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N e wton'sLaw ofC ooling

In classw e discusseda m odelfor the cooling ofan obje ct.O ur r e asoning (andsp e c-
ulation)ledto a m odelinvolving a r ate e q uation.ThisisN e wton'sLaw ofCooling:

H 0(t)= ¡k(H (t)¡ A)

with H (t),the obje ct'ste m pe rature asa function oftim e ,t;
H 0(t),the rate atw hich the te m p e ratur e ischanging attim e t;
k, a p ositive constant(whose value de p e ndson the m ate rialthe obje ctism ade of,

the obje ct'sshap e,andthe m ate rialsur rounding the obje ct,am ong othe r things).
A, the am bie ntte m p e ratur e,isthe te m p e ratur e ofthe sur rounding m ate rial,

which isassum edto r e m ain constant.

The E xpe rim e nt
Justboiledwate r isp our edinto an alum inum cup sitting in an insulatedice bath.
The cup isim m ediately cove r edby an insulatedcap through w hich a the r m istor (a
device for m e asuring te m p e ratur e )p r otrudesinto the hotwate r.T he w hole ice bath is
the n cove r ed,with the the r m istor wir e e xte nding outside to a de vice w hich r e cordsthe
data.The te m p e ratur e issam p lede ve ry 5se conds.The r̄stte m p e r atur e r e corded(at
t= 0 se conds)isH (0)= 84:98±C .E m p irically,the neta m bie ntte m p e ratur e (taking
into accountboth the ice bath andthe air above the ice bath)isaboutA = 3:5±C .
W e assum e thatthe a m bie ntte m p e ratur e r e m ainsconstantove r the course of the
e xp e rim e nt.

1.W hatdo you think the gr a p h of H (t)willlook like for t ¸ 0? Sketch your gr a p h
below. B e sure to m a rk the initialandam bie ntte m p e ratur eson the ve rticalaxis.
E xp lain your r e asoning,using the rate e q uation m odelandyour p hysicale xp e rie nce
with co oling obje ctsasa guide.

(A sthislab isp rogr essing,w e willbe conducting an actuale xp e rim e ntunde r sim ilar
conditions.)
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W ith your lab gr oup ,go to the com p ute r andop e n the E xce lsp re adshe e th:/Math
Courses/Math110/Wk03F00Lab.xls. The r̄stshe et,labeled\Data," liststhe r e corded
te m p e r aturesH andthe tim est atw hich the y w e r e r e corded. Use the Cha rtW izzard
in E xcelto p lotthe gra p h of H (t).(Use the sam e p rocedure for constructing p lotsyou
le a rnedin lastw e e k'slab.Save thisasa se p a rate she et.)

2 .Com p a r e thisp lotwith your p r ediction in 1.above.Isthiswhatyou e xp e cted?

Estim ating the Par a m e te r k in the Model

A ccording to N e wton'sLaw ofCooling,

H 0(0)= ¡k ¢(H (0)¡ A):

You know the valuesofH (0)andA.In fact,

H (0)= A =

3.IF you hada value for the initialrate H 0(0),how couldyou dete rm ine k? Show your
work,giving a for m ula for k in te rm sofH (0),H 0(0)andA.
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R e callthatwhe n the gr a p h ofa function isa straightline,the r ate ofchange ofthat
function isjustthe slop e ofthatline. N ow,e ve n though the gr a p h of H (t)isN O T a
straightline,itclosely ap p roxim atesa straightline ne a r t= 0.To se e this,use the Chart
W izardin Excelto look atthe gra p h ofthe data on the tim e inte rval0· t· 30 se conds.

4.Discusshow you can use thisdata to estim ate H 0(0).State your r e asoning below and
give your estim ate :

5.Use your estim ate for H 0(0),your for m ula for k,andothe r inform ation you alr e ady
have to give a num e ricalestim ate for k.(R e m ark: You m ay assum e thatte m p e ratur e
data isaccurate to thre e signīcant̄ gur es,with the fourth ḡur e som e w hatunce rtain.
A ccordingly,you should,in p rincip le,ke e p only four signīcant ḡur esthroughout
your calculationsin estim ating k.)W hatUN IT S doesk have ?
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A p p r oxim ating the Solution ofthe Model

6 .B e gin by w riting outthe fullinitialvalue p roble m m odeling thisco oling cup ofwate r,
l̄ling allp a ra m ete rsfor w hich you a r e give n or have estim atedvalues.

