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UNIT ¥
SECTION 1: TEMPERATURE VERSUS HEAT

Saction lA: Deriving a definition of temperature
Temparature of the water In 8eaker No. 2 before hot water ls added:

°c

TYemperature of the water in Baaker No., 2 after hot water has been
added and stirred for two minutes:

°C

Explanation as to why the temperature ot the colder water ln Beaker No. 2
increased when hot water was added to it,

State the definlition of temperature below.

Sectlon [B: Thermai ensvcgy
Temperature of the water in Beaker No. I:

°c

Temperature of the water in Beaker No. 2:

°c

The time I+ takes the water in Beaker No. 2 to reach room temperature:

minutes

Cl
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The temperature of the water In Beaker No. | when the water temperature
of Beaker No. 2 is at room temperature:

°C

State the definition of theimal energy in the space below.

State the definition of heat In the space below.

Record the differences between the concepts of heat and temperature
In the space balow.

Sectlion IC: Questions relating to temperature and heat (thermal energy)

Answer these questions relating to temperature and heat (thermal energy).
Check your answers before continulng.

I. Oraw a llne under the Item that contalns the greater anount of
heat (thermal energy).

a. a soldering iron or a needle, both at 150°C
b. a teakettle full of bolllng water or a cup of bolllng water
c. 20 kg of Ice at -19°C or 10 kg of Ice at -10°C

d. amlitititer ot liquld alr or a liter of liquld air both
at -189°C

e. ten grams of water at 50°C or 100 grams of water at 40°C
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2. 1% you had a kilogram lead block ana a 500 gram leac block, both
measured the same temperature, exnlain why they wouldn't contain
the same amount of heat (thermal onergy)., Use the torms, temper-
ature, klnetic energy, and heat (thermal energy) in your answer,

SECTION ti: UNITS OF HEAT

Sectlon f1A: Qefinltlons of heat--British Thermal Ualt

Place the two values that determine the amount of 'ieat contained In a
body in the space bulow.

2,

Write ihe definition of the English unit of heat, the British Thermal
Unit. in the space below.

Write the formula used to compute the amount of heat (measured ln BTU's)
needed to change the temperature of a glven amount of water In the space

below.




Problems

Problem | -

Problem 2 -

Problem 3 -

Problem 4 -

How much heat s needed to raise the temperature of 15
pounds >f water from 80°F to 200°F? Work this probiem
as It Is worked on the tape and slides.

How much heat Is tost it 5 pouniys of water are cooled
trom 100°F to 20°F? Work this preblem as it s worked
on the tape and slides.

How much heat |s needed to raise the temperature of 80
pounds of water from [00°F to 212°F? Check your answer
to this problem before going on to the next »robiem.

How much heat Is fost It 50 pounds ot water, at a tem-
perature of 212°F, are cooled to a temperature of 100°F?
Check your answer to this problem before continuing.

CH



Section 11B8: Calorie--cgs system

Place the definition of a calorie (cal.) in the space below.

Wrlite the tormula used to compute the amount of heat (measured In
calories) needed to change the temperazture of a glven mass of water
in the space below.

Problems

Problem | - How much heat Is needed to raise the temperature of 250
grams of water from 20°C to 80°C? Solve this problem
as It Is solved on the tape and slidas,

Problem 2 - How many calories of heat are gainod by 800 giams of
water when [ts temperature changes from 20°C to 100°C?
Check your answer before contlnuing,

Probiem 3 - Compute the flnal temperature of 500 grams of water,
Inttially at 20°C, {f 20,000 calories uf ieat are added
to It. Solve thls problem as It is soiv.d on the tape
and stides.
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Problem 4 - Zompute the final temperature of 200 grams cf water,
Initiatly at 30°C, if 8,000 calories of heat are
added.

Section |IC: Calorlie and b.U conversions

Place the relationshlps and conversions of the calorie and BTU In the
space below.

| BTU = . calories.

To change 8TU's into calories by 252.
To change calories Into BTU's vy 252.
Prob | ems

Problem | - How many calories are equivalent to 30 BTU's?

Problem 2 - How many BTU's are equivalent to 6,300 caloriest

Sectlon 11D: Data for the deternination of the quantity of hest
needed to warm a speclfic mass of water

mass of water grams
inltial temperature of water °C
finzl temparature of water °C

Calculate the amount of heat, In calories, needed to raise the initisl
temperature to the final tempirature.



Section 11D: (Cont'd)
smount of heat absorbed by the water __calorles

Convert the calculated number of calorles to BTU's In the space below.

amount of heat absorbed by the water _ BTU's

Secflon {lE: Questions relating to heat units

in the following statements, place the ccrrezct word or term that best
compliates them in the blank.

1. The amount of heat requirad to ralse the temperature of one gram
of water from 14.5°C to 15.5°C Is called & .

2. The amount of heat required to raise the temperature of one pound
of water from |0°F to 1I°F Is called a ___ .

3. A calorle Is (larger, smalier) than a BTU,

4, To change calories t» BTU's, you must .
5. The English unit of heat is called 2 .
6. The cgs unit of heat is cailed & .

7. When calculating a quantlty of heat measured in BTU's, the mass of
the water is measured In and the temperature change
Is measured In degrees.

8. When calculating a quantity of heat measured In calorles, the mass
of the water Is measured In and the temperature
change is measurad In degrees.

9. |If heat Is edded to water, the temperature of the water

10. One BTU Is equal to calories,

Check your answers to the fitl-In questions before answering the
following problems,

11




Problems

Probtem | - 2ne kiiogram (1000 grams) of water |s heated from [5°C to
75°C. How many calories of heat were used to make this
temperaturc change? Check your answer before worklng the
next probtlem,

Problem 2 - How much heat Is lost If 20 pounds of water are cooied
from 180°F to 100°F? Gjve your answer In BTU's and
calorias. Check your answers before working the next
probiem, '

Problem - - Compr*e the flnal temperature of a kilogram of water,
Inttially at 20°C, if 40,000 calories of heat are added.
Check your answer before working the next problem.

Prodlem 4 - A burner used to hwat 10 pounds of water ralsed its
temperature from 30°F to 100°F, How much heat did the
burner supply to the water? Check your answer before
continuing.
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SECTION 111: SFECIFIC HEAT

Section |11A: Dats table for determining the specific heats of

paraffin oll and water

Record the initlal temperature of each liquld and the temperature
every minute, for five minutes, after you start to heat the lliqulid.

FUBSTARCE] InlTTal] temp. After| Temp. Affer| Temp. Affer| Temp, Affer] Temp. Aftor
Temp. I Minute 2 Minutes 3 Minutes 4 Ylinutss 5 Minutes
of Heatli of Heaflng_#_pf Heating | of rdeating } of Heai.ng
Water °C °c °c °C °C °C
aker A o

$araffln

otl °Cc °c °c °c °c °c
aker B8

Section 111B:

Defining speclflc heat

State the three valuaos that are Important when heat units are deflined.

