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Measurement of Temperature

Temperature can be measured in many different ways. Among them
is measuring the expansion of a material or the change in electrical
resistance cauwsed by a change in temperature. Indirect methods must
be used because temperature is a relative phencmencn.

A. Measurement of Temperature b the Expansion of a Fluid.

The change in volume for a ;iven change in tempereture can be

written:
& . g
where: B = coefficient of thermal expahsion
AV = change in volume
V = original volume
AT = change in temperature

The value of B depends on the material and the units of
temperature used.

For the following diagram:

At tarpemtchotrnﬂuidisatmaxkA.

At this temperature the wvolume of the fluid is Vo.

The diameter of the tubing is 2r.

At temperature = T the fluid has expanded, filling the

tube up to C which is the distance h above mark A.
We can write:

av
T=T-T =
4 © V.B

and T is in degrees Kelvin.

whemV:Vo;AV=wr2h;

Typical coefficient of expansion in cgs units are:

B = 0.00018
Alcohol (Ethyl) B = 0.00112
Gases B = 0.0037

As a sample calculation consider the following example for a
meraurry thermcmeter. Assume:

r = 0.01 om; v°=2an3; T =27°; h=San
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oV  wr?h  3.14 - 0.0001 - 5.0

AT = 5
VeB V.B 2-1.8%x10

AT = 4,36°
T=T,+ AT = 277.36°
Errors encountered in using this type of thermometer are:

1. The expansion of the material (glass) which encases the
ﬂuidcwsesvotoincmasesome fluid is not as
high in the tube as it should be.

2. An uneven bore causes the height, h, to be a non-linear
function,of temperature. This implies that AV does not
equal =r h.

3. The scale might not be properly marked.

B. Construction of a Gas Thermometer.

Equipment:

1 250 ml flask

1 stopper with hele

1 length of glass tubing (5")
1 20 cm scale

3' clear plastic tubing
Water

Procedure:

1. Insert glass tube into stopper.

2. Insert stopper into flask.

3. Fill plastic tubing half full
with water.

4, Insert one end of plastic tubing

on glass tube in the stopper

holding the other end up so that *Rubber Tubing

water does not escape. (See diagram).

Attach the scale to the plastic tubing so that the
water level in the tube under the flask can be measured.

Adjust the free end of the plastic tubing so the water
levels in each arm of the tubing are at the same
height. Record the water lewvel. (This adjustment
causes the pressure on the gas inside the flask to
be the same as the atmospheric pressure.)
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7. Change the envirammental temperature of the flask
(take it outside). Readjust the plastic tubing
to get the pressure equal, then record the change
in height of the water.

8. This change in height is proportional to the change
in temperature.

Any changes in temperature will be reflected by a change in the
height of the water in the tube. Calculate the change in the height
of the water colum for the difference in temperature between indoors
and outdoors at constant pressure. Check your results with your
gas thermometer.

C. Relative Calibration of Thermometers.

Because of differences- in manufacturing few if any thermometers
will give the same reading when they are at the same temperature.
There are many situations when it is desirable to measure tempera-
tures when the same thermometer cannot be used continuously. In
these situations it is necessary to be able to relate the reading
of one or several thermometers to the readings of another. The
thermometer to which the others are related is called a standard
thermometer. The most reliable standard thermometer is held by the
U.S. Bureau of Standards in Washington, D. C. However, since it is
not available for our immediate use we will create a standard of our
own, any thermometer which we choose, which at some later time we
can relate to the standard in Washington if we choose.

We will now proceed to calibrate several thermometers relative
to our standard so that readings on any one of them can be compared
to any other which we have calibrated.

Equipment :

Large thermos bottle or insulated container

Ice

Hot water

Thermameters to be calibrated (househcld)
Standard thermometer (any thermcmeter we desire)

Graph paper
Procedure:

a. 1l. Insert the thermuameters along with the standard
in the thermos which has been filled with ice
water.

2. While stirring the water, record the temperatures
of all the thermameters in the chart form shown
below.
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3. Add some hot water to the thermos to raise
its temperature.
4. Repeat steps 2 and 3 as often as desired.

Data format:
Standard Therrxmeter 1 Thermometer 2, etc.
41.5°C 41.8°C 41.0°C
63.0°C 63.4°C 62.6°C
etc. etc. etc.

b. After "a" is finished, on graph paper plot the
temperature read on the thermometer against the
difference between this temperature and that cne
recorded for the standard thermometer. Ccnnect
all the points with a smooth curve (straight lines
may be used). Use of this graph--(see example)--
assune a thermometer A is used t> take a reading
at sane time. Find the correction from its
calibration graph and subtrect this valve from
its reading. This will give you the temperature
which would have been read if the standard had
been used.

oSSt 0oU 303

%le: Thermometer A read 74.0°F. What would
reading of the standard have been? Solution:
For a reading of 74.0°F the correction on the graph
is +1.4°F. Subtracting this from the reading gives
72.6°F. The standard would have read 72.6°F.

QUESTIONS:

1. Why do you suppose a thermos bottle was used for the
water bath?

2. Why should you stir the water in the water bath?

3. How good is this calibration if the laboratory standard
is not accurate?




ANSWERS:

1. Thermos bottles were used to inhibit caloric escape
and maintain a relatively constant termperature.

2. We stirred frequently because the water has a tendency
to layer by temperature.

3. If the laboratory standard is not accurate, all of
our readings will be in error relatively. We
could assume that this error will follow a constant
pattern, and, therefore, our results should be
usable to obtain relatively accurate calculations.

POSSIBLE PLACES FOR ERROR:
1. Continuous caloric escape at surface of water bath.

2. Since water has a tendency to layer in different
temperature layers, we are actually reading the
temperature of only ane layer. This should be
minimized by stirring frequently.

3. Human error in reading the thermometer.

4. The smallness of the scale of the thermometer places
a definite limitation on our ability to accurately

read it.
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Time-Lag Coefficients for Thermometers

One of the proper'tles of thermameters that must be considered
when desigm.ng an experiment involving temperature is the response
time, i.e., just how quickly does the temperature of the themmeter
adjust to the environmental temperature. Sane studies require
extremely short response times such as those 1n turbulence studies.
For these, the mercury in glass thermometer is too slow, and one
must use electrical resistance themmleter-s. On the other hand,
there are studies, such as the measuring of soil temperatures, where
rap:.d response thermometers would be quite unnecessary and, perhaps,
hlghly impractical. Here the slow response thermometers are well
suited.

Suppose we now consider how one would assign a numerical value
to the response time of a thermameter. If a thermometer is placed
in a medium which differs in temperature from that of the themaxe'ter-,
the temperature of the thermometer will asymptotically approach the
temperature of the medium. And, if the temperature of the medium
is indicated by T, and that of the thermcmeter by T, we can express

the time rate of change of the temperature of the thermometer by
AT .
3 ° --(T T )

where At refers to the change in time and 1/) is defined as the lag
coefficient. Integration of this equation yields:

A
To - Tm z ('I'o - Tm)e

where To is the initial tempemt\n'e of the thermometer. This expres-
sion relates the rate at which the thermometer temperature
approaches that of the enviromment. Finally, if we take the logarithm
of both sides of this equation, we have

- 1, .
loglo(T - Tm) = loglo('l‘o - Tm) - (-{) t

which is nothing more than an equation of a straight line for
temperature plotted against time on semi-log paper. The slope is
given by 1/) and the intercept (on the log scale) is log T T
Using this expression one is able to determine the

response time of a thermometer or its lag coefficient by observing
the rate at which the temperature of the thernaneter approaches that
of the environment.

This, then, will be the object of this experiment.
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Measurement of a Time-Lag Coefficient.

Materials:

Extension cor<¢ and flood lamp

Household outdoor alcchol thermometer and cardboard
mount

Wrist watch with a second hand

2-cycle semi-log graph paper

Linear graph paper

Procedure:

Set up the apparatus by taking a common outdoor
thermometer, removing it from its glass case, and using
a piece of stiff cardboard to mount the instrument so that
the bulb is exposed to the free air. Let the temperature
of the thermameter come to equilibrium with the environment
and record this temperature calling it Tm'

Three people should be involved in this experiment:
cne to read the thermometer, the second to keep track of
the time, and the \hird to record the reading.

vhen the thermometer has reached equilibrium with the
environment and the tenperature recorded, place the flood
lamp about 12 inches abowvwe the bulb and heat the thermometer
until it has reached 100°F. Immediately, turm off the flood
lamp and note the time. This, then, is To'

As the temperature of the thermometer drops, it is to
be recorded every fifteen seconds. The person reading the
thermemeter should read the temperatures to the nearest
half-degree and should attempt to minimize the parallax
error in the reading. The person in charge of the timing
should notify ithe reader five seconds before the time of the
reading that the reading is coming up and the recorder
should make note of any peculiarities observed. The reasons
for these will become apparent as one works up the data.

After the data has been cbtained, each person should
carry out the remainder of the experiment ty himself.

Take a piece of linear graph paper and, using suitable
scales, plot up the temperature diffe:ence (T - 'I'm) on the
ordinate versus the time on the abscissa. When this has
been done, take a piece of two-cycle semi-log paper «nd,
again, plot the temperature difference on the ordinate and
the time on the abscissa.
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Using the dava appearing on the semi-log paper,
attempt to drew one straight line which most accurately
depicts the data (i.e., fit a straight line to the data)
and extend this line &7 that it intersects the ordinate.

Now that you have a straight line and its intercept,
you can make use of the equation:

log (T - T_) = log) (T~ T,) - c%-) .t

and solve for A using your data.
Observations:
1. What is the value of your time-lag coefficient?

2. ‘hat is the shape of the curve for the data plotted
on linear graph paper?

3. What can you say abcut the rate at which temwperature
of the thermameter approaches that of the enwironment
during the initial moments versus some time later?

4. Does the temperature of the thermometer actually aver
reach that of the environment?

5. Can you think of other situations where the time-lag
might be an important consideration?

B. Time-lag Dependence Upon Ventilation.

The previous experiment demonstrated how one is able to determine
the time-lag coefficient. In this experiment, you will find that the
lag coefficient is a function of the ventilation or wind speed over
the thermameter.

Materials:

Extension cord and flood lamp
Household outdoor thermometer
Time piece or watch

2-cycle semi-log paper

Wind tunnel and fan

Procedure:

This experiment calls for a wind tunnel which can easily
be constructed from a cardboard carton and a small room fan.
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PART A: Take the thermometer, remove it from its glass case
and mount 1t with a piece of cardboard as done in the previous
experiment. Place this thermometer in the center of the wind
tunnel and let it come to equilibrium with its surroundings. As
soon as you are satisfied that the thermometer is in equilibrium
with its surroundings, record the temperature. Now, turn on the
spot light and heat the thermometer to 100°F noting how long it
takes to do so in seconds. Record the time.

As soon as the thermaometer has reached 100°F, tum off
the spot light and read the temperatures every fifteen seconds to the
nearest half-degree as the temperature falls. Continue doing so until
the thermometer is nearly equal to the initial temperature. With this
data, determine the lag coefficient as was done in the previous
experiment.

