
Physi
s 123 se
tion 2 CIDHomework 6 S
ore / 301. (3 pts) The ground temperature for 
oastal 
ities varies less than the ground temperature of inland 
ities. Why?2. (3 pts) (a) If two obje
ts are at the same temperature, do they 
ontain the same amount of thermal energy? Whyor why not? (b) If two obje
ts have the same mass and are at the same temperature, do they 
ontain the sameamount of thermal energy? Why or why not?3. (4 pts) I have two solid bars with a square 
ross se
tion. Both have a 
ross se
tion of 1 
m2, and both are 30 
mlong, but one is made of 
opper and one of iron. I pla
e the two side by side and braze them together, making a
omposite bar whi
h is 30 
m long with a 
ross se
tion of 2 
m2. I then pla
e one end of this rod in boiling waterand one end in i
e water. How mu
h power will be 
ondu
ted through the rod when it rea
hes steady state?4. (7 pts) Hot water from my water heater passes through a se
tion of insulated pipe. The pipe is made of iron withan inner diameter of 1 
m and an outer diameter of 1.3 
m. The pipe is then surrounded by a thin layer ofrubber out to a diameter of 1.4 
m. Assuming that the water is �owing qui
kly enough that the temperature ofthe water is always 40
◦C and that the outer surfa
e of the rubber is always at 25

◦C, (a) what is the di�eren
e inthe temperature of the water and the temperature at the iron/rubber interfa
e, and (b) how mu
h power �owsout of a se
tion of pipe whi
h is 2 meters long? Hint: you have to integrate.5. (4 pts) A typi
al 100 Watt in
andes
ent bulb has a �lament whi
h is at a temperature of 3000 K. Typi
ally, of the100 W that goes into the bulb, 98 W is 
ondu
ted or 
onve
ted away and only about 2 W is radiated as light(and most of that is invisible infrared light � now you see why in
andes
ent lights are so ine�
ient). (a) If weassume the emissivity of the tungsten �lament in su
h a bulb is 0.5, what is the surfa
e area of the �lament ina typi
al 100 W bulb? (b) If we 
ould raise the temperature we would expe
t that the losses due to 
ondu
tionand 
onve
tion to go up by about the same fa
tor as the temperature in
rease. But bla
kbody radiation s
alesas T 4. If we in
rease the temperature of the �lament by 50% to 4500 K, by what fa
tor will the light outputin
rease? Unfortunately, if the �lament gets too hot, it will melt or vaporize. This is why almost all in
andes
entbulbs run at about the same temperature - as hot as possible without qui
kly destroying the tungsten �lament.This is also the se
ret to Halogen bulbs � the halogen gas in the bulb redu
es the rate at whi
h the tungstenevaporates from the �lament, allowing them to operate at higher temperatures for more brightness and e�
ien
y.6. (5 pts) The intensity of the light from the sun a the radius of the Earth's orbit is 1340 W/m2. Assuming that theemissivity of the Earth is the same for all wavelengths of light, 
al
ulate the temperature of the Earth in steadystate. You should get something very 
old. The reason that the Earth is not this 
old is due to the fa
t thatthe emissivity of the Earth depends strongly on wavelength due to the so-
alled �greenhouse e�e
t.� Be
ause ofthe atmosphere, the Earth absorbs and emits visible radiation better than infrared radiation. Sin
e the sun isvery hot, it emits a lot of visible light whi
h is absorbed by the Earth. Sin
e the Earth is mu
h 
older it emitsmostly infrared light. The 
louds are very re�e
tive in the infrared, so the emissivity is small right where theEarth would be radiating most of its bla
kbody radiation otherwise. On the moon, however...7. (4 pts) The wall of a house is 10 feet tall by 25 feet wide. It is made of a 4 in
h layer of bri
k followed by a 3.5 in
hlayer of �berglass batting whi
h is 
overed by a 0.5 in
h sheet of drywall. (a) What is the R value for the wall(in ft2 ·◦ F · h/Btu)? Don't forget about the stagnant air layer on both sides of the wall. (b) How mu
h power(in Btu/hr) will be �owing through the wall if the inside air is at a temperature of 62
◦F and the outside air isat a temperature of 0

◦F. (
) How many Watts is that? (One Btu = 1054 J).Extra problems I re
ommend you work (not to be turned in)- Imagine a 
opper rod whi
h is 1 
m in diameter and 10 
m long. One end of the rod is kept at 0
◦C and the otheris heated with a tor
h. How hot do we have to get the end of the rod before the power radiated by the rod is0.1% of the power 
ondu
ted through the rod?



- I have two solid round bars whi
h are 1 
m in diameter. One, made of 
opper, is 20 
m long. The other, made ofiron, is 10 
m long. I braze one end of the 
opper bar to one end of the iron bar to make a bar with a 
ombinedlength of 30 
m. I then pla
e the very tip of the 
opper end of the bar in a pot of i
e water and the very tip ofthe iron end in a pot of boiling water. (a) When the bar has rea
hed �steady state,� what will the temperaturebe at the jun
tion between the iron and the 
opper? (b) How mu
h power will be 
ondu
ted through the rod?- Now 
onsider many rods made of di�erent materials brazed end to end. Prove that we 
an solve this problem byadding R values.- Imagine a spheri
al ball with emissivity ǫ1 suspended at the 
enter of a spheri
al va
uum 
hamber with emissivity
ǫ2. Show that if and only if the ball is at the same temperature as the 
hamber, the rate at whi
h it emitsbla
kbody radiation will be equal to the rate at whi
h it absorbs radiation.- Put something plasti
 and something metal somewhere where they will get signi�
antly hotter or 
older than roomtemperature. Let them 
ome into thermal equilibrium. (a) What did you 
hoose and where did you put them?(b) Whi
h one will feel �hottest�/�
oolest� if you pi
k it up? (
) Why? (d) Try it. Were you 
orre
t? Note: on aday whi
h is very sunny (or 
old) you simply �nd a metal and plasti
 obje
t whi
h has been outside for a longtime (like a plasti
 sign on a metal sign post).- A 
ylindri
al insulating bu
ket is �lled with water at 0

◦C. The air above the water has a temperature of −12
◦C.If the air remains at this temperature, how long will it take for a 1 
m layer of i
e to form on the surfa
e of thewater?


