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1, Background a~d Sccpe.” Records of air, pavemsnt and ground surfacs,
and subsurface temperatures are nesded from widely distributed geographical
areas, in order Lo improve kmowledge of and msthods of estimabting frost

" penetration and thaw conditions beneath various types of pavements and for

S

various soil conditions, The results will be used in the design of pavements, .

utilities, building footings, and other comstruction, This report describes
equipment, instsllation and & general observational program for obtaining )
pavemsnt end ground tempérsture records and for measuring depth of frost pene-
tration under sither pavad or unpeved areas, Two types of installations are
descrioeds(

8- First Order {Regional) Statione. These installations provide
continvous 2li-bour records of temperaturca ebcve end below the surfrce and
ara intended to provide ‘:ui‘“lclent date [or adeguate comparison of actual
with theoretical tewpsrature conditions, and for study of the coofficient of
surface temperatures transfer. Because of thsir grester expense and the
volums of detailed dats provided by each, these stabions are intended to bs
linited in number. They should be chosen to give a wids but selechive coverw
age of geographicel lstitudes rnd of cliwntic condrtions, for flexible end
rigid pavement types cud for general ground cover conditionsgs,

be S8econd Order Staticns, These installations provide either
weekly or twice weekly records of temperatures beiow the surface, and by
corrslation wiva thas freezing point of soil wmoisture for the particular
material, e record of ths progressive freeze and thaw of the subgrade may
be obtaired, These stations are relastively inexpensive end are intended to
be installed in greater number than the first order stations in order to give
wide statistical coverage of geographical locations, elimatic conditions,
soll types, pavement types, ground wiver conditions, e+u°

; The two most commonly used methods of predicling depths of
frost penstration are based on computing the Air Freezing Index for the par=-
tioculer area end then either (1) estimating frost penetration using an
empiriocal relationship between Air Froezing Index and frost penetration or
(2) computing frost psmetration using existing mathemetical formulse, in
which ares introduced thermal characteristics of the affected materials such
as pavement, base course and subgradu, and the Air Freezing Index*,

%The Air Freezing Index is the number of degres days be'weex the highost end
lowest points on the cumilative degree days-tims curve for one freezing
season, Each degree iz any one day thet the daily mean air temperavure
varies from 32°F. is called & degrsc days The degree dqyk are minus when
the daily mesn air tempevabure is below 32, end plug vhen sbove,
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Mothod (1) is presently used by the Corps of Engineers toc estimate frost
netretion beneath pevements as shown in Figures | and 2, The msthod has
its limitations as the relationship betwsen Air Freezing Index end frost
‘pPenetration shown om Figuro 2 is based on observation at both rigid and
flexible paved arsas witn non-frost susceptible bases of varying gradstion,
density and water contents Thus, in order %o take proper account of the
influence of these variables and to apply the method to (iversified soil
oonditions it is necessary io resort to Method (2) or to obtain additional
information on the relationslip of Froezing Index and frost penstration for
a wide range of conditions. The thermal equations used in Method (2) all
include a correction factor applied to the Air Freezing Index to accound
for difference between air tempsrature and pavement or soil surface tempera-
ture, " This correction factor known as the ®surface transfer coefficient"
varies with such items as degree of surfece roughness, surface color,
velooity of air, durstion and intensity of sunshine, rainfall and evaporation,

Investigational data obtainsd at a First Order Station will permit
evaluation of the "surface tranafer coefficieni® and will provide additional
empirical data on the reletionship between Air Freezing Index and frost
penstration, A Second Order Station will also provide data on the latter
relationship and indirectly will permit determinaticn of a correction factor

. to apply to the Lir Freezing Index in order for thes predioted and observed
depths of frost penetration to correspond,

2o ‘ Eguiw‘b.

E 8s OGeneral. The following principal items of equipmsnt are
<. requireds

(1) First Order Station

{a) Sixtoon (16) thermocouplie assemblies

(b) One (1) sixuccon peint temperature measuring device
and auvtomatic recordsy giving readings accurate
to + OoéoFo

(o) 8007 L. Fo Dupinx copper and constanten (1938
Calibration) thermecouple wire,

{d) 4O L. F. black iron pipe, 1 1/2 inch,

(e) 50 Lo Fo Polyvinyl Chloride plastic tubing, 0.535"
I.D, and 0,030" wall thickness.

