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DUROPICTION

The development of metallurgical pro-
cesses usually tekes place 1a three rather orderly
steps. First the haﬁe idea is concelved, and
a falrly rapid development follows, The second
step, ¢losely following the first, is the im-
provement of the mechanleal dévises used. %This
second step usually takes place over a falrly
long pericd of time and runs into an inactive
stage at the end, The £irst and last step in
the development of & process is the careful ine
vestigation of the theory involved, wiih the
purpose of refining the processes thamalw&.

At the present time we are approachling
the end of the mechanical improvement staege and
are beginning to turn to theoretical funvestiga=
tions. Ve ere now semlﬁing for the possibilities
and izmitatima of our processes under various
sets of conditions. One of the easlest ways
of arriving at these facts is through a study
of thermodynswmics.



Thermodynemic calculations are based
largely upon the heat capacities ﬂf?ﬁhawsnh#
stances under counsideration. 4 searech of the
literature will reveal & deplorable lack of
relisble specific heat data, It was this faet
which csused us to atteck the problem of specific
heat determination. whilﬁ we do not expect to
acanmglish mueh,ﬁa thﬁ,way of aﬁkﬁak determinas
ti@ns, 1t is<aur haga tﬁ é@azgn_anﬂ set ﬂp Bp=~
paratus withbwhiah this data Gen be rap&aly and

'iaeeaya%aly found,



At the beginning of maais discussion
it is necessary j',ﬁ’ﬁ define twé terms +~ "apecific.
heat" and "heat capacity™. . The specific heat .
of a substance may be defined as, the ratio of
the heat necessary to ralse the temperature of
a unit welight §f that substance one degree, to
the heal necessary to ralse the tempereture of
an equal weight of water one degree. Specific
hest is a pure number with no units. The heat
capacity of & substance is defined as the amount
ef heat necessary to ralse the temperature of
one unit to the substance mﬁa degree. The Unite
of heat capacity are calories per gram or B,t.u.
per powd, Since water is the referense material
for specific heat and the units of heat are also
referred to water, the valuss of specific heat and
heat capacity are mumerieally equals No real
error is introduced when the terms "apecific heat"
and "heat capacity” are used interchangeably.,

The problem of specific heal determinas

‘tion is, in theory, a very simple one., The heat



absorbed or evolved when & unit welght of the
material changes in %@wr&t&x’é one degree, is
the heat ecapacity. In practice the problem
is not so simples The heat capacibty ususlly
varies slightly as the temperature rises so an
equation must be eveolved which will take this
variabion into sccount. Cars must be teken
to saé that there is no loss or galn of heat
during the determination, other than that
absorbed or libersted by the sample; temperatures
must be measured wery accurately; all bodies in
the setup must come to uniforii temperetures, ete,
There are two methods of determining
smiﬁe heat:
The drop method, or method of wixtures;
The dirset mothod.
The second part of the problem is the
formulation of specific heat equetions from
experimental data. |



_THE DROP METHOD _

The drop method, or méthod of mixtures,
of specific heat detemmination gets ii;g name
through the procedure followed. The mple
whose specific heat 1s to be determined is
heated in a furnace and fﬁ*oppeﬁ int@ a |
calorimeter. By measuring the temperature
of the sample and the temperature change '6_2‘
the calorimeter, the }a‘egﬁ_' liberéted by tﬁe
sample can be ¢aleulated, | |

Zhe apparatus used falls naturally
inte three divisions:

the calorimeter;
ﬁempar&t’mz’e« mesasuring devices;

+the sample and 1ts contalner.



A calorimeter is & deviee used for
the purpose of measuring heat.  In our work
the hest measured is that liberated by the
material whose s;p@ciﬁc- heat is belng determined.
Any body into whieh the beat to be measured ean
be introduced and the consequent temperatire
change measured, will serve as a galorimeter.

A bucket of water, a stirring device and a
thermometer comprise a calorimeter which will
give fairly good results. With such an ape
parstus, an sccuracy of within five percent
can be expected, .}Z‘t is when great accuracy
is required that serious difficultles arise.
The problems sncouatered incresse much more
rapldly fir,.hm the preci sim.

