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" This guidebook fpr\feachers is accoxpanied by a

The inves+iqations are intended to offer students

an opportunity to learn atout the absorption and release of heat
energy and its effects on the Farth's atmosphere. The influence of
lake Erie on Ohio*'s temperature is related to the cther '
1nvestlgat%§if- Illustrations, magts, andd graphs accompany the.written

haterial.
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INVESTIGATION : THE EFFECT OF LMQ./ ERIE ON QOHIO'S TEMPERATURE
‘INTRODUCTION Even as far back as the "log cabin days," man has known
e rRE-wEtET BBBOTbE A BrEat-desl of haEL ENETRY AT T in -

turn release this heat, Pionéers would prevent foods from
- freezing on cold nights by placing a large container of water

in the room. Can you think of why this might work?

In this 1nvestigdtion'wé will explore how bodies of water
can affect the surrounding areas.

) - .
OBJERTIVES When you have completed this investigation, you should
" be able to: AN N

-

L4

1. Describe how soil and water differ in their
ability to absorb and release heat energy.

N

g _ . 2. Describe how this difference in heat absorbed
7 or. released affects the atmosphere immediately
ag'bé the land and immediately above the
7 .water. '
)’p N 3. Describe the effects of Lake Erie upon the
. temperature of Ohilo.

ACTTVITY A WHAT ARE HEAT SOURCES AND HEAT'SINKS?

: ¢ In the early spring when the weather 1s warming, some'days
are go hot we would like to jump in the lake and take a 8wim.. We
would find, however, that, even though the air 1is hot,. the water
is very cold. ‘

U ! o _ :
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MATFRIALS

- . R ., ]

Four thcrmometarn, a contriner of soil afid ona Of“water;
two 30 cm fulers,” masking tape, rin;ntand, graph paper,
" pencil, light with reflector.

«

- Bet-up your materials acccrding>t0<the following directiops

(See Figure 1.) . _\
g ‘A. Place the’ contalners of earth and water about 3 cm .
. . apart. . , .

B. Lay one ruler across each container, reating it on
the .container's rim.

& C. Place one thefmometer in the soil with the thermometer o
bulb just barely covered. Attach with masking tape
‘to the ruler. ' .
) . : : -
D. Place another thermometer close to the first one, but
about 1 cm above the soil. Attach with masking tape
to the ruler." : i . o
v E. Repeat steps C and D for the container of water.
. F. Place the lamp on a ring stand ‘with the reflectox ' .
pointing down.
¢ r ~G. " Position the lamp 30 cm above and centered between . .
the containers. ‘ , .
H. Be certain that the bulb of each therﬁometer is
, shielded from the direct rays of the lamp, '
~
;
N : .
' d - )
) MWMMM . //

3) TTED
FIGURE 1: Set-up used. in Activity A.
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After your\teacher has examined your éet~ﬁp, do the
following: . :
) 1, Construct a data table according to the '

\ - » instructions of your teacher.

2. Turn the lamp on. At one minute intervals
record the temperatures indicated on each

t a-

A T "ofdﬁhe>fduf-{hermomefgfs.m“Cohfiﬁué'ES}'12wwwuwwmw"m"'m““w'“”mw
. 4 mindtes. - ¢
3. Turn the lamp off. Continue recording v

temperatures at one~-minute intervals for
12 Q}nutes. )

4! Plot your data on the time-temperature graph
on the worksheet. Use a different color for

R Ve the dgta from each thermometer. s
Use the first 12 minutes of the graph (Section A) to
- answer the following questions.
5, With the light on, does air héat up faster
\ [ over.the soll or over the water? . v

L 4
«

) : ,
6.. Whigh changes more: the temperature of water

or the temperature of the soil? ,"f’/,
A | ' ' Tt

7. wWhich absorbs jnore energy, soll or water?-\\§\ ?; ‘

= + T

Use the last 12 minutes of your.graph (Section B) to.