(2) Sascoad Order Station

(a) Twelve {12) thermocoupie assembliex

(b) Ons (1) twelve positicn selector switch and
waterproof Lox,.

(¢) One (1) porteble potentiometer giving readings
accurate to + 0.6°F.

{d) 600 L. F. DuPiex copper and constentan {1938
Calibration) thermocouple wire,

(e) LO L. F, black iren pips 2 i/2-inch.

(f) 50 Lo Fo Polyvinyi Chloride piastic tubing, 0.535%
I.D, ead 0.030" walil thickuess.
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The lengths of thermocouple wirs, pipe and plastic tubing
‘given in sbove lists are appronmaue and should be modified to
fit field conditions.

be Thearmocoupls Aziemblios. The principal edvantages vhich lead
to the selecticn of TherwocCUpiss fﬂr'naasurlng subsurface temporatures ares
(1) low volumetric hoat capacity msakin; thom sensitive to sudden temperature
changes, which 1s desirsble near pavewent surface, (2) ease of installation,
(3) ability to determine subsurface temperatures with no interruption of
 traffic end (4) relatively low cost as compared to thermistors or resistance
- thermnmstars., Each thermocouple nssambly should consist of a single pair of
* continuous (unspliced)* tharmooouple wires with the pair of wires fused at
one end, s shown in Figure 3, to form the temperature sensitive junction end
with ths wires fastened st the other end to the temperature measuring devies
~.or selector switoh. Thermocoupless may he made up in accordance with the
- procedure ocutlined in Figurs 3 or may be purchased factory-assembled, The
“*‘ira)shoulq consist of Noe 20 gage duplex copper and constantan (1938 Calibra-
“tion)o

(L T Lccatlon of Statlonsc ‘The aaiectlon of locations for the terperaturs
measuring installations should be made so as to encompass to ag great .a degree
as pussible the variebles which are known to affect the pemetration of
freezing temperature. For pavements these variables are (1) eir temperature,
which may vary markedly within a region or state due to such factors as
latitude, altitude, or proximity to the ocean or other large body of water,
(2) sxposura to sun i.e., north or scuth side of slope or shading of treos

at roedside, (%) exposure to wind, (4) rainfall, (5) snowfall and snow cover,
(6) type of pavement and surfaces tsxture and color, (7) type. thickness,
density smd water content of bass course waterials, (8) type. density snd
water content of subgrade scil, (9} wveliative frost susceptibiliiv of subgrade
goil, (10) freezing point of soil woislure, (i1} depth to ground watsr teble
ard (12) flow of growd water, 1.®., side hiil slopes. Using the above list
of variables as & gulde, areas for temperature imstailations should te
selected to obbtain data for what is considered Lo be the wmore +ypical condiiiond
to parmit wider applicetion of ths data, In addition, it may be desirable

to investisate extreme conditions where they may be coniroliling.

It is highly desirable to locats the Se¢cond Qrder temperature
measuring installations es nser as practicable to an existing First Order
weather station, i8 will maeke available reliilable climatelogical data in
addition to temperature and rainfell information which will prove invaluable
in enalysis of results, If it is not possible +to locate in caose proximity
to an existing weather station, it will be necessary tc instelili a reccexding
thermograph in a louvred stand, five feet high of the type used by the
U, 8. Weather Bursewu, This may, for example, be located at the edge of the
highway. The gtand should also include a giass bulb thsrmcmetsr which can
be read to the nessarest 1/2°Fo for use in psriodicaliy checking the accuracy
of the thermograph., 8Singe over-surfacs the:mocouples ars provided at First
Order Stations, the use of a thermograph is not necessary at these ststions,
although it is considered degireble,

