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“TEACHING A; C?MSE-ON- METEOROLOGICAL INSTRUMENTS

| .Introduction | T ) ' L
' . ) o " . -
- , The Geography Departnent at” Méstern Illinois University offered an. inter—
‘.éb mediate level course entitled Pri iples of Meteorological Instrunents for the
'first time during the spring semester l984. The .course served the. needs oﬂ
- students concentrating on meteorology by providing them with an opportunity to
use and/or observe meteorological equipment while also preparing them for ~
possible internships with the National‘Neather Service. The greatest amount.of
time in the course was spent on. the principl;s of instrument operation, including
a comparison of their advantages, as well as disadvantages and how to select the
best instrument for a specific type of observation A mininal amount of tine was '
devoted to how to properly tabulate and present meteorological data

The textbookochosen for the course ' entitled Instruments for Physical

Environmen%'i Measurements, Volume One by wang and Felton(second edition) This

book‘has used because it considered a variety of instruments was up to date and

N

was reasonably priced. Most of the material “in the book was Self—explanatory
Texcept that on occasion sections had to be read very carefully to separate the

sometimes detailed quantitative discussion from a generaT qualitative explanation .
of how a particular instrument functioned A background in’ electronics would have N

been useful in understanding the operatqon of some of the more sophisticated

»

instruments

] q

Several itens:were placed on library reserve for the class to complement
' the textbook The beoks by Berry, Coulson Middleton, Robinson, Sellers and -

Stringer cited at the end of the paper were particularly useful as supplementary E
.. o . .. )
readings. U R - Tk S e L

The WeatherMeasyre’ Meathertronics instrument catalog was also a valuable

| reference It provided pictures_of every conceiyable weather fnstrument, a = S

?




2
dé!cription of how they functioned, specifications and a price list. = All of

\this was very uSefu], especia]iy for discussions of infw that you oou]d

\

) inst‘fments and conversion tables for temperature, pressure humidity and

not afford td purchase but yet felt students shouid havé sogx*knowledge of

'4
their operatibn There was aiso a glossary of terms for eaqh\group of

wind n#asur€ments. The best part about t&ue ci,talog was' thavziit mfree

Prices for the _more c0nnmn instrunents were’ dompemitive with-prices quoted
‘. - RN 3
in other instrument catalogs. \\\ ) : .

Purpose

A

The purpose of the paper was.to evaiuate'the meteorological instruments

2

course and te offer suggestions for improving,it in the future. This was done

by us:ng a conbination of student evaluations and. personal refiections after

’ the course was coacluded The results of this evaiuation couid be‘used as a -

A

eq%. .
guide for someone anticipating the deveiopment of a 51mi]ar course.
<

General Course Evaibation ‘ ,

The main concern of students was_the iack time to adequate]y_discuss all

)y

the material in the two hour class which met once a-week This will be remedied

nextatime tHe course is taught by adding a two hour iaboratory ‘which wil] have
Y ) ]

exercises utilizing the more .common weather instruments to- collect data under *"i

. variety of conditions. The 1abor:tory experience will add more time to the

P 3

~ course and also provide a hands -on approach which students felt” waS'Very

'-important.

The topic dealt with a meteoroiogica] instrument which was not discussed but oniy
referred to in the text, Unfbrtunateiy, students were hot pieased with this
assignment. Some felt it was too much work-for-a_two hour course and others‘

: N
- . .. ) .

A short\paper'and presentation'were reguired of eaCh'student in the glassf



;o -
objected to speaking before the class. Regardless of what form it takes, some

sort of short presentation would help to improve written and verbal communi-"
i
y catidn skills. Perhaps, a discussion of the results f?om each labdratory

L
~

- . exercise wauld bg an appropriate substitute ‘ L s v o
The: cours} outline wass divided. into three main parts. Part onea

examined the opergtional characteristics ahd requirenents of instruments in
L

general including their range, accuracy, sensitivity, response time, stability,-
reliability, ruggedness, portability, simplic1ty, cost and maintenance This

background knowledge was then used in comparing specific instruments to
et f determine which one was mos t appropriate for a particular set of- circumstances

e ‘

The greatest amount of;time was devoted to the second part of the course
. which examined theiinstruments which measured and recorded atnnspheric B

phenomena at or near the earth's surface. This included solar-radiationl

-temperature,fatmospheric pressure, wind speéd and direction, evaporation, »

atmospheric humidity, clouds and precipitation The least-expensive instru-

[ »

ments to obtain and the easiest to use(%n the class for demonstrations were

those,which measured temperature, pressure, humidity and precipitation These R

3 ' L I

instruments were also the ones most connmnly encountered by individuals collect-

1y

ing meteorological data for government or private agencies

| If you cannot afford to purchase ine)pensive thermometers,_barometers,
sling“psychrometers and rain gages you should probably not contemplate a course
. on meteorolOgical instruments. You could build your own instruments to help

defray costs, and _the books. by Laird Trowbridge and Yates cited in the references ..