PART B: Using the same apparatus and the same procedure, rerun
the experiment with the fan blowing air directly on the thermameter
bulb. Again, determine the lag coefficient.

PART C: Now, rerun the experiment with the fan drawing air
over the bulb. This assumes that the fan will pull less air than
it pushes and, thus, yield lower ventilation velocities. Again,
compute the lag coefficient.

PART D: In this final part, the thermometer is returmed to its
glass shield and placed in the path of the air stream. The fan will
be blowing directly on the thermometer. A time-lag coefficient is
caputed for this part, also.
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Observations:

1. What can you immediately sav z2bout the effects of
ventilation of the magnituce of the time-lag
coefficient?

2. What effect does the glass shield have on time-lag?

3. Are the times it took the thermometer to rise to
100°F in the various parts consistent with the
time-lag coefficients computed? Why or why not?

4. How might you establish a relationship between
ventilation (or wind speed) and the time-lag
coefficient?

5. In this experiment it was recommended that the same
thermometer be used for all parts. Why should one
do this?

6. If you were to design a liquid-in-glass thermometer,
how would you design it so as to minimize the
time-lag?

COMMENTS:

The general feeling was that this experiment could be used
used as it is in a high school physics laboratory. Depending upon
the amount of time available Parts A and B could be combined. If
time is available, both pre- and post-discussions should be held to
maximize the understanding.

As far as modifications are concermed, a wind tunnel is not
absolutely necessary if one only desires to show the difference between
ventilated and unventilated cases. On the other hand, one could
purchase a small inexpensive camercial anemometer and attempt to
show some relation between wind speed and the time-lag of the
thermometer. Finally, it might be worth while to campare the
different types of thermometers such as the bimetalic strip
thermometer and the alcochol thermometer.
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The Bimetalic Stvip Thermometer

In addition to the already mentioned weans of measuring
temperature, one is able to indicate temperature changes by
expansion and contraction of metals. It has been found that the
change in length of a metal for a given temperature change can be
related to the initial length and the temperature change itself.
We can write:

AL = aLoAt

wiere AL is the change in length, a is the coefficient of linear
exponision, L, is the initial length and At is the temperature change.

The bimetalic strip thermometer utilizes the fact that the
coefficiert a differs from one metal to the next. Consider the
following tcble:

Cubstance a per degree Celcius
Aluminum 24 % 107°

Brass 20

Copper 14 -6

Glass 4.9 x 10

Steel 12

Invar 0.9

Quartz 0.4

Zinc 26.0

The thermometer is constructed from two thin flat strips of metal
welded or riveted together as seen here:

Metal A+

2N
" A +Metal B

/’ \\

If metal A has a larger coefficient of expansion than metal B, the
compound strip will bend into a curve for a change in temperature.

Metal A»>

This bending of two estrips of metal is much easier vo observe than
the change in length of a single metal.
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Procedure:

You will be given a household bimetalic strip thermomete -
For a qualitative feeling of the time-lag coefficient for this
type of thermometer, use a flood lamp to heat this thermometer
to 100° as was done in previous time-lag experiments.

Observations:

1. Without actually computing a lag coefficient, how
would you say the response time for this type of
thermometer compared with the alcohol thermometer?

2. Using the table above, which two metals appear
preferable in the construction of a bimetalic strip

thermometer?




Lffects of Radiation on the Temperatures
Over the Land and Sea

The amount of radiation received by a certain area on the surface
of the earth and the thermal properties of the area are prime factors
in the determination of the local climate. We shall concern ourselves
here with the latter of these two--in particular, the thermal
properties of land as compared to those of water--and try to deter-
mne in what marner they effect the climate of the area. As an
example: it is known that continents experience far warmer summer
temperatures and far colder winter temperatures than do the oceans.

These differences in seasonal temperatures are due in part to
the following:

1. It takes roughly three times as much heat energy

to raise the temperature 1° Centigrade for a unit volume
of water as for a unit volume of sand. Hence, for a given
amount of heat energy applied to the sand and to the water,
the final temperature change of the sand will be three
times that of the water temperature change.

2. Light energy penetrates water much further than'
it does soil. Because of this, water will show a more
uniform temperature with depth, whereas, the goil will
exhibit a marked temperature contrast with depth.

3. Water is continually mixed by the turbulent motions
of the fluid while soil remains immobile. This mixing
permits more uniform temperatures throughout the volume
of water. Soil,on the other hand, will exhibit large
differences in temperature over small distances because
it is unable to mix with its surroundings.

4. This last point concerns evaporation and is not to
be under-emphasized particularly over the open ocean.
Evaporation from any water surface is going to be
characterized by cooling because of the heat lost in
evaporating water. Dry soil will not be subiject to
such a loss of heat.

Before progressing to the explanation of the experiments
demonstrating the thermal properties of land and water, you might
recall the common summertime experience of beach-goers. If you have
ever 3pent a day at the beach along the oceans, you may have noticed
how hot the surface of the sand was, while just below the surface the
sand was quite cool. As you then waded into the water, you noticed
that the water- was generally uniform in temperature and cooler than
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the sand on the beach. These temperature differences can, in
general, be attributed to the above physical processes operating
on water and land.

Materials:

Two plastic sandwich containers
Two simple outdoor thermometers
Two thermometer positicn clamps
Water

Clean sand

One cockie tin

Ring stand with clamp
Extension cord and flood lamp

Procedure:

PART A: Set up the apparatus by filling one of the sandwich
oontainers with dry sand and the other with water. On the
bottom of the sandwich container containing water, sprinkle
some sand so as to reduce the amount of reflection by the
cookie tin.

For the first part of this experiment, place two
thermometers so that their bulbs are just below the surface
of the water and the sand. Let the two thermometers come to
equilibriun with the sand and the water. Record their
readings.

Now, turn on the flood lamp which is centered right
over the containers of sand and water and read the two thermometers
every 60 seconds for the next five minutes. These temperatures
should be read to the nearest 1/2-degree. At the end of the
five-minute period, turn off the flood lamp and continue reading
the thermometers every minute for the next six or seven minutes.
Record all of these temperatures. Now, leave the apparatus for
a moment in order that equilibrium conditions may be reached
and try to answer the following questions:

1. Which of the two, the water or the sand, heats
up the most rapidly? Which cools the most
rapidly? What reasons can you give for this?

2. Keeping in mind these results, can you say
anything about the temperatures you might
find over deserts during a twenty-four-hour
period? Can you say anything about the
temperatures in the water and of the air
just above the water at sea for a 24-hour
period?
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PART B: Returning to the apparatus, place the thermameter
bulbs at the bottom of the containers of sand and water.
Again, let the thermometers come to equilibrium and, then,
read them for your initial temperature. Repeat Part A by
turming on the flood lamp and reading the thermometers every
minute for the next five minutes and, also, while letting them
cool. Following this, attempt to answer the questions:

1. Again for this section, which of the two, the
sand or the water, heats up more rapidly? Which
cools more rapidly?

2. How does the rate of rise of the temperature
in the water and in the sand compare with the
rate of rise in temperature of Part A above?
Why do you think this is so?

3. How does the rate of cooling of the soil and
of the water compare with that of Part A?
How do you explain this result?

4. If we were to place the thermometers much deeper
in the soil and in the water, what would you
expect in light of the above results?

5. What effect would stirring the water have cn the
temperature of the water while heating?

6. Why do you suppose the temperature in the soil
continued to rise for a short time after the
source of light had been shut off?

PART C: For the final part of this experiment, place the
thermometers just below the surface of the water and sand as
in Part A. Sprinkle the sand covering the thermometer bulb
lightly with water and repeat Part A.

1. How does the rate of change in temperature of
the soil fcr Part C compare with Part A.

2. What can you then say about moist scil versus
dry soil?

OOMMENTS :

The experiment 'Effects of Radiation on the Temperature Over
the Land and Sea" can also be presented in a high school science
laboratory with little if any modification. It was suggested that
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perhaps the results would be more conclusive if deeper containers
were used and the results plotted on linear graph paper. If the
experiment were done in conjunction with the land and sea breeze
demonstration, a student would immediately realize the significance
i of such an experiment.

}
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The Land and Sea Breeze Demonstration

4. common phencmenon experienced by those people living only a
few miles from a coastal area is the so-called land and sea breeze.
This phenamenon is manifested during the day by air flowing from the
sea towaid the land, offering same relief from the heat of the day,
and at night blowing from the land tcward the sea.

The classical explanation for the sea breeze and land breeze is
as follows. During the day the land is heated up by the rays from the
sun more than the oceans. (Pecall the experiment "Effects of Radiation
on Land and S=a".) The heating of the air imnediately over the land
causes it 1o e:pz 4 and become less cdense. This less dense air will
rise and will = -eplaced by the croler and more dense air found over
the ocean. At the same time the air over the oceans that replaces
the rising air over land, is itself replaced by air above it which,
in turm, is replaced by the rising air over the land. Thus, we have
a oontinuous circulation driven by the sun with rising air over the
land, moving toward the sea aloft, descending over the water and
moving toward the land during the day. This is the sea breeze.

The land breeze occurs during the evening hours when the sun is
no longer heating the earth's surface. The land is actually cooling
while the sea remains wann. Eventually, the point is reached where
the ocean is warmer than the cooling land and air begins to rise over
the water and descend over the land. A circulation is set up which
is the reverse of that of the sea breeze.

This phenomenon can be demonstrated quite easily in the
laboratory. One needs a box with a glass or clear plastic window
and top. This can be constructed from a cardboard box or scrap
lurber. An aquarium with a glass top is ideally suited.

To represent the land and sea, the floor of the left half of
the box should be covered with water in a container and the other
half with some substance such as charcoal representing soil. Now,
if one heats this enclosed land and sea system from above with a spot-
light which simulates the role of the sun, then rising motion will
occur over the land and subsiding motion over the water. In order to
trace these currents, a few drops of ammonium hydroxide placed in a
bottle cap beside a few drops of hydrochloric acid in another cap, will
produce a smoke trail sufficiently visible to follow the air motions.
A black background nade from construction paper will aid in following
the smoke trail.

Materials:

Aquarium or wooden box with transparent front and top
Dark soil (charcoal)
Water
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Materials: (continued)

Hydrochloric acid
Ammonium hydroxide
Flood lamp
Ring stand

2.

Aquarium with glass top

Set up the apparatus as it appears in the above
diagram. Place about one inch of water in the
aquarium.

Carefully fill two small containers at one end of the
tank: one with hydrochloric acid and the other with
ammonium hydroxide. Care should be used with these

reagents.

Replace the cover on the aquarium and turn on the
spct light centered over the water and land.

Observe the circulation that is set up.

When the aquarium is filled with smoke, remove the
glass top and permit the smoke to escape.

Now place the island in the center of the aquarium
with water on both sides. Repeat the experiment.




