e 00°*e pv e cagty 6G°1 9G* 1 P00 20°0 0°*6 Ll v ee 10°99
yeo- 2°0 ¢*0 20 g°*1 9*2l o*ue 9°'Ge YA B/ 6°4 ¢'o 2*o 0*e *Q°*s
0°*1 2! 6°e Gt 6°9 0°¢€1 c* s v°6 ool 6°9 q°9 6°2 G'pe I8Y %
90°0  00°0 SO°U  &0°0  pE*o U89 00°vl 0f£'/  92°(  6vTy  66°C  80°0 v0'0 G701 €11 1°sy  2'pS
g/0° T1°0 20 €0 S | 1°¢1 6°1¢ L2 1°91 P 1°9 0 1°0 12 *Q°s
G*0 £°4 £°e Bo0=- L° G*9 21 g°g (0 4 G*¢ 0°2 vl 0*0¢ IS %
2uto o000 Go*u gNn°*o 00°*o 0£°1 Doy GZ*0 Z1°¢ 91°1 00°1 eu*o 200 0°6 12 €°GQ1 G°/6
IM A1) It 31 11 Vid 41d 434 41N 33N IA IA ILA 41A ¢AIvVd N dAH 2uvd

NOLLVITNIISY HIVIHH=ILVNHIALTV

*ONTIVITIOSHY Evwlvd ¢ LSy



veQOr 1°%0 ¢'o ¢ 6°1 G*61 £°41 G*¢ g'el £°9 0°'9 20 ¢*o G°*1 "a°s
6°0 6°G 1= [*Q— 9°/1 1°g €0 ©*q 0°Q= [°0=~ 6°0 P*9 Yo 9°¢¢ 16K %
CO0= 000 .w,.:- :mﬁ.:: GG'e 06°11 00°0 G/ Op*9= p°*0=- 8¥°0 Lorto .m_.c G'01 Ty 6°8€ 7°/S
! O T*0 . 10 2 £ 801 1°G1 1*6 weel 0*p 0°4 1°0 10 G* 1 ‘a°*s
_ 9°0 0*é G*u LoE 0°1 60 G*1 p°0 £*e 1°1= 1°1 9°* |- 6°/1 ISn %
uw:.: uO*n N0 00 "0 PeE0 02°1 N0*0 80" 1 1€°0 ¢80 Iv*0=- ¢0°0 S0°0= G*¢ 64 P*Y D°681
0707 1°0 10 1°0 0°*e T°01 £°91 £°01 9*0l G*G G*¢ 1°0 1°0 G*1 *a°*s
6° = 0'¢ T°1 64 P°Q 0°11 A 8°6 2 11 8y Vool G°¢ L°0¢ LY A
QO U GO*0=  00°V 0n o Gy 0 VG 00°91 V7% e°0) ve'q pte vi‘o v0°*0 G*/ /8 vec 0°49
_Qo ‘e LR [ X N ] [N N ) [N N ] [ N X ] [ X N ) 00 200 [ X}
}
cvo’ 10 I °0 1°0 vel G/ ¢l 1°g 01 LY 6°¢ 1*0 1°0 ¢°1 *g°s
G*1 6°2 G*0 G°0= 9°1 B°G £°1 9°¢ 1*p TRl | 6°¢ ¢l 1°2¢ IS 4
hc.c 00°0 00°*u oo 00°*0 A .@o.c c9°1 mm.n .wo.ﬁ 98° 0 :mo.o 200 0°6 ¢ 6°91 2°°1e6
oy 1°0 10 2°n 1°e [°C1 vegl A R vevi 6°G veg 20 e 2°1 *Q°s
9*'0 g*e 8*0 6°¢/ £°qg 6°v 9 S 9°g £ ?°*9 (°0 ¢*9¢e IS %
.mo.: 00°0 00 °0 00°0 :mo.« ..08°%9 00°y :mm.N wm.m :m\.v mm.ﬂ 01°0 200 0°*el 68 022 0°§/
¥ 44 11 31 11 vId 41d 434 I 43N 1A 3A ILA 3LA cAIvd N dAH 2WVd

SNOATLVINIIOSY HLVIME=ILVYNSIL Y

TONTLVITIOSY 2vavd ¢ 3SI12»3X3

1AYA 4



990 ¢°0
G*¢—
¢o*o  Sofu-
eng’ 1o
G*1
vo'o SIARS)
¢£/0° 1°0
D0
vo'to ou°o
690 1°0
Q°0
00°U 00°0
GGg0" %0
1°0
20%0=  00°0
€1 1°0
G*1
mc.o: N0°*0
o640 1°0
2l
0n°*o 000
440 Il
v
O

£°0
U°E-—
Gu*0=

et u
€Y -
GU*O~

20
g 9-
GO U=

1°0
9°'G-
Gu o=

¢ 0
Bev-
Go*0=

€0
pel
GOt

e*n
et -

GN -

veo
6°0
000

€0
Al
G-

£*'0

L°e-
G0 0=

(q ViR~ olN &}
[ J
—

0°6 £'G1
6°2 0°*o01l
.mc.m .bw.c#
1°11 6°41
1°G 8y
.cv.n .oﬁ.m
921 1°61
0% ¢ LV
.cm.x N1y
0*0! 0*Z1
L°0- Q=
oo Iom.c;
1°01 p*61
6°1 6°¢C~-
og*l 0% 1=
G*'Gge L°CE
6°1 9*C-
09°¢ Oop*E=-
6°61 1°02
0= 1*p=
00°0 .oﬁ.m;
41d 43d

CRES G°¢l AR G°*¢g 1°0
9°*1 £*8 0°G 'l €'t
el g1t9 4671 G9t1 ¥OTO
() el L'V 1°6 10
¢y 6°0 pee 6°1 2°q
G v 12°0 :Nﬂ., [L°0 :m:.:
L°6 1°G61 ¢°9g 0°*9 1°0
G*p p°O=- 1°¢ £0- LY
A ge*n=~ G1°%1 11°0= 90°0
6°'H ¢rel £ AR 1°0
G0 9°*Qe~ N°¢= A 0=
BE*O :wo.q; bﬁ.ﬁ: Zetl= 00°0
g/ e vt 9y 2°'S 10
g°0 G*2=- [° 1= [*1= 1°0=
oven cyel=- 0G°0= 2€°0= 00°0
6°81 2 A L6 1°0
1*1 Q= AR 6°1 0=
cvel 16°1= (£6°1= £1°1 2u*0=-
£*Gl vene 0°'g 4°8 1°0
G*O=- QL= LoV= 'y B -
I AN .Wm.cs bﬁ.mu .mo.ﬂ: FANE
4TW 43W IA A T1A

A YA 4

o

(RS I
e &
O"'

0
1°0-
0u'o

iLA

12
1°/¢
G*ul

2
9* /e
n*el

0*e
G¢°¢e

vl
c°¢e
06

civd

*NUTLVIIIISY HIVIHG=ILYNGILV

*oNTLV 11108 ¢

‘a°s
350 %
6yl 0O /¢

O %
6H* e

w

J
SNt

‘u*s
ISy %
1ol 8*9l

Co.w
0 L YA
16 0°9

ase %
107 6°9v

N dAH

culvd 3

0*66

v°16

g*ouce

vy

0°vs

cnvd

1634



8BL0" 1°0 1°0 'y 6°1 L°C 1 9°61 6°01 0*'¢el veg ¢S I*o o0 u.ﬁ, *ats
v 0*<¢e N°*¢= pee 6°¢ b*v S 9°'e 9°] g*e 0°vy [*p 1°G¢ ISy % )
CO0= 00t 0O GO0« 0v*o Or°*G 089 VAR ne'*e 98 °'0 ,cn., 900 90 °* 0 G071 111 G*/¢ v°a9
2 B S 10 [0 6° 1 9°01 TR /°11 1°971 G°G Gp 10 et O | ats
72 6°0 21 ve/s 9°*qg 2’y 6°1 6'y G*2 g’y ey £ 'y 0°*ace IS0 %
vO*O=- Q00 IR 00 *0 SR 0e*s pe*ul  ¢f¢*e S0°'9 .cn.ﬂ .wo.a 90 *0 0F*0 G071 GOV 1°1¢  §£°9¢4
S 9210 1°0 [°0 1°n 9°¢ /°01 (11 [°11 o O 0°G 6°v f*0 ¢’ 9°1 *U°*s
G* veo 9°'0 £°9 I°¢ 0°¢ 21 ¢*e 0°¢ ¢l 1°¢ u*e 9°4ge S RA
AV, SIS RIS R}) 000 0e*l ov*q .av.n VA2t vete .wx._ 0e*o v P00 G0l GIl ¢€°Ge G°1¢
860" 1°0 [ *0 2t 0°*¢ 921 8°G1 A ol O 19 G*'p 1°0 ) 0°*¢ *u*s
e g ¢ 20 Qe 9°0= [*°C= G°(= £°C- [°C= c'0~- U°Cm €0 L°¢e 288 %
w..c.c... 00 °*0 00*0 0O U 00°0 00°0 OV°*E~ 60°0= BE*C= Ig°1= ¢1°0~ pO'0= 00°0 06 6¢l 2°91 L°C6
g0 T1°*0 1°0 1°0 u*e z°01 6°cl £ 6°6 p'e 1°p 1°0 10 ¢ 1 *u*s
peo pee €1 £°1 2'e 0°0= VAR! £°0- L°0= g°1 2’1 v'e £°61 IsSK %
c0U= Q0°nN 0n°u 000 0eto .so.m 00°0 mm.ﬁ ve'l= vE€°0= 98°0 ¢0°0 .cc.c Gt/ £8 0°9 G°661
2440 11t al 11 vIid 41d 43d IIW 49KW IA A ILA ALA CVIVd N dAH 2uvd

*NATLVITLIIOSY HIVAMY=ILYNYIL Y

CTONTLYINIOSH 2VUIVd ¢ 3SIIHAX3I

2254~

A TA 4



ipie

00°*0

66Q°

OO

eI’

AVREY

Gel’

80°0

col’

vo*o-

611"

pyO°0

Jy4d

]
s,
3

.

C o
.
c O

0

1°0)
£ -
G-

1°0
0
BIARN

c’n
¢ 0
000

1°0
9°*Q
0n*n

1°0
6°1
00*o

11

[ *U
¢°1
STV

¢ 0
1°¢
BTV

1 °0
S
GO*u

S
0*0
oo *u

0
6°0
N0°*o

1°0
¢°0
000

m;.—u
SIORAS)

-t

%4.
GO*O

G0
n*f{—-
GO ()=

e
G*'0
000

0
PO
no*o

1l

6°1
L°C=
cE)-

£y
e~
petu=

/°G1
G-
000

6°91
vee
08°p

A
D°0=
Nn0*o

61
0°*1
Ou°o

1°91
9°0
Q00

413d

1°01 B*°GT
£*0 1°0
£e*0 P1°0
S £°0¢
2 n*e
91 Iv*e
1°14 1°p 1
¢ £°e
.mm.« 91°*¢
G*g ¢ 11
pee 6°0
.m\.ﬁ {g°0
2'vl °G1
ROE = €0
= Iv°0
9*6 g8°01
LN= vl
GG*0= 00°1
41K 44K

c'GCYy

6°G 1°9
80 L°'0=
ov°o peto-
VAi £°g
g°1 0°0=
£6°0 20°0=
1°9 veg
ety 6°0
cG*¢ GG*y
Gy 9°v
9y 8°0
G9*1 Hn.c
G" ¢ 9°9
0°¢ = °0=
.m:.mc Brtoe-
0*qG G*°¢
VAR Q'
¥9°0 ve'0=
1A A

2’0
c°1
on°*o

[0

c*n
G*'g
A )

c'0
Q¢¢=
80 ° 0 =

c*0
90~
00°*0

T1A

c°'0
Pl
TR

1%°0
Q)=
00°0

2o
Bo0)=
HDu°o

ey
6=
D00

(AU
6°1=
P0°*Q~

1A

o L ot
e o
o O

0°%6

cVavd

NOATLVYITIISH HLVINE=ILVNUTL Y

TONLLYITTDSH

Jsw %
6Y 6°Rky

*a*s
A %
6G 0*cy

N dAH

c¥lvd ¢ 1S3¥

G*66

%G9

£°69

0°*£G

G'061

cevd



vovLet 100 20 2*0 9°*¢e v*ac Gg*ee el L°61 9°H p*y 2*0 £°0 £*e *a*s

6°1 ¢l £00 9°g 149 6°p 09 0°0= 2°01  9°2= 2°01 g'e~ 1°AI 260 % .
mm.: 0u*o vt 000 PY 0 oN*¢l 0y®e e0°y 1O*0=- .nm.c Oy*l= yg<°*o go*tu= 0% 9 09y 0709
g¢€e Z2°o SR} G*0 Htl Gg*'ul - e*0e G*T °91 1%/ 0°<s £°0 £*0 n*e *a°s
ctE—- G4 G*1 N°¢g=- S L% 1= ¢y e B/ £l 0°9 0% ]= GG ISV %
L0 Go0*0=  G0*L G0°Q veto=- 08°v 00°0  <éftr GETd 64°¢  GY'0=- 2I*0  vOotue G/ 64 641 0101
(G2 T1*0 FARY £°0 9°1 e ve 0°1e 9° 11 891 [°9 v 0 S| F oy ‘a*s
G*J e~ 6°¢- 6y 8y €1 T*vy Gy I°¢ Q= R*G pei- BeC IS %
.m_.: on®o GO*U= 01°0=  2¢€°0 ve*s 0ot 61y GE* v~ .%o.ﬁ %N.ﬁn AR putl0= 0°9 19 p°Ge  6°99
6ges 10 2o e LY VAR A4 g*¢ee S A | B*G1 8L v/ 20 ¢'n 9g°*e *a°*s
G*1 8°U D) 0°0T €/ 6°1 £/ L°0= b°8 A N 9°g AR vegl IS %
02°0 uo*o 0o*o 000 96°0 gu*el 06y 09°g P8*0= 460°G 16°1= 02°0 vo°0=- 0°6 G/ v*0Ov 0°¢€9
V61 1°0 20 £°0 G*1 0°91 £*/2 G*6 H°G1 b*q £°G £°0 20 £* e *y*s
8°0 6°1 0 pel=- £*e 0°0= L°0 S l= 6°0 9°(0= [°1 0°¢- 99} IS %
vO°*0 00°*0 00u°*o 00 °*0 gU*0~ O0v°*e 000 G770 £€’l=- 9v*0 €L°0= v0°*0 pPO*0= G°/ 1/ (°61 0°68
GGe* ¢°'0 veo g*0n JA 2'0¢ 912 G0t 0°47T G*qG (S v*0 po v*e *Q°S
1°v 1°0 pee— g8°¢= p*e= 9°0- I°0« 6%1= 6°2¢ g'g~  9°'¢ £°0 L°GT ISh %
100 GO"0= 00°0 Di*0=  bv2*'0= 0up®*e~ 00°0 21*0= ge°1= ge°*t 6¢°T= 80°0 00°0 Gt/ 19 9°*9 G°ne61
JY 3 Il 3l 11 vid 41d 44d ERQY 43 IA IA TLA 1A culdvd N dAHM 2uvd

CNUTLVIITIIISY HLIVIMY=ILVNYILY

*ONILVITIISKY 2¥wdvd ¢ 3ST2¥3X3

-225 |-



¢’

/S RV)

¢ oH9 1’

v

ST

I ACREVES

901"

ZVRR

921

#1°%0

e 4]

T

1°0
g1
Q0*0

1°0
G -
GO =

I °0
[1*0
00°*0

1°0
¢
00°0

20
0°*7
0o*0

Il

¢t
¢*0
SISRY)

