
Math 110 Class5 : W ednesday Se p te m be r 6 Fall2 000

N e wton'sLaw ofC ooling

Conside r a cup ofhotwate r co oling to am bie ntte m pe rture,A.(Thisisthe te m p e ratur e
ofthe surr ounding e nvironm e nt.W e assum e a m bie ntte m p e r ature r e m ainsconstant.In
our e xp e rim e nt,the surr ounding e nvironm e ntconsistsofthe ice bath andthe air above it,
with an ave r age te m p e rature ofabout3 de gre esC elsius.)

LetH (t)denote the te m p e r ature ofthe w ate r attim e t.
LetH 0(t)denote the rate ofchange ofH attim e t.

Purpose ofthe Model:

A ssum ptions:

Constructing the Model:

Conve ntion
A r ate issaidto be positive ifitdenotesan increase,andnegative ifitdenotesa
decrease.A rate ofze ro denotesno change .

IfH (t)¡ A > 0,isH 0(t)p ositive,ne gative,or ze r o?

IfH (t)¡ A = 0,isH 0(t)p ositive,ne gative,or ze r o?

IfH (t)¡ A < 0,isH 0(t)p ositive,ne gative,or ze r o?

Prop ose a sim ple m odelwhich r elatesH 0(t)andH (t)¡ A.



E xam ple
Sup p ose the co®e e isat180de gr e esandthe a m bie ntte m p e ratur e is7 0de gre es,the co®e e
isco oling ata rate of9 de gr e esp e r m inute.

2 .In thiscase,whatisthe value ofK ,the constantofp rop o rtionality?

3.Do you e xp e ctthisvalue to be p ositive or ne gative ?

4. A twhatrate isthe co®e e'ste m p e ratur e changing afte r ithasco oleddown to 135
de gre e s?

Ifthe te m p e r ature ofthe co®e e isinitially 180degre e s,anditiscooling at9 de gre esp e r
m inute e stim ate itste m p e r ature H afte r 1m inute,i.e.H (1).

Ifthe te m p e r ature ofthe co®e e isinitially 180degre es,e stim ate itste m p e r ature H afte r 5
m inutes,i.e.H (5).

Ifthe te m p e r ature ofthe co®e e isinitially 180degre es,estim ate itste m p e ratur e H afte r
10,i.e.H (10)and2 0 m inutes,i.e.H (2 0).

Ifthe te m p e r ature ofthe co®e e isinitially A degr e es,e stim ate itste m p e ratur e H (t)afte r
t m inutes.

How con d̄e ntar e you of your e stim atesofthe co®e e te m p e r atur e ? Do
the y \m ake se nse "?

O ur answ e rsfor H (1),H (5),H (10),H (2 0)etcete ra a r e e stim atesbe cause the rate at
which the co®e e coolsdown change sasit'scooling down.In m aking our estim ates,w e a r e
assum ing thatthe rate ofco oling down isconstantove r ce rtain tim e inte rvals(1m inute,
5 m inutes,or 10 m inutes.)Unfortunately itisnot!

(W hattim e inte rvalwouldgive usthe m ostaccur ate e stim ate ?)
W hich ofthe following givesa bette r estim ate ofthe te m p e ratur e afte r 10 m inutes:
(a) W e assum e H 0(t)isconstantfor the e ntir e te n m inutes.The n H (10)isobtainedas

we didabove.

O R

(b) W e assum e thatH 0(t)isconstantfor the r̄st5 m inutesandcalculate H (5)asabove.
The n r e calculate the r ate ofchange,H 0(5),basedon the ne w te m p e ratur e anddete r-
m ine the change in te m p e ratur e ¢ H ove r the ne xt5 m inutesbasedon the ne w r ate
ofchange.A ddthischange to the estim ate for H (5)to ge tH (10).

Thiside a of re calculating the r ate of change fr e q ue ntly (e ve ry 5 m inutesin thiscase )
for m sthe basisof Eule r'sMethod| a te chniq ue to a p p r oxim ate solutionsto initial
value p r oble m s.