¢If longer runs than 50 feet are necessary hsavier gage iead wire may be
spliced - to the thermocouple wires to reduce resistance. but this should not
ke done unless absolutely necessary.
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L. Tnstallation of Elsctrical Temperaturs Measuring Equipment,

as Gemeral. Thormocouple installation methods, &s discussed in
the following paragrephs, epply to both First Order (Regionsl) Stations ard
Second Order Statioms with the excsption that ever-surface thermoccuples
will be omitted from the letter stetions. HNermally, whon meximum dspth of
frost penstration is desired, installetions gheould boe near ensugh to the
ocenter of the pavements to minimize any effect of insulation from pavemsnt
shoulders ncrmally not plowed free of smow during the wintor months. At
First Order Stations it is prefsorable to locate the thermocouples for
measuring the alr temp-.retures directly above the subsurfacs temperature
installatica. This precludes uaing the erea for traffic and removal of snow
by plowing, sc that such stations will either be at speecially constructed
t~st aresg cr blocked off port*cns of pavements such as asdjacent to highwsy
offices.

" be  Position of Thamuscouples. Over-surface thermocouples at First
Order 3tationg should bs plaoed )/6-inch, l-inch, &~inchss and 5-feect above
the pavement surface; these way be attached to a woodsn standy; with ths
thermosouple sxiending at lssst L jnches from the vertical msmbar of the
stand. - If necessary to Jdampen sho. t-;griod tenmpereture fluctustions, each’

" thermogouple junction ebove the pavemsint should be inclesed in a glass

glycerin-filisd vial approximately l/h inch in diesmeter and J-1/2 inches long,
the proteotive plastic covering being removad. Each thermocouple should he

.'sheltersd against the dirsct rays of the sun; however, air circulstion :n the
vicinity of each thermocouple end should not be restrieted. The woodsn stand

should algo be sc located thet shadows are not cast over the arca beusaeth
which subsurfecs therwacouples are lecated. It is recurmmended that the first
four subsurface thorms-ouplus be pleesd ot 1/8, 1. 3 snd 6 inch dopthe, The
remaining 8 of the 16 vhormocouples should bs evenly spaced beiow the S-inch
depth to at lsast cne foot below the maximum estimated depth of frost pene-
tration in the most severe winter. Average depths of frost penetration
below paved areas kept free of snow and underlain by non=frost susceptible

‘bage materials may be estimated by use of Figures 1 and 2, Maximum dspths. -

of frost penetration range from about 12 to 15 inches greatsr than average
values in areas whers the Normal Freezing Iadex is greater than 500 degrre-
days and 15 to 18 inches as the Normal Freezing Index dscreases from 500 to
200 degrees-days. AV areas whére the Normal Fieezing Indsx ic less than 203
degree~days, the actual frost penmetration may exceed the average penotration
by as much as about 50 inches during extreme cold w-nters.

(1) New Construction - Thermecouples installed where new

: construction is under way rhould have the thermocouple msasuring junebions

placed at the desired level and the excavated material backfilied and
compacted to the dry unit waight of the surrounding meieriai. Density snd
water content determinations should be made at a minimum of three depths;
continuous determinations are desirab.a, Full soil data should be cbimined,
including gradations, Atterberg Limxts and position of ground water table,
if anye

(2) 014 Construction = Ingtallation pruocedure for old con-
struction is to excavate a test pit to the desired depth with density and

-l



water oontont de ueminatmns being made during excavation et a minimum of
hree depths, with centinvous detsrmirations prefermd. Again, full soil
ata should be recorded, Thermocouple measuring junotions should bs inserted
nto undisturbed material in the side of ths pit, preferably for a horizontal
istance of approximately one foot, The soil should be in intimate conteoct
with the covering of the thermeccouple unit. Upon instellstion, the test pit
~should bs backfilled carefuliy to tha same dsnsity and condition that existed
originally.

-~ (3) Thsrmocouple leads, « Thermocouple leads should be brought
{from the 1nstallation to the switch box at & minimum depth of epproximately
one foot below pavement surface. The thermocouple wires should be threaded
loosely within plastic tubing to reduce ths tendency toward breekage of the
vertical portions of leads by frost heaving, while the plastic tubing
(cocntaining the thermccouple loads) should be threaded through a black iren
pipe over its principel length of run to prevent damage from traffice 4
diagram of a typlicsl installatxon of thermocouples in a paved area is showm
in Figure Lo ,

co lector Switoh Box and/or Automatic Recorder. At Second Order
Stations, a sultable weatherprooct box should be oconstructed at the pavement
ghotvder to house the selector switch for thermocouple leesds. This box should
be located above the ground surface for accessibility and should be of rugged
construction, well anchored into the ground. The uso of a six-foot high
geocurity fence with barbed wire ou sngle bracksts and locked gete arcund aren
is considered essential to protect squipment from vandalism.