<
[V o
s @
C — 0O

)

[SNTo RN\,
L
omGc

41

1°0
G*I—
GO 0=

10
£°0
Voo

€0
£'n
SIORS;

20
G*0
onc*o

v
L%
GO0

11

6°¢
9%¢-
ov*0-

1°Z
Frg-
09° 0=

vee
1°g-
ov° o=

8°ve
(0l
AN A

6°0¢
g'p=-
AN

£*se
g£e=-
08 =

1°¢8
1°¢=
08°pe

£*'97
9°'0Q
0n°*o

e s
AR A
Ov°é=

41d

0*1e
b=
0e° G-

0°¢
G-
0o°*o

t

[QUIE SN o N
e
w N o

43d

G* /1
S
T le

peel

G9°* =

ERRY

'8
£°0-
61°0=

¢*9
£°0=
61°0~=

0°1
260

L J

NANDO
[ 4
O e O

N NN
.
— M.

m Oy
.
O 00

IA

A

€0
1°0
000

¢!
v*o
00 °*0

£°0
G*0
noc*o

c*0
¢°0
00°0

RS S Y
»
oo

€0
L0~
00°0

I[LA

€°0
pol=
OO~

¢
[*¢~-
vu*0o=-

0
G 1=
PO 0=

£°0
G 1=
yo*Q-

ALA

1°e
c*ee
G*0f

p*e
9°* ¢
G0l

G°1
c*éc
G0t

bl
0*ce
G°0T

1°2
0*oe
0*6

g*e
0*1¢
G0t

cnlvd

SNUTLVITIOSY HIVvANE=ILVYNMYILAY

*ONTLYITIDSA

*a*s

IS0 %
vy wog

*g°*s
2S@A %
I8 v°*¢9g

— 2
o~

N dAH

2Bivd 3

vy

¢ 've

0'29

0°6¢

0*ltoe

cuvd

1S3y



el 1°0 1 %0

T°1 6°¢

SIVRS! 000 .m:.c

gyeer 1°0 1°0

| 0°y- 9*e

NUTD G0 Cu= GO

geer ¢ SRY)

f £°0 1°¢

Q1°0 SIARN! Gu*to
vwoo

i

gRl1® 1°0 20

¢ n ¢°0

vo*0= 00°0 00°*0

cGl* 2°0 g*o

c°1 1*e

pO*u 00°*n ¢0°*0

a4 40 Td 31

K
J

1°0
bl
GOu*to

1°0
v
onto

T 2°9¢
Yoy g*Q=-
Ng*y= .oc.an
vee /°0¢
b= C°F=
DY U= U9°0H=
v*e peal
8°G G*/
09 ° no*el
9*¢ 0°2¢
G*G= |
09°0= 0c°*s=
9°1 0°G1
L1 poQO=-
020 00°*0
vid 41d

£ore 1°12
F*C- 0°e¢
(G E - .:c.@
/¢ G°91
G*Gm "
g

1°11 G*el
9°*q e*e
Gg*y ve®l
1°0e veve
'l 1°0=
Op*l= 21°0=
£*6 ¢ ¢l
8°1 £'0
£9°*1 ve'o
3INW A3W

11 1ol /20 £°0 6° 1
pe()=- 0l /U= 0°'0 G*ee
L8°0=  £G*1 poO*0= Q00 G071 6HO
¢ 1! 06 0 %0 3°1
G* [~ HeO=- G* 1w /0= e
GZ*l= 69°0= p0*0« DOU°O Gool Y
1°9 G £*0 £t 1°¢
g°*y/ 0°¢ 08 £ woue
6G°*f G6'0 0cn Vot 0°6 of¥
9°0n1 g°01 v°eo v°0 1°2
/°0= 8°0 B*(Q= L°0 L°1¢
pr0= (PO vO*0« 00°0 G6°01 69
0°q FA 0 £°0 ReT
0°'¢ 9°0=- L0 £ 1= 612
of*1 ae*0= 00°0 vO0*0~ G*O0I GG
IA aA I1iA 1A cVivd N
NATLVIIIISY HIVINYg=FLVNYILOY
*ONTLVIIIISY 2vlvd

LA

DG 2tus
QA_OP.W
T4

H*uy 009
‘u°*s
15w %

1y GO/
*Q°*s
aAS %

H*ee /18
‘th
6 %

0%9 G*Goe

cd AH cuvvd

¢ 4SI0ydx3



161 1°*0
T*1

Vo°*o 000
9ee* 1°0
0° Y=
QU*O GO*0=
8ee® ¢*o
€0

.Wﬁ.o 00°*0
el 1°0
0

PO*0= 00°0
cGl* 2°*'0
21

vO*0 Qoo
J 44 11

K
3

10
6*t
.mo.c

1°0
9°¢
m:.:

€0
[*¢
G0 °*0

e
£°0
00*0

20
1*2
G0*0

31

1°0
71
Go*n

1°0
v*o
ouco

PO
0°*1
GO0

¢’
0°*o0
000D

PO
p*e
01°*o

11

vy L°9¢
Py 9° ¢~
08°*0= .oc.m-

Ve (°9¢
b° = c'¢g=-
O8'0= 09°0=
pee veal
8°g G*/
09°*0n no*et
9°%¢ VAN
GG~ [°p=
09°%0= 0cC°/-
9°1 0°G1
L°1 pe Qe
02°0 00°*0
vid 41d

Fege
Foe-
LG § =

c*t/¢
GG~
6l*6-

"11

Iﬁw

1°02
AR
TR

1°1¢
0°¢
0Ny*q

S ¢
P
LEO-

e 1l
G-
GZ* |-

L

3L o~
[
N O

901l
L0
A AR

~nCc o
¢« & @

IA

1°07 PO

g°1 AV
JAR PO(1-
0°*6 e 0

BeQ= S
69°0=~ pO°0=-

£°G £°0

0*e 0°*8
G6°0 02*n

g0l o

g8°0 8°0=
(vt 0 vo*0O=-
2°q 20

9°0=- L°0
g2°*0= 00°0

3A IlA

¢*0
00
00ty

£ 0
0=
no*o

£°0
£°¢
vo°©o

OnN T
[
oS OoOo

£°0
€ 1=
p0* 0=

1A

6°1
G°ee
G*01

Q1
0*ed
GOl

1°2
B*ue
06

cuilvd

NATLIVIIIISH HIVIHY=ILVNYIL Y

*ONTLVITIIISH 2vulvd ¢

*G°*s
LA

6O n*ug 2'HG

Uty
BG4
£9 0°ayp

*a*s
26K %
o) no*ie

*Q°s
IS¢ %
69 0°¢€2

*g*s
I8 %
GG 0°9

N dAH

IS TI43X3

0*09

G*G02

cuvd



¢ e

egiu

ORTA

vy *u

rop6l

vo*uy

el

800

AL

1°0
vl
oo

20
c'e—
GU*0O=-

1°0
G*0
uu o

1°0
0°o
00*o

ety
6°<¢
GO

0
20
0O °*u

2o
Y
0o°o

£*u
0o°p-
GQ°0=

31

20 ¢ c
0*'0 £°0
Qutn vo°*1l
%4.3 mlﬂ
g1~ 80
GO*OU=  HUu®O
2'0 G*e
9°*0 L9
o0 *o 0B *0
£ °0 £°1
6°0 £/
Lo v9*o
€0 1°¢
6°0 1°¢4
onto .:w.c
0 g1
g*g- 1/
GI0=- .vo.o
€0 41
¢°0 A
00°0 9T 0=
11 VvIid

Pyl
l*G
oo*el

¢’ve
6°1
uy*e

o)
.
~N o
o

o*¢k

U vl

G pe
0°¢
00°0}%

o°*op
¢ )=
SISV

el
1°G
96° £

2yl
£ 0=
6f )=

£l
Y
6L°Y

gy
06
6£°01

vegl
¢*0
12°0

AIW

geee
[%6
N (RPA

p°Ge
¢tl-
AN

e've
1°9
.ma.cd

W C o
® &
< O\

QU

S
0“9
p1°8

peee
6°¢-
Ip*Ge

J4W

3 A1

a1l .8
€6 1°9
.omooN QOQOQG
01 26
0°*?e Q0=
Ge*l Ip*0=
6°6 veol
1°vp 1S
wm.m .mc.v
£*6 £y
G/ 1°¢€
0..@0? VQQN
c*0l £°6
0*y gl
bo.n 6°1
peGl r°9l
LYl 9*¢
ba.v ww.v
g1l pe1l
AV 1*pe
py° 0~ Gp°EC-
IA A

9°0
1°0
00°*0

T1A

g'0
£*e
9c*0

9°0
9°1l=
p0°0=

JLA

0'e
N6l
0°*o6

6°1
venc

06

6°1
S
G*01

[ 4

s O
L J
o<
o

0

6°¢
1°¢2¢
G0l

¢dvd

*NOTILIVINIISH HLVING=ILIVNYILY

*ONTLVYITI1ISY 2vdvd ¢ -

*0°'S

IS8 %

¢6 G*RY 0°66
‘g°*s
18N %

19 g*'vi 0°001
‘a°*s
IS %

¢ 8 ¢ty A
.c.w
B A

1 08l 0°ys
OGCMW
280 4

GG /°*9¢ ¢2°09
‘d°*s
I8¢ %

Ly 1°2¢ Ll
‘q*s
s 4

/S 8°'G u*voe

N dA M euvd
P 3ST10¥iX3



ylls 2°0 €U v°*0 0l G*61 9°vp 0°*91 n*ece R/ 8°6 £°0 PO 1ty ‘a*s
Q- vl C'¢—- 6°%9 'y 0°¢1 0°6 L° L 9°1 ‘
¢

00t GO*0=  00°*Y GO*u=  ¢gv°*y gy UG *e Gy ty GGy NE 'y 69 e .aﬁ.o 60°0 00 AR 0*60¢e
Y01t <t ¢ U €0 6" 1 I'1e 68y 1Ml £/ 6y SMTVR SRR Vo A JIRES
N 01 /°0 ¢l b6 1 £/ vy ety Iy ¢'6 Gy go¢e IS0 %
L0700 0070 uute 00t Pt 09%6 06V 6G'a zotp faty €8°1 BI®O 600 G'0T ey T'VE G619
vaer gt £°0 0 G°¢ D'TE 829 G'0¢ 102 111 /%6 G0 beu 9°¢ A0S
AN £ 0*e Vo 9°0I £€°9 B°R (L vee 0°¢ v*eo ¢y L°C¢ Asn %
QU0 00°0 00°*0 GO*O 0Z4%0 OV vl 0G6'€1  preol B9 o8¢ 09°¢  41°0 60°0 G*01 6w [°0G 1°'2g

9t ¢°*n PO G°0 G*1 €61 L°yE SRV | 9°/1 n*eg ) ) G*0 ¢ *0°s
6°2 1*°¢ 1%1= 8°q 6°9 1°0 £ £°9 l° Y/ gy ¢'6 £ L°1¢ 2800 %
€O*0 GO°0= Gu*L GO'0=- 82°0 U8y 0o 06°6 68°¢ ,vp°2 16°1  61°n £0°0 0°6 ©4 041 0°16
Gle* €°0 v*0 G0 £°1 1°2¢ 6°29 £°9¢ £°6Ge AR A 0°v1 9°) 9°0 g°1 ‘a°*s
L°1 AR 20 C'Q= 9°y 9°yp 9°1 YA pee £°1 by 0*¢ 6*ee IS %
€0°0 00°0 GO0 00*0 0U*0 ov*e 00°6 89°1 6¢°¢ 66°0 260 60°0 CO°U G0t 1/ ¢°Ge 0°2¢
440 11 31 11 vid 414 43d 4InW 43N IA A I1A J1A ¢divd N dAH  2vVd
*NOILYIIIDSY HIVIHG=31VYNIIL TV
t
o "ONTLIVITIISH 2udVd ¢ 1S3y
[ J
q Gl C6€E



Voo 2°0 ¢"0 ©*0 c*¢ ‘:.om 0°*9¢G 4°91 p°*G¢ 1°11 6°11 PO v*o 0°*e ‘a*s
L°0 pei G0 9°0= i*e ¢*l= G2 0°¢ £° ¢ L°0 ¢*G 1°¢ ¢tec asw % o
.m:.o oo 00°0 00°*0 00°u 08°vy 0g°r=  ¢0°¢ ve®e 91°*¢ S0 600 CO°0 G*ul O 6°G ntene
Gl 1°0 ¢*t0 20 ¢'e 6l LS Gl G*LE 0l 0°11 £ 0 £ 0 vel fats
Y°I LY /%0 0*c= b G- 2 1%¢ e cu- o' e 0*¢=- n*ee IS %
.w:.: VIO RS GO0 SIARAS Re*0= Ob*e 0G°*p= GVv°*0 1e*¢ 09°*| £2°0= f0°'0 COU= G071 VI 9*Ge €014
¥6ol® 1°0 ¢ 0 £'0 £°0 9wl gy Nn°*nl 0°6¢ 6°01 G*H ¢ ¢’0 80 s
¢*0 9°y G0 £ 1*6 pole H*H 6" G e/ | ¢ 1°/ [°¢ 0°Gge a0 %
.m:.o uo*on noto 00 °*o 000 VB°91l 0G°v= €/£°¢C1 .:ﬂ.cg 6§ .mm.m GI°0 wc.o G0l 69 8°9G £ 6V
ree® ¢*o 1 %0 20 ¢*e g*ge 9'6¢ £*ee B*62 G0l AR €0 £'0 0°*e *0°*s
G ¢~— 0 €0 G*0 6*¢ €0 ¢y ("¢ G*'G Pt G$*q 0°*¢ 6°ee ISwn %
ity GO*0= D00 0o 00°0 0021 0u0‘'o £9°9 6(:1°p c8'e 260 ¢cl0 90°0 G*'0T 6G €1y  1°vy9

n6t1° 1°0 20 2o 0°1 G*0¢e /°6¢ 26| 8°9e el POl £ 0 20 21 *u*s
0°*0 A vl g1 ¢ #°0 L9 NS G*9 c'p 6*9 L°0 6°¢e 380 %
60°0 000 IV GU U B0 .Sv.vﬁ 0G°*y :mm.a cv's .m:.m .mm.m 81°0 00 G0t € 0°'¢€p v°GGq
g/l 2°0 " 2cu €*0 g1 £'0e BH*GE 6°91 2 A G'6 0°c1l v*'0 veo £ *4°s
/°0 "1 2’0 0°*¢e G’y 1°y 2*q 6°2 8°G vee Gy RS beee I8 4
£0°0 00°0 n0*0 00°0 ge*n  0¢*s  p0*6 p8T9  12°v L6°€ 2971 ¢i*u Q00 50T LVV L0 E L7 E9
gge” 1°0 ¢°0 £°0 8*1 £°Gi 9°¢e 1°p1 6°¢1 p*9 ) 0 €°0 €1 ‘g
[°¢ = gty - ctg=- £/ 6°8 vy 6°6 £°e 26 v 1°21 G*g G§*0¢ 18y %
9u'*o GO®0= GU°0=- .mﬂ.on 96°0 :c:.mﬁ 00°*6 :mo.a~ 1¢*¢ 66° mn.m .mm.o 12°0 0°6 GG 1*/1 0°'06
2440 Il 31 11 vIid 41d 43d 4T 4 3IW IA 4A T1A JLA cAIVd N dAH  28vd

*NOTLVITLIISH HLIVIMA=-FLYNAIL Y

*ONTILVYTITIIASKY 2a0vd ¢ 381043X3

'212‘-



¢Ho’

VRN

Ge e

CO*0-

01

90°0

£c1-
/
€00 GO

680° ¢

4

€0°0

] 22S

Jd44Q

\

0
7ol
o~
N

2'n
6°0
SR REE

10
21
SIORA]