" answer the following questions. ¢
. ' . '~‘. -- N
8. With the light off,. which clianges more: the
' ~ temperature of water of the temperature of
\ " the s0il? - -

»

B

}

9. Which changes mozg after the light is turned off,
the temperature gbove the water or the temperature
: above the soil? - .
- - T ) _’—\
.. . . . . - {r N
’ ' . , 7

| 10, Which loses heat faster, water or_soil?

-~

e




.called a hea

. ) R !
LB ‘ | ) *
. keeps heat energy longest, water or soil?

« Oty
: Anythinz that adds heat energy to

source

the atmosphere is -
« A heat sink takes energy from the S

oy A
myuuxc—c * : N B
. . p

12. Cbulg wétéi’or soil be considered a heat sin
.. "while the light was on?. Discuss. .

*

s . \ A_1
. L]
- —~ A
. 13. After the light was turned off, was the soil a
> heat source? Was the water a heat source?
~ Discuss. ° ¢ , ' .
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PROCEDURES

o . .
' N '
. . -‘.
. N - . N
. . B .
.
'

"

_HOW DO 'LAKE ERIE AND THE OCEANS AFFECT CLIMATE?

En Activity A, you learned that the pan of water was
_a good heat sink while the lamp was on and a good heat
source while the light was off. Sbdil also acts a heat
sink and source, but its capacity to hold energyfis much
lower than that of water. Therefore, soil will ‘become

. a heat sourge soon after the 1ight is turned on and will quit :Awmw~

vagfing~as~a—heat—
‘turned off. |

'"llgnt b - S

. A body of watex’ such a8 a lake acts much ‘the gsame !

way during the “summer. Puring the day the water is

a heat sink, storing up heat_ from the atmosphere. At

night it beécomes a heat source, giving up heat throughout

the night. If you live near a lake you have experienced

 land sea breezes which are caused by the lake. Lake
water tends to.sincrease in temperature all summer.

-This indicates that' it is storing up extra energy from
the atmosphere. It acts as a heat sink throughout the
summer. In the winter, however, there is leggrradiation
from the sun. Then lakes become heat sources giving up
their energf to the atmosphere. ’

]
" Fdgures 2 and 3 are maps of Ohio with isother
drayn‘iﬁ\thsg. An isotherm is a l1line that connep{mﬂ
points of equal temperature. Th%Se on Figure 2

represent épe average temperature in Fahrenheit for.

thé month §f July.  The isgtherms in Figure 3 represent
average temperatures for the month of January.-

\

1. What happens to the average temperature ‘ ‘
N\~ alopg line AB in Figure 2 as Lake Erie is
approached from the west? :

\ . . e . J“ . ‘ ‘V\
2. What happens to the average temperature along

line CD in Figure 3 as L&ke Erie is approached
from the west?

- —

, 3. Explain the dif%erences in temperature patterns
between July and Jahuar¥,

t

‘ I, n
H
‘-

: v T B -

Y. 4. 1Is Lake Erie a heat :ource or sink] Discuss.

‘ - ’ K

S AV , Y- .

! | . . 1 —
.- P : .

~5. Destribe the effects of Lake Erie on the
/,temZéréture of northern Ohio.
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e s Uceans aré also large bodies of water. They
: alfect. temperature .in much the same way as large
. - lakes. Figure 4 is a map of the world on which are \
- . drawn isotherms representing the average temperatures
in Januaty. Notice that the average temperatures in
thurga 4 and 5 are given in degrees celsius. 'The
Ohio temperature maps are in degrees farenhelt.

o
e
FIGU?E 4: World Map df Average Temperatures (C') in July.
] ' 6. Follow parallel 60°N latitude across Figure 4.
: How is temperature affected by the continents?
’ , By the oceans? e
N n\)
) -
= .
\ + A )
Al . .
: 7. Do the same for Figure 5.° Describe the differéncgs
’ _ ' in average temperatures. o
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Aruitoxt provided by Eic:

£ FIGURE 5% WOrld“Map of Average TémReraturee (C ) in. Januury
L :

e

- o 8. ﬁo oceans act as heat souraes or §1nks? How ',
do you “know? ' ‘ : .

