Adiabatic coefficient of gases - Flammersfeld oscillator LEP

PHYWE 3.2.05
Related topics Rubber stopper, d 32/26 mm, 1 hole 39258.01 1
Equation of adiabatic change of state, polytropic equation, ~Rubber tubing, i.d. 4 mm 39280.00 1
Richardt’s experiment, thermal capacity of gases. Rubber tubing, i.d. 7 mm 39282.00 1
Slinding weight balance, 101 g 44012.01 1
L Aquarium pump, 220 V AC 64565.93 1
Principle and task Aneroid barometer 03097.00 1
A mass oscillates on a volume of gas in a precision glass tube. Stop watch, interruption type 03076.01 1
The oscillation is maintained by leading escaping gas back  Tripod base -PASS- 02002.55 1
into the system. The adiabatic coefficient of various gases is  Support rod -PASS-, square, | 400 mm 02026.55 1
determined from the periodic time of the oscillation. Right angle clamp -PASS- 02040.55 2
Universal clamp 37715.00 1
Equipment Reducing valve for CO, / He 33481.00 1
Gas oscillator, Flammersfeld 04368.00 1 Reducing valve f. nitrogen 33483.00 1
Graduated cylinder 1000 ml 36632.00 1 Steelcylinder, CO, 101, full 41761.00 1
Aspirator bottle, clear gl. 1000 ml 3417500 1 Steel cylinder, nitrogen, 10 I, full 41763.00 1
Air control valve 37003.00 1
Light barrier with Counter 11207.08 1
Power supply 5V DC/0.3 A 11076.93 1
Micrometer 03012.00 1 Problems
Glass tubes, right-angled, 10 36701.52 1 Determine the adiabatic coefficient x of air nitrogen and car-
Hose connector, straight, PP 47515.00 1 bon dioxide (and also of argon, if available) from the periodic
Rubber stopper, d 22/17 mm, 1 hole 39255.01 1 time of the oscillation T of the mass m on the volume V of gas.

Fig. 1: Experimental set-up: Adiabatic coefficient of gases — Flammersfeld oscillator.
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Set-up and procedure

If the experiment is to be performed with air, then the required
pressure is generated with a small pump (Fig. 1). Place an
aspirator bottle between the gas oscillator and the pump to
act as a buffer, and insert a glass tube filled with cotton wool
into the supply tube to the oscillator to trap any moisture.

If other gases are used for the experiment, then these can be
taken directly from the steel cylinder and passed via a redu-
cing valve (with a fine range of adjustment) into the gas oscil-
lator.

Clean the precision glass tube thoroughly (dust-free) with
alcohol, set it up vertically, and insert the oscillator. Align the
beam of light from the light barrier so that it passed through
the centre of the tube. The trigger threshold of the light barri-
er is set automatically after switch-on by pressing the RESET
button. Select the operating mode COUNT in order to deter-
mine the number n of oscillations of the oscillator. With the
reducing valve on the steel cylinder and the fine control valve
on the aspirator, set the flow rate of the gas so that the oscil-
lator oscillates symmetrically about the slit. The blue rings
serve as a guide for this purpose. If the centre of oscillation
clearly lies over the slit, and if the oscillation ceases when the
gas pressure is reduced slightly, then dust has evidently found
its way into the system and the glass tube must be cleaned
again.

The motion of the plastic body in the glass tube can produce
static charges which distort the readings. This effect can be
avoided by applying a thin coating of graphite to the oscillator.
The simplest way of doing this is to rub the oscillator with the
lead of a soft pencil. It may also be advantageous to treat the
glass tube with an antistatic agent, such as a 3% solution of
calcium chloride.

Important: The oscillator is a precision part and must be
treated with care accordingly. Insert the oscillator into the tube
only after the glas flow has been switched on, and place the
hand lightly over the opening of the tube until a constant
amplitude has been attained, in order to prevent the oscillator
from being ejected. If the oscillator becomes wedged on the
lower end of the tube, remove the glass tube and carefully
loosen the oscillator with the blunt end of a pencil.

It is advisable to measure a series of gases in order of their
specific gravities to ensure that each lighter gas is expelled
completely from the volume.

Measure the mass m of the oscillator by weighing. Measure
the diameter 2r of the oscillator carefully with a micrometer
gauge using the ratchet. If necessary, take the mean value
from several measurements at different positions, since the
result depends to a considerable extent on the accuracy of
this reading. The volume of the gas is determined on comple-
tion of the experiment by weighing: first weigh the glass flask
with precision tube empty, then fill it with water up to the slit
and weigh it again. Determine the volume from the density of
water (dependent on the water temperature). The volume can
also be determined by emptying the water into a graduated
measuring cylinder.

Theory and evaluation

In order to maintain a stable, undamped oscillation, the gas
escaping through the inevitable clearance between the preci-
sion glass tube and the oscillator is led back to the system via
a tube. Secondly, there is a small opening in the centre of the
glass tube. The oscillator may initially be located below the
opening. The gas flowing back into the system now causes a
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slight excess pressure to build up and this forces the oscilla-
tor upwards. As soon as the oscillator has cleared the open-
ing, the excess pressure escapes, the oscillator drops and the
process is repeated. In this way, the actual free oscillation is
superimposed by a small, inphase excitation.

If the body now swings out of the equilibrium position by the
small distance x, then p changes by Ap, and the expression
for the forces which occur is:
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Since the oscillatory process takes place relatively quickly, we
can regard it as being adiabatic and set up the adiabatic equa-
tion:

p - VX =const.

V = volume of gas

Differentiation gives

Ap = px_VAV @)

Substitution of (2), with AV = = r2x, in (1) now gives the dif-
ferential equation of the harmonic oscillator
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for which the known solution for the angular velocity w is:
2
0 = VX P @)
mV
Further, the periodic time of the oscillation,

T - 2T
w

(Time t for a large number n of oscillations is measured (stop
watch) and used to calculate period time T)
Hence

4mv ®)

The adiabatic coefficient can be predicted from the kinetic
theory of gases - irrespective of the type of gas - solely from
the number fof degrees of freedom of the gas molecule.

The number of degrees of freedom of the gas molecule is
dependent upon the number of atoms from which the mole-
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cule is composed. A monatomic gas has only 3 degrees of  With the values:
translation, a diatomic gas has an additional 2 degrees of rota-

tion, and triatomic gases have 3 degrees of rotational freedom m = 4.59 - 10‘3kg
and 3 of translational freedom, making 6 in all. vV = 114 - 103m?3
(The vibrational degrees of freedom are disregarded at the _ PP T R
temperatures under consideration). pL = 99.56 193 kg-m™ s
This means that from the kinetic theory of gases, and ir- © = 5.95-107"m
respective of the type of gas, the adiabatic coefficient is given
by: Ten measurements, each of about n = 300 oscillations, gave
for the adiabatic coefficients
X = f+2

f Argon X = 1.62 +0.09
For monatomic gases: f=3,X=167 Nitrogen x = 1.39 £0.07
For diatomic gases: f=5,X=1.40 Carbon dioxide x = 1.28 +0.08
For triatomic gases: f=6,X=1.33 Air x = 1.38+£0.08
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