¢ )
0l
TIARS)

T*0

o0*o

v°0
¢*0
00°0

Ay
By
GO0

o
%0
0Q°*0

20
T°0
00*0

¢t
"0
Doy

2SS
41

9°0
6*0
00°0

v
0ee
ur*on

G0
9°0
000

0
£*0
000

Vo
0°*0
00*0

kXA

L1l

o O\
.
O\ =

6°1
b*¢
et

0°*1
9°0
60°0

8°1
G*e
£E°0

285

vid

_u:..:...,

UD) e T

.
[QURI QN N

Y]

HeO=-

00N

0

O o O

“6
*1
e

41d

1°¢1
boU=
00°0

06T
G*'0-
00°Q

0°41
9° (=
00*g=

vl
G'0=-
00*0

gvi
9°* 1=
Q0 °*¢=

43d

el
61
0/°1

G*'pi
n*e
86 °1

LI
L J
—t et 1)

6
I*1
g0

Jwiwey Sviwe

41U

8'c¢1 9°G
v 9°*e
QN.C n_:oﬁ
£°G1 R/
g°¢ £
69°1 bge°0
£°G1 'y
€0~ £°*e
0e°0= 96°0
9°*9 R*e
0°0 G*1
10°0 gy 0
G*e L€
L0 1°0
Iv°o $0°'0
(o W]

43ANW 1A

G 60V

pes
G*Q
et

Sy viwe)

3A

2’0
H* 1
cO’0

TN
e o e
OD20C

3

S9N
¢« s o
SN O

1
TL1A

SNATLIVITLIISY HLVAHU=ILVNYIL Y

JILVNIWMIL wWvHagwvwdd Gqul HVydHd NI LND.
c°’0 n°*y ‘4g*s
G°0O=- /0= ISy %
00*0 0o Gy ¢ 0°¢11
NOFV %;.ﬁ Qﬁ_-f
0= o= Isu
00 0°*0 vy d%le  /°9Y
) [ *g*s
B* = - IS %
FO0~- U0 1O 2°9y  0%/y
1°0 6°0 ‘a°s
'l £°0~- aSwv %
£0°0 0°0 19 v°bv G°pG
1°0 L0 *(°S
* 1 0= I8U %
3*0 0°0 6v  v*vpe G°vS
1 "'M03 (=440 4403
J1A enaivd N dAH Zuvd
*AUVILS 2u0vd ¢ 1S3

(%%-¢'sg2:sebed g))
'SNNH  AQV3LS



f40°

60°0

LR J

L91°

0N °*u

Ivie

T —
e
o D

1°0
21
un*o

a

—~
N

L 3
C e~ G

GO*0

9]

£

¢*e-
GO*0=-

cCcm

*0

.
(SR o Vi &)

31

20
1°0
00°0

€0
9%y
GN*O

1*0
veo
00°0

£°0
e~
GO0~

PO
g8°0
000

11

9°1
0°¢
Sr*o

8°1
g1
£2°0

M o O
.
O QN —

Mmoo
°
(el o

9° 11
vee
Lo°g

£°91
G* 1=
VO E=

0*/1
1°0=-
00°0

£yl
0°0
000

6°¢cl
R 1=
00°¢=

NOT
.
-t e

T O
[ 3
— vt OO

coHDo
[
—t e O

0°¢l
pio=-
Op* Q=

IA

0°*9
0°2~
p1°1=

O N —
.
O —

e — O
.
O v

3A

"NAILVITIOSO

2°0 ¢°0 1°1
e L0- £'0-
90°0 000 0°0
c°0 c°u [°1
v°0 9°Q= ¢£'0=
0o0*n 00°0 0°*0
1°0 10 g0
g1 [1°0=- 8-
g0°o 000 u*o
2'n 1°0 80
£ 80 0=
£0°0 £0°0 0*0
20 2o 6°0
c*e A G0~
90°0 00°*0 0°*0
ILA J1A 20avd
HiV3¥H=3I1VNYILY

*AUV3LS 200Vd ¢

SV %
19 @9°'11 0°/11
*a*s
JISV %
19 6°2¢ 6°L9
*a*s
I8w %
|94 1°vg G*0¢6
CCom
IS0 %
186 c'6¢ G*'/S
Qetm
I8V %
19 G*8y G*¢G
N dAH ¢éuvd
4SI1J¥3iX4



FAN S

$0°0

IAVE

ISR

vel®

f0°0

vote

FO°0

¥Gl*

£N*u

44U

]
n
wn
~
o~
(]

I*o
v
0u°u

20
01
0no°*n

1*0
c*0
Q00

¢
L]
VoY

¢*u
v
UL

£°0
vl
0oy

o

coemMm
¢ o o
c CcCc

£’
CNY
T
C <«

0 o0
(0 Gy
voa |, £e*o
© 0 1
2 °0 G*y
0n*o .mm.c
0 B*0
0°*7 G*'y
0n*n .mﬂ.:
€0 21
(1= O'v
GO*0= 81°0
9°0 g°0
8¢ ey
otr*n BT1°*0
11 VId

1°G1
2%¢e
06°¢

[ 4

oo
.
NOR s ;|

O(

) «— C
*
N

691
G*0
00°*0

£°Lc
GO
ou°‘u

%91
2y
Uy

Ay
¢to
00°0

11 91
2*e A !
gg*e SR |
9°g1 9*/l
¢c*e o)
69°¢ Cpi-
611 Gy
H°1 G*e
AR 9g°*1
0°6 AR
0n*e B0
G6*1 190 =
6°6 i
G*2 146
ce*e 6v°e
4INK 44N

™~

'-O\'-"‘
s @ ¢
— N T

M NN
.
— M O

1°6
6°1
60

L

MmUY
.
NSO

L

LA

3A

1) e
.

ON N
.
-

TLA

¢t
£°0
no°*o

m.o
9°*0
000

o
1°0=
00°0

LA

[ SR ¢
0~
u*o

u*y
72
0°0

cWivd

CNATLVINIISY HLIVIYY=3LVNYILTY

*AUVILS

-A_.m
IS¢ %
AN 3

*a*s
aIsv %
LL 21y

250 %
9 (1€

*Q°*s
I8¥ %
T2 v*0ol

N dAH

enilvd ¢

0%y

€'uyv

G*8/

0°621

envd

LS4



1°0
£°0
00°0

8eC 1’
.w:.c
T*0

£°1
noton

L5 1
60°0

I*0
G*e
Ggutn

CIAN

.%c.o

¢*0
g*'0
60°0 000

el

il ¢°0
Voo

00°*0 00°*0
Jda40 11

o
G*u
000

20
A
0o0*0

£ty
1°G
Gu°*o

€0
£°0
D0

¢'0 B0
21 g°0
G0°0 60°0
e ¢l
20 0°*0
00 * U 00°*n
20 11
1 0*¢
GO0 Gr*o
PN | ¢
6°2 6°¢
S0*0 £E°0
9°0 !
1°1- 0°%¢=
GO0~ gl*D=-
1l vid

891 1%6
v'e N°*¢
OOWA_c.n QOmDQ%J
1*G¢e 08l
[* (= L2
00°*¢C~ gv*¢
{*ve 8°01
9°0 v
0U°0  Z£°S
SRATIY c°G1
90 /°F%
0uto 0g€°*p

0°¢g 81
no*¢ 68°1
43d 4IW

9l
80
eg’n

vyl
0°0
A0 RS!

¢'¢Cl

({9

NN ©
.

- N

L]

—_ < N
.
N M

<T MW
®
N T 0

— T N
L ]
e Nits Mive]

O < QO
O e G

IA

9°9
poe
cetim-

L8
¢l
v/t0-

- MO
-
SO w

3A

c¢*o
£
90°0

€0
6°2
90°0)

L 4

OH N
.
i B oVl

G
e

TLA

¢*0
O°* 1=
CO ()=

£°0
1°1=
$0°0=

1°0
G*U~
00°Q

41A

I*1 *a°s

NATLYITIOSY HLIVIANE=ILVNAIL Y

*AOVILS

(- SNZIA
0°*0 Fg  v*0OV £°9G
0°t ‘a°*s

6*°0= ASG 7
0°0 ¢ 6°vs e2°04
u°l *u°*s

D0~ ISm %
0°0 69 €°2¢ 0°¢9
9°1 *a°*s

6°0= ISy %

*0 lz 0°'te G6°Gy
[*¢ a*'s

¢*n ISH %
G0 £9 Q9°01 0°*9el
cIvd N dAH cuvd

cIVd ¢ ISTI¥4X3I



wRo* 1°0
6°0
00°0 Voo

B9Yo* 1°0
0°*0n
200 uo o

890° 1*0
2u'o nnco
¢/ 0 1°0

9°1
c0°0 oo v

990° 1°D
I*1
000 00°o

Jd4a Il

-22523"

1°0
1°0
np o

1%0
€°0
00°*0

¢*0
LU
QU0

I *0
£ 0
N *0

=
ST o QU
* o
S -G

£
20
0no*n

"N
[ 4
C -~ 0O

]
=
.

11

1°91
6°0
Q0 °*0

L°ve
1°0=
00°0

[*cl
9°0
000

44d

el L°01
9°0 v 0
9v D e Q-

001 6°v1
6°1 2|
et vi®i
] 2l
CO)- 6°0
12°0=  GG°Q
6°*G G*Y/
peQ- 0°*1

0€*0=  19°Q

AIW 43

A YA

£/ 9°'p1
1 G0
H6 0 6¢ ‘0=

o

o N T
¢ o
OO

8°2

[A

¢'0-

LO*O= ,20°0~

ven
S
0o

*e0H W
o

U u

9°0
v*o
Oty

chlvd
NATLYVTIIISO HIVI¥E=-ILVNHIL Y

*AQV3LS

*u°*s
SI A
/G Gpy

*Q°s
Isn %
6/ <c'6e

A0 %
66 €£°2¢

*a°s
164 %
64 G*'c1

Qo.w
ISHU %
G8 £°¢é¢

N dAH

SVIVdd ¢

0°*19

L9/

0°*211

G*9y

covd

LS4y



voL!

SITREN]

£/0°

0L

(LQ°

c0*u-

G60°

p0* 0

Jy40

Zhaﬁ-

1°0
€0
SIS

10
n*i
D00

20
/1
Jo*o

2'0
n*E—
GO0~

Il

Tu
g*l
00*o

[ *u
v
SIORAY!

1°0
6°1
oo o

7!
/%0
SIOREN

ER!

PO
g*e-
GO*U=-

11

¢l
G
0=

'O
1°0=
0g*o

6°0
S
VO ()=

L0
0~
00°*y

vid

B°G1
0=
Op°l=

0%«
G*0
u0*o

41d

€41
9° |~
L

0—'

G*0
00°0

gyl
20
91°0

0*vl
0°*e
6v°1

1°G1
e
L1°0)

0*9
el
28’0

ERRY

A
0° 1=
T0° 1=

el
1°0
€1°0

£°%6
pO-
0F *0)=

0°*9
9°1=~
19°0=-

g€
€*e
64°0

IA

G4
L°0-
£Lu=-

9°%9
0°0=
00°0=

G*9
6°0=
GE*0=-

£
.

-
.
o m

4A

%0
c'0=-
00"V

¢t
n*e
o’

1°0
GO=
QU0

£°0
8°v
90°0

11A

=Moo
L [ ] [ §
coc

¢°0
e
vo*o

d1A

¢!
2
00

1
¢ 0
0*u

0°*1
0
0°0

chdvd

NATLVITIISY HLVIHE=FLVNHYILTIY

*AOVILS 2udvd ¢

.Q.m

IS0 %
a4 *y¢ N0°*0«/
Qs
IS %,
69 6°/FV 1)°*Qy
Qf._.rfw
UW@& DO
£y S*'vi 0*101
*a*s
ISV %
GZ vl 0°*0éet
N dAH cOhvd
41612043 Xx4



8O 1°0D
g0

AN 0o*o
£G0 T°0
SR

¢ 0
v°0

AVEY! 00°*0

¢LQ* 1o
/%0

vo°*o 00*0

IN44 Il

c*0
84*o
0o*uY

£°0
6°0
SIRAY

20
p*'i
Doty

*

N NN
.
[\ e

£
.
Nt

€
C

20
1°¢
G0°0

11

— (N
cacCc

G*1
£ 1=
L1°0-

vIid

v*9
G*1
00*n

(e}
NG e
.

— - <7

g*2i
G*e
Op*¢

414

9°11
A
00

6/
| °C=-
N0*v

vesl
%liﬁ'
00

6" L1
¢ 0=
000

43d

G*8 1*8
G*0 9°0Q-
veEto 9¢°0=
By B4
6°1 6° 1=

SRV 6

80U g*c-
IV 0 PG 1=
T°01 11
6°1 A
66°1 GT1°1

41 W EEIT!

.°¢ I1*¢ 1°0
8°0 9 ()= £°0
£2'0 91°0= 00°0
/°¢ A 1°0
‘0= Q|- 9°1
21°0=- 0g*0« 20°D
9°*'¢G G*S 1°0
0= [ Sl 0°*1
g0°0= 2¢€°0= ¢0°0
p*o 0°*s 1°0
g°¢ 20 L2
A2 [2°0 v0 0
IA 3A 1LA
NALLIVYITIDSH

1°0
Co0=-
000

10
0*0
00°*0

1*0
£*0
00°*0

1°0
G°0~-
00°*0

J1A

0°*1
C° 0=
0°*u

[*1
G-

0°*0

0°71
[0)=
U0

cnivd

HIVIdH=31VNA LV

*a°s
IS %
To 1°8¢

*Q°s
18 %
6G 2°4

‘a*s
ASU %
6 G*8e

[ I
«v; O
e
w

N

.
<
O

N dAH

*A0VILS 2¥dvd ¢

G'¢fol

149

0°18

cuvd

154y



ot 1°0 1%0 20 6 e bel¢ vesLl S geee 611 T*11 2o ¢'0 17 *a°s
6°2 00 2%z 9°g Gy 1o by 81=  v°2 0°0 Voo vie=  <'0- R x
Lyotu no*n 00°0 GO0 89 *0 N oo*e L6y BR 1= 921 To®o 0o *o pO* 0= 0O°0 G/ Tu¢ 244
120 10 1*0 ¢°0 ¢l Vo1l Vvl SRS ¢’ g°¢ 6°¢ 1°0 10 ¢ *U*s
"1 v'e £°0 1°¢ 0°f ¢°0~=  9°2 P0=  8°1 0*0= 0°¢ 1°1 G- LTI .
2utu 0O ° NDQ*0 Qu o Z1°0 av°'e 00*o 4y *1 GO °*0«=  ¢€9°0 000+  p0*O ASRED U*o 68 vy P ygl
0/0° 10 1%0 10 S 9°H 9/ 60 R*Y 9y 6°¢ 1°0 [0 11 ‘u's
9°*n 1°0 ¢tn u*e 9] 1 40= l°1 f S () G*1 C°0= G*1 v°*0 G’0- IsSW 7%
¢00 SIN AN} 00°*0 noto  veto 0s°1 0o*u 8% 1 Si*0- £°0 Z1°0= ¢o*u 00°0 0°0 £4 9°6e  (£°S9
280" 1°0 ¢ 2*o vl 81 £°e¢e £y 61 €6 g9 20 A\ vl *U°s
11 1*7 ¢ 0 21 12 £°0 Y 8°0 g°c 6°0 0°v L0 g*(=- IS %
20°*0 o ou*‘u 00°0 Z1°0 0L 00*0 p6*¢ £9°0 90 SR 8¢c*0 y 0 00°*0 00 €6 0O°*/1 8°06
vZ1° 1°0 10 20 0°¢ U*eLl VA 661 By 2’6 G*v 1°0 1°0 S RS
€0 v°1 F*o 9°4 ¢£°e [*1=- 1°0= 0%0=- 1°¢= 1*0= 1°Cw €0 /AN ES JSv %4
pO*U~ Q00 SIs R 00 G8* 0 up'e np°*e= .mm.u: CO - L°T= 60°0= vO*0O= 00°Q U0 G9 9°*°¢¢e¢ G'*ay
2440 [1 31 11 VIid 41d 44d AIW 43 1A aA I1A 1A eoIvd M dAH 2ovd
*NOATLIVITIOSH HLIVIMHE=ILVNYILY
*AOVILS Zuavd ¢ 4STOMIAXT