7 .You shouldnow be able to l̄loutthe r̄stline of the table below. Discusswith
your gr oup how you a r e going to l̄loutthe se condandthirdlines,the n do so.(Use
¢ t= 10 in e ach case.)

t H (t) ¢ t H 0(t) ¢ H ¼ H 0(t)¤¢ t
0 84:98

Have your table che ckedbe for e p r oce eding.
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8.The p rocessyou have be e n using isve ry sim ilar to thatyou usedin lastwe e k'slab to
p r oduce a p ie ce wise line a r a p p roxim ation "Using Slop e s." R e callthatin thatp ortion of
the lab you w e r e give n an initialp ointanda for m ula for the slop eson e ach subse q ue nt
p ie ce .In the w ork you have justbe e n doing,whatisthe initialp oint? W hatform ula
a r e you using to getthe slop e s?

9.Go now to the se condE xcelshe etin thislabsworkbook,the one labelled"Model."
E nte r a p p rop riate valuesandform ulasin ap p r op riate cellsto cr e ate a p ie ce wise line ar
a p p roxim ation to the solution ofthe m odelby the "Using Slop es" m e thod.Use the
ste p size ¢ t= 10 throughout,ande xte ndthe table in the sp r e adshe etto a n̄altim e
of2 6 90 se conds.

10.Use the Cha rtW izardto p lotthisap p r oxim ation togethe r with the acualdata from
the r̄stshe et. Save thisp lotasa ne w she et. Com p a r e these {how goodisthis
ap p roxim ation?

11.Im p rove your a p p roxim ation by re p e ating thisp ro cess,using a ste p size of ¢ t = 5
inste ad. Use the Cha rtW izardto com p a r e thisap p roxim ation with your p r e vious
ap p roxim ation.Isitsignīcantly bette r?

12 .Ifne cessary,cho ose e ve n sm alle r sizesfor ¢ t untilyou ar e satis̄ edthatyou cannot
signīcantly im p r ove your a p p roxim ation.Use the Cha rtW izardto save your best
result.A lso note w hich ste p size you use.

SA V E YO UR W O R K O N DISK E TT E !
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Pr e p a ring Your Lab R e p o rt

Your r e p o rtshouldconsistofa cove r p age with the title ofthe r e p o rtandthe na m es
andsignatur esof your lab gr oup m e m be rs. A lso indicate your Lab Se ction.E ach
p e rson (in a gr oup ofthr e e )shouldcom p lete a r̄stdraftofone ofthe thr e e p a rts,and
the gr oup shouldm e etto r e adanddiscussthese draftsbe for e subm itting the n̄alre p o rt.
The n̄alre p o rtisDUE IN N E X T W E E K 'S LA B.Grading willbe C r edit/N o C reditwith,
how e ve r,a high standardfor r e ceiving cr edit.Ifyou do notinitially re ce ive cr edityou will
have one w e e k to re vise the r e p o rtto cor r e ctany p roble m swith it.

You willne edto r e fe r to your E xce lworkshe etsfor thislab to answ e r these q uestions.

Part1

State the initialvalue p roble m you workedon in thislab. Include a com p le te e x-
p lanation of how you estim atedthe p a ra m e te r k. A lso discussassum p tionsbe hindthis
m odel,how r e alistic the y ar e,andany othe r lim itationsofthe m odelthatyou think m ay
be im p ortant.

Part2

Ca r e fully e xp lain the p ro cedur e you usedto obtain p ie ce wise line a r ap p roxim ationsto
the solution ofthe initialvalue p roble m .W hathap p e nedasyou de cre asedthe ste p size ?
How w elldidthe m odelaccountfor the actuale xp e rim e ntaldata? Illustrate your discussion
with gra p hs,ifp ossible.

Part3

You m ay susp e ctthatthe m odelsolution or the e xp e rim e ntaldata (or p ossibly both)
can be t̄by an e xp one ntialfunction. Use te chniq uesfrom classandhom e w ork to se e
w hethe r thisistrue,andshow allyour work.


