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Calculation of the relative speed of sound in a gas mixture
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Ackerman, M. 1., and G, Maitland, 1975. Calculation of the relative speed of sound in a gas
mixture. Undersea Biomed. Res. 2(4):305-310.—Since the frequency specirum of & voice signal is
directly dependent on the velocity of sound, studies of speech spectra include the problem of
calculating the speed of sound in the gas mixture being used. A computer program written in
BASIC has been developed to caleulate the speed of sound relative te air in various diving gas
mixtures. In addition, a set of tables avallable as a separate technical report has been generated
using this program. These tables ate designed to provide a standard reference for reporting spectral
shifts in speech due to different gas mixtures under normat diving conditions,

speed of sound density
K factor gas mixtures

Investigators studying speech spectra face the problem of calculating the speed of sound
in the gas mixture with which they are working, The frequency spectrum of a voice signal is
directly dependent on the velocity of sound. Comparisons of reported results from previous
studies reveal discrepancies, which may emanate largely from errors in the calculation of the
speed of sound in the gas mixtures. The present program has developed computer-generated
tables designed to provide a standard reference for reporting spectral shifts in speech due to
different gas mixtures, under normal diving conditions, Any study dealing with acoustic
signals and different gas mixtures (Sergeant 1963; MacLean 1965; Maitland and Findling
1974; Maitland and Thomas 1974) would find such a table quite useful.

DERIVATION OF X

Fant and Lindqvist (1968) designated a factor, K, defined as the ratio of the velocity of
sound in a gas mixture to that of air. It can be shown that this factor K depends only on the
ratio of the specific heat ratios () and the molecular weights for air and the gas,

The speed of sound in a gas of mass density p at a pressure P is given by

S = (:r;)% ()
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Symbols used to calculate X are defined in the following list:

SYMBOLS
subscript for air
density
subscript for gas mixture

K factor, speed of sound ratio

Molecular weight

pressure

percent volume present of gas {
gas constant

speed of sound

temperature (°K)
specific heat ratio

specific heat at constant pressure

specific heat at constant volume

Since the mass density can be writlen in terms of the molecular weight of the gas, the
pressure, and the absoluie temperature as

P=RT
the speed of sound in the gas is

_ RT, %
8= (- .
(M)

@

(3)
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Note that §' is independent of the pressure. Thus, for air
ART 1
Sp = (Ayu 4)

and for a gas

5. = (e w )
G MG
By definition
K = 818, (6)
50 that
v Mo 4
K=(—1 ) @
TA G

The K factor depends only on the ratio of the 7’s and molecular weights for air and the gas.

COMPUTER PROGRAM

Table 1 gives the values of v, M, and Gy for various diving gases. Values for y and M for
mixed gases may be found by the following formulae (Handel and Strange 1966).

Mg = ZpM, (82)

Yo =1+ W (8b)
Inserting the values for M 4 and v ; into Equation 7 yields

K= (20.6’752'yc )% = 4.547( % )% (9)

Table 2 gives a BASIC program using Equation 9 for generating values of X for any
mixture of helium, neon, oxygen, hydrogen, and nitrogen under normal diving conditions.
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TABLE 1

Values for M, CV’ and 7y for air and five diving gases®

Gas M . Cv‘i' ¥
0, 31.9988 0.1554 1.401
He 4,003 0.752 1.660
N, 28.0134 0.1765 1.404
Ne 20.183 0.15 1.64
H, 2.016 2.402 1.41
Air 28.966 ' 0.1710 1.401

*Afier CRC Handbook of Chemistry & Physics (West 1973) and Handbook of Chemistry (Lange 1967).
$Specific heat at constant volume in cal/mg/°C.
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TABLE 2
Basic program to calculate K.

REM «#=-¢=~BASI C PROGRAM TO CALCULATE "K' =#4=#-
REM

REM 02 = PERCENT OXYGEN

REM N2 = PERCENT NITROGEN

REM H2 = PERCENT HYDROGEN

REM H = PERCENT HELIWM

REM N = PERCENT NEON

REM M = MOLECUW AR WEIGHT

RBM K = ™" FACTOR

REM R = 0AS DONSTANT IN CAL/DEG C
REM G = SPECIFIC HEAT RATIO "GAMMA"
REM

LET Ra1.9868

REM

REM =mawmea=INFUT PERCENT OF EA{{ GAS=e====-~-
REM

PRINT

PRINT "ENTER PERCENT OXYGEN (-1 TO END) '

