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First the haste Ilta is conceived.

a

S t * iS  hh.0

tataa place ever a f airly 

t im e  and vm m - ini a m i inactive 

at tlm  qM.* the first and last 

si s process fa the 

of the theory involved* with the 

of refining ilia proa as sea thansetifea.

At the pre se nt its# we are approaching 
the end of' the mechanic a l improvement stage and 

are beginning to turn to theoretical invest tga** 
tiona* We are now searching for the possibilities
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fheinaeif'mast# eaXetaatloiis are baaed 
largely upon the heat' eapaclties of the ■■&&&». 
ataneee o&der aomidemtieru - 4 seareh of t he
literature will reveal a deplorable lack of 
reltofele apeolfto heat data*. %  i*a» tMs faeb 
whlofe eauaed us to attack the problem of apecifie 
beat deteMioatioiio While we do not expect to

• r  *

rnmfa to. the way of aetata! dotemi&&«* 
tie tta * I t  la  our hope to  design and set op ap** 

f®m%mm with which this data dan fee rapidly and 
■aOoasmfcoiy fo u n d *



MSCttJSSXGH

tfe fell# beginning of fefeis dissiissioti. • 
ife I#... mcesaarf- ;feo ■ define: two terms- - flsp.©eif Jo- 
teefe1*' ate nteafe eapaeX%w* ■ fhe specific.-heat . 
of- a. sotefeai-ie© may. te defined as* the ratio of 
fe te  teat o o o o s s a ff"  fe# raise fete feemterafe&re of 
a ®lt wtegiafe of fetefe safesfeatioo mm  -degree* .fee 
fete heat neeessJry feo raise the t empe.2afe.12re of 
an equal weight of v/ater m m  degree*. Specific 
teat is m pur# »itif with; no nalfes* fte teat- 
capacitf' of a atesfeance Is defined as the amount 
o f te a t » o # 8ssry fe# r  ale# fete fe#i»$#r&femr# o f  

on# maife to fete mbstsnee one tegr##* the holts 
of heat, capacity are calories per .gram or B*i*u* 
per- poiite* Site# water is. fe te  rm im m n m  material. 
..for specific- heat ate fete units of teat .are also 
referred to water# fe te  imiues of specific teat a te  

teat capacity are nmserioalif- equal* lo real 
error fa introduced when fete terms ̂ specific heafe,f 
ate -*teafe capacity*1 are used Interchangeably*

fte problem of specific test, determine* 
felon is* theory# a wary simple one* fte teat
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fit# amp method, os method of n&xtusee* 
of spool#to~ heat determination goto its name 
through the proeadure followed,-, fhe sample 
whose •epeoifle heat %m to ho determined to. 
heated Is a farnaee and dropped into a 
eslortoseter* By measuring the temperature 
of the sample aid the temperature ehange of 
the oaloslmetor, the heat liberated hy the 
sample i n  he ealoulated,

the apparatus seed fails naturally 
into three ''divisions*

t e m p e i^ u r ©  m e a s u r in g  d e r ie e s j

the sample - and its. etotsiner*.
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' n calorim eter Is  % 'device us©<

asmttog leafc*- Mm-mo?' 

t: li#  I M  ■ m e a s u re d : I s  i l m t  

material itose ■ specific:; heat Is- 
Angr t>e€y Into ̂ leti' tte Isest to $& 
he

will s©«© -as a calorimeter* 
of watery a stirring device and a

comprise a calorimeter ohien will 
good ream lta* fitis . small -mm -ap» 

r* an, aecmraoj of w ltM n  ■ fir© percent' 
I t  is  whm .great socmmo '̂ 

that serious difficulties arise* 
eno^mtere# increase mnels more 

tten tine precision*
fee ' st^iect of calorimeter 

considered Mg disens sing the 
smm®m o f e rro r

are the principal sonrces of error In
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d e n d i ie t ie n

M e d ia t io n

Mtaf o i m i  heat' off wetting 
Lae s
Meehsnleai tesh
Addition of material to calorimeter

When attempting to impwe the accuracy 
of the calorimeter heat los sea due to eoteuetion 
mm .protehly the first factor considered. this 
heat Lose fa tho- result of a ia&peratnrs difference 
between tte oalor Imecer and the surrounding ahmos- 
fters |thermal the host Loss can ho
expressed by the equation 2 *Mt in which 2 is 
th# teat transferred, M is a constant known as 
thO modulus of thermal leakage, ate t is tte 
thermal head* f$ reduce- the conduction errs#*
either of Che factors K or t- mar he reduced*, 
fte heat transferred, is also a function of time, 
hut this cm  test he considered in a discussion 
of manipulation.

