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Calculation of the relative speed of sound in a gas mixture
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Ackorman, M. .i., and G. Maitland. 1975. Calculation of the relative speed of sound in a gas
mixture. Undersea Biomed. Res. 2(4):305-3l£}.—Since the frequency spectrum of a 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 calculate the speed of sound relative to air in various diving gas ~
mixtures In addition, a set of tables available as a separate technical report has been generated
using this program. These tables are designed to provide a standard reference for reporting spectral
shifts in speech due to different gas mixtures under normai 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 calcuiation 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.

DERWATION OF K

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 (7) and the molecular weights for air and the gas.

The speed of sound in a gas of mass density ,0 at a pressure P is given by

_ '1/P ‘/1S - (-p—) (1)
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Symbols used to calculate K are defined in the following list:

SYMBOLS

A subscript for air

p density

G subscript for gas mixture

K = 15$,“ K factor, speed of sound ratio

SA
M Molecular weight

P pressure

Pi percent volume present ofgasi

R gas constant

S speed of sound

T temperature (°K)

CP7 = — specific heat ratio
CV

CI, specific heat at constant pressure

CV specific heat at constant volume

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

e 12
I0 _

the speed of sound in the gas is

3 = (El) %_ (3)
M
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Note that S is independent of the pressure. Thus, for air

SA = (Lfl'£T) % (4)

and for a gas
'y RT

SC = ( G ) IA (5)

MG
By definition

K = SG/SA (6)

so that

'7 M ‘/5
K =(—§A ) (7)

TAMG

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

COMPUTER PROGRAM

Table 1 gives the values of 7, M, and CV for various diving gases. Values for 7 and M for
mixed gases may be found by the following formutae (Handel and Strange 1966).

Mo = EpiMi (8:1)

"/G = 1 + —~‘3—— (ab)
2PzMzCV1'

Inserting the values for MA and 7A into Equation 7 yields

K = 20.675270 ‘A = 4.547 ‘VG ‘/2 (9)
IQ" 54;"

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

Values forM, CV, and 'y for air and five diving gases*

Gas M rCVT '7

02
He

N2
Ne

H2

Air

o1ss431.9988

4.003 0.752

28.0134 0.1765

20.183 0.15

2.016 2.402

28.966 0.1710

1.401

1.660

1.404

L64

1.41

1.401

‘After CR6‘ Handbook of Chenzistry & Physics
1-Specific heat at constant votume in callmg/°C.

B310
B028
0839
B946
B058
B869
B010
3655
G090
B103
611$
G120
B130
8146
B155
B160
B170
B180
B190
B200
B219
B229
G239
8240
B250
G260
B270
0280
B290
0390
0319
0320
B336
B340
0350

TABLE 2
Basic program to calculate K.

RM '#-¢-BASIC FMGRFH T0 CR-CLLATE "K" -t-P
RD!
RD"! O2 = PERCENT OXYGH
REM N2 I PERCENT NITRJGEN
REM I-I2 = PERCENT HYDROGN
REM =' PERCENT HELUH
REM I PERCW? NEON
RI-1|

QxX3ZI

- um. scrum usreqt
am = "K" moron
no-1 ~ ans mnsrmr in cm./use cREM = SPECIFIC use-r RATIO "omen"
ans
LET ;z=|.9see
RB-I
REM -----——-INPUT PERCENT or snot ons-------
REM
PR!NT
PRINT "ENTER PERCENT OXYGEN (-1 T0 END)"l
INPUT O2
PRINT
IF 0240 THEN G010 0598
PRINT "ENTER PERCENT NITROGEN"!
INPUT N2
PRINT
PRINT "ENTER PERCENT I-li1.IUl*l"l
INPUT H
PRINT
PRINT "ENTER PERCENT NEON"!
INPUT N
PRINT
PRINT "ENTER PERCENT HYDROGEN"!
INPUT H2
PRINT
REM
REM °"€HECK THDT PERCENTQGES ADD T9 1022-“-

(Wesr 1973) and Handbook ofChemistry (Lange 1967).

