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FALSIFICATIONS OF POISSON ADIABATE,
HUGONIO ADIABATE, LAPLACE SOUND SPEEDS.
MODERNIZATION OF FOUNDATIONS OF THERMODYNAMICS

Abstract. The inequality of the universal gas constant of the difference in the heat capacity of a gas at constant
pressure with the heat capacity of a gas at a constant volume is proved. The falsifications of using the heat capacity
of a gas at constant pressure, false enthalpy, Poisson adiabat, Laplace sound speed, Hugoniot adiabat, based on the
use of the false equality of the universal gas constant difference in the heat capacity of a gas at constant pressure with
the heat capacity of a gas at a constant volume, have been established. The dependence of pressure on temperature in
an adiabatic gas with heat capacity at constant volume has been established. On the basis of the heat capacity of a gas
at a constant volume, new formulas are derived: the adiabats of an ideal gas, the speed of sound, and the adiabats on
a shock wave. The variability of pressure in the field of gravity is proved and it is indicated that the use of the
specific coefficient of ideal gas at constant pressure in gas-dynamic formulas is pointless. It is shown that the false
“basic formula of thermodynamics™ implies the falseness of the equation with the specific heat capacity at constant
pressure. New formulas are given for the adiabat of an ideal gas, adiabat on a shock wave, and the speed of sound,
which, in principle, do not contain the coefficient of the specific heat capacity of a gas at constant pressure. It is
shown that the well-known equation of heat conductivity with the gas heat capacity coefficient at constant pressure
contradicts the basic energy balance equation with the gas heat capacity coefficient at constant volume.

Key words: speed of sound, heat capacity, adiabat, isobaric, isothermal.

1. Falsifications of the difference in heat capacities C, —C, = R

The difference in heat capacities of gas Cp —Cv = R is considered the basic formula of

thermodynamics and is derived from the first law of thermodynamics [2, 3]:
d'Q=dU, + pdV,, Q)
In (1) d'Q the amount of heat, dU «n the differential of the internal energy of a kilomole of gas
U, =C,T,accord ing to the equation of state of Clapeyron V. =RT/ p:

d'QZCVdT+deZ )
p

Only by the hypothesis of constant pressure, putting in (2) d'Q=C,dT, we get formula

C » C, =R, where C , 1s the heat capacity of gas at constant pressure  p = const . The heat capacity
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iR

at a constant volume is C, :?, where I=n +2n

‘vibrat

+n

translat Totat is the sum of the translatlonal,

v

rotational and doubled number of vibrational degrees of freedom of the molecule, the universal gas

constant R=831-10° __ Jjoule
deg: kilomole

T L
Theorem 1. In an adiabatic gas, pressure is a variable and depends on temperature P _ (F)2 .
Py 0
The constant pressure hypothesis in adiabatic and non-isothermal gas leads to false equality C, =-R,
because C, = ﬁ
Evidence. Let the pressure in adiabatic gas d'Q = 0 be constant:
T
0=C,dT + pRd— (3)
P
In nonisometric gas 1 # const 5 dTl #0 in (3), the pressure decreases:
0=CdT+RdT, C,+R=0 4)

The second equality of (4) implies the negativity of the specific heat Cv = —R, which contradicts

v

iR . iR . .
formula C, = 7 > (). The heat capacity of gas C, = 7 in equation (3) establishes the dependence of

pressure on temperature:
0=Lrar+pafL L ipdl_d p _ Ly 5)
2 p 2

the Theorem is proved.
According to theorem 1, the constancy of pressure in adiabatic and non-isothermal gas led to a false

equality of C, = —R. in Exactly the same way in [2,3] et al .the hypothesis of pressure constancy in the
1st law of thermodynamics (2) was applied to derive the false formula C » C,=R.
Theorem 2. In an isothermal and Isobaric gas, the difference in heat capacity is not equal to the

universal gas constant Cp -C,#R .

Evidence. Let a kilomole of gas be supplied with heat at a constant step ' Q=C;,d T:

T
C dT =C.dT + pRd —
P v )
After reducing the pressure p = const is obtained

C,dT = C,dT + RdT, (C,~-C,~R)dT =0 (©)

Equality to zero in (6) will take place if one of the cofactors is equal to zero. By the condition of
theorem dT = 0 in an isothermal gas, equality to zero in (6) holds, so the second factor is not equal to
Zero:

(C,-C,-R)#0, (7)

The conclusion follows from inequality (7): in an isothermal and Isobaric gas, the difference in heat
capacity is not equal to the universal gas constant C, —C, # R. The theorem is proved.