2.

3.

State the definltlon of specific heat in the space below.

Place the unlts for expressing specific heat 1n the space below.

2.
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¥rite the hact equation In the space below.

Sectlon 111C: Problems

Problem | - Compute the heat needed to ralse ths temperature of 15
grams of aluminum, of specific heat 0.22 cal/c®, from
100°C to 250°C.

Problem 2 - How many calorles of heat are naeded to ralse the tem-
perature of 80 grams of Iron from 0°C to 300°C? The
specific heat of iron is 0,11 cat/g/c®. Check your
answer to this preblem befora working the next problem.

Problem 3 - How meny BTU's are needed to ralse the temperature of
5 pounds of mercury from 20°F to 100°F7 The specific
heat ¢f mercury Is 0.033 BTU/1b/F®. Check your answer
before continuing.



SECTION IV: LAW OF HEAT EXCHANGE
Sectlon IVA: Data table for the law of heat exchange experiment
Trial | Trial Il
i. Welght of smailer can of
the calorimeter q 9.
2, Welght of cold water 0 g
3. Initial temperature of
the cold water _ °C °C
4, Initlal temperature of
the calorimeter °C °C
5. Initlal temperature of
the warm water °C °C
6. Final temperature of the
mixture and calorimeter °c °c
{ 7. Welght of the mixture ot
I wat nd_the calorimeter g 9
8, Weighi of the warm water g _9 |

9. The speclflc heat of the

calorimeter 0.22 cal/g/c® 0.22 cal/g/c®
10. Heat gained by the

celorimeter cal cal
It. Heat gained by the

cold water cal cal
12, Heat |lost by the warm

water cal cal_ |
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Section IVB: Caicuiations for the taw of heat exchange experiment

Calculate the heat galned by the alumlnum calorimeter In the space
below. The speciflc heat of aluminum Is 0.22 cal/g/C%. Record
your answer In the data table on page |l.

Calculate the heat gained by the cold water that was initially
placed In the calorimeter. Remember that the speciflc heat of
water Is | cai/g/C®. Racord your answer in the data table on
page i1,

Calcutate the heat lost by the warn water. Record your answer In
the data table on page i1,

Section IVC: Law of consurvation of heat
Compare the amount of heat lost by tie warm water to the amount of

heat jalned by the cold water and calorimeter, Where ls heat lost
that was not consldered In the calculations?

Write the faw of conservation of heat In the space delow.
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Sectlon 1IVD: Questions retating to heat exchange

I In the followlng statements, place the correct word or term that best
l completes them In the blank.

I. The amount of heat required to raise the temperature of one gram
of & substance one degree centligrade Is called the

i of the substance. -
) 2, The amount of heat requlred to ralse the temperature of one pound
l : of a suhstance one degree Fahrenheit 1s called the N
e < of the substance.
l 3. The unlts that specific heat Is measured In are
or .
! 4, The specific heat of water Is .

5. Most other substances have a (higher, lower)
} speclflc heat than that of wster.

6. When two substances at different temperatures are mixed and the
‘ mixture comes to a tinal temperature, the heat
equals the heat s

I 7. As a substance fs heating, heat Is (sbsorbed, lost) o

| 8. As 2 substance is cooling, heat is (absorbed, lost)

9. The formula for datermining the amount of heat lost or galned by a
| substance when It cools or warms is .

10. The sum of the heat glven off by hot objJects equals the sum of the
r heat rezelved by cold objects. This statement is known as the law
of .

| Check your answers to the flli~in questions before workling the problems.
Problems

| Problem | - When 100 g of hot water at 90°C Is nixed thoroughly with
’ 200 g of cold water at 0°C, the temperature of the mixture
is 30°C. Show that the heat lost by the hot water is
l exectly equal to tliat galned by the cold water, Check
your answer before working the next problem.




Problem 2 -

Problem 3 -

Y-

The speclfic heat of copper Is 0.09 cal/g/C°. How much
heat does it take to ralse the temperature of 200 g of
copper fiom 40°C to 100°C? Check your answer before
continulng.

In an experiment simliar to the one you did In the
laboratory, a calorimeter was fllled with 150 grams
of cold water. The mass of the calorimeter was 60
grams. The speclfic heat of the calorimeter is

0.10 cal/g/C®. The temperature of tha cold water
and calorimeter Initially was 20°C. 100 grams of
hot water, at a temperature of 80°C, was added.
After stlrring, the flnal temperature of the mixture
and calorimeter was 43.4°C. Show that the heat
galned by the calorimeter cnd cold water was, within
experimental error, very nearly equal to the heat
lost by the hot water. Check your answer to this
problem before continulng.
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SECT:ON V: SPECIFIC HEAT OF A METAL

Section VA: Data tablae for the determination of the specliflic heat of

alumlnum and lead

Afumlnum Lead
1. Mass ot the metal g
2, Mass of the calorimeter
3. Mass of the calorimeter
and water 9

4, Mass of the water (3 -~ 2)

il

5. Speclfic heat of the
catorimeter

0.22 cal/q/C®

6. Inittat temperature of solid

0.22 cal/g/C®

(temperature of bolling water) °C °C
7. Inltlal temperature of water
and calorimeter °C °C
8. Final temperature of solld,
r_iﬁrwafer and calorimeter °Cc °c
9. Temperature change of the
solld (6 - 8) °Cc °c
10. Temperature change of the
water and calorimeter (8 - 7) °C °C
i1. Calories gained by the water
(& x | caifq/C® x 10) cal cal
12, Calories galned by the calori-
meter (2 x 0,22 cal/q/C® x 1) cal cal
13. Total calories gained by the
water and cajorimeter (Il + 12) cal cal
|4, Calorlies lost by the solld
(b 5 x9) cal csl
I5. Calculate the specific heat
of the solld {set |4 equal
to |3 and soive for §) cal/gq/C° ceifa/C®

16. Accepted vatue for the specitic
heat of the solid

0.22 cal/g/c®

0.031 cal/g/C®

17. Error (difterence betweea 15 & 16)

and muttiply by 100)

8. Percentage error (dlvide 17 by i6

3

-

1

J
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Section VB: Calculations for the specific heat of alumlnum

Calculate the temperature change of the alumlnum so!id in tho space
below. Record this answer In your data table on page i5.

Calcuiate the temperature change of the water and calorimeter In the
space below. Record thls answer In your data table on page 15.

Calculate the caiories gained by the water in the space below. Record
this answer [n your data table on page [5.