-~

prov1de the instructions for building the .more - commd"instruments This option, .

LS

o however,_results in a product which is - less S0 histicated and certainly less

% \

accurate than the catalog instrument which students are most 1ikely to use. if

you have "the time ahd materials you may want to consider some exercises which

involve building some of\the‘simplier.and Tess cosbly meteorological instruments,

"l‘ . : s ’ _ - - : ) L .
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a

- from a catalog.

such as a hair hygrometer ‘wind vane, rain .gage or' nephoscope The accuracy ‘
.of these erstaz instrmments could then be compared, to an instrunnnt purdhased o

- : . . )h —
\ The third section of the course provided a brief intnoduction to upper— o

air instrumentation including upper- air- sounding systéms grqund monitoring N A

equipnent and’aircraftwtechnigues. The costs_of-such equipment were.much
greater than for surface instruments and the chances of using them were_morer L

remote. The onfyftype>of upper:air’soUnding equipment aVailable‘fOr class

inspection was a radiosdnde donated by the National Weather Servigeg. If

+

supplemented with catalog pictures and operating specifications this section
can be meaningful even though students do not observe the free flight and
actual recording of data sent back to earth. A trip to observe the launch
of a radiosonde would be a worthwhile experience if you-are close to a place
which periodically conducts such launches.'-CopieS‘of the_soundings from‘ - - 5
radiosondes’ and rawinsgpdes launched by the‘National Weather Service are' ‘ . S -'.;
available for selected cities from the National Climatic'Center in Asheville,
“North C§rolina for a modest charge  The soundings were - discussed in class and J Lh
may -be: incorporated into an exercise on upper-air instruments in the future -
The discuspion of aircraft techniques for sounding the upper atmosphere | o
was restricted tp the textbook This is a very specialized area and, although

J
students might eventually operate instruments on aircraft they ?ﬁre more likely

£ to use radiosondes and rawinsondes for upper-air soundings. If time permits LT 2

outputpfrom_actual aircraft soundings miﬁét be obtained for classroom examination

, 'More than three—quarters of the total class time was devoted to using and - -
* _ o
discussing meteorological instruments which. made surface measurements. Therefore, R

>

the final section will evaluate each group of instruments and make recommendations'

for improving the Course “In the future. oo
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. accuracies of plus or. minus five to ten percent Students had the opportunity —

4 Y .
. . ) e )

AR : ' ' Radiometers
.- N . _ N 7

A discussion of radiometers shouid be inciuded in a-course on meteoro-
é
iogicai instruments even if they are unavoiiab&g.for ciassroom demonstrat;ons .

!

because of increaSing interest fn solar research. ~ Cautioh, however, ;should be

. 6 - . r: e

Qexercrsed so that too much time is not spent on the operation’of a lot ofj'

similar instruments It is. better to use a'fewggxampies of the more comhon

”» «

and readi]y availabie ins%ruments sych as the- pyranograph net radiometer,
sunshine recorder and pyrheiibmeter that students mi ght encounter rather than
risk boring students with details. about instruments they may never use. The
books by Codeon, Robinson,sSeiiers and wang cited?ﬁn the references,were
excellent sources'of.generai information; as well as details on all types of
radiometers inciuding some no ]onger'in use. The[manuais that accompany x.

- LT o A ‘ . \
radiometers, or any instrument, you may purchase are sources of valuable- S

. information. They can help you learn how to properly operate and maintain a 7 .

costly instrument. “
The Geography Department has several radiometers wht;h students ‘examined.
The Robitzsch bimetallic mechanical pyranograph has been used for OVer ten

years to record daily totals of’ direct and diffused short wave radiation with

to see the instrunent in actuqi op;ration on the roof of a buiiding The -

recorded vaiUes on the strip chart were examined but more ‘time could have been

v

‘spent by each student using the digitizer to convert the area under the daiiy - .
’ N .~ .