V'icy

-22526 -



200

00°*0

Ou*u

ny*u

00°*0

0°0

10
Y0
OV °*on

PO’

1'0
20
00 °*y

H/0°

10
0°*0
SIS

BeQ*

1°0
7O
00'o

G/ZQ°

€60 1°0
0
00 to

1°0
2*'o
0o*o

vgo”’

J43d Il

¢t
1*0
outo

)
1*1
SIS 0]

tu
S I /o
GO U=

2tu
L°0
0o*o

2} ¢’
20 0*e
DO 0e¢*n
c'0n G°*)
8°0 £l
00 0e*o
G*0 0*e
9°0 [° =
SIS RS) DS =
£ 6°1
1°0 8°0
00°0 00°0
c*n 1°1
1°0 9°0
00°*o 00°*Q
20 6°1
ﬂlN' m.c
GOO- 00°0
1t vid

0°%6
Vo
oo

Coe
¢’0
0o 'o

L6
0°*71
ug* 1

0*a
gt
Q00

1°¢
1°0
oo

MmN
L
C O
t e

C

11d

9°*y1l
oS-
0Lt )=

G4
RO
00°*o

€91
(1=
0L 1=

43d

©*'q
P
Gyuetn

veet
[° 1=
T 0

/%6
9*()
Py o

ve/
N0 =
OO0

0°g
0=
CC )~

41K

SR
0°0
AR

LV
Q*e=
1O0*¢=-

vl
¢'0-
vi®0=-

eIt
v°o
9¢°0

L°6
G-
62 ()=

6°21
| A
VLt il

43k

Q°ley

9°*q
G0
/10

1°9
L% 1=
uZ*0-

%‘. tﬁv
6°0=
2t

VA 4
£°0=
01°0=-

NNTC
. =
1

6°v
PoO-
0c°o-

[A

6*S
L°0=
AN

'y
|
Fe U=

0BG
¢t
L0°0

¢’y
1°0=
co*u-

8%y
(°0=
1€°0-

3A

I*0
17
A0

1°0
2°0=
oo

1°0
g0
SIS0

1°0
C0=-
Do°*on

1°0
peQe-
00°0

1°0
8°1
en*o

ILA

1°0
pel-
AV

S’
peO=-
no o

1°0
[*0=
000

1A

/0
72l
00

L0
00
0°0

cBIvd

NATLVIIIISY HLVING=3LVNS 41TV

*AUvVILS

*(°s
JSw %
b #.\C

*u*s
a8 4
GOl 9*opy

lc.w
ASwv %
69 G°Gyp

Y dAH

cplvd 3

G*HY

¢ LS

°*GL

S*06

nraoe

0°*vg

2yvd

1S3



00°*0

On*

ogtu

¢0°0=

20°0

glils 1°*°0
20
000

1°0
80
oo

Npo*

10
€0
0o

¢li’

1°0
¢*'0
000

veo°

1°0
v*o
aon‘co

'/ o

Jy 40 It

-2252‘ -

1*0

00°*0 SIS R0

10 A
0°0 80
0o u 00V
1°0 T*0
0"0 1°0
RIS RY] 000
1°0 20
g*N £°0
00°0 00°0
2o 2*o
20 80
000 00°*0
q1 11

0*e
Ov*o

9°1

el

N C

O N -

vId

VA
[°7=
0B° 1=

g*ul
G0 -
SIVRA0)

1l
€N
00°0

peel
€=
08°*1=-

c

Mo
e @&
200 -

G*91
0°0
00°0

€91
Q'()=
0u*to

vevi
9° 1=
0L° 1=

[°€1
81~
0L V=

veel
B 0=
66° (0=

6h°06
G ()=
by * ()

RS
PO -
G ()=

0*11
0*0=
TO*U~-

BT
6°1
c6°1

JIW

2*el
0=
Gp° 0=

Vol
b0
9gp * ()

9°¢1
0°¢e
9v ‘e

0°al
G0
e 0=

£t
I*
£1°1

43W

A YA

8*g
G-
CE°)-

0°*4
10
GO0

€'y
2’0
210

9'v
o=
0E°0=

IA

G*S
[°7=
¢L 0=

G*v
veu
0e*o

H*Y
G°1
60°0

vy
£°0
b1°0

4A

1°0 2°0
Vo= G'0=
0o 00°*0
T*0 1°0
0 G*0
AV 0o
1°0 ¢’
¢’ S |
0o*ou c0°®0
I*0 2’0
G*0m= 0°0
00*o 00°0
10 ¢'0
G'0 peQ0=-
00°0 00°*0
ILA 1A

NATLYIIIISY HivINE=ILVNYIL Y

"AQV3ILS

6°0 *g°*s

9% IS %
0°o0 Gy  2'fv  2'9¢g
GO *d°s

Ct()= SR A
0V (6 (e w'HY
%0 *a°*s

G*0 ISw 7%
0°0 cUT 1°ve G6°¢gd
0°1 *a°s

ety IS %
0°0 GOV 6°91 1°16
0°*1 *°s

0= ISV %
0°*0 8 0°9 G*661
cBlvd N dAH cuwvd

Culvd ¢ 3ISTIIH4dX3



vere
OO

ve i’

vocto

Ivi’

B80°*0

A AS

0o

20

0°0
2440

1
3

w

X

1*0
0*0
0N *n

10
0
ooc*o

1°0
R0
QO*o

1°0
8°1
Q00

1*0
G*0
Q0o

1°0
¢*0
00°0

Il

1°0
¢ e
00°*0

10
1°0
vo*o

£°0
1*1
Qqu*to

1°0
g°*|
00°*0

11

2y
/°0
00 *0Q

veo
8°1
GO*0

1°0
9°*Q
00 °*0

20
o
0o

11

-
[ ]
——
t

BO*O=

.
S — N

.

— 5
[ 4
QN o~

vid

caowm
.
S e

0°G1
.0
N00°0

0°G7T
Ho0=
U0

L'ee
1°0
00‘u

0°61
¢ -
go*w

1°0e
L0
0o°*o

9'el
[*E-
06°v=

L6
V!
oyl

g*91
1°0
81°0

2°ul
0°1
98°0

G111
1°¢=
2e’l-

AW

L

0°*9
o*e
Pyl

v°*G
G°e
0g*t

ap IR e !
.
- N O

[

v*'qg
2]
100

*

o O N
.
— O

OB BNV
.
o -0

IA

9y
Ol
B6°0=

v*g
0°0=
10°0=

A
G*QO=
ve 0=

0°G
G* =
c9*0-

aA

c*o
£°e
po*o

¢u
9°'0
00°0

20
9°*0=
00*o

c*o
pte
.v:.a

2°*n
6°0=
00°0

T1A

¢t
vio=-
no‘o

¢*0
L°0=
N0 °u

FAY
9° |-
P00~

¢*0
GS*0=-
00°0

¢'0
g*g-
PO°0Q=

41LA

60
()* ()=
0°*0

0*e
()=
00

8°0
£*0
0°0

civd

NOTLVITIISH HLIVAHY=3IVNYILY

*AQV3LS

*0°s
IS %
Gg n°*l¢

“Q°s
ase %
1/ v°*4q¢

-c.m
Sy %
€L 9°*9

t dAH

cvwlvd

O*TUT

0°*99

G*o/

G061

cuvd

153y



B¢

po*0 00 °*on

£cct 0
6°¢d =
GO =

¢t t0

S
80
oot

yee®

vo'o

112 2o
6°2-

RO 0 GO°0=

SE?I G A}
G*0

IZOREY 00°0

£*0
1*¢
G0°0

91c°

00*0

440 Il

“22530‘

¢*o
0°0
00%0

¢ 0
O°v
GO0

Hﬁl

N7
e o &
cC NGO

L]
b
—

[ 3

S Tom
.
o™

e "
L ]
C ~ O

— M
.
S < C

jl

¢
¢

‘0
0

00°*Q

b0
g°*e
010

o
0°Q
00°0

O — <

.
(o 2 5 Rl e

L 4

°
oo

11

c*e vece
0°*1 9°2
800 08°y
Gy 6y
¥l c'e
910 ov*e
S| 9°91
G*C=- T*1
eLu- 0Ov‘*e
g°1 6°cl
1°0= £°7
00°*0 Ov*e=-
L1 0°¢l
¢ l°¢
ve*o  08°v
vl 9°g1
8°G c*’c
2y *o 0o8*vp
vIid 41d

9° /1
£°1
00°0

u*le
-
ou‘to

[*Z¢
1=
00°0

6°02
G lw
00°0

g°ve
£*0
00°0

6°81
[y
06°vy~

R A 6'G1T
mo.ﬁ nw.:
A

OH°0 Qe I~

121 91
et~ 6°1
Gl*1=- 89°}
i°e 6° v
¢’ 8°0
ci*¢ cL*0
9°11 beOT
c'e 1°0=
94°1 G0*0=-
41w EEIY

— M) <<
.
SO NMN

-
« ®
- )G

IA

£ 2’0 2’0 I*1
¢*0 o 2o S
010 00°0 Ou°*o O*u
0°9 0 ¢*0 e
S 0 0y A () -
19*°0= ¢1°0 KO0~ 0°0
AR £°0 0 4°*0
n°*t e pl- 0°0
bG*O0 BU°0 PO*0O= 0°0
1%« 2'n PN et
1°0- 6°0 ¢'0 G*0
G0°0~ v0°0 00°0 0*u
v*G c°’0 €0 171
p*l 9°2 9°0 1*0
69°0 AVRNY 00°0 0*0
0°s £°0 £°0 g°0
2’0 %0 G° = Q0w
0°0 00°0 PO*0~ 0Q°0
aA TLA J1A culvd

NOTIVITIISH HIvINE=3LYNYILY

*AUV3LS 2u0vd ¢

*a’s
dSw %

L9 69y ¥°GY

*g°*s
ISV . %

Gy H°GL 0°T01

"Q°s
Isw %

vy 6°PV G°09

0ﬁ.~.m
ISV %
¢ty g°*af

0°68

S*0
N dAH  Zuv

38134 3X3



0n°*ou

no°u

b0 U

00°*0

¢Vl 10
G*0

SIS RN

1°0
B0
U *o

bgt®

I*o
9*1
U *o

ov1°

1°0
20
0o

Gl1°

JH 40 Il

&
R
i

¢y
vl
au

¢°*0
vel
0no*o

T —
.
C - C

10
€*0
N0°0

31

¢
Q°0
0

SRV
1°%¢
GO0

1°0
G*'0
oo

10
9°'n
Qoo

11

v'e
6" 1=
0c* ()=

¢ ¢
G*1
0e*o

L]

CcCom
L
OC «—

vid

£*uyd

~
L ]
-

up°*e

%0c¢
G*0
00*0

T e~
.
Q8 — N

0°¢1
g*0n
00°0

41d

¢’ud
Q°'0=
00*0

A
L=
0¢°G=

9 41
¢

veGi
/0
LL°0)

G* ¢l
90~
G9°0-

0}
|
o1

¢*01
€°0~-
CC )=

AIW

G/
6°0~
0=
6L've

1G°1

-
.
R e

o &
—
L
.
—
-

6°G
£ 1=
eG*0-

IA

0°9
0°0
00°0

L°6
0°1f
26*0

b*G
poO=-
0=

g°s
6°0=
9¢* 0~

3A

ﬁ, [ ] AH
'l
PO

¢

20
ANVE
00°0

ILA

N ™
»
N

vo*0

0
O°T=-
00°*0

JLA

vl
0=
0°0

S0
[*() =
0°0

G*0
[*0=
0°0

0°1
¢t 0
0o

chavd

CNOILLIVITIISHY HLYIMU=ILIVNEIL TV

*AOY3ILS

OCOW
aSn %
6y  ¢¥°499

*a°s
aSv 4
©G 9t elb

*0°s
IS¥ %
69 1°9

N dAH

culvd 3

G*eoe

cvd

1S3y



(€£2° 1°0 1°0 20 2°¢ 9%¢g¢e 0*¢e A g*Ge 9°01 2°6 20 £°0 6°0 *0°s
81 2'¢  f£'2  /*l=  p*I= D°u= 1°% ¢'o 8"l £ 8*0=- G0~  2°0 W
AR oo GO0 m:.o Ov*o=~ 0QOv°*e~ 00°0 A 62°0 vGel 90°*1 pU*0= 00U 0°*o Ll 8°'(v 765
611> 20 G0 0% SRy ¢tle y*qe 1*vi 0*'¢cy R B GOl 20 ¢t 11 *U°*s
0y [*¢=  0°Z-  I'v=  G'0=  9°g=  4'0-  p°g~ w'l=  1°2= 0°0=- 6°0= 1°0 Jse .
SN SRR GUU= GO*U= 09°0=  00°0 0C*G= 96°0=  T8°*e8= 90°T= ¢€2°1= 00°D vo*l= 0°0 19 H°8e vl
1°0 9*le gecl 9%/ £°9 20 vl *Q°*s
0°1 v°l 2y l°¢C G*1 6°'0 o) - SN
000 0¢°*¢ .ba.c GZ*1 96°*0 pO°0 U°u ¢*¢e 0°'¢y
0 £°0 v'o £ g9 1*ve RE | v*®e e/ b'Q £°0 2°1 *a°*s
£ e*é Q¢ 9°¢ 11 ]°C= (¢ £y pee ¢ veo- 0°*Q= ISV %
00°0 GN°*0 GO*0 010 W0 ovee 0e*G~ 09°¢ 9e'ty g1y 60°1 00°0 00°0 0°0 /S 2°9 G*661
3440 11 31 11 VIid 41d 4id 4IW 43W IA 3A 1A LA 2Alvd N dAH 2uvd

NUTLVYITIASKY MLIVIME=ILVNEILY

‘AOV3ILS 2¥Ivd ¢ 3SI10243X3



cvi’

PO*0O-

0/1°

P00

gEvie

060*o

L01°

00°0

3440

‘22533'

NN
¢ @
oo

GgN°%n

I*n
b*1
uo*o

20
VA
GO 0O=

8°0
00°0

Il

rllﬁ.v
n.ﬂ.o'!

H IRV
s =
Cc o

)

e u
Gg*e
CGO*U=-

¢t
c°G -

0t°0~-

AU
6° ¢
GO*O=-

41

v
00
oo

et 0

0O*Q

O1*0=-

oNl.
GO ()=

11

G*1
PO~
000

G
g° e
910

1*e
A
BO*(=

.

c N
e
O vt e

P
£°0-
80°0~-

L°1
G* =
91°0~

vid

vyl
9°Z=
Op°*ew

¢*ge
g° ¢
Ue°s-

41d

O..&ml
8l
ou'y

vepy
0=
000

9*4p
oG
00°0 1~

Gl
9°*1
HO ¢

6°02
pen
06°0

VA
£°0
£9°0

(2]

T n e

« o o

NN
—

g*¢l
G*f=
C0°p=

41H

1°91
£y~
6Y°*p=

\C-—
L
<T M
[V

582
6°L-
.mm.cﬁs

g8°1¢
0°0=
c0°0=

6°1¢
A
60° 2=

vege
0°9=
01 g-

43N

E€1'C6E

6°9
0°g=-
£9° |-

—
C -0

* e
— (D

.
— G
§

oM<
s &
-,
]

0°8
£*p=

.om.mt

IA

[ ¢}
.