The sutomatic recorder at First Order Stations will require a
1ib5-volt As Co powsr supply. I% will be mscesgary to house the recorder in a
heated building, or the irecorder itself may be heated by a built-in hosating
unit and insulated,

5. Observational Program.

ae Temperatire Records. - Air end subsurface temperature records
at the First Order Stations should be obtained on approximately 30 minute
oyoles bty thormocouples and recorder and renerally continuous air temperatures
ghould be obtained by thermograph at instaellations not in close proximity to
U. S. Weather Bureau Station. »Jubsurface tempersture records at Second Order
Stetions should be obtained once or twice weskly at the sams hour on sach day
of readings. Thermograph record of air tempersture should be obtained at all
installations not in vicinity of Weather Bureau Stution. Where Weather Buraesu
records are utilized an sir temperature should be obtained by use of a bhuld
thermoneter at the same time as subsurface temperaturs readings. Plots of
depin versus temperature shsll be meds as shown in Figare 5, By interpolation,
“the dopth of pemetration of 30, 3., %2 and 35 F. temperatures are plotted for
the season or ysar ms shown on Figure 6,

L. Brplorations. - During the psriod of maximum frost penetration,
test pits shall Ee made to determine the depth of mctusl frost penebraiion,
in the asmme materials and within 10 feet of ths location of the thermocouples
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and at the sams distance as ths thermocouples from the shoulders. The depth
of froat penetration in conjunction with the deily temperature readings will
provide a chesck of the freczing temperature of the soil moisturs for the
material where the installction is situsteds It is also desirable to chsok
the temperature of the goil sxactly at the bottom of the frozen layer by

. inserting a temperature-msasuring slement zeveral inches into the sids of the
© test pit with the aid of a probs. Molsturs contents of both frozen and un-
frozen material sh..ld be obtained over the depth of the test pit. Density

measursmants ars also desirable,

At installations where ths ground water table ig located within

,415 feet of ths surface, ground water observation wells should be ingtalled to
. .epproximataly that depth with filter material placsd eround the bottem of the
well., It is essential that the well he sosled from infiltretion of water

either at the pavement surface or from the bass course. Reedings of ground

.+ .; water level should be cbtained prior to and during the freszing period and
o during the frost melting period at spproximately weekly intervals. Where the
~depth to ground water is less than the depth of frost penetration, freezing of

water in the observatioq well will prevent reading throughout the freezing
pevriod.

-+ Ge Leboratory Tests for Freszing Point of Soil Moisture. - Previnus
laboratory studies#* hgve indicatad that the freezing poeint of soll moisture

is generally below 32°F, with the depression in the freezing point being
greatest in the finer—grained clay soils. For a given soil the freezing point
decresses with decresse in weter content., Most investipgateors attribute the
depressoed freszing point of soil moisture to (1) soluble salus in the pore
water and (2) the adsorption forcos by which the water is hsid by the soil
graing. Pores water at tho centers of the interstices, at greater distance
from the greins, is considered to {reeze at a higher tempsrature than the
water closer to the grains, with the adsorbed or ¥sciid" water laysr held
tightly on the surface of fine s0il grain having a frﬁa21ng point consider-~
ably below 32°F,

The freszing point of soil moisture cen bs determined in the
lavoracory by freszing a small sample of so0ii of known density and water
content and observing the temperature change at the center of the specimen by
mesne of a thermocouple, #30 or #2L thermocouple wire should be used in order
to assure sufficiently rapid response. Readings should be accurate to 0.k °F.
A precision potentiometur similar to a leeds and Northrup, Type K«2, can bs
used, taking successive readings as the spscimen is slowly cooled. The
temperature continues to drop gradualily es 32°F, is passed, supercooling
occurring. However, whon ths water in the voids starts to crystallite thsre is
an sbrupt rise in tempsrature, foliowed by a short period of tims when the

