Question 1.

Estimate how much energy input by heating was
transferredinto the nitrogen.

Phase change liquid to vapor (constant volume)

Neglect airincontainerforenergy calculations

Mostly vapor by volume
Mostly liquid by mass

Nitrogenvapor heating Nitrogenvapor

Q1
_—

Liquid nitrogen

Temperature =77K Temperature increases
Pressure =1 atm Pressureincreases
Volume =2L Volume =2L

Mass of 50 ml of liquid nitrogen
m = pV =(0.808g/ml)(50ml) = 40.4 grams

*Energy input by heating
Qi = mL, = (40.4g)(199J/g) = 8040 )
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Heating nitrogen vapor to 300K (80°F)

Nitrogenvapor heating Nitrogenvapor

Q
—_—

Temperature =T, assume about 77K Temperature =300K
Pressure =P Pressureincreases
Volume =2L Volume =2L + alittle (containerexpands)

*Energy input by heating (constant volume)
Q2 = mc,AT = (40.4g)(0.743J/gK)(300K-77K) = 6700 J

Estimate for total amount of energy input by heating
Q=Q:+Q; =14,740)

About 15,000 J

*Approximations where made to simplify the calculations. The phase change did not occurunder
constanttemperature or pressure. The heating of the nitrogen vapor starts at a highertemperature
then 77K. Also the specificheat at constant volume changes a bit with temperature The airinthe
contain was not considered in these energy calculations. Even with these approximations, I think the

result of several thousandJoulesisagood estimate.
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