<
o<
[ J *
— e
'

by

11
9°1=
8/°0=

vy
A
PG 0=

3A

pen
|G
O (-

G*()
No%;
8o *n

€0
2'0=
00*o

PO
£*e
P00

G*o
20

A
B8O Q-

ILA

veo
S
b0~

voo
£°c
80°0

0
D°¢=
QO Q=

9°0
€'
vo*o-

9°U
G*0
nNo°0

2 o
fo¢

BO*O=

LA

¢’
c'0=
0O°*u

20
¢t n
00

0°*1
L °0)
0o

9°*0
v*0n
0°0

£°0
1°0
0*0

clvd

NOTLVITIISY HLIVIHH=ILVNYIL Y

*AQdv3lLs

.O'm
1Sn %
G /¢l

.A—.rﬁw
um:.x
1y 0O°fCvy

‘a°s
ASK %
Gy 8°HG

‘a°s
IS0 %

Gy 6°G

*ats
ISn %
£y 9°¢y

N dAH

culvd -

T

0*'0¢g

p*eue

0°49

CEiVe

1S3y



99l 1°D
€0

vuty- 00°0
l6l* 2°0
e

RICREN! Gu*o

bvés 2°0
9*
NU*0 unco
£ER1t 2°0
0°*Q
800 .oﬁ.o
£61° 1°0
Yl 4
00*on G0*0
#G1* 2°0
£°0
bO*0= 00°0
JH4d 11

%

g

]

c°)
¢*u
00°*u

¢*0
| *v
m:.:

¢ty
¢ty
0O°*0

£*0
0°*0
00°0

31

£*0
ﬁw.%a
.c—.:

0
6°0
00°*0

11

0*c
veo
gu 'y

'l
60~
BO*(=

¢'e
=
HO*O=-

2°1
£'0
000

6°1
¢ -
91°*0~

£°1
0°T-
80 0=

Vid

ge¢ge
£°7w
) A

£*1e

go*o

4Id

AAY
6°E~-
0oo*0l-

o.”.%l
0°Q=
00°0

¢*ev
6°¢=-
00°0 1=

G2y
gl =
00°G=-

43d

0°91
G*T=
0“2~

6°vi
AR
6V Q0=

L'¢e
[* -
60 ° 1=

c’al
6° -
0L°¢c=

g2l
¢ 1=
getl-

11 W

G¢*ge
0*'C=
6y°y=-

”
[ ]
PERL 9]
N

<
QM

¢ e
< ™,

2°62
6°¢C-
00 °Gm

9°¢e
G'p-
GH*Qw

81
£*¢=
6L°C~

ERIY

€LC6€E

0°6
n*e~
8G° 1=

NN
e« o o
T -0

611
£°0
Ge*n

0°01
G*1
86°0

G*11
1°2-
1G* 1=

L° L
[°1=
A

LA

1°071
0°%°¢e=-
vg°l=

c*Z
g1
86°0-

dA

€0
G0~
00°u

G*n
B[=
PO (-

Gg*o
L=
PO~

9°0
AR
vO° 0=

S°0
L°G=
9l°0-

G*0
0*c-
PO 0=

TLA

oo
6*0
vO*o

G*0

G-

O u-

G0
[°fe=
vot(Q-

9°0
L°Y-
AR

S*0
72 O
8O U=

9°0
L0
000

dLA

6°0
G*0
0°0

A0
Nn°*y
O

* T
.« e
:ﬂ

U 0

I*1
£°0
0°*0

0°t1
1°0=
0*0

20
20
00

¢davd

"NOLLVITIOSY HIVINH=ILVNYIL TV

*AQV3ILS 203vd

*d*s

150 %

/G vt9¢ 609
‘a°s
IS %

G 2wl Ggtry
‘a*s
a1 Y

£G  0/E 664
OGQW
ISV %

6 /°2¢ G°g¢
‘a*s
ISV %

GG €°GlL 0°ge6
‘a°s
ISV %

IG 6°G Gg*coe

N dAH 2VVd

ISID244X3



(G120
G*¢

au°u Onto

£ERe” €0
gee

00°0 G0°0

20
b0
SR

retie

O

Guge*

90U Q0 °*Q

v°0
Pepe
GO*N=

9G1-

cO*U

J44d 11

'2253 5~

'
G*0
00°0

P 0
G*1
G0°0

v*0
£*1
SIS RV

34

G°0
v
OO0

G0
72 |
gn*o

c*'n
1°0

000

9°1
6°G-
B¢ ()=

£°1
Bel=
P1%0=-

VIid

vpeie
€1
oo*n

T Lo
-
(S VAN 4 Vi

c'ne
0=
00O

9*pi
9°n
000

vVeGi
veo
00°*0

41d

-

GO <
L d
T A

~

.
N
<

43d

c*gl
9*e
0e*e

0°97
9°*0
BY*N

4IW

p*ie

Mmoo
o
— (\l ID

33W

GLI'C6¢

o
I C
e o @
— T ON

(>0}

T O
e« o o
— N

[ 4

LI IN -
[ ]
(e oV o

LA

POt £°0
[0 [°C=
CO*0= ¢€0°0=
9°'y veo
9°e 0*2=
0°1 £0°0=
6°9Y £°0
G0 6°0
6¢°0 cO°n
6°9 20
pep= P
Cr®le QO°(Qw
£°9 G0
R y*q|
8e°*1 .wm.o
‘3JA LLA

JLA

g8°0
N°0
0°0

culvd

*NUILVIIIJS® HLVINE=31UNHIL Y

*AQv3lLs

‘g°s.-
IS %
£/ 1°G¢

~N
&)
e
.
o)}
<
o

N dAH

cHIvd ¢ LS3Y

u*s60e

9°09

*eq

G'uZ

cuvd



gy 10
N*0
60°0 00y

891 2°n
G*0
00°*0Q 00°0

291 2¢*0
0°¢—
00 °*0 GD°0-

gels <°0
2 ¢
90 * 0 00 °*0

Jd4d Il

-2253‘ -

¢
g°*1
nou°*o

¢’0
S ¢
00°v

o o
™M C

N
-

[ ]
—
L

¢°0

6°c—
S0*0~-

£°0
0°*0
No°0

31

OO
s ©
O — O

O

O 0

v*e 2'ne
g1 T°vp
vP1°0 08y
¢'n [°1¢
€0 1°¢

00y 08y

1%e c°se
L°0= PO~
ri*o=- 00°0

AN A
£ AL
ri°0 00°*0
91 G'91
£°9 6°¢
er*o op*e
vid 41d

1°¢6
L°0=
00°0

Yy*eée
.°¢
00°*6

9*9p
£ 1=
0G*pm=

B*1¢
AR
L2*0-

9*61
1°0
60°0

AW

MmN
.
- N D

20l
0°¢
VA

peel
0°1
0L°0

IA

T
1=
08° 0=

L°6
S
G0

3A

G*0
[°C=
£0'0=

2
72
cO°0

£°0
6*0=
€O°0=

G*0
T°1
co*o

ILA

. o
(SR o VR &)

G*1
G0
0°0

£°0
o0
0°0

cBlvd

CNBLLVINIOSY HLIVINGO=ILVYNYILY

*AQV3ILS

cvlVvd 1S[J43X3



.qa._ AV
hc.ﬁ g1°*0
vl ,pst0
9"l 860
€2 B -
GE 0 GO -

2440 Il
et peto
.mm.ﬁ wD*0
omoNoN cooCmu..O
.%@.c GO0
0¢° T 1¢°0

Jd 4 11

1

't

{s)

N

N

|

A By

G20

En._

et

98 °0

ge*l

3l

81°0
60° =

£cc

64°0

96°0

41

9¢°0
RO "=
S

96°0

19°0

11

60° =

29°0

64°0

99°0

oooNOcO
¢1t-
09°0
860
60 ° =

41d

82°0

petn

89°0

(et

41d

A

QU °* -

44d

(0°0 FAVR
LGP0 £6t0
RELACENL
Brtoo 0Tl

ve*o | 98T

60" = .::N.«

4TW 43W
01°0 po® -
¢’ - G0°0

petn £6°0
LL9T0  LLt0
41 EEN

G600V

SANTVYA dZ

60°0
gy *=
.%v.ﬁ
AR
[2°%-

IA

£8°0

4%

..H:u._
ag * 0

Gy*0

A

GI°=-
91°0
..mv.ﬁu
L08°0
.wv.o

A

TLA

g() * -
He U

JLA

*ANTIVA aZ

0ne*o Oy *=- LG
AR GO*0
Lksto 80
Jro []1°-
..mc.c 0¢° =
T1A A1A
*INTvA Q2

*ONTLIVITIIISY cudvd

*ONILVITNIOSK 2udvd ¢

vo*y
oty

I A

.ﬁC
‘¢

¢vlvd

‘16
LB'P *66G
€8y 1/
L6V °G9
0oR*y *ig

chlvd

¢*'cl

% Beys 204

N o AH

ERP R EN S

N dAH

1S4y

(6ezz sobedg)
'SNNY O0SO.
OM1 83143s

G¢

419Vl

0°*pll

6*ue 269

cnvd

0°911

0°0¢

cvd



" 90~ oVl Ge*l Op*0 0/4°0 G9°0 00 0D 11°0 16°0 pG°0 1e*o 9v°*p °10(¥ 9*0y £°96G

rd
*e . (X eve - oo LA X [ XX ] (XX ) oce

6 e GI= 261 €etD  w0TT  6ETT 2G°T  82°0 96l _ £9°0 8¢l _G6°0 €U~ €b°F 69  9°GG  0°0G

ees eee eee s XX see [ XX} . Y X LA

Lite V1% - vo'i o, 88%0 go*= Ip*o  I£°0 9e°0 p1*l 80°0 £6°0 [, 80°%1 £0° - #l*Gq *€/ L°1E G gy

vité pl1°- 81°0 ¢0°0 £e°0 90 * 1 60°0 L6°Nn  0g°0 ig*=- 61°0 6c°1 AN LYY CE6 [*°ge €£°6¢
Gete  91'=  6et=  gz’-  /LI0 w£0  /0°0 80 g£e'-  /2°0  £1°= ¢80 600 0v'v *GL  G'ul 0°/2d

J 40 Il BNt 11 vid 41d 43d ERgY EELY IA dA ILA dLA cWivd N dAH cibvd
*ANva Az

15 1243X3

L L]

CONTLIVIITIISH 2vdVd

G1°1 1ic- Le*0 SO0 Tit*o ,,¢9°0 10°0 TEs= Z0°0 60°0  60°= _LE£°0 60°0 U9 P °IEIx 2°1lv 2°9¢

11 SI0RE vS°o To®= 8G°0 ve®0 61°0 £€°0  0€°0 80°0 10%=  £8°0  ve*o SE'Y g« 0*'€9  6"¢Y

6G° 1 €20 T€°0 9¢°*0 9¢°0 ¢G50 F0°0 18°0 £ u yO*0 ity gL 0 Z1°0 98° v "G/ £°2f 0°¢9

20°1 81°0 A 1()* = 2¢tu L2 0 G 6V°0 g " - Pen vo'o IP*0 90°0 G4y ‘18 6°1e £°¢L

64°0 6" - g1°- [e*- ¢l*= 6c°0 GO - 91°0 F A €1°%= 8e°® = 90 * - o N £6°y *G/ G*01 0°*/s21

J¥4d Il a1 11 vid 41Id 43d ERgY 43K IA A ILA
*INVA O

A1A ¢ddvd N dAH Zvvd
l

CONTLYITISY 200vd ¢ 1S3

.L ..
3 9°60¥ w



LS°0 Ge* - 600 90°0  ,6€°0 61°0 GO* - ANY ge - G1°0 01°=-  2£'0 £1°0 vv*y °/9 L°Ge 6°04

G/Z'0 800 Ng*=- £l - yo o 728 S FO°= 9¢ * - Ge*'n 6€°0 Cé" - gy "0 50°- GZ°y *19 1°/1 G*06

RN 010 AR 20° = ARV 10° - L1°0 [1°= Of " - AR GE* = AV [(2° 9¢°vy *G9 ¢yl 0*201
60°0 LG - A Gp * - LU0 gl°®= g~ C1°= gt - 60° - VAR 9g - (6"~ GGy *G9 1'vi 0°¢01
¢9*u Gu®= _2v°0 £1°0 99°0 L0°= 9¢ - 60°0 Ge*o 01°=- 60°0 9N * - [E*~ GH*¢C *GY/ i1 o*iet

349 I1 PN 11 VId 31d 43d 4TW 4 AW LA dA TLA 41LA c@lvd N dAH cbvd
*INTVA dZ

361344X3

L X J

*ONTILVINIISA 20avd

S€°0 v0*= 00O L1~ 110 C0'0  ¥L°0 60°0 BP0 6v°0 Ov°0  SI*0 GOU  £vtp ‘g’ 6°Fff G'I9
£°0 €1 = 0c*U 00°=- L1°= 60°= pl1°= B()® - 60" = 00°*on o [1%« Gl*= 02y *101+* vege 2°/9
1¢%0 /T1°0 [¢°= Gl * - 91°0 AR Z1°0 GO0 pl’e- F0° - 60°0 00*on Of°*= (4P 18 £°1e 0°6<

91 *= 92 ° - Go*o L0°= Q1 ° =

w0

- CO°U pree= G()* - L0 = 60°= £0°- p()°® = 6G°P "fOIx 21 0°*¢11

L0 £0°*0 cv 0 8E°O0 0/°0  ,92°C G1°0 .ﬂn.: Z9°0 19°0 gr°0 9v * 0 ¥1°0 ¢ec’y °Go G*¢¢ 6°9¢

) . XY XX see XX LAd

a4 44 J 31 11 vid 414 434 4IWw - 43N 1A A ILA I1A CPAIVd N dAH 2UvVd
*ANIVA Q2 |

CONTLVYINIOSY 2udvd ¢ 1S3

i -
s AtA4



€U - 90 °* -
1tto 0OF°=
hw._ bl*=
ALT0 GE -
nitvoowet-
M4 11
mw.o wa.:
8¢ 0 D00
DRV A
mm.c (0° =
60° = SR
I 4d Il

‘2264-

v

90U

LGT0 661 6£t0 80°-
LU= yi - Of°%- 19 S
(et= g0 vStu  LL00
Y * - AR p1°0 STANY
6€°= 61°0 _b6v°0  9¢°0

11 vid 41 43d
Leto £9%u eLtn 91t

yo*o AN AV A

12°%= GU * - 80°0 Ge°u

G0°0 90°0 £2°0 ,,vL°0
g1 ° - 1 Y GE* - 21°-

11 vid 41d 43d

Lgeto 620 g1t-
(2= Ge ' - AR
Geto 800 netl
10°0 60°0 G20
L0 610, 6770

411 43 LA
pi°0 Of°wm 80°0

GO * - ec’ - 9N * -

0= 100 00°0

610 t1°0 ,62°0
G¢ * = 61°- 6C°=

A1W 43K LA

AR XA 4

AT

GT°* -

91*0 ,1€°0 PGty 18 6°HE  L°LS
L0 - L1°= br*E "6y v*9 0°64 17
L8400 11 U bl*y 4% pehde 10799
0o o A 6y ¢/ 691 ¢ 16
AN G| *= ¢/'v oY n*ee S°4L¢
ILiA LA cWivd N dAH  2uvd
*INIvA (7
*ONTLVITIISK 2udvd ¢ 3STDH¥d4X3
JS4°0  pvto ce'v gl s*8¢  0°86
[1°- £¢C° = 8w6*¢ 49 1*9 1°G61
0o GO*=- eviy L veoe 0°99
or*0 840°0 GI°p "¢« i*Ggy  ¢*v§
6E° = 60°~= pe*e *1¢ £°G1 G*/6
11A LA eVWIVd N dAH C0VYd
*INIVA QZ
CONTLIVINIISY 2v¥Ivd ¢ 1S3y



