Physics 1114 Unit 7 Homework: Answers
Problem set 1

1. When 7 kg (about 15 pounds) of fuel oil are burnéti; (= 43 MJ/kg), the (heat) energy
released i$) = mHc = 301 MJ.

2. The amount of cheese needed to provide 8.5 million joutesnergy ism = Q/H¢ =
(8.5MJ)/(17TMJkg™!) = 0.52kg (Over a pound of cheese! This et a recommended
diet!)

3. Tofind the energy (in kcal) to heat 72 kg of water fromiQ@o 26 C, we start with
Q = mcAT = (72kg)(1.0kcal kg~ 'C°)(26°C — 20°C) = 432 kcal
4. When 110 kilocalories are removed & —110) from 62 kg of water at 85C, the tempera-
ture drop comes fromy = mcAT:

Q —110 kecal
me  (62kg)(1.0kcal kg=1Ce1)

so thatly = T; + AT = 83.2°C.

5. Coalis being burned to heat 108 kg of water fro.& 65 C. The efficiency of the transfer
process is 80%, meaning th@t, = 0.8Q a1, OF

chWAT = O.Smcoalﬂc
Solve formega:

My AT (108 kg) (4186 J kg~ C°~1)(65°C — 18°C)
He 0.8(3.3 x 107 Jkg—1)

— 0.80kg

Meoal =

6. What is the equilibrium temperaturé of 4.0 kg of aluminum at 8@C added to 10 kg of air
at 20C? [Specific heat capacity of air =703 J/(kt) @t constant volume.] We assume that
no (heat) energy enters or leaves the air-metal system esloethit lost by the aluminum is
gained by the aird) = Qa1 + Qair

0 = ma1catATAL + Mair Cair AT i
whereATy, = (T. — 80°C), andAT,;, = (T, — 20°C).
0 = marca(T, — 80°C) + Mgy Cain (T, — 20°C)
0 = (maicar + MairCair) T — Ma1cAI(80°C) — MiirCair (20°C)

mAchl(SOOC) + maircair(QOOC)

T =
¢ (mAchI + maircair>

=40.6°C

(usingca; = 920 Jkg™Y).



7. What is the specific heat capacity of a 2.5 kg object if itsemua 12 Ctemperature drop in
10.0kg of water? The object is initially at 3@, and the water is initially at 8C. (Thus
T, = 68°C.) As for the previous problem,

0 = my o ATy + moco AT,

MoCo ATy = —MyyCo ATy
—my ey AT, —(10kg)(4186 J kg 'C°1)(—12C°)
moAT, (2.5kg)(68°C — 5.0°C)

Como AT, = = 3190 Jkg~tCe!

Problem set 2

1. When 0.80kg of glass is added to 2.0 kg of water, the temyeraf the water falls from
92°C to 86°'C. To find the initial temperature of the glass, we again sttt

0 = mycw ATy + mgcg AT,
MgCe ATy = =My, ATy,
by WATW
AT, = — 2w gy 7o
MgCq

(USINgCglass = 840 Jkg™1Co71).

AT, =T, — T, =T747C°
SinceT, = 86°C, ThenT; = 11.3°C.

2. On the phase diagram, the vertical axis is temperatuedydhizontal axis is energy)). See
the diagram in the book to get familiar with the specific helatent heats, and melting and
boiling temperatures. What determines the slopes of tlesfn

3. There are three steps to take 1.5 kg of water froAC20 ice at—12°C: 1) Cool the water
down to0°C (@), 2) freeze the water to ic€),), then 3) cool the ice from 0te 12°C (Q3).
All the @’s are negative since heat is removed:

Qior = Q1+ Q2 + Q3

Qtot = mWCWATW - mWLf + miceciceAirice

With AT, = —20 C°, AT} = —12C°, ande;ee = 2100 Jkg~1C°~!, we get
Qiot = —6.6 x 10° ]

4. The heat energy needed to melt 13.00 kg of silver thattisllyiat 20°C is

Q = mcAT + magLy = 4.0 x 10°]

(c =236 Jkg~1C°Y), (AT = 961°C — 20°C), (L; = 8.7990 x 10* Jkg~!)



5. Asoda biscuit has a mass®? x 10~ kg and a Heat of Combustion 26 x 107 J/kg. How
many such biscuits must a 90-kg man eat to supply sufficieetggrfor him to climb the
stairs to the top of a building 80 m high assuming 20% of theggnis utilized for climbing?

Here, we equate the change in gravitational potential gn@ergh) with 20% of the com-
bustion energy(.2m;, H.):
mgh = 0.2myH,

and solve for the mass of biscuits,:

mgh (90kg)(9.8ms~2)(80m) 5
_ _ — 28 x 102k
M= G ame L, . (02)(1.26 x 107 T kg 1) 20 X< 107ks

So the number of biscuits i8, /(8.2 x 1073 kg) = 3.4

Problem set 3

1. Name, define and give an example of the three methods ofttaeatfer. Use complete
sentences: See your notes and the book on conduction, ¢immyeand radiation.

2. State the First and Second Laws of Thermodynamics: Semathple test and the book.

The rest of the Set 3 problems were not covered in class daekaf time. They will not
appear on the test.



