Lecture 44
(Ch13:2)
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An iron rod of mass 0.5 kg is at temperature of 20 °C. How much heat, Q, in
Joules must it absorb so that its temperature raises to 80 °C ?

By definition Q = m.c.AT where specific heat of iron cp, = 449 J/(kg. °C)
Therefore, Q = (0.5 kg). (449).(80 —20) = 134701
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33.ORGANIZE AND PLAN  We know that the sum of the heat lost by the material and gained by
the water is zero: 0,,+0, =0, so we’ll use that to solve for the unknown specific heat: c,,.
The temperature changes for the material and the water are:

AT, =22.9°C-34.5C=-11.6C
AT, =229"C-18°C=4.9°C s Q -

Known: m,,=250g, m,=125¢g.
SOLVE Using the heat exchange and Equation 13.2:
myc, AT, (0.125 kg)(4186 Jkg C}4.9°C)

Cpp = =- = 8841 J/kg°C
my AT, (0.0250 kg)(~11.6°C)

REFLECT Looking through Table 13.1, there’s no material that matches this specific
heat. But of course this list is not exhaustive, so we shouldn’t be concerned.
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You have 300 g of coffee at 35 °C. How much 10 °C water do you need to add in
order to reduce the coffee’s temperature to a more bearable 49 °C 7 Note the
specific heat, ¢, of coffee and water are the same (¢ = 4186 1. kg.‘l."C’l)

Heat is exchanged between the hot coffee and the cold water, but the whole sysiem

does not lose or rece1ve heat. Therefore, 0, +Cu: =0 The temperature of the ”% |
coffee drops, while that of the added water rises: : '

AL, =45C—55C=-6C
AT, =49°C—-10°C =39°C

Knowsn: my,, =300 g

SoLVE The heat exchange is written:

th +Qco}d =m CA Tl;ot + H?midCATceld = 0

hat

The specific heat of coffee is the same as water, so the ¢’s will cancel out of
the equation. Solving for the cold water mass:
eom 2l (300 g)

Tiot

(=6°C)

" =40 g
(35C)

eold
wold
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Specific Heat of Gases

Gases have heat capacity and specific heat, but they're expressed ditferently than for solids
and Higquids. That's because o gas can change pressure and volume when heated, while
solids and Liguids undergo much less of those changes.

When a gas is heated. its temperature change depends on how much the pressure and
volume a:h‘-:stgn For this reason, there are two measures of a gas’s specific heat: at con-
stant volume and at constant pressure. Another difference is that gas specific heats are
asually given on a molar basis, rather than per unit nmass. Thus, the equations relating heat
flow ¢ to temperature change contain the number of moles # of the gas. For a constant-
volume process,

e,
L
L

pa—

Gxnc_}.?" ~ {Specific heat of ;fz .-,&;';ﬂ wn,s,{gmf
'""‘" \:’{:@Ium&&si a.smi J/’(’m(}l ‘”Q)}

where ¢y is the molar specific heat at constant volume. Similarly, for a constant-
PIESSIHE Process,

{‘%;}emm %’éﬂ‘iﬂ af’ a mx ;H i)ll‘ssiglﬂt

ure; St umg J{(mm “)C N

© (13.4)
- presst

Q L fiﬁ p .3@ [

where op 18 the molar speciﬁc heat at constant pressure. Table 13,2 shows some values
of ¢y and ¢p for selected gases. The units for both are J/{mol - “C}. Therefore, with 1 in
mot and AT m “C, the heat Q 15 in J,
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- ORGANIZE AND PLAN  The molar spemﬁc heat for a’[monatomic ;;-asiis
¢y =12.5 Jmgl-C for constant volume, and ¢, =20.8 ¥mol-C for constant pressure. To find the

tes, we divide the given heat capacity b)%fy and use that answer to find the
heat capacity at cotiStant-pressure

Known: €, =37573/°C. \\% ‘;f{]mraﬁ)h/ E)’;Z;

