Introduction to the Laws of Thermodynamics
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Caution

Use extreme caution when you handle the hot water, otherwise it may result in
serious personal injuries.

Equipment neededwo Styrofoam calorimeters, Outer and inner alumiroups, a
heater to produce hot water, two thermometers, a baltorggs, and aluminum foil

Hints:

1. Heat radiates easily, so use the lids (aluminuméasl) of cups always.

2. Please take a proper amount of waters. Otherwiseyatex will overflowthe cup when
vou mix therr

1. Thefirst law of thermodynamics (Conservation of ther mal energy)

The first law gives the following relationship:
dU =dQ-dw
wheredU is the change of internal energy (total enerdg)is the change of heat energy, ald
is the change from work. For this part of experiment etieeno mechanical work to produce
energy, sodW =0. Thus we have
du =dQ
Let us think of the following system. There are two cowets with cold and hot water. Each has
a temperature, and put them together to have a finalat@guilibrium as follows:
T, Cold T, Hot

S

dQ;. dq,

The total energy changed, dU, is supposed to be conservesdpteedU, = dU,. Using the
above equation, you obtatlQ, = dQ,. The change of heat energy can also be expressed as



dQ = MC(dT), whereM is the mass of the obje@@,is the heat capacity of the object, affdis
the change of temperature. Thus, you can have the followingrsidering the above figure:
M,.Cy (To _Tl) =M.,C, (Tz _To)

whereCy is the heat capacity of water.

Procedure:

* Weigh the cup (for cold water)and the other one (for hot water)without water.
This is to obtain the net mass of water. You alweyge to subtract the weights from the total mass of
cup and water.

Mass of the cup for “cold water”: My (kg)

(k)

Mass of the cup for “hot water”: M

« Makealidfor each cup with aluminum foil.

» Takehot water with a cup, and cold water with the other cup.
Take a small amount of waters, like 1/3 of the cup.

* Weigh these for thetotal mass.
Use always lids to minimize the radiation of heat.

* Measuretheboth temperaturesat the same time with the PASCO interface.
These will be T1 and T2 after stabilized.

* Pour the cold (hot) water into hot (cold) water, and measur e the final temper ature.
As specified, mix the waters, and stir it with thermt@nappropriately. After stabilized, take the data
for TO.

» Calculatethe energy transferred by following the data table.
The heat capacity of water is 4186 Jkg

Cold to hot | Total mass | Total mass | Net mass off Net mass of| Cold water | Hot water | Final M;Cw(TO- | M,Cw(T2-
or hot to of cup and | of cup and | cold water | hot water temperature| temperature| temperature| T1) TO)
cold ? cold water | hot water
M1 M2 T1 T2 TO
Q) Q)
Cold- Hot
Cold- Hot
Hot - Cold

Hot - Cold




Questions:
&1 Is the thermal energy conserved according to your experihnestats?

¥l Why some case does not agree to the conservation of themerglyAConsider the heat
capacitor of cups, heat dissipation, absorption, etc.)

2. Thesecond law of ther modynamics (Entropy)

The second law depicts that we cannot obtain work fromdueapletely in an isolated system.
Systems are exchanging the energy in terms of work, heegyeand others. Entropy is the
parameter to indicate the direction of the process whichrtbegy tends to proceed. Inan
isolated system, the entropy increases; however, in ansyséem, it can be relative. The change
of entropy,dS is given as

dS= dQ

where dQ is the change of heat and T is the equilibriutengperature (or average between
initial and final temperatures) in the Kelvin temperatsecale.

Procedur e

* Find two aluminum containers. Weigh the small and large cups of calorimeter.

. _
» Pour an appropriate amount of hot water into the small cup, and pour cold water
into the lar ge cup.

» Put thesmall into the lar ge cup so that they can contact each other. Hot Cold
Usethetongs! This is the set-up to measure the heat transferkea two systems.

e Turn ontheinterface, and plug two thermometer sin the analog channels.
Or flexibly use a normal thermometer if necessary.

* Put the thermometers into both hot and cold systems; then, wait for 15 minutes to have the '
data. Usealid made of aluminum foil. LD

* Weigh the total masses of inside cup and outside cup, and calculate the masses of hot and
cold water .

* Fromtheinitial and final temperatur es, calculate each entr opy.
Follow the data sheet. For the hot water, read tie.

* From the data obtained by DataStudio, plot a graph as shown below.

Temperature of water as a function of time
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Mass of outside cup (larger one) of calorimeter (®g)

Mass of inside cup (smaller one) of calorimeter )  (Rg

&1 Massof water (excluding the cups masses):

M, = Mass of inside cup (smaller one) + hot waté?)= (kg)

M, = Mass of outside cup (larger one) + cold watét)= (kg)

i1 Calculation for the entropies:
(T and T; areinitial and final temperatures respectively.)

Cold water
Heat changeAQ = M;Cy(Ts—T)) = (@)]
Average temperaturex k= (Tr + T;)/2 +273.15 = (K)
Entropy:AS =AQ/Tae = (JI/K)
Hot water
Heat changeAQ = M,Cy(Ts—T)) = (@)]
Average temperaturex k= (Tr + T;)/2 +273.15 = (K)
Entropy:AS = AQ/Tae = (JI/K)

*Note: In the hot water case, the entropy becomes negdtigeems that the law is violated. In fact the gtro
increases in every natural process in an “isolatedésystin addition, only those processes are possibletfatvthe
entropy of the system increases or remains a conskaetefore, the entropy of a non-isolated system mhgreit
increase, or decrease, depending on whether heat is addadkernaway from the system.

Questions:

M For this_incompletelysolated system, which is the magnitudeentropy larger than the
other?

i1 Discuss the answer for the previous question by reading alpé.gi(Think about the meaning
of entropy.)

&1 Did you find out that the heat flows from a hot to a cgistem by looking at the graph?
Also explain it with the signs of entropy. (Read the abuxte.)



