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Temperaturggcales 7.2

The Fahrenheit and Celsius temperature scales are the most commonly used scales for reporting temperature
values. Scientists use the Celsius scale almost exclusively, as do many countries of the world. The United States
relies on the Fahrenheit scale for reporting temperature information. You can convert information reported in
degrees Celsius to degrees Fahrenheit or vice versa using conversion formulas.

Fahrenheit (°F) to Celsius (°C) conversion formula:°C = g("F -32)

Celsius (°C) to Fahrenheit (°F) conversion formula:°F = (g X °C) +32

ExampLE [
*  What is the Celsius value for 65° Fahrenheit?
°C = 3(65°F—32)

°C = 183
*  200°C is the same temperature as what value on the Fahrenheit scale?
°F = g(200°C)+-32

°F = 392
PRACTICEA >—=—

1. The weatherman reports that today will reach a high of 45°F. Your friend from Sweden asks what the D Ci
temperature will be in degrees Celsius. What value would you report to your friend? (= % ( 47 ~@> 1

2. Your parents order an oven from England. The temperature dial on the new oven is calibrated in degrees
Celsius. If you n&ed to bake 33 cgke at 350°F in the new oven, at what temperature should you set the dial? [L@Q A
et . 6 3 33 A, g S
3. A German automobilgﬁ: gine temperature gauge reads in Celsius, not Fahrenheit. The engine tempera
should not ris&abo%(: out 225°F. \S’hat is the corresponding Celsius temperature on this car's gauge?
-4 (235-32
4. Your grandmother in Iteland sena}s you her favorite cookie recipe. Her instructions say to bake the cookies af . .
190.5°C. To what Fahrenheit t%m{j)erature would you set the oven to bake the cookies? ( 376° = I

F«ix Geco) +3

5. Ascientist wishesto generate a chemicai%eaction in his laboratory. The temperature values in his laboratory
manual are given in degrees Celsius. However, his lab thermometers are calibrated in degrees Fahrenheit. If L
he needs to heat lg reactants to 232°C, what temperature will he need to monitor on his lab thermometers@ {:J

- {2 92 2

P A= X dSd) 2a . . .

6. You call a friend th Denmark during the Christmas holidays and say that the temperature in Boston is
15 degrees. He replies that you must enjoy the warm weather. Explain his comment using your knowledge of
the Fahrenheit and Celsius scales. To help you get started, fill in thjs table. What is 15°F on the Celsius

scale? What is 15°C on the Fahrenheit scale? ( = % [%5- 3}

54 F - 15C
e= (L% 15) +32
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Extension: the Kelvin temperature scale

For some scientific applications, a third temperature scale is used: the Kelvin scale. On the Kelvin scale, 0 K
(degree symbols are not used for Kelvin values) represents absolute zero. Absolute zero is equal to -273°C, or
_459°F. When scientists are conducting research, they often obtain or report their temperature values in Celsius,
and other scientists must convert these values into Kelvin for their own use, or vice versa. To convert Celsius
values to their Kelvin equivalents, you would use the formula:

K =°C+273

«  Water boils at a temperature of 100°C. What would be the corresponding temperature for the Kelvin scale?
K =°C+273
K = 100°C+273 = 373

To convert Kelvin values to Celsius, you would perform the opposite operation; subtract 273 from the
Kelvin value to find the Celsius equivalent.

« A substance has a melting point of 625 K. At what Celsius temperature would this substance melt?
°C = K-273

°C = 625 K~273 = 352

Although we rarely need to convert between Kelvin and Fahrenheit, use the following formulas to do so:

K = g(°F+460)

°F = @ < K) - 460
PRACTICE 2 »r—2—
1. A gas has a boiling point of -175°C. At what Kelvin temperature would this gas boil?{ (3 <2+
K= -175"C +271% -

2. A chemist notices some silvery liquid on the floor in her lab. She wonders if someone accidentally broke a
mercury thermometer, but did not thoroughly clean up the mess. She decides to find out of the silver stuff is
really mercury. From her tests with the substance, she finds out that the melting point for the liquid is 275 K.
A reference book says that the melting point for mercury is -38.87°C. Is this substance mercury? Explain

iour answer and show all relevant calculations. C =Q715-71% : /I’\/E

A °C =mp for unknoln (< ch higher "130!4 A SO '

3. Itis August Istand you are at a Q?egce Camgin Florida. uringi;y’n%g%c{rz ience qiriz; you are asked to
identify the temperature scale for a thermometer that reports the current temperature as 90. Is this

thermometer calibrated for the Kelvin, Fahrenheit, or Celsius temperature scale? Fill in the table below to
answer this question.

AR R A
| w0F = 32C = I
1% R .l
-39 i = -15%°C %

@5’% C)J‘%oi %(F*%;}
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Specific Heat 7.3

READ l'i

Specific heat is defined as the amount of heat energy needed to raise 1 gram of a substance 1°C in temperature.