“curve to a solar enérgy equivaient The star pyranometer was useful for

i tantaneous read’ outs only and couid bé used to cdmpare response times of the .
.niording pyranograph the next time the course is taught Net radiometers are
useful in a variety of micrometeoroiogicai studies f0r measuring soiar and ¥
terrestriai radiation and should be discussed regardless of avaiiabiiity' The

i
weatherMeasure Measuretronics eataiogggrovides a picture, description and

s

. Ty
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' -speclfications of these instru s well as other radiometers Sunshine E

recorders should be examined b ause they are use@hl in solar energy studies -

. i ] 4 . X N
\" and stnce there are only a few nmjor types the ould not take too long to ' S

‘ -.dmcms - ﬁ/?dﬁ\:e'_ ‘ :’ |
S h Finally, if tine permits after discus in théﬁpEEQeding instrumehts _ !
S S S >
the general operating'characteristics of pyrh liometers could be investigated

( These 1nstrunents are much more sophisticated because they only measure girect
- solar radiation, and therefore afe considerabiy more expeqixve than pyranometers
N Pyrheliometers are found at only a few places in the United States and thus 1t '
| is less likely that students would ever use them Even so,.a discussion of

g

these instruments would be useful in emphasiqing the differences in operation

-

and the difficulties in recording direct solar radiation compared to the

'

pyranometer - | '

14

Temperature-

~
Tt

A number of devices are aVailable for the instantaneous measuremen%‘of

air temperature ‘The most common and least expensive thermometers are the

mercury and. alcohol‘xnmximum/minimum and bimetallic Classroom exercises cpuld

be devélOped which compare and contrast the'range, accuracy and response'time
these‘different thermometers.' Each student can~make measurements under a varﬁety of
conditions and record them in a table The different results can be discussed in

class to better understand instnument accuracy and the role of hifman error in

such measurements. Hopefully, this experience will inform students how the SRR

instruments function, their assests, their liabilities and which works best in a

!

certain envi ronment o - | % "
. L ¥

If you have access to the more expensive electrical resistance thermo-

T

couple or thermistor type thermometers they can alsq\be s?corporated into the _ '_ Yy

2
R +




v &
AN .
. experiments which ¢ompared the operating characteristics of the ‘more common oL
\ thermopeters. The o e

. .
—~ ) ' . ¢~ .

) If you have a thernngraph whith makes a continudus record of temperature,
you might want’ to conpare the results with a maxﬂmum/minimum thermometer plaCed ‘
nearby for several days. There will Be discrepencies which students can be J

! } asked to explain and comment on how. adjustments could be made to improve '

accuracy. Finally, if time allows you may want to’discuss special uses of

. orchard, sot1, floating and submersible thermometers. § -
Py ' . * | - b F ' | ‘
< ' | . Atmospheric Pressure
! . ,‘ T : : A Y _‘? ’
The science of atmospheric pressure-measurement is one of the most ™~

<
important to the field of meteorology Most instruments for measuring atmj -

. _ pheric pressure are more expensive than most thermometers. Aneroid barometers
are usualiy the least expen51ve type of barometerkand can - be used to develop
dennnstrations for -the class. Students can record the differences and rate of ,
change that'occurréd when an aneroid baroneter is carried up and down in an

. A

*elevator. This can be.done seueral_times to compare'results-from each of the
students in the class.. Hystéresis, which is the condition of not returning to
ﬂ 5 | the correct value when the.causehoffthe pressure chque.is.removed,“can be
-examined by'noting whether or not the-ane*Yid barometer returned to the.original -
1 pressure on. the ground level by itself or did it require a slight tap to respond“>

Students - can speculate why a tap is somefimes needed to register a correct reading

. . If mercurial barometers are available the Tess accurate aher01d barometer %
E;'_‘ can be compared to it to determihe the margin of error. Proper installatiOn‘off;l
%t mercurial barometers shouldfbe*discussed in class as well as the correct way of = ' v
' reaaing the instrument,ﬁespec;ally'the.use ofptheuvernier_SCale. The corrections |
. . .

'required for temperature, latitude, altitude and individual construction differences




Y

(‘ébdrograph record kept during the same time period.

'

Shéuld be discussed in class —-Each student can-be given the tables to make

the necessary adjus;ments for several different rd.ﬂings as part of a class

. ~~ i - \ . '

“exerctse. ‘ - Z ) ' '
’ . ¥ ’ : - ] .
A barograph or microbarograph records the atmospheric pressure on a
I

strip chart which if available can be examined and periodically compared to
the_instantaneous readings of the aneriqd and mercurial barometers. Pressure

.- ¥ :
jumps on the chart of a microbarograph can be compared for sensitivity to a .

