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10A WB - temperature conversions!

1. Usually, people die if their body temperature drops below 35°C. There was one 
case, however, of a two-year-old girl who had been accidentally locked outside in 
the winter. She survived, even though her body temperature dropped as low as 
14°C. Express this temperature in Kelvin and in degrees Fahrenheit.!

2. In experiments conducted by the United States Air Force, subjects endured air 
temperatures of 400°F. Express this temperature in degrees Celsius and in Kelvin.!

3. The temperature of the moon’s surface can reach 117°C when exposed to the sun 
and can cool to −163°C when facing away from the sun. Express this temperature 
change in degrees Fahrenheit.!

4. Because of Venus’ proximity to the sun and its thick, high-pressure atmosphere, its 
temperature can rise to 860.0°F. Express this temperature in degrees Celsius.!

5. On January 22, 1943, the air temperature at Spearfish, South Dakota, rose 49.0°F 
in 2 min to reach a high temperature of 7.00°C. What were the initial and final 
temperatures in degrees Fahrenheit? What was the temperature in degrees 
Celsius before the temperature increase?!

6. In 1916, Browning, Montana, experienced a temperature decrease of 56°C during 
a 24 h period. The final temperature was −49°C. Express in Kelvin the 
temperatures at the beginning and the end of the 24 h period.!

7. In 1980, Willie Jones of Atlanta, Georgia, was hospitalized with heat- stroke, 
having a body temperature of 116°F. Fortunately, he survived. Express Willie’s 
body temperature in Kelvin.!

!
10A PR - temperature conversions!

8. On July 10, 1913, the temperature reached 330.0 K Death Valley, California—the 
hottest temperature ever reached in the United States. Calculate this temperature 
in degrees Fahrenheit and in degrees Celsius.!

9. On January 21, 1918, Granville, North Dakota had a surprising change in 
temperature. Within 12 hours, the temperature changed from 237 K to 283 K. 
What is this change in temperature in the Celsius and Fahrenheit scales?!
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10. In only 15 minutes, the temperature in Fort McDonald, Montana, went from −5°F to 
+37°F on January 19, 1892. Calculate this change in temperature in Kelvin.!

11. The Hawaiian lavas at Kilauea Crater have the highest temperatures measured on 
Earth’s surface (over 2192°F). Express this temperature in degrees Celsius.!

12. Much of the hot water in Reykjavík, Iceland comes from wells bored into the hot 
springs of Reykir. The water temperature from the wells is 188.6°F. Express this 
temperature in degrees Celsius.!

13. The present temperature of the background radiation in the universe is 2.7 K. 
What is this temperature in degrees Celsius?!

!!
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Heat Transfer A 5.10-kg cast-iron skillet is heated on the stove from 
295 K to 450 K. How much heat had to be transferred to the iron?

Analyze and Sketch the Problem
• Sketch the flow of heat into the skillet from the stove top. 

Known: Unknown:
m = 5.10 kg C = 450 J/kg!K Q = ?
Ti = 295 K Tf = 450 K

Solve for the Unknown
Q " mC(Tf # Ti)

" (5.10 kg)(450 J/kg!K)(450 K # 295 K) Substitute m ! 5.10 kg, C ! 450 J/kg"K, Tf ! 450 K, Ti ! 295 K

" 3.6$105 J

Evaluate the Answer
• Are the units correct? Heat is measured in J. 
• Does the sign make sense? Temperature increased, so Q is positive. 

3

2

1

Ti ! 295 K

m ! 5.10 kg

Tf ! 450 K

Q
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The specific heat of a material
is the amount of energy that must
be added to the material to raise
the temperature of a unit mass by
one temperature unit. In SI units,
specific heat, represented by C, is
measured in J/kg!K. Table 12-1
provides values of specific heat 
for some common substances. For
example, 897 J must be added to 
1 kg of aluminum to raise its 
temperature by 1 K. The specific
heat of aluminum is therefore 
897 J/kg!K.

The heat gained or lost by an object as its temperature changes depends
on the mass, the change in temperature, and the specific heat of the sub-
stance. By using the following equation, you can calculate the amount of
heat, Q, that must be transferred to change the temperature of an object.

Liquid water has a high specific heat compared to the other substance in
Table 12-1. When the temperature of 10.0 kg of water is increased by 
5.0 K, the heat absorbed is Q " (10.0 kg)(4180 J/kg!K)(5.0 K) = 2.1$105 J.
Remember that the temperature interval for kelvins is the same as that for
Celsius degrees. For this reason, you can calculate %T in kelvins or in
degrees Celsius.

