Chapter 14

9gdeT 3T A
1 e

Breathing and Exchange

of Gases
3NATH 35 3readid AT 910 U
U2S 1. g g 1 aRumar §ifde 3k g9 7ew sa™e)
IR— Sd &l

3T:¥AE SRfA 9 (Inspiratory Reserve Air Volume, IRV), Y&l 9 (Tidal Air
Volume, TV) 991 ST5a1 3TRféd 91 (Expiratory Reserve Air Volume, ERV) ST a1
(IRV + TV + ERV - 3000 + 500 + 1100 = 4600 fireht) %wg =1 S gyman gt ©1
T2 91 1 98 Fel T St © R 7 e T St sR e F e g ¥ gr
R A = Free Tha B
form st 9 e e frer o1 ot €, 38 v =it Stferes fraell & fag st @
e Sl e B 21 Raenfedi, TaRE), R onfs 1 99 ama st gt @)
Yo 1T I g H SN e BRR 31 e F e gwan fordi F s sifew
2 21 T8 T FE W F R w4 R
U 2. A fxawa ¥ U el A 2 a1y ¥ onaad Y Fand|
IR—ar] F T TN N W IR (SEArd) ¥ IR $Ee ¥ A9 @ ¢,
ST G WL (Functional Residual Capacity, FRC) Fdi! €1 98 S<3aM
IRFYA a1 (Expiratory Reserve Air Volume, ERV) W8T 9% a1 (Residual Air
Volume, RV) ¥ a1 & aqer B0t 81 39 Waraan e 2300 firedt 2l 21

FRC = ERV + RV

= 1100 + 1200 fieht

= 2300 fireh
2a 3. A =1 frewor Faw pueta &7 F @ 8, 19w 9 & el e v A 5,
FY?
IR— i At

T F S W T 30 FUS AT WNSH A HieA1d (alveoli) T T T Taieh
fafa o e SRR T O Wl el &) YIS (trachea), ¥R (bronchus),
Yo (bronchiole), St HfeIsh (alveolar duct) 3nfE A o Hfvramaedl Hi e
e gaT RN S T i A e R 37 FSH (alveoli) i BIEER 3 Y€
it % Hefra i = Sran wraen TEwr i 500 fireht et oy ¥ | wem
350 fireht pfrmell ¥ vt 2, I vaw Trl § & w Wt
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g Hew W faf 9 @ Sl # i e wET A (respiratory
membrane) T §1 TR0, T CO, W fafrr grm A & s 21 el fafr
mwgmmmﬁlmﬁﬁmmﬁmm o it 3R faafa
| _
AFISH F O, 1 HiRF TAE 100 104 mm Hg AR CO, 1 il Ta1 40 mm
Hg 21 21 el ¥ oa Hmeeil ¥ s ogE iR # 0, %1 i == 40 mm Hg

3R CO, % i TA 45-46 mm Hg T R
rocelving impure i pure
gﬂoodﬁwhean) to heant)

Airiniung p
Po, n40 mmHg 0, = 104 mm Hg

fors- A ( i ) ¥ frefta fafroren
Flefor agASH ¥ A F frfa A W ¥ I E @ @ ¥ Co, fFEfa
R TGHSH H AY A TR B T VIR AGHSH § @@ @ AN Al
el ¥ T HiaHrTIE (oxygenated) BT 81 FHE ¥ Frewif ag ¥ 0,
T 15- 7% S CO, T 3-6% Bt 21
9% 4. CO, F uRag= (Tiid) #t weu frmfaft = 87 =aremn #fm)

FR— Ha- SRSiiFge F1 3R ZR1 ofRegq

FAE o Urea T gl % ATAHl ¥ I FleA SRS el gR AR
Hfermrall 7 Feit S &1 R FRERl 20 T WREes awanh aw Prefated @
TER A T T—

(1) VAT B YT (Dissolved in Plasma)—TITY 7% Flei SRS H1 Uaw
e ¥ qEE HEE T (H,C05) ¥ 9§ 9 21

(2) AWHEAEH F T W (In the form of Bicarbonates)—eT¥T 70% e
SRS F1 AT AEFRAH F w9 X g R

A TG T o Pt el iy @ dran 81 ra: FIE TSRS H
sfm W (93%) Wi el ¥ faefe @ W 0w ¥ 70% WA
eeiiTEe ¥ HEltw o 9 3 ¥ AFHAACH B FHTT B S §) e TR
¥ SRS TRRSS TEH #t IuRafl § it sne F1 fmiv g 81

