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An attempt is here wade to derive, from (i prineiples. the Mlveolar Lguation:
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&) 'x’ Do the volume of “physiological alvenlar” air in the lungs at the snd of
expiration. (By “physivlogieal” is meant that portion of the gus mixtures
in the respiratory apparatus that takes part in gaseous exchange),

(bl ‘d" be the volume of “physiological  dead spucs” air in tontact with niucous
mewbrane of the respiratory tppuratns and henoe saturated with water VT
but not taking pact in other rEEpiratory s axoha e,

{e) ‘d + a' he the incraase fu volume of the ghacs in the respivatory system
ab the end of inspiration. This Inercase consists of two parts; 8 portion
which is the water saturated dead Space air drawn in during inspiration and
& portion ‘a’ derived from outside air. *d - a° is in faect the tidal vohime,

{dl *Ts' be the umbient atmospharic prossure.

d. Then'x-+ d + a3’ is the wvolume of the “physiological alveolar” air al Lhe end of
ingpiration, sssuming no geseous interchange has yer taken placa.  If it i assumed thot
the gutside air & dry then the volome of lnspired air is Pn 47 (2 dj, to whish is
added 47 (& — d) of water vapour. Ph
Fm
' — $ia L d) —volmiic &F dry  outside gir inspired,
—

X —volume of “physiological alveolar” aip

af the eod of expiration

itdta —volume at the end of insuirstion,

Fig. 1.

4. I ' is the volume of CO, tdry) wiven ount by the himgs during each respitatory evile
and ‘2’ 13 the volume of dry oxygen laken in, thep;—

(n) s~2"is the volume of the “outpat’ of dry pases into the alveolar syatons,
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{1 A Harthor 47 (5 - 2) of HO is added to this to satnrate it
Ty 4T
(0 & = RO (The respirnlory quoticent)
K3
O After respieatory  giscows oxchonge, the volune v of the “physiologieal” alveslar
il Llepelore ooy :—

L e R 47 {8 = wp
- 47
or, v= xtdad ﬂ"_’_‘?_ cisnesresnssnrensesa uAtion (1)
Pp—47

#. Ina “Steady State” of respiration, the composition of thiz air at the end of gaseous
exchange, will be the same as the composition of the volume ‘x' st the commencement of
mepiration
7. Of the volume x + d + a + "s(s-2z), the various EREed nCouUpy i—

n—-47
where £, k and o sre fenctions of

oxygen in alvaolar, dead space and
atmuepheric air respectively,

fu) O=ygen — fx + kd + ii-i AO=1%
n

Py — 4% P» 7i ,
Note:  OFf aurside nir.__"'fr 4 (a & dj only, the portion B 47 arensches the
R L alveali,

{L) Nitrogen = gx 4+ ld — M’ ap. where g, 1 and p are eorresponding
B fractibns of  oitrogen.

fe)  Carbon dioxide = hox 4 mud + s where h, m end NIL ars corres-

poruding fractions fur COg.

_ - : = 47 heie 3 and NIL
fd)  Water vapour — .2 + nid + —=— a + gy WHEIC 1. D

"8 T are (he fractions for H0.

Note:— Ar.mnspheriﬂ air = asrumed to be dry and (oofain no carbun dinxide.

8. The alveolar fractions, f, g, hand ] would, in the “Steady State” of respiration be squal
to the fractinome (&), (h), {¢} and {d) of para 7 divid ed bty the volvme " of Equation (1} i
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b = e -r —_— geme i Fleuation (4)
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., ¥rom Fanations (2), (3) aud (4) we have:—

¥ = ¥

fx de fA 4 o L _:uz_’:l = x4 kd + f__n_i'l'_] B =7 . gaation {0)
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EX < i gaLop T gx <+ Lt = (ST Liyjuotion (8
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1, Tu Erlumiun (5 L4, ko, hecause A" at the snd of expiration enn be assmncd o

hawe the same composition as ‘x’, the volome ‘d” being smaller than d’ + . Similarly
gid, = lLd.and hd. = mid. llenee:—

flad4q fols-2) 3 — ("B-dT)g oz ... v Bgmation (8)
¥p - 47 B '
Py g Po — 7 ’
gla= “BE=z) 3  ("B=47)ap R Eguation {4
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11. Dividing Equation (8) by Fqgnation (10) we have:—

£ ~ (TR—47 }a.0- Y5. 2 cereneenen,nn., Fgquation (11)

h Tp. =

12. Dividing Bquation () by Equation {10) we hava:—

z = e i Fenation (12
In Py ou - 1 _}
13. By definition g, (the fraction of nitrogen in alvealarair) is 1 —?_T-.—- { = h, and from
o ‘D
Equation (12), a — i i

{FB~47) h.p
Eeouation (12) may therafore be written:—
a o= PB,&{I—E f-h)

o vesrvareenneans B uating (13
{ ¥B-47) h.p

14, Also by definition p, the fmetion of N, in ontzide aiv, 5 1 - 0:  Equation {13) there-
fore becumes:—
Ppa(1-4_1_h) crevereerees Bgquation (14)
Ip
.
(P47 h. (1l =0}
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15, Substituting the valne of ' of Equation (14) m Equation (1), we hiave -

16,

17

t"B-#?;.n,[“n,ﬁ{l—%-f-h]]
Fn, 2

f {*-47) h.(1l=0)
h Pup.w

n{l-:—;‘-—-l'-h}h

hz(l=-0)

A "
all=-0) B{l=100)
47 0.5,
Aol =wlo = 0. - LS gfo-sho=hz + hzo
Fp
M =i !—ﬁ - huo, - hi ! h—,—ﬁl Fquation (15)
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If each term of Equation (15) is multiplied by Ta and— iz substituted for =, we hinve:-
RO &

Ty h "y, h.o
e Pira - L = 2T
Py . f-= Po-47.0-Yshao R )
ar Py P—(¥p—47) 0- Pnh o+ Lo B ] FEqguation (16)
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Now, | is the volime fraction of alvenlar vxvagen, hene¢ P, f = the pressure fraction.

i.0. pl, (the alveolar oxygen tension), Similarly Pl is alveolsr L0, tension.

o i volume fracrion of oxygen in atmospherie (breathed) air, i.e. FO, Substituing in

Keuation (16} we have:—

iH.

into

1 ¥
- BT R R 5 R
ply = 10, ( F5—47 ) - OO, (F0, + = RQ]

or

' I =Fi, (1 -RQ}
fn A ) e e O
po, = FO, [ Tr 47 - py | 0 }

Conclusion -

Tt i falt that the above method of deriving the Alvevlar Eqguation gives a good insight
the assumptions, such as the “Steady State™ on which the equation is tased,