Heat Transfer Q " mC%T " mC(Tf # Ti)

Heat transfer is equal to the mass of an object times the specific heat of the
object times the difference between the final and initial temperatures.

Table 12-1
Specific Heat of Common Substances

Material Specific Heat
(J/kg"K) Material Specific Heat

(J/kg"K)

Aluminum
Brass
Carbon
Copper
Glass
Ice
Iron

897
376
710
385
840
2060
450

Lead
Methanol
Silver
Steam
Water
Zinc

130
2450
235
2020
4180
388

Reinforcement
Heat, Thermal Energy, and
Temperature Have students, in
groups of two, draw a concept
map that relates the following key
concepts or quantities: thermal
energy, temperature, molecular
motion, heat, mass, and specific
heat. Students should use short
explanatory phrases to explain the
links on the concept map.

Visual-Spatial
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Question Some-
times a short cir-
cuit in an electrical
wiring system can
produce enough heat to melt a
wire. How much heat must be
transferred to a 20.0-g piece of
copper wire in order to raise it
from room temperature (25.0°C)
to its melting temperature
(1082.0°C)?

Answer

Q " mC(Tf # Ti)
" (0.0200 kg)
(385 J/kg!°C)(1082.0°C # 25.0°C)
" 8140 J

Specific Heat The specific heat values listed in Table 12-1 are valid for temperatures that are
near room temperature. For most practical purposes, specific heat can be considered to be con-
stant over a reasonably wide range of temperatures. It is a property of all materials that their
specific heat decreases at very low temperatures. The specific heat of all materials must go to
zero as the temperature is decreased to absolute zero.

As in melting, the temperature
does not rise while a liquid boils. In
Figure 12-10, this transition is repre-
sented between points D and E. After
the material is entirely converted to
gas, any added thermal energy again
increases the motion of the particles,
and the temperature rises. Above
point E, steam is heated to tempera-
tures greater than 373 K.

Heat of fusion The amount of energy
needed to melt 1 kg of a substance is
called the heat of fusion of that sub-
stance. For example, the heat of
fusion of ice is 3.34!105 J/kg. If 1 kg

of ice at its melting point, 273 K, absorbs 3.34!105 J, the ice becomes 1 kg
of water at the same temperature, 273 K. The added energy causes a change
in state but not in temperature. The horizontal distance in Figure 12-10
from point B to point C represents the heat of fusion.

Heat of vaporization At normal atmospheric pressure, water boils at 373
K. The thermal energy needed to vaporize 1 kg of a liquid is called the heat
of vaporization. For water, the heat of vaporization is 2.26!106 J/kg. The
distance from point D to point E in Figure 12-10 represents the heat of
vaporization. Every material has a characteristic heat of vaporization.

Between points A and B, there is a definite slope to the line as the tem-
perature is raised. This slope represents the specific heat of the ice. The
slope between points C and D represents the specific heat of water, and the
slope above point E represents the specific heat of steam. Note that the
slope for water is less than those of both ice and steam. This is because
water has a greater specific heat than does ice or steam. The heat, Q,
required to melt a solid of mass m is given by the following equation. 

Similarly, the heat, Q, required to vaporize a mass, m, of liquid is given
by the following equation.

When a liquid freezes, an amount of heat, Q " #mHf, must be removed
from the liquid to turn it into a solid. The negative sign indicates that the
heat is transferred from the sample to the external world. In the same way,
when a vapor condenses to a liquid, an amount of heat, Q " #mHv, must
be removed from the vapor. The values of some heats of fusion, Hf, and
heats of vaporization, Hv, are shown in Table 12-2.

Heat Required to Vaporize a Liquid Q " mHv

The heat required to vaporize a liquid is equal to the mass of the liquid times
the heat of vaporization of the liquid. 

Heat Required to Melt a Solid Q " mHf

The heat required to melt a solid is equal to the mass of the solid times the
heat of fusion of the solid. 

Table 12-2
Heats of Fusion and Vaporization of Common Substances

Material
Heat of Fusion

Hf (J/kg)
Heat of Vaporization

Hv (J/kg)

Copper
Mercury
Gold
Methanol
Iron
Silver
Lead
Water (ice)

2.05!105

1.15!104

6.30!104

1.09!105

2.66!105

1.04!105

2.04!104

3.34!105

5.07!106

2.72!105

1.64!106

8.78!105

6.29!106

2.36!106

8.64!105

2.26!106

Melting
1. Label two foam cups A and B. 
2. Measure and pour 75 mL of
room-temperature water into each
cup. Wipe up any spilled liquid.
3. Add an ice cube to cup A, and
add ice water to cup B until the
water levels are equal. 
4. Measure the temperature of 
the water in each cup at 1-min
intervals until the ice has melted.
5. Record the temperatures in 
a data table and plot a graph.