880 eu’ - 200 po° - 90 * - 11°0 peto 1g*«  0i1°= g9¢*=
Ev'o g * - G1°~ b1%= 2e9°0 , vy o 9eto xa.m ¢r’o r0°0
16 €0%= ZI%= 61t= GE%0 62°0 G170 gO%e  GO°e ¢t -
seto £0° - 9¢* - gl*- 00°0 plt= (0°0 61° = £e’- B1°-
GO*0 9e " - ¢]°- XA £¢°0 £C° - 91°%~ vm.u 91 60° -
3444 It ED! 11 vIid 4ld 434 41w 33N IA
Z1°0 G110 P00 £0°0 00%0  wl®=  ap*0 pe'=  £1'0  20°0
0eto 900 Q0%= e¢*0 . J9°0 I1°0 gs0*0  /1°= PO*=  90°e
g8°0 8E'- 61t= 92'-  6/°0 _€V°0  G0°0  G1'0  §O°=  1T°=
FOT0 £0°= g0°=  €0*~  20°=  ¢I°0 11°0 10*=  81°0  vi*0
61°%0 el bt L1°= CE* = I = Be " - 0c*~ 10°% [1°%-
4 In®= 0v*0  gz'- Zz'o  L0°0 020 810 £0°0 ,92°0
0e°0 p0°0 r0*0 b1°0 I1°= 0%~ 90°0 p1°- L0* - bo°®=-
3440 ! ER! L1 vid 41d 13d ERgY 4N IA

-22‘75 -

.aﬁ.n LCPIOLyTo ve'vy 11l
gET0  gpt0 190 Ge6'p *Golx
91°0 90 * 0 BU 0 GEP CGT ¥
pe - PO - 1= ve'e “oclx
g1 °=- AR 01°= 9y ¢y
dA [1A JLA cHIVd N
“INIVA UYL
*AONTLVYIITISH 2uavd
Gl = 200 cl*= Ur°y “oplx
GE*=  p2°0 €1°=  G0°v *gliw
oo , Sv°0 BI*0 8LV *C0Tx
¢1*o 60° - 60" = 0g°*v *torx
61°= L1 - 01°*= vo®pv °lo
WEPT0 20%=  6P°0  £/°v */uy
60°* - G * - GE°* - B9y ‘101~
A I11A 1A cwivd N
*INIVA (2

TONTLVITTISY 2uavd ¢

G*4¢ v*89
I*1y  ¢£°9¢
e G Y
AN B AN
0°9 0°00e
dAH <¢uvd
4ST343X3
0°/¢ 0°6¢
9°GG 0°0¢
6°¢¢ [L°G/
891 P16
%9 0*o0e
9°18 2'vyp

G*9r G°¢gg

2uvd

1S3y



.mw., I1*o
%c.: Z0°0
L0900 (100
.mw.ﬁ ¢1*0
Jvoo 10 ° =
ge°*0 Q00

JM4Q Il
26°0 vi®o
£2°0 01°0
bn.c AN
yso 00°* -
T1o O7°=
R0 °* U G0°0

N4q Il

AV
) -
£1°-
61°%=-
60°-
c0’o

ER

{0°0
Yy * -
I1*0
¢c*o
10°=-
bo -

i

BO°*0O
AR
£2°0
00
GE* -
g0 *o

11

[0 =
AN
GO0
60°%0
vo*o
61° -

VIid

60°0
£1°0

cnty

4ld

S’ =

£0°0

fO*0
1=
£0° =
bi®w
gE"* =

43d

0E° =

L1

44d

81°0 1e*= Gp°0
GI*n 8O- ¢eto
e1to pec- 2n*o
.Lezrto ge’=- _€v*o
91 ° - GO * - ¢h*0
pe - 02" - 60° -
41w 449KW IA
1% 11%- 60°0
Tn*o B() "= n0f5
0= 0f°= vo*n
£2°0 90 * = 120
9 - 0O1°= pe -
1¢° = l1°%= 01
AIW 49N IA

A TAY

L0°-
60" -
Cl*-
O S

b0

A

L £9%0 80°0
pOto TO®=
Jgvto 0§ ° -

LABTO fO*u
100 /0" -
PO ° - I1°=

I1lA 11 A
*AINAYA (7

ya* o 90 * -
rO*n 01°0
€00 11°0
0€°*0 C0°*=
c0°0 9g ‘=
Rl = T1°%-
TLA 1A
*ANva az

.NC

Or*se *6G

£G°¢ * 19
¢9°*¢ *G/
iv*e "1/
16°¢ *19
¢dvd N

"ONTLYITIISH 2aavd

CL°C L6
HG*p *GY
W€ *69
84°¢€ *6¢6
61°p *gg
9Gt'y g/
cylIVd N

.o

0*9y 0°09
6*°GT 0°*Tul
VEGE 69y
veny 0°¢9
[°61 0°68
G9°0 0°061
dAH  2uvd
48 1243x3
£°91 G*s6
v*/¢ 0°G9
6°98 G'6y
e £°69
C°EG 0'/¢G
99 0°061
dAH 2ilvd
1S3y

TONILVITIISY 2¥dvd ¢



g8t GO0 L= 900  G1°=  <¢1°=  £0°=  /£0*=  G0°0
£e*n e [0°= Ge* - 00°0 91°%= 01~ ] - 2e't=
A GO * - 60°=  90°= L0°0 ,96°0 G0*u  Gr*Oo  21°e
61" - g1°- LO° = SR S GO* = gl°= o *u cO°0 0% =
gsu 60°0 600 po° - Q" - 1€°%- p1°te- 61°- AR

M40 11 BN 11 vid 4ld 43d 41w 43N
90 °0 pa*o 0Q°= 60°0 1AV GO ' - 9f°- 628" = AR
¢1°%0 010 61°= 90 °* = 60" = 00 - 8cC"*0 GO °* - O1°=
£Q° - 60 ° - [g*= 60°= SRR GO * - GO * - 6C° = G1°*~
G0 e = L0°= y0*0 1¢°= (2" = g0 " - Tge=- 62°=
080 ¢otn 91 = <00 9f°= pe® - 10°%=- €0 ° - £O°-
LGE®O 8N °* 0 80°0 £1°0 nu*o cl®= AR Gl°*= 0eg*=-

JA 40 11 11 11 vid 11d 43d AIW 43K

G'GCYy

gl°-
200
1] %
£C° =
01°0
01 °=

IA

(1°-
L0° =
T1°=-
90°0
00°~

EN)

60°=
ORI
g1 %=
0c*=
90°0
61°=

dA

11°%- A IC°v *6b6 0°0G
L 80 °0 g0y €9 0n*qyp
L5860 To*o G6°¢ *¢R 0°1¢
10° - GO0 0O*pr 69 n*ge
R Q- CEty 4qy c.m
TLA LA cuavd N dAH
*INIVA aZ

TONTLYVIANIJSY 2udvd

1= 01°= b6°¢ ‘¢£8 9*64
00° = BO - 98°¢ *6Vv 2’1y
o O Sl vy *1Q vee
82 ° - 60° = b2y *68 1°2v
P00 £O°- 86°¢ °G/ G*be
£C°= £0° - 62°¢ ‘69 1°9

TLA JLA 2nivd N dAH
*3NTIVA Q2

*ONILYTITIASY Euwavd

L]
*

‘e
(F8]
(73]
o
(&
X
L
>
w

0°6«
0*10¢

cnvd

1S3



A0

90

g
-
o

610
£c°0

6€ 0

v 40

0e 0
MUEU
GO *° -
Ot -
Cyp*=-
g " -
AR

I1

r0*o
90 " -
[1°0

I

REA
0c* -
£1°0
0g°=
90 ° =
vo*o

et

g1°*=
100
l¢c® =
11°0

g°=

LS

M
.

c

ENE

e o
G1°%0

00°=

ve*o

£1°%-

L0°0

vid

vid

By °0

14°0

K¢
61°%0
GE*0

Y0

4i1d

cl*u

go*
c0*n

43d

01°=

01*o
b S

43d

JET0ucto
12°0 R !
A T B ¥ ¥
1Y c0%0
€1°0 A
060 ppt0
LJott LO°0
41K 434
€070 L f£9°0
vo*o ,,06%0
ve*o RE S -
£G°0  0v°o
GO~ 60° =
..wc.o 1=
AIW 43K

M AL

vG*o
010
Lperu
SO0
PO -
.mv.c
Sreo

IA

0570

£E°0

O
™

)
§

...ﬂ\.o
LO°=
11°0

dA

0S80 [, F6%0
9€°0 2100
LJLLto o LLt0
Jroo HVANE
er*o Geto
LJOo4to et
NCERUNIN 2280
[LA LA

*INTIVA (Z

*ONTLVITLDSHM

560 .mc.o
€1°n vi®o
0f*0 10° =~
eesCLt0 P8V
61°0 10°0
LE9t0 eet0
LLA 1A
*3INAVA aZ

vi®y °Go
9e* ¢ 1y
66 ¢ 8
ugs*¢e *1g
L8°€ °4G
BL*¢E LV
£9%2 *r¢
chlvd N

cnNIVd
By e °*Gg
oy *¢9
90°v ‘4w
96°¢ °GqG
£6°¢ *1v
90y *60
chlvd

*e

L€ 0°6G
o7 S VRN IO R
ooy ¢°/G
0wl 0wy
0*9¢  2°09
A AN
8eG 0*voe
dAi  CuVd
48 I1343X3
L°¢t O°TT1¢
€0r €£°/4
9°¢€Gg 2°1¢g
9°Ge G 1/
6°G n*eone
v*oy 2°/G
dAH 2uvd
LSy

"ONTLVIIIISY 28Ivd



GILVNIWHAL WVHOUdd GOT  HUHY3d NUILMD
£8°0 S G peo G1°0 £0° - 80°0 pQ*®=- 02*o 10°0 £2°0 £eto L1°0 £e'o I16°¢ °*¢9 6°6G 0°coe
6470 60°= ZeT-=  w1's QUTO 20=  L0°=  60°=  £1%e 90°0  60°= 10"«  pO°=  GG'P ‘ClI¥  §'Ge €£°1«

170 gi®- 00 500 60°= ¢G*0 9¢ =  2¢°'n 90°0 92°0 92°0 Gr°o  ngto ¢c6°G 69 0°8G  £L°6V

ce'= GE * = ¢o*- Gl *w 000 vo°n ge* - 80°*0 60 ° - pOS - GO * - 00 8C*0 00°*y *6g 9*1e  1°vy

GYTUeetesete 62T G0 4v0 0= £€°0 et~  gz'0 2y°- LOPTO 8170 86%r t86 /T€r pGG

m...coO 11°- 10" - 21w €00 01°w /1= 62° = CZ*w 9w RS- 60°0) 20°0 29y */T1~x 1°¢¢ £°€9

mv.o VGO ¢1i*0 6E O B - mm.q 20 cG’o G1°0 £9°0 /2°0 g0 *1 ..mc.: Gy *G¢ 2'/v  G*0e
IHA40 1! EN 11 VIid 41d 434 A1 W 43W 1A 4A T1LA J1LA cAIvd N dAH 2uvd
*INIVA dZ .

*e

"ANILVITTLASH 2udvd ASTI43X3

pilte RE°0 £0°0 60°0 91°0 01°= be U Z1°0 Ge*0 Ye'o g1°0 8¢ 0 ce*o 10 *ov £°S 0°*602
GE*0 60V°0 GO*U T1°u 8O * = c2*o 00°= £0°0 90° = AR (%= 0C*0 0c¢*n €L%¢ 68 G*'ve G*lg
60°0 ne’- vo*®o BO®*=  60°0 pe‘o 60° - g¢*0 . vo'o P10 90°0 AR P10 ¢ty *68 0*16  1°2g
G0°0 1€°0 L0 £e*0 (0= 90°*0 0g*= c0*0 £0°0 80°0 00*0 02*0 60°0 are *¢y I*241 0°"16
91°0 ¢t*o Ge - 91°* - 61°= £0" - I1°= L0°0 L0° - 90 - vo*©- gl - [1°- LV Y *1/ pGe m.am

2440 11 31 11 vid 41d 43d EREY PR IA 3N TLA JLA 200vd N dAH  20Vd
"INVA (2 |

"ONTLVINIISY 2uavd @ 183y

i SI'T6€



91°0

SR

.Aﬁ.c
6 =
Lovo
€1°0
bm.:

I 4

80°0
VY " -
AR}
L0°N
GY*-

11!

To*n

Il

Q[ * =
Io*o

1°0

o

in*-
1Q°*=-

1l

1€° -

£O° -

1%
10° -
v 1°0
¢n’-
9O -

1l

1§ -
B -
Gg * -
V100
80 ° =

11

AORN

£1°0
¢0°=
91°*0
60°0
WA

44d

[0)° =
A N
0%
By -
0f =

43dd

100
LS~
800
60°0
g¢ 0

4IW

8O-
01°*0
90 ° -
12°%=-
S S

ATW

80°0
L)%=
20 -
£e*u
80°0

4 3W

£t -
[1° -
L0 =
AV
A

43N

G660V

P00
Ul %=
2°0
91°0
L0

1A

A
pye-
£0°-
10°-
2e* -

IA

9e o
£1°0

1A

0g°=-
Gl*=
A
60" =
LE" =

3A

G100
) -
VARG

TLA
*IANTVA

20
GO °* =

I1A
*ANTIVA

100 wo®= *1{y
ARV coto ‘¢
£1°- Qo *16
6" = 0= *19

LA cnivd N
tZ

*AQVILS ¢ydvd

GQ* - (1°0 *¢9

ALA chiIvd N
e

TR O SR VA
6°Lc 0°/9
v G084
¢*He G LG
G*9p  9°2G
dAH 2¥Vd
38124 4X3
g*e2t 0*giy
c*Le  L°8Y
/°99 0°¢v
very  G*vg
v'ver G'pG
dAH 2uvd
1S3y

*AUVILS 2vlvd ¢

(¥-%927 1 s2bed )
SNNY  AQv3Lls



AR
€10
600
60" -
p1°-

I1

Ul
e’ -

L0° =

el
3

.
]

po* -

[1

900

41

01°=

90°0

[g%-
I1°0

3l

90 °* =

by -
P]°e
Pi®o
£1°0
1€°0

Vid

TO*0
00°=
BO® =
10° =
61° =

vid

0e*0
L0°0
AV
91°0n
£0*o

41d

90 °*n

G1°0
L1°=
92" -
Gl*=
GI*-

d4d

GO*=-
Gl
Gl*-
ve*o
2o*o

43d

vi®a

L1°0
L1°0

vi®=-

Bl®w
80 ° =

90°=

60"

