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Problem 2 [25 Points]

A jar is filled with 6kg of tap water and sealed. The sealed jar, which has an R value of 0.1 K/W, is
placed outside on a day for which the temperature is 0°C, and the water in the jar starts to cool.

(a) At the point at which the water in the jar has cooled to 10°C, what is the rate of heat flow into
the jar, expressed in J/s? [8 points]

Since the R value of a material is the ratio of the temperature difference (where the heat is
flowing from and to) and the amount of heat flowing across that difference, we have:

AT AT _273K—-283K _—10
R=—>-oH= = e
H R 0.1K/W 0.1

W=—100W =—100J/s

Where the negative sign tells us that 100 Joules per second are flowing out of the jar.

(b) At that same point, what is the rate of change of the temperature of the water in the jar,
expressed in °C per second? [8 points]

Recognizing that the heat-flow, H, is the change in heat over the change in time and using
the relation Q = mcT, we can write:

_AQ_ AT AT_H
H_At mc“’At_)At_mcw

Where, from part (a), H = -100J/s, m = 6kg and c,, = 4.184 J/gK. Putting this together we
have:

AT =100J/s -1

= = =—0.0040
At 6000g-4.184J/g-K 251 K8 Kis

Finally, since the Celsius and Kelvin scales differ only by an additive constant we have:

T, _dT,

T =T 4+273K—-—f=3*

So we see that the rate of change of the temperature is the same for the Celsius and Kelvin
scales. (How about the Fahrenheit scale?)

ALTERNATIVE SOLUTION:

If we assume (incorrectly) that the rate of change of the temperature remains constant as
the water goes from, say, 10°C to 0°C we can divide this temperature change by the
amount of time it would take as follows:

Find the amount of energy lost,

Q=mc, A T=6000g 4.184 ]/ gK (273K —283K)=—251000]



find the time it would take to lose that energy with a constant heat-flow H,

t=Q_i51999£=25105

H™ —1001/s
The rate of change of the temperature is given by:

AT _AT,,_—10K

= = =—0.00
AT T Tomge s 0040K/s

Where we recall that the negative sign is telling us that energy is flowing out of the jar.

(c) Some time later, the water in the jar has cooled to 5°C. Is the rate of cooling greater or less at
that point that the rate for part (b)? Why? [8 points]

Now that the jar has cooled to 5°C the temperature difference in the formula for H has
gotten smaller by a factor of two, making the absolute heat flow smaller by a factor of two.

AT _ —-5K
H=—m=
R 0IK/W

=—50W

Since the rate of cooling is directly proportional to this temperature difference it also
decreases by a factor of two.

AT_H

=—0.0020K/
¢ = e, = 0-0020K/s
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