The subject of calorimeter aceurscy
is best mngiﬁa&ﬁ by discussing the possible
sources of error separately. The following
are the primigal sources of error in

calorimetyy:



Conduction

Radiation

Evaporation and heat of wetting
Legs

Mechanical hesat |

Addition of materisl ?% calorimeter

CONDUCEION:

When attempting to improve the accuracy
of the calorimeter heat losses due to conduction
are probably the first factor considered. This
heat loss is the result of & temperature difference
between the caloerimeter and the surrounding atmos-
phere {thermel head). The heoat loss can be
expressed by the equation H ™ Kt in whieh H 1s
the heat transferred, K is a constant known as
the modulus of thermal leakage, and t is the
thermal head., To reduce éhe conduetion ervor,
either of the Pactors K or t mey be reduced.

The heat transferred is also s function of time,
but this can best be considered in a discussion
of manipulation.

RADIATION:

While 1t is obvious that radiation occurs



when an object 1s at red heat, 1t is often overs
looked that hest is'radlated even at low tempsra=
tures. The best way ‘to. el ‘imiﬁgte rediation
errors is to surround the calorimeter with a
highly pelished ja@:kai;- or case,

, E

o

EVAPORATION ARB &:aaz QF fﬁ"ﬁfiﬁ&

At high izemge mtums o even at room
temperature svaporation will cause large errors
if not pmyﬁrig,gimﬂﬁé against. The mmt
suaeassz‘nl mamod Qi" snppmﬁaing avageraﬁi@n
ia to aplet&ly mmum the liq&m in the
ealarim&ter with a tighk gackai:. This works
wam »im &aep daawn, evaporation but makes the
ea}.arimeter unaaimd for the drop method af
syﬁe,;fie m&t éeteminamam

When a drmd solid comes into contact
with a licfaié ix:-x whieh it 1s inseluble,.. the
surface will beéam- webted. in the process of
wetting, & ‘hm film of vmizez* ‘i3 adsorbed to |
the auri’acs w.ti;iz the evelution of *aaa“e‘ The .
neai; awivsﬁ is a ﬁmctwn of the surfwm wet.

i. Industriel Cpemicel Cgloulations - Hougen
and Watson, Page 285.
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Hormally the heat liberated, as a result of
fhis phenomenon is small, because the surface

of the sample contalney is small.
LAGS:

Heat lags or temperature gradients
within the ﬁaiarﬁmate‘% are a treacherous source
of error. A4 lag can exist ﬂﬁ:hﬁaﬁ ité ever
being suspected, for instance, in a &‘wm&é
vhere stirring is not thorough; in some iﬁw
perfection in & metal block, éte. The only
' metim@ of locating lags is i‘:q test the tem=
psrature at several places in the calorimeter
simulteneously. The method of combating legs
is thorough stirring, in the casse ef a liquid
calorineter or using a material of high con-

duetivity in an anerold.
MECHANICAL HEAT:

The addition of heat due to work done
within the ¢alorimeter 1s nobt -uaaa?s;}.y ‘serious
vmwa the experiment 1s carried out for & leong
time, say one hour, The heat produced by



stirring is much less than that which leaks in
through the stirring rod. Heat generated by
current passing thraugh electyrical temperature
measuring devices is ususlly slight beceuse the
¢urrent is small, In any case the error is
always positive and ean be :fmzcma:i;eﬁ or d&'tagw

mined experimentally.
ADDITION OF MATERIAL T CALORIMETER:

The addition or removal of any appres~
ciable amount of mﬁts?i—al--,fr@ the calorimeter
can bardly be called an errvor, it is s blunder,
However, it is well to mention bhat heating coils,

cooling coils, stirring rods, covers, thermometers,

ete., must not be added or removed after the water
equivalent has been determined.
' In the ease of & 1liquid filled calori-

meter care a‘éﬁ&‘t‘ be taken to avold splashing.
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IYPES OF CALOBIMETERS

The more c¢ommon wc@ré%e ‘types of
calorimetors are: |
4diadbatic Calorimeter;
Vacuum walled Ga&armwr;

Convection shield or dead
- alr spate Calorimeter;

Aneroid Calorimeter.
THE ADIABATIC CALORIMETER:

The point of distinction in the adiae
batic celorimeter is thez; the Inner vessel or ’
calorimeteor proper is completely surrcunded by
' bath of weter or eiiw The outer bath is kept
at the same temperature &s the immer vessel,
either sutometically by & thermostat or by add
ing heat as necessary as the inner tempersture
rises. _

Since ths outer temperature is almost
the same as the inner there can be almost no
hest loss due to conduction, In the equation
H® Xt, + is very small, consequently H is
smalle The fact that the calorimeter is com=-
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pletely enclosed Indicates that evaporation is
at a minimum snd splashing loss is eliminated,

The adiasbatic calorimeter, while very
accurate, is not suited to apecific heat deters
minations., VWhen an opening is made in the outey
jacket so that the sample might be introduced,
the advantage sscured becanse of the outer bath
is losb. Such a calorimeter is of necessity
complicated and inveolves a great deal of labor
in taking 1% apart and settlng 1t up for each
determination.