* Fou sumaary of results see Highway Research Board Special Report 1, Fro-t
Action in Roads and Airfislds, 1952



- temperature remsins relatively constent. This periocd of little temperature

. change is ettributed to the releasse of latent heat from ths soll moisture,:
This constant temperature is the freez ing pcint of a large percentsgo of the
moigture in the soil. : S . B

SR In comprohonsive snil ue“ﬂvra+ure atw&ias *t is das;reblﬂ to
‘porform laboretory freezing point tests for correlation with the thermo-
couvle and test pit observations. Howsver, if attempted, the necessity for
- ~thorough snalysis of the effects of such factors as moisture content,
“density, soil mineral characteristics, and dynsmios of the freazing prooeas
,‘should be anticlpated, for P 3per evaluation. _ S
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NOTE:

Yoluss of contours are
Freezing Index expressed in
Dogres Days below 32°F.

FREEZING INDEX DATA INFLUENGING FROST ACTION
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STEP |- - CUTTING WIRE STEP 2 — TW!STWG WIRE

S m\‘;‘w W{&\L\\\\\‘\\'\\X}{\% '
fna’rwa’ua//y m.fu/afao’ T——s’ :
. thermocouple wires.
< " length of exposed wires. Twist exposed wires with a
o Remave oxide with emary cloth. minimum of three turns.

: STEP 3 wswme WIRE

Acafﬂona forch

—Torch tip in proportion
fo size of wire.

Twisted junction of wires

Wmfe cone wrmundmg = "DJ% r\\ \\\\\\\ \\\\i‘f\
small blue cone abauf s

long.

_ "“\-——Neulra/ flome about 4" long
PROCEDURE Hold ;'msfed /unchon of wires in flame ot tip of white
cone until both wires are bright red, then dip in fluxing mixture
consisting of 6 parts of fluerspar to | of borox. (Borox may

be used alone) Place in flame urntil both wires reoch melting
point atl some [time, then revolve wgld in flome until both
melals flow together forming a Lail weld ot fthe tip, Use ¢

moderalely ho! flame to avoid burning. The junction moy alsg be
made  with sifver  solder.

STEP 4 - ENCASING 'WELDED WIRE

Insulated thermocouple wire
enclosed in plastic tubing.

! Plastic tubing closed
by fusing end. Individually insulofed
\thermocouple wires.

< h N Y
RSO, N R e e gy e e s s Mg
e %MM Doy Py z%w
. _!_" 2 /u }eanermonie.
2 Z

5" Length of plastic tubing, fused.

r Ll"[engm of exposed thermocouple
wire-end fused in plostic tubing.

THERMOGOUPLE COMNSTRUCTION

FIGURE 3




Depth flrom’

surface Surface of povement—,
L ~
8 > Pavement
(2
3" 9—

Base Course

1% Black iron pipe

: Thermocouple wires

leading to switchbox
located ot roadway
shoulder.

62" | 4

8 spaces at 7"

Subgrade

! Polyvinyl Chloride
, | Plastic Tubing.
o Estimated maximum depth
A 2 of Frost Penetration = 50"

Typical Insfciiaﬁon of Subsurfdce
Thermocouples in Paved Area

-------

FIGURE 4
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. APPEDIX A

‘Equipmént Notes

~le Thermooouples. ~ Thermocouples are thermo-olectrical thermome*,.. consist-
"ing of two wires of different mstals or alloys joined at eaca end to form an
. eleobric circuit; the two junctions of dissimilar wire conetitute a thermo-
.- coupls. When both junctiong -are at the same temperature 1o differonce in
- potential exists in the oirouit, but when ths temperature is differont at
.. both junotions, a potential difference is gensrated in the circuit which is
early direoctly proportional to this temperature differencs. Thus, the
‘thermocouple provides ths thermo-elsctric volta,s whivh, when measured with
“a suitably calibrated potentiometer, cen "men bs translated into temporature
units. ' The tempsrature-indicating potentimister ie calibrated for use with a
particular set of metals or alloys, a definite reference junctiom temperature
"and. & particular temperature rangs. The thermocoupls Junction that iz main-
tained at e partiocular refevence tempsrature, usually O Degress Centigrade,
8 designated as the cold or reference junction; the thermocoupls junction
't the unknown temperature which is to be msasured is designated as the
measuring juncticnc Usually, any nwiber of messuring Junctions are arrangsd
in an assembly, with cne or more reference or cold junctions forming couples
with the several measuring junotions which are ccanected to the temperature=-
‘indicating potentiometer in serles through selector switches.

