
III considerillj!; hClLt e!Tecls upon Lhe 
di!TercnLinl COli pie, t.hc equation:; of heat 
Imlnllre employed hy I\orehnnlt and 
]):Uli('h~ I\\'C \11'41'(\ (li), 

Cp"d'l'2 = 1/1/ + /\,('1'8 - 'l'2)dt (I) 

C""Il'l', = /\ ,('I'a - 'I',)dt (2) 

'1'" ']'2, awl '/'3 ILI'(~ lplllpeml,III'(':; of lho 
I'l'fl'rPIH!e lh('I'rnol'ouple, I'lLlllple 1.IH'l'Ino
coupln, and ail' Imlh (flll'lllWe l.lHmllo
I:ouplc), n'spI'I:\,ivnly (Sl'(, 1"ij!;lI\'e I), 
C,." iH 1,1\(\ \J)t.nl hml, 1'ILIIIL!'it,y of I,hn 
l'ef('I'(' I1l'O lh('I'mol!ouplp (ilwilldillj.( Clip) 
ILlld Cp " iH Lhe t.oLILIIH'lLl elLplLeil,y of lho 
llll'nsurilll( t.hl'l'nH)('oupll~ ineludillj.( Clip, 
The ILhsolule vld\l(':; which will be oh
t.ninl'(\ ILI'I' (\('Pl'lult'lll, IIpOIl the l'!Teds of 
thpl'IllO(,Ollpll~ KYIllIlH't.ry, size, IUld Rhnpll 
of HlLmple l'olll.ltilH'rH ItIHI flll'lHwe, wlH'n 
t.hl'se vl\rilLhh'K elLll he mdllcnd t.o eOIl
/0/ I,ILII t. R ILK ill II fixpd sY1'I1 ('Ill, 

I';qllllt.ioll I shOIl'K t.hlLt. ILlly illl!l'l'ltHIl 
ill Pll!lllllpy of IllI: SILlllpll' sidp of I,ho 
dilT('I'('1I1 ill,l IIH'1'1ltll1'u1lp11' iM dill' 1,0 !.IHt 
Inl"LI 1'1I1,llItlpill I'ITI'I!I,1'4 of /o/lLmplo pillM 
I,ho hl'lll, 1,I'llllsfl'l'I'l'd t.o !.IH' 1,IH'I'nHH!ollplo 
by Lhll MIII'I'OlllllliIlW~' 1':qlllLt.ioll 2 111'
/o/(!rihI'H I,ho l'1I1,llIllpill dT('I',I,K Oil I,ho I'Ilf
(m'IWO Mid(! ('xI!l'pl, I,hnl, I,hn Ii If l.rl'm iH 
IlI!l:l'I'IHI\I'ily 1101, pl'l'Henl" /\, iH Lhe h(~ILL 
t,I'ILIlSfl'l' (!ol'fIil!il'llt, fOl' \.IHt HILmpio 
(1I1()(LHurilll() thel'lTlol:ollp'e ILIld /\, is tho 
IlI'nt tmlll;fel' coeHieinnt for t.he I'eferenee 
sidc, 

The as,'1l1lTlpLions govel'llinp; the 
validity of t.hese eCfuationR t.o the 
prct;cnt syst.em al'e: t.he difTel'ential 
thel'lnoeouple:; nl'e fixed; a Hrnnllliamplo 
size iK cmployed; the HlLmple doeR ' not 
have \.0 he diluted; Lhe r<ltlllple holdcl' iR 
1'lLpahle of ITIlLillt.ILillinp; evell hcal 
'dist.rihllLion (!ollsist,enL wiLh Lhe 
denlltn(\s of Lhe tcmpcmtlll'(l pt'o
p;l'!unmcl'i nnd lilH'ILI' hentinj!; mt.es from 
one rlln to the next cnn he renlized, 

There nrc t.wo Hitlll\l,ions which we 
mllKt consider-the abscnce of 1\ sl1lnplo 
mHI t.hl~ pt'1'1'('nce of a f;nmple, Lei, WI 

coilsidClI' t,hc fil'Ht. eLLi>C where a Amnple iR 
not pl'esrllt. in the (!olJta:nel', J n thill 
instance thel'Cl can he no heat evoluLion 
01' absorpLion except Lhat due to slightly 
different heat capacities of Lhe thermo
couples and empty containers caused by 
symmetry and size considerations, 

Then, any change in base line from 
the horizontal due to differcnces in heat 
capacity may be expressed as: 

Cp"dTI 

[(,(Ta - T2)dt -

[(,(Ta - T1)dt (3) 

where Cp"dT2 - C""dT, = CpdT 
and C" = heat capacity of the system, 
[(, and [(,, the heat transfer coefficients 
from Ta to T2 and Ts to T

" 
should be 

equal even under dynamic conditions 
providing linear reproducible program
ming rates exist, thermo.l gradients with
in the holder are absent, and the total 

I" +---- I ~ ----+ 

Figure 1, Sample holder 

T, ~ Roforonce temperoture 
T, ~ Somple temperolure 
T, - Air bolh temperoture 

hmt c'ltpa('iLy of t.h11 ail' l)(1t,h iH lIIore 
t,han Hllflil'il'nl, I,r) pl'Ovidn 1,llI! t.IH'l'mlLI 
enl'l'J,I;y I'('qllil'l'd to nlllin('ain nelLrly 
eqllilihl'illm conditiolls within the 
/o/YHI,('m, 