Questions:

i

1. Sketch the circulation patterns of the land =nd sea
breeze.

2. Sketch the circulation pattern for the sea breeze
you observed when the land was placed in the center
of the tank.

3. Where might a circulation pattern of this type be
set up?

4., What are the forces responsible for the sea breeze?

5. Suppose the sea breeze were not observed at a coastal
city on a particular day during the summer. What
phenamenon might have prevented a sea breeze from
forming.

COMMENTS :

For maximum benefit, this experiment should be a part of the
experiment "Effects of Radiation on Land and Sea" or should immediately
follow it. If time would not permit this, it could be used as a class
demonstration followed by a discussion.

Instead of using open bottle caps floating in the water for the
HC1 and NH, OH, two bottles could be connected to a "Y" joint with
pinchcocks ‘below the joint so that the flow of tracer smoke could be
controlled. The outlet tube could be inserted through a hole cut
into the side of a cardboard box or lowered into an aquarium from
the top. &4 Y s
for—the—aguartom—This would also eliminate the problem of leaks
around the hose going into the aguarium.

During the sumer, it might be possible to mowve the laboratory
outdoors, thereby eliminating the need for lamps. This would also
serve as reinforcement for the fact that it is the radiznt energy of
the sun that is the driving force for the system.




Water Vapor in the Air

We now that air is chiefly a mechanical mixture of two gases:
nitrogen and oxygen. In addition to these, there are several other
gases which make up a very small portion of our atmosphere. The most
important of these is water vapor which can be present in amounts
ranging from one to four per cent. The importance of this gas goes
almost without saying because water itself can exist in three dif-
ferent states at normal meteorological temperatures: a gas, a liquid,

or a solid. Thus, it is responsible for rain, clouds, snow, etc.

The amount of water vapor in the air can be expressed as vapor
pressure, dew point, relative humidity, absolute humidity, specific
humidity, and wet-bulb temperature to name just a few. TFor the
mament we shall be concermed with only the vapor pressure.

Each of the gases in the atmosphere separately exerts a pressure
called its partial pressure. Thus, we can use the water vapor pres-
sure as a measure of the amount of water in the air. The maximum
amount of water vapor that a volume of air can hold is called the
saturation vapor pressure and is determined solely by temperature.
The higher the temperature, the higher the saturation vapor pressure
will be and, hence, the air can hold a larger amount of water vapor.
In the Arctic regions where temperatures are very low, vapor pressures
may be as low as 0.02 millibars; whereas, in the tropics where the
temperatures are high, the vapor pressure may be as high as 50 mil-
1ibars. The fact of the matter is that only slight changes of
temperature can produce large changes in the air's ability to hold
water.

Suppose we define E as the maximum amount of water vapor pressure
or the saturation vapor pressure of a volume of air for a given temper-
ature; suppose that e is the actual vapor pressure. The ratioc e/E
multiplied by 100 is defined as the relative humidity in per cent.

We can write:

Relative humidity = RH = 100%

Now, if we take a volume of air whose temperature is 60°F and which is
saturated (i.e., it has a relative humidity of 100%) and warm this air
20° to 80°F while neither adding nor subtracting water vapor, the
relative humidity at 80°F will be 50%. This means that the air's
capacity to hold water has doubled for a twenty-degree increase in
temperature.

One of the more common devices used to measure the amount of water
vapor in the air is a psychrometer. This consists of dry- and wet-bulb
thermemeters mounted side-by-side on a common support. Both thermom-
eters are mercury in glass thermometers of identical construction. The
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wet-bulb thermometer is mounted slightly lower on the support and has
a close fitting cloth wick around its bulb. The wet bulb is wetted
with pure water, and the psychrometer is ventilated to obtain wet-
and dry-bulb temperatures. The dry-bulb temperature is simply the
temperature of the air and the wet-bulb temperature is the lowest
temperature obtained by evaporating water from the cloth wick of the
wet bulb. Using these two temperatures one is able to determine all
of the water vapor parameters.

Exercise A: Using the tables provided answer the following
questions.

1. What is the relative humidity when the dry-bulb
temperature is 60°F and the wet-bulb temperature
is S54°F?

2. When tihe dry-~bulb temperature is 71°F and the wet-bulb
temperature is 69.1°F, what is the dew-point tempe:™~
ature?

(The dew-point temperature is the temperature t» which
a volume of air containing water vapor must be cuoled
at constant pressure in order to produce saturation.)

3. What is the vapor pressure of air saturated at 20°F?

4. What is the vapor pressure of air saturated at 40°F?

[ 5. What is the vapor pressure of air saturated at 60°F?
' 6. What is the vapor pressure of air saturated at 80°F?
i

7. Considering your answers to #4 and #5, if the relative
hunidity of air is 100% at a temperature of 40°F, give
the approximate relative humidity of the same air at
the same pressure if its temperature were increased
to 60°F.

8. Considering your answers to #3-7, what general statement
can you make concerning the effect on relative humidity
when air temperature is increased 20°F?

9. What is ire wet-bulb temperature when the air temperature
is 75°F ana the dew point is 69°F?
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10. What is the relative humidity when the air temperature
is 65°F and the dew-point temperature is 61°F?

Exercise B: Complete this table.

Temperature Relative Vapor
Dry bulb Wet bulb Difference | Humidity |Dew Point Pressure

#1 60.0 57.5 B
#2 3.0 75
#3 50.0 44
#u 49.0 .298
#5 39.0 5.0
#6 63.5 63.5
#7 70.2 65.2
#8 52.1 48.0

Exercise C: General Questions on Water Vapor in the Air.

1.

3.

If the temperature of a parcel of air is increased, pressure
remaining constant, will the capacity of the air for water
vapor increase or decrease?

Is the value of the wet-bulb temperature usuzlly numerically
the same as the dew point?_

Is the wet-bulb temperature ever the same as the dry-bulb
temperature?

Is the wet-bulb temperature usually equal nurerically to

the relative humidity?

Upon what does the capacity of air for water vapor depend?
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. The Measurament of Water Vapor

The amount of water vapor in the air can be determined by
measuring the temperature at which the air with a given quantity of
water just becomes saturated when cooled.

This is the principle behind a very elaborate instrument known as
the dew point hygrometer an instrument which, as the name implies,
reasures the dew point directly. In recent years this instrument
has come to play an increasing role in the measurements of water
vapor in the stratosphere where standard techniques fail due to
low humidities. (At these elevations, one is actually measuring
the frost point because the temperatures are below freezing.)

The dew point hygrometer works in the following manner: a
polished surface is cooled by same means and its temperature is
continuously monitored. The air immediately surrounding the
polished surface is cooled by contact and as the air falls below
the dew point temperature, the moisture will condense out on the
shiny surface. The condensing water will cause the surface to grow
dull. When the surface is warmed again, the dew will disappear.
The average temperature at which the dew appears upon cooling and
disappears upon warming is designated as the dew-point temperature.
Knowing this and the ambient air temperature, one can determine the
other water vapor parameters from tables.

Materials:

A tuna fish can
Thermometer
Chunks of ice
Warm water

Procedure:

Take a tin can whose sides are highly polished and fill to
about one-third (1/3) with water and add small pieces of ice
to lower the temperature gradually. Watch caprefully for the
appearance of dew on the outer surface of the cup. Be sure to
keep your body and your breath away from the cup as the extra
moisture from these will produce dew sooner than it would
otherwise be obtained. Using a thermometer, which can also be
used to stir the water insuring uniform temperatures, note the
temper ature at which the dew appears.

Once dew has appeared, gradually add small amounts of warm
water and note the temperature at which the dew completely
disappears. Repeat this several times, endeavoring to get the
appearence and disappearence temperatures as close together as
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possible. Take the average and record it as the dew point
temperature. Record also the room temperature and using these
obtain the relative humidity, the vapor pressure and the wet
bulb temperature for the room.

To check the dew point temperature you received with the
dew point hygrometer, a small psychrometer can be constructed
using two household alcohol thermometers. (See sketch below).
An ideal wick for the wet bulb would be an athletic shoe lace
cut to a one-inch length and tied to the bulb of the thermometer

with thread.
twine to

whirl

/ "k ’},’/ psychrameter

dry bulb

/' . =~thermometer

- cardboard back

———= wet bulb thermometer

el O,
\ S
S - athletic shoe lace wick

Questions:
1. What do you obtain for the following?

dew point temperature

relative humidity

wet bulb temperature

vapor pressure
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2. Take your sling psychrometer and determine:
dew point

relative humidity

i vapor pressure

wet bulb temperature

dry buldb temperature

3. Discuss how the results of questions #1 and #2 compare
and why they should or should not differ.

COMMENTS :

The exercises related to the measurement of water vapor were well
accepted in their present form. The feeling was, however, that the
subject could be carried further with emphasis upon the water vapor
in the air rather than its measurement. It was suggested that
measurements be taken at different times during the day and under
differing weather conditions. In this manner the student would be
able to relate this parameter to current weather conditions.




Pressure and Its Measurement

Not long after the thermometer was invented, Torricelli, in 1643,
found that he could literally weigh the atmosphere by balancing it
against a colum of mercury in an evacuated tube. Torricelli directed
one of his associates to fill a long tube with liquid mercury and
invert it into a disk containing mercury. Torricelli was then able
to show that the weight of the colum of mercury remaining in the
tube was equivalent to the weight of the atmosphere.

ja/vacuum ; Column of air ‘
o - /| extending to
’ :l‘ ;T Column /1 the top of the
of /] 1
. mercury 4 Q - y atmosphere
4 /

’ \L /7 ‘(\“Trf /!
. — . N
‘\( » g ' J L— j
H ~ |

.......

L

-

FIGURE 1

At sea level under normal conditions the height of the colum
of mercury is 29.92 inches. This means that a colum of mercury
29.92 inches is equal to the weight of the overlying atmosphere.

The height of the column of mercury required to balance the
weight of the air colum above becomes less and less as one ascends
in the atmosphere and, in fact, the colum shortens about one inch
for every 1000 feet of altitude in the lower part of the atmosphere.
At 18,000 feet the column of mercury has shortened to roughly half

its original height.

There are two types of pressure measuring instruments used:
the mercurial barometer and the aneroid barometer. The mercurial
barometer is as described above. The aneroid barometer consists of
a partially evacuated cell made from a thin corrugated metal for

flexibility.
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The cell expands as the pressure of the environment falls and
contracts as the pressure of the enviranment increases. One side of
the cell is fixed and the other is connected to a pointer which after
being calibratad registers the ambient air pressure. (See Figure 2)
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The pressure read at a station is called the station pressure.
This pressure is corrected for the temperature, the height above sea
level and the latitude to obtain the sea level pressure for the
station. This corrected pressure is the pressure the station
barometer would read if the station were located at sea lew:l and were
at 45 degrees north latitude.

In addition to the variation in pressure with height, pressure
changs with time due to the dinural variations and dynamic
variations. The dinural variations are due to the atmospheric tides
which are strongest in low latitudes. The primary maximun due to the
atmospheric tide occurs at 10 a.m., the secondary maximum at 10 p.m.,
the primary minimum at 4 p.m., and the secondary minimum at 4 a.m.
The dynamic variations in pressure are due to the pressure systems
(i.e., the highs and lows) that influence our weather from day to day.