‘The selected gage of the thermocouple wire depends on tho typs of instal-
lation and tha rats of change of temperaturs to bs measured, Wheare the
digtonce from the thormocouple junction and the poventiometer i1s 50 feet or
somevhint greuter, 20 gage wire is generally specified becauss of lower internal
resistance, Lightsr wire is proferable whsre rapid ehanges in tempersture are
40 te recorded; thoreicre, there is soms sdventage in usiang 7ol page wirs
dirsctly bensath the pavemont surface, Advantages of the heavier page vire
are: (1) east with vhich the thermoccuple junctions can be madé and {2} greeter

- strength, The latter is obtained, however, with some loss in flexibility.

The tempsrature messuring Jjunchion, made up as shown in Figure 7 of the

basie spescification, is protectsd against corrosion by hermetically sealing

- the junciion for a distance of approximately five incues in i/li-inch tronse
parent plastic tubing having a wall thickness of 1/16-inch and & total length
of about 2 1/2 feet. This seal is made by softening the plastic tubirg in a
glycerin bath at a temperature of approximately 300°F., inserting the junction
intc the tube ard then compressing the tube around the junction for the length
of five inches witil the plastic has ccoled., Caution should be exercised not
to injure the junction or wires by exocessive pressure. From ths installation
point tc the switch box, the thermocouple group is loosely oncassd in 0,535~
inch I«D. Polyvinyl Chloride plasztic tublng naving an 0.030-inch wall thick-
ness (similar or egqual to plastic tubing havirLg the trade name of "Rextrudo™s
Where installed under traffic ereas, the latter is also enclosed in a2 1 ;/é~
inch black iron pipe from the switch box to the temperature msasuring loca-
tion, This arrangement protects the thermocouple wires from injury dus to
vehicle traffic, permits the wires to yield durirg hoave without rupturing,
and producss a watertight unit. The emittonce point of each individual




Junection unit from ths "Rextrude" is elso éealed with asphalt-asbestos mastic
ard the joint covered with waterproof electrical tape.

2+ Thermocouple Metals or Alloys, — The various types of commerciel thsrmo=
couples ere conavructed from a lew basic metals or alloys, several
combinations of which are: Coppor-Constantin,* Chromel-Alumel, Chromel«
Constanten, Platinum-Platinum and Rhodium. Copper-Constentan is considered
the best combination because (a) ths range of temperature that cen be
msasured covers thw required renge for mormal sir end subswrface temperature
measurenents, (b) due to its ~aviag a shorter range than other combinaticus,

- greater acouracy may e obvained, snd (¢) the cost is relatively low. :

%¢ ~Potentiocmetors. ~ To msacure ths difference in potentiasl of thy thermo-
couplus and Lo translate the voltoge into temperature, a calibrated
potenticumster is ussed.  Sevaral types of instrumsnts are eveilable from

. various marufacturers, the choice being depsndent on the type of installation.

Regardless of typs chosen, thP folloving requirements are recomnrndeds (1) A

total rangs of I mve or 200%F., suggestsd renge (-) 50 to (+) 150°F., and (2)
the instrument calibrated for copper-constentan thermocoupleso Various types

of equlpmﬂut are listed belows

, a. Portable Potentlomatero » Portable potentiometers are meuually-
‘operaued, Belf-contained units with galvenometer snd stendard dry batteries
ag a power source with & built-in autenstic compenssting reference junction
vhich eliminates <the neecd of a cold Junction and with direct reading scnles
calibrated in either millivolts or temperatu:e dogrees, Use of this eguip=
nsat 18 eimpls, md the acouracy iz¥0.6°F, The precautwns neesssary in the
use of thic typs of paten*lcnatsr are that the stendard cell couteined in
the unit must s protected from ficezing and that the extent of leads from
ths instsllation to the dnstrument is usually Jimited to spproximately 50
feet, Scmewhat greater lengths way be permissible by the use of heavy gage
lead wire to which a short length of finer wire may be spliced with the
thermocouple junction made in the finer wire., This potentiometer is
recoszndad for uge at Serund Order Ststions, S