H('lLl'I'lLtlJ,l;inJ,l; ECfIl(Lt.iotl a p;iv '1'1 

C" rI'l' - /\ ('1'1 - 'f'2)tlt (") 

wh!'r!' I,' - A", - K, pj II 

'l'hiH iH 1,1'1111 pl'lIvillinl( t.ho p\'(lviollM 
(MiKllIl1pl,iollK ILI'('. 1,1'11('. Itnd /\, ILI1(\ /\, al'll 
t.l'lllpC'mllll'(' illdl'(I('IHlotlt ovm' t,he 
1,('mpot'lLI,III'(! mllp;(~ of inl.crest (dT), 
Tid:; iH i IIdeml trllCl !tR will bo I:!hown 
later, 
'l'hufl Eqllat.ion 4 hecomes 

C,,(w/t'J' "rlm fl 11'1) = 
J(T) - T2)dt = . 110C 

, dT C,L " (5) 

where 

[( helLL t,mnsfor coeHi-
eielll, of Rystcm in 
eltl./mm,2, 

OJ> heltt en(>lLCit.y of sys-
I,em ill cal.;oC. 

dT t.em pemtlll'e mngc of 
intereAt. 

(T) T2)dt = 6Tdt; and over a 

f
to 

t 6Tdt 

t.ime illwl'vnl, !'my 

t" 

= I\I'C'IL encompassed hy 
ba 'e line curve and 
constructed hori
zontally, measured 
over tempero.ture 
ro.np;e of interest, 

The [( value does not incorporate 0. 

time-tempero.ture function since the 
chart speed of the recorder and the re
sponse of t.he DC amplifier and reco rder 
were considel'ed fixed, 

We now consider the second case 
whel'l' !\ ~ampll' has been placed in the 
proppr ('(lHlainer and the enthalpie 
effect~ lI'ill be I'cgistered on T2 which is 
one side of the differential couple, 

We now choose a time (temperature) 
interval where dH = o-i.e., the heat of 
transformation is 0 because the sample 
is not undergoing a chemical or physical 
transformation, Thus, the equation 

describing the heat capacity due to thc 
presence of a t;am ple is identical to 
ECfuation 5, By evahmtinp; Equation 
5 without RI\mple I\nrl HllbHcqllently with 
R/\mplo [Lnd RllbtmetinJ,l;, tho heat capa
ci ty of the Ram pic iM 

(J p s= C 1'(w/o "'"11,10) - C P(w'l",n"I,,) :::a 

(Syst.em efTeets) - (System + 
sample e!Tects) (6) 

!(6Ttlt K6Tdt 

- d1' (,,/n """,10) - dT~I"/I.ml'I') 
]( 
dT (6 Tdt) .... "". \0 .. mpl. (7) 

Bill, there [Lrc thermal e!Tect.R within 
t.he !lample, ThrollJ,l;h t.he RIUTlple itHClf 
II thl'rtlllLI 11Ip; OCCIII'H nnd t.he rate at 
which heat iii I'ceeived hy tho mCILlmrin!( 
~ide of t.ho cli!TC'l'l'ntinl COli pie hecomr.R 
hiJ,l;hly dopl'lHI('III, IIpon HILlllplo Hizo, 
h('ILI,iIlJ,l; 1'111.(', ILlld t.1\(' 1,11('1'111111 difTIIHivil,,Y 
(a) of t.1\(' Mltlllpln, 'I'hn 1111( nxplwil'II(!('11 
iH PI'('I!iHl'ly why t.Iw HPI'piliel h('ILt (:1111 IH~ 
nH'ILHIII'(l(\ Milll!ll it itl dHLI'lL<!I,[Jl'iMtic of 
olLl'h \l1lL1,I'I'iILI. 

'J'hornf01'( , ~vo lllusL take inLo [LecounL, 
thormal ofTectH wi t.hin I,ho RlIlllplc unl\ 
eonHiclol' I,ho difTuf!ion ofTect.s by mcntH! 
oC tho following equation (10, 10, 92). 

where 

dT 
dt 

k 

dT 
dt 

(8) 

ehlll1f,!;e of t.ernpemture of 
sample with respect t.o timo 

thenllal conductivit.y of sam-
ple 

p = dellsity of slLInple 
C ~ = specific heat of sample 
d2T 
dX2 = rate of change of the tempern-

ture t.hl'ough the !!lLmple 

The avcmf,!;e hCllt capal:ity of the 
f:\ample can now ho defined by IlOlving for 
C p in Equation 8 and adding to Eqlla
tion 7, 

- dt k (d 2T) dt 
C" = K6T dT + ~ dx2 dT (9) 

(sample effects) + (sample 
thermal diffusivity effects) 

( 
k d2T) K 

p + 6Tf( dx2 6Tdt ;if 
(10) 

Allowing for sample size Equation 10 
becomes 

c - [('K(6T dt) .. c.duo lo .. mpl. (11) 
P - pgdT 

which describes the average specific 
heat of the sample. 
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