INPUT Q2

PRINT

1F 02«2 THEN GOTO ©59¢€

PRINT "ENTER PERCENT NITRIGEN':
INPUT N2

FRINT

PRINT "ENTER PERCENT HELILM*}
INPUT H

PRINT

PRINT "ENTER PERGENT NEON'}
INPUT W

PRINT

PRINT "“ENTER PERCENT HYDROGEN'S
INPUT H2

PRINT

RE™

REM a==(HECK T™AT PERCENTAGES ADD TQ 1AQ%-w-=
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0368 RBEM

A370 IF N+H+N2+02+H2= 106 THEN GOTO 8440

#38¢ PRINT "DOES NOT ADD-UP 10 18g%e

B398 PRINT

2489 GOTO @i70

o418 REN

P A28 REM tumnesassmcens CACULATE " Menvamanncacmaas
#438 REM

D449 LET 022027100

€450 LET N23Ne/ 100

B 466 LET H=H/ 108

247 LET NaNZ 1R

430 LET HesH2/ 100

G4H@ LET Ma31.9988402+ 4, BR3%H+28 + B1 344N 24 20, IB3aN+2. 01 65H2
9580 LET K1= 4.9 7251508+ 3. BLA2E64HS 42 443 T4N P+ 2 FOT 454N+ 448 ALATRHD
8518 LET G=1i+R/H 1

BSER LET K= 44547 SARL G/M)

8536 REM

8540 REM ==e===PRINT CfLCW. ATED VALUE OF KVemuam=
A558 REM

0568 PRINT

2572 PRINT "K =™K

9580 GOTO B178

598 END

2600 REM et bt Ll SE AL LR LR EEEE IR T LT R TR DT Car

TABLE 3

Examples of calculation of K using the basic program.

RN

ENTER PERCENT OXYGEN (=1 70 END) ? pe
ENTER PERCENT NITRUGEN ? 8o

ENTER PERCENT HELIWM 7 @

ENTER PERCENT NEON 7 @

ENTER PERCENT HYDROGEN 7 @

K = 1,008283

ENTER PERCENT OXYGEN ¢~1 TO END) ? 18
ENTER PERCENT NI TROGEN ? 9@

ENTER PERCENT HELILY ? 5

ENTER PERCENT NEON 7 8

ENTER PERCENT HYDROGEN 7 ¢

DOES NOT ADD~UP 70 i0B%

ENTER PERCENT OXYGEN ¢~1 T0 END) 7 +5
ENTER PERCENT NITROGEN ? 5

ENTER PERCENT HELILM ? 94.5

ENTER PERCENT NEON 7 9

ENTER PERCENT HYDROGEN 7 @

K = 2.,51708

ENTER PERCENT OXYGEN (-1 TO END) 7 «5
ENTER PERCENT NITROGEN 7 @

ENTER PERCENT HELILM ? 99.5

ENTER PERCENT NEON 7 9

ENTER PERCENT HYDROGEN 7 @

K = 2.87636

ENTER PERCENT OXYGEN ¢~1 70 ENDY 7 =1
END AT 2598

= 0K
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RESULTS

The derivation of the X factor has been provided. A BASIC program for generating values
of K for any combination of oxygen, nitrogen, helium, hydrogen, and neon has been
presented. Table 3 demonstrates the use of this program for caleulating the K factor of some
common gas mixtures. In addition, a series of tables giving values of K for various mixtures
of the above gases {except hydrogen) are available as a technical report (Ackerman and
Maitland 1974}, It is hoped that this program and ifs associated tables will provide a
standard reference for reporting spectral shifts in speech due to different gas mixtures.
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Ackerman, M, J,, and G, Maitland. 1975. Calcul de la vitesse relative du son dan un mélange
gazeux, Undersea Biomed. Res. 2(4):305-310.—Puisque le spectre de Ia fréquence d’un signal vocal
dépend directement de Ja vitesse du son, les dtudes des spectres de la parole comprennent e
probléme du calcul de la vitesse du son dans le mélange gazeux employé. Un programme pour
ordinateur en langue BASIC avait 6t¢ développé pour calouler la vitesse du son relative i Pair dans
des mélanges divers employés pour fa plongée. De plus, des fables, publides comme rapport
technique séparé, ont été générées par ce programme, Ces tables forment une référence pour
caractériser les altérations spectrales de la parole dues aux mélanges gazewx divers sous les
conditions normal¢s de la plongée.

vitesse du son densité
facteur K mélanges gazeux
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