Lecture 41
(CH12:2)
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39.0RGANIZE AND PLAN  We use the equation for linear expansion, ﬁLL— =oAT, and apply 1t in

the bone’s fong and short dimensions With Oliong and ciswer, and the corresponding
expansion coefficients. We need to convert the fever temperature to °C and subtract the
normal body temperature of 37.0°C from it, to get the temperature difference.

SOLVE
T(“C)z%(?’(“.‘ﬁ)-ﬁ}:—3(}04.&‘17f32):4{),3“C
ALy, = 0y, ATy L, =(8.9%10C)x(403-C=37.0C)(#3.2x102 m)=13x10" m ~ U 1 bnien

ALy = Oy ATy Ly = (5.4x105°C1)x(40.3°C-37.0C)x (2755107 m) = 49x10° m  ~_ f\

Reflect Both expansion coefficients for bone are significantly higher than the
coefficient for sieell D SR :
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47. ORGANIZE AND PLAN We use the equation for a two dimensional expansion,
A4

¥ 2a AT, and assume room temperature as 25°C. Since the temperature is increased,

the area of the hole will increase.
SOLVE The difference in surface is

E=2c2,' AT
A

Ad =20 ATA
Ad =20 AT A={0250 m*)x2x{1.7x10-5:C}(400°C~25°C}=3.19x10" m?

The new hole size is then:
Px‘k"\o(} @L\) ;Aﬂaﬂ ﬁ:cﬂzso m’ +3.19%107 m? = 0,253 m?

REFLECT The hole increased by a little over 1% 1n area.
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ORGANIZE AND PLAN  We use the equation for volume thermal expansion, % =B AT,

and solve for the change in volume.

SOLVE AV =g ATV =(9.5x10+°C7)x(39°C~12°C)x(3785L)=9.7L

REFLECT The gasoline expanded by about 2.5%, making the expansion tank absolutely
necessary.

34°C
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Figure 12.7
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49.0RGANIZE AND PLAN  First, we determine the molecular weights of the atoms and
molecules under questions. Then we usem =Mn, where M is the molecular weight and n is
the number of moles.
SOLVE
(a) m{Ar)=M(Ar) n=(40 g mol” )x(} mol)=40 g

(b) m(CO,)=M(CO,) n=(44 g mol)x(0.25 mol)=11 g (J( \l\ x4 (\l@ \) p @(\Mav\ v

(€) m(Ne)=M(Ne) n=(20 gmol”)x{2.6 mol}=52 g

{d) m('UF6)=M(UF6) n:(352gm01‘1)><(1.5 m01)=528g \}\KZSQ \ J( b ?)S‘ &NK\ N\ g‘(gl
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alecular Version

The ideal-Gas Law:
Sometimes it's more convenient to express the ideal-gas law in terms of the number of gas
molecules N instead of moles 2. Because n = N/N 4, where N4 is Avogadro’s number,
the ideal-gas law becomes PV = aRT = NRT/N 4.

The quantity R/N , defines Boltzmann’s constant, kg = R/N 4, so the ideal-gas law
becomes

PV = NkgT (Ideal-gas law, molecular version) (12.4)
Numerically, Boltzmann’s constant is kg = 1.38 X 10777 J/K. You can think of 1t as the
molecular gas constant, which plays the same role in this version of the ideal-gas law as

>4
.

the molar gas constant R plays in the version PV = nR7T




A 10 liter tank contains ideal gas at 30 °C and a pressure of 15 atm. How many moles of gas are in the
tank ?

Equation of state for ideal gas: p.V=nRTson= {PQV)!{R‘J}

Where p ~ pressure in Pa, V — volume in m?, n — number of moles, R — gas constant = 8.31 J.mal™ K*

and T—temperature in “K”. Note T [K] =T °C+ 273 =303 K. Also, note 1atm= 1.013x10° Pa and
1liter = 107 m’

Then n = (15x1.013x10° [Pa] x 10 [liters}x 107 [m®]) #(8.31 [J.mol™ K] x 303 [K]) = 6 moles
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ORGANIZE AND PLAN  We use Boyle’s law, which states that the product
of P and V is constant for a constant temperature and amount of gas.

