
Homework 1 for Physics 1320 January 21, 2023
Due Friday, January 27th.

1. The speed of sound in air,

v =

s
B

�
;

is given by the square root of the ratio of the bulk modulus B to the mass
density �. Assuming ideal gas behavior, for sound waves in the audible range,
the bulk modulus,

B = �V
�
dP

dV

�
T

;

is enhanced by the "adiabatic exponent"  = 7=5 for a diatomic gas (air is
mostly N2 and O2):
(a) Obtain expressions for B and � and from the ideal gas law, and show

that the speed of sound in air increases as the square root of the ratio of the
temperature T (in Kelvin) to the molecular weight M0 (in kg per mole),

v =

s
7
5RT

M0
:

Substitute the average molecular weight for air (80% N2 and 20% O2) and calcu-
late the speed of sound at room temperature (70 �F = 294 K). Compare your re-
sult to the national weather service calculator: https://www.weather.gov/epz/wxcalc_speedofsound.
(b) The room temperature speed of sound in a diatomic gas composed of a

single element is measured to be 220 m/s. What is the molecular weight? Use
the periodic table to �nd the element.
2. At 70 degrees F, how many moles of oxygen are contained in a cubic

meter at sea level? How many moles of oxygen are contained in a cubic meter
at the top of the Sandias (elevation 10,677 feet)? Use Laplace�s law of isothermal
atmospheres, and assume that air is 20% oxygen.
3. Suppose that in the Magdeburg hemisphere demonstration we replace

the hollow sphere with radius of 2 inches with a hollow tri-axial ellipsoid with
semi-axis lengths a = 1 in, b = 2 in, and c = 3 in. The ellipsoid is bisected
into two equal halves and the seams are sealed with grease. When the ellipsoid
is evacuated, what is the force (in lbs) needed to pull the halves apart (at sea
level)? Does it matter whether the ellipsoid is bisected in the ab plane, the ac
plane, or the bc plane?
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4.

Use the computer (i.e. DESMOS - the online graphing calculator) to make
a graph of P (in Pa) vs V (in cubic meters) for a mole of diatomic oxygen at
the critical temperature of 154.6 K. Take your range in volume to go from 0
to 6 � 10�4 m3; and take your range in pressure to go from 0 to 6 � 106 Pa.
Superimpose a second curve showing the isotherm when the gas is three degrees
warmer; 157.6 K. You can �nd the coordinates (V,P) of a point on the graph
in DESMOS by just clicking on the curve. Use two closely-spaced points to
estimate the isothermal compressibility at a volume of 0.0001 m3 for 157.6 K
and compare this with the compressibility at 154.6 K for the same volume.
5. 5 moles of ideal gas at 300 K and initially at 4 atm is compressed isother-

mally and reversibly to a �nal pressure of 10 atm. Calculate W; �U; and Q in
Joules.
6. The same gas in problem 5, starting in the same initial state, is compressed

isothermally by a constant external pressure of 10 atm, to a �nal pressure of 10
atm. Calculate W; �U; and Q in Joules for this irreversible process.
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7. The same �uid as in problems 5 and 6, starting in the same initial state,
is compressed isothermally to a �nal pressure of 10 atm. The process is carried
out in 3 stages. First the gas is compressed by a constant pressure of 6 atm,
to 6 atm. Then the gas is compressed by a constant pressure of 8 atm, to 8
atm. Finally, the gas is compressed by a constant pressure of 10 atm, to 10 atm.
Calculate W; �U; and Q in Joules for the 3-step process. How do your answers
compare to those you obtained for problems 5 and 6 above?
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