SOLVE (a) The number of moles is just: é("’”‘__“‘
n:CV~ 3754 =3.00 mol
¢, 12.5 Jmo

(b) The heat capacity at constant pressure is:
C, = ne, =(3.00 mol)}(20.8 I/mol-C)=62.4 J/-C

Rerrecy  Recall that the heat capacity at conston! prossute 15 greater than the heat
capacity at constant volume, This is because — in the constant pressure case — a given
amount of delivered energy goes into both increasing the thermal energy and increasing
the volume of the gas (i.e., the energy does work). In the constant volume case, the
delivered energy is only used to increase the thermal energy.
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o Wl TR
(OwE A 7y hewds Vb

ORGANIZE AND PLAN  We'll assume a constant volume of air in the house. We can find
the total number of moles using the ideal gas law ( PV=nRT ). We could then find the
number of moles of nitrogen and the number of moles of oxygen using the percentages
given. But they are both diatomic gases, so they have essentially the same molar specific
heat. In Table 13.3, the molar specific heat of air is given (¢, =20.8 J/mol*C ), so we’ll use
that to find the energy needed to raise the air temperature by one degree Celsius
(Equation 13.3).

AW A=T9mZ, A=23m, AT =TT, »=16¢/%Wn

SOLVE (a) The volume is the arca times the height (7 = 4h), and we assume that the
pressure is 1atm (or 101,325 Pa in SI units) and the room temperature is 20°C (or 293 K)).
So the total number of moles 1s:

__PY_ (101325 Pa190 w)23m) oo \3 Ve W

TR @315 Vmol K293 K) AV T IV »

You could also come to a similar result by using the fact that the molar volume of an
ideal gas is 22.4 L/mol at standard temperature and pressure, but that would be assuming
the house is a very chilly 0°C to begin with. Plugging the total moles into Equation 13.3:

O = ne, AT =(18,200 mol)(20.8 Jmol"C)(1°C) =3.79x10° J

(b) The cost of this much energy 1s:

C=r0 :(16¢/kWh)(3.79><1051)[1 fﬂ 1 kWh }:1.7;5

(1000 W)(60-60 s}

3 = wr
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ORGANIZE AND PLAN  The equipartition theorem states that each degree of freedom in a
substance adds R/2 to the molar specific heat, where R=28315 J/mol-C is the molar gas

constant. ldeally, the vibrations of copper atoms inside a solid piece of copper account for
6 degrees of freedom, so the specific of heat should be 3R, We are simply asked to
convert this into a specific heat using the molar mass of copper: M =63.6 gimol.
SOLVE Using the values given, the specific heat of copper is; <——————

3R ABASYmelil)
=T el A =392 )ik T I
¢ lw  (0.0636 kg/mol) £ C

This is slightly higher than the value in Table 13.1; ¢=385 Jkg'C.
REFLECT The fact that the derived specific heat is slightly higher than the actual value
implies that copper atoms have slightly less than 6 degrees of freedom. They may be
partly comnstrained in their vibrations.
Cv
et
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51. ORGANIZE AND PLAN Water boils at 100°C, so we’ll use Equation 13.2 (
0= meAT ) to calculate how much heat is needed to bring the water up to that
temperature. The time it takes to reach boiling is just the heat delivered
divided by the kettle’s power: :=g/p, where recall that W =J/s.

Known: p=1250 W, V,,,=10L, 7,=20°C, 7, =100"C,

SOLVE The temperature change in tfle water is: A7=7,-7,=80-C, and given
that the density of water is 1.00 g/mL, the mass of 1.0 Lis1.0 kg. The heat
needed to bring this much water to boil is:

O = meAT = (1.0 kg)(4186 Tkg°C)(80°C) =3.3x 10° J

The time it takes the kettle to deliver this much heat is: @\ Q
(2@ BICD e \?,3_;1,\1 =M 5t —
P (1250 W) ) ¥ —""t“ %

REFLECT This is about 4 and half minutes, which seems reasonable for
bringing that much water to boil. Notice that the time could be longer
because some of the heat may escape.