While it is obvious that radiation occurs-
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whem an *&$m% is at ret test* it fa often wei^ 
looks# that teat fa' am#late# even at law tempera* 
tmfe#-* the beshway to. eliminate rshiatlom 
■errors fa to surromte tte calorfmetar 'with a
highly polish©# jacket or oaao*,

. 1  J  ̂ i *?w •

&H» «SA1

&& high temp© ratals or area at room 
tempemhmr# evaporation will cams© large errors 
if mot properly . g car#©# against*- the east 
successful metbo# of suppressing evaporation 
la to completely surromte the Iff mi# in the 
calorimeter with a tight jacket, this work# 
well to keep #owm evaporation but makes” the 
calorimeter mmsuib©# for the #rop .mstho# of 
specif ic heat $et#minatl<n*

When a €rie# soli# comes into contact 
with a li^pl# in which :it is insolable, , the 
surface will become watte#. to the process of 
wetting a tMm film, of water is a#serte# to- 
the surface with the ©volution of teaiL fhe. 
teat evolve# is a function of the surface wet*

3U- items trial Ohbmical Calculations * Hougem
t •

ate Watson*. Bag# 2 8 5,



formally the te a t  liberate#* -a# a result of - 
this phenomenon is small* because the surface 
of the sample container is small*

teat togs or temperatm?# gradients 
w ltb to  the C alorim eter are a- treacherous source 
o f error*- A lag  can e x is t w ithout it s  ever 

being suspected, fo r instance, • In  a com er 

where s tirr in g  is  not thorough^ in  some im~- 
perfection  In  a m etal block, etc* the only 

method o f locating. lags is to  test- the tarn* 
peratnre.-st several places In  the calorimeter 
.simultaneously-* fte  method of combating lags 

is- thorough stirring,-, in the- ease' o f a Xi<pl# 
calorim eter o r using a m ateria l o f high con* 

d n etto ity  to  an aneroid* '

HSDBANZCsL -m & f t

fbo add ition  o f te a t due to- work dm# 

within the calorimeter is  not usually  seileos  

unless the experiment I  a carried  out fo r a long 

t ir o *  say one hour* f te  heat produce# by



stirring is smoto Ms#- than that whieto leaks in 
through. the stirring wmi* Heat .generator bj
earrent passing throngto electrical tamperature 
measuring: devices is asaally alight bee&mse tbs 
current is small* in an̂ r ease the error is 
Sl&sgrs positive ant c m  be calculated or deter­
mined eKperiinentsily*

J^ESXmOH o r .  M $ S R I& &  »  C y ^S 3 tf$ $ & & *

lbs addition or removal of' any. appro* 
eiafel© amount of material-'--from the- calorimeter 
can called m.:sr*tor* it is a blunder*
Wmmm?} it is well' bo mention that toasting. colls,, 
sowing colls, stirring cods, covers, thermometers, 
ste«# must not 'too- a^ded or removed after the «ter. 
ê islvnlsiit .toss been determined*.'

In- the m m k of a liquid filled eaiorl- 
metso?' oar# must toe taken C# avoid spiastofag*t



f lu e  m ore  i @ u »  a c c u r a te  t y p e s  o f  

calorimeters are;:
: Adiabatic Calorimeterf

Wrnmm willed Calorimeter;
Convection shield or dead 
air space Calorimeter;

Aneroid Calorimeter*

$ «  a$$aba& m

ftoe point of distinction In the adia* 
tostole calorimeter is that ttoe toner vessel or 
cslorti&etoer proper is completely surrounded by 
's'toatoli of cater er oil* the outer bath is kept 
at the same temperature as the- inner vessel,

tcither automatically by a ttoemostab or by add* 
lag Beat m  necessary as the Inner temperature 
rises*