Caiculate the calorles galned by the calorime*er in the space below.
Record this answer In your data table on page I5,

Calculate the total heat galned by the water and calorimeter In ths
space below. Record thls enswer In your data table on page |5,

N
(ahp)
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Calculate the heat lost by the aluminum solic In the space below,
Record this answer [n your data table on page 15,

Calculate the specitic heat ot the alumluum sclld in the space below.
Record thls answer In your data table on page |5,

Calculate the errcr En your experiment In the space below. Record
this enswer In the data table on page I5.

Calculate the percentage error in the experiment In the space below,
Record this answer [n the data table on page 15,

Sectlon VC: Procedure for determining the specitic heat of lead

I. FIll the steam generator about ons-half full of water and start
the water bollling.

2, Weligh the lead cylinder on your triple-beam balance. Welgh It to
the ncorest tenth of a gram.

3. Tile & string, about 30 cm long, to the hook of the lead cyllnder.
When the water starts to boll, lower the cylinder Into the boiling
water,

4, MWeigh the <maller can of the calorimeter on your triple-besm
batance, wWeigh It to the nearest tenth of a gram,
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5. FII1 the smaller can of the calorimeter three-fourths full of
water. Welgh the calorimeter and water on the tripte-beam
balance. Weigh it tu the nearest tenth of a gram.

6. Place the smaller can of the calorimeter Inside the larger can
of the calorimeter. Take the temperature of the cold water to
the nearest two-tenths of a degree centigrade. This is also the
temperature of the caloiimeter.

7. Measure *ne temperature of the boliing water. This Is the tem-
peraiure of tho solld. Record this temperature to the neearest
two-tenths ¢f a degree centigrade.

8. LIft the solid by means of the string, and hold It In the steam
Just above the water long enough to fet the water which adheres
1o the solld evaporate. Then quickly place the solld tnto the
calorimeter of cold water. Be careful not 1o spili any water.
Stir the water with the thermometer and read the highest temper-
ature of the water to the rearest two-tenths of a degree centi~
grace.

9. Do all the catculations acked for on the date table. 7TYhese
calculatlons ara to be d»ne In the spaces provided in your
notebook. Place these answers in the data teble on page |5,

Section VD: Calcuiations for 1he specific hzat of lead

Calculata the temperature change of the lead solld In the space below.
Racord your answer in the data table on page I5.

Calculate the temperature change of the water and calorimeter in the
space below. Record your answer in tto data table on page {5.

‘ 2
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Caiculate 1he calories gained by the water in the space belov. Rscord
your answei' in the data table on page 5.

Calculate the calories galned by the calorimeter in the space below.
Record your answer in the data table on page 15,

Caiculate the total heai gained by the water and calorimeter In the
space below. Record your snswer in the data table on page 15,

Calculate the heat lost by the lead .n the space below. Record your
answer In the data tabie on page 5.

Calculate the speclfic neat of the lead solid in the space balow.
Record your angwer Ir the data table on page 15,
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Calculate the error In your experiment In the space below. Rezord your
answer In the data table on page |5.

Cailculate the percentage error In your experiment In the space below.
Record your answer In the Jata vable on page I5.

SECTION Vi: EXPANSION
Section VIA: Expanslon of sollds

¥hy do solids expano wien they are heated? Place your answer In the
space below. Check your answer befors continulng.

Section ViB: Ball and rlng expansion experiment

. What happened when the bzll was heated for 30 seconds In the
taboratory burner flane and then passed through the rling?

2. What happened when the ball was heated strongly for two minutes
In the flame? DId the ball pass through the ring?

22
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3. What happenad when the hot ball was cooled and then you trled to
pass it through the ring?

Explaln the above observations In the space below. Check your answer
before contlinulng.

Section VIC: Compound bar experiment
¥rat happened when the compound bar was heated In the flame (with the

brass side next to the flame)? Record your observations In the space
bulow,

What happened whan the hot compound bar was plunged Into a 250 mi
besker of cold water? Record ycur observations In the space below.

Expialn vhy the compound bar bends wlith the brass strip on the outside

of the curve when [t Is heated, and with the steel strip on the outside

of the curve when it is cooled.

SECTION Y1i: LINEAR EXPANSION OF SOLIDS
Section VIIA: Definition of the coefficlent of [Inear expanslion

Write the definltion tor the coefficlent of linear expanslion In the
space beluw.

[
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Seciton viiB: Cata table foir the coefficlent of linear expansion

of a metal
Alumninum Brass

1. _Length of the rod mm gﬂj
2. langth of the fong lever amm mm mm
3. Llength of the short lever arm m mm
4. Ratlo of the lrver arms

(2 + 3) —_—

LE:. Initial temperature °C °C
6. Flnal temperature °C °C
7. Change in temperatura (6 - 5) - °C °C
8. inltial scale reading

(should be zero) _ mml_ |
9. Final scale reading mm mn
10, Ditferencs in scale readings

(¢ - 8 - mm mm
I't, Actual expansion of rod

(i0 + 4) mm men
12. Expansion of the rod per

degree (Il + 1) mm m
13, Expansion of the rod per

miilimeter per degree

(12 2+ 1) (coefficient of

{Inear expans'on) _ mm mm
14, Accepted value of coefficient -5 -

of llnear expansion 2.3 x 107°/¢°| 1.9 x 1079/c®
15. Error {dlfference between 14 & I3) _fce /C*
16. Percentzqe error (erro. divided

by accepted value times 100)  § |
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Sectlon VIIC: Calculations fnr determining the coefficlent of expansion
of the alumirum rod

Calculate the ratlo of the lever arms In thue space below. Record your
answer In the data table on page 22.

Calculate the temp.rature change of the aluminum rod in the space balow.
Record ycur answer in the data table on page 22.

Calculate the difference in the scale roadings In the space beicw.
Record your answer |n the data table on page 22.

Calculate the actual expansion of the al.minum rod In the space beiow,
Record your answer in the data table on paye 22.

Calculate the expansion of the aluminum rod, per degree, in the space
below., Record your answer In the data table on page 22,
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Calcutate the error in your experiment in the space beiow. Record your
answer [n the doia tab'e on page 22,

Calculate the percentage srror in the space below. Record your answer
in the data table on page 22.

Section VIID: Procedure for determining the coefficlent of exanslon

l.

of the brass rod

Set the steam generator on the tripod. Fill It two-thirds full of
water and start the water boilling.

Measure th length of the brass rod to the nearest milllmeter.
Record this measurement in the data table.

Remove the steam jacket of the expunsion apparatus. Place the brass
rod in the jacke! and replace the Jjacket in the metal frame.