4INW

Op*=
£0°0
[1°=
T1°=
2gutn

EE1Y

[1°w-
90°0
80 ° -
GO "=
02*o

EIN

960V

P00
P00
80 °* -
A
£1°0

IA

A
AN
PN
20’0
GC -

I1A
*ANTIVA

poc -
9n*on
10°=
61°0
01°0

ILA
*INTvA

¢l’=

ERW)
az

FSt= *19
eertn ‘¢
GO = *6Y
OO LY/
vo*o ‘€9

ciIvd N

*AdVILS 2BIvVHd

§0° -
Gl =
ARV
01°%«
0c*=

1A
(Z

11*0 *1¢/
0= *¢/
¢l®= */9
0 ‘¢t
90°0 *1/

eUiIvd N

*AUV3ILS 2navd ¢

brUY  £°9G
6E°vG 2°06
£*ee N°f9
0*°¢e¢ G°G¢
401 €°9¢t
dAH  CbVd
461043x34
LTy 0°9¢
c*l9 ¢°gyp
(°1E G°E9
G*le ¢6°8g«
v*oil G°ger
dAH 2uvd
1S3y



petu

8O0

440

VU
actu
61°0
1¢*u
Z1°0

J 4

-22@2-

§e°-

I

Il

gl*-
B -
€%~
AR
91 %=

Il

POt

ve' =

G0 °0

L]~

i1

g0 -
ve' -
LE° -
vi'e

11

|

£1°=-
0%~
Op°«
AR

11

£0°0
0¢* -
Op * -
60° =

vid

el1'-
Gl*e-
6=
AR
LE'~

Vid

91°%-

».WAW.-I

41d

gy -

BE -
ﬂ*..‘-
I1*%0

41d

A

HO -

60° -
G0 %0
Gl *®-
gl "=
U8 S

43d

6l1°
cu’*
O Sl

11

- vO° -
0 G *=
- (1%~

I 43K

- f0°-

I'W ERIY

c'Lev

B()°* e

IA

HE -
ge -
pes -
c:»:
60 °=

LA

(C° -
XA
L2°=

CQ°=

A

L1°=

ge -
61’ -

1A
*INIVA

ILA
*3ANTVA

/C" =
IR
L) =
1g° =

41A
Oz

LU= /G
HS*= ‘09
be*= *¢9
1= *G/

chivd M

*AUVILS 2undvd

L -
Le° -
¢t -
61°-
G-

1A
az

TI®= °/G
vit= *6/
g4v*n *o6g
gl*0 *6/
6¢°0 *G8

cVwIVd N

£°92 0°*0¢
SRV 'Yy
G*'vl 0101
vl 0*0etl
dAH cVvd
461234 4X 4
G*'ve 0°'19
c*'6e 2°9y
€8¢ L°9¢
G*21 0*'2i1t
/*°¢e 0*ay
d A H cunvd
153y

*AUVILS 2vdvd ¢



1€°0 00 B1°- 91°= (100
90°*0 91 °*= 0f*= RO - (0°0
06*o 0y = 6O - He - A
G0*o By - 60 - C1°%- GO%=,
Oy *0 1¢°%- ey’ CF - T AVRS!

Jd4d Il ER 11 vid

AVRNS! cen p1°= 9f ‘- 80 * =
£2°0 ge - oy t- OV * - 6C° -
£1°0 pree 1e* - g1 °*- 01°=
AR €% pp - Op*= vi'-

440 Il 1 11 vid

’2‘2.{9'.5_

XA

4ld

01°=
€1°*=-
8O°0
/0=
R A

44d

£0° -
oF ¢ =
00°-
OF * =
gl®0

11U

91*=
62°=
0C*=
9¢ * =

41N

43KW

60 ° -
AN
12°%=
60 ° =

43W

v'Lecy

*AQV3LS <Zulvd

90 °* = 60°0U
60° = p0o =
¢l°®~ HE " -
j1e’t- glt-
A B 200
TLA J1A
“INTIVA Q2
GO * - £0°0
9¢ " - 6p° -
(1= vO'=-
pO* - 81°=-
I1A LA
*INTVA (Z

GO'= °*¢6 0°/1 8°06
1= *GQ 9*¢e ¢°9¢

cvilvd N dAH 2Cuvd

36TI44X 14

¢uo*n ‘16 1°8¢  2°8G
gl%= *66 ¢*9 G'fel
(8= *1I06 G*Re 149
G0 *1g B*vG  2°06¢

cWIVd N dAH 2uvd

*ACV3ILS 2vavd ¢ 1S3y



/€°0  Ge'= 12°=  gp*=  90°0 Gi°= Q9I°= gg*= 9I'= fO*O  9I°- 22%= §e°'= 61°= °4H c*1ly  2°96

Ti°o PRI ge " - e - 2= - Uf'= 60° = get= 01°= £1°= g0~ 9c°*~- pe' - gyt=- /6 2°/L¢ 8°89
fo*o 6¢° = 9c " - gy " - pit- 80 - [1°= g1t~ to*n 91° = G *w £et- £et - G1°= *rOlx l*ve G6°FL
o 60° = 90 * = Cp° - [0°= 90°0 9g° = 171°0 60« - C0= 61°0 60" = 80°0 lo*y GO ~x 6oyl 1016

LV°0 6t = pe ' - op - yo - 9¢ * = 210 6¢ ‘- 1G°%= LE°= 06°= gy~ A lp*= *(8 0°9 u°*uoe

2440 11 31 11 vIid 4ld 43d 41w FAW IA aA T1A JLA 2navd N dAH  ¢hvd
*INIVA QZ

*AQV3LS 2u¥avd 3510¥3xX3

920 [2°= cet - AN [ A 61°%= 11%=- Bl°- E1°= GN®= 0e*= A b= /6 1°4G G°6V
T1°0 v - SR 91°= £e* - ge’t- TR 91° = pe' - 0e* - 60°= 1€t - 12°= go*~ GO~ 9°6¢ 2°LS
60°0 vt - 9¢g°* - Cy - 91°= pe’ - AR AT R " - A G- 0g*=- €1°%= 2et= L6 ¢*¢e 0°6s
T1°%= g ° - eet- ST A 1¢°%= AN 10°- (10 - Gg "= 68" = Ge* = 0~ Gl°*~- GI*= *1l6 1°41 G°06
Gr°0 01°0 61°- po* - 18°%= 61°=~ Ge*- L0 Op © - 82 ° = 0g°*= 000 2¢*t o [0°= *¢06 0°*9 u*0oe
¢1°0 L0° - 9Q " = YA 9f°- A ge' - 0= P1°0 A 12°%= [1°= git= 10°0 *69 G*Gp  0°vpS

34440 Il 41 Il vVid ild 43d AIW 43NW IA aA ILA LA cnivd N dAH Cuvd
*3INTVA U2

*AOVILS 2wndvd ¢ 183y

‘ZZGH-



Jd H(

66 °0
vi*o
e

Jx4da

’2‘26' €

AR

HO -

/0°0
GO -

N0

O

9=

G0°0

cl'=

A1

e}

-

.
¢

A G

SR

21y
01°0
To*0
60" -
0e°0
1¢°% =

vid

I ZORY

43d

£1®0 ig'-

o
-—

L]
L
?
-—

L 3
{1

60° = T1°%e
GO * = 10*0

2n*o Of°=

41K 43KW

200

0e’-
00°0
0°0
(1*o
60°0
Of*=

I1A
*ANTTIVA

IiA
*INTVA

270 i~ */£9
e*o 1¢°= °*Gy
0r*o Ic*= °¢v
60° = (0= ¢y
Q0 ° - 6t~ ‘*6v
Pt voto *q4v
41A cnivd N
aZ
*AGV3ILS 2uavd
90°0 ¢l*= *¢¢
pe - QT %= *6/
0Q°* - 61« °*Gyp
L0°- gl*= *Gyg
T A BC*~ "1/
0¢* - co’n *§/
LA cWIVd N
(12

[ 24

6°9¢ v°G9
66t 0101
6vy  G*09
B8y 0°pY
/61 0%68
9°9 D061
dAH 2uvd
ASIDAAX3
6°GT  0°*101
0*9¢ 0°99
9°*Tg  G°0¢
0*1¢  G*u¢
v*es  v*Gg
9*9 0°0617
dAH  dnvd
LS3

*AQV3L1S 20dvd ¢



(800 A

0<¢°0 £1en

Jy4aQ 11l

vite 61°=
¢1*o 2o°*n
av*o 01°0
et - AV

Y34 It

-22 6 ,6.

10°=
¢ 1°-

Bwl*0

19 S

31

61°0
£O° -
00
0¢*0

11

10°=.

1¢°0
cO*n
LT1°D

11

0€° =
10 -
10
6Gf°w

vid

N G

Vid

AN
O -
£1°0
68 ° =

1ld

I0° =
(0% -
£E* =

41d

pl®e

pe' -
GQ* =
80 ° 0
60°=

43d

62° =
6¢ * -
90°*0
GI°0

ERRY

£1°%-
9C"* =
L0°~
[2°=

4INW

81°0
gl'e-
G1*0
0r*o

43K

00‘o

el
(&

.
|

'
£2°0
.vv.ﬁ.

IA

N

[

.
t

200
GO -
plte

IA

10° =
9¢ "0

dA

G()* -
60° -
01y
A

A

[1°=
B -
YAV
£O*0

[IA
*ANTIVA

ILA
*IANTIVA

GUTU G ET= iy
1= G0 °Gy
010 se*= (G

LA cIvd N
aZ

*AQVILS 2¥0vVd

Tgc- B - *69
py'- yO*0 *¢qg
60°0 GI*= *¢9
Gl £1%= *69

I1A cIvd N
a2z

a/y 2°6G
HW'he U1/
¢*ce¢ 0°¢€Y

2"’y 0661

d AH cuvd
16 193X3
£*'99 ¢°'¢g
9*2y  £°'19
¢*pe 06/

1°9 0°goe

dAH 2uVvd

*AUVILS 2vIVd ¢ L1SHY



AN
.mc.c
JETO
%wc.c
cn*Q
ne*o

SN

4’280

Jy4d

'21517-

Mzﬂu.lu

11

r0°*0

v1°0

96°*0

90 * =

pO© -

£8°0

AR

0

a4

1°0

11

G0 * =
£1°-
£0°-
11%-
Op ° =
21°0

VIid

00°0
11°0
0F°-
90
10° -
LO° =

41d

02° -
¢0*0

91 ° =

61°0
T]%-
Tg°®=-
HO O
68 ° -
Treo

43d

AR
C«cl
Gl*-
b0
8BS "=
[()° -

11 W

-
ve o
/1°0
G1°0
L0
€e*o

EETY

EI'C6¢

91°0

cl*~-

11*n
0=
62°'0

IA

q91°*0

9f°0

AT
LO° -
Fito
£2°0
01°=
BE°0

A

€1°%=

HET0 2E'0 w0t /G /tGEe G*0Y
£1*o /10 Yl*= *¢q 'Rl G°/y
vi®= 610 O SRS B G*9¢ 6°66
60°0  GE'u L0 ‘ov sf2e Gy«
91" - 9" - 90 = *Gg £°GL 0°4s
80°0 GT%0 GI*= °1g 6°G n*coe
ILA 41A cUIVd N dAH  20vd
*INIVA (2
*AQVILS 2uavd ¢ ISTIH4XT
11°0 GO - GO*= *¢G £°2V 011y
LSPTO 980 entn ‘19 T2y e'9g
O 4O = b= gy P46 0°0g
W0 ,09°0  60°'0 *Iv  Q*ve s°2¢
L8600 260 40°*= °*Gvp 6°6G 0°*20e
990 2L00 P10 °*gvp /°Ty G'9g
TLA A Cudvd N dAH  2uvd
*INAIVA 02
*AOVILS 2Advd ¢ 1S3y



A
GE*0
R
Tieo
vy*o

34 4d

90°*0
2e T 0
R
110
BO -

J¥Id

-22618 -

130 S
to*o
10
60°0

e’ -

vo'© -
L1
P1°0
Ge*u

10

11

ty*o
21°=-
pi1t-
8N -
(2"~

L1

0" -
vt -
Gl* =
Gl '
[0°=

Vid

Cl%=

vIid

L1°0
AV

Op * =

To®o
0g *=
9e* -
[0°0
(0=

43d

43d

et
bl*=
AR
o -
020

4IW

AIW

G ®w
0eg"* =
11°-
10)° -
€10

43w

10°0
G0*o
9Q -
Gty * =
17" =

43W

GL'C6¢E

A

ve't-
80 °0
91°=-
ol S
8O -

LA

60 "* -
1¢°=
0=
o0
01°0

JA

€0 ° -
01°u
GO =
GEg*=-
0f°*=

A

JILVNTWMHAL

0c*o

g0 -

I1A
*ANTIVA

010
¢1°n
90 * =
£et-
ve't -

T1A
*4NIAVA

WVHOWNG GOT  HWadd NULLIND
Lt 0 [C°= 89 6°G 0*tTue
AN Y= *£9 G*aG  £°6V
9¢ * - 100 */4 B°Hy  0°¢G
22’ 90 = °¢/ veGgy  £'09
Levto L0°0 G/ ¢*/Z1 2°06
JLA ¢nIvd N dAH 2¥Vd
z
*AQV3ILS 2Z2uIvd 3STo439X4
£8°0 62°= °GG /°G 0*602
91°0 100 *¢/ G*GE  9°09
v1°0 £E = *¢9 9°ng  2°¢s
g1 ° = 8E = */G °91 G'Z26
be ' - 8BS = *(9 v*9e €£°0«
JLA c¥Ivd N dAH 2ivd
0z
*AUVILS 2¥Iavd ¢ 1S3y



- 37
Table 26: CIC runs: the distribution of significant alternate-breath

oscillations between vuriables and subjects, irrespective of P. .

IX,\/,.

iest xercise
Subject L0409 K21 425 392 All LO9 L21 Koo 392 All
No. runs 10 17 12 11 %0 1 15 11 W 51
Jariable
'IT . a 1 5 O 1 7‘7’" 3 6 1 7 17+++
’ PRy 3
V1 10 8 2 7 27" 11 o2 ¢ o0 B/
A ,
e 54.0 74 5
Vo a 6 5 1 4 17 s 45 1 5 20
i 32.0 73,2
', a s 9 3 8 att 5 9 & 10 26%
5?.' LP8. O 51 . O
g a 5 8 1 3 A7 10 8 2z 3 237%
" 7 34,0 45.1
JIF a 9 6 4 7 2677 10 6 6 15 37T
pa 52,0 62.8
= a 2 10 1 1 1#“+ 9 6 1 2 1ttt
o 28,0 35453
IId a 20 8 2 6 260 10 11 5 10 37
1 a g8 7 2 5 2 9 , 1 6 257"
i 44,0 L3.0
Ty a L, 6 o 1 1 9 L o 2 1577
9:1 CZ. O 29. L*.
T a 5 3 & o 1677 S e 2 o 13"
‘ % Je40 25.5
T a 2 3 3 3 1" 5 & 4 1 1T
22,0 21.6
i a 10 9 5 6 3V 10 12 4 9 35
% 60.0 0. 6

a = number of significant observations; ¢ = 'a' asza percentage of the
number of runs; significance levels (+) are of X (p.65), and apply
only to the collécted experiments. )
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Table 27: OSC runs: the distribution of significant alternate-breath
oscillations dbetween variables and subjects in hypoxia.

cest “xercise
Subject LO9 421 425 392 11 LO9 421 425 392 4ll
W0, TUnNs 7 9 8 6 30 8 6 6 5 28
Variable
VT,E a 1 I 0 4 6" 3 L ’ L 12t
P 20.0 42.9
V,l\ I a 7 6 2 Yo M & ¢ 3 7t
66.7 85.7
':’}3 a 5 4 1 T TR & 3 1 , 16"
o L6.7 57.1
v a 507 3 6 19 2 %z 7 16
o 63.5 57.1
o a 5 6 1 3 157 8 5 2 3 18"
. 50.0 Glie 3
ST a 7 l.. z+ 5 ZO+ ++ 7 3 5 7 244“"4‘
o 66.7 76.6
FUbIG a 2 6 1 o 7 o 4 1z 15™*
VIF a 7 6 =2 5 2 7 6 5 71 25t
/-. 660 7 89. 3
E}IA a 7 5 2 L} 18"'++ 6 6 1 3 16+++
3 60.0 57.1
Ty a 3 & o o g g 2 o o 10"
o 6.7 35.7
T, a 5 7 2 o w" g 1 2 o 1™
% Le.7 39,3
T a 2 2 2 2 g™ 5 oz 4 o 8
7 26.7 8.6
LG a 7 6 L IN z1 et 7 2 L S 1'.‘_.:)-9-«0--4-
< 70.0 71.4

a = number of significant observations; ¥ = 'a' as & percentage of
the number of runs; significance levels (+) are of X 2 (p.©5), and
apply only to the collected experiments,
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Table 28: OSC runs: the distribution of significant ZD values between
variables and subjects in hypoxia.