*  Specific heat values are used in the heat equation is:

Q= me( Ty~ 2y

where Q is the heat energy (joules), m is the mass of the substance (kilograms), C,, is the specific heat of the
substance (J/kg°C), and (7, - T}) is the change in temperature (°C)

*  The higher the specific heat, the more energy is required to cause a change in temperature. Substances with
higher specific heats require more loss of heat energy to experience a lowering of their temperature than do
substances with a low specific heat. Some sample specific heat values are presented in the table below:

Material Specific Heat (J/kg °C)

water (pure) 4,184
aluminum 900
steel 470
silver 235

oil 1,900
concrete 880
glass 800
gold 129
wood 2,500

*  Water has the highest specific heat of the listed types of matter. This means that water is slower to heat but is
also slower to lose heat.

*  How much energy is required to heat 35 grams of gold from 10°C to 50°C?
Looking for Solution
The heat energy in joules to heat 35 grams of Q:=mC(TL,-T)
gold by 40°C. P2 7
et Q = (035 kg)(129@—;- (50°C - 10°¢)
o .
_ - 035 kil .
Mass. 35 grams = 0.35 kilogram Q- (0'035 kg)(129 J (40°C)
Specific heat of gold = 129 J/g°C kg -°
T,=50°C and T, =10°C @ = 1,806 joules
Relationship To produce the necessary change in temperature,
_ B 1,806 joules of heat energy need to be put into
Q= me( 7—2 Tl) this sample of gold.
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PRACTICE »r—2— '
Using the heat formula and the table of specific heat values, solve the following heat problems.
1. A 0.5-kilogram piece of aluminum increases its temperature 7°C when heat ene d. How much heat
energy produced this change in temperature? () = 5 Ké)) (qoo)( e C) 2507 l
5 A volume of water has a mass of 0.5 kilogram. If the temperature of this amount 0 was raised by 7°C,
how much heat energy is produced? {j = ( n 1{4 | 94 ‘} bc)
3. How much heat energy is req}lre(‘idfto raﬁe the tempera of steel by 10°C‘7
10 % IEMB
4. How much heat energy 1s nee ((1 to raise the tem erature ST T00-Titers of water from 10°C to 25°C? Note:
One liter of water has a mass of one kilogram. (QQ M 4 \Q,JD( ) | (p’;“[ (0 000 T w.3n
5. When 1,500 joules of energy is lost from a 0. 12-kilogram object, the temperature decreases from 45°C to
40°C. What is the s ecr heat of t,%u 0 ect" Of what materigl i
500 Zc 40- 45 o T enC - DD
6. What is the specific heat of a materra that gams 600 joules of ener; €nadv. za-kuogram object increases
in temperate by 3°C‘7 at 1s ,, = il co
Pt by . ’3@: c, 00 T [4gC - glass]
7. A liquid with a specrﬁc heat 0f1,900] has 4,750 joules of heat energy is added to it. [f the
temperature mcreases fro 20°C o0 30°C, what i 1s the ass of th -
A7 =Py Chaco ) M~ =
8. Whatis the mass of a block of concrete that gams 52 8 0 _Loules of energy when its temperature is increased
by 5°C? ©2,300 T = (mY5e0)(57C) W\/\
9. A scientist wants to raise the temperature of a 0.10-kilogram sample of glass from —45°C to 15°C. How
much heat energy is required to uce this ,‘hange-m-ten;\-pet:qture‘7
£O €Y 000 ) 8= 4800
10. A person wishes to pot o esh water frémi20°C 1o TOUC in order to boil water for pasta. They
calculate that their pot holds 2 kilograms of water and that they would need to apply 669 440 joules of heat
energy to produce the desired temperature change. Are the person’s lculatlons cofr efend your
answer and demonstrate all relevant calculations. ({fl, 440 5 \@r) 4 f/,q t{ % [,
11. A 0.25-kilogram sample of aluminum is provided with 5,000 Joules of heat energy. What w1ll be th:
in temperature of this sample of aluminum? 000 = ( 9[3 yﬂ‘} ( a0 O\ ( AT‘) o
12. What is the change i temp e for mass of water-that loses 8,500 joules of energy?
-%,%0
13. Which of the substances l in the table on e first page eat up more quickly if an equal amount
of heat energy were apphed to all of the substances at the same time? Explain your answer.
ﬂaetd v shver ple J ¢
14. Which of thé substances listed in the table on the first page would you choose as the best insulator (substance
that requires a lot of heat energy to experjence a change in temperature)? Explain your answer.
W e, ol wWoo
15. Which substance—~wood or steel—is the better conductor? A conductor is a material that requires very little

heat energy to experience a change in temperature. Explain your answer.
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