AdJust the thumbscrew at the fixed end of the rod. The screw Is on
the jeft end of the rod so that the tip of the long arm of the lever
wil! coincide with the zero mark on the scale. This reading should
be zero. Record thls reading.

Place the thermometer in the prcper position of the steam Jacket
and take the temperature reading to tha nearest ,2°C. Record this
under the Initial temperature for the brass rod. This temperaturs
should be very close to room temperature.

Connect the steam generator to the steam jacket of the apparatus by
means of the rubber tubing. The rubber tubing is connscted to the
fitting on the left of the generator. Pilace the top un the steam
generator and pass steam into the jJacket of the apparatus. Contlnue
to pass steam into the sieam Jacket until the thermometer has rlsen
to [ts highest reading and remained there for three minutes.

N
(o]
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7. Record the temperature, to the nearest .2°C, under the flnal temper-
ature. Record the scale reading to the nearest mlillimeter.

8. Turn off the burner, and disconnect the rubber tubing. Remove the
thermometer.

9. Do the tallowlng calculations for the experiment. Record your answers
In the data table on page 22.
Section VIIE: Calculations for determining the coefficient of expansion

of the brass rod

Calculate the temperature change of the brass rod in the space below.
Record your answer In the data table on page 22.

Calculate the difference In the scale readings in the space below. Record
your answer In the data table on page 22,

Calculate the actual expansion of the brass rod In the space below. Record
your answer In the data table on page 22.

Calculate the expanslon of the brass rod,per degree,in the space below.
Record your answer In the data tablie on page 22.

=
&
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Calculate the expansion of the brass rod per mil{imeter per degree in
the space below. Record your answer In the data table on page 22,

Calculate the error in this experiment In the space below. Record your
answar In the data table on page 22.

Calculate the percentage error In thls experiment in the space below.
Record your answer In the data table on page 22,

Sectlon VIIF: Questlions on the exprnslon of so.ids

+ When a metal rod is heated, does It expand In length only? Explain.

2. Fonr three possible sources of error In this experiment. Check
your answers to questions one and two before continulng.

2,
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Place the formula for determining the change of length of a solld in
the space below.

Section VIIG: Problems on the expansion of sollids

Sauiple problam: An iron rod Is 60 ¢cm long at 0°C. How much will jt
expand when heated to 80°C? The coefficient of |Itnear
expansion of "jron Is I.1 x 105/C°. Work this probiem
along with the tape and sllides.

Probiem | - Compute the Increase in length of a I10-foot steel rod If it
Is heated from 20°C to 520°C. The coefficient of |inear
expansion of stes! Is 1.0 x 10-7/C°. Check your answer to
this probiem before working the next problem.

Probiem 2 ~ Compute the increase In length of a glass rod, 100 ¢m long,
when heated from 20°C to 4C0°C._ The coefficient of !lnear
expansion of glass Is 9,0 x 1075/C°. Check your answer to
this probtem before working the next prablem.

(WA}
[
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Probtem 3 - Compute the expansion of the Golden Gate stesl bridge
(4200 feet long) from a winter temperature of 10°C to
a summer temperature of 80°C. The coefficient of linear
expansion of steel Is 1.0 x 103/C°. Check your answer
to thls problem before continulng.

Section VIIH: Coefficient of vuiume expansion

Place the definition of the coefficlent of volume expansion In the space
below.

SECTION Vi1l: EXPANSION OF LIQUIDS

Section VII1A: Data table for the expansion of liquids

Temperature °C Rise of Liquld in Tube {cm)
hwater Burner Fuel Glycerlne
Initial Temp. of Water 0.0 0.0 0.0

Init'al Temp. + 10°C

Inttial Temp. + 20°C

Inlttal Temp. + 30°C

Inttial Temp. + 40°C

initial Temp. + 50°C
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Section VI1i8: Questions on the expansion of liquids

I. Which liquid expanded the most? Which I1lquid expanded the ieast?

2. How many more times greater is the expansion of burner fuel than
that of glycerine or water over the temperature range of 30°C to
50°C?

3. Why dld each liquid rise in the tube when it was heated?

SECTION 1X: EXPANSION OF GASES

Answer these questions retating to expansion of gases. Check your
answers.,

I. The attractive forces between the atoms that make up a solid are
(stronger, weaker) than the attractive forces of
liquids or gas molecules,

2. The rate of thermal expansion of gases Is (larger, smaller)
than the thermal expuansion rates of liqulids

or sollids.

3. Ditferent gases have (the same, different) rates
of thermal expansion.

4. Difierent solids have (the same, different) — rates
of thermal expansion.

5. Olfferent liquids have (the same, differant) rates
of thermal expansion.

6. Gas molecules are (farther apart, closer together)

than the molecules ‘that make up a liquid.
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7. Gases (expand, contract) upon heating and (expand,
contract) ) upon cooling.

8. In order for the gas molecules to expand in the test tube, they
must exert a - on the bottom of the wooden piston
when they are hected.

9, Gas molecules (do, do not) respond to the siightest
temperature change.

10. Gas molecules move (faster, slower) than liquld
molecutes at any one particular temperature.

This {s the end of Unit V. Review your notes and then ask your Instructor
for the examination covering this unit.
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UNIT VI

SECTION t: DEFINITION OF TERMS

Section IA: Defining terperature and heat

Write the definition of temperature in the space below.

Write tie definition of heat In the space below.

Section 1B: Data table for the temperature of ice when It Is Licated

Time Temperature
(s5ec) (°C)

Initial

30

60

90

120

150

180

210

%_2§0
270 -

300 J

— —

Section IC: Questions relating to the expsriment on heating ice

Why did the temperature of the fce and ice water remain constant through-
ou’' ths experiment?
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When water freezes there Is no change In temperature, yet heat is
iiberated. Where does the heat come from, and why Isn't there a
change in temperature? Record your answer In the space below.

Sect.on ID: Definitions

Piace the definition of the meiting point of Ice and the freeszing point
of water in the space beiow.

Place the definition of fusion In the space below.

Placa {re definltion of solidification in the space below.

Ptace the definition of heat of fusion in the space below.

Section IE: Questlions relating to melting and solidification
FIll In the blanks with the proper word or term.

I. When most sollds absorb sufticient heat, the temperature of the
sotld ,

2, The forcas of attraction between molecules in the solld state are
(stronger, weake:r) than those in the ilquld state.

3. Y¥hen a solid melts, its _ energy is Increased even
though there Is no change In temperature.

ERIC 3¢

Aruitoxt provided by Eic:
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4, The temperature at which a substance melts Is called Its .

5. The process of neltlng Is called

—

6. The scientific term for the changling of a tiquid to a solid Is

7. The number of calories needed to meit one gram of a substance with-
out a change In temperature s called .

8. The temperature at which solldificatlon occurs ¥s known as the

.
——

9. Pure substances generally have a _____melting point.
10. The measure of the kinetic energy of molecules Is called -
Check your answers before continuing.