[

‘Wind Direction'and Speed

There are: many different types of\(n\truments available to measure and

record the direction and speed of the wind. Unfortunately, most of_themﬁare |

expensive and are unlikely to be available to_departments'with éven-

. ¢ _ . ,
equipment budget. To be meaningful some sort of permanent re ,ng'device is

. : . . . o 49
also needed so short-term wind yecords can valuated“in' Jass. Devices which
'convert and then transfer wind direction an /or wind Speed to a perman nt ﬁtrip
[} - . '* |
chart are very expensl# Lt o ' > A A

The Geography Depantment at Western Illinois Un{versity,has a skyvane
; 1
(51nﬁlar to _aerbvane and stratovane) which is a heavy-duty wind speed and’

direction sensor which utilizes a four blade propellor on a horizontal axis

. - : _ S L _
which is mounted on a vertical shaft. The cost of this unit including a
r. - - o _
translator and some sort of strip recorder cafi exceed several thousarid dollars.

depending on the model. Since the department's skyvane was not yet permanently

" mounted outside it was not possible to observe the instrument while operating
]

Instead ‘the instrumen]bwas displayed in class and its components ahd functions

were discussed. The skyvane was. also compared to the 3-cup anemometer regarding

ease of use, accuracy and the environmental circunistances which would favor its

: i&_ | | | 9

"\




“installation. = s ;
A light weight micro -cup anemometer was also examined in class
e Students had the 0pportunity to ob53VVe how sensitive the cUps were even

By
with the sli htest air movement. This 1nstrument recorded the number of

“revolutions of the cups and’registered that figure on a counter A table was ~ .

'used to- calculate the‘average wind. spegd'by*comparing the number of revolutions
during a certain period of time .The micro-cup anémometer has potential “for
exercises t'heé' next"time the course s taught_‘_];gams of students could record
’ . 'wind speed at different heights outside noting the variations in wind speed . | ‘.; <;

',as elevation and exposure are altered. Fhey cOuld even be asked to determine

-the inal height and best exposure for_-an¢ anemometer placed on the top of a

~

' building - A lw
Thejonly other wind instrument available in the department was a total-,

-

izing apeémometer which is frequently mountéd next to a class- A, pan to assist in
. qi* g

checking evaporation amounts. Average wind speed can be estima%ed from the
difference between successive counter readings'in miles div1ded by the elapsed -
time between these readings * Thé totalizing anemometer is portable and could be
mounted next to the micro cup anemometer for comparisons of sensitiv1ty, response

time and overall accuracy fo%llight moderate and strong winds -
Hand held devices for measurtng wind Speeds are available and range in

-
3

_price from teg ;“‘lOO dollars depending on the modeS; The Geography - Department

recently,purfﬁased“bne of these instruments for ten5dollars Its accuracy will 4

be checked against the other anemome ters in the department the next time the
L] . . ‘

»

If you have time a discussion of bivanes which measure wind in several

course is taught

. » k
directions, pressure tube, sonic’and hot wire anemometers .should provide a % :
reasonably complete picture of the more common wind measurjng devices Consult the

weatherMeasure weathertronics catalog for detaiis
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L . " Windvanes and'anemome ers"tan eamhde Jbut require conSiderable know- B .

\

¢
ledge of electwicity, nmney for materials and mechanical ability -i&trip

«

S to the National Wedther Service to observe wind’ 1nstruments and/or ‘the use
. '

of weather instrument cata]ogs nmy cqmpensate sonewhat for . lack of, equipment o
: o ,/\ . . :
’ when discussing this group of instrUnrnts o s i . -t
.- . o o " Atmometry, ' >
+ The measurement of evaporation from sqlid or 1iquid surfaces is caT]ed -
_ 5 )

atmometry. The‘brfef discussion of evaporation instruments ]n the course was
. restricted to iiquid surfaces -Jhe Geography Department has aegﬂass A evapo- . -
ratidn pan which measures free water evaporation but unfortunatdﬁg'it can cost ‘

in excess of 1000 dollars with.accessories An- alternative to this high cost N

-t is to make evaporation pans from a variety of containers which have a relatively ~

_large surface area.. Students can keep daily records of evapdration Jasses botH o

r indoors and outdoor's. Results from these- experiments can be compared zo a Pichei»-
E , :

S evaporimeter(about $150) which measures rates of evaporation by neans

’ which is filled with water and closed at one end. Special filtgr paper is placed °

over the open end with evaporation occurring through the paper The difference
\1n success1ve readings equals the amount ofiwater evaporated in a givea'}ime