Pressure is usually measured in inches of mercury on the
barometer, but for certain meteorological purposes the miilibar is
used. (In the laboratory pressure is also indicated by millimeters.)
Standard sea level pressure is 29.92 inches, 1013.25 millibars or
760 millimeters. Only the millibar is a true unit of pressure, the
other two are units of length.

The relation between the pressure and the height of a column of
fluid exerting this pressure is given by

P = pgh

Pressure due to the fluid

the density of the fluid
acceleration due to gravity

the height of the colum of the fluid

where

Jmo T

As an example calculation: suppose a colum of mercury is 76 centimeters
high. What is the pressure exerted by this colum of mercury?
Using:
P = pgh
13.6043 &=

om

g =980 2,
sec

h=76.0 cm

o= (136043 gn) fo80 am
an3 secf (75.0 cm)

e




~34-
p=1,013,250 gn B, . X,
sec anm
= 1,013,250 9139-8-
am
. sec
We also defined the bar as: 1 bar = 10° 92’,}55, and the millibar as:

om
1 millibar = 103 es;therefore,wecanwritethe above as:

anm
= 1,013.25 x 10° 9!;5"-1
an

1,013.25 millibars

e
'

Inoceanography,useismadeofthedecibarbecausethisis
roughly the pressure exerted by cne meter of water. Consider a
colum of water cne meter high (100 centimeters) and having a cross
sectional area of cne square centimeter. Since the demsity of
water is roughly one gram per cubic centimeter, this colum of
water has a,mass of 100 grams. The acceleration due to gravity is

980 cm/sec “.

_ force_ mass acceleration
Pressure = srea area

We shall assume 980 is approximately equal to 1000.

oressure = 100 gus . 1000 am . 1

sec;{ an
5 om . 1l
= 10 ET —
gsec an
= ]_0s @3 i 17.
an
Since 1 decibar = 10° 92;9-‘1
an

Then, the pressure of 1 meter of water roughly equals 1 decibar.

-




Problem 1

Suppose we know that the atmospheric pressure is 1013.25
millibars, and we wish to construct a barometer using water
instead of mercury. Using the equation p = pgh, what will be
the height h of the column of water necessary to balance the 3
pressure of the atmosphere? The density pof water is 1 gm/cm™.

Problem 2

The mean depth of the oceans is four thousand meters. What
is the pressure at this mean depth in decibars?

Problem 3

At what depth below the surface of the ocean would you expect
to find a pressure of two atmospheres? (i.e., 20,265 decibars)

Experiment :

Pour soine oil into one side of a U-tube and then water into
the other side. Allow a colum of oil to be 5-10 cm high. It
is not necessary to have the liquids meet at exactly the bottom
of the U-tube. One can think of the water as representing the
mercury in a barometer and the oil the atmosphere. The total
pressure on either side must remair the same. (See sketch. )

Using a density of 1 gn/cm2 for the density of water calculate
the density of the oil.

A’O““T"‘f'
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Pressure is the same
on either side.

Poil = 2oil g Poil

Pwa‘ter' = ’Qlater g hwater

/ il = ;owater .

hwater
h .,

oil




Genemal Circulation--Winds

Wind is the flow of air. The movement may be vertical, horizontal,
or both. Vertical and horizontal motions of air affect the flight of
aircraft. In addition these air motions bring about changes in flying
weather because they affect the distribution of pressure, temperature,
moisture, and other factors.

The conditions of wind and weather occurring at any specific
place and time are connected with the large-scale general circulation
in the atmosphere. The problem of formulating > theory of the general
circulation capable of accounting for the major features observed
is one of the most difficult questions in meteorology. At present
there is no universally accepted general theory which takes into consid-
eration all the observed properties of the atmospheric- circulation.

There are, however, a number of principles which me* be satisfied
by the general circulation and which deserve attention, arx' there
are certain portions of the circulation which seem to be capoble of
a fairly simple physical explanation.

Effects of Sun's Heat

We know that the equatorial regions received more solar energy
than do the polar areas. Also, we know that, at the equator, the
radiational heat gained is greater than the radiational heat losses,
while the reverse is true at the poles. Thus if rediation were the only
factor, the equatorial regions would become increasingly warmer and
the polar regions would become increasingly colder. However, this is
not in accord with cur observation, and therefore other mechanisms
must exist for equalizing the heat excesses and deficiencies. This
transfer of heat ehergy, which must be brought about, can only be
accomplished by the actual transport of air from one latitude to
another. Hence there must be some systematic north-south circulation
in the atmosphere.

Since there is no net accumilation of air at a given latitude,
the north-south movement of air must take place in such a marmer that
as much air crosses each latitude line in cne direction as in the other.
If such a circulation took place on a uniform non-rotating earth, the
heating at the equator would cause the air at lower lewels to
expand upwards, and the cooling at the pole would cause the air at
lower levels to contract. This would produce a low pressure in the
upper levels over the poles and a higher pressure in upper levels over
the equator.

Air in the upper levels would then begin to move from the
equator (high pressure) toward the poles (lower pressure). This motion
would result in a rise in the sea-level pressure at the pole and a
reduction at the equator, since the sea-level pressure is a measure of
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the weight of air above sea level. This pressure gradient (change

of pressure with distance) would then result in a southward flow of
air in the lower levels. Figure 1 represents the flow that would exist
on a uniform non-rotating earth. However, since the earth rotates,
other forces affect the air circulation over the globe.

.....

Other Effects

Bet oonsideration be given to a band of air around the earth
at 30° Latitude (fig. 2), moving with the rotating earth. It is
at rest with respect to an obgerver standing on the earth. If this
band is moved northward to 60°, the band will decrease in radius
from 2,200 miles to 1,500 miles.

The result is similar to that found in the familiar example
of a heavy object at the end of a string being whirled around in
a circle. As the string is shortened, the object will tend to
rotate faster and faster. In like manner the band of air decreasing
in radius as it moves northward will increase its speed of mgation
and, instead of being at rest with respect to the earth at 60
latitude, will now appear to an observer on the sgrface as a wind from

the west. If, however, a ring of air at, say, 60" N. latitude,
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FIGURE 2

originally at rest relative to the earth is displaced toward the
equator, the ring of air will increase in radius and will decrease

in its speed of rotation. Thus there will then appear to be a

wind from the east relative to the surface. These relative winds
would bs of vegy high speed; for exanple,oin moving a band of air
from 30° to 60°, the relative speed at 60" would be about 185 m. p. h.
We know, however, that this is not the case and other factors, such as
friction, severely limit this effect.

Another force acting on the atmosphere is an apparent force
brought about by the rotating earth. It is called the "Coriolis
force." This apparent force causes a deflection of the wind to
the right in the Northern Hemisphere and to the left in the
Southern Hemisphere. The Coriolis force can be illus ed as follows:
start rotating the turntable on a phonograph record p yer (fig. 3);
then with the use of a ruler and a piece of chalk quickly drew a
"gtraight" line from the center to the outside edge of the rotating
tumtable. Tothepersondrwingtheline,tlwcmlktmveledina
straight line.
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+Path of record

FIGURE 3

If the record is then stopped, the line on the record will not

be straight, but will be curved. An apparent force has caused a
deflection opposite to the direction of rotation. It is this

t force which is called the Coriolis force. This apparent
force is strongest at the poles and decreases to zero at the equator.
It also varies as the wind speed so that, as the speed increases, the
Coriolis force increases. Thus, as the air moves northward from the
equator, it is defiected to the right and finally is no longer
moving northward, but from west to east. This allows_the air to
pile wp in the so-calied "horse latitudes" (around 30° north latitude)
and produces a high pressure zane. The air nwirg southward out
of the horee latitudes is also deflected to the ght and becomes
the "northeast tredes," and results in east winds at the equator.

In the polar regions & similar process is in operation with the
southward moving polar air being deflected so as to become an east wind.

Air frcm the belt of high pressure at latitude 30° is forced
northward «nd deflected so as to become a west wind, thereby
producing the so-called "prevailing westerlies" of the middle
latitudes. When this air meets the polar air, the polar front is
formed. Here the westerly cgrrent overlays the easterly polar air
ourrent at about latitude 60" north. Figure U shows the general
circulation on a uniform rotating earth--that is, an earth assumed
to have an even surface everywhere ccmposed of the same material.
Note that the upper portions of the westerlies near the polar front
push northward above the polar front ani settle over the pole due

to cooling.
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A steady-state circulation of the type shown in figure 4 could
not be maintained since there must be a return flow into the tropics
to maintain the air flow balance. The piling up of air in the
polar regions steepens the polar front, and when it becomes unstable,
the cold air rushes soutis’ard. This is called a polar out-break or
cold wave.

A polar view of the general circulation can be demonstrated in
the laboratory in the following manner.

Materials:

household 10 gallon bucket
three flood lamps and drop cords
record player

tin can

vegetable dye

water

ice cubes

ring gtand With clamps
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FIGURE 5

Procedure:

Set up the apparatus as in figure § placing about one inch
of water in the bucket and a small tin can of ice chips in the
center of the bucket. Tum on the flood lamps surrounding the
pail and the turmtable at 33 1/3 r. p. m. The ice chips in the
center of the pail represent the cold source at the north pole
and the flood lamps surrounding the outside of the pail represent

the warm source at the equator.

Immediately after turning on the turntable place a few drops
of vegetable dyes in the rotating fluid to trace the motions.

Questions:

1. Sketch the various stages of the circulation that you
observe.

2. Eﬁain the various patterns that you have sketched and
cuss what they represent.

3. At what levels in our atmosphere does this dermonstretion
correspond to?




-42-

4, Near the latter stages of development, your patterns
may become extremely turbulent. How do you explain

this?

(NOTE: This material was taken from Pilot's Weather
Handbook, CAA Technical Manual, No. 104.)

 ——




TR AT e e e T T T T e e B s A g

Surface Weather Codes

One of the integral parts of operational meteorology is the
observing, coding and transmitting of the weather for analysis.
Weather observations are taken every hour for aviation purpcses and
every six hours for synoptic weather mape and forecests.

All observations eventually reach the National Meteorological
Center in Sutland, Maryland where, depending upon their nature, they are
used in the analysis and forecasting. The derived meteorological
charts and forecasts are then trensmitted to all parts of the country
and are eventually issued as local and regional forecasts.

This exercise will introduce the aviation weather code and the
station model used on the surface weather map.

Exercise A:

i Using the key to aviation weather reports and the sequence
of aviation weather observations supplied, decode stations 1-5
! on the sheet provided.