SECTION 14: HEAT OF FUSION OF ICE

Sectlon ItA: Data table for the heat of fusion experiment

Trial | Trial 2

. Mass of the empty calorimeter
Mass of the calorimeter and warm water
Mass of tho warm water (2 - |)
Mass of the calorimeter and water
(atter fce is melted)
Mass of the melted Ice (4 - 2)
Speclfic heat of the calorimeter .22 cal/g/C .22 cal/g/C
inltlal temperature of the water
and calorimeter °C
Finat temperature of the water o
and colorimster °C
Terperature change of the warm
water and calorimeter (8 ~ 7) °C
. Calorles !ost by the calorimeter
(Il x 6 x 9} cal cal
Il. Calorles lost by the water
(3 x | x9) cal cal
12. Total calorles lost (10 + It) cal cal
13, Calorles used to warm the ice
water (O x 8 x |) cal cal
A, Calorles used to meit fce {12 - I3) cal cal
15. Calorles used to melt | g of lce
(14 + 5) (Celculated heat of
fusion of Jce) —
16, Accepted vaiue for heat of fusion of ice ¢al/q cal/
17. Error
f8. Percentage error; error (17) x IOO)
Q | (accepfed vaiue ([6) 4 £

KO '@ (o

FNI™ TN .

9_
9
9.
9]
9 |

[ o [
[ 2 (o T [ ] ra

o v o ~Joyu

Jdou



-4~
Section 118: Calculations for the first trial of the heat of fusien
of lce experiment

Calculate the mass of the warm water used in the experiment In the
space beiow. Record thls value In your data table on page 3.

Calcuiate the mass of the lce that war added in the space bslow.
Record thls value In your data table on page 3.

Calculate the temperature change of the water and calorimeter in the
space below. Record this value In your data table on page 3.

Caliculate the calorles lost by the calorimeter In the space below.
Record this value In your data tub!e on page 3.

Calculate the calorles lost by the warm water In the space below.
Record this value In your data tabie on page 3.

Caiculate the total calorles lost. Record thls value in your data
table on page 3.
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Calculate the calorles used to warm the lce water formed by the melted
ice in the space below. Record this value In your data table on page 3.

Calculate the calories used to meit the ice In the space below. Record
this value In your data table on page 3.

Calculate the calories used to melt one gram of ice (heat of fusion of
lce) In the space below. Record this value in your data tabie on
page 3.

What is the accepted value for the heat of fusion of ice? _
calories/gram.

Caiculate the error in your experiment In the space below. Record
this value In your data table on page 3.

Calculate the percentage error In your experimont In the space below.
Record thls value In your data table on page 3.

4y
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Saction (1C: Procedure for the second trial in the heat of fusion of
ice experiment

I. Welgh the smaller can of your calorimeter on a triple beam balance.
Record this weight |n your data table on page 3 as the mass of the
empty calorimeter.

2. BHeat a beaker, three-fourths full of water, to a temperature of
40°C.

3. FIill the small :an of the calorimeter ibout half full of warm
water.

4. Find the mass of the calorimeter and warm wate~ by weighing It on
a triple beam balanca. Record this mass in your data table on
page 3 as the mass of the calorimeter and warm water.

5., Place the smaller can of the calorimeter inside the larger can.
Stir the water In the calorimeter and read Its temperature to the
nearest 0.2°C. Record thls temperature in your data table on page
3 as the initial temperature of the water and calorimeter.

6. Two ice cubes or an equivatent amount of ice lumps should be wiped
with a paper towel to rumove adhering water. Then put them in the
caiorimeter carefully so that there s no splashing.

7. Stir until all the ice Is meited and read the thermoreter to the
nearest 0.2°C. Record the temperature in your data table on page 3
as the final temperaturs of the water and calorimeter.

8. FlInd the combined mass of the calorimeter end Its ~ontents, Record
this mass In your data table on p3ge 3 as the mass of tha calorimeter
and water after the ifce Is melted.

9. Do the calculations for the second triai of the experiment in the

spaces provided in Sectisn IID. Record all values in your data
tabie on page 3 under Trial 2,

Sectlon 11D: Calcutations for the second iria!l of +he heat of fusion
experiment

Calculate the mass of the wama water used in the space below. Record
this value iy your data table on page 3.

4
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Calculate the mass of the ice that was added In the space below. Record
this value in your data table on page 3.

Calculate the temperature change of the calorimeter and warm water in
the space below., Record this velue In your data table on page 3.

Calculate the calories lost by the calorimeter in the space below.
Record thls value in your data table on page 3.

Calculate the calories lost by the warm water in the space below.
Record tnls value In your data table on page 3.

Calculate the total calorles lost by the calorimeter and warm water
in the space below. Record this value in your data table on page 3.

Calculate the calories used to warm the Ice water formed by the meited
lce In the space below. Record this value In your data tabie on page 3.

M=
h
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Calculate the calories used to melt the Ice in the space below.
Record this value in your data table on pzge 3.

Calculate the calories used to melt one gram of Ice (heat of fuslon
of tce) in the space below. Record this value In your data table
on page 3.

Calculate the error in your experiment in the space below. Record
thls vaiue in your data teble on page 3.

Calcutate the percentage error in your experiment in the space helow.
Record this value In your data table on page 3.

Sectton 11E: Questions relating to the heat of fusion experiment

Answer the following questions that relate to the heat of fuslion of
Ice experiment. Chack your answers before continuing,

I. What ls the heat of fuslion of a solid?

2. List two possible sources of error In this experliment which have
not beusn present in previous heat experiments.
b

2.

Go



Problems

Sample problem - How much heat Is needed to changa 50 grams of Ice,
at -20°C, to water at 0°C? Work this problem as
It is worked on the siides and tapa.

Problem | - How much heat Is needed to change 35 grams of solid ice,
at =10°C, to lce water at 0°C? Work this problem in the

space below. Check your answer bafore worklng the next
problem.

4
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Problem 2 - How much heat 1s Iiberated when 40 grams of water at 0°C
are changed to ice at -80°C? Work this problem In the
space below, Check your answer before continuing.

Section IIF: Interpretation of vhe heat of fusion of Ice graph

What does the horizontal Iine of the araph show? Record your answer
In the space below.

Defline the term, latent heat, In the space below.

Calculate the amount of neat needed ‘o ralise the temperature of one
gram of lca at -20°C to 50°C. Do the calculation In the space below.



Culculate the value of the heat of fusion of ice in the British system
of unlis; that is, in BTU's per pound. Show your work in the space
below.

