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ﬁ,l @. A 0.020-kilogram sample of a material is initially a solid at a temperature of 20°C. Heat is added to the sample *
at a constant rate of 100 joules per second until the temperature increases to 60°C. The graph above represents
00 .Lthe temperature of the sample as a function of time.
1000/

"" (a) Calculate the specific heat of the solid sample in units of joules per kilogram °C.
(; )(\Q"‘ ‘3(*3 (b) Calculate the latent heat of fusion of the sample at its melting point in units of joules per killogram,

(c) Referring to the three intervals 4B, BC.and CD shown on the graph. select the interval or intervals
on the graph during which:

AR CD

i. the average kinetic energy of the molecules of the sample is increasing

AR 8CCO i—the-eptropyofthesamplerrrncreasing




® 2

o.

o+

An ideal gas initially has pressure p,, volume V,, and absolute temperature Ty
series of processes:

I. It is heated, at constant volume, until it reaches a pressure 2p,.
I1. It is heated, at constant pressure, until it reaches a volume 3 V.
I11. It is cooled, at constant volume, until it reaches a pressure py.
IV. It is cooled, at constant pressure, until it reaches a volume V.

(a) On the axes below

i. draw the pV diagram representing the series of processes;

. It then undergoes the following

ii. label each end point with the appropriate value of absolute temperature in terms of To.
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(b) For this series of processes, determine the following in terms of po and V.

i. The net work done by the gas  * PV,
ii. The net change in internal energy — o
iii. The net heat absorbed
5 -4 PSS V°
R (¢) Given that Cp =z
* and V,. 2

ae = n CaY :*n%RL‘IT.) = 194k,

3 R and Cy = = R, determine the heat transferred during process 2 in terms of p

2 M0 PeVy
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500 K
200 K

ﬁ» % §. The pV-diagram above represents the states of an ideal gas during one cycle of operation of a 1eversible heat
engine. The cycle consists of the following four processes.

Process Nature of Process
sl A AB Constant temperature (T, = 500 K)
BC Adiabatic
CD Constant temperature (T, =200 K)
DA Adiabatic

, ?.,/7_ During process 4 B. the volume of the gas increases from ¥, to 2}, and the gas absorbs 1.000 joules of heat.
Ra= . . ‘ _
(a) The pressure at 4 is p,. Determine the pressure at B.

\QQOS (b) Using the first law of thermodynamics, determine the work performed by or on the gas during the
process AB. '

\nLseu>® ) During the process 4B. does the entropy of the gas increase, decrease. or remain unchanged? Justify vour
answer. © Pvigye

L\QQS (d) Calculate the heat Q. given off by the gas in the process CD.

(¢) During the full cycle ABCDA. is the total work the gas performs on its surroundings positive, negative, or
i wdd‘ zero? Justify your answer.””
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ﬁ; L‘ €. Onc mole of an ideal monatomic gas, initially at point A4 at a pressure of 1.0 x 10° newtons per meter squared and
a volume of 25 x 10~ ? meter cubed, is taken through a 3-process cycle, as shown in the pV diagram above. Each
process is done slowly and reversibly. For a monatomic gas, the-heat capacities for constant volume and constant
pressure are, respectively, Cy = (3/2)R and Cp = (5/2)R, where R is the universal gas constant, 8.32 J/mole - K.

Determine each of the following: 3e0% (ook b%0K
(2) the temperature of the gas at each of the vertices, 4, B, and C, of the triangular cycle
\1503 (b) the net work done by the gas for one cycle '
2% aS (c) the net heat absorbed by the gas for one full cycle
24 03 (d) the heat given off by-the gas for the third process from C to 4
\# (¢) the efTiciency of the cycle
]
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) ﬁ S 8. A freezer contains 20 kilograms of food with a specific heat of 2 x 10° ‘k_g—J‘.'E The temperature inside the freezer
is initially — 5° C. The freezer motor then operates for 10 minutes, reducing the temperature to - 8° C.
\.1¥ (0“3 (a) How much heat is removed from the food during this time?
The freezer motor operates at 400 watts.
‘ 2-‘1 g‘g‘ J (b) How much energy is delivered to the freezer motor during the 10-minute period?
LYl 09-5 (c) During this time, how much total heat is ejected into the room in which the freezer is located?
3. (d) Determine the temperature change in the room if the specific heat of air is 700 Fg—J;C Assume there are
LH. C 80 kilograms of air ip the room, the volume of the air is constant, and there is no heat loss from the

room.
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. oq-‘l (a) What is the idea] (Carnot) efficiency of the plant?

wkb) I the plant generates useful ener
\ 250N

gy at the rate of 100 megawatts while operatin
found in pan (a),

at what rate is heat given off 1o the surroundings?

3 \6 (¢) A nuclear power plant operates with an overall efficiency of 40 percent. At what rate must mass be

13 1 converied into energy 10 give the same 100-megawatt output as the ocean power plant above? Express
M/S your answer in kilograms per second.

8 With the efficiency

The diagram below represents the Carnot cycle for a simple reversible (Carnot) engine

in which a fixed amount
of gas, originally at pressure p, and volume Vo, follows the path 4BCDA.

Pressure

Pot A4(Vo, po)

s

o

(d) In the chant below, for each pan of the cycle indicate with
Q and temperature change AT are positive,
heat is added 1o the gas,and AT js positive

» =, or 0 whether the heat transferred
negative, or Zero, respectively. (Q is positive when
when the temperature of the gas increases.)
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