} Exercise B:

Using the surface weather map station model and the sheet
of weather symbols provided, complete the exercise for stations
1"30
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STATION 1

Exercise
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Wind speed (21 2
to 25 miles per
hour.) g

Direction of wind)
(From the north- {
west,) )

Temperature in
degrees Fahrenhelt,

Total amount of \\
clouds. (Sky com~
pletely covered.)

visibility. (3/4 \\

miles,)
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SPECIMEN
STATION MODEL

Cloud type
(High cirrus)
Cloud type. (Mid-
\ dle altocumulus,)

Barometric pres-
gure at sea level,
Initial 9 or 10
omitted. (1024.,7
millibars.)

Amount of baro-
metric change in
past 3 hours., (In
tenths of millibars.

Barometric tend-
ency in past 3 hour:

Present weather. /30 *"-6’.\--.___‘___ Sign showing
t

(Continuous sligh
snow in flakes.)

Dewpoint in de-
grees Fahrenheit,

Cloud type. (Low
fractostratus and/or
fractocumulus.,)

2417 (Rising.)
%47 +23//

wvhethexr pressure 1is
higher or lower thai:
3 hours ago.

&

Veather in past 6
hours. (Rain,)

“ Amount of precipi-
J tation in last 6
I hours,

Part of sky

covered vy

lowest cloud.
(Seven or eight

tenths,)
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Scalar Field Analysis

Cne of the more valuable tools available to both meteorologist
and oceanographers is the scalar analysis to aid in deriving the
maximum amount of information fram a spacial distribution of some
property Q, which might be temperature, pressure, salinity or any

other parameter.

A scalar analysis is the connecting of all points of equal value
of the quantity Q by a line. In places where the data does not
explicitly appear, we interpolate between surrounding values. Since
in theory an infinite number of lines can be drewn, we usually pick
an interval to draw for depending upon the data we are analyzing for.

If, for example, a range of temperatures is only five or ten degre 3,
then, perhaps, we may wish to analyze for every two degrees or even every
one degree to delineate the field. A range of one hundred degrees, on
the other hand,might be better delineated by isotherms every twenty

degrees.

These isopleths, lines of constant Q will never end abruptly
in the middle of the chart but will close on themselves. They may
end at the edge of your chart but this presupposes that if you had
a larger chart the line would eventually close upon itself. In
addition, a line will never intersect ancther of different value
because this wouvld imly, in the case of temperature, that the
particular point in space had more than one temperature.

When the lines of constant quantity Q have been drewn and labeled,
we can immediately pick off regions of high and low values. Often we
indicate these as maximum (MAX) and minimum (MIN) areas respectively.
Areas where the lines are closely spaced imply that the field is
changing rapidly along a direction normal to these isopleths. In
areas where only a few lines appear, no appreciable change occurs in
any direction and the field is relatively homogeneous in this
parameter.

Exercise:

Analyze the following scalar field for every twenty units
using 820 as a starting line. Label the region of maximum Q
as MAX and the region of minimum Q as MIN. Indicate where the
field is changing most rapidly with distance.
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Determination of Salinity

The salinity of sea water is defined as the total amount of
golid material in grems contained in one kilogrem of sea water when
all the carbonate has been converted to oxide, the bromine and
iodine replaced by cholorine and all organic matter campletely
oxidized. Knowing the salinity of sea water is extremely important
to the oceanographer and marine biologist because it affects the
density, freezing point and light dispersion characteristics of the
water. Knowing the salinity of sea water helps the oceanographer
predict the behavior of the oceans' waters and helps the marine
biologist determine what kind of plants and animals will be found in
a given area.

As defined above, determinaticn of salinity is a highly
complex, time-consuming process. But since chlorine composes about
55% of the dissolved solids in sea water, and since the ratios of
chlorine to other dissolved materials is considered to be constant,
salinity can be determined by relating it to the chlorinity of the
water.

Chlorinity is defined as the total amount of chlorine, bramine
and iodine in greme contained in cne kilogram of sea water, assuning
that the bromine and iodine have been replaced by chlorine, and is
related to salinity by

S (%) = 0.030 + 1.805 C1 (%0)

where S (%0) is the salinity in parts per thousand and C1 (%) is
the chlorinity in parts per thousand.

To determine the chlorinity, a 10 ml sample of sea water is
titrated with a solution of silver nitrate of known concentration.
A solution of potassium chromate is used as an indicator and will
turn a redish brown when the end point of the titration is reached.
Titreation results are calculated by means of the formula:

ml AgNO3 x N of AgNOa x 35.46
ml Sample

Cl (%0) =

Objactive:

To determine the salinity of sea water using the Knudsen
Method.

ERIC .
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Materials:

1.
2.
3.
4,

5.
6.

150 ml Erelemeyer flask
Burette with clamp and stand
Potassium chromate indicator (8 gm K, 010, dissolved in
100 ml of distilled water.)
0.25N solution of silver nitrate ( 42.47 gm AgNO, dissolved
in 1000 ml of distilled H,0.)
Sea water sample of mknowﬂ salinity
10 ml pipette

Procedure:

Using the pipette provided, measure out 10 ml of the sea
water sample and put it into your 150 ml flask. Add 4 drops
of the potassium chromate indicator and swirl to mix evenly.

Fill the burette with the 0.25N silver nitrate. Maka
sure you accuretely record the starting wolume of solution in
the burette.

Add silver nitrate to the flask, using the following
procedure :

Stop when contents turn red, ard stir solution with
a glass stirring rod. Stir as vigorously as poesible
without losing any contents by spattering.

Add silver nitrate solution slowly - SLOWLY.

Stop when solution turns orerge-red and expel last
drop from pipette and then stir vigorously.

Add silver nitrate solution VERY SLOWLY,
stirring almost continually.

Stop when solution barely loses lemon-yellow color and
takes on an orenge cast. Stir very vigorously without
regard to spattering.

Endpoint is reached when:

a. precipitate is white
b. solut is dirtv orange by reflected light
c. colors are retained after 10 seconds of stirring.
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Observations:
l. ml's of Silver nitrate used 17.7
2. Value calculated for chlorinity 15.7 %o
3. Value calculated for salinity 28.4 %o

4. Write the reaction for the titration.

AgNO, + NaCl = AgCl+ + NaNo,

Cl %0 = 17.7 mllg r?;ils x 35.U6 = 15. 7%

S%o = (1.805 x 15.7) + 0.03 = 28.38%

COMMENTS:

Caution: Silver nitrate solutions are colorless, but will darken
with e¢xposure to light (leaving stains). Therefore, keep away from
hands and clothing. Immediately wash off any suspected contact. Clean
up all spills at once.

In place of the burette, a ?ipette may be used, however, the results
will not be as accurate. When using a burette it may be desireable to
use a Silver nitrate soluti’n whose normality is 0.156. In this way
the number of ml of solution used per 10 ml of Sample is numerically
equal to the salinity minus .030%o.
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The Density of Sea Water

The density, p, of water ig dependent on three variables:
(1) the temperature, (2) the salt content or salinity, and (3) the
pressure. (For these labs we will consider the pressure to be that
of sea level and we will not consider it as a variable.)

The density variations in water are small and for this reasen it
is more convenient to express the changes by an anamaly (i.e., tha
amount larger than the reference value (1.00000)]. Moreover, to mako
these density anomalies easier to work with they are multiplied by
1000. So, we have o (sigma) the density ancmaly of water.

o= (p~-1) - 1000

We will now proceed to examine the dependence of density, or more
precisely, the density anamaly, o, on temperature and salinity.

Tables of ¢ for different temperatures and salinities are attached
to this laboratory.

} PART A: Using this table plot on linear graph paper ¢ for increments
of 5 c/0o salinity for constant temperatures of 0°, 10°, 20°, and 30°C.
You should have four lines on the graph.

Question: Is the dependence of density with salinity linear
(a straight line)?

Answer: The depencaice of density with salinity is linear.

PART B: On ancther piece of graph paper plot ¢ for increments of 5°
for constant salinities of 0, 10, 20, and 30 o/oco.

Question: If the dependence of density with temperature
linear?

Answer: The dependence of density with temperature is not
linear. There is an increase in density with a
decrease in temperature until a maximm is reached.
After the maximum is reached, density decreases
with a decrease in temperature.

a third piece of graph paper label salinity, 0 through
the long axis and temperature on the short, -$° to 5°.
rature of the density maximum versus salinity.

h
399
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1. If a water sample is cooled from 10° to 9°
znd has a salinity of 30 o/00, what will happen
to the cooled sample? Will it float or sink?
Why?

The water sample will sirk because the density will
inm_'gse with a decrease in temperature until
=2.47°C.

2. What would happen to this water sample if
it were cooled fram 1° to 0°?

The water sample will sink because the density
will inciease with a decrease in temperature
until it becomss ice at -1.62°C.

3. What if the salinity were 10 o/co and
cooled 10° to 9°7?

Again, the water would sink for the same reason
as above.

4. What if the salinity were 1¢ o/oco and
cooled 1° to 0°7

In this case the water would rise. The maximum
density for 10 o/oo salinity is 1.85°C. Further
cooling decreases the density until the sample
freezes at -0.534°C.

PART D: On this same greph plot the freezing point of water for dif-
Terent salinities. Note that this line crosses ths temperature of
, modmun density at about 25 o/co.

1. Do you think that this salinity might
be g:lgnificmt in marine processes for ths formation
of ice?

Yes. For salinitiss greater than 25 o/oo, density
increases with a decrease in temperature up to
the freezing point. This means that for sea
water to freeze ths entire colum must be at

the freezing point.

2. When ice forms on the water surface, what will
the bottor. temperature be for water of 30 o/oo?
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The temperature at the bottom will be --1.62°C.

It is probable that the water at the bottom will
not freeze because of the latent heat of fusion.

Tt is possible that, because the sallmfy of the
water colum will increase as the ice forms, the
temperature will drop below -1.62°C but thJ.s is
not probable because the layer of ice will insulate
the column.

3. For 10 o/o0 salinity?

The temperature will be 1.85°C as a maximum.
However, it could be anywhere between 1.85° and
-0.543°C, depending upon the degree of mixing.

4. Would you expect ice to form faster in a
harboi* (100 meters deep) if the salinity were
35 o/o0o0 or 15 o/0co? Why?

The ice would form faster for 15 o/oco. This would
happen because the maximum density is reached
before the freezing point, allowing the colder
water to rise to the surface where it could be
cooled to the freezing point.

5. How - ould you explain that in the Antarctic
Ocean ice does not always form even though the
temperature is well below freezing for long
pcriods of time?

The colder water near the free'zmg point would

be more dense and sink allowing the warmer, less
dense water to rise. If there wers no currents to
take into consideration and the Antarctic Ocean

was considered to be an isolated body of sea water,
the entire volume would have to be cooled to freezing
for ice to form. Assuming that the latent heat of
fusion could be given up just as easily from the

deep water as from the surface waver, the entire
ocean would freeze simultaneously from top to bottom.

