13=5 Thermal Stresses

=23 (1) An aluminen bar has the desited keagth when @l
15°C, How much stress i reguired to Eeep it ol this length
if the emperature increases to 33°CT

24, (I1) [.u']‘.-i. hasrooomtal steel 1-bean of cross-sedional area
M) m® is rigidly conmected o twoe vertienl steel giders, 1
the bewm was mstalled when the lemperature was 00, what
stress is develope in the beam when the lemiperature drops
o = 3107 (s B the ulimne strength of ihe seel exceedad?
(] What strece i developsd if the beam & concrete and hins n
cross-sectional anca of 0,13 m™ Wil it fracture?

=25 (100 A barred of diameter 134022 em al 20°C is 1o be
enclosed bw an irom bamd. The circular band has an inside
dinmeter of 134.0010cm af X°C Tt s T4em wide and
s em thick. {a] To shat weamperature must te Band b
heented o that it will it over the barred? (&) What will be
the tension in ihe band whes {0 cools we 30

13-6 Gios Laws: Absolule Temperature

e (1] Whal are the follvwing lemperalures on the Kelvn
scabe: da) 86°C, (B) TRF (¢ —0OOC, (a) 3500°C
[e] =450°F?

I 111 Absolute wero is whal lemperaiure on the Fahrenhei
scpbe?

IR, (1) Tvpscal lemperalures in Uhe inbarior of the Earth and
Sun are about 4000°C and 15 = 107 °C, respectively.
() What are these temperaiares in kelvim? (B Whai
percent error is made in each caze if o person forgeds o

change “C e KT

13-7 and 132-8 |deal Gas Law

(1) I 300 m’ of & gas initially a1t STP is placed under a
pressure of 5.M0atm, the temperature of the gns rises (o
FERONC Whaat s Ose valwise?

M (11 In am imlernal cwmbistion engine, air al almosphenc
pressure and a temperature of aboat 0°C is compressed
im the cylinder by a piston 1o b ool its ariginal volume
{compression ratio = 990). Estimpie the temperniure of
the compressed air. assuming the pressire feachos 410 atm.

M. 1) Caboulate the density of oxygen ot TP using the
ideal gns law,

32, (10} A storage 1ank contains 216 kg of perogen {M;) at an
ahsolute pressure of 365 atm. Wt will the presswere be if
the nitragen 8 replaced by an equal mass of OO, T

AL (10 A storage tnk st STF contaims 18.3 kg of nitrogen
|80 dah What is the volame of the tank? (&) What is ihe
pressure M oan additbomal 150kg of nitrogen s added
withoul changing the lemperature?

A (10 0 1A TEmol of kelivn gas ie ot 100CC and » gnupe
prossure of D350am. o) caleulale the yolume of ihe
heelium gas umder these conditioms. (b)) Coloulate the
temperature if the gas is compressed lo precsely half ihe
volame ot o gauge pressore of 1,00 §tm.

A5 (10} What is the pressure inside a 3501 contniner holding
1050 kg of argon gas an 305 K7

Mo (10) A bk comtains 26,0 kg of Oy gos ol 0 gouge pressure
of BMkatm. If the oxvgen is replaced by helium, how
muany Kiksgrams of the lalter will be needed 1o produce a
pauge pressure of 740 ptm?

AT, () A kot-air balkeen achieves s buovant Bift by heating
the air inside the balloon, which makes it less dense than
the nir ouwiside. Suppose the solume of a hallson is
1800w and the requited B s 2700 M (rough estimale of
the weight of the equipment and passenger). Caboulatbe
the wmperalure of the alr instde the balksn whech will
produce the required hfl. Assame thal the ouatside wr
tempsratare is U°C and that air is &n ideal gas under thess
conditions. Whint fuctors Dimil the maximum  altitode
atiaimable by this method for a given lopd? (Meplegt vari-
ables hke sl )

A8, (00 A tire is dilled with air &1 13°C o a paugs pressuss of
20 kP 1T the tire reaches n femperniure of 38°C, what
fraction of the origingl air must be remaved if the original
pressure of 2200k is to be mamiainod?

a0y I eSS L of oxyveen an 1R80°C amd an alsoluls pres-
sure o 2,45 alm nre compressed o 4858 L and s the same
time the emperature §s rased w S00FC, what will the
new pressure he?

H. (1T) A helivm-filled ballism escapes a child™s hand at sea
lewel and 2000°C, Wisen it reaches an altinsde of 3000 m,
where the temperature & 50°C and the pressare is only
0,70 aten, how will s volame compare to that ar sen level?

13-9 ldeal Gas Law in Terms of Molacules;
Avogadro’s Number
(1} Caleulnge the number of molecules/m” in an ideal gas
al 5TF
4 (1) Hove many maoles of waler are there m 1KLY How
neany maskecules?

43, (1) Estimnate ihe aumbser of (@) meoles and (h) molecules
of wpter in all the Earih's oceans. Assume wiler covers
T3 of the Earth 1o an average depih of 3km

M, (10} A cubic box of volume 5.1 = 1077w’ & lled with air at
atmospheric pressure at X0C The box is chosed and heated
Lo TEIC Whiat Is the net foree on cach side of the box?

45, (10} Estimate how mony molecules of ar are imnoeach
20l breath Vil inhale thiat were alsa in the last breath
Ceplileo wook. [Min: Assume the atmosphere s aboar
liFkm kigh and of constanl density. |

41.

13-10 Molacular Interpretation of Temperature

dfi. (1) () What is the average translalional kinetic energy of
an axygen malecule mt STPY (&) Whas i the woal transls-
tional kinelic energy al 2.0 mal of Oy molecubes al 37T

&7 [y Coaboulate the rms speed of heliom alms near the
surface of the Sun at o lemperatore of aboat G0N K

44, (1} By what factor will the s speed of gas mokecubes
increase if the iemperature s incrensed from 0°C o POSCT

40, Iy A gas is ot X°C. To what fempernture nist it be
rabsed 1o double the Fms speed of I8 ialecules?

Sy Twelve madecules have the dlowing speeds, given in
umits of ken/s 6, 2 46,004, 108 5 3T and 8. Cabculate
the rms speed.

Sl I0) The rms speed of mobecules inoa gas al 200°C is b be
icreased Iy L To what temperatune must it be rased?

S50 1) 1T the prossure of o gas i dowbled whale ms solume s
held constant, by wha foctor does 1y, change?
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