Hsst Exercise
Subject  LO9 L21 425 392 .11 LO9 421 425 392  All
No.uns 7 9 8 6 30 g 6 6 8 28
Variable
vV, a 2 2 o 2 &7 o 3 o 3 &7
o )
% 20.0 21.5
Vo 1 a 6 3 o 2 11t 6 4 4 4 187
3
;“ 360 7 610'. 5
“ a 3 2 o =2 7T & 2 o0 2 12"
S 23,3 L2,9
;’x a 1 3 o 2 67 2 1 3 2 g
| < 20.0 28,6
DR, a L, 1 o 2 71 g 2 o 2 412"
3 23,3 42.9
I a , o o 3 7 3 03 2z 4 2™
G 23.3 Lz, 9
ol a 1 3 0 O e S 6 3 o o 97"
. 13.4 32.1
VIF a 6 2 o 2 10 6 & 2 & 1677
i 33.3 57.1
PI.. a 5 2 o0 =z 9 5 5 1 2 13*7
T, a 3 1 0 o u® & 1 o o 9™
T, . & 1 o 1 g g 1+ o 1 10
T, a 1 1 o o 2 2 0 0 1 3>
'; 6. 7 1 OQ 7
oFiC & 2 5 2 2 16 6 5 5 5 21°™

a = number of significant observations; ; = 'a' as a percentage of the
number of runs; significance levels (+) are of X2 (p. 65 ), and apply
only to the collected experiments,
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Table 29: 0SC runs: the distribution of significant alternate-breath
oscillations between variables and subjects in hyperoxia.

st Lxercise
Subject LO9 421 425 392 A1l LO9 L21 425 392 All
No. runs 0 2 2 2 6 0 2 2 2 6

Variable

Vo5 a o 0 o 0 o 0 O o

VT,I a 0 0 1 1 0 0 0 0
o

v a o 0 0 0 o 0 0 o

vy a 0 0 1 1 0 0 0 0
.

Mo a 0 o) 0 0 0 0 0 0

Sl 2

MIP a 0 0 1 1 1 0 0 11
%

L a 0 o 1 11 0 0 0 .0
% ® N 1 0 1

PIF a 0 o) 0 o) 1 0 0 A

PIA a 0 0 2 2 0 0 0 0
<

m a 0 0 1 4 0 0 0 0
o’
/u

Ty, a 1 0 0 1 0 0 0 0
5

T a 0 1 1 2 0 0 0 0
e

DFRC a 1 0 0 1 2 0 2 N

-
a = mumber of significant observations; , = 'a' as a percentage of the
mmber of runs; significance levels (+) are of X 2 (p. 6S), and apply
only to the collected experiments.
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Iable 30: STEADY runs: the distribution of significant alternate-breath
oscillations between variables and subjects.

Rest Exexcise
Subject  LO9 421 425 392 ALl LO9 k21 425 392 All
No. runs 10 15 10 11 46 10 14 10 11 45
Variable
Vo & a O 0 o0 O 0 o o o0 o0 0
T,1 '
* 9‘
V., a O O 0 O 0 O 0 O o0 0
%
V1 a 1 0 o o N 2 o 1 o 3
¢’
/v
MER a O 0 o0 1 TN O O 0 © 0
Jo
e a O o0 ©0 © 0 34 1 1 &
%
P a O 0 0 © 0 O 0 0 © 0
Yo
PIF a &5 ©O O 1 67 5 0o 0o o ©Ns
S
FIA a &4 o0 0 o 4™ o 3 o 1 40
T a 0O 0 0 O 0 o o0 0o 1 g NS
7
Ty a O o0 0 0 0 O O 0 0 0
P
T, a O o0 O 0 0 O 0 0 O 0
n
e a L1 0 O 5 NS 6 2 1 1 107"
&
a = mnumber of significant observations; ;. = 'a' as a percentage of

the number of runs; significance levels (+) are of 7(_2 (p. 65), and
apply only to the collected experiments.
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Table 31: ST:LY runs: the distribution of significant alternate-breath
oscillations between variables and subjects in hypoxia.

R Rest Exercise
Subject 409 421 425 392 All LO9 421 425 392 All
No, uns 7 7 6 6 26 7 5 & 5 &

Variable

Vg 8 o o o0 o0 0 o 0o o0 0 O

vy a 3 0 0 0 3 3 0 o0 0 f;i
; o O ©o0 © 0 o o0 o o 37

Vg 8 o o o o o© o o o o ©

: %

x'r; a 1 o o o 5% 2 o o o S
Fo

MEF ’ o o r: 1 A5
o

MIFL  a o o o o0 © 2 0 1 1 &
7

FEF a o o o o © ©o 0 0 0 0
%

FIF a 5 o o0 1 4% 2 o o o 25
% -

PIA a L, o o o 4% o 2 o o 2%
% !

T, a o 0o 0 ©o0 O o 0 o 1 4N- S
%

T, a o 0o o 0 O ©o o 0 0 0
%

T, a o 0 0 o0 © ©o 0o 0 0 0©

PR %

DFC & $ ¢ o o &5 4 o o 1 ™
%

e = number of significant observations; % = 'a' as a percentege of the
number of runs; significance levels (+) are of X2 (p. 6S ), and apply
only to the collected experiments,
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Table 32: The results of the amplitude comparisons between 0 and STo.iX
alternate -breath oscillations,

~ Rest Exercise
kxpt. PA,OZ Variebles P 0 Variables
J'L’ 2
(torr) (torr)
409.5 112,5 DFRC 117.0 V. ; N.5. FIF NS
69.0 prat “lfc“
54,0 ot 57.0 PIF'
+ . .
46.5 PIF*t percttt 52.5  V; N.S.
1.0 v. . " p1F’
5 "1;’(;1'4-
L0506 129,0 FIF 1.5, 75.0 Vg I”* MIE N, G
78.0 PIF W, L. Pttt prcttt
63.0 LYY YIA NS, 63.0 V. I"‘* mrt?
cangttt Dl;I’E+++
55.5 Voo I*" irI e S 57.0 MIF X.s, IIsT
s 4
sI2'T PIA N.S. e
48.0 V,  N.S. 1.'+-l> . ++ . .
?,1 S, Pla 51.0 VT,I+++ VI e Se
DFRC N.S. CHIC
L21.2  76.5 Vo I“ 120,.0 DFrc’’
’
421.4. 51,0 prrc” 90,0 DFRC N.G.
76.5 Vg I"* LIE N.S.
3’
.'C'IJ:\ N.:}.
66,0 PIA N..o.
| 58,5  rIa "
425,2 100,5 Vg Mo i N,
60.0 E'ZIF*.
392,13 57.0 MEF D, L. 76.5 Tp Nt
57.0 PIF’
392.15 90,0 PIA . C.
4+

Starred runs: O08C > (Wil WSet O0C = ITesAlY, & 0SC > O,



Taeble 33: Experiment 409.5: a comparison of ZD values obtained from

- 23, -

runs of unedited data (1) and edited uata (2):

“4,0,
(torr)
LT,L 1
6
r
"1 1
2
V.. 1
2
Vy 1
2
M
2
1T
2
SOV
2
PI» 1
.
JIA
2
TT 1
2
TE 1
2
TI 1
2
DFRC 1
2

70.5

0.62
0.55

1.22
0,95

Rest

550 5 51+00
0.40 0.65
0.100 00 58
0.30 O.L6
0.102
0.53 0.77
Oo 68 0o %
- 0.67

OC a"
0.68 1.27
0.70 1.25
0.79 1.k
0.80 1.42
0.66 0,61
0.63 0O.Ub6
0.79 0.96
0.78 0,81
0.89 1.20
0.93 1.20

46.5

1.08
0.75
0.84
0. 77

O.U45
O. &7

1.48
1,2L

1057
1.57

0.75
O. 76

0. 87
0.70

1. 50

1.7

1.7
1 02F9

1.50
1.50

2,23
Ze23
0.96
V.57
2.27
241

69.0

0.58
O lids

0. 37

0.5

0. 39
.45

0.60
Oulids

0,62
5. 60

0.33

Oo 53
Oul7

0,76
0.53

1,04
0.97

significant values only.

51.0

0.36

0.86
0, 68

0.98
0.91

0.98
0.7¢

1.15
1.0L

O. 14-7

0.86
0.89

0. 66

ixercise

52.5

1.0
1.09

1,38
1ok

5.0

1.15
o. 98

1.00
0.90

1.30
107

0.48
0.61

1,14

0. 60
Ce Tl

1.36
1.05

1433
1.:6

0. 58
Q. Tk

1.62
1,32

51.0

1.29
1.29

1.32
1.42

1.36
1.51

0.89
0.89

0.73
1.12

0.57
0. 50

1.66
1.77

1.36
1.5

0. 54
0.52

1.93
1.93

Significance of ZD values for run sizes ranging from 40 to E0 breaths:-

0.01 € p.€ 0,05 ¢ ZD > 0.47 to 0.32;

p € 0,001 : ZD > 0,78 to O.54.

ZD > 0,61 to 0.42;



Table 3L :

transient in hypoxia.

409.5

:est, 'On' transient

west,

transient

xercise, 'On' transient

nxercise,

+ransient

I)
2,00
(torr)

69.0

55.5

51.0

51.0

69.0
57.0

51.0

- 235 -

Vo1

0. 52

0.63%"

0.76

0 75+++

047"

+++

++4+

0.69

Oubls

O. 60+++

Latencies of the significant responses obteained L'r0: the PA o
T2

O. 18

0,

0,

0. 05"

0. 06"

Os

0.

O, Q.Bﬂ

0 1y



IF

.++

)

’5+++

Fp R PLn g\ T T

T E I
2 0
2477 o.u6”
0 1 1 1
0.57%%"  -0.49°  -0.47°  -0.u3
1 2 1
o.nst o.52" -0.45%
> 2 3 3
+4 + ot ++
0. 66 0. 4& -0, -0, 65
0 A 1 1
0.68+++ 0.65++ -0.72++* _0'67+++
L 3 3
0.60"* -0.52°  -0.58""
1 4 1
+++ +++ ++
-0, 88 -0.85 -0.63
1 1 1
0,73"*" -0.59*"  -0.65""
N 0 1
o.78%*" 0.70""" -0.53"

o6  =0.77"*" -0.65""

DFRC

0, &4

0.63

+4++

++
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Table (continued)

\ : - i
F1,0, o Vm,1 W MEF
(torr)
L09.6
rxercise, 'Off' transient
{
1 57.0 kmax 3 0 1 1 )
+ + +4 *160
rk,max 0.53 0.L45 0.62 0.72
Let. e
Rest, 'Off' transient
1 61.5 kmax & 2
+ +4
rk’max 09#9 0062‘-
mxercise, 'Off' transient
2 70.5 k nax
rk,max
L21.kL
west, 'On' transient
1 58.5 k B 2 2
+ +
Ty max 0.46 0.53
dest, '0Off' transient
2 58.5 kmax
- <t Tk max
3 54.0 kmax 2
+
rk,max Os Ly
Lxercise, 'Cn' transient
L 57.0 km ax 2 2
+ +
r‘{,rna-x 0051 0053
Exercise, 'Off' transient
5 5(15 kmax 2 2
r 0.56' 0.59%"



MIF PEF IIs Pl T T T LFC

0.60""  0.73"" 0.73*** 0,510 o.51% .67

2 2 3
2T A + .
0.63"" 0.48 0.61""
2 1
O. 620-++ ""O. L}8+
2 2 0
0.58** c.82"** Ouk5”
b 3 0
0.52" -0.54% 0.617"
2 1
O. 56+ —O‘llp*
. 2 1
-0.55" ~0. 48"
L 2 IN

+++

), 55" 0.797"7 0.85



Table 34 (continued)

o
£

21.6 R
b, { torr)
eet, 'Off' transient

1 19905
25,2
¥xercise, 'Off' transient

1 63.0
2 2.13
Lxercise, 'Off' transient

1 60,0
392.15
~xercise, 'On' transient

1 54..0
xercise, 'Off' trangient

2 55.5

- 237 -

.

£ 4 Inax

r
k ,max

0.647"

0.63""

0,62

0. 6l

0. 59

0.67

++

++

+<+

r") O
G0k’
2 Z
0.73+++ O. ,7+++
2 2
oo“'9+ 0-50+



O. 66+~'r

r++ +++

0. 74

++

00 59

PER™.

0.51"

Je 52

FIpF

O.47

0. 50

+++

0.83

0.55"

PIA

+4+

0.65

0.66""

o I
3
-0.59%"
2
~0.54"

exercise
DR C .son of
:ients

5. 71 +++ B

+

€3]
L ]

++

14



Table 35: Lirear regression of ZD on hypoxia: significant results.

.est sLxercise
Coefficient Iypoxia  Ooefficient Hypoxia  oov Vi SXOTeise
x 10< intercept x 102 intercept comparison of
1 -1 coefficients
torr~ torr

LO9, &

VE 1.1 + 16.6 (.’..2 + 1006 Ty we
}u‘.‘auai“ 3.1 +4 20.!’. 5.0 +4+4 10.6 1-. u.
L1 2.6 + 7.6 Ve S > 5 +
=Ta 3.3 + 10.9 . S. M., S.

TT 2.6 + 16.6 3.5 ++ 16.1 e S,

JLE L.,2 + 19.5 3e3 4+ 10.9 e e
WClez

V3 I. S. . 3.1 + 14.7 E>u+
IR 1.0 + 30.0 1.0 ¢ 13.5 TS E 4+
DER .S, 2,2 + 1C.4 E > o+
PIL!’ 100 + -1800 ?\'. S. Ii- S.

;'1‘ I Lol + 16.3 E > i ++
L, 1.45 23.7 l..6 + 14.8 LR o+
Lo1, L

I N, S, 2.1 + 15.3 N. S.
Lz1.,6

‘JT’ K M. . ol + 15.6 N, i

V.. Ne S, 1.0 + 15.5 Ve e

F |

PR Ne 5. 1.2 + 13.1 N. &,
;,'1.4.‘: 1\'.5(4. 2.1 + 15.1.2_1 A.: > .‘.\ +

1, 0.6 + 355 s &4 P
L25.2

4 N. . 2.3 + 13.1 E o> Qo4+

DG N. S. Zoh s 1.8 B>
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Table 36: Linear reégression of the normalised alternate-breath oscillation on
hypoxia: i _niricant results,

Hest “xereise
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comparison of
coefficients
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APPRNDIX III



The effects of exercise on the ratio of heart ra.te

f\_ljc) to_respiratory frequency gf ).

The data were obtained from experiment 409.6.
leasurements were made during euoxic hypercapnic
runs (mean P- ca, 10 torr above the eupnoeic

i,00
value), at rest &nd during moderate exercise (L0 watts).

VE -1 VT,:S f‘\,'__1 f.c__1 fc/ f‘\r
l.min 1. min min
est 38.0 1,80 21.1 80 3.8

Lxercise llr905 1. 90 26.0 120 l{-.6

The retio, f c/f'v, rose on going from rest to exercise.
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