THE VAGUUM WALLED CALORINETER:

The use of a Dewar flask as the conw
talning vessel for the calorimeter will reduce
the heat loss to the atmosphers., Twe term "K"
{modulus of thermel leskage)} in the equation
H® Kt 4is made very small henee the heat loss
is :a-l%a very small. VWhen using & thermos bottle
a larger themal head is allowable. Radiation
is reduced to & minimum becanse the wells of
the flask sre always silvered so that they

have & mirror like surface,
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fhers ave some disadvantages connscted
with the use of the veewm jar. The contalner
itself veing made of glass is easily broken
and therefore must be handled carefully, It
is almost impeossible to get an wa@awﬂ? cover
for tke jar. Tbe eveporation error is diffi~
cult to combat when a xiquxﬁ is used.

| GOMWEGTION SHISLD CALORIMETER:

If the central ¢ontainer of the
calorimeter is surrounded hﬁ; one or more thin
moatal shields it is known as a convection shisld
galorimeters These shilelds reduce eonduction
losses by preventing the alr in the calorimeter
from circulating. This type of calorimeter
usually reduces radlation as the shields can

be .‘Fﬁﬁ%@d@ Because of the extrs paraphernali
the instrument becomes bulky snd diffieult from
which to get the sample after each determination,

THE ANPROID GALORIMETERs

- The work "Aneroid" mesns fiuidless.

The snerold calorimeter depends upon a block
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of metal to absorb the heat llberated by the.
sample. There are two types of anerolds for
diffevent purposss =« the one has s small mass.
compared to the sample, for use particularly
for liquids, the other has a large-mass in come
parisen to the sample for sollds.

For specific heat determination, es~
pecialliy at high temperatures, the anereld ‘hgs‘
seversl adventages over the fiuld celorimeter,
There are no evaporation errors and no splashing
to p'm; &;} with. I*z; p‘l&ee of sﬁrﬁng; condunction
is elepeaaaé upen t:e equalize the tan:ge rature in
the ealm*im&tgm - In the case of agﬁﬁ samples,
the g;aém.m aﬁmmﬁ% the danger of iﬁ_qﬁiid.
bﬁing absorbed, with its ‘thaﬁ%mﬁ ?z&@faf
wetting. The. f&eﬁ i;hat‘ the m&r@iﬁiﬁ mmps}saé.
@nly cf metal makes 1t g@aai bie m run this
calorimeter to a m&?ﬂ higher tempmﬁaﬁum than
that of liquids. "’ham is no liquid to be
measured for each determination with its consequent
errol.

The principsl disadvantage of the aneroid
is the error dae -*é,.e heat ﬁ}agsa There 1is 2 time
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element involved In getting the temperature to
gq&z’ﬁ:ﬁ;‘brim@ Ip this time is too long, errors -
ereep in. To combat this trouble the calori-

meter is made of metal having a high s&nﬁmt%.

ivity such as copper ox silver. To take care

of small differences of temperature, an S;zﬂ:egraw
ting thermometer is used, that is, the temperature
resd is the average from several points in the

calorimeter,
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_IEHMPERATURE HEASUREMENT _

B Temperature measurement is a factor which
often 1imits the sceurascy of specific heat deter-
minations. This is especially true ab high
temperatures, where accurate measurements are
difficult. Calorimeters can be insulated to
prevent heat loss and what errors there are can
gither be caleulated or eliminated by & careful
calibration, but if temperatures cannot be measured
preclsely, the determinations will be falluress

There are three temperature measuring de
vices capable of the necessary agcuracy =~ the
meveury=insglass thermometer, good for moderate
temperatures; the aleaﬁriﬂal-@?~rgsistan¢a
thermometer, good for elther low or high tems
peratures; and the thermocouple for sither low

or high temperatures.
THE MERCURY-IN-GLASS THERMOMETER:

There are two glasses of mereury-insglass

thermometers, the ordinary and the Beckman, The



ordinary single scale thermometer haﬁ.aAéﬁxiﬁﬁmA
precision of the a@é@r~af'aﬂi degrees C. ?5&~
the fing&t work it is apparent that this 1s not
sufficlently securate. For & temperature change
of from 10 to 20 degrees, an error of .0l degree
is allowable but not for a change of £ to 3
degreess -