Coniclusions:

l. As a rule for waters of less than 25 o/o0o sallmty,
decreasing the temperature increases the density to a maxumxn,
further cooling decreases the density until the freezing point
is reached.
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2. For waters with a salinity of 25 o/00 or greater, a
decrease in temperature increases the density until the freezing

point is reached.
3. Density of water is increased with an increase in
salinity.
4. TFor ocean waters to freeze, the entire body must reach
the freezing point.
o For Various Temperatures and Salinities
S
T /00
\ 0 5 10 16 20 25 30
-5 -07 303 607 1100 15.0 19.0 2209
0 0 4,0 7.5 11.9 16.0 20.1 24.1
5 "ol 308 703 1107 1507 19.6 2306
oc 10 "033 3.6 700 11.'4 1503 1901 2300
15 -100 209 60.‘.‘ 1005 1"".".‘ 18.2 22.0
20 -107 201 508 906 13.-5 1702 2100
25 -207 100 L"o7 8.4 12.2 1508 1906
30 -u.’-} -0.5 302 700 10.8 1'4.“ 1802
T of 3.98 2.9 1.85 0.72 0.35 1.40 -2.47
max p ,

T of 0 -.267 ~-.534 -.803 -1.05 -1.34% -1.62




Temperature-Salinity Correlations

It has been found that water in any particular location in the

ocean remains quite distinct as far as the temperatures and salinities

of the water masses in the water colum are concerned. This is
especially apparent when water temperatures are plotted against
salinities.

As we discovered earlier, water temperature and salinity determine
the water density. Thus, on this same graph of temperature and salinity,

we can determine the water density. Moreover, it must be remembered

that in a water colurn the density must always either stay the same or

increase as one goes deeper. This gives us a quick check on the
temeratures and salinities measured in a water colum.

Object: To investigate the temperature-salinity
correlations of a water cclum.

Material: T-S diagram paper

Procedure: Look at the T-S diagram paper in front of you. Notice

that salinities are labeled from left to right on the
horizontal axis, and temperature from the bottom to the
top on the vertical axis. Notice also that there is a
third set of lines running diagonally across the paper.
These lines are called isopycnals and represent lines of
equal density.

A. 1. Put a point on this diagram at T = 22.5°C, S = 37.u450/00.

What is the density anomaly?

Answer: s 26.0

o

T

2. Put a point at T = 8.6°C, S = 33.50/00. What is
the density ancmaly?

Answer: Op = 26.0

3. How many combinations of temperature and salinity
have this same density anomaly?

Answer: An infinite number.

4. Assune that at a given location three water samples
were taken, but the scientist forgot to label which
sample was ‘taken at which depth. The samples were
taken at O-meters, 50-meter, and 100-meter depths.
The temperatures and salinities were (20°, 35.50/00),
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(8°, 35.00/00) and (15°, 36.50/00). Remembering that
for the water colum to be in equilibrium the density
must always increase with depth, which water sample was
taken at which depth?

Answer: 20°¢, 35.50/00 at 0 meters
15°, 36.5%0/00 at 50 meters
8°, 35.00/c0 at 100 meters.

. On the T-S diagram plot the points of temperatures and
salinity taken at HIDALGO STATION #5 in the Gulf of
Mexico listed on the next page. Beside each point put
the depth at which that water was found. Notice, at the
surface the points fall on top of each other.

. Connect these points with a smooth line going from

0 meter depth to 2,696 meters. Does this smooth line
always cross the 1sopycnals from low to high value?
Does it ever go toward one isopycnal then bend away
from it? If your answer is "yes" to either of these
questions, check your plotting as you have made a
mistake. What you now have is a temperature-salinity
correlation diagram which gives the temperatures and
salinities of all the waters from 0 to 2,696 meters
at this station. Make a guess as to how deep one would
have to go to find water whose temperature is 13.0°.

Answer: Between 257 and 344 meters (315).

. Notice that there are two bulges in this curve. One is

a salinity maximun and the other is a salinity minimum.
These are quite camnon and are used to trace the circulation
of waters in the ocean.

The water which creates the salinity maximur comes from the
tropical Atlantic. As this water moves away from its origin
toward the Gulf of Mexico, it gets mixed with waters above
and below it having its salinity and temperature decreased.
Originally, this water was (22.6°, 37.00 o/oc0).

For waters to mix, they must be in contact with one
another. Mixing occurs along isopycnals on the T-S
diagram. This is so, for if the densities of the mixmg
water masses were not the same, they would not be in
contact with each other.

. The water which was mixed to create the salinity minimum

originally had a salinity of 34.2 o/co. What was its
temperature?

Answer: 2.0°C
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5. Where in the world might this water have been formed?

Answer: Antarctic Ocean from melting ice.

HIDALGO CRUTSE 1962 Station 5

Depth M Temp. °C Sal. c/oo
22.70 36.39
9 22.70 36.39
21 22.67 36.39
uy 22.67 36.39
65 22.64 36.39
87 22.52 36. 39
130 22.62 36.39
173 20.15 36.u46
214 17.86 36. 36
257 15.71 36.04
344 12.u45 35.55
437 10.02 35.20
527 8.41 35.01
706 6.31 34.88
886 5.30 34.91
1341 4.32 34.96
1818 4.24 34.97
2300 4.23 34,97

2696 4.27 34.97







Surface Waves

Surface waves are the periodic variations in the level of the
surface of a fluid. They are a re-occuring phenamenon which, ideally,
always have the same height, wavelength and, if the depth of the
fluid is constant, the same period (time for & crest to travel one
wave length.)

E At time T = To

Surface waves can be divided into two main classifications.
SHALLOW WATER WAVES are waves which travel in water which has a
l depth less than 172 the wave length of the wave. The phase

velocity at which these waves travel is dependent upon the depth
of the water and can be calculated by the formula

c: JB

where c is the phase velocity, g is the acceleration of gravity
(9.8 meters per second squared), and h is the depth of the fluid.

DEEP WATER WAVES are waves which travel in water which has
a depth greater than 1/2 the wave length of the wave. The phase
velocity of these waves is dependent upon the wave length of the
wave and can be calculated using the formula

c: g
(2 " = wave nunber)
i
5 A

where c is the phase velocity, g is again the acceleration due to
the force of gravity, and A is the wave length of the wave. Since

A is in the denominator of the denaminator of a complex fraction, a
more useful form of the above formula is given below.

- JEE
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Object:

To study reflection, diffraction and r=fraction of surface
waves and to calculate the phase velocity of a shallow water
wave.

Materials:

Ripple tank
long wave channel
Faraffin blocks
Class plates
. Flastic triangles
. Wkater
l,— light
d.) e N wave generator

L

DN E WN -

D T o St e <ttt 2o ¢ 41 AN - I’ipplﬂa tank

¢ — - legs

stage
¥

Ripple Tank

wave generator l

Long Wave Channel

Procedure and Observations:

A. Reflection

Procedure: Observe and describe (drawings with a sentence
or two) waves which hit a wall (paraffin blocks) head on.

(Clapotis may be observed.)
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Observation: The waves hitting the wall straight on were
reflected back and superimposed on the incident waves.
This set up a standing wave or Clapotis which, theorecti-
cally, should have an amplitude twice that of the incident
wave. (See sketch below)

: Crest and trough

: o alternate at a given
VA spot with no horizon
wall —— K . \ Ergu@ tgi movement.
.. crest

/

Procedure: Observe and describe waves which hit a wall at
an angle.

Observation: Waves that hit a wall at an angle were

reflected at an angle equal tc the incident angle. The
reflected waves were superimposed on the incident waves
causing what is comonly referred to as a "cross-chop'.

Incident wave crest

N
Diffracticn

Procedure: Observe waves which pass through a small opening
in a wall. Describe. Change the width of the opening and
see what happens. What happens when the gap is only 1/8"
wide?

Observation: Waves that were allowed to pass through an
opening in a wall were bent in an arc as they passed through
the opening. The larger the opening in the wall, the
larger were the diffracted waves. It was noted that the
waves spread out as they passed through the opening in the
wall and their amplitude decreased the further they got from

the opening.
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When the opening was about 1/8 of an inch, the curvature
of the diffracted waves was acute but they dissapted
quickly as they moved from the opening.

" ¢_.___... Diffracted wave

,/:: T~ o
IR P A
M T
o v e P, ¢ _Tnnident.
e ol

. wave
““"V1P-‘"""~/
Incident wave 1/8" opening

Refraction

Procedure: Observe and describe what happens when shallow
water waves travel in different depths of water. (Put uwp
a paraffi.. wall dividing the tank in half. On one side of
the wall put down glass plates toc make the water shallower. )

Observation: When generated from the same source, waves
forced to pass over shallower areas slow down. Their wave
length decreases slightly and their amplituted increases
slightly.

T e

7
?Jf g ¢ .l—> shallow

Procecure: Take the wall out and observe the waves
traveling in different depths. Describe.

Observation: The waves bent when they passed over the
shallow area, with the crest in the shallow area trailing
the crest in the deeper area.




|

Lﬁ"ﬂ&‘w‘w PRSI AN I A Y

, Direction of Trael

Procedure: Make the water get shallower gradual ly in one
half of the tank. Describe what happens.

when the water got shallower gradually, the
crest of the waves over the shallow pertion of the tank
curved in toward the shallowest part.

Observation:

s, S .
- e o LCITT NPT T W L o

Deep

LTS
faac 3PS SO WY - K
e Nw . .. -

.
=
P
-
/u.ﬂ
Shallow

Deep —

Direction
St ey W P
e
. \
‘- e /
waves
d

e i £ © o e i e T N

/ T Shallow
/
-

Procedure: Make the water get gradually shallower at an
angle to the incident waves. Describe.

water

X-Section of tank
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Observation: When the water got gradually shallower at an
angle, the waves again bent in toward the shallowest

part as described in (3) above. The curvature toward the
edge of the tark was most noticable where the upward slope
of the bottom was the longest. !

Direction of Travel

e

"“‘-‘“~”v~,’ﬁ [POTR LW
(5

D. Long Wave Channel

Procedure: Fill with 3" of water and create a bore at one
end. Observe and describe this bore as it progresses down
the channel. Is it highest at the center or the edge? What
happens if you make it shallower on one side? (Put a

board underneath the plastic.)

Observation: As the wave traveled down the channel it was
curved with the center of the crest passing a given
reference point prior to the rest of the wave. The amplitude
was greatest at the edges of the wave. This was probably
because the friction of the walls of the channel slowed

the waves, decreased the wavelength slightly, causing a
corresponding increase in amplitude (conservation of energy).
As the depth of the water was made shallower, the speed of
the wave decreased and the amplitude increased.

