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19.11.

IDENTIFY: Part ab is isochoric, but bc is not any of the familiar processes.
SETUP: pV =nRT determines the Kelvin temperature of the gas. The work done in the process is the

area under the curve in the p¥ diagram. Q is positive since heat goes into the gas. 1 atm =1.013 x 10’ Pa.

1L=1x10"m’ AU=0-W.

EXECUTE: (a) The lowest 7 occurs when p7 has its smallest value. This is at point a, and

7 = Pda _ (020 am)(1.013 10° Pa/atm)(2.0 L)(1.0 x 107 m*/L)
“ nR (0.0175 mol)(8.315 J/mol -K)

(b)atob: AV=0soW=0.

b fo c: The work done by the gas is positive since the volume increases. The magnitude of the work is the

area under the curve so W = %(0.50 atm + 0.30 atm)(6.0 L-2.0 L) and

=278 K.

W =(1.6 L-atm)(1 x 10~ m*/L)(1.013x 10° Pa/atm) =162 J.
(¢)Forabe, W=1621. AU=0Q -W =215 -162]=531].

EVALUATE: 215 J of heat energy went into the gas. 53 J of energy stayed in the gas as increased internal
energy and 162 J left the gas as work done by the gas on its surroundings.
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19.18. IDENTIFY: For constant volume QO =nC,AT. For constant pressure, O = nC,AT. For any process of
an ideal gas, AU =nC,AT.
SETUP: R=8.315 J/mol-K. For helium, C, =12.47 J/mol-K and CP =20.78 J/mol - K.
EXECUTE: (a) O=nC,AT =(0.0100 mol)(12.47 J/mol-K)(40.0 K) =4.99]J. The pV-diagram is
sketched in Figure 19.18a.
(b) O=nC,AT =(0.0100 mol)(20.78 J/mol- K)(40.0 K) =8.31 J. The pV-diagram is sketched in
Figure 19.18b.
(¢) More heat is required for the constant pressure process. AU is the same in both cases. For constant
volume W =0 and for constant pressure 7 > 0. The additional heat energy required for constant
pressure goes into expansion work.
(d) AU=nC,AT=4.9917 for both processes. AU is path independent and for an ideal gas depends
only on AT.
EVALUATE: C,=GCy+R, so C,>Cy.
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19.33.

IDENTIFY and SET Ur: For an 1dea1 gas pV nRT The work done is the area under the path in the

pV-diagram.
EXECUTE: (a) The product pV increases and this indicates a temperature increase.

(b) The work is the area in the p/” plane bounded by the blue line representing the process and the
verticals at V, and V. The area of this trapezoid is

%(pb +p )V =V,)= %(2.53>< 10° Pa)(0.0400 m*) =5060 J.

EVALUATE: The work done is the average pressure, %( Py + o), times the volume increase.
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15.4.

IDENTIFY: The fisherman observes the amplitude. wavelength. and period of the waves.

SET Up: The time from the highest displacement to lowest displacement is 7/2. The distance from
highest displacement to lowest displacement is 24. The distance between wave crests is 4. and the
speed of the waves is v=fA=A/T.

8.0m

6.0s

(b) 4=(0.69 m)/2=0.345 m which rounds to 0.35 m..

(¢) The amplitude becomes 0.175 m but the wavelength, period and wave speed are unchanged.
Evarvate: The wavelength, period and wave speed are independent of the amplitude of the wave.

ExXECUTE: (a) T=2(3.05)=6.0s. 1=8.0m. v= =133 m/s.
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15.46. IpENTIFY: Compare y(x. ) given in the problem to the general form y(x.r) = Acos(kx — wt).
SET Up: The comparison gives 4=0.750 cm. & =0.4007 rad/cm and o =250 rad/s.
EXECUTE: () 4=0.750 cm, A= =500cm, f=125Hz, T= % =0.00800 s and
v=Af=6.25ms.

(b) The sketches of the shape of the rope at each time are given in Figure 15.46.
(¢) To stay with a wavefront as 7 increases, x decreases and so the wave is moving in the —x-direction.

(d) From v=JF/y. the tension is F = zn* = (0.050 kg/m)(6.25 m/s)* =1.95 N.
© B, =iJuFo’4 =542 W.
EvaLvate: The argument of the cosine is (kx + @t) for a wave traveling in the —-direction, and that is the case

2
0.400 rad/cm

here.
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17.84. IDENTIFY: O,y =0. Assume that the normal melting point of iron is above 745°C so the iron initially
is solid.
SETUP: For water, ¢ =4190 J/kg-K and L, =2256x 10° J/kg. For solid iron, ¢ =470 J/kg-K.
EXECUTE: The heat released when the iron slug cools to 100°C is Q = mcAT =

(0.1000 kg)(470 J/kg - K)(645 K) =3.03x10* J. The heat absorbed when the temperature of the water is
raised to 100°C is O =mcAT = (0.0650 kg)(4190 J/kg-K)(80.0 K) =2.18 x10* J. This is less than the heat

released from the iron and 3.03x10* J—2.18x10* T=8.51x10° T of heat is available for converting some of
the liquid water at 100°C to vapor. The mass m of water that boils is
8.51x10° J 3

m=——————=377x10"" kg=3.772 g.

2256x10° J/kg
(a) The final temperature is 100°C.
(b) There is 65.0 g—3.772 g=61.2 g of liquid water remaining, so the final mass of the iron and
remaining water is 161.2 g.
EVALUATE: If we ignore the phase change of the water and write
My Ciron (I = T45°C) + Mg Crvater (T — 20.0°C) = 0, when we solve for 7" we will get a value slightly

larger than 100°C. That result is unphysical and tells us that some of the water changes phase.