‘ | - "
3 fa

9. Do continents ever aci as heat squrces? E%plq n.;

The oceans affect the temperature of Ohio. When we
have warm winter temperatures we are under the influence
of air that starts over the oceans. ' The cold," frigid
winter air comes from northern Canada, where the oceans
do not have an effect. :
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4 : e ' :
YTHE EFFECT OF LAKE ERIE ON- OH.IO'/‘}-'!‘TPERA‘IUKE
When a large container of water is placed in'a room
with foods, as described in the Introduction to the Inves-
tigation theé water will prevent the foodg from freezing
-aince water™acts as a heat source.if it is at a higher
temperature than its surroundings. Water ‘adds heat energy
to the. atmogphere thereby keeping the room warm and the
fopd from freezing! e
‘ In Activity A students study the ideas of heat source
“and. heat sink. They condyct an experiment on the effect of
eolar insolation on soil and water.using a lamp as a sourc® ’

of* radiation. They collect and analyze dgta on the tempera-

ture differences between-soil and ‘water and the air immediately

above them,

-

C* In Activity sB they apply this khowledge of heat sources

and sinks to Lake Erie and Ohio, and to the eoceans and land
masses of the world o study the effect of large bodies of

water on climite. C oy

* .1 The studentsfgho‘. ' know how to graph data. —i) X

¢~

" Each lab group'_
of dark soil and one o

1Qd have foug thermometers, a container
*water, .two 3D cm rulers, masking tape,

ringstand, graph paper, and.a ligh{ with reflector. - ‘The light

should be at 1east +150 watts

When the students have completed these,actIVities, they

should be able to: ) ¢ "

1. Describe how soil and water”differ in their
ability to absorb and release heat energy.

2.'?Describe how -this differencé in heat absorbed -
or released affects the atmosphere immediately

above the land and immediately above the water.

A

3. Describe the effects of the Creat Lakes’upon
the temperxature of ohio. -

. .
1 . -
v B _ ‘ . v

Activity A could be done in larger groups to help cut
down on the am0unt of equipment needed. )
t : ' *
Activity Bxcould be done in these same groups, or done

individually.

9 hd
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acTvidy A - 'WHAT ARE HEAT SOURCES AND HEAT SINKS? - - . - -
Y Vo The 1ntroduction Qp Activity A, 1a.meant to introduce the -
L ~ most widely observed effect of hedt sources and heat sinks.

. .. What is happening? The spring aunqhine has lemod the land's -~
" surface rapidly, thus the land was' a heat sink 'for a short . ,
; period of time. Then the land becamé a heat gource as it :
s re-radiated or gave up its heat to the air abdve it thus
adding more heat to the air. The water, hpwevet, acts'as a -
. ) heat sink for a much longar p@riod ‘of time and&“irmo up much .
- ' . . glower; this is why water is cooler during the days of upring v
and early summer. than ie the surrounding air

4
. \ 4
\

PQOCEDURE N Keywords. heat source, heqt nink lisotherm ':g N
i ' \ - Set: out the goll and water a day ahead to allow them to'. -+ -
_ ' * come'to yoom teémperature. ‘

Steps A-G describe the experiment set-up' shown in Figure 1
f the student guide. ' Each Btudent set-up, should be ‘examined
e by you before the students turn on the lamp.” Check to .make
" guxe that the thermometer bulbs are shaded fromithe direct

> light. -You should point out thé importance oft taking accurate
o ‘temperature readings._ ©
g Lo &xplain how to set up their &ata tables See Figure TG 1
. below . ‘ N ot o
_ . Time Thermometer 1 .Thermometer 2 . Thermometer 3 Thermometer 4
- - Elapsed  (above earth) - ‘(in earth) . (above water) = ° (in water)
1 min. n \\\\\\\x . Ny ]
. * e . - ’ - .
L S 2 min . . I . . v
» ) . } \
t ‘ % 3 pin. N ' S ' ‘ . ’ -t
» : FIGURE TG 1. .Sample Data Table .