Q l



B360
0310
0350
B396
0400
B410
B423
B430
U440
B450
B460
0418
0430
3499
B580
B510
B528
0539
B540
B550
0560
0510
$586
0590
0609
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RD!
IF‘ N+H+N2+02¥H2= 150 THEN C010 B440
PRINT "IXIES NOT ADD- UP TO IBEX"
PRINT
GOTO BT70
REM
R34 ----.-------....-c;Lg[_|__A';E 5;"-..------..---_-
R84
LET 02102! lflfi
LET N2=N2/I00
LET H=H/108
LET NIH/I00
LET I-i2°|'I2/ I80
LET HF’ 31¢ 9988i02* 40 6031!-l+s°.8 - B1 34'¢N24-20- I8 3\IN+2 Ell “H2
L ET K II ‘M9726 H024-3» BlB26#H~l> 4:9 4437151 2+3 fl27d51iN+ 4a8 42430012
LET G= HR/Kl
LET KI 4- 547i SCR( G/M)
REM
REM ----~-PRINT CPLCLLATED VPLUE OF "K"
REM
PRINT
PRINT "K ="H(
GOTO 0176
END
R51 -guy.‘-¢-Q-.;-1;.g-.¢_;-¢_¢-9- -. g peg

TABLE 3

Examples of calculation ofK using the b3SiC program

RI-N

ENTER PERCENT OXYGEN (-1 TO BiDJ
?BBENTER PERCENT NITROGDI

ENTER PERCENT NBJU4 7 8
ENTER PERCENT NEON 7 B
ENTER PERCENT NY DRDGEN

K I b00283

ENTER PERCENT CXYGEN ("1 END)
T 98ENTER PERCENT NITROGEN

ENTER PERCENT HEl..Il.!'! '1 5
ENTER PERCENT NEON 7 B
ENTER PERCENT HYDROGEN
DOES PDT ADD-UP T0 I662

ENTER PERCENT
ENTER PERCENT
ENTER PERCENT
ENTER PERCENT
ENTER PERCENT

NEON 7 0
HYDROGEN

K 5 2: 517%

ENTER PERCENT
ENTER PERCENT
ENTER PERCENT
ENTER PERCENT
ENTER PERCENT

NI TRDGEN

HEN ‘I B
HYDROGEN

K = 2-87636

ENTER PERCENT

EN!) AT B590

QDK

78

70

OXYGEN (-1 TO END)
NITROGEN ? 5
HBJI-M 1' 94 5

‘I0

OXYGEN (-1 Tl) END)
7 0

HELILH '1‘ 99:5

‘I 9

OXYGEN (*1 TO B40)
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RESULTS

The derivation of the K factor has been provided. A BASIC program for generating values
of K for any combination of oxygen, nitrogen, lteiium, hydrogen, and neon has been
presented. Table 3 demonstrates the use of this program for calculating the K factor of some
common gas mixtures. In addition, a series of tables giving values ofK for various mixtures
of the above gases (except hydrogen) are avaiiable as a technicai report (Aekerman and
Maitland 1974). It is hoped that this program and its 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 rnélange
gazeux. Undersea Biomed. Res. 2{4):3l)5-310.—P1risque le spectre de Ia fréquence d’un signal vocal
depend directernent de la vitesse du son, ies études des spcctres de la paroie comprennent ie
probleme du calcul de la vitesse du son dans le mélange gazeux employé. Un programme pour
ordinateur en langue BAStC avait été déveioppé your caiculer la vitesse du son relative s Pair dans
des mélanges divers employés pour ta plongée. De plus, des tables, pubiiées comme rapport
technique séparé, ont été génerées par ce programme. Ces tables forment une reference pour
caractériser les alterations spectrales de la parole dues aux mélanges gazeux divers sous ies
conditions normales dc la plongée.

vitesse du son densité
facteur K mélanges gazeux
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