Furthermore, we replace the volume as: V——m

SOLVE Q\} V\\z

J‘::1’.)e1"ore Vbefore =F after Vaﬁer
4 4
— 3= —_ 3
Pbufore 3 Thotore. ™ F, after 3 T e

3 — 3
Phefmerbefore - Pﬂﬁerraﬂcr f P
0.1 Z,\b

. P {1.00 atm)
raﬁer —-rhefom ; Paﬁar (0 12 m) i (085 a’tm)

REFLECT The change in radius of the balloon is small.r\/@?@ 0T~ T vy




A container fitted with a movable lid contains ideal gas at 50 °C, pressure of 5 atm and volume
of 2 m*. What would be the final temperature if the gas is compressed to 1 m® and the pressure
rises to 10 atm ?

Equation of state for ideal gas: p.V=n.R.T

So for the initial state: py.Vi=n.RT; Note, T, [K][=T°C+273=323K.
And for the final state: P, .V =nRT,

Therefore, {p;.V1 )//(pz Vo) =Ty /Ta

andisolating T, ={p,.Vx )lelﬂm . Vi)

Ty = (ps V2 XTa / (p1 . V1) = ( 10x1.013x10° [Pa] x1 m* x 323 [K] ) / (5x1.013x10° [Pa] x2 m®

Tz =327K



51. ORGANIZE AND PLAN  We use the 1deal gas law, solved for the number of
moles, », and multiply by Avogadro’s number, Ny, to get the actual number of molecules,

N. We need to calculate the volume and express all numbers in SI units. 0
SOLVE PV =nRT — \ ,_V
D \f - \f\ @\ V\ =
4 . .~
"SR ) AR

PV (101325 Pa)x (8.0 mx7.0 mx2.8 m) (602210 mol1) =393 x 107

N=nN, =~ N, =
RT (8314 TK™ mol")x(293.15K) e
T
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56. ORGANIZE AND PLAN (a) The number density is given by:

vor 0N = e
©

Vo kT
g‘i)@LI‘lg:d o comertTorrio e \Q§ Q o= i ¢ ot = 160w “& =\ 0w
(a) NG | e
’ ) \ Pe = 163 kofirs 107
N_P _(10_8 Torr)x(?.sooexlg—? TOHJASSXIOM
V okl (138x107 JK)x(293.15K)

C(\} C\Mg% \1 4
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60.

ORGANIZE AND PLAN  (a) We use the ideal gas law. We need to convert all
units to ST units and also calculate the volume of the cylinder using

v =4h=xr* h, where A and # are the area and height of the cylinder,
respectively. In part (b) we solve the ideal gas law for the volume and use
the result from part (1), since the number of gas moiecules is the same,

S
@ PN=n T

; 3
{180 aﬁn)x[‘—@?;ifi)gxxx(i}.l m?)x{1.0m)

nfair) =7 = (83141 K- mol ' Jx[298. 13 K) = 2312 mol
(b)
> i
i {air) = n};;v _ (2312 mol)x(8.314 ;’K mol )x(298.15K) . . .

« 101325 Pa
T2

D, ({0 st k. Coowe T2 208, 6¥

V‘7 ‘\5‘- leﬂ\%m
AT 298 S
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54,  ORGANIZE AND PLAN  We use the ideal gas law at two different
conditions and realize that the amount of gas and the volume at both conditions is the

same. _ ‘)ﬁ\}r’: Y\QT\ | p‘ - JT\

SoLVE For the two different conditions we obtain: - —_—
AR NCUPRES =~

m=p s L v
A
PV P, v L vz O V.=
o 5 9ST0A TS =l T2
B P ‘ e,
g:fi{iz(l’“ atm)x(298.15§.{):491’9K

P {1.00 atm)

kS