Theorem 3. The difference between an arbitrary heat capacity gas heat capacity of gas at constant

volume is not equal to universal gas constant: C —C # R,V C.
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T
Evidence. Let the gas be supplied with heat d'Q = CdT : CdT = C,dT + pRd —.

p
Transform the differential of the quotient in the right part: CJ7 = CdT +p deT——ZYUp.
P
After abbreviations and bringing similar results
d
(C—C,-R)dT =-RT£ (®)

p

From (8) follows the inequality to zero C —C — R # 0 for all heat capacities of the gas. The hy
pothesis of constancy of pressure in the right part (8) dp =0, p =COnSt means equality to zero
dT =0 in the left part, that is, the isothermicity of the gas and the validity of the inequality

C—-C,#R,NC . Thetheorem is proved.

iR

2.Adiabat of ideal gas with heat capacity CV = ?

Let heat d'Q =CdT be applied to the kilomole of gas. The 1-st law of thermodynamics (2) is
transformed based on the equation of state of Clapeyron pV = mRT / u, written for volume V, which

contains a gas mass of m with a density of © = m V. Equation of state of Clapeyron by equalities

PRT

)7 _ . .

V.=—V takes the form of P = > M =const -the mass of a kilomol. Equation (1) uses
m

differentials d'Q = CdT, dU , = C.dT.

Then the necessary transformations are performed:

(C~C,)dT = pdV,

MO

(C—C,)dT = pd(Zv), p=2,
m V
cC-C)Hd c-C do d R d
R p R yo, c-C

v

From the last equality follows the barotropy of the gas at C # C| :

p_ P e
—=(=) °° ©
Po  Po
L i R 2
Apply the formula (9) in adiabatic gas d'Q =0, C=0, CV =—R, —=—:
277 C, i
P pe p_ pud
= (_) ) s = (_) [ 2 i:ntranslat+nrotat+2nvibrat (10)
Po Po Po P
| o p pE R
The Poisson adiabate — = (-—)“ is derived in [2,3] by a false formula c,—¢ ="
Py Po H
iR

adiabata Jakupov (10) is based on C, = e
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3. The speed of sound. Falsifications of Poisson, Laplace, Hugonio.
Alibata on the shock wave

2
I+— 8
The speed of sound is calculated using the Jakupov £=(£) "adiabat : a = —p,
Po P op
/ 2.p / 2R
a= (1 +7);’ a= (1 +7);T’ 1= ntranslat+nr0tat+2nvibrat
o o P _Pe ,
Falsifications [2] of Poisson's adiabata ——(p—) and the speed of sound Laplace's
Po 0

C
a= 1 ’—pRT are consequences of the false equality C T C,=R.
cV

Adibata Hugonio [2] on a shock wave is obtained by repeated using a false formula C » Cv =R:

&:(k"‘l)pz/pl_(k_l) (1)
p (k+D=(k-Dp,/p
¢, c, C R
k= —, specific heat capacity ratio C,=—,C, = =, c,—C,=—.
¢, H H H
The Hugonio relations [2] relate the parameters of a gas on a shock wave
2 2
PV +p,=p Vi +pn pVs =p ¥, 12)
V2 V2
CVT2+—2+&:CVT; +_1+ﬁ (13)
P 2 p
In gas dynamics [2] in order to apply the specific heat capacity at constant pressure, the enthalpy
R
h= CpT is widely used , which is converted to the form of a false formula €, —C, =—:
Y7,
¢, R c, R
h=e,T=2=T=—2 27 (14)
Ru  c,—c u
Y7
Because of the false formula c,—¢, = E is obtained counterfeit enthalpy
Y7,
c, R c k c k
h— P —T71 = L p——ﬁ, kz—p,h=—£
c,—¢, M c,—¢, p k-1p c, k—1p
Further, according to the Clapeyron equation p= pRT and formula c,—c, :E =R, fake
H H
made conversion [2]:
c c, R c,/c 1
cT=2Rr=—"r ZTp__ %% P___ P (15)
R, c,—¢, U c,/e,—c, /e, p k=1p
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The correct ratio shows that Hugoniot at the shock wave (13) is reduced to a fake form:
2 2
kY _ kK W
k=1p, 2 k-1p 2
Conservation of the total momentum on the shock wave (12) is to mind
2 2
p—D=pV, —p Vi =pV, (V, =V)
Both parts of this expression are multiplied by the ratio
Vv, +V, V. V, V. V, 1 1
2 SN 5 U8 U M
N N N N O Y SO Y A Y
1 1 , v, +V
and from the left to — + —, and from the right to .