Since the -outer temperature Is .almost 
the same- as the inner there 'can toe almost no 
.heat loss due- to- conduction.* .la the equation 
H *  It*- t is vs ay 'Small, consequently fi is 
small* the fact that the calorimeter is cot*



p le b e ly  e n c lo s e d  i n d i c a t e s  t h a t  e v a p o r a t io n  is 
at a mtoiimim and splashing loss is eliminated*

f t o - a d t o t o l l e  o s to r im e h e r j.  w l i i  le  v e ty -  

aeeorale, is not suited to- spec if to -heat deter* 
miuaitons* Wton an opening to made is. the outer 
jacket so that the sample might, to introduced, 
the advantage secured because of the ester hath 
is lost* gash m calorimeter is of necessity 
c o m p l ic a te d  a n d  in v o lv e s  a  g r e a t  d e a l  o f  l a b o r  

to taking it apart sa€ setting It up- for each, 
d s b e iv d h n b to o *

tu B  W i l l i

the use of a Bewar fl ask as %to eon* 
tatotog vessel tor the calorimeter will reduce 
the 'heat loss to the atmosphere* the t erm nKm 
|modulus of thermal leakage) to the equation; 
g ** X& Is- made very small hence the heat loss 
is also very small* then using -a thermos bottle 
a larger Cheimal. head Is allowable* Radiation 
is reduced, to. a minimum because the- walls of 
the flask are always- silvered so that they 
have m mirror like surface.



There nr#- dlsadvanbages eonneeted
liiih .the mm o f the vaeiiw jar*, the -eontotaeir
its e lf  being made o f .glass- is  -easily broken 

$s& therefore ptsb.to# handled carefully, lb'
I s  a lm o s t  . tm p o s ^ b is  t o  g e t  mm e m m

for the jar* ft#. evaporation er&or is dlffl* 
cult to combat when a liquid is used*

'aosnmo& m m M  iioRtp%».'
3'

If the cent Mil Container eftob#; 
■calorimeter is surrounded. by one. or mos?# thin 
metal shields it is known as #. shield
oaloriŝ ter*: these shields reduce conduction
losses toy preventing the air in the calorimeter 
-.from oto0&ln$io&* 'tbit tfpo.of eatorfaetor- 
usually reduces radiation as fit#-, shields can 
toe polished* Because of the- mmMrrn paraphernalia 
the to»fei**tii*eii§ becomes 'bulkf -«i dfffteult from, 
which to get the sample after- each determination#

M M  -k m m tm  o & o i o j a ^ r a i

to# work ‘‘Aneroid11 means flnidiess*



o f  m e ta l  . t o  a b s o rb  t h e  h e a t  l i b e r a t e d  toy - t e e  -

m m  two types of aneroids for 
the one has- .a small mass 

co m p a re d  to the s a m p le , for use p a r t i c u l a r l y  ■
■for llquida* the ottos gr has- a large-mass in cojm- 

to the -Sample; for' solids*
.for specific heat determination, os** 
at high temperatures, the ■ aneroid toa#- 

several advantages -over the fluid calorimeter* 
toef e are no evaporation errors and no 
to pm% up with* In place of stirring, conduction 
is depended upon to equalise tee temperature In 
tee calorimeter* in tee case of 
the aneroid _ eliminates the danger

t, with its consequent heat of 
toe- fact te a t tee -aner

to mm- this
;cml-orlm#ter to M tmea .higher, temperature than 
that of liquids,.. ther© .Is no- limpid be toe
measured for eacto ̂ termination wlte its consequent

toe principal disadvantage of the aneroid 
Is tee error due to toeato 4lags* there is a



dement Iwoive# In getting the to
sqpsillbdm* If this- time Im boo long, errors - 
creep in* fo combat this trouble -the cdori* 
meter is mad# of metal having , a high conduct* . 
ivity such as copper or silver* to take care 
■of' small differences of temperature, mm -Integra** 
ting. ■ Wmmmetmr - is- used, t h a t  to* -the temperature 
read is- the .average from several points is the.