" ‘ . : \
Remi&! students to-turn off the lamp after their 12:minute
reading. They skould contipue to take readings every minute ,
for another 12 minutes. ' '

- _2:4. To heip make the graphs easier to interpret, it is best

“1f all the initial temperature readings for each set-up
- e _ are the seame. .If the students' thermometers did not read

“ . ’ _1,,
. - w
~
13 ’ ’ \
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the same at the beginning then the gemperature readings
N should be adjusted so that the initial temperatures are
S ~ equal. This is done bi‘finding the diffeyence between
the thermometgr with the lowest reading and each of the
others. The difference for each of the other thermome-
ters is then subtracted from each reading given by the
- thermometer.
. R ' .
© 5. The air heats up faster over the soil.
6 and 8. While the lamp 18 on,-the soil should be heating up more
. rapidly than the water ‘since it has a.lower specific heat
te and 1t absérbs all radlation ¢loge to the surface. Seldom,
' however, will this happen in the set-up. (See Figure TG 2)
After the light is turned off, the soil should, cool smore ‘
rapidly than the water because of its lower gspecifi® heat.
. Note that the curve does dtverge. Most students should be
. ) " able to nétice the divergence on this part of their curves,

7 angd 9. The water will absorb more energy. Tt will be very diffi-"
o S cult for students to understand this. The‘&]ue is in the
o . ) “Yalr'" curves. The air over the soil heats up much more.s
rapidly than that over the i}gsr This is because soiT\"
cannot hoid on to the-heat ergy and gives it ‘right back
. to the atmosphere. The difference in the two . curvhs there-
* ' o fore implies that water has.a greater capacity for ‘storing.
‘heat energy: -This idea is further supported by the ends
of the two curves. Note that they cross at about 19 minutés.’
" This is because the water ig now glving off more energy
<" than .the soil. This is energy that was stored 'In the water.
Note that the curve continues to diverge. Water is acting:

e

- as a gsource of heat. energy for the atmosgphere. .

~

’ ' _ 10. Soil looses heat faster than water. S -

v " 11, Watexr keeps . its energy the longest. If studentg place their
) - thermometers too deeply in the soil ‘their -thermometers will
. show a continuing rise in temperatqfe after the light is
' turned off. - This happens becguse some of the energy f rom
+ . the surface 1s conducted downward into the snilh- ‘
Y 12. Normally soil wifl function very briefly as a heat sink:

) after the light is turned on. Shortly. however, it will.
L _ begin.radiating energy back to the atmosphere {(become a heat
souree) as indicated by the heating of the air above the soil.
Water should remain a heat sink, however, and produce only a
. minfmtum rise .in temperature of the alr above. Figure TG 2

. does not show this relationship. '

. -, . e . . .
. . . e . i < .
Q . - T : - , l 8.‘;- .
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N : 13. After the light is turned off soil- fupctiong only
_ briefly as m heat source. Water, however, cantinues
: ) as a sgurce to the end of tHe recording period. Since
' ' ) the air temperature above the water remains™Qigher
. ' + than that of the water itself, it will continue to
.act as a heat source until thé surface water ias the
same temperature as the air over Yt. .
* ACTIVITY B = This activity applies. the ideas of heat sources and heat
sinks to the climate of Ohid amd the world,
. . Ke&worde: isdtherm
- AR _
o S . ‘ C , c : Cr
. . _- PROCEDURE R ~As you apprpaththe lake the temperature decreases. '
) . ) - LI e o . ) - A
. - - -As you approach the lake from the weat the temperature
z - increases.

’ »
. " 3. During the summer thé lake absorbs energy but the land re-
' radiates. energy to the atmosphere. Therefore, air dver .
land is warmer than that over the water. . In the winter the

efiergy absorbed by the lake water is gradually released to N\

the atmosphere making the ‘air over the water warmer than
. that over the land.

