Systematic use of solar energy can yield a large saving in
the cost of winter space heating for a typical house in the
north central United States. If the house has good insula-
lion, you may model it as losing energy by heat steadily at
the rate 6 000 W on a day in April when the average exte-
rior temperature is 4°C, and when the conventional heat-
ing system is not used at all. The passive solar energy col-
lector can consist simply of very large windows in a room
facing south. Sunlight shining in during the daytime is ab-
sorbed by the floor, interior walls, and objects in the room,
raising their temperature to 38°C. As the sun goes down,
msulating draperies or shutters are closed over the win-
dows. During the period between 5:00 P.M. and 7:00 A.M.
the temperature of the house will drop, and a sufficiently
large “thermal mass™ is required to keep it from dropping
too far. The thermal mass can be a large quantity of stone
(with specific heat 850 J/kg - °C) in the floor and the inte-
rior walls exposed to sunlight. What mass of stone is re-
quired if the temperature is not to drop below 18°C
overnight?

NHS- We imagine the stone energy reservoir has a large area in contact with air and is always at nearly the
same temperature as the air. Its overnight loss of energy is described by
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The specibc heat capacity of Rotini Tricolore (a type of pasta) is approximately 1.8 J/
gUC. Suppose you toss 340 g of this pasta (at 250C) into 1.5 liters of boiling water. What
effect does this have on the temperature of water (before there is time for the stove to
provide more heat)?

Use: ! Cwater = 4.186 J/g0C
[ denSitywater =1 g/ml

your 200-g cup of tea is boiling hot. About how much ice should you add to bring it down
to a comfortable sipping temperature of 650C? (Assume that ice is initially at -150C. The
specibc heat capacity of ice is 0.5 cal/giC)

Use: 1 cal = 4.186 J! Cwater = 4.186 J/guC

Hint: brst ice will be heated to O0C, then it will melt.




One mole of an ideal gas is heated slowly so that it goes from the PV state (Pi, Vi) to
(3Pi, 3Vi) in such a way that the pressure is directly proportional to the volume.

¥ How much work is done on the gas in this process?
¥ How is the temperature of the gas related to its volume during this process?
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Temperature must be proportional to the square of volume, rising to nine times its original
value.

A sample of an ideal gas goes through the process shown in Figure P20.32. FronA to B,
the process is adiabatic; fromB to C, it is isobaric with

100 kJ of energy entering the system by heat. FronC to D, the process is isothermal;
from D to A, it is isobaric with 150 kJ of energy leaving the system by heat. Determine
the difference in internal energy Eint,g D Bt .
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Wpa =-Pp %— Vb &.—1.00 atm !0.200 -1.20 m’
=+101 kJ
1
Eine A — Einp = ~150 K + 101 19" = 487 1
1 1 1
Now, Eini, g~ Eint, o = —[ Eint, ¢ = Eint, 8 (+ Eint, 0 = Eint, ¢ (+ Eint, o = Eint, D q

Eine 5 — Eint 4 = -[579 KJ +0-48.7 K]] =



An ideal gas is carried through a thermodynamic cycle consisting of two isobaric and
two isothermal processes as shown in Figure P20.69. Show that the net work done on
the gas in the entire cycle is given by
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