, where accurate measurements are 
* Calortmeters c a n  toe insulated to 

h e a t  l o s s  a n d  t e a t  e r r o r s  t h e r e  a r e  c a n  

toe- calculated or eliminated toy a 
* ' tout if temperatures cannot toe 
the determiaatoioiis will toe failures* 
here are three temperature measuring d#«

tu^giass ttoermcmeter, good for moderate 
I  t h e  e l e c t r i c a l  o r  M s is ia x ie e  

, good for either low o r iiig l 

pemturesj and the thermocouple for either



ordinary single seal# thermometer lias a maximum 
precision of the order of #01 degrees §* for 
the fin e s t work i t  is  apparent th a t th is  - Xm. not

smffioiaiitly accurate.* p m  a temperature change 
of from IB to 20 Agrees, an error of *©1 degree 
Is allowable but mot for a change of 2 to $ 
d e g re e s ,  *

ft# Beetasn tearmometer w h ic h  has two scales 
cam ha- read to ,© 01 degree,- Am error of this 
magmituie is allowable even when tee temperature 
change is only 2 degrees* tee disadvantage 
of the- Beckman is the difficulty in adjusting it 
ant keeping it.-adjmsted* & poor adjustment does 
no- great harm if a temperature difference only 
la measured^ as tee amount of the- maladjustment 
■cancels- out as the- difference' is calculated*
A second, disi^v^ntage is 'the..short rang# of tee 
-ieetoan, a maximum of $ degrees* A third dis­
advantage is tee ease with which the thermometer 
Can to# broken* the- fourth unfavorable quality 
■of the ©eekman thermometer is its ability to 
conduct heat to or from the calorimeter,-



meremry»*ia*glass thermometer* Because of this 
lack of standardization^ It is msmlly necessary 
for Che experimenter to hntld Che Cfcer&issdCe?
Massif■% A good axiom to observe when construct* 
tag An electrical thermometer is* ^laks haste.- slowly” 
A lot -of grief and trouble can ho avoided By very 
carefully designing and huiiding the instrument?, 

ig particular attention to
o f flBO windings from 

fh# p r i n c i p l e  u p o n  which r e s is t a n c e  

thow oeotors are bmmA is  the change o f 

ts n o e  o f m e t a l l i c  c o n t a c t o r s  w i t h

1 *  A  c o m p le te  d is c u s s io n  o f  c o p p e r  r e s is t a n c e  

thermometer and. the description of an interesting 
modlfioatlon can ho found in the taurnal of
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constant source of current* 
Charge cam Be measured 

Box or the M  drop ear hs
a

a
r of the reals*.accurate remits* ■' fhe 

tanee thermometer - is
‘ tge or poi

are Insulated fmm oolr*- 
tiers the resistance thermemeter" ear4 be- used in . 
a MfaM' or an anerold ealorimeter* fills type 
-of - theriiometer' has one special advantage -*- the 

Can.-Be placed in several units* With 
i of construction the- temperature -read 

is- an. average from-' several points * In' this

calorimeter can Be:- .minimised*. If the thermometer
tto remove mechanical stresses disc to 

its calibration will remain constant

can he- meed.-at Both high and low Cemperatmreo* 
the copper- thermometer is- not suitable for- use 
at f emperatures much shove ICO0 0* as the copper



windings will. become oxidized* If either the 
platinum or the copper resistance thermometer 
%mmmm contaminated the calibration constants 
#f the instrument will change* fhe reason 
■platinum and copper am  weed for resistance 
bhemomebefS is that these, metals exhibit a 
smooth tempe mtnie *# resistance curve*

w m  'w m

For nigh temperature measurement ■ the 
stasfcd&xd instrument is the Ihemooouple* tbs 
noble metal couple, ft against ft - hh* is used 
up to Itoo Agrees 0* presided It is protected 
from smoke and soot* If the couple has feem 
amealed for one hour at 1300 degrees 0* be** 
fore 'Calibration* the calibration will not change 
if -there is no coiitamination* - Below 300 degrees 
#.* the 1* -X* F# of' the rare metal couple Is so 
small that is Is not reliable*- For temperatures 
up to 300 degrees. O* the eopper-eonst ant an couple 
is acetate m  it produces a relatively large 
1-* 1* F* per degree#, itt temperatures much above 
300 degrees i*- the- 1* M,. F* of the eopper-conatan** 
tan couple deviates rapidly ■ from a straight line
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net to