Shortvterm and long—term evaporatio%:can be recorded and compared to pan evapo-

o~
8

ration during the same time interval,

An evaporograph costs about $400 and provides a continuous record of

W »c

evaporation from a water surface. If you areeabie to afford this iNStrument,

results can be compared to the pan evaporation and the Piche exaporimeter
“Consult a weather instrument catalog for details about these instrumentf‘in'

preparation for general -class discussion, - S
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. Hygrometry. -~ T -

. . ‘,i ~ . . .
L 2N " v . . - ..' . A . . \ ' \

> . < . " L. L

v “. Hygrometry involves making measurements of the water vapor content bf

TR -

'_the free‘atmOSphere near the earth's surface "The most common and least

"t expensive. instrument{$30 to $45) ‘for making humidity measurements is tme
sling psychrbmeter ThlS device can be easily constructed if price is a
-~ problem A laboratory exercisegcan have several students use this instrunent o

27 'to reveal the considerable variatidhs in relative humidity which result when .

v

different rotation speeds are employed to cool the wet- bulb thermometer Most-
- tabFDs for computing relative humidity were developed for ventilation rates of

_approximately four revolutions per second(about 9 miles per hour) for a ‘one

4 \.

foot Tong instrument Pocket psychrometric slide rules are useful for quickly

' conputing relative humidity and arg inexpensive enough that they should be .'_ v

~ S
conSidered For the course. They can be compared to the sling psychrometer ~— . . -

\ o, A

‘t tablos ﬁor accuraey and eas .use.,; C \ _— ' - y

\ « '
1; | " The Assmann psychrome’. tilizes a fan whichﬁprovides a. nearly constantg
_ rrate of cooling which results in uore accurate readings(plus or minus 1%) compared

” to the sling psychrometer ﬂowever, they cost about $350 but are useful in\\

. )
providing a standard for evaluatingrthe sling psychrometer which is less: accurate

g

An alternative to the Assmann psychrometer is a battery operated psychrometer

R e

' ¥which also uses a fan to provide a more constant rate of cooling around the Wet-
bulb thermometer.. It is only slightly less accUnate and costs about one-third

as much as. the Assm?nn psychrometer. 7 _'"" o T A

A
. I A

_Mason's hygrometer uses two thermometers like a sling psychrometer except

B that the muslin 0 'the ﬁ?t bulb t ermometer is immersed coﬂtinuously in a tube of
iy .
distilled water. ;i,elative humidit& can “be computed from tables developed o
specifjcally for'.'is instrument Its accuracy can be compared to the sling and

‘Assmann psychromg;ers. o ' . ' o Yo T ; L
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?

WeatherMeasure Neathertronics catalog.

‘f 14
‘A

y A hygrothermograph, which combines temperature'and relative humidity

on one chart, and costs about $400 is particularly useful in displaying A -
the relationnbetween temperature and'relative'humidity: If you cannot afford : ~¥jF

this-instrument maybe you can_obtain a copy of a weekly chart for laboratory'

AN

discussions from the Natﬁonal Weather Service. Other devices which might be f Cl
_mentioned in class which are more sophisticated and more costly include
humidity probes, sintered filters and dew point Sensors.
~ Constructing g hair hygrometer to measure relative humidity could be
a worthuhile project tqkbé“completed outside of class if time is 1imited.
Yates and Trowbridge'provide the details in their texts for making-hair

hjgrometers The finished product can'be evaluated for -accuracy against the

-,

‘other instruments mentioned previously

-«

4

Nephometry

- N,

The measurement of the height’ velocity and amount of cloud cover i!'

called nephometry. A lack of, instruments only permitted a limited discussion

im the course of the more common cloud measuring instruments such as the

| clinometer cei$%meter and nephoscope\ Procedurés which utilized photographg///

and search lights for cloud measurements were examined in the text and in the

2

‘The one exercise that was conducted in class used the dry’. and wet bulb

temperatures from a sling psychrometer to obtain a dew . point temperature from-a3
,

table which was then used in the following relationship to compute the height of

a cloud base in feet above the local ground surface

1

H = 227(T-D) e ' ,




Where: ’ _
. | H ;lheight of the cloud base in feet
N T = air temperature in‘F at the surface
: D = dew point temperature in‘F at the surface

1 - i ' N L\. ‘

A nephoscope can be built at modest cost as part of a class project
to measure the speed and direction of clouds during the day. Yates provides
the details for the. construction ofqthis instrument. ‘For those inclined

toward the quantitative Trowbridge provides examples of how two observers

~

can estimate the height of clouds. Some background in trigonq%gtry is required

/ . 4 to»comp]ete the exercise. T
S
': Hyetometrv
J”#,' L The study of condensation and precipitation is known as hyetometry. .

