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1.) Multiple Choice (21 pts.)
For each statement below, circle the correct answer (TRUE or FALSE, no reasoning required).

(a) When increasing t, teq) in a string, the wave speed on the string decreases.
TRUE FALSE

(b) When increasing the equilibrium temperature of a black body from 40°F to 80°F, the

radiated power of sody increases by a factor 24
TRUE @

(c) The total internal energy of an ideal gas amounts to the sum of the kinetic energies of all

olecales in the gas.
TRUE FALSE

(d) At room temperature, the average speed of hydrogén molecules (my, = 2u) is smaller

than the average s itrogen molecules (mpy, = 28u).
TRUE FALSE

(e) Spontancous heat flow increases the entropy of the Universe.
% FALSE
(f) axnot engine operates with reversible processes only.
TRUE FALSE

oes adiabatic expansion work, the total entropy of the universe does not increase.
FALSE
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2.) Doppler Effect (18 pts.)
A police car, with its siren on, is approaching a tunnel (which passes through a mountain) with

a speed of 105mph. At rest, the siren emits a pure tone of frequency 1200H z. An observer is
standing next to the tunnel entrance. [Iqw%](lm/s:z%mph)

(a) What is the frequency of the siren tone that the observer hears?

2W]
(b) If the siren emits sound with a power of 1W and the car is 1km away from the observer,

with what intensity level does the observer hear the siren (assume the sound wave to be
a spherical wave)?

(¢) The siren tone is reflected from the mountain back to the police officer in the car. With
what frequency does the police officer hear the reflected siren sound?

- \ —
o ~ = K ' 1
oot oy nume) ek

P | W -8 W
i: S = ‘796*‘0 v,‘lﬂ'?-

A LT (loom)?

B oot g (5) = Lad® [s208]

Vo ~
g"‘&: '{70 “\ & - 157 Ha) [ RwHEl



Otz |
3.) Calorimetry and Entropy Production 10: 18 pts.)
A thirsty student prepares himself an ice tea by mixing 1.5kg of tea with 0.&kg of ice in a
perfectly insulating Aggie cup. The initial temperature of the tea is 30°C, while the initial
temperature of the ice is -10°C. Neglect the heat capacity of the cup, and assume the heat
capacity of the tea to be equal to that of water. (specific heat capacity of water and ice:
Cyater = 4186.J/(kg-C°), ¢ice = 2000.J/(kg-C°), latent heat of fusion for water: L, = 33408Q.J/kg).
2™/
(a) After equilibration, what is the final temperature of the mixture? 234000
(b) What is the amount of net heat transfered from the ice/water to the tea?

(¢) Calculate the entropy changes of the tea and of the ice/water (using their average tem-
peratures in the process), as well as the total change in entropy. Is the total consistent
with the second law of thermodynamics?
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4.) Adiabatic Ezpansion N (15 pts.)
In the p-V diagram shown below, 110 of work was done by.an 1deal monatomic gas (v = 5/3)
during an adiabatic process (i.e., @ = 0). 0.6 wol

[0.8 mol]

(a) By how many joules did the internal energy of the gas change (include the proper
plus/minus sign)?

(b) What was the initial volume of the gas?

(¢) What are the initial and final temperature of the gas?
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5.) Carnot Engine ) - (15 pts.)
In each cycle, a power plant extracts 7000J of energy from a hot reservoir at a temperature
of 250:(?; while dumping an unknown amount of heat into the environment which is at a

( . :
temg%ra ure of 25°C. Assume the heat engine to be a Carnot engine.

(a) What is the thermal efficiency of the engine?
(b) How much mechanical work does the engine perform in each cycle?

(¢) How much heat is dumped into the environment in each cycle?
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6.) Ideal Gas Ezpansion [6=31 - (647 pts.)

A fixed amount of Helium gas expands slowly doing 4007 of work in the process (assume Helium

to be an ideal monatomic gas). Find the heat added to the gas and the change in internal energy
if the expansion proceeds

(a) isothermal, (T= Cb:w’ﬁl}
(b) isobaric. ( E-:_ C@Vvﬁ‘{“)
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