TO&|£ WtoTO 
a 3&&S& B+ &* F* per togtoe is de-siBSd,, m 
multi junction couple to A iimXtiJtmctScm
couple .to. tsetoly 

a
aeries you cam att'ain almost 
■flftofet*. fto several
to placed at vur lou s poi nt s in the body whose

and In

couples to

you

toe - to tototod* 'the toe .objection

temperature* Ipow 
; get ting, a. Constant, to

totopr1 tom to toe ̂ itoMltoiref i to tern* 
.q#' the usual erustod ice* as the cold

e&sKge *01 to *8®J
toe t s ^ p f a t w  indie a ted b y  the B*. M* f.

at toe -couple w o a M  to just that much to .error*



fHE smvm

the of the asat-ple* whoso specifie
heat is to he determined, resolres itself into 
three factors*

meesmoi m  "mm a « i i

$tsa sample most he protected from air 
while befog boots <l and, unions1 mm aneroid %» 
mse% fro® the. fluid in'the calorimeter.*:. fhis 
:grobeetion is essilf secured or sealing the 
sample in some suitable container*. liaen 
choosing the material tmm which to ,m&i& -the 
container* certain p^oao&Inns most ho taken* 
fl̂ e container itself most resist, oxidation at 
the te^walOTe at which it is to he -tisad* fhe 
material :frem wMeh the container or- bomb is 
.made .mat net reset with the sample at the 
maximum temperature to be attains#:*.- fee bomb 
will sustain certain shocks- an# temperature



Changes, so- must hm& sufficient physical strength 
to withstand these stresses* if possible, a 
material haring anomalies should be avoided*

the most eomoii materials used for tea 
bomb are platinum -and geld or qtorto*' the precious 
metals,, trhftto otherwise sati sf actory* are quite 
expensive* the- disadvantages of quarts are 
its speelfie heat aaomalie at {$* md its 
great weight as compared to the weight- of sample 
wMmh mm, be pit- into- a tube -mi the allies*

m m  &  111 sjiMf%ir

-ft#. else of the sample used must he 
governed, by the water equivalent of the ealorto 
meter' and the 'heat conductivity of the sample 
material* fha amount of the sample and bomb 
MbsuM he chosen so that the heat liberated by 
it during : a detamiuation wili cause the dealret. 
temperature change In the- ealorlmeter* If too 
email an amount of sample plus bomb he used, a 
small error to temperature measurement to the 
eulerlmeber , 'results to a large percentage error 
to the final result* to the other bant* tee 
large a sample causes a large temperature change



to the calorimeter with its .resulting errors due 
to- e onduebien, radiation, etc*

She bomb should not' have- a m m  thick 
cross .sectIon,, otherwise a very serious tempera* 
ture gradient may exist within the sample* this 
is especially two of a material whose heat eon* 
dueblvlty ■ is low* to find the magnitude of 
gradients to toe sample, a thermocouple may be 
placed In the- center and another mb the edge of 
the sample*. If toe difference of bemperabure 
b@1Batson turn, center and edge of the sample Is 
1# the resulting deviation from the average 
is- .*B# #* the error caused by this- temperature 
dif fersnee mb SQO0 &* would be *5 divide# by- 
St® or -*1$* If several tests reveal a const ant 
temperature gradient in the sample, lb should 
be corrected 'fop*

s s m w  taB sm&Bt

Probably the most common error and 
the one most- difficult bo combat to specific 
heat determlnationa. Is due bo targe tempera* 
ture gradients to the heating Chamber of the 
furnace used* In a smalt or poorly Insulated 
tornado a gradient of from 10# to lb#' &-* over



10# gradient at Mm-* 
error' o f  about ut will -.result* t o

of one per mille it is necessary
to  keep the gradient a t BOO*5 less  than ̂ 1#*

of a long heating butse*- If In aa 
►.* the heating chafer 1# the 

center Bm with, the 6” ends of the tube steppe 
irtes of insulating plugs, a ' 
of less than I# at 

chamber should be

,  such as sllve%, can



m

..Mm rnmm

She ilmtl method of specific. beat 
deterado&tion is based upon the . of
the heat absorbed bf too earn ole while 'It ,4# 
being heated* Heretofore M s  method has 
bean employed chiefly for very low temperature 
■wenr Mr ha# net- been developed for determinal- 
tlons at high temparatares* At 'the preseat time 
Interest Is derelopLag la. the direct method so 
that it .is' probable that ■ in the Inters this 
method will he giren more' attention:*' ifmdonbbediy 
if suitable apparatus is. designed this method 
is capable of greater speed. and aeoorscy than 
the drop method* .■