Procedure: Measure the velocity of waves for different
depths of water. Since a wave may be reflected back and
forth the length of the channel several times, you can
measure the time it takes to travel several lengths of the
channel. A fairly accurate velocity can be achieved in
this manner.
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Plot this data on Log-Log graph paper.
straight line of the form

= Mx +Db
Log C=MLog h + Log b
or

C = bhT

You should get a

Find M - is it 1/2 as the theory predicts? C= vgh b=

Observation:
Depth Time Passes Length of Chamnel
lom 18 sec 4 160 om
2 om 12 sec 4 160 om
3 am 12 sec 5 160 om
S om 12 sec 6 160 om
Phase velocities Distance _ .
The = Velocity
Forh=1aom
%-6-2—;"33: 35.6 om/sec
Forh=2con
%_s_g_e_g_n_ = 53.3 om/sec
For h=3 eom
%—gg—sgg-: 64 om/sec
For h=5 onm
%s—gag—“ = 80 on/sec

vE
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COMMENTS :

This exercise would be easily adapted for use in the high school,
assuming the students have had at least one year of algebra and
preferably two. However, since there is ro math involved in the
ripple tank portion of the exercise, this portion could be used in the
junior high and, with some modifications, in the upper grades of the
elementary school.

The major problem area of the experiment is with the long wave
channel. Construction of a suitable wave channel could be easily
performed in the school shop, but storage would be a problem. When
funds are available, one side of the channel should be of glass. This
would allow a side view of the waves and increase the usefulness of
the tank. For instance, the circular motion of water as a wave passes
could be demonstratedby placing a plastic float on the surface of the
water and observing its motion relative to a grid painted on the glass.
This would also allow students to measure the height of a wave if the
grid was calibrated and a line representing mean level of the water
was drnam. Such a chamnel could also b2 filled with sand to demonstrete
sand trensport of shallow water waves. If desired, sand treps could
be set in the sand to determins the volume of sand trensported
forward and backward with respect to the cirection of wave travel.

(See diagram below) Also, a glass side would allow students or
teachers to takc pictures of waves. From a teacher's point of view,
this would be most useful. Because construction of enough chamnels
for use by members of a class is impossible, this section of the
experiment should be given as a demonstration and pictures would be
most useful for future use by students.

Glass Sections

//(lormm:e

< - 6' _ N
T v \ 4 \ v
| center of crest
' — — - - ————— ¢ S———— -—ee
1' ——— e e S, 1l —— — -
' X —+— - : —
V| 121 WAV 1y -~
1
. Ld
sand outside brace grid section pdmmlug

sand traps (removable)
SIDE VIEW
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Intermal Waves

The waves you see at the beach or when you're out in a boat are
not the only waves in the sea! They are surface waves. These
surface waves are in reality traveling along an interface between
two substances (fluids) of different density; sea water with a
density of 1.025 below the interface and air with a density of 0.0013
above. If this density difference were nonexistent there would be no
waves at all.

The oceans are about 4000 meters deep on tii: average and the
density of the water is often different at different depths. These
differing density layers are caused primarily by different combina-
tions of temperature and salinity. If a disturbance occurs along the
interface between two water layers of different density waves are
generated. These waves are called internal waves. They have horizontal
direction of travel, height and wave length just as surface waves do,
but cannot be seen at the surface of the ocean. Internal waves are
believed to be important in the mixing of water masses. Intermal
waves are difficult to observe and must be measured indirectly.

In a recent laboratory excercise, you observed the phenomenon
of surface waves. These waves were created and propagated at the
boundary between two fluids, air and water. This bouncary, the
water surface, separated two immiscible fluids of unequal density.
The density of water is 1 g/ml and that of air is 0.0013 g/ml. In
this laboratory what we will observe are waves that are created and
progress at the boundary between two fluids whose densities are not
quite so different. We will observe wave propagating at the
boundary between two liquids whose densities are different but of the
same order of magnitude (the ratio of their densities will be nearly
one). It will be seen that these waves do exist and, in many ways,
are similar to surface waves (they have the same form and move).
These waves are called internal waves because they occur in the
liquid and are not apparent at the surface.

Obj ect:

To demonstrate in the laboratory, the phenomenon of
intermal waves.

Materials:

Fish tank (10-30 gal.); mineral spirits, cormn syrup (Karo)
food coloring, paddle to generate waves.
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riment I: Fill an aquarium half-full with water which has
been dyed a suitable color (use food coloring). On top of this water
pour any other fluid which is nearly immiscible with water. Exaples:
kerosene, turpentine, gasoline. CAUTION: These fluids are poiscnous
their fumes are toxic; they burm verv easily. Therefore, handle them
with caution.

For our experiment we will use mineral spirits on top of water.

Notice the boundary between the two fluids--it is sharp and
clear, similar to the water surface which you observed in dealing
with surface waves. Disturb this surface with a plunger and notice
the waves which are generated.

How fast do they travel as compared with surface waves?
The best way to observe these waves is by placing & white

background at an angle behind the aquarium and lighting it from
above. See diagram:

& s
2
) y
Fluid 1
Observer " F -— white
cardboard
Fluid II

This experiment is exactly the same as the situation where surface
waves were observed with the exception that the density of the fluid
on top of the water is now 0.82 rather than 0.0013.

This particular situation is unrealistic and usually does not
occur in nature because, usually, the two fluids are not immiscible,
and a sharp boundary does not exist between them. The most usual
case is where light water is found overlying heavy water (warm
surface water over cold deep water).

o i i, Abmha l e
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Experiment II: Fill the aquarium half-full with warm fresh water
dyed dark red. Then, very carefully, pour cold water into which has
been dissolved same corm syrup (a ration of 1 part corm syrup to
20 parts water). If carefully poured into the aquarium down one
side, it should go directly to the bot*am and not mix appreciably with
the water already in the tank. After the tank has been filled in this
manner, it will be noticed that the surface water is dark red. the
bottom water is clear, and between them is a band of pink water. This
pink band is the location of the pycnocline or area of greatest density

change.

It is in this pycnocline that we will generate and observe
internal waves.

SKETCH:

. Depth
Red l
Pink
Clear — -
Density

Observations:

After having generated a surface wave and an internal
wave simultaneously, notice the difference in shapg height
and speed between them. Also compare the duration or
persistence of the two.
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Questions:

1. Do internal waves travel faster or slower than surface
waves?

2. Is the degree of density difference between different
water layers as great as the difference between air
and water? Would this make a difference in wave
characteristics? Would internal waves help in mixing
ocean water?

3. How are internal waves detected at sea?

1. Slower.

2. Since the velocity of propagation is proportional to
the density gradient (change in density), it will
be observed that the waves travel fastest in the

ink area. Just above and below this band the

ternal waves travel slower. Because they are
traveling at different speeds, shears occur and,
therefore, turbulent mixing. The turbulent mixing
should be quite apparent.

3. They are detected by taking temperature readings at
an oceanic station and by knowing the water tempera-
tures of water masses at various depths. Up and
down motion of these water masses can then be
determined by vertical changes in temperature.
Salinity or oxygen concentrations could also be used
as yardsticks.
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REPORT ON
MARINE BIOLOGY LABORATORY PROJECTS

Submitted by Members of the
N.S.F. OCEANOGRAPHIC INSTITUTE

During the summer of 1967, a series of projects in marine
biology were developed and presented by members of the six-
week National Science Foundation Oceanographic Institute held
at Florida State University. This report will summarize these
projects and attempt to suggest other related ones that might
be useful in science classrooms.

Participants in the Institute were all secondary teachers.,
They worked alone, or in grcoups, on these projects. Some of
the studies, as originally presented, are, perhaps, too
advanced for any but the very accelerated twelfth-grade
students, while cthers would be appropriate even for seventh-
grade youngsters. With a little ingenuity, the majority of
the projects can be adapted to many teaching situations and
learning abilities, from the top student with an inquisitive
mind who must be challenged, down to the slocw learner who
needs to be stimulated but not discouraged.

Collecting trips were made every Saturday and Sunday
for specimens to be used in these studies. Two night trips
were also offered. The Alligator Harbor Marine Laboratory,
owned by F.S.U. and located about forty miles south of
Tallahassee, s=zrved as the base of operations., (See map--
Appendix A.) As indicated, many different adjacent areas
were visited. Some collecting was also aone on an individual
basis in other locations as far afield as Panama City.

Participants were given the opportunity of becoming
acquainted with the use of many different types of collecting
equipment. (See Appendix B.) A 34-foot boat was used for
the trawling and dredging trips, during which plankton nets
were also pulled. On several occasions a smaller boat
transported participants to Bay Mouth Bar when the tide was
low. Here marine grasses grow in abundance, and many kinds
of life flourish.

Records were made of each trip on field note forms
(see Appendix C) which included lists of specimens collected,
Organisms were brought back both alive and preserved. Live
specimens were transported in foam buckets, sometimes with
the use of aerators. Other specimens were placed in buckets
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of formaldehyde solution as they were found, and were thus
preserved, tc be sorted and keyed out later. Plankton samples
were kept in small jars.

It is worth noting that the lack of the sophisticated
type of collecting equipment provided by the Institute need
not discourage a teacher who wants to give students the
experience of collecting trips. As was evident, many fine
specimens can be obtained without the use of a boat. #lankton
may be caught by pulling nylon hose through the water. Dip
nets can be made from a length of nylon hose knotted at the
end and sewed to a ring of wire attached to a wooden dowel.
Very satisfactory collecting pails (that keep contents from
splashing out) can be made from large-size empty bleach
bottles. A hole, big enough to insert a hand 1iato, is cut
out near the top. (See Appendix D.) Jute seines can be
purchased for under five dollars each, and polec to use with
them can be cut free from growths of bamboo. (Jute seines
must be rinsed very carefully with fresh water after each
use, and allowed to dry throughly, otherwise they deteriorate
rapidly.) Plastic boxes of the type used for closet storage
make inexpensive and useful holding tanks for things like
colonies of fiddler crabs.

Instructors and students were required to wear sneakers
at all times, including on boats and in the water. No teacher
should ever plan a field trip without observing this precaution.

The projects, when completed were found to fall into
three major categories, plus a miscellaneous one., Several
might have been placed in more than one category, but will
be detailed in only one. They are as follows:

1. Behavioral studies

2. Ecological studies

3. Collections

4, Miscellaneous (including laboratory
and physiological studies)

Participants were required to state their objectives,
materials used, methods, and give general background
information. Then, they were to present their conclusions
and cite references.

These projects varied considerably as to depth of study,
length, success of objectives (sometimes the necessary
specimens could not be found, sometimes the specimens died
be fore observations were concluded). Other projects were
completely successful in terms of doing what the writer set
out to do. But every participant seemed to feel that even
when proposed goals had not been reached, much had »een iearned.
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In this respect, all the projects were successful.

BEHAVIORAL STUDIES

1. Behavior of Hermit Crabs Without Shells

The writers of this paper set out to find how hermits
could best be removed from their shell homes without injury,
and, then, how the naked Pagurus would behave under various
conditions. (They found that the only successful way to
get the animal out was to drill a hole in the shell and prod
him out.) They carried out numerous experiments with the
naked animal, including observing him when he was touched,
and watching him try to find a new home.

This sort of study, just as it stands, would be very
good for high school students. There are ample reference
works on the market written at high school level which would
help give students background for observations of this type.
No elaborate equipment is necessary to set up this type of
study.

2. A Study of the Fiddler Crab - Uca Pugilator

The authors of this paper secured a colony of fiddler
crabs and tried housing them in various types of sand and
gravel (they did not like the gravel). They watched them
digging in, observed their feeding habits, and also made
notes on their actions in the field.