~This course focused on precipitation measurements made by non-recording and

recording instruments. Non-recording rain gages come in a variéty of sizes
and prices. The National Heather Service 3 eight-inch diameter rain gage costs :
~about $200 and_as a result could be too expensive for just demonstrations.

There are, however, mere affordable instruments Tike the forestry-type p]astic - (

and even the fence post gages which provide reasonable‘acouracy | The True Check

fence~post rain gage, which costs about $7, has a large opéning, measures to .01

1

inch and provides accurate readings if oriented properly

- ¢ \

. o If you are fortunate enough to have severa% types b f rain gages they can
be placed near onqpanother to compare accuracies over short and 1ong—term ‘
intervals as part of a class project Yates provides suggestions for making i
your own rain gages which are easy to follow and Tnexpensive. Regardiess of

whether you purchase ‘or make your own rain gages, the students should be made

}1"

,‘-e ' aware of variations in the accuraqy of the final precipitation mea;urement 5& : ; "djii
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_.caused by high winds, evaporation and gage. shgpei How to measure snow accurately

with a rain gage should also be discussed o o ‘

. The two most common"ecording rain gages are'considerably more expensive
than'nonLrecording gages. A tipping bucket rain gage itself costs over $400
mithout a‘recorder.for making a permanent record. _The weighing/rqcording rain
and snow gage.costs dbout $900 A picture of each of these instruments plus
descriptions are available in most instrument catalogs if-you cannot afford to
purchase them. The advantages and disadvantages of ‘each instrument should be
discussed SO that students unders tand the environmental conditions for which
each device was_intended “For. instance, a tipping bucket rain gage 0perates )

' best-ih_light rains and tends to underestimate precipitation amounts during
intense showers. Strip charts from each’ of these instruments can supplement
catalog pictures. These charts may be availablq from the National Weather °

Service. o . o
P . 1 . K . .

~ ' There afe some interesting.devices_for measurihg precipitation‘for-
é special purposes. A precipitation detector sounds an alarm to alert someone
- that rain/snow has begun which pay adversely.affect-some activity{. Other é? .
' ’ \

instruments include rate-of-rainfall gages'and dewvmeasuring devices which are $

s s '
D - . Sdi )
¢ . .“‘\‘ a . -

rather ingenious but also expensive. Students generally find these discussions

‘ to be interesting even though catalog pictures and/or slides have to be | - ] R
substituted for the real thing. L. | VR i
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Next time the course on Principles of Meteorological Instruments is
taught the emphasis will be placed on the following three areas. First the
greatest amount of time will be devoted to surface inStruments eSpecially o ';
- those devices for measuring temperature, pressure, humidity and precipitagion | ey

These instruments - are easily accessible, relatively ineXpensive and the most
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likely‘to be used by the students enqaged in meteorological observations. Tﬁ?
other surface instruments will bevworked fnto the course as time permits «
Upperfair observationsdcan-sti]l be examined but restricted to the nnre common

_ nethods of acquiring data.l_lhe more specialized instrunents in tpe text can b%B
read outside of claSS-and then discussed periodically as a group{projectfto |
compare interpretations and strategies for the best use of the instrument
| Second, the. addition of a laboratory session will provide more time for
the hands-on experience that students want This will require additional work
in developing exercises but should prove invaluable in stimulating student interest.
The laboratory sessions should be organized so that each student has the
opportunity.to use the instrument to collect analyze and present the results in
class. - The students should pay careful attention to~h5w the ‘instrument works,
its degree oﬁ accuracy, advantages and disadvantages and under what circum-

'stances it performs best. All instruments have some degree of operationaltand
human error associated with them. None is absolutely perfect.in monit?;ﬁng the
environment: Students should bé aware of this fact and the margin of error that

" is acceptable when making certain types of observations

The final area.of improvement involves‘more effort'tg.copbine the theoretical 1
with the bractical during lectures; “Although students will have the opportunity |
for practical applications.in%the laboratorv, lectures can be more stimulating if
retical discussions are supplemented frequently with examples.of practical

applications including how knowledge about the operation of an instrument is.

important to understanding its limitations in the laboratory and ultimately in

8 e field < e

~
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