1he. sfparsbns for the direct method 
is mcnally designed so that the sample is sas~ 
penied la. as near.a racanm as possible* fhe 
-cwtttss is to redace conviction of heat a& mach 
as possible* the sample can he heated by m 
small resistance coll te or aronswi the nhteown* 
Ih# of the: sample Is measarea. by
either a aingi# or msilt.ijuaciion thermocouple*.
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a m m m m n  m & m *

A. fairly simple apparatus for ©easnr* 
tag specifi© heat dimetXy comM be easily stad© 
of Worn? concentric spheres which could be 
. ©vaomaied* fh© c enter sphere to contain the 
sampX©,. boating ©on*- anst thermocompl©,, wouM 
bare to bo mad©: of some material a neb as 
platinUBs ao that it f«sl4 re alst corrosion and 
high temper stores. Since platinum can be
highly polished the central chamber-would 
reduce the radiat ion* lb© second, and each 
succeeding sphere, should be made Of materialf
which can he polished* 4 material Xik© nickel 
w m M  do- very well for the outer spheres*' if 
four spheres is all were used this should re** 
due© radiation and conduction sml^icienkXy*

the eonstrustion -of this appamtus 
would ref mire very careful work because the 
spheres must he so made that they could he 
evacuated* Bo that the sample could he re* 
placed, the -spheres must 'he. in halves and f ixed 
m  that they could he tightly sealed together*



feme- eorpliesbiom would arise 
were ©ad© to brl%, necessary thermocouple and 
electrical leads fro© the .central sphere to 
iBSbmnseiits on the outside* While this ap~ 
pmra-feue appears to be fulto complicated, it 
should not be toe difficult a- task for- an 
ingenious faaehtoist*

fh© eaXibrati on of apparatus of this 
.sort is very important. Only by a very ©are* 
fill calibration under conditions of use can the 
constants of the instrument be determined* An 
sgmtlcis which would give the tost ©« 
the -€©vi#%. minus the sample, 
over- the temperature range in which it would 
be used, would be necessary*.

granted, that the apparatus crudely 
described above could 'be built- ant calibrated. 
It would be possible to take measurements at 
successiire steps of say 10° 0. ffeii would 
allow the experimenter to determine .rapidly 
the specific heat at short- intervals and thus 
locate anomalies easily*- When the drop method



1 m used, a large of dotermf nat ions is

.necessary to locate the tosiperatur© at which 

an luaomly,; occurs*



In many eases large errors creep Int<
precise work as the result of a

personal factor of the experimenter* About th* 
only way be determine if such errors exist and
locate them If they do,, is to repeat a
tion several times, varying the procedi 
part at a time* By so doing it is possible to­

st. fault,* It often happens- that 
the procedure slightly, errors 
suspected are brought to light

uir*

are the most important in' the
a careful calibration 

practically all of the systematic and constant 
errors m  be eliminated.* Whom, for example, 
a, resistance thermometer to be used in an ■aneroid 
calorimeter is being calibrated,, it should be 
exactly the same position in. the calorimeter am



it will be when In mm* thus if there is a lag 
between, the ©alorijaeter mud the thermometer 
windings, the thermometer calibration will haw 
this taken into ac e oust * the s ame holds true
for the- determination of the water' equivalent 
of the- calorimeter* St the piooodure for the 
debe»iBabi©n of the water equivalent is similar to 
that followed when the calorimeter is in use, 
■errors like radiation, ©©eduction. and beat lags 
will he taken ini© account ' automatically*
Particular ait* nt i o a . should be given the matter 
of ia:-.oalihratioaa* fhe same amoaat̂  ©f
time should, -he allowed for equilibrium conditions, 
a©' will he- allowed whoa a deteiwiaatioa mm mm 
unknown Is being im» Since errors like 
radiation and conduct ion -are a function of. time, 
any difference between the times of calibration 
and -the running of an unknown will Introduce 
these errors. into- the final result*.