Analyze and Conclude 
6. Do the samples reach the 
same final temperature? Why?
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2 TEACH
Using Models
Melting and Vaporization One
way to demonstrate the energy
required to change a solid to a
liquid and then to a gas would be
the melting of an ice sculpture.
Begin with small ice sculptures
(colored water frozen in a candy
mold). Place two in dishes: one at
room temperature and one under
a heat lamp. Put a third one in a
zipper storage bag and ask stu-
dents to hold it in their hands
and roll it around. The more
energy applied, the quicker the ice
will melt. Under the heat lamp, it
will eventually evaporate.

Melting

See page 37 of FAST FILE
Chapters 11–15 Resources for the
accompanying Mini Lab Worksheet.

CAUTION: If any water is spilled,
wipe up quickly to avoid a slip-
pery floor hazard.

Purpose to observe heat transfer
during a change of state

Materials two foam cups, water,
ice water, ice cube, two 
thermometers

Expected Results The cup with
the ice will be cooled to a lower
temperature than the cup with the
ice water.

Analyze and Conclude
6. Many students will not believe
the results. Even though the ice
cube and the ice water are both at
approximately 0°C, the ice will cool
the water better than the ice water.
The ice cube takes energy to
change from a solid to a liquid. 

Boiling Water in a Vacuum
Materials warm water, flask, bell jar, vacuum pump with a desiccator
Procedure Fill the flask one-third full of warm water. Place the flask in a bell jar connected
to a vacuum pump. Evacuate the air. Students will see the water boil. Ask students to predict
the temperature of the water. Many will say that it is hot. Allow students to touch the water.
The water is cooler than before. The boiling has removed some water and, with it, some heat.

— Perry Mick • Ellis High School • Ellis, KS
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Practice Problems!

5. How much heat is absorbed by 60 g of copper when it is heated from 20°C to 80°C?!

6. A 38 kg block of lead is heated from -26°C to 180°C. How much heat is absorbed 
during the heating?!

7. The cooling system of a car engine contains 20 L of water. 1 L of water has a mass of 
1 kg.  a. What is the change in the temperature of the water if the engine operates until 
836 kJ of heat are added? b. Suppose it is winter and the system is filled with methanol. 
The density of methanol is .8 g/cm³. What would be the increase in temperature of the 
methanol if it absorbed 836 kJ of heat?!

9. A 200 g sample of water at 80°C is mixed with 200 g of water at 10°C. What is the 
final temperature of the mixture?! !

10. A 400 g sample of methanol at 16°C is mixed with 400 g of water at 85°C what is the 
final temperature of the mixture?!

11.  A 100 g brass block at 90°C is placed in a Styrofoam cup containing 200 g of water 
at 20°C. Find the final temperature of the mixture.!

13. How much heat is absorbed by 100 g of ice at -20°C to become water at 0°C?!

14. A 200 g sample of water at 60°C is heated to steam at 140°C.  How much heat is 
absorbed?!

15.  How much heat is needed to change 300 g of ice at -30°C to steam at 130°C?!!
Problems!!
4.  How much heat is needed to raise the temperature of 50.0 g of water from 4.5°C to 
83.0°C?!

5.  How much heat must be added to 50.0g of aluminum at 25 °C to raise its 
temperature to 125 °C?!

6.  A 500g block of metal absorbs 5016J of heat when its temperature changes from 20 
°C to 30 °C.  Calculate the specific heat of the metal.!

9.  A 100 g mass of tungsten at 100 °C is placed in 200 g of water at 20 °C.  The mixture 
has final temperature of 21.6 °C.  What is the specific heat of tungsten?!
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10.  A 600 g sample of water at 90 °C is mixed with 400 g of water at 22 °C.  What is the 
final temperature of the mixture?!

13. A 200 g sample of brass at 100°C is placed in a calorimeter cup that contains 261 g 
of water at 20°C. What is the final temperature of the brass and water?!

19. How much he is removed from 60 g of steam at 100°C to change it to 60 g of water 
at 20°C?!

21. How much heat is added to 10 g of ice at -20°C to convert it to steam at 120°C?!

22. A 50 g sample of ice at 0°C is placed in a glass beaker containing 400 g of water at 
50°C. All the ice melts. What is the final temperature of the mixture?!

23. A 4.2 g lead bullet moving at 275 m/s strikes a steel plate and stops. It’s all it’s 
kinetic energy is converted to thermal energy and none leaves the bullet, what is its 
temperature change?!