The Beckman thermometer which has two scales
can be read to ,001 degree, An error of this
magnitude 1s allowable even when the temperature
shanga is only 2 ﬁagreasg ﬁnﬁ disad%aataga
of the ﬁ&ckman.is the ﬁiffiﬁa&ty in aﬁjasting it
and keeping iﬁ $ﬁ§ﬁE$ﬁ§mv A pgmrraéjuatmaatfﬁoea
no great harm if s temperature Gifference only
is messured, as the emount of the wmaledjustment
cancels out as thﬁ'éiffé&@ﬁﬁ@‘i&'ﬁalﬁﬂlaﬁﬁéo
4 second &i&aﬁwéﬁtagﬁ;ia*ﬁhﬁ ahn@% range of the
“Beekman¢ 8 meximum af 5 &sgr@ea, A third dis-
adyantage is %he aasa'witn.whiﬁh the thermsmeaar
can be br@kanm The fq&rtﬁ unﬁ&v&@ahie~ﬁn&liﬁy
~éf the Beckmsn thermometer is its ébiiity to

gonduet heat to or from the calorimebers
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THE ELBOTRIGAL THERMOMETER:

While th& rs&iatance sr elaat&ical
thermometer has been KnﬁWn for a long %&m&,
;% has not bﬁ&a;ﬁave&@y&é to thg extent whi@ﬁ
its adé&ntagaa seem tﬁ‘warraﬁtf Q@asééﬁ&a&ly
iﬁ~ia not standardized to tha‘saéﬁvyaint.aa the

mereury-in-glass thermometer, Because of this

lack of standardization, it is ususlly necessery
for the experiménter to builld the thermometer
himself. A good axiom to observe when constructe
ing an elactrical thermometer is, "Make haste slowly”,
A 1@%-@f‘griaﬁ'and<truub1eﬂgan be aveilded by very
ﬁaéafuliy‘ﬁasigning ané'haiiéing the instrument,
gaying partianiawna%%entian to insulation and
prﬁgaﬁ%iéﬁ of fine winﬁings,f?am abrasion.

| ?harprinaigia_ggantmhiah resistance
‘thermometers are based is the chenge of resis~
\ging
temperature. In its simplest form tna thﬁmw

tance Qf'mﬁ%ﬁlliﬁ canﬁnﬂkcma with cha

momstert consists of a coil of wire connected

1. A complete &E@@uasiaﬁ'éffeaﬁpep resistance
thermemeter and the description of an interesting
modification can b@ found ia the Journsl of
Physical Chemistry, vﬁlu 34 Page 2860-2868,



LIBRARY
O SCHOOL OF MINGGO

COLORAD

with a constant source of current. The
resistance change can be measured with a post
&ffi@e box or the RI drop ¢an bé measured with
angataatiegaterg Eﬁthér m&thg& will give
aﬁ@ﬁxatelﬁgaaiﬁsw%* The precision of the resise
tence thermometer is limited only by the dellcacy
of ﬁhé~Whaa§atnna4bxiﬁgﬁ or potentiometer.

If the windings are insulated from. solu=
ﬁie&a the resistance thermometor can'be used in
. a liquid or an anerold -calorimeter,  Tnis type
<c£'£bé§mcmazar‘haa one special advantage - the
windings can be plaga& iﬁ,ﬁav@ra; unitss With
this type of construction the bemperature vesd
way the effect of heat lags in an anereid
ﬁalﬁ?imﬁhar»ﬁaa'ba>m§nimiz&é@ Iy the themometer

is an average from’ seversl poin

is suonealed to wamavérmaehaniaal stresses due to
winding, its calibration will remain constant
ind@fiﬁit@&#;

The platimm resistence thermometer
can be used at both high and low temperatures.
The copper bthermometer is not suiiteble for use

at temperatures mach above 100% €, es the copper
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vindings will become oxidized. If either the
piatiﬂm or the copper resistance tharmetér
becomes contamlnated the celibration constents
of the instrument will chenge. The reaéan
platinpum and copper are used for resistance
thermometers is that these metals \exhibig;a

smooth temperature - resistance curve,
THE THERMOCOUFPLE:

