Energy units

- two common units. Both are based on the metric system

(") CALORIE

- the amount of energy required to change the temperature of one gram of water
by 1 degree Celsius.

- abbreviation: cal

25C | Add Tcal | 24c
> (One gram of water has a volume
M W of approximately one milliliter)
[fe g

- the Calorie reported on the side of most food labels is actually a KILOCALORIE
(kcal). 1 kcal = 1000 cal



() JOuLE

- the standard metric unit of energy is the JOULE.

- abbreviation: J

- the Joule is defined based on KINETIC ENERGY, but is ssmaller than the

calorie. The joule is a DERIVED UNIT:
4.184J=1cal 13- = , from
E 4 L
ol VR AR
kinetic \ \
energy Mass velocity

25C | Add 4.184\J

26C
Wb W

19 g

(One gram of water has a volume
of approximately one milliliter)
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Energy conversions

- [t's simple to convert back and forth between calorie-based units and
Joule-based units. Just use dimensional analysis! Remember that these
energy units are both based on the metric system, and use the metric prefixes.

Example: ~
Convert 15.7 kJ to cal KJ =10 J
i UM T =
f} y
1. 7 kT 2Ty 6l <799 39009

T HAMT
Round this answer to THREE significant
figures, since the original measurement

(3 7 S O ‘ (the 15.7 kJ) has three significant figures.
Co-

(3.75 b el
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HEAT

- is the flow of energy from a region of high femperature to a region of low
tfemperature

- can be measured by monitoring femperature changes

\

Since heat is a FLOW of energy, it has a direction. The direction is indicated
by a SIGN ... positive for energy flowing in, and negative for energy flowing out..

When we talk about heat, we need to be specific ... from where does energy
flow, and where does it go?

SYSTEM: the object or material under study

SURROUNDINGS: everything else

And when we talk about processes involving heat, we need an easy way fo
describe them...

Type of process Energy is ... Sign of Q Temp of SURROUNDINGS ...

ENDOTHERMIC fransferred from
SURROUNDINGS ‘\_

to SYSTEM

decreases

EXOTHERMIC fransferred from INnCcreases
SYSTEM to
SURROUNDINGS

(Why is the temperature of the surroundings important? Because the thermometer is
usually part of the surroundings!)
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SPECIFIC HEAT

- the same amount of energy will change the temperature of
different substances by different amounts.

- the SPECIFIC HEAT is the amount of energy required to change
the temperature of one gram of a substance by 1 degree Celsius

See the table of
— specific heats on
Units: D oR C e \ page 297 of your
6 C, O C/ textbook for
b 3 values!

3 cal
Water's specific heatis: 4184 —— OR | 5

5°C 9°C

The higher the specific heat, the more energy is required to change the
femperature!



Using specific heat
- specific heat is used to relate energy to temperature changes.

ENERGY = MASS >< SPECIFIC >< TEMPERATURE
HEAT CHANGE

Example:

How much energy does it fake to raise the femperature of a 15.4 gram piece
of copper from 25.2 C 1o 100.0 C?

~
SQQCH’\(_ L\QuL d‘, 5,,(){)9(' [{ruu{ﬂ? S'ﬂc\f‘ol'\B*o O.ZKS /jo(’

Enefﬁs) = (\S.L’fg ) \(.C 0.7 %4 _jé“() (EOO -Oo(.;:ig‘léi)
Al

- qbfl.%%“/lj

' Notice the sign of this numlber. Positive ... because
-Hu3 3 |

the copper must take in energy to warm up to 100 C!

3 significant figures! Note: In energy calculations,
TEMPERATURE CHANGE is
always FINAL TEMP - INITIAL TEMP!
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Measuring specific heat

- We can measure the specific heat of a solid sample by taking advantage of
conservation of energy

/inc metal sample

MASS:_S0 287 g

Room-temp water sample

MASs:__ 90 .0 .

7
INITIAL TEMP 67 ) .
¢ INITIAL TEMP 1.2 C

We'll heat the zinc sample up to a constant temperature using a
boiling water bath (because it's easy fo get a constant tfemperature
this way)!

FINAL TEMP OF ZINC AND WATER MIXED: /)— % ‘q C