Rocordlng Po~ant10m~te ‘G0 v MOIO e*aburata units are avallable
for permawx*t or semi-permanent installaticne iese units require a 115
volt A.C, power supply and have to be shel‘ered in a hested building to
protect the standard celil. Usually unibs of this type function by msans of
electronic systems, These instruments are usually direut *eadlngo may have
verious numbers of menually operated switches for any numbsr of thermocouples,
and may also be automatic recordlnga taking continuous readings. The accuracy
of this instrument is + 0.6°F. Advantages of this type are simple adjustment,
rapid and direct reeding, end lengths of ieads from thermocouple to potenti-
ometer have no effect. The disadvantabes are high initial cost and no gain
in accuracy. This potentiometer is recommended for usoe at First Order
Stations, ‘

sConstantan is en alloy consisting of 55% coppsr and U57 nickeli,
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" Precision Potentiometers. - A precision potentiometer is a
laboratory instrumont. - installations of this type, in addition to ths
potentiometer, require a standerd coll, 8 two-velt storage battsry,
galvancmetar, switch Lox, end l.;.‘q»‘vﬂt ‘aliernating current supply. Equip=
ment must.be used in relatively dusi-{ree mund vibration-frec heated ‘
quarters. This instrument is not recommended for {ield installations except
whore instrument is to be koot 1n a fleld office with an adjaoent test

Temperature Measurlgg Unicso

1) First Ondor Statlons. Temperature measuring units for the
Order Stetions should be of the sta%ionary type which operate on a
115~v01t A.C. power supply and subtomatically provide & continucus tenpera-
ture record. These units usually consist of a potentiometer, balancing

"~ unit consisting of a convertor and amplifier which actuates a two-phase

- balaneing motor, end a recording unit. These instruments are made to
‘record various mumbers of readings depending on the design of the unit.

" Sixteen point recorders are recemmendsd for First Order Stations, Fraquancyi

of readings and chart speeds are variable depending on ths manufsacturer's
aesigne Referencs junctions may be of the automatic compensating type,
built into. the instrumsnt, or a coustant temperature bath may be -ised, Use
-of & constant temperature bath for a reference is not recomended due to

- the difficulties in maiuntaining a constant temperature over long psriods of
“time, Installation of these tempsrature-measuring units is quite simple
and onge in operation the only maintenance required is changing of charts,
replacemont of dry cell batteries and periodic lubrication. Precautionary
steps must be taken to prevent the standard cell in the potenbiocumeter
circuit (rom freezing. This may be dane by housing the ingstrument within

a heated shelter or by installation of = heatln6 unit w1th1n the instrument
1tse1f.' »

(2) Second Order Stations. Temperature measurlng instruments
for Second Order Stations should be battery-operated portable potentiomoters
which are self cwitained units requiring en operator to obbain the tempera«
ture measurements, They may be moved from one location to ancther to
investigate temperatures at several statvicns., Uruaslly aubtomatic reference
‘junction compensation is built into the instrument., The dial for reading
the temperatures is calidbrated in tempsrature degrees. For operation, the
operator opens the lid, unclemps the galvanometer, sets its zero, standard-
izes the circuit and comnects the leads, To obtain & reading he turns the
potentiometer knob until the galvanometer point comes to zero and then
 reads ths temperature scale, The only maintenance is occasional cleaning
and dry cell replacenent, As in the automatic or stetionary units, this
instrument also uses a standard cell in the circuit which must be pretected
from freezinge This protection may be acccmplished by using the instrument
in heated quarters such as a heated vehicle or by comecting the standard
crll remotsly or by ths opsreator carrying it cn his perscne

Lo Switches., = Switches may be obtained from menufacturers cf potentio-
meters ana should meet the following requiremsntas
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A J,Enolosedcontact surfaceso oo

