Problem 2. Water of mass my is contained in a copper calorimeter of mass mi. Their
common temperature is t5. A piece of ice of mass mg and temperature t3 < 0°C is
dropped into the calorimeter.

a) Determine the temperature and masses of water and ice in the equilibrium state
for general values of m1, ma, ms, to and t3. Write equilibrium equations for all
possible processes which have to be considered.

b) Find the final temperature and final masses of water and ice for m; = 1.00 kg,
mo = 1.00 kg, m3 = 2.00 kg, tz = 1000, t3 = —20°C.

Neglect the energy losses, assume the normal barometric pressure. Specific heat of
copper is ¢; = 0.1 kecal/kg-°C, specific heat of water co = 1 keal/kg-°C, specific heat of
ice cg = 0.492 kcal/kg-°C, latent heat of fusion of ice | = 78,7 kcal/kg. Take 1 cal =
4.2 J.

Solution:
We use the following notation:
t temperature of the final equilibrium state,
to = 0°C the melting point of ice under normal pressure conditions,
My final mass of water,
M; final mass of ice,

mby < mgz mass of water, which freezes to ice,
mh < mgs mass of ice, which melts to water.

a) Generally, four possible processes and corresponding equilibrium states can occur:

1. 19 <t < tg, m’2:0, mg:mg, My = mg +mg, M3 = 0.
Unknown final temperature ¢ can be determined from the equation

(m101 + m262)(t2 — t) = mgcg(to — t3) + mgl + mgcg(t — to) . (7)

However, only the solution satisfying the condition tg < t < to does make physical
sense.

2.ty <t < tg, mh=mg, mh=0, My =0, M3 =mgy+ ms.
Unknown final temperature ¢ can be determined from the equation

micy (t2 — t) + mQCQ(tQ — to) + m2l + m203(t0 — t) = mgcg(t — tg) . (8)

However, only the solution satisfying the condition t3 < t < ty does make physical
sense.

3. t =to, mh =0, 0 <mh <mg, My =mg+mh, Mz =mg—mh.
Unknown mass m4 can be calculated from the equation

(m101 + mQCQ)(tQ — to) = mgcg(t — t3) + mél . (9)

However, only the solution satisfying the condition 0 < mf < m3 does make
physical sense.

4. t =19, 0 <mbh < mg, mh =0, My =mg —mb, M3 =ms+ mb.
Unknown mass mj5 can be calculated from the equation

(mlcl + m202)(t2 - to) + m'2l == mgCg(to - tg) . (10)

However, only the solution satisfying the condition 0 < m} < mg does make
physical sense.

b) Substituting the particular values of mq, ma, mgs, t2 and t3 to equations (7), (8)
and (9) one obtains solutions not making the physical sense (not satisfying the above



conditions for ¢, respectively mj%). The real physical process under given conditions is
given by the equation (10) which yields
macs(to — t3) — (mic1 + mace)(t2 — to)

!
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Substituting given numerical values one gets m,, = 0.11 kg. Hence, t = 0°C, My =
mo —my = 0.89 kg, M3 = m3 + mbH = 2.11 kg.