Py P P Vl

The result is

1 1
(P = P)(—+—)= sz - Vl2
P2 P
Multiplying (13) by 2, we find

vz =2 -2y 2e (1, -T))

P P
According to equation of state 77 — H P | expression (18) takes the form
R p
C
R A
R p p

Substituting (17) in the right part (19), we find
1 1 c
(= )+ ) =21+ 2y - B2

Pr P P P

Multiplying both parts (20) by P / P\, we get the shock adiabata

2(1+CVI;‘)p2—(1+p2) (1+2"VR“)p2—1

Py _ %! P _ P
P 21+ 9+ (1429822
R o R P
Here the ratio is g :g zﬁ /R :i , so the adiabat on the shock wave will be like this:
R R 2 2
1+ -1
p p
= - 1 ’ l =n translat + nrotat + 2nvibrat (22)
P (1+)-2
P

—— () ——

(16)

(17)

(18)

(19)

(20)

e2y)
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4. Justification of pressure variability
The false formula of thermodynamics C,—C, =R is a direct consequence of the first law of

thermodynamics, in which the gas pressure is considered constant p = const . We prove the variability

of pressure in statics and in gas dynamics. Theorem 1 proved the non-physical constancy of pressure in an
adiabatic gas.

Static V = 0 . The coordinate system of Oxyz will be connected to the earth's surface. The ORT of

the K -axis Oz is parallel and opposite to the & -axis acceleration of gravity:
. . m
kT g g=0i+0j—gk, g=9,81—
C

Consider a stationary gas V=0 in volume Al = (22 —ZI)S , where S the area of the cylinder
base, Z, —Z; — the height of the cylinder, equal to the distance between parallel planes
z, =const, z, =const, z, <z,. Denote ny = —k the external normal of the surface z, = const,
n, = k, the external normal of the surface zZ, = const. In an ideal gas, the Euler stress is p=—pn, p
is the pressure in the gas S, located in the plane Z, = CONSt | the force f; =—pn,S, S in a plane

z, =const the force f2 = —pznzS , the whole mass of gas in the cylinder is the force of gravity

mg, g=—gK, the mass of gas equal to m = pAV. According to Newton's second law we have the

equation
dv
mZZfl‘}'fz‘}'mg (23)
, dv
In statics v = 0,? =0, Newton's 2 law (23) takes the form
t
0=f +f,+mg, —pSn, —p,Sn, +p(z,—z)Sg=0 (24)

In (24), we use the ORT equalities n, = (—=k), n, =k, g=—gk:

- pS(-K)—p,Sk + p(z,-2)S8(-gk)=0, p,— p, — p(z, —z,)g =0,
P, — P P, — P

-p,=pz,—z ———=-pg, lm ——=-pg
PP =p5 =28, z, -z T 5-n-0 g — 7,
In the limit, the equation is obtained d—p = —pg, whose integral for an incompressible pg # 0,
z

liquid confirms pressure variability p # const . In a compressible gas O = 2P , the integral of

RT

*ﬁ(zfzo)

RT

equation is called the barometric formula p = p,e [3], here also p # const .

Dynamics V # 0 . On the physics of Euler's equations of an ideal gas

v a—'0—|—V',07V=O, Jold cj{—f:—pv-v

Vp=pg—p. V
P=PR=P " &

the pressure cannot be constant: Vp # 0, p # const.
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Note. For fake connection C > C, =R, fake heat capacity at constant pressure is calculated
I I
C =R+C,=R+—R=(+-)R
r ' 2 2
Thus, in both static and dynamic gas p # CONS? , the pressure cannot be constant in the field of

gravitational force, for example, under Earth conditions. Therefore, the definition of heat capacity C ,and

C

. —__P . . : :
specific heat of gas €, = at constant pressure lose their physical meaning. Loses the physical

meaning of the heat function of enthalpy /1 = cpT .

