A simple experiment for measuring the adiabatic coefficient of air

S. Velasco, F. L. Roman, and J. Faro
Departamento de Bica Aplicada, Facultad de Ciencias, Universidad de Salamanca,
37008 Salamanca, Spain

(Received 12 July 1997; accepted 4 November 1997

Measurement of the ratio of specific he@sliabatic coef- Digital) with a gauge pressure range of 0—-300 mm Hg. At-
ficient), v, of air is a classical experiment in an introductory mospheric pressure P=694+0.5 mm Hg) was obtained

laboratory of thermodynamics. Several methd@ement from a standard Hg barometer. The initial air volumé (

1’2 . . . . . /. . i
tubg™“ exist for determinin %’f air, most of them having s pottle, with water and then measuring the volume of this
been more recently improved’ The oldest of these meth- ,5ter.
ods is the Clement and Desormes experiment, in which & The syringe was mounted horizontally with the output end
small mass of air fII’SF undergoes an adlabauc. expansion, folkonnected to the upper hole of the glass bottle. The lower
lowed by an isochoric process to reach the initial temperapge of the bottle was connected to the air connector of the

ture. Although this method has some pedagogical interes{ressure monitor using a short tube plug. A rubber band of
concerning the illustration of adiabatic processes, it has been >g oy length and-1 cm width was fixed around the pis-

abandoned by most modern thermodynamics laboratorieg,, of the syringe to control the volume change. The experi-

Two reasons fqr this abandonment are. first, a relatively Iarg?nent was performed as follows. The piston was placed in the
volume of confined air at a pressure higher than atmospherig,i..-, position (maximum scale readingand the pressure

is required, and second, it is a rather inaccurate method bes o was turned on. Aftea 0 appeared on the display, the
cause of the difficulties of measuring the pressure change iston was pushed by hand quickly but continuously u’ntil it

the air in the |soph0r|c Pprocess. Recently, Mottfhbas pre- as stopped by the rubber band bumping against the syringe
sented an experiment which differs from that of Clement an%put end. This is the adiabatic compression stage. The pres-
Desormes in that instead of venting out air from a receptacley o increased, reached a maximum value, and then started to
it takes the air of a plastic bottle through a complete Ottojecrease. The’reading corresponding to tﬁe maximum value
cycle. _ : of the pressure seen on the display was recorded: this is
Here, we present an alternative, simple and accurate ®XaP)s. After waiting about 3 min the pressure stabilized

\?v?tumetﬂtetgxdg:?r’:g:\r;gl tsr;eleagﬁ?]aet'&g?neﬂ?zzg Otl)cezlcr)’rme because the internal temperature had again come into equi-
P y ibrium with the laboratory temperature. The new pressure

and Mottman experiments. The experiment has a moderate : o
cost since only aplarge glass syringg, a glass bottle with twgalue read on the display was record_ed. thisd®]y . Last,
holes and two rubber stoppers, and a common digital bloog:e volume change; AV, was read directly on the scale of
pressure monitor are required. The method allows one t§'€ Syringe. Finally, in order to prepare the apparatus for a
measure experimentally the isothermal compressibikty, new measurement, the pressure monitor was turned off, the

; Lo : Lo : rubber stopper was removed from the upper hole of the
223 'i‘thﬁsaeogiggt'&re';?erg;?%g compressibility ks, of air, bottle, the piston was moved back to finéial position, and

the upper rubber stopper was replaced.

Cp Kkt While measuring a single value of AV will suffice to
Yo T k_s D provide a reasonable estimatelgf, kg, andy, considerable
Y improvement in the final results is obtained by making sev-
where eral measurements oAP); and (AP)s for different values
Y Y
kr=—¢ <0_P)T ks=—y &—P)S- 2 P(kPa)
If the changes in volumeAV) and pressureXP) in iso- Syringe

thermal and adiabatic processes are small compared with the
initial volume (V) and pressureR), we can write

Koz 1AV
=v\ap

Rubber Glass bottle
1 ( AV) ring
s

_ ks=-v|ap @
Then, measuring{ AV/AP); and (—AV/AP)g, the adia-
batic coefficienty can be obtained from Edl).

