Homework 5 Due Week 5 Friday (10/30)

1 Tea kettle

Consider the electric kettle shown in the picture. There is 1 kg of water in the kettle (4 cups of
water). This electric kettle transfers energy to the water by heating. The rate of energy transfer is 1000
J/s. The specific heat capacity of water is 4.2 J/(g.K). Calculate the rate that the water temperature
rises. Give your answer in units of kelvin/s.

Note: This is an exercise in proportional reasoning. You should not need to look up any formu-
las.

Sense-making: Put it in context—At this rate, how long would it take to heat up a kettle for mak-
ing tea? Does this seem like a realistic number?

2 Entropy Basics

(a) (T3B.5) Objects A and B have different temperatures and initial entropies of 22 J/K and 47 J/K.
We bring the objects into thermal contact and allow them to come to equilibrium (the objects are
isolated from everything else). What is the most quantitative statement that we can make about
the combined system’s entropy after the two objects come to equilibrium?

(b) (T3B.8) Suppose that we increase an object’s internal energy 10 J by heating the object. The
temperature of the object remains roughly constant at 20 C. By how much does the object’s
entropy increase?

3 Heat Pump

The diagram shows a machine (the white circle) that moves energy
from a cold reservoir to a hot reservoir. We will consider whether a
machine like this is useful for heating a family home in the winter
when the temperature inside the family home is Ty, and the tem-
perature outside the house is T¢. To quantify the performance of
this machine, I'm interested in the ratio Qu/W, where Qy is the
heat energy entering the house, and W is the net energy input in
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the form of work. (W is the energy I need to buy from the electric-
ity company to run an electric motor). Starting from the 15 and
274 Jaws of thermodynamics, find the maximum possible value of
Qu/W. This maximum value of Qu/W will depend solely on the
ratio of temperatures Ty and T¢.

Sensemaking: Choose realistic values of Ty and T to describe a
family home on a snowy day. Based on your temperature estimates,
what is the maximum possible value of Qy/W?

4

Thermal energy in the earth’s atmo-

sphere

Thermal energy is stored in all materials on Earth, including the air, water and rocks. The air is com-
posed mostly of diatomic molecules such as Ny and O,.

(a)

Use Google to look up the mass of the earth’s atmosphere. Now, exercise some skepticism and
make sure that Goggle’s answer is consistent with other facts about the earth: Air pressure at
sea level is about 100 kPa and the radius of the earth is about 6400 km. The air pressure at sea
level (force per unit area) is caused by the downward force of gravity acting on the atmosphere
directly above a unit area. The thickness of the atmosphere is much much less than the radius
of the earth. Give your argument supporting or refuting the internet’s value for the mass of the
earth’s atmosphere.

We know that between 1955 and 2010, the temperature of the top 2000 meters of the ocean rose
by about 0.05 C. Given this fact, assess the validity of the following statement:

“If the same amount of heat that has gone into the top 2000 meters of the ocean between
1955-2010 had gone into the lower 10 km of the atmosphere, then the atmosphere would
have warmed by about 20°C (36°F).”

Is this statement reasonable, or ridiculous? Show your calculations that support your conclusion.
Your starting assumptions will include the specific heat capacity of air and water at constant
pressure, and a reasonable guess regarding the fraction of the earth’s surface that is covered with
ocean.
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