Prob lems

Probtem | - How mucih heat is needed to convert 50 grams of ice at 0°C
into water at 40°C? Work thls problem in tho space below,

Check your answer to this problem before working the next
problem,

Probiem 2 ~ How much h2at Is needed to change 5.0 pounds of ice, at

tts freezing point, Iato water at {00°F? Work this problem
in the space below.

Check your answer to thls problem before
continuing.
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SECTION 111: VAPORIZATION AND CONDENSATION

Section I1iA: Dc.ining vaporization and evaporation

Record the definition of vaporization In the space below.

Record the definition of evaporation in the space below.

Section I11B: Data tabie for the evaporation experiment

Thermometer Thermometer  Thermometer

#1 #2 43
initial temperature °C °C °C
Final temperature _ °c °c °c
Difference in temperature °C °C °c

Sectlon I11C: Guestions relating to the rate of vaporization

Why does evaporation rause cooling? Record your answer In the space
below.

Why did the water freeze? Where did the heat go? Answer these questions
n the space befow. Check your answers before continulng.

4
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Place the six ways in which the rate of vaporize+ion of a |iquid can be
Increased in the space below,

Section 111D: Questions retating to vaporization of a tiquld
Answer these ten questions before continuing.
I. The process of converting a iiquid to a vapor s called _

2, |t the above pracess occurs slowly wlthout any visible disturbance
In the liquid, it is called .

3. Hot water evaporates (faster, slower) than coid water,

4. As the surface area of a liquid increases, its rate of evaporation
(increases, decreases, stays the same) = .

5. Alcohol will evaporate (faster, siower) than ether
at the sams temperature.

6. As the alr pressure increases, the rate of evaporation of a liquid
(increases, decreasss, stays the same) .

7. Ciothes wlll dry (faster, stowsr) _ on a windy day.

8. When o substance evaporates, it (loses, gains) heat
energy.

9. ‘The rate of vaporization of water (increasas, decreases)
when the amount of water vapor In the alr decreases.

10, Difierent llquids evaporate at (the same, different) rate{s).

Check your answers on the nexi sllde,

4o
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SECTION 1V: HEAT OF VAPORIZATION
Section |VA: Defining heat of vaporization

Record the definltion for the heat of vaporization In the space below.

Section 1VB: Data table ror the heat of vaporization:experiment

Jriatl | Trial 2

I. Mass of the calorimeter g _a

Specific heat of the calorImeter 0.22 cal/g/C®] 0.22 cal/g/C°®
3. Mass ot the water and calorimeter g
ﬁi‘ ffass of the waver (3 = 1) g g |
5. tnitlal temperature of the water and -

calorimeter °C °C
5. Temperature of the Steam —°C °C
7. Flna! temperature of the water,

calorimeter and aaded steam °C °c
8., Mass cf the water, calorimeter

and added steam g g

. Mass of the steam (8 - 3) q q |

10. Temperature change of the water and N

calorimeter (7 - 5) °C °c
FT. Temperature change of the water from

the condensed steam (6 - 7) °C °C_
12. Calories gained by the calorimeter

(1 x t0 x 2} cal cal
I3. Calorles gaired by the water

(4 x 10 x | cal/q/C®) cal cal
14. Total calories gained (12 + 13) cal _cal
15. Calorles lost by the steam in con=

densing and cooling to final tem-

perature (same as 14) cal cal
16, Calories lTost after condensing B

(9 x il x | cal/g/C® o cal cal
i17. Calories lost by the steam in
i __condensing (14 - | - €) o cal cal
I8. Calorles lost by | g cf steam upon

condensing (heat of vaporization)

(7 + 9 cal cal
19. Accepted value for the heat of

vaporization 540 calfg | 540 cal/
20. Error 1
ZI. Percentage error{ error )
- (540 callag X 100 £ ]
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L2ction IVC: Calculations for trial one of the heat of vaporization
experiment

Calculate the mass of the cold water added to the calorimeter {a the
space befow. Record thls value in the data table on page 14,

Calculate the mass of the steam added in the space below. Record this
vafue In the data table on page 14.

Calculate the temperature change of the water and calorimneter In the
space below. Record this value in the data table on page !4.

Calculate the temperature chunge of the water that came from the con-
densed steam. Record this value in the data table on page I4.

Calculate the calories gained by the calorimeter In the space below.
Record this value in the data table on page I4.

Caiculate the calories gained by the cold water in the space below,
Record this value in the data tabie on page I4.

ERIC
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Calculate the total caloi-ies gained by the cold water anc calorimeter
In the space below. Record this value in the data tabie ca page 14.

Calculate the calories iost by the water, after condensing, as it
cooled to the final temperature of the calorimeter and cold water.
Record this value In the data table on page i4.

Cailculate the calorlies tost by the steam, in condensing, In the space
below. Record this value 1n your date table on page I4.

Calculate the calorles lost by one gram of steam, upon condensing, in
the space below. Record this value in ycur data table on page 14,

Calcutate the error in your experiment. Record this valur. In vour
data table on page 4.

Calculate the percentage error In your experiment. Record *hls value
In your data table on page 4.
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Section IVD: Procedure for the second trial of the heat of vaporizatlon
experiment

{. Fill the steam generator about haff full of water. Place the top
on the generator and set the generator on the tripod.

2. Connect the glass tubling and water trap to the generator by means
of cmall pleces of rubber tubing. Place the end of the water trap
in the 250 mi beaker and |ight the burner.

3. Welgh the smailer can of the calorimeter on the tripie-beam balanze.
Record Its mass In the data table on page i4.

4, Fill the smaller can of the calorimeter two-thirds full! of waver.
Weligh the water and caiorimeter on the tripie-beam baiance. Record
this mass in the data table on page I4.

5. Place the smaller can of the calorimeter Inside the large:~ can, using
the tiber ring to keep the cans apart. Stir the water with a ther-
mometer and record the temperature, to the nearest 0.2°C, as the
initial temperature of the calorimeter and water.

6. 1§ steam has been passing out of the bottom opening of the water
trap for three minutes, wipe off the bottom of the water trap with
a towel. Now place only the bottom tube of the water Jacket into
the water in the calorimeter. Piace the asbestos board between
the generator and calorimeter.

7. Pass a steady current of steam Into the water and stir continuously
with your thermometer unti| the temperature of the water rises to
about 45°C,

8. Remove the glass tube of the water trap from the calorimeter and
place It in the 250 ml beaker. Stl1 the water In the calorimeter
and read the temperature to the nearest 0.2°C. Record this value
as the flnal temperature of the calorimete and water.

9. Use a towel to remove the top ¢+ the stean generator. Be very
careful because iive steam cen cause serious burns. Take the
temierature ot the boiling water to the nearest 0.2°C. Rscord
thls as the temperature of the steam.