SXXXMte

She- time which, should, be- allowed during 
each atop #f a determination cannot be arrived



different from other like instruments*. fhe 
beat way to arrive at- the timing to be f ollowed 
M- to obeerre the apparatus under- operat ing 
condlbietis* the time necessary for et|ui librium 
to be established, provided it 4a not 
in that which abbuM be allowed during a 
mtnablen* If the time necessary to attain

#tmi in toe long* it would be- better to  

of the apparatus ee that bisfs 
delay nan be eliminated* It. would be well be 
state here that while simplicity of 
desirable* it is better to have 
■explicated -construetion but 
opemticn than, that of simplicity of construction 
but complicated of operation* Baring arrived 
at the timing to be used,, it should be Allowed 
closely in each deb ermine tlon*

determination at least once to against
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wm- blunder In reaehl ng or record log data* If  

%he- two &etem£&e££.om are In close agreement 
wife each olheî tbê  arerage may be used*. Ip 

rw a large number of debern&nafclcas to preclude 

bhe possibility of m  accidental' error "is. often 

h. waste of time, because the same man Is apt 

to make the same mistake owr and orer again* 

Ewsn graxrting that no constant error Id being 

made, tbs repetitions of a reading orsr four 
or fide times do not greatly increase Its 

precision* frem a st-ddr of the laws of 
probability it is found that the precision 

of the several quantities Increases directly 

as the square root of the- number of - ohaerra- 

tionê v fhtis if  .the mean of three readings 

Is taken, the addition of a fourth only- in­

creases its paceeieS&a byt 

\/4T .***. V~W~'& g.***. JUff38. ■&■ about isgf

If this Is further carted on to 

fire readings, the increase of the precision 

would b#t

\A¥ 1.732

1* Practical beast Squalls* <» belaud



It would be mUQU better to have & 
SeCotiMi experimenter. go ttomigh the &e&@$&Ln&tion*- 
If the & m &®i peracm checks the results of' the 
■ftrsty tMa Sb«M be sufficient assurance that 
no accidental error has been made*
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iHte data on specific heat* as obtained 

wmally consists of a series 
of' yalnes of the total beat liberated from a, 

noil- weight of material as it tools from an 

initial temperature <*♦ » to some reference

pointy nsnally ® or- d* to this fem  the 

infomation Is almost useless as it consists only 

mines.# fo be of practical mine the 

be w&s&ed into an equation from which 

the specific heat at any besipensfeore can be 

found# the usual .form of the equation expresses 

the specific heat a# a linear function of powers 

of. h (temperature),

:f he method: here employed to- - derive an 
equation from the data Is known as the "Method. 
of ,heast- Squares0 * fhe Method of beast Squares* 
/while: more laborious than other methods/*. yields- 
an. e«psbiom closer' to the data than any -other#
A detailed description of the method of forming 
the eipiatl.on can be found. In •* "Practical beast 
Bqn-ares" by he land.



V  Is mm average haste capacity to eatoi*tos
pea? g*»&& par dagre# ftom f*1 t# t0 0*

#t:» to tomparatore to €$gr$em $♦

to . t
<»» .1850 100 (I)
<2} .1868 MO (II)
(3) .2006 200 (1)
m ,20® 250 (I)
m *2188. 300 (11)
(6) *2228 400 ttt
m .2379 500 till>%, -Jp

(8) ,2839 550 in)

D a t a  f r a ©  H a t o s s a l  •

Seto^^ift Far toorganlseM Had
0 hernia, Vol.*. 116, * *  71 ~

Bata fra© W* P. WMto
teertaaa loumal of Science



Worn of the
"kt**- a 4 to t 4 c

Substituting the values of h and t to the elation 
and rearranging the terms:

