Lecture 45
- (Ch13:3)
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45, You mix 18 kg of water at 25 °C with 6 kg of water at 2 °C, what is the final

temperature ?

All we can say is that the hotter water changes temperature by: AT, =7,-25C, while the
colder water changes temperature by: A7, =T, ~2.0C. We will be able to solve for 7,
using Equation 13.2,

ie. Q=cm AT

and the fact that the heat lost by the hot water is gained by the cold water: 0, =-Q.
assuming of course that no heat is lost to the surroundings.

Known: m,, =18 ke, m, =6 kg and Cuaer— 4186 J/(kg.°C) (Table 13.1)

SOLVE The equal but opposite heat exchange implies:

O = Cga = My =1, CAT

Solving for the final temperature:

6 kg .
T, ~25C=——(1,~20°C) = T,;=19°C
d Bke ! ) d




57,

§@% N, ok PR g b b 5?0

T@’(i/’ ??

ORGANIZE AND PLAN  The nitrogen starts off colder, so it will gain heat from the
helium: (@, =-0,, ). We’ll assume that the gases are combined under fixed pressure, so
that the heat gained or lost will come from Equation 8.4: 0 =nc,AT. The molar specific
heats can be taken from Table 13.2 for nitrogen { ¢, =29.1 Jmol-C ) and for helium (

¢y, =208 FmolC ). We'll need to convert the given masses into moles, and write the

temperature change for the nitrogen as:; AT, =7, -25'C, and the helium as: AT, =T, -45°C.
Known: m,=56g, m, =12¢g
SOLVE  The equal but opposite heat exchange nmplies: S (DC‘IS N\ AN Pa g

-y =+QH9 = myeyAly ="‘A"HecﬁeATHe \l% “{ \(\ L{i
The molar masses are 28 g/mol for nitrogen gas and 4 g/mol for heliuin gas, so the Viq

number of moles are 2 mol of nitrogen and 3 mol of helium. Solving for the final
equﬂlbnum tem erature:

N2 Wy =
{5 = ¢ . (3 moD(0.8 Jfmol-C) (/‘::5} | o To3sc N, )
A R o (@91 Vol ) iy W \%,%

REFLECT The answer makes sense, since the final temperature is halfway between the
initial temperatures of the nitrogen and the helium. If you assumed that the gases were
mixed with constant volume, the result would be practically the same: T, =34°C. This is
because the ratio of the molar specific heats (¢, /¢, ) 1s practically the same for constant
volume and constant pressure.
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How much heat, Q, is required to melt 500 g of ice at 0 °C ?
By definition Q = mL¢ where the heat of fusion of ice is L, =3.33 x 10° Jkg
Therefore, Q = (0.5 kg). (3.33 x 10°) = 166.5 kJ
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ORGANIZE AND PLAN  The copper is in liquid form, so energy must be removed from 1t
to cause it to solidify. This loss of heat is from Equation 13.5: Q =-ml,, where we have QT
included a negative sign to signify that this is heat taken away from the copper. The latent

heat of fusion for copper from Table 13.3 is: 7, =2.05x10° ¥kg. Once it turns completely ~—

solid, the copper temperature will be at its melting point: 7,=1084C from Table 13.3. As \

it cools to 600°C, the heat removed from the copper will be ¢=meAT, where the specific

heat of copper from Table 13.1 is: ¢ =385 J/kg°C. In the end we will sum these two l% %
Known: m=15 g,\ AT =600°C —1084°C = -484°C.
SOLVE The energy removed while

Prer is solidifying is:
e
Q= —mL = —~(0.015 kg)(2.05x10° Jkg)=~3100 §
— L
The energy removed while it is coeling is: \ W&? W 33

P

Q= meAT = (0.015 ke)(385 Tkge C)(~484°C) = 2800 ]

Bt

The total energy removed is: % \ AT

Q. =-3100J 2800 F =-5900J

REFLECT The energies are all negative, as they should be, because they represent heat
loss from the copper.
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70. ORGANIZE AND PLAN  We can do part (a) without knowing the mass. We just take the
ratio of the heat of vaporization to the heat of fusion for water. For part (b), we can invert
Equation 13.3: m=0,/L, to find the mass.
Known: Q, =9.53 ki,
SOLVE (a) Because the mass is the same in both the melting and the boiling, we can
relate the heats of transformation and thereby solve for the energy needed to boil the

water; 7 \\—W\/&y@\(; %@\R'OL\ % "
\6K1 \N\L W 2 —%:%i > QW:%QI=2M(9.S3H):64.7RJ Oﬂp.‘ h%

3.33x10° Jkg

L Dy
.W\:LQ,@\«X)(J (b) Finding the mass: ) 1() WSS / )
o es /\‘ 7 W\Qﬂt\hﬁ/

m P e
L. 333x10° Jkeg

29g

REFLECT Boiling the water take more energy than melting because the latent heat of
vaporization is almost 7 times larger than the latent heat of fusion.
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