TSI e ‘
CO, + HyO —————— > H,C03 ——> H* + HCO3~
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TR H, FIAH TRRIS TR FTIREd Bl ¢; 370: o ¥ AR H9 W
Y T 1 ARFENS AT (HCO3 ) Wt TR ¥ qrdfyraw e (kt) 9w
e ¥ afEan aEw (Nat) ¥ R =& wEw: MERmw aor wfsaw
ARHEAE T 2 :

(i) & ¥— HCO;~ + Na* —NaHCO,
wfsan apEFEAe
(if) 7T SRR #— HCO;~ 4K+ —»KHCO;
MR aFER

Fege fvee ar {ait aReear (Chloride Shift or Hambergur Phenomenon)—
WM pH a9 faga 929l (electric neutrality) ¥I¢ @R ¥ fog foras agsEle
A TR FTEST A e A I €, I & TGS JA (C1 ) TR Foreed A
TR IqH [ F@ T T B F woEsy oo ¥ agFEie a9 o 6
FHorwst § A 1 A B AT Sd R B Fgs e (chloride
shift) FEa & @ a0 T WHFAN fagda Ko A Ot € @ co, TH AW
gAvEd ¥ Teit S 81

(3) FrafFAGAREAET &% ®T F (In the form of Carboxyhaemoglobin) —Ta
TRIATZE T T 23% ST At TR Fiorell F hirenfa ¥ e st

Adfire T F—

TR + CO, — FAlFHAHEIET
Afean aa NfrET F aRFENT a9 FEEdEfET onfy Tl ¥ g R
AYE A AT IR S ik 3 ¥ Rradl 3R wea A wgwar 21 729 Q T R
TOHE Tl g $ES) A 6 € ¥ A s 2
FE ¥ FAfaiion H Al 7 B F FRO AR F Einadfa e | e
FHiefdiAreifaT F 81 SEAGEET, @erefaT #t 3Nen sftw ety A
R SRAGAARA F ST B F TR0 EEA TR R FEATH TG FRlw v
1 fir@veq (decomposition) Bl 8—

SifFierrentaT
(%) 2NaHCO3 ———————»Na,CO, + H,0 + CO, T
3 3 2 2 3 2 2
g 2KHCO “‘—>““"'i"‘i"i'"x CO, + H,0+ CO, T
(|) e 2C03 + H, 2
(m H,C03 ————=H,0 + CO, T

FHRlFNEEAE a9 e M F T ¥ 7 arwrd i o siffiow | g

B T SRHAFARS F GI9 W 2 T—

(9) wEfEiRRET ——— @iefas + co, 1

ﬁmﬁwgwmw%ﬁmﬁmmﬁmﬂaﬁﬁ
A TGP JEad ¢ Tl A I¢ IHANW SR A P R ot R

uea 5. gite ag # go=n A argroeHia arg A po, a1 pCo, e dkft? fram
FRm|

a) pOz =E!. 9002 S (i) p02 I, pCOz g

(ili) pO; I=9, pCO; S (iv) pO; <A, pCO;
JWR— (i) pO, 39, pCO,; =TI
(arguEes arg A 0, F i1 T 159 791 CO, F A T 03 T ], Jaf®
Fitw ag ¥ 0, F T @ 104 791 CO, F HIfH T 40 B 1)
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U 6. WM Ruf A srr:-vaw= uitear 9t sgrem FiRm)

IR—Y YERISSA (breathing) TN YaTEA oo aiar 21 6% yafer i 7fa
F T 25% 3R TAHW W GHF 75% TR R .
I:VATR A YYART (Inspiration)—8rar fegfa # s.vam@ ¥ ragyan S@wm
AN A FFE F TR TG WD 0@ 1 SAHW H A F WG A A H
AT (external intercostal muscles) ¥ UFTA | vEfaal dieht T iy Ft qa I
F W faadt 1 TR TR (sternum) FR-AR I 2R 33 I7A 1 F A F
FRT FEET T AT 9§ 1l & 3N FFS Tt 9 &) 79 1 IR SR A& ¥
FROT o (alveoli) & AT TN 1} 3 mm Hg F9 & I 21
@ I & e aigavesia ag AW A A gl ¥ g o 1 W R @
IYAR FEW T TF G AT (I W) G T WA R

for-yartega =t fra-fafr— (A) sryar, (B) T=mam

W2 7. TR 1 Figas ¥ e @7

IR— aqa &1 fAgae

AT % ATYET (medulla) T 7 -JAATZ (Pons varolii) ¥ Roa vara Fx
(respiratory centre) TAfd a9l TAWM | wafaw VRN i fira =1 Fraa =&
VA=A (breathing) 91 YAEA (respiratiofi) ST 14 FXel §1 ¥ard fiFan afaia
frg=or 3 Bt @1 T wRw @ fiF T SfeE W T W T A6 W

o F fufd ¥ ‘= €AZM’ (stretch receptors) B ¥ ¥ES F A@EFA A
YT Fa1 TR W A FAS GAFAYT FAE=R0T (feedback control) ¥ ¥=wfa Frrvaa
1 g A9 F forg T gue RoAaa =T (Hering-Bruer Reflex Arch) &t TG
T @ F F I @ R v R/ a5 I @1 9% Fraer s fea
¥ F=rta o R