For high temperature measurement the
standard instrument is the themoecouple. The
noble metal couple, Pt againast Pt « Rh, is used
up to 1700 degrees €., provided it is gmfg;ee@ed
from smoke and soot. Ig the couple has bsen
ammealed for one hour at 1500 degrees C. bew
fore ealibration, the calibration will not change
if there is no contamination. Below 300 degrees
€, the E. M. F, of the rare metal couple is so
small that is is net reliable, For temperatures
up to 300 degrees O, the copper-constantan couple
&is accurate as iU produces a relatively large
E. M. F. per degree. At temporatures much above
300 degrees G, the E. M, F. of the zﬁbppwéemstanﬁ
tan couple deviates rapldly from a straight line
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function of temperature, so should not be used
at the higher Cempesratures,

For precise low temperature work where
& large BE. B F, per degree 1s desired, a
multi junction eouple is ﬁﬁ@‘é@ 4 multijunction
couple is mersly several 3‘@?&&3 in series,.
By putting e s&fﬁ“iﬁi«mﬁ mhex* ef ccmpms in
series you can a!:t:air; a}.msi: w px‘ﬁﬁiﬂim you
wish. ‘The 'ﬁﬁvﬁ‘mﬁi ﬁmtmﬁﬁ“ﬁf'“ﬁhe eeuple ‘may
be placed at *fmr iexza peints in, the body w&waé
tenperature is ﬁmgh% and :m this way an avarage
of the ﬁemperature is aeamﬁ The smgv- objection
to '&h@ fsharmwamy&g as a.very precise inai:mam
is the difficulty in securing & constant known
gold Juncitlon temperature. From the difficulties
- encountersd in getting a constent femperature in
~an ice bath, I doubt the rellabllity of thetem=
perature of the usual erushed ice, as the cold
. Junction of the thormocouple.. If the cold
junetion temperature should change .01 to ,001
degreea the temperature indicated by the B, M. F.

of the couple would be just that much 4n ervor.



The cere of the sample, whose specific
heat 1s -m( be determined, resolves itself into
three factors:

Protection;
Sizey
Heating.

The sample nmust be protected from alr
while belng hested and, unless an aneroid is
used, from the fiuid in the aaa‘mré:m@t@p ‘I‘Iaia
protection is easily secuved by sealing the
ssmple in some suiteble contsiner, When
‘choesing the material fram wh?&ahté mam jti;a
sontainer, certain precautions z%uaﬁ;' ‘tsa takens
The container itself must waist; oxidation et
the temperature at which it i=s ﬁa ve used. The
material from which the %ntaimr oy bomb is
made mast nob rea&t{ with the sample at the
maximum temperature to be attained., The bomb
- will sustaln certain shocks and temperature
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changes, so must have sufficient physical strength
to withstand these stressess. Ig possible, s
materiel baving anomalles should be avoided,

The most common materials wsed for the
bomb are platinam snd gold or quartz. The precious
metals, while otherwise satisfactory, arve quite
expensive. The disadventages of guartz ave
its specific heat anomalie at 573% C. and its
gxe%; weight as compared to the weight of sample
which can be put into a tﬁm of the silics.

SIZE OF THE SAMPLE:

PTue size of the ssmple used mm' be
governed by the weber equivalent of the calori~
meter and the heat conductivity of the sample
materials. Tho amount of the sample and bhomd
$hould be chosen so that the heat liberated by
it during e determination will cause the desived

temperature change in the calorimeter. If too

amaell an amocunt of sample plus bowmb be used, &
small error in temperature measurement in the
ﬁaﬁ;erimahér, ‘results in & large percentagse '@m*agr
in the finel result. On the other hand, too

iwgﬁ a sample causes a large temperature change
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in the calorimeter with its resulting ervors due
to conduction, radistion, ete.

The bomb should not have & very thick
~ ¢ross section, ctherwise a very serlious temperaw
ture gradient mey exist within the sample, This
is especially %rue of s material whose heat ¢on-
ductivity 1s low. To find the magnitude of
gméianiza in the sample, a thernpocouple may be
placed in the center and snother at'thg adge of
the sample. If the &if%br@éeﬁ'af'temperaﬁura
between the center and éﬁg& of the sample is
;@‘eg, the r&snlting-ﬁavia;&ua,from~tﬁagaverag$
is ;5ﬁ:ﬁa The error csused éy‘th1$ temperatare
differenco at 500° C. would be .5 divided by
500 or «1%. If several tests réﬁéél a é@ﬁ&%ﬂﬁﬁ
temperature gradient in the sample, it should

bélaarrsctéﬁ‘iﬂrg
BEATING THE SAMPLE:

Probably the most common error and

( the one most Aifficult to combat &é specific
hea£ determinations, ia‘é&é“§m=laﬁge ﬁ@ﬁpﬁram
ture gradients in t&a:haating-ehamber of the
f&mn#&@ used. invalsmall or poorly ins&&aﬁ@&
fﬁrnﬁea a'gﬁadiﬁng,ﬁf<frcmliﬁﬂ to 15 C. over
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a length of 4" is not uncommon., - Assuming @&
10© gradient at 500%, it is-obvious that an
srror of about 1% will result. To maintain
8 precision of one per mille it is nﬁ&ﬁé&aﬁg
to keep the gradient at 5@&9‘&aas~than§iﬁ@

To get the most uraifam 3&&93& tems
perature, the heating chsmber should bs only &
small part of a long heating tube. If in an
18" furnace tube, the heating chamber is the
center 6" with the 6" ends of the tube stopped
wiﬁhﬁ- serles of insulating plugs, a temperature
gradient of less than 1° at 500° in the heating
chamber should be attainable. To further

promote temperasture uniformity & sleeve of some
gzwé heat conducting metal, such as silver, can
be placed within the furnac , The metal
sloeve will eonduct the heat from “h@ﬁ spots”

to the cooler portions of the tube.



EIEDIRECT METHOD

‘fha dirct method of specific heat
determination is based upon the meas@mm; of
the heat absorbed by the sample while it is
being heated, Heretofore this methed has
been employed chlefly for very low temperaturs
work but hss not been developed for determinas

tions at high temperaturess At the present time
interest is doveloping in the direct method so
thet 1t is probable that in the future this
method will be glven more attentlon, Undoubtedly
if suitable apparatus is designed this wethod

is capable of ,g;matevr speed snd accurecy Lthan

the drop method. .

The apparatus for the divect method
is ama},}.g ﬂgyﬁ;;%gﬁeé so tat thﬁ ssmple 1s suse
pended in as near a vacuum as possible. The
yaeuun is to reduce conduction of heat as much
as possible. The sample can be heated by =
small resistance coll 1n or around the unknown.
Tne temperature of the sample is measured by

either & aixig}.a or multijunction thermocouple.
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A SUGGESIED DESIGN:

A falrly simple apparatus for measur=
ing specific heat directly could be easily made
of four concentric spheres which could be
.evacnated, The center asphere to conbain the
sample, heating coil, end thermocouple, would
have to he made of some material such as
platinum so that it would resist corresion and
high temperatures. Since platinum can be
highly polished thse central chambey would
reduce the radiation. The second, and sach
succeeding sphere, should ia.e- made of material
which can be g@iisizetig A m&t&riaif like nickel
would do very well for the outer spheres. If
four spheres in a-li were used this should ree
duce radiation and cownduction aafficiantly;

The a@nsth’zctim of this api;afxm‘%ﬁs
wonld require very careful work because the
spheres must be so made that they could be
evacuated. BSo that 2:2;6 sample could be rew
placed, the spheres must be in halves and fixed
80 that they could be tightly sealed together.
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Some complication would arise when provisions
were made to bring necessary thermocouple and
electrical leads from the Central sphere to
instruments on the outside. While this ap-
paratus appears to be quite complicated, it
should not be too diffieult a %;ask fm* an
ingenicus nmﬂhinism

'%;36 callibration of apparatus of this
sort is very imimma;ﬁ. Only by a very care=
ful calibration under conditions of use can the
constants of the Iinstrument be determined., 4An
equation which would give the heat capacity of
the device, minus the sample, very accurately
over the temperature range in which 1t would
be used, would be neCessary.

Grented that the apparatus crudely
deseribed above could be built and callbrated,
it would be possible to take measurements at
successive steps of say 10° €. This would
allow the experimenter to determine rapidliy
the specific heat at short intervels and thus
locate anomalies easily. When the drop method



is used, a large number of determinations is
necessary to locate the temperature at which

an anomaly. OCCUrs,.
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__MANIPULATION _

in maeny cases large errovs c¢reep into
otherwise precise work as the result of a
personal factor of the experimenter. Apout the
only way to determine if such srrors exist and
lgﬁaﬁg them 1f they do, i3 to repeat a determina=
tion several times, VQ?ying the procedure,one
part at a time. By so doing it is possible to
| locate that part of %ﬁ@.manignlatipﬁ.whiah.iﬁ
at fault, It often happens that by varying
the procedure slightly, errors previously une

suspected are brought to light.
CALIEBRATION:

The manipulations Involved in cali=
bration are probably the most important in the
entire procedure. Through a careful celibration
practiocslly all of the systematic and constant
errors can be sliminated., When, for example,