(2)  Contect resictance of 0.001 ohms or lesge '

: B : Thermal electromotive fores lsss than 1.0 miorovolia,
(L) Maximum conduotance less than 0,03 rdcrohenrye -
f'(S)f Capaoitance bet%aen segzmnts 1ass “than 0.5 micro-miﬁro farads

S i "'ﬂhen installatmn ig to berado‘ out=of =door-s ¢, the m'n.tch shmu]d bs
instal'fed in a weatherproof bor for pro'cect:.on from dust, dird and ms st:.re,
contaot surfaces shou]d be clsansd frequentlye B : :

g pment 'Supp ors.A - Eleotncal tempera‘mre-meesunnrr squivm'mt a.ncl
\formation pertaining the m’co ‘may. be ob’cained from the foﬂ virsg Ll

Barrison and ‘Psoris Stéﬁe‘té‘
Chicago 7 Illiaois T

}hnneapoliswﬂoneywall ReguL tor Co.ﬁ: T
" Brown Imgtrurents Diviaicn (1 o :
.- Wayne and ‘Roberta Avenaea B T R, Nt e
o Phnadﬂp}ua L;Lx Pemnao i ool

yo The Faxboro. COmpan,,r
e Fuxboro, Maasachuset :a

s Tagliabue« Instmm?n ts Eivzsion e

* Weston Eleotrical Instrumonts Corpo,‘
. 614y Prelinghuysen Avepus .= - " . o©
,;Kewark 5o New Jeraey

v ‘Ru‘oicon Ccmpany
w7 Ridge Avenue-at 35th Strea’c
i Ph:.}.melphla 32, ’ennao L

6o _pproxlmats Gesta fd - Ths cost oi‘ electrica... +emperature moaaun*zg equip=
- ment for the two. prop posed stmfloqs as piven below is approximato-onlys Tha.

actual cost would depenu ugo the- pa:tlc\‘ lar type of equipment selected and

'bhe sub,hera : i S e e e

j FIRST uRm;a ( REGION m.) smmozss

st g, e,

a} Speclal si:rteen (16) point tempemture measurmg device ;
o end automt:.c recorder. S/E Leeds and Northrup Speedomax,

ol
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Catalog 60566 Gpecial 16-point Hudel 3, Speedsmr "cype G, o
2 ’Iindu,@atmg temporature mcorder, temperatura range - 50 to
ERR ¢l7u or -l 2. te 3.2 Mo RO

’o. 800 L.Fe Ea. 20 gag‘e, &anla:‘: uonper ard ccn@tantm (19‘;0 o | - ‘
. Calibration), ensmel snd asbestes "'mzps on each wire, : T R
*. Haoprens c:fwrmaﬂ : . s

»l:Cs I... » B*&c}’ ires yigne 1 1/9~m~'*he

50 L. ?ol;rn: ﬁ
> % 0.,090“ mli

‘chzax«ide plwt‘ic *u’oing, 55_35'-# 19,

L0 LuFa Palwinyt c?z ridga Pi_&g%ﬁc tu‘nmg, 3_/)4n 60Do_ R
% 1/26% wall ay

SECOND Pmaf?srmzczzs :

rthrun ‘wacoh oo 51~3—oue.,

600 L.Fa o 20 gaga, duplex coppsr “eud - cnnatant&m {19"8
r?;Calibratﬁ:on), en,ama" and’ asbem,ea vmsp en aseh wirc, PR

' q.() L.Fo. Blacx 1ron y’.pe; zl "1/2&-;‘1!1‘;};9_:'.,;{ o

50 LaF. Po1yvmy1 med plaat_ ﬁtﬁi;{g: :6‘;5'3{5“ I Dex | ow

“,030” wall.

P

30 VLaFo Polynnyi Chlor:.de laa‘b . tubing, 1ﬂ£’ ch x. l’“ o R
Wal.;. e ‘ ,. B o R e ?o_ :

rotni' o $h31° o

Noté: .The 1946 price of & Fnez #505 'themagraph was ﬁ;llo W}uch gencrally
would 'be in addlin.on to above hated ite*nso . : ; :