TR ¥ FamER § CO, F KA & #4941 s & 7 A WH Fx @
I A " R F TG A WS 1 0, W A Az Rrdfra @
(Carotico systemic arch) ¥ I9feaq Yext THMAMAS HAZTN S wwifaa wTR j1 Y wIgim
W % N W T @ R R wRraragraa g
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U2 8. pCO , 1 IATFAw F uRag= TR T wHIG g 87

FR—F B i pO ., 399 941 pCO, A €I & H* QK 7 741 A9 HH 3

W StriAreife a7a1 81 Fami B @l p0, 4 a9l pCO , 354 Bl @ HY Wisw

st aan ar A A 21 SRR F e g € ad 0, T 8 S

T 394 ¢ 0, FFS F Fag | AHrehfer F ey e | qm Fah ¥ 7o 8 S

21 T witfefa & s ficht 0, Fawi H 9hi 100 fireh sifedisifa wa & firear 21

TS 9. UETE W F¢ aIe Rt ¥ vaw ufiem F w1 5 o g7

ITR—TETE T Ha1E 61 F WI-FG 9 H 0, F1 316 T« H4 A a0 ; 3

?gﬁaﬁmﬁﬁmw@mmwwaﬁwﬁﬂﬁmmﬁqﬁmm

() TR ¥ g € SiiRiem F i <@ FH A W 2| 0, T F Fwar /
faafa ot 21 o YR A sifaiem oitE=o %9 @ 9 31 39 heaed
e agn St () F A9E A )

(i) @1fes S Ay ¥ affedem # wen elaTEa w9 B §; o Wy Y s
0, e T ¥ fag vardregara e 4 & Wt R

(i) FB T 7 S W @ TR § o weRmgell # e 75 W € 3k v
for aaFa & 9R R |

e 10. #E & zar frafafty 34 @t 82

IR— FiS A Tara feafafd

F3i N vaEa 3q ST (trachea) T S R1 A F IR A fewan o1 s e €

21 fFm RS, AT, THERR AR S §1 4 vare GOl (spiracles) BRT

AgEvSA ¥ TEfud ¥l YO TY B A9 (atrium) ¥ e ) EH TR W

I I S 79 HUE YT A 2 F @ TH TG G TEd 1IN yEaET

(inspiration) % THY el & 31K ITEART (expiration) F UG q% T4 §

DORSAL

b N7 COMMISSURES

NS

\) THORACIC
S[1 SPIRACLES
S0 VENTRAL

TRACHEAL TRUNK

Rzt ¥ Hear s

3fpae 399 (awium) ¥ TE Frehea T I 791 AR T@ R A F S0 w0
it 1 e Frrert areh RFAITH (tracheoles) T T PRI 7 TE=
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F1A ¥ A 1 fafrr wgd & swrawred g @ 3k 0, W P 7w | R

@ IR Fe wais fravia a1 2

g 11. mﬁﬁma;ﬁuﬁmmmmm-mmmm
FIE SRUTTAT WS ¢7

IR— Sifrfiv g a%

areifaT g ST W T F GHa- JRdTT ¥ Hifdrw TR (partial

pressure) 374fq pO; T Fisfy Tt B1 Encifert %) T sfawr wrn < Siador Teu

;’gﬂ ?, 3@ ufrera IR (percentage saturation of haemoglobin) Faad ©;