- 4. Lake Frie is both a heat source-and'a heat sink depending on
' the season. 1In the late sprdng and summer, it is a heat sink,
_J but in the fall and winter it is a heat source. :
5

.t ake Erie acts as a moderator for northern Ohio's climate. .
It keeps the air cooler in the: early summer and warmer in the
v rest of the fall and the winter, than other parts of the state.

6. As you follow the. 60°N pareliel acroes the map: for July the

.o . N . .o ' . 3 . : A
' N : " A, As you follow the 60°N parallel agross the map for January,
Co- the temperature falls over the continents and rises over the
o " . . oceans.
T - . 8.° Oceans act 'as both heat sources and heat sinks depending upon_
the seasons, just as lLake Erie does. = ' o
. . 9. The continengs act as.both heat sodrces and heat sinks just '
; . 11ke the- land in, Ohio does. .o s

Y

A ..

REVIEW - S ' -
QUESTIONS. *.°° 1. A heat source adds heat energy to the atmosphere. A heat
) sink takes energy from the atmosphere. ‘

. Lat
< £ . 0 . N

_temperature rises over the continents and falls over the oceans.'



T.o- .2, targe bodies of.

~
. . N s

‘ r such as Lake Erie act Bhs heat '~
ources in the fall*aad winter whep they. are giving .

up heat to the atmosphere. -They act as heat Binks in .
the late spring and sunfmer -when Jhey are -absorbing heat i

from .the sun and atmosphere. Wy e
. , . . . » & - .o

3. The cLimaté in nortﬁqrn Ohto is more moderate than the

“4

REFERENCE ~ ~ °

Bostgn:

adapt

-EVALUATION -

TTEMS IR

I3 -

climate in central Ohio. The -difference 1is caused by -
the moderating effect .of Lake Brie. ‘ -

)

American1Geological,lﬁbtituté,'Inveatigating the Earth,-
Houghton Mifflin Company, 1967. - Activity A.is '
ed from an invastigation on pdge 172. . — ,

3 \ ) R K ' " . o L - ) - s . \\ : |
« L . ) .
A heatlgink. b . T

1. has a higher Ee%perature than its surroundings,

. .2, - "gives off" excess heat: - <
R g, ' abgorbs and stores excess heat. . . i
. 4. " is the Great Lakes'in the wintertime. -~ ' .
) " 2. -Generally, ffje average summer air te}nperature at the shore.
) of a‘largé\iake ia | . :
. - ¢ “y Jipt . AN i . .
s 1. warmer than 50 mjles inland., , ».; v & e
%2, gooler than 50 miles inland. '
3. the same as 50 mileg inland. . .
4., dependent upon the directiqd gf'the prevailing winds. _
5. wusually the sume as the averagéfbemperathrdlln winter. Co
. - - ’ ‘ . . ' ’.’ N - s
3. If youy,place a bucket.?f water and’a bucket of soil out in
the sun in—t rning, what would happen to their temperature?
‘ ! 1. thelr temperatures woﬁld not change.
' .2. both would warm up at the same rate. _
. 3. water would warm up faster\than the soil.
< *4. soil would warm up faﬁtei than the water.
g : - ‘ : r : ) )
4, If you kept those same two buckets’ outside until after

the sun set, what would happen to the temperatures?
B, s :
1. both would cool at the same rate.
%2, g0il would cool faster- _
3. water would cool faster. Y- J
4. ‘thelr temperatureg would not -change.

>
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This. map represents ' J .
v ‘ v ‘.
*1. summer temparatures. ) S ..
2. winter temperatures. ~ . -
3. e¢arly fall temperatures. - o = .
4. can't tell. -
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The igotherms in ther map of Northern Ohio below ‘reprelent
the average daily high temperature for a month with one

being the lowest and five being the highest average daily
temperature. e -
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