Thermodynamics

WORKSHEET #2

Name:

1. A 148 kg bear runs up a hill that has a slope of 18.0° to the horizontal. The critter travels 1250 m in
105 seconds. (a) How much work did the bear do on itself? (b) How much power did the bear
develop?

a. W= APE = 148 kg - 9.8 m/s® - (1250 - sin 18°) = 560,248 J = |560 000 J or 560 kJ
b. P= W/t =560,248 J/105 s = 5335.695238 W = |5340 W or 5.34 kW

2. 3450 J of energy are required to raise the temperature of a chunk of copper from 23.0 °C to 315 °C.
The specific heat of copper is 0.39 J/g-K. What is the mass of the copper?

Q = mcAT
m = Q/cAT = 3450 J/ (0.39 T/gK - 292 K) = 30.2950474 g =

3. A single pane window is 25 mm thick. It measures 1.2 m by 2.5 m. One side of the window is 25 °C
and the other side is - 22 °C. How much heat is lost through the window in 24 hours?

H=(k-A-AT)L
Q=t-(k-A-AT)/L=86,400s - (0.84 J/sm°C - 3 m? - 47 °C)/0.025 m
= 409,328,640 T = |410 000 000 J or 410 MJ]|

4. Convert 25.6 °C to kelvins.

256 °C+ 273 =

5. Convert 112 °F to kelvins.

(112 °F - 32 °F) - 5/9 +273 = |317.4K



10.

A scuba tank contains 2.35 L of air at 22.1 °C and 1.00 atm. What is the pressure in the tank if the
temperature is increased to 128 °C?

P.V/T,=P,V,/T,
1.00 atm - 2.35L/295.1 K= P, - 2.35 L/401 K

P, = 1.3588614 atm =

What is the average kinetic energy per molecule of a tank of oxygen gas at 25.0 °C?

Kug =3/2 Ky T=15-138x107 J/K- 298 K = 6.1686x10 ' J = |6.17x10% J

How much heat does it take to melt 1.25 kg of ice?

Q = 333 kJ/kg - 1.25 kg = 416.25 kJ = | 416 kJ

How much heat is required to vaporize 7.85 kg of water that is at a temperature of 25.9 °C?

First, water needs to be heated to boiling point, then converted to steam.
Quer = 7.85 kg - 4.186 kJ/kg-K - 74.1 K = 2435 kJ
Quoi = 7.85 kg - 2260 kJ/kg = 17,741 kI

Qu; = 2435 kJ +17,741kJ = 20,176 kJ = [20 200 kT or 20.2 MJ]|

A 40.0 Q resistor is embedded in 0.200 kg of some substance. The resistor is part of a circuit and has

a voltage of 60.0 V applied to it. Find (a) The current in the resistor. (b) The rate at which heat is
generated in the resistor. (c) It takes 4.00 minutes to raise the temperature of the substance from
20.0° to 80.0°, calculate the specific heat of the substance.

a. I=V/R=600V/400 0= [150 A

b.P=V-I=600V-150A-= 90.0W|
c. Q=mcAT

¢ = Q/mAT = (90.0 W - 240 5)/(200. g - 60.0 °C) = |1.80 J/g-°C




11. Students are designing an experiment to demonstrate the conversion of mechanical energy into
thermal energy. They have designed the apparatus shown in the figures below. Small lead beads of
total mass M and specific heat c fill the lower hollow sphere. The valves between the spheres and the
hollow tube can be opened or closed to control the flow of the lead beads. Initially both valves are
open.

a) The lower valve is closed and a student turns the
apparatus 180° about a horizontal axis, so that the
filled sphere is now on top. This elevates the center
of mass of the lead beads by a vertical distance h.
What minimum amount of work must the student do
to accomplish this? i
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b) The valve is now opened and the lead beads tumble
down the hollow tube into the other hollow sphere. If
all of the gravitational potential energy is converted L
into thermal energy in the lead beads, what is the : Hollow Sphere
temperature increase of the lead? Lead Beads

c) The values of M, h, and c for the student’s apparatus are M= 3.0 kg, h=2.00 mand ¢ = 128
J/(kg-K). The students measure the initial temperature of the lead beads and then conduct 100
repetitions of the “elevate and drain” process. Again, assume that all of the gravitational potential
energy is converted into thermal energy in the lead beads. Calculate the theoretical cumulative
temperature increase after the 100 repetitions.

d) Suppose that the experiment were conducted using smaller reservoirs, so that M was one-tenth as
large (but h was unchanged). Would your answers to parts (b) and (c) be changed? If so, in what
way, and why? If not, why not?

e) When the experiment is actually done, the temperature increase is less than calculated in part (c).
Identify a physical effect that might account for this discrepancy and explain why it lowers the

temperature.
a. Ws’rud: APEbzauds = mgAh =
b. Q = mcAT

Mgh= McAT

AT
c. AT= gh/c = 9.8 m/s* - 2.00 m/128 J/kgK = 0.153 K - 100 reps =

d. Smaller amounts of lead would not change the answers to b) and c). Less lead would take less
energy to heat, but there would be correspondingly less potential energy to start with.

e. If the temperature increase is less than the calculated ideal, that means part of the energy
went somewhere else like heating the vessel, heating the air, making noise as the beads fall,
efc.