FHd ¥ T ¥ SfafAHd 83 W 0, 1 s TI™ pO, T 97 mm Hg Bl

?1 39 p0O, W Eerelfa F sl Tgfa TRt 98% A<t 1

Fa®! ¥ AIYE AN TR T A 0, F JHifTF HE pO, FITT 40 mm Hg B R, W

pO, W Eerciifer F s Gafa TTIT 75% et R1 pO, Fa Erivedfa + Wi

Tofta FaarT ! WH W AfH T | T Far a6 (sigmoid curve) NTE Bl R

A FNfadtar g am F2a ¢

TR frdeT a2 W IR 919 & W& F pH 1 994 vea 81 a9 ¥

9% 91 pH ¥ F9 81 W g8 I Sifet iR famsal 21 1S frda s s s en a0

pH ¥ atfirw € Q sifiiom @dnaifas ash a1 iR fgwanar @1

& A CO, H AN 9g7 91 39 pH W& (H* 31 1 €& 967 /) W 0, F wf

Erehfad F Y v F9 & T 21 T F WG YA (Bohr effect) FE1 ¢

TEHRAT S § 2 21 39 THR e W 1 AN @araifad 3 Fwel / Fad

% o ¥ wRae S Newifka @ R
w 100
o qg
g0t ( .
o e [~ OXYGENATED
2 80 7 BLOOD FROM Po, | %sat
g€z 70t A’ LUNGS (mmHg) | ofHb
g O 60 10 135
1 20 35
¢ § " /( 0 [ s
40 75
§ 3 30+ / s0 | 835
g - [ 60 89
70 | 927
WL 2 | &
& 0 _ nssues | % | 965
0 10 20 30 40 50 60 70 80 90100 110 100 | 975

PARTIAL PRESSURE OF OXYGEN (PO,)
IN mm Hg
fer—aifwdtrr-flaraife fraem @ o o feson

Fwg ¥ drvreifa B 0, fred & CO, F ¥ T sy FW A W @ 3k
CO, Ma WM @Areifa a9 S 1 3ncita dnnafa
N AFEAE (HCOZ A e il 7 1 €1 98 i
B CO, A% H, 0N 22 CO, H Y 1 a1 81 T RESTYNIT (Haldane effect)
mglt@wmmﬁcoz%a&mahmmﬁothaﬁm
F@ R
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U 12. F1 3G 4 - Siferedtaan (grgaifd) (@ sifrfism) FaR A g1 g9
Y A AET U 3 3 AR AR 7 T 3 da =i @R
IJR—IT-ATFHTAT (Hypoxia)—38 &t 1 Trarg R 1 fvHsi/Faa A
S & I < F 1 | B 1 78 AR M FH YR F wRo A
FIGAUSH A TerE) W 8000 T2 A ks S39E W ag § 0, F a/E F9 & Wl 8
%1 TR T FENARFRAT (artificial hypoxia) Fed ¥l 78 MM yA: vdARRA | &
e B 1 TR F @i it it F R0 T i Sifaie TE0 FA F &wa v
Bt 1 3 wRfvar gIEARFRAT (anaemia hypoxia) FE ¥
aeet 13. i & @9 s w—
(#) IRV, ERV
(|) 3= Taw awan 3R frgaw awan
() fa gmren aur Bw! 9 Fa alkan
IWR—(F) IRV T ERV ¥ 3R
IRV—3{1:¥a81 Q& 313a (inspiratory reserve volume) a1 34a Ht 98
fafa a1 @ N OF SR IEgES v H AT 81 98 AT 2500
fireht / 3000 fircht ot 21
ERV—FA:vag7 qUfé@ A9a7 (expiratory reserve volume) a1 3@dH #t 98
Ffaftaa N @ N OF A TAgES F:vafaa w T 21 98 3 1000
firelt R 1100 firch B &1
(@) FA:7qQ7 yar F Fr.yaas amanr § s
3=1:¥9W+ &A1 (Inspiratory Capacity, IC)—¥MIRga: f.3@@q IWm arg i
A A (3F) R & AR S vEaa waeda 21 T SR Ee
T T0: YAE GUEA e dRAe B € (TV + IRV)
f-vaw= arTen (Expiratory Capacity, EC)—@MI_Ia: 3{=i: Y94 IWN a1g &l
FE 9B (31F) R T == Frvafia w21 3 g arEe iR
fr-vae QUi Tae wfafE 9 ® (TV + ERV)I
(1) = grmar war BEHEE w FHer aiter § =W
31 &ren (Vital Capacity) —ac(d® f.7q@ ¥ a5 9 W 9% Aftwaq A=
N & AW FNERa W GHA ¢ GG Ag H qE SAGHAW A W T
R TAGHF AT & R A A R
53l B Pa URA (Total Lung Capacity)—aaiqd® fr.va@ & wvaR
F5 A guEifaa (I9fegd) A M FA WEN FEH RV, ERV, TV 991 IRV
afmfaa 81 aft da e + ERTE AEE (VC + RV)I
U 14. Sy SR #1491 @7 U@ W™ W & R @@ arR ¥ sy s
(qmm wmn) #t arsla FY1
m—arﬁamamalvmmne,m—wwmﬁm%wnﬁ
F:vafea a1 fi:vafia 9 F1 SEa S0 AGE Feat 21 8 T 500 fireh
e @ 19l T FE T 6000 | 8000 freht A i firte W R A AW
fr.vafa F % ©)
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