& resistance thermometer to be used in sn aneroid
¢alorimeter is being calibrated, it should be in

exactly the same position in the calorimeter as



it will be when in use. Thus if thers is & lag

eter and the thermomster

between the ealor
windings, the thermometer calibration will have
this taken inte aceount. The same holds true

for the determination of the water equivalent

of the calorimeters, If the procedure for the
determination of the water equivalent is similar to
that followed when the salorimeter 1s in use >
errors like radiastion, ﬁmﬁuﬁﬁnﬁ and heat lags
will be bLsken inte _{at:zémtf autematie&llyf
Particular attention should be given the matter

of timing in calibrations. The same emount of

tive should be allowed for equilibrium conditions,
as will be allowed when a determination on an
mmnem i being run. Since errors like
rediation and ¢onduction are a function of time,
any difference between the times of ealibration

and the running of an unknown will introduce

these a‘z“mﬁ' into the final resulb,
TIMING:

The time which should be allowed during

sach step of a determination cannot be arrived
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at by any theoretical calculation, because eath
instrument ussd will have constants slightly
different from other 1ike instruments, The
best way %o arriv@-a£ the timing to be followed
is to observe the apparabtus under operating
eonditions., The time necessary for equilibrium
to be eastablished, provided it is not excessive,
is that which should be allowed during a deterw
mination. If the time necassary to atialn
equilibrium is too long, it would be better to
change the design of the apparstus so that this
delay ¢an be eliminabed., It would be well to
state ﬁare that while simpllicity of design ls
desirable, it is bstter to have apparatus of
complicated construetlon but simplicity of
operation than that of simplicity of construction
but complicated of operation. Having arrived
at the timing to be used, it should be followed

closely in eech determination.
ACCIDENTAL BRRORS:

Any experimenter should repéat each

determination at least once to guard against
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some blunder in reaching or recording data. If
the two determinations are in close agreement
with each othey, tho ir aversge may be.ﬁs&ﬁ¢ To
rm & lavge number of delerminatims to preclude
the possibility of en acciﬁsnﬁai error is often
‘a waste of time, because tho same man is apt

to make the same mistake over and over again,.
Even granting that no constant error is being
made, the repetitions of a reading over four
or five times do not greatly inorease its
precision. From a stéﬁy/§f1$h@ laws of
probablility it is found thaﬁ the precision

of the several guantibies increases direcily
a8 the sguare root of the number of observa-
tionst, Thus if the mean of three readings

is taken, the addition of a fourth only in-
creases its precisim by:

V& o VB F 2o 1,732 = about 15%
Ve | 1.732

If this ie& further carried on to

five readings, the increase of the precision

would be:

1. Practical Lesst Squares. =~ Leland
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It would be much better to have a
second experimenter go through the dstermination,
If the sevond person checks the resulits of the
first, this should be sufficient sssurance that

no accidental erx?er has been made,
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THE CALCULATION OF SPECIFIC HEAT EQUATIONS

The data on specific heat, as obtained
by the experimenter, usually consists of a serles
of values of the totel heat liberated from a
unit weight of material as it cools from an
initial temperature ,_. t% ¢, ~ to some reference
point, usually o or 20° €. In this fomm the
information is almost useless as it consists only
of random values. To be of practical velue the
data must be worked into an equation from which
the specific heat at any temperature can be
found. The usual form of the eguation expresses
the specific heat as a llnear function of powers
of t {bemperature}.

The method here Empl@?ﬁﬁ.%@vﬁ@riV$.&ﬁ
egunation from the data is known as the "Method
of Least Squares”, The Method of Least Squares,
’?ﬁileumara laborious than other methods, yields
_gn equation closer to the data than any other.

A detailed description of the method of foming
the equation can be found in - "Practical Least
Squares” by Leland,



DATA

"h" is tho average heat capacity in calories

per gram per degree from 0 to t° Cs
"% 1s temperature in degrees €.

h t

(1) +1850 100 )
(2) 1868 100 (1)
{3) +20086 200 {1)
(4)  .2068 250 9]
(5) +2168 300 (11)
(6)  .2229 400 (n
{7) ~2379 500 {11)
(8) « 2459 550 {I1)

{I} Data from Weltzel -
Zeitchrift Pur Anorganische Und
Allgemaine Chemie, Vol. 116, P. 71 - 1929

(II1) Data from W. P. White
American Journsal of Scilencte
Series 4, Vol. 47, P. 1 - 1919,