The experimental setup is shown in Fig. 1. The volume
changes were measured using a 100-ml glass syringe with ¢ )
1-ml scale divisions, with an uncertainty af0.5 ml. The
pressure changes were measured using a common digital
blood pressure monitaifor example, model DS-115, A. T. Fig. 1. Experimental setup.
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Then, one can obtaif in a direct way by plotting A P)s vs
b 60 o (AP)+ for different values of- AV. Moreover, since knowl-
:‘é Adiabatic edge of the values of AV is not necessary, one can obtain
v by using a syringe without scale divisions.
E: 40 ’ Finally, we should remark that the simple experiment pro-
< Isothermal posed here can also be used for demonstration of Boyle’s law

and can serve as a simple illustration of both isothérery
slow motion of the pistonand adiabati¢quick motion of the
piston processes. Thus, it can be suitable not only as a labo-
ratory experiment but also as a demonstration in class lec-
20 40 60 80 100 tures
—AV (cm®) This work was supported by the DirecniGeneral de In-
vestigacim Cientfica y Tecnica (DGICYT), Spain, under

Fig. 2. Pressure increas&P) vs volume decrease<(AV) for adiabatic Grant No. PB 95-0934 and by the Junta de Castilla yrLeo

and isothermal compression stages. The dots indicate the mean values aﬁpa'r) under Grant No. SA 78/96.
the bars indicate the standard deviations of the means. The lines are least-
squares fits to the data.

of —AV. We have made ten measurements &P} and IM. W. ZemanskyHeat and Thermodynami¢McGraw—Hill, New York,
(AP)s for each of seven different values efAV (between 1968, 5th ed., pp. 111-144.

25 and 100 ml Plots of the average values ofP); and M. W. Zemansky and R. H. DittmanHeat and Thermodynamics
(McGraw—Hill, New York, 198}, 6th ed., pp. 101-134.

(AP)S_ Vs __AV are ShOWI’_] in Fig. 2 as well as t_he corre- s g, Smith, “SimpleC, /C, resonance apparatus suitable for the physics
sponding linear regressions. Using Eq&) with V teaching laboratory,” Am. J. Phyg7, 593—596(1979.
=1198 ml, from the slope of each linear regression we 43. L. Hunt, “Accurate experiment for measuring the ratio of specific heats

; i _ =1 of gases using an accelerometer,” Am. J. PI5%.696—-697(1985.
obtained.  kr=0.001 41-0.000 03 mm Hg and ks 5Ch. G. Deacon and J. P. Whitehead, “Determination of the ratio of the

_ 71 . . .

=0.001 0G=0.000 02 mm Hg- [for a diatomic |deallgas at  principal specific heats for air,” Am. J. Phy80, 859—860(1995.

P=694 mm Hg, one ha&;=1/P=0.001 44 mm Hg~ and 8J. Mottmann, “ Laboratory experiment for the ratio of specific heats of

ks=1/(yP)=0.001 03 mm Hg! with y=1.4]. From Eq.(1) air,” Am. J. Phys.63, 259-260(1995.

we obtainedy=1.41+0.05 "We used mm Hg as pressure unit since the reading from the digital pres-
. ’ A . sure monitor is given in this unit. Notice that it is not necessary to convert

We notice that measuringA(P) and (AP)s for a given pressure units to obtaily. Uncertainties fork; and ks are propagated
volume change- AV, from Egs.(1) and(3) one has through the linear least-squares fit of the data in Fig. 2.

SCIENCE IS EFFECTIVE, BUT...

Science is effective, but what does it tell us about ourselves and how we must live? The brief
answer to this is: nothing. Science has always worked assiduously to avoid being a religion, faith
or morality. It does not tell us why we should do things or how we should live; it offers, instead,
solutions. Life is a series of separate problems with separate answers. It is not an issue in itself so
much as a container of issues.

Bryan AppleyardUnderstanding the Present—Science and the Soul of Modern(Rtam Books, London, 1992p. 9.

SURVIVAL SKILLS

Since science survival skills are rarely taught in a direct way, most young scientists need a
mentor. Some will find one in graduate school, or as a postdoctoral researcher, or perhaps as an
assistant professor. Those who do not, to paraphrase Mencken, have an excellent chance of
moving from graduate study to scientific retirement without passing through a career.

Peter J. Feibelmar Ph.D. Is Not Enough—A Guide to Survival in Scietsédison—Wesley, Reading, MA, 198%. ix.
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