10. Remove the Inside can of the calorimeter. Be careful not to spli
any water. Find the mass of the calorimeter, water and added stesm.
Record thls value In your data table on page 14,

}i. You are now ready to do the caiculations for trial two ot the
experiment. Show your work and record all values In your dats
table on nage !4.

=
9'
T
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Section IVE: Calculations for trial two of the heat of vaporlization
experiment

Calculate the mass of the cold water added. Record thls value In the
data table on page i4.

Calculate the mass of the steam added. Record this value 1n the data
table on page 4.

Calculate the temperature change of the water and calorimeter. Record
this value in the data table on page 14,

Calculate the temperature change of the water that came from the c¢on-
densed steam. Record thls value In the data table on page 14,

Calculate the calories gained by the calorimeter. Record this value
In the data table on page i4.

Calculate the calories galned by the cold water. Record this value
In the data table on page 14,

()
(o]
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Calculate the calories gained ty the cold water and calorimeter.
Record this value in the data table on page 4.

Calculate the calories iost by the water, after condensing, as it
ccoled to the final temperaiure of the ca.orimeter and cold water.
Record this value In the data table on page 14.

Calculate the calories lost by the steam in condensing. Record this
value in the dota tcble on page 14.

Calculate the czlories lest by one girem of steam upon connei-ing.
Recerd ihis value in the data tobic on page 14,

Celculata the arror tn yoir experiment. Record this value In the data
tabls on page 14.

Calculate the poercentege crror in your experiment. Record this value
in the data table on page 14.

ERIC
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Section |VF: Questions relating to the heat of vaporization experiment

Answer the following questions that relate to the heat of vaporlzation
experiment. Check your answer to each question.

Why should the number of calories 1n Calculations 14 and i5 be equai?
Check your answer to this question before answering question Na. 2.

What are three possible sources of error in this experiment. Check
your answer to this question before answering question No. 3,

2,

3.

The boiling temperature of a liquld varies with the atmospheric
pressure. Does the heat of vaporizatlion vary with the bolling
temperature of a tiquid? Explaln your answer. Check your answer
to this question before answering question No, 4,

Relate the two terms, heat of vaporization and heat of condensation,
Check your answer to this question before continuing.
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Problems

Sample problem - How much heat |s needed to convert 50 grams of ice,
at -5°C, to steam at 130°C? Work through this pro-
blem as the tape and s)ides solve it for you.

Problem 1 ~ How much heat is needed to ralse the temperature ot 20

grams of ice at 0°C to steam at 110°C? Check the answer
to this problem before continuing.

&
o
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Compute the heat of vaporization In British Thermal Units; that Is, In
BTU's per pound. Check your answer before continuing.

SECTION V: METHODS OF HEAT TRANSFER
Section VA: Conduction

Record your observations when the six Inch copper wire was held in the
burner tlame for about five minutes.

How was the heat transmitted along the solld copper wlire? Record your
answer In the space below.

Record the deflinition of conduction in the space bejow.

What happened when the wire gauze was lowered ontu the flame of your
burner? Record your observation below.

(W3
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Why didn't the flame pass through the copper gauze?! Record your answer
below.

What happened to the paper when the conductivity indlcator was passed
through the burner flame? Record your observations below.

Explain the above observations in the conductIvity fndicator experiment
In the space betow.

Record the order in which the paraffin meited in the six metal cavities
of the conductometer apparatus,

Record your observations for the conductivity of water experiment In
the space telow.

Explalin the observations you recorded In the conductivity of watar
experiment. Why dldn't the Ice melt In the bottom of the test tube?

Jo
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Sectlon VB: Questions relating to conductlon

Answer these t1il-in questions with the appropriate word or term.
Check your answers on the next slide before continulng,

All metals are conductors of heat.

Two metals that are very good conductors of heat are

and '

The transmission of heat by col!lsions between molecules ls called

Wood, asbestos and rock wool are examples of conductors
of heat. -

Liquids are conductors of heat because thelr molecules
are .

Gases are conductors of heat because thelr molecules
are .

A goad conductor Is a insulator.

Conductlon depends upon molecules and transferring
their energy to siower moving molecules.

Substances that do not transmit heat easily are
conductors.

Oifferent metals conduct heat at (the came, dltferent)
rate{s}.

Section ¥C: Convection

Record the datinition of convect!on in the space below.

Record your observation of when the smoking touch paper was held abova
the right chimney ot the convection box In the space below.
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‘ Explaln your observation about the convection box experiment in +he
‘ space below,

] Place a labeled diagram of the hot alr heating system In tha space
below,

2

C‘-‘)
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1 Place a labeled drawing of land and sea breezes In the space below.

Record your observation concernlng the heating of the beaker and
potassium permanganate crystals.

Write your explsnation as to why the convectlon current moved In the
dlrection 1t dld.

b
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Make a labsled drawlng of a hut water heating system in the space below.
Note the sllde,

Sectlon VD: Questlons pertalning to convectlon

Answer these ten flli-In questions pertalning to convection with the
appropriate word or term. Check your answers before continuing.

l. The transfer of thermal energy by moving currents of molacules Is
called .

2. Hot alr ts (heavler, lighter) than cold air,
3, Cold alr Is (more, less) dense than warm alr.

4. Sea breezes take place (at night, during the day) .

5. The heating effect of the sun uvpon the earth sets up huge

——— s

6. MWater, like alr, Is a good of heat.
7. Metals are {(good, poor) _ convectors of heat.

8. The speciflc heat of [and Is (higher, lower) than
that of water.

Do
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9. An Island is surrounded by water. Ouring the day, does the fand
heat up (faster, slower) than the water which surrounds
the land?

10, The smoke from an open flre Is carried upward by means of
currents,

Section VE: Radlation

Place the definition of radiation in the space below.

State the various ways in which the hot metal bali will lose heat.

wWhy Is white clothing perferred to dark clothing in tropical countries,
and why Is a dark-colored sult more practical in winter in non-troplcal
regions? Record your answers In the space bejow.

Why don't we paint radiators black? Record your answer in the space
betow,
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What happened when the burner flame was moved toward the radlometer?

Why did the speed of rotation increase and why did the vanes rotate
In one directlon?

This is the end of Unit VI. Review your notes and then ask your
Instructor for the examination covering this unit.



Dlrections:

8.

9.
Io.

2.

i4.

POSTTEST ~ UNIT V

In the blank at the lett of each statement or term write

the letter of the expression !n the second column which
is most closely related to It.