Form of the equat iﬁn‘l 3
h= a+ bt+ ¢ £7F

Substituting the values of h and t in the equation
and rearrenging the terms:

1. a* 100b + ,0001c
2, a+ 100b + +00010
3. a4+ 200b 3 .000C 00¢
4, a+ 250b + 20000160 == (2068 =
S+ a* 300D +.000011lc = 2168 =
6. @+ 400b + .00000625¢ 42220 =
7. a+ 500b + 00000400¢ 2379 =
8. a+ 550b 42439 =

]

}

#1850
+1868

i

"m;«if

i

L

© © 0 0 0 6 © ©

Lebting 100,000 ¢t % ¢  and ,OIb' = b
1. &+ 1,00t + 10.000et == 1850 =
2. &+ 1,067 + 10,0006" =
3., at 2,0b"+ 2,5000% e
4, &t 2.5b' + 1.6008 e

1.11kct e L2168

0.6256t = ,2220 =
0.400e! == L2579
0.3316F w2430

#

i

i

5, 8+ 3.,0b
6, a+ 4,0bt
7. &t 5,0bt
8, a * 5.5bt

il

F A k4

i

L
0 0 0 Q0 O O v O

{1) Recommended by Chas. G, Mafer and K. XK. Kelly
Journal of the Américan Chemical Soclietyy
Vole 54, P. 3243.
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SOLUTION OF NORMAL EQUATIONS

2

Hh

ot

k:d

+ 8,000

+ 24,000
+ 92,500

+ 38,653

4 210,705

ot lcvw?
- 5.3620
- 5.1065

+ 140,7901
4 ﬁ?ﬁ} » &lﬁﬁ

4+ 92,500

‘?3¢

4+ 38,653
79,701

- 5,3629

+ 149.7801

170, 5989

-41,048

- 0.2608

- 3&‘8{} y

210,705

#93,250

* 5,6480

- 5.1065(+ 270.8183

wiéa‘-aasgel

i 854277

+ 0.0194

+ 3542941 ¢

et =

bt

ﬁﬁé b

v e 26,867 ¥

1.7007

100,000
85,0

et

Ix
IT >

L000116 or 1.16 x 10°%

26567 2Ix{mz,32
5

*41.@43 =1 %
TEOO -+ 2,002
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Substituting the values of a, b and ¢, the equation

reads:

h = 796 +

1,16 x 10°% - 55 ¢

A

By solving the equation for *h" at various temperae

tures, the following table results:

Temp. in
ﬂ‘e‘;;y' *

0
100
200
300
400
580

AVEa S?p gt 'Y
from O=t G«
{absgwwd_s

.1859
.2006
2068
.2168
2229
2579
2439

Instant.Sp.Bb.
{Caleculated)

" h

«1796

»2014

« 2077

« 2138

-~ 2257

« 2374

«2432

i

Diff. between
obs. and cale.

Porcent
beviastion

1%
A
4%
1.4%
1.3%
¥2%
3%

Consldering that the date from which the eguation wag

derived, came from two independsent experimenters, the equation

fits the experimental work closely.
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Writing the equation:
h = L1796 + 1,16 x 107% & = 55 £~
To form the equation which will yleld instanteneous
apecific i%&aka which are used in thermodynsmie calculas-
tions:

. am
®p = S

He=nt = ,1796 t + 1,16 x 10~% t% .55 ™%
Differentiating:

G, = 1796 5 2x116x307C &= (1) 55 ¢

-2

C = 796+ 2.32x107%t , 55t

Computing the values of O, for varlous temperatures %:

Temp. in Ave.Sp.Hb, Instant.Sp.Hb.
°g, = ¢ { fma&am; {Calcoulated)
2 c

P
o 1796 . La79s
100 1859 2080
+2006 2274
250 2068 2385
300 .2168 2498
400 2229 2727
500 2379 ,2958
550 +2439 <3074
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CONCLUSION

From a consideration of the preceeding
theoretical discussion, we decided that our best
chance of success lay in the use of the'drop
method rather than the direct method for specific
heat determination. It was also decided that
the aneroid calorimeter and differential resis-
tance thermometer, in a Dewar flask, would give
better results, for high temperature work, than
any other combination.

After an aneroid calorimeter and resise
tance thermometer hed been built, they were
found to be'too crude to yield results of the
desired accuracye. In light of the experience
gained by working with the first apparatus, it
was decided that we should design and have built
a second calorimeter and resistance thermometer,
and continue the worke. The new apparatus is now
being constructed. The results of this second

attempt will appear as an addendum to this paper.
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