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Example: Example:
Copper vs. Water Mr. Sandor, who currently weighs in at 85 kg’s, just caught the
Cyater = 4186 T/ kg °C flu (oh no... ®). His body temperature increased from 37.0 °C to
Ceopper = 389 T/ kg °C 39.0 °C. How much energy was required to raise the body’s
Starting with 1 gram of copper at 0 °C and 1 gram of water at 0 temperature?
°C. If you then raised the temperature of each by 1°C which _ S‘l
substance required a larger heat input? Why? Q - MC'NJ

W KTER! Q =(85)3w10Y2) = iE"‘\O K l

Cw«\u 7 Ccopper

Hot Object added to a Cold Liquid

AQ =0 (ifit’s a ¢ \os.d system) Example:
Qheat \n =Q heat ouwX 500. grams of 20.0° C water is added to 700. g of 85° C water. What is the final
Q \o & =Qer GUAL é temperature of the mixture?
In this case... “Qpa= Qeal
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'mhotchot(Tﬁnal - Thot) = mcoldccold(Tﬁnal'Tcold)
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Example:
We wish to determine the specific heat of a new alloy. A 0.150 kg sample of the alloy is heated too 540 °C. It is then quickly placed

in 400. g of water at 15.0°, which is contained in a 200. g aluminum calorimeter cup. (Assume that the insulating jacket insulates well,
50 the temperature does not change significantly). The final temperature of the mixture is 30.5 °C. Calculate the specific heat of the

alloy.
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Phase Change: When a substance changes state (example: S —§ L_ ; OR L— & )

Phase Change Diagram
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Notice how at certain points _€.ner aw  is added to the system but Ye Xure does not increase. ...
) L Coafefe =

Energy is required to separate poc X c\c_s from each other and therefore does not increase their Ak',,_, g\‘. -
energy (temperature) '

Where: Q = La\*u\'\' Hed )
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Heat of Vaporization

Substance Melting Point __ 1eat of Fusion Boiling Point

(°C) keal/kg"  kJ/kg (°C) keal /kg’ kJ/kg
Oxygen ~21838 35 14 ~183 51 210
Nitrogen ~210.0 6.1 26 ~195.8 48 200
Ethyl alcohol ~114 25 104 78 204 850
Ammonia g 8.0 33 BT 33 137
Water 0 79.7 333 100 539 2260
Lead 327 5.9 25 1750 208 870
Silver 961 21 88 2193 558 2300
Iron 1808 69.1 289 3023 1520 6340
Tungsten 3410 44 184 5900 1150 4800

"Numerical values in kcal/kg are the same in cal/g.

Example:
How much energy does a refrigerator have to remove from 1.5 kg of water at 20.0 °C to make ice at -12 °C.
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Conduction: Thermal Energy can be +fW\S'P¢(T¢A from one material to another in a

known as heat.

Oroce s
The only requirement for heat transfers is a difference in “' (,fo,ro:\' wre_

OKk... A couple MORE important details

e Q increases if the +¢MPL(0:"V~Q/ c\.@&rmq, (AT) is increased

A feen of the object increases

e Qincreases if the Lcn&;\v\

e Q increases if the

of the object is decreased

e Some mo(\'d}o.\ ¢ transfer heat better than others... (k = thermal conductivity)

Spoon in hot coffee getting
hotter to the end of the spooi

Close the window you're

letting the cold i..

THERMODYNAMIC
II: The heat goes ou
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Example: Thermal Conductivities
If air has such a low thermal conductivity (0.22), why do we need to wear clothes? If we omit P ————
the obvious answer... decency! S 5 %
ca
C\D‘h‘f- 2 § +faP e O\j-\nl\y\' owl b‘\J Substance (s:m-C° (s-m-C°)
. . "Wzé : Silver 10 X 1072 420
Emrﬁb \S ‘\‘rw\.j‘(:c red ‘Fram onr baA‘d to the e el e i o
: A Aluminum 5.0 X 1072 200
e consT wer
TL o s constarst “”P\“¢A we must 39 ~ Steel 11X 102 40
— Ice FXIT™ 2
NE W . Glass 2010 084
Brick 20%x107% 084
Example: Concrete 2.0 % 107* 0.84
Suppose you sit down on a 8.0 °C concrete bench. You are only wearing a thin layer of Weleri 14 x 10:: 056
clothing that provides negligible insulation and therefore your core temperature (37 °C) is only Human tissue 0.5 X 10_4 02
protected by 1.2 cm thick layer of fat (on your bum!) that touches the bench. Let’s estimate the W‘)Od Lo X 10_4 il
area of contact between your self and the bench to be 0.10 m*. What is the heat loss due to Kiberelss M0NPY, 910N - O
conduction? Cork 0.1 X 10 0.042
' Wool 0.1 X107  0.040
Q. _ KAST _ CO-”-)CO-‘O)L}l §.0) Goosedown 0.06 X 107 0.025
‘! | - L = o0\, Polyurethane 0.06 X 107  0.024
Air 0.055 x 107* 0.023
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FYI... There are two other means to transfer thermal energy...

Convection: Transfer of thermal energy by Mo oA Radiation: transfer of thermal energy through ¢ \gd‘ ro mgﬁﬂg‘hg
in fluids. ‘ waves.

Conduction Convection

Putting it all together!

Example:

When the weather gets cold, the air we breathe in is heated when it comes in contact with warm lung tissue. The energy to heat the air
comes from our body. The inhaled air warms to nearly the temperature of the interior of a human body 37 °C. When humans exhale,
some heat is retained by the body, but most if lost. We will assume the exhaled air is about 30 °C. 2631S

lT
A typical person takes 12 breaths each minute, with each breath taking in about 0.50 L of outside air. If the air outside is -10 °C and is

heated to 30 °C...—» 393 |G K \
a. What is the volume of exhaled air with each breath? (\) ?} Q ale C,w'\'an’\' -
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b. Find the heat and the heat power required to warm one breath of air (MM = 29 g/mol and specific heat = 1.01 kJ/(kg °C)).
(the gases are exchanged as you breath — Oxygen to Carbon Dioxide — but to a good approximation the number of atoms,
stay the same).

Note: consider only the energy required to warm the air, not the energy lost to evaporation from the tissues of the lungs.
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