5. Paradoxes of the equation of thermal conductivity with the coefficient of heat capacity at
constant pressure

The thermal conductivity equation is derived from the law of conservation of energy with a
coefficient of heat capacity at a constant volume [2]:

dT :
pe, — =div( — pdivv
d i=l j=1 x j
In [4], a false equation of thermal conductivity with a coefficient of heat capacity at constant pressure
is given:

dT dp L, OV
G _g. v+ £y (D
Prar ar LAY 222(5

The falsity consists in applying the Stokes stress tensor, formula Cp —C, =R, as indicated by the

. 2 5
E,U(V V)
i=1 j=1 OX; X
specific heat capacity coefficient at constant pressure C D> which ig located on the left side of the
equation. Similarly the thermal conductivity equation of an ideal gas is derived with a specific coefficient

of heat capacity at a constant volume of C,

e Ay
c,—— =—pV- 25
Ji (25)
R
In [2,4] is replaced in the left part (25) by a false formula Cp —C, =— using the Clapeyron equation
of state:
RT
c,T=(c, ——)T c T———cpT—£
H H P

As a result, equation (25) is converted to the form

dT dp+pdp_

'Opdt dt  p dt

In (26), the continuity equation d,O /dt + ,OV -V = 0. Gives a false equation with a heat capacity
at constant pressure

-pV-v (26)

d_T_d_p =( (27)

C
'Opdt dt

—— (4 ——
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By definition, the specific coefficient of heat capacity ¢, takes place at a constant pressure

- PRT — const - At constant pressure, the false equation (27) implies equality to zero:

Y7,
dT dT
c =0, =0,
ar dt
which contradicts the original equation (31) of the dynamic gas V # 0 :
c ar __ V-v#0 ap __ V.v c——ﬁd—p 0
g =P Ty PV Py p dt

According to equation (25), there is an inequality to zero d_T # 0. It turns out to be absurd, which
dt

R
confirms the falsity of the "basic formula of thermodynamics" C,—C, =R ,c, —c, =—. Hence,
7,

C,—-C,#R
6. False Poisson adiabate of ideal gas
The Poisson adiabate [3] is derived from the false equation (27). The reduction of d¢ in equation

(27) gives a conne ction of d_p:c dT > the Clapeyron equation is Applied, the false formula
P

o,
c,—C, =— is used again, and the trans formations are made:
Y7,
d RT ¢ ¢ dp — pd
p dT— d( ): plud(ﬁ): p pp 2p p’
p R M R p c¢,-¢, p
p dp _c,dp -
(c,—c)dp=c, (dp—=—dp), — ,dlnp=dlnp®
P p ¢ p
From the last equality we get the Poisson adiabat p_ = (,Oﬁ) “ with a false degree indicator due to
0 0

a coefficient of C P

Summary

Proved: falsity of the capacity of gas C p» falsity of the “basic formula of thermodynamics"

Sp

Cp _Cv =R, falsity of the of the Poisson adiabat L - (ﬁ) ", falsity of the of the speed of sound
Po  Po

VPG _
“p I+ ==
Laplace a = c RT | falsity of the adiabat Hugonio 1298 ¢, P C

Pas -
C,

v 1
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Justified: adiabat of ideal gas 1 :ntranslat+nrotat+2nvibrata speed of

1+ P21
2 RT . . . Py _ P
sound g = _[(1+—)—,i= yonsiarT nmtat.|-2nvibrat adiabat percussion wave = P ,
I U P (1+i)—=2
P
l= ntranslat+ nrotat + 2nvibrat'

K. b. ’Kakpin-teri

KP BFM MaremaTrka »oHe MaTeMaTHKAIBIK MOJEIICY HHCTUTYTHI, AnMmatsl, Kazakcran;
On-Oapabu ateiHnarsl Kasak yiTTeIK yHEBEepcuTeTi, AnMatsl, Kazakctan