Tharmal energy

Coefficlent ot volume
expansion

Heat

Coatflclent of linear
expansion

calorle

87U

Formula for the co-
efficient of lfnear
expansion

Law of cornservation
of heat

Temperature

Units of temperature

To change calorles
to BTU's

Formula used to flnd the

heat galned or lost by

an object (heat equation)

To change BTU's to
caleorles

Specitic heat

a.

b.

l.

M.

Measures the average kinetlc
enargy of molecules

The sum of the potentlal and
kinatic energy of particles
that can be glven off as heat

An Instrumant that depends on
unequal expansion of two metals

The change In length of a solld
when its temperature Is changed
one degree centigrade

An Instrument calibrated in degree
units that measures temperature

Multiply by 252
Divide by 252

HAxt t_ - 1)
x ! x ) |

\x 81 x (t_~1t)
<) 2 |

Amount of heat nesdad to change
the temperature of one pound of
water one Fahrenhelt degree

Amount of heat needed to change
the temperajure of one gram ot
water one centigrade degree

Equais two times the coefflclent
ot |inear expansion
Equals three times the coefflclent

ot llnear expansion

Thermal energy belng taken up or
given up bty a bdbody



15. Unit for specific heat o. Calorie

16. Has the smallest thermal p. The sum of the heat lcst by hot
expansion objects equals the sum of the
heat gained by cold objJects

17. Has the largest thermal q. Degree
expansion

18. Formula for finding r mxgx(t -t)
percentage error 2 |

19, Thermostat s. The amount of heat needed to
raise the temperature of one
gram of substance one degree
centigrade

20. Thermometer t. BTU/1b/C®
u. BTU/Ib/F®

v. Solid
w. Liquid
x. Gas

+ 8ccepted value
Y x 100

error
2. __serror ____  x 100
accepted value
Directlons: Solve the following problems. Show your work In the space

provided under each problem,

t. 800 grams of water is heated from a temoerature of 20°C to a tem-
perature of 60°C, How much heat was absorbed by the water?




3.

2. Compute the final temperature of 50 pounds of water, Initially at
40°F, if 1,000 BTU's of heat are added.

3. A beaker contalns (00 grams of water at a temperature of 25°C.
How many grams of hot water, at a temperature of 85°C, must be
added to ralse the temperature of the cold water to 45°C?
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4, A student did an experiment In the determinatlion of the specific
heat of a solld., Hls data table !s bsiow. You are to caiculate
the specific heat of this solld.

mass of the calorimeter 110 g
specific heat of the caiorimeter 0.09 cal/g/C®
mass of the water 405 g

mass of the solld < 201.9 g
Initlial temperature of the

water and calorimeter 20°C

initlal temperature of the

sollid 100°C

final temperature of the

water, calorimetur and solid 23.5°C
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S. An iron rod ls 60 cm long at 0°C. How much wil! it expand when
heated to 80°C? What will be Its length at 80°C. The coefflicient
of tron Is 0.0000t1 em/C°.

c
[ 4




POSTTEST - UNIT VI

Dlrections: Urite the definition for the following words or terms.

The answers sre to ba placed In the space below sach
word or term.

I, Heat of fusion

2. Heat of vaporization

3. Fusion

4. Solldlfication

5. Latent heat

6. VYeperization

Covew MRS L s e o s

7. Mater cycle

8. Conduction

|
{
!
!
¥
s




9.

Convection

10. Rediation

Dlrecfloqg:

lc

9.
Iol

{ndlcate wnich method of transfer of heat-~-conductlion,

convection, or radiation--is chlefly concerndd wl+th
each of the following. Place your answar in the blank
at the left of each statement.

A i - —————

Snow melts mcra rapidly if covered with something
dark.

In surmer the basement is usually the coolest
place in the house.

Hot alr furnaces are pleced iIn the basement.
Your flnger is burned |f you touch a hot stove.

A concave reflector |s used with an electric
heater.

Light-colored clothing Is coolsr In the summer.
The sides of a tharinos bottie are sliivered.

A sllvar spoon }s placed In a glass jar to kenp
It from cracklne when a hot substancs |s poured
Into the Jar.

The coollng unit of a refrigerater Is In the top.

Sotdering lrons have tlps of cooper Instead of
tron.,
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The fol'owing questions pertain to the graph below obtained by plotting
data for the heating curve obtained in the following experiment:

A pure soild substance was heated over a temperature range
by a constant source of heat which supplled 500 calorles
per minute to a I8 gram sample of the substance. The tem-
perature of the semple was nouted every half mlnute.

F
C-f = 0.6 min
100° D D-E = 19.4 min
E
&
50° C-D = 3.6 min
&
2
&
.’Ol-l
@ B/ BC=30min
o
A-B = (0,36 min
=20 A
10 20 30

VIME - MINUTES

The nortion of the graph between B and C represents the time the
substance Is: (i) being warmed as a solld; (2) being warmed as
a llquid; (3) being warmed as a gas; (4) changing from solid to
liquld at Its melting terperature; (5) changing from Ilquld to
gas at its bolling temperature.

answer
The portion of the graph between C and D represants the time the
substance Is: (|) being warmed as & sollid; (2) being warmed as a
tiquid; (3) belng warmed as 3 gas; (4) changlng from soiid to liquid
at Its meiting temperature; (5) changing from liquid to gas at Its
melting temporature.

answer
How much heat Is required to meit the substance?

answer

7(4
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What portion of the graph represents the warming ot the solid
substance: () A-B; (2) B-C; (3) C-D; (4) D-E; (5) E-F,

answer

In which portion of the curve do the molecules have the hlighest
energy of motlon-~kinetic energy? {n the reglon from: () A-8;
(2) 8-C; (3) C-0; (4) O-E; (5) E-F,

answer

The portlon of the graph between D and E represents the time the
substance is: (I) being warmed as a solld; (2) being warmed 25 a
liquid; (3) beirg warmed as & yas; (4) changlng fron solid to
liquid at its meltlng tenperature; (5) changing from |lquid to
gas at its bolilng temperature.
___ answer

How much heat is required to vaporize the 18 gram sampie?

answer
In vhich portion of the curve do the molecules have the lowest
enerqy of motlon--klnetic energy? In the reglon from: (1) A-3;
(2) 8-C; (3) C-D; (4) D-E; (5) E-F,

answer

What is the numerical valuve for the heat of fuslon of the substance?
Show your work In the space below. Place your answer In the blank,

answer

What |Is the numerlcal value for the heat of vap.riation of the
substance? Show your work In the space below, Place your answer
In the blank,

answer

1o
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Solve the following problems. Show all work In the space provided for
each problem. Use the back of this page for your work, |f necessary.

I. How much heat Is needed to completely vaporlize 20 pounds of water
at 80 degrees Fahrenheit?

2. Calculate the energy In calories released when 10.0 grems of water
vapor at 120°C are converted Into [ca at ~20°C.



