Name:

Period: Advanced Heat Problems

Multiple objects and thermal equilibrium. You already know how to solve basic thermal eqtiiliim problems.
Here are two examples to push you to the next level

1. 1.5kg of water is at 15°C. A 650g piece ofdg@, = 129) at 160°C and a 900g piece of coppgr(887) at 145°C
are put into the water. What will the temperatimally equalize at? Kind the final temperature when they come to
thermal equilibrium.) (Hints: 1) work in standauhits, like kg; 2) in this case there are 2 hbjests. In your ther-
mal equilibrium equation—put two Q’s on the hoksibeing sure that they are both negative!)

Step 1: Write down all that you are given (masspsgific heats, temperatures in standard units).

Step 2: Set up your thermal equilibrium problent, Wwith two Q’s on the hot side and solve.

2. A calorimeter is an aluminum cup-like device to muga heat gained or lost. The aluminum is surrathby
insulation so that heat is not exchanged with thiside environment. Water is placed inside theraleter
and its temperature is measured. A second substarplaced into the calorimeter. By measurirgfihal
temperature of the water, the specific heat ofsiliestance can be calculated.

A. The calorimeter is insulated so that heat islosttby which kind of heat transfer?

B. Before the unknown substance is placed intacéterimeter, the water AND the calorimeter arehatsdame
temperature, which is known as:
The aluminum calorimeter (& 899) has a mass of 200 g. There is 450 g oémiaside. Both are at an
initial temperature of 15°C. A 250 g sample of idknown substance is heated to 350°C and pladed in
the calorimeter. The final temperature of thetomie is measured as 32.2°C

C. Find the specific heat of the unknown substanfdints: Again, this is just another Thermal Equililom
problem with more than 2 objects. The change hgva:are not looking forT)

Step 1: Write down all that you are given (masspsgific heats, temperatures, in standard units).

Step 2: Set up your thermal equilibrium problenn, Wwith two Q’s on the cold side and solve.
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Name:

Period:

Calculating Heat or Total Heat with a substance thais not water. You can use the same diagram and same procedure

(mc, T for any temperature change and mL for any phhaege). For non-water substances, though, thingaihd
freezing/melting points will be different (and wile given to you).

3. Silver has a melting point of 961°C and a bgilpoint of 2193°C. The latent
_ heat of fusion for silver is 0.88x10/kg and its latent heat of vaporization is
Cpgas™ 0 23x10 J/kg. The gof solid silver is 230 J/kge°C. Thg of liquid silver is
Q=mg T S 287 J/kge°C. How much heat is necessary to krthlg of silver from 25°C
°C to 1200°C?
Q=mly
L,= o
Q=mg T 5
>
Cpiiquid = g
< 4. 0.55 kg of Ethyl alcohol is originally at fron®2C. How much heat is necessary
L= °C to boil it at 78°C? (Ex = 2400 J/kg+°C; Lv = 8.5x2Q/kg; boiling point of
Q=mg T Ethyl alcohol is 78°C.)

Mechanical Equivalence of heat.Anything with the same units can change from anmenfto the other. Since heat (Q) has
the units of joules (J) it is equivalent to worldamechanical forms of energy (PE, KE, and,RB.

5. A 2Kkg ball falls from a 8.2 m high ledge.

. 2kg A. Calculate the energy the ball has while on dugek.
T ‘ B. How much (and what kind of) energy does it hasat before it strikes the ground?
After it strikes the ground this mechanical energynsforms into heat.
H C. If 40% of the energy is absorbed by the balymauch heat was gained by the ball?

D. If the ball was made of iron% = 448) what is the temperature change of the ball?

6. A 20 g bullet moving 800 m/s slams into an &lagk of
aluminum at 12°C.

0 m/s A. How much mechanical energy is lost by the ballet

_20g

8 k @ 8k
800 m/s J g

B. If 60% of it is transferred to the block, whatthe final
temperature of the block (assuming it is thermalgulated
from the outside environment [somehow {it coulghpan}]).
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Heat Practice Problems

Multiple objects and thermal equilibrium. You already know how to solve basic thermal equilibrium problems.
Here are two examples to push you to the level of the first quiz and the test.

1. 1.5kgofwaterisat 15°C. A 650g piece of gold (¢, =129) at 160°C and a 900g piece of copper (¢, =387) at 145°C
are put into the water. What will the temperature finally equalize at? (Find the fina temperature when they come to
thermal equilibrium.) (Hints: 1) work in standard units, like kg; 2) in this case there are 2 hot objects. In your ther-
mad equilibrium equation—put two O’s on the hot side, being sure thet they arve both negative!)

Step 1: Write down all that you are given (masses, specific heats, temperatures in standard units).

I/ID‘%: 1”?3013: ¢ égkg’ ey = *c?]z,g . CQH: MHZD: WS kj’ -
Cp= 121 Ti=160°C | Ccp= 35T TIN5 & Cp=YIEe T, =157C
Step 2:  Set up your thermal equilibrium problem, but with two Q°s on the hot side and solve.
Dyt —@H = el ( \
—1Ys)= .S’(‘%ﬁ’@ Te—15
e, éSP(]ZQXT]C ’|5‘D>“ ’ﬁ{?g?pr =) = (279 T, ~T4185
£3,85 Te+|24lb — 3UB3Te+50503.5 =
- 5o, = 675 TE

23,50@ B Tl

2. A calorimeter is an aluminmum cup-like device to measure heat gained or lost. The aluminum is surrounded by insula-
tion so that heat is not exchanged with the outside environment. Water is placed inside the calorimeter and its tem-
perature is measured. A second substance is placed into the calorimeter. By measuring the final temperature of the
water, the specific heat of the substance can be calculated.

A.  The calorimeter is insulated so that heat is not lost by which kind of heat transfer? cow dud £iov
B. Before the unknown substance is placed into the calorimeter, the water AND the calorimeter are at the same
temperature, which is known as: ;e inzl €201V brivwn

The aluminum calorimeter (c, = 899) has a mass of 200 g. There is 450 g of water inside. Both are at an ini-
tial temperature of 15°C. A 250 g sample of the unknown substance is heated to 350°C and placed into the
calorimeter.  The final temperature of the mixture is measured as 32.2°C.

C. Find the specific heat of the unknown substance. (Hints: Again, this is just another Thermal Equilibrium
probiem with more than 2 objects. The change here: you are not looking for T} .}

Step 1: Write down all that you are given (masses, specific heats, temperatures, in standard units).

Hot 4 Cp=7 m=.Z5 l«'—@c B G :‘Zq‘?T{:BDG cp=H1BL T=5°C

TuzrEhl € Rpegt® ¢ ) M =2k Tppgz.‘z“’c wmE UK T = c il
Step 2:  Set up your thermal equilibrium problem, but with two Q°s on the cold side and solve.
Ryt = Rapt @eotd
=25 (cp)(322-350) = cz(zaD(zz2-15) + 45 (nweX 522 715D
Cascp LIE) = 139.% (173.7) + 18833 ([32)

5945 cp = 92,5 + 3336@15%

2q05¢y = FEUT2C

Cp = Yuéb
[ close JWTWM}
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