IMYACCOH, TIOTOHMO AJIMABATEHI,
JATIJIAC JIBIBBIC KBLTIAM/IBIFBIHBIH KACAHIBLIBITBI.
TEPMOJMHAMWKA HETI3IEPTH )KAHFBIPTY

Annortanusi. TepMoauHaMHUKaHbIH OipiHINI 3aHBIHAH IIBIFAPbUIFAH TEPMOJMHAMMKAHBIH HETi3ri (opmynacs
OOJIBINT ecenTeneTiH TYXKbIpbIM/IaMa KaCaHbUIBIFB CHIATTaFaH. TypakThl KeleMmzeri Tra3fblH TYPaKThl KbICHIMBI
MEH JKBUIy CHIMBIMIBUIBIFBI Oap Ta3iblH JKbUTYy CHIMBIMIBUIBIFBIHBIH aMOe0ar ra3 TypakThl albIpMallblIbIFbIHBIH
TEHCI3/IT ToyIeNAeH .

TypakTel KeleMIeri XKbUTy CHBIMBIMIBUIBIFEI Oap agmadaTThl ra3farbl TeMIIepaTypara KBICBIMHBIH TOYeJIiiK
(dopmymacel KOpBITBULABL. TypakThl KbICHIM, SHTanbmus, I[lyaccoH ammabatel, Jlamuac IpIOBIC JKBUILIAMIBIFHL,
TIOTOHHO aanabaThl Ke3iHIe Ta3/blH JKbUTy CHIHBIMIBUIBIFBIH TEPMOJMHAMHUKAA KOJIAAHYIBIH JKaCaHIbUIBIFEl MEH
GU3MKaIBIK eMECTIrl IoienmeHli, OHAA TYPaKThl KeJeMAEe Ta3[blH JKbUIy CBHIHBIMABUIBIFBIMEH TYPAKThl KHICHIM
Ke3iH[e Ta3fblH JKbUIYy CHIMBIMIBUIBIFBIHBIH oMOe0am ra3fel TYpPakThl aWbIpMalIbUIBIFBIHBIH JKacaHAbl TEHIIr
KOJIAaHBUI/IBI.

TapThUIbIC KyIIi ©pICiHIE KBICBIMHBIH aWHBIMANIBUIBIFEI JoNeNAcH . ['a3-quHaMUKaNbIK (QopMylianapaa
TYPaKThl KbICBIM KE3iHAE HJeajJbl ra3fblH HaKThl KOA(QQUIHMEHTIH KOJJaHy MarblHACHI3 €KEHIII KOpCEeTUIreH.
Kacannbl «TepMOAMHAMHUKAHBIH HETi3ri (OpMyJachl» TYPaKThl KBICHIM Ke3iHJEe HAKThl JKbUTYy CBHIHBIMIIBUIBIFBI
K03(h(pUIMEHTIMEH JKacaH[bl JKbUTy TEHJEYIHE oKeJeTiHI KepceTiareH. TypakTbl KeJleMJeTi MIHCI3 ra3fiblH KbLILY
CBHIMBIMIBIIBIFBIHA CYHEHE OTBIPBII, MJleall/ibl Ta3 aanadaThl YIIiH KaHa GOpMyJa, COKKbI TONKBIHBIHIAFBI aJeKBATThI
anuadar, IBIOBIC JKBULIAMIBIFBIHBIH JKaHAPTBUIFaH (OpMyJackl aHBIKTAIIBI, OJlap, HETi3iHeH, TYPaKThl KBICHIM
Ke3iHJe Ta3IblH HAKThI )KbLTY CHIMBIMABLIBIFGI KO3(GHUIMEHTIH KaMThIMaiIbl. TypaKThl KbICHIMIAFbl Ta3bIH JKBUTY
CBIMBIMIBUIBIFEI KO QUIHEHTI Oap Oenrim JKbUTy OTKI3TIMTIK TEHAEYl TYpPaKThl KOJEeMIEri Ta3IblH KBLTY
CBIMBIMIBLIBIFBI KO (HUIIMEHTIMEH SHEPT Ul OaTaHCHIHBIH HETI3r TEHACYIHEe KaHIIbl KSJICTiHI KOPCETUITeH.

TyiiiH ce3aep: IbIOBIC KBUTIAMIBIFHI, )KbUTY CHIMBIMIBIIBIK, aquadara, n300apiIblK, H30TEPMAbIK.