Many useful experiments might be performed using Uca.
One that is not new, but that would be of great interest to
high school students, would be observaticns of the circadian
rhythms of these crabs. It would try to tie in color changes
both with time of day and night, and the tides. This might
be done by using a control group and other colonies that would
be exposed to lights of various colors or kept in total
darkness. Eyestalks might also be removed. Keeping them at
different temperatures to see if this affects color changes
might also be interesting.

Any teacher can keep these animals in a classroom for
long periods of time. They need some of the sand or mud in
which they were fourd (to burrow in) and salt water (to keep
their gills moist). They live contentedly when fed dried fish
food (medium or fine size, not flake),
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3., Locomotive Behavior of Echinodermata

Because these animals, for the most part, move with
extreme slowness, the writer tried additional bits of
experimentation, such as turning them upside down and observing
their efforts to right themselves. An interesting finding was
that daytime observations were found to be negative--nighttime
observations were far more rewarding.

Again, this would make an interesting project fex high

school students as these animals are quite easily obtained
and do not require an elaborate set-up to maintain.

ECOLOGICAL STUDIES

1. Oyster Reefs as Ecological Communities - (Biocoenosis)

This paper makes a comprehensive and detailed study of
oyster reefs in local estuaries.

A simpler study of this type would be readily adaptable
to high school students.

Other variations might include the following, as per
Mr. Dunstan's suggestion. Lower a concrete block into the
water and have students observe the succession of marine life
that will grow upon it. A count every two weeks for several
months would be needed.

Or, a student might select a portion of a piling, and
record the life to be found there over a given period of time.

Anothe:r useful project might be to make a larva mat as
Dr. Warsh did, by tying padding of the type used to pack
ins:truments, around a brick (use wire) and hanging it into
the water for several weeks.

2. Distribution of Marine Protozoans Over a Two-Mile
Area of Ochlocknee Bay

Samples were taken from three-foot depths at different
points, proceeding against an outgoing tide which meant
different salinities. These salinities were then recorded
after testing. The writer mentione¢d that he would like to
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have included results gathered during an incoming tide. Not
a great variation in the number of animals from different spots

was found.

The only difficuity students might find in such an
experiment is in doing the math required for finding out
salinities, but by high schocl, most should be able to handle it.

Mr. Dunstan made a suggestion that wculd be useful for an
experiment dealing with plankton. He suggested adding one
teaspoon of a commercial 5-10-5 fertilizer to a gallon jar of
unfiltered sea-water. Divide it into two containers, keeping
one in light and covering up the other so it is in darkness.
Then, compare relative densities of the plankton populations
by holding some of the water from each container up to the

light in a test tube.

COLLECTIONS

A number of different collections were made, all preserved,
although one of them started out as a live tank cocllection.
These projects will only be presented briefly here, although
several of them involved an extensive amount of work in
obtaining specimens and in keying them out. Several
participants who did not choose to make collections as their
project, nevertheless, preserved and kept many specimens in
order to start type collections for their schools.

Collections are valuable for high school students to make.
They learn while they are finding the organisms. The learning
continues when they identify them.

1. Decapod Collection Representing Sub-Orders Ancmura
and Brachyura

Specimens for this project were collected, keyed and,
then, preserved. (The instructor suggested it might be wise
to key after preserving!)

2. Anomuran and Brachyuran Crébs

This writer did not reach his objective, which was to
secure a representative specimen of each Anomuran and Brachyuran
Crab to be found in the vicinity of Alligator Harbor, But he
obviously increased his knowledge of crabs greatly. This
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points up one of the things that a teacher should help students
Jearn--that "success" can be achieved in many different ways.

A simple experiment that might be made using live crabs
of these and other groups is to see how long they can Live
without water--whether desiccation of the gills takes place
more raopidly or is more harmful in some species than in others.

3. Echinodermata

A representative specimen of each species of ech@noderm
that was found on the field trips was discussed in this paper.

4. Collection and Identification of Macroscopic Marine
Algae in Selected Areas

Specimens were arranged on paper, placed in a press,
and, then, dried. Semi-dry specimens were also placed in
plastic bags and put on ice. Many were in good condition
after ten days or more.

A collection mounted in this manner is very beautiful
as well as instructive. This would be a good project for
high school students. A study might be made as to which ones
were found with holdfasts, which ones were floating, and in
what depth of water.

5. Mollusca Collection from Areas of Apalachee Bay and
Alligator Harbor

Live specimens were collected in order to make a more
thorough study than would be possible from empty shells.
Squid were preserved in formaldehyde. Hard-shelled specimens
were boiled and the remains removed.

It is worth noting that collectors of mollusk shells use
several approaches in prepaiing and keeping shells. Some
polish the shells with baby o0il to make them glossy. Others
leave them in the natural state where any growths on the shell
may be observed. Then, there is a third group who clean and
polish one small area so that the design on the shell may be
seen, but the natural effect not destroyed. The operculi of
gastropods should be saved and kept with the shell.
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6. Collection of Marine Specimens Which May Be of
Interest to High School Students

The authors of this paper live and teach forty miles
from salt water. They started a miscellaneous colilection of
marine animals to take back to their school.

7. Establishment and Maintenance of a Community
Marine Aquarium

Primary considerations in this project were to observe
factors causing pollution, and to find out by practical
experience factors governing aeration, salinity, temperature,
and feeding, in order to ascertain the most optimum conditions
for keeping the majority of animals.

Conclusions reached were that crabs were the most .
successful organisms in a comunity tank. TFish tended to die.
The most successful food was dried tropical fish food.

After the animals were observed and keyed out, they were
preserved and are to be used in a school collection.

This certainly is a project in which all students of
marine biology should be involved at one time or another.
Studies of group living, of predators and victims, of
discovering which animals pollute tanks and which ones help
keep them clean, organisms that burrow, those that remain on
the bottom, and those that swim around, all will teach students

a tremendous amount.

MISCELLANEOUS

1. Salinity Tolerance of Fundulus similis

~ The killif@sh is a euryhaline marine organism. The lowest
salinity range 1in which the authors were able to keep their
fish alive was 2.6 °/oo to 34.6 °/o0 (p pt).

Studies involving salinity tolerances (as well as
temperature tolerances) might be made of many animals. The
adaptability of oysters to different degrees of salinity as
contrasted to the starfishes' nzed for a high salt content
might make an interesting study for a student, in order to
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find out in what kind of water the one animal would normally
prey on the other.

2. Partial Survey of Significant Characteristics
(Anatomical, Functional and Ecological) Pertinent
to the Eyes, Nostrils, Barbels, Fins and Projections,
Otoliths, Weberian Apparatus and the Lateral Line in
the Classes Osteichthys and Chondrichthys

The writer of this paper went into considerable detail
on the characteristics listed above of a number of different
fishes. When such detailing comes from personal observation
(with a background of research) it is of tremendous value
to students of any age.

A study that would be of interest to students would be
to take a fish (say, a small grouper or a flounder) or another
marine animal that is capable of color changes (as distinguishecd
from biologic clock changes) and see how the animal adapts
himself to different types of floors or background in tanks.
A flounder might be placed in tanks with different colored
stones, checkerboard pattern and other designs on the bottom.
A catfish might be put first in a tank with white back and
sides, and, then, in one with black back and sides. Squid
might also be used (although not a fish).

3. Cocci and Bacilli in Sea Water

This was a study made by obtaining sea water from near
a shell. Stained slides were prcduced, which were found to
contain three types of cocci, but no bacilli.

The preparation and staining of slides is of immense
value to high school students. Any number of projects dealing
with microscopic organisms is appropriate for this age student.

4., Recent Littoral Foraminifera from Alligator Harbor

Samples were taken from several locations at Alligator
Harbor. The only significant amounts of Foraminifera were
found in a location where bottom sediments were mixed and
turtle grass grew in abundance. Some attempt (moderately
successful) was made to cultivate living Foraminifera in the
laboratory.
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This type of study would be of value to high school
students especially if a considerable number of areas were
sampled. This would not be difficult in a coastal city.

A number of other projects, of types that were not chosen
during this Institute, present themselves as possibilities.
The common intertidal barnacle Balanus offers tremendous
possibilities, both for study at a site, and in the laboratory.
At the site it is interesting to make a study of the growth of
barnacles (do the ones who live singly grow any larger than
the ones who live in colonies?). In the laboratory it is
interesting to find out how long the animals can stay alive
away from water {(normally they close up between tides).
Sometimes, even when they appear to be dead, they will revive
when moistened again. These animals are also very good for
studies of salinity tolerances and temperature changes
(application of Van't Hoff's law).

Another experiment which would be of interest to high
schecol students would be the one that Dr. Oppenheimer suggested,
which had to do with groups of microorganisms reducing organic
substances to inorganic. He suggested accomplishing this by
taking a dead fish and putting it in a glass jar, buried in
sediment, but so that the fish is near the edge and can be
observed. The sediment should be natural mud. Throw in a
little water, do not seal the container, and, then, watch
what happens. (A black precipitate is produced).

Ideally, high school students studying marine biology
should each have their own tank in a lab situation of a gang-
type hook-up. This enables them to make constant evaluations
of what is going on in the water, and stimulates them to go
out and find new organisms *t¢ put in the tanks. But a teacher
who does not have these facilities need not feel that much of
value has to be eliminated, as long as some tanks are
available,

When students are able to choose their own projects to
work on, instead of being arbitrarily assigned ones that
appeal to the teacher, the chances of great interest being
generated are much enhanced. Sometimes studies may be done
as class projects, with the student who wishes to go into
more depth being permitted, indeed, encouraged, to make a
lengthier study.

Even with minimum facilities, as long as our waters
continue to supply us with fascinating organisms, nuch useful
study with live specimens is possible. It is important, as
part of the total ecoclogical picture, to make students aware
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that their children may not have the same privilege of going
to the shore and collecting plants and animals, unless some-
thing is done to prevent the destruction of bays and marine

grasses, and the pollution of our water, which is taking
place in so many areas.
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APPENDIX B

Equipment Used on Collecting Trips

Boat trips: l. Otter trawl

2. Dredge
3. Long-handled dip net

4. Plankton nets (#0 and #20)

Beach trips fnand collecting was used here to a larpe
extent):

l. Seines, 15-foot and 100-foot
(although 25'-50' seines are
generally preferred)

2. Shovels and screens

3. Dip nets

4. Crab collecting device

Trips to flats at low tide (harnd collecting was used

here alsoj}:
1. Push net

2. Shovels and screens




APPENDIX C

FIELD NOTES

DATE TIME COLLECTION #
STATE COUNTY

LOCATION

WEATHER

WATER TEMP. DEPTH SALINITY
TIDE DISTANCE FROM SHORE
TURBIDITY BOTTOM

VEGETATION

ADDITIONAL NOTES

COLLECTOR METHOD OF COLLECTION

SPECIES COLLECTED NUMBER SIZE ‘mm)
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