1 * jgt# » 0 b *  * m a i ® * ■ * 1 8 6 0  «  0

0 # a 4 l i o b * # 1 8 6 8  *»  0

5 *  . , s 4 B O O b # * 0 0 0 0 2 5 v ♦ 2 0 0 8  -«s 0

4 *. • a . - # 1 5 0 b 4  * $ O 0 0 1 @ $ ■ mem- * 2 0 ®  *$ 0

a . a  4 ■ m m 4 * G O O O l i l C m » * 2 1 8 0  « ■  0

8 * ; a  -4 m m 4  # 0 0 0 0 0 6 2 5 0 m*. * 2 2 2 f  «* 0

t . a  4- m m * * 0 0 0 0 0 4 0 0 0 - 4m * 2 3 9 *  *  0

©:* a  * mm 4  * 0 0 0 0 0 3 3 l e •HP * 0 4 8 0  *  0

letting. 100*000 *• l e  and * to
1*.- .s;4 l*0 b* 4 1 0.000c* ■4*- ,1850 5SS 0

E*,: a * l*0b* 4 3 0 *0003* .1868 •« 0

5 * a .4 0*§b* * -2 «800O* w m .2006 S» 0

■4*; e ' * 2 «3t>-* 4 1 *6000* **» .2068 * 0

5 * ' >i£ + 8*0b* 4 1 .111c* *2168 * 0

6 . a' 4 4 .0 b* 4 0 .625c* ■wtm .2229 0

f* a 4 5 .0b* 4 #*4000* '■mm* .2579 *  ■ 0
8* a 4 6 .,§b« 4 0 .551c* *2439 * 0

{3»| Recommended by Obas*. 0. Malar and K» &* Kelly 
Journal of the Ammlom Chemical. Society*
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SOL0IIO8 OF KOWfifc E4UA7I07S

4
IS

6
I I I

a b* •O'* 1 3
♦ 8.0004 24,000 

+ 92.500
■i

♦ 20*56?
♦ 38* 653 
210*706

* 1 *700?
• 8,8629 
- 5.1065

+56.8663 
*149,7901 
+ 270.8185

+ 92.500 
* 72*000

* 38*.0&$ • 5.3629
* 8,1021

* 149,7901 
•170,8989

* 20.500 -41*#4S • 0.2608 21.8088
# 2M*?0i
—#3*250 * 5.6480

». 0,8221

* 270,8183 
•191*8330
• 43,6612

85*2?? ♦ 0,0194 ♦ 35.2941

I  at * % *  *  X

2 +  4

x ^*—2 6 .5 6 7  =Xx (_ s .52

„ 4 4 1 .0 4 8  . I I  x  11 X2075KT® + 2.002
8+ &♦ 6

b*

■:SS *»*01#4 ^ .jgSB7SW “ *
_ *2606 **•- • 021250„ — -- -207B-- 4 23822

*
.  -2 4  fe* -  26*307 o* 1*700?
U  LJL J . I  ."..mill i n . . . . . . . . I .IT I . . . " . K n ' r - i j U f . r r r : . J T . u n r  t . m . . ■ ; : i n n m  i.--

*h* li|§§£ * *1704

S1*30-9 O 100.̂ 000

anst b ** 
b * oar 1*16 x X0~4



Snhctitetiiifg the values of a* b and qm the e<pation 

h ■« .1796 * 1.16 x 10"% *•
the ■mqmmt'Mm fer -at car lent

lemp*. in are* Sp* St* Xnstant*Sp* Ht* Piff* tetweem Fere*
%*t from 0**t 0* |ehserred.| at t ®0* {0ft3tmaa£«d}

and calc. 
>>

Deviate

0
ii II

mimm

PI

*00 .1859 . *mm- ***» .*0002 ,i$
so© .2006 «£0L4 4 *000© .4$
£30 *2063 *20?? 4 *0009 .4$
980 *<23. OS .*m§s ■***■ *0030 1*4$
400 *2229 *223? 4 ,*00t© 1.3$

*23?4 ■****• *0003 . 2/j
§10 *mm *©432 — ■ *000? *3$

mmm

fits- the $

that the. data from which the equation wee 
two independent 

work clos el̂ r*
a



ll ** .1796 * 1.16 x 10"4 ft » 55 ft"2
la t'0m  the which will yield ins t ant anecrna

aped fie heata which &j?e used in themo^namie ealcuia* 
tieaas

cp a _a|^

H *> ht *■'. ,1796 ft ♦ 1.16 X 10~4 ft® -55 ft**
M  £f e x*entiating:

e ** .1796 * 2 :* 1.16' X lcf4 ft « (-1) 88 ft*®
■P

Cp m .1 7 9 6:+ 2*52 x 10*4 ft + 55 ft*®
Oesputtag the valmea ot fax* various temperatures t:

l&&t&iit*8p* lit* 
|Oalcmlahed|

©F
*3$9$
*2080

*2808 
*2498 
*2f2f 
*2988 
*@0? 4



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 resis­
tance thermometer hed been built, they were 
found to be too crude to yield results of the 
desired accuracy* 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 work. 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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