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Material Conductivity

Diamond 1000-2600

Silver 430

Copper 390

Gold 320

Aluminum 236

Brass 111

Iron 80

Ice 2.18

Brick 1.6

Concrete 1.05

Glass 1

Water .6

Paper .5

Wood .13

Wool .05

Styrofoam .03

Air .025

Heat and Insulation
We know from our experiments last week that the rate of heat flow between to
objects in contact depends on more than just the difference in temperature. Two
areas of liquid in contact over a large area wil come to equilibrium faster than if they were in contact over a
small area. And even if the area is the same, it makes a difference whether the separating wall is made of
metal or styrofoam. The difference in that case has to do with the thermal conductivity of the substance the
wall is made out of.

The thermal conductivity (denoted by the symbol "λ) is another one of those
properties of materials, like their specific heat capacity, that friendly people over
the years have measured for us. If I want to know how much heat flows across
the walls on an igloo if they are .5 m thick and cover an area of 12 m², and
separate an inside at 20°C from n outside at -15°C, all I have to do is look up the
thermal conductivity of ice (λ=2.18) and use this formula:

Here, P stands for the rate of heat flow (Power) in Watts (Joules per second). A
is the area, d is the thickness of the wall, and ΔT is the difference in temperature
between the inside and the outside. Plugging in, I find that P = (2.18)(12)((20) -
(-15)) / .5 = 1831 J. If this much heat energy is leaving the igloo every second,
one would somehow have to produce that much heat inside the igloo every
second to keep the heat constant. A normal human power output in heat is about
100 W, so it would take more than just human body heat to heat the igloo, unless
you somehow packed in 18 people or had them running really quickly (a human
running at 15 mph produces about that much heat, but it's impossible to keep this
up for more than a few minutes).

. 1 Why is a styrofoam cup more effective than paper for holding in the heat
of a hot drink?

. 2 Why do you lose heat much faster when submersed in cold water than you do when in air of the same
temperature?

. 3 How thick would a brick wall have to be in order to be as well insulating as .1 m of styrofoam?



. 4 A small house has walls made of brick, with area 40 m² and thickness .4 m. In that wall are 3
windows, each 1 m², made of .0025 m thick glass. There is also a door, made of wood, .1 m thick,
with an area of 2 m².

a) Find the power output through each part of the boundary of the house if the temperature inside is
20°C above that outside.

b) How much total power would it take to keep the temperature inside the house constant?

c) One kilowatt hour, the amount of energy used up in one hour by something with a power of 1000
W, costs 8 cents. How much would this house pay per day just for heating?

d) What part of the house is responsible for most of the heat loss?

. 5 Challenge problem: A double-paned glass window is made out of two panes of glass, each .0025 m
thick, with a layer of air, .005 m thick, trapped between them. It has an area of 1 m². The power
transfered over each layer must be the same, since heat energy leaving through the window has to
cross all three layers. Solve for the temperature differences ΔT1, ΔT2, and ΔT3 over the three layers,
given that the temperature difference over the whole window is ΔT1 + ΔT2 + ΔT3 = 20°C. Use this to
find the power output across the window. How does this compare to the power output across a similar
window of single-paned glass?

Answers to question 3:
Brick wall:
A = 35 m², d = .4 m, λ = 1.6, ΔT = 20, so P = (1.6)(35)(20) / .4 = 2800 W.
Windows:
A = 3 m², d = .0025 m, λ = 1, ΔT = 20, so P = (1)(3)(20) / .0025 = 24000 W.
Door:
A = 2 m², d = .1 m, λ = .13, ΔT = 20, so P = (.13)(3)(20) / .1 = 78 W.

The total heat loss power is about 27,000 W. This costs about $58 per day.