K.B. lxakynos

Huctutyt MmatemaTuku 1 marematuueckoro moaenupoBanuss MOH PK, Anmartel, Kazaxcran;
Kazaxckuii HaunoHanbHBIA yHUBEpcUTET UM.anb-Papabu, Anmarsl, Kazaxcran

DAJTBCUOPUKAIINU AINABATBI TYACCOHA, AIMABATHI I'TOTTOHUO,
CKOPOCTH 3BYKA JIAIIVIACA. MOJAEPHU3AIIMSI OCHOB TEPMOJJNHAMUWKA

AHHoTanus. V3naratorcs ¢anbcrupuKaniy BRIBOAA U3 TEPBOr0 3aKOHA TEPMOJANHAMHUKH OCHOBHOHM (HOPMYJIBI
TEPMOJIMHAMUKU. J|0Ka3aHO HEPABEHCTBO YHUBEPCAIBHOM Ia30BOM NOCTOSIHHOW pa3HOCTH TEIUIOEMKOCTH rasa Ipu
IIOCTOSIHHOM JIaBJICHMM C TEIUIOEMKOCTBIO I'a3a mpH MOCTOSHHOM 0oOBeMe. YCTaHOBIeHa (opMyia 3aBHCHMOCTH
JABJIEHUS OT TEMIIEpPaTypsl B aAnabdaTHYeCKOM ra3e C TEIUIOEMKOCTBIO TPH TOCTOSHHOM oObeMme. Jloka3aHbI
GanscuduKauy ¥ HeU3MIHOCTH IPUMEHEHHS B TEPMOIMHAMUKE TEIIOEMKOCTH Ta3a IPU IIOCTOSHHOM JIaBJICHUH,

sHTanenuy, amuabarer Ilyaccoma, ckopoctn 3Byka Jlarmaca, ammabatel [HOrOHHO, B KOTOPBIX — IIPUMEHEHO
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(anpmuBo€ PABEHCTBO YHMBEPCANBHOH Ia30BOH IIOCTOSHHON PAa3sHOCTU TEIUIOEMKOCTH Ta3a MPH HOCTOSHHOM
JaBJIEHHUH C TEIJIOEMKOCTBIO ra3a IpH IIOCTOSHHOM 00beMe.

JlokazaHa IEpeMEHHOCTh AABJICHHS B MOJIE CHIIBI TSHKECTU. YKa3aHO, YTO MCIOJIb30BAHUE YIEIBHOIO KO3 du-
LIMEHTA UCANBHOTO Ta3a NP IMOCTOSHHOM JaBJICHHM B ra30JMHAMHUYECKHX (opMyinax OeccMeicieHHo. [lokasaHo,
YTO JIOKHAsE «OCHOBHas (OopMyJjia TEPMOJIUHAMHKHY» HNPUBOIAMT K (HhaJbIIMBOMY YPaBHEHHIO TEIUIONPOBOJHOCTH C
KOO PUIMEHTOM YACIbHON TEIUIOEMKOCTH TMPH MOCTOSHHOM JaBjicHUU. OCHOBBIBasACh Ha TEIJIOEMKOCTH
COBEPILIEHHOI'0 ra3a IpU IOCTOSHHOM OOBeMe, YCTAaHOBJIEHBI HOBas (hopMyia if aguabaTbl MIEIBLHOIO rasa,
aJieKBaTHas aqradara Ha yJapHOU BOJIHE, MOJIEPHU3MPOBAaHHAS ()OPMYJIa CKOPOCTH 3BYKa, KOTOPHIE, B IIPHHIIHIIE, HE
cojepkar Koa(uMeHTa yaeabHOW TEeIUIOEMKOCTH ra3a IpH HOCTOSHHOM JaBieHHH. [loka3aHo, 4TO W3BECTHOE
YpaBHEHHUE TEIJIONPOBOIHOCTH € KOI(PHUIMEHTOM TEIUIOEMKOCTH ra3a IpH MOCTOSHHOM AaBJIEHHH NMPOTHBOPEYHT
OCHOBHOMY ypaBHEHHIO OajlaHca YHepPruH ¢ K03()(PUIIMEeHTOM TEITOEMKOCTH T'a3a MPU MOCTOSHHOM 00beMe.

KuroueBbie cJI0Ba: CKOPOCTH 3BYKa, TEIUIOEMKOCTh, afnadara, m300apuiecKuil, N30 TePMIUECKHUI.
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