
ing the following method. First I point out the following
facts:
l. An increase in intensity of one dB is about a 25Vo s,aln

in intensity.
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2. A 3-dB increase doubles the intensity or a 3-dB decrease
halves the intensity,
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3. A lO-dB increase raises the intensity exactly by a factor
o f  1 0 .

/ \ \
l 2 x 2 x  2 x i =  l 0 )\ 4 /

4. The ear can detect about a l-dB change in intensity
regardless of the sound level. Since the ear's response
covers 120 dB this means the ear is capable of detecting
about 120 changes in intensity. This nonl inear response
cxplains why when you walk away from a speaker the
sound appears to decrease slowly although the intensity
may be hundreds of t imes less.

The f irst three facts can be used to approximate any
dB change in intensity changes and vice versa as shown
below.

Example  l :
A gain of 26 dB leads to a gain of l0 dB + l0 dB +

3 dB + 3 dB. The intensity gain is then 10 x l0 x 2 x 2=
400 gain in intensity.

Example  2 :
A gain in intensity of 350 t imes can be broken down

to  the  fac to rs  i0  x  l0  x  2  x  1 .25  x  1 .4  wh ich  is  approx i -

mately 10 dB + l0 dB t  3 dB + I  dB + a l i t t le  r r
I  dB or a tota l  of  about 25 dB. 

tore t lxn

Then in order for the students to appreciate the
ear 's  response I  ask them to consider a smal l  speaker for
which we turn the volume up until sound is barely hgxl!'
This g ives 0 dB. We now add another speaker and increase
the volume to the same level as the first ,p"ake.. tfr.
in tensi ty has now doubled.  We are at  3 dB and th
of  sound increase could be detected.  

ree levels

When we add the th i rd ident ical  speaker we rncrease
the intensity 5O%. I tell them this increases the irtensitv
by 1.7 dB and only one sound level  increase is  heard.

When the fourth speaker is  added we get  a 33% or
l-dB increase and an increase in sound level is barely.
detected.

When the f i f th speaker is  added no increase m sound
level  is  detected.

I  then jump to what would happen i f  we l iad I00
speakers.  In order to then detect  an increase in sound level
25 more speakers must be added. At  1000 speakers 250
more would be needed in order to detect  a sound increase.
and  so  on .  F i na l l y ,  a t  t he  t h resho ld  o f  pa in  we  have  I 0 r2
speakers and in order to hear an increase in sound we nlust
add an addi t ional  2.5 x 10r I  speakers.  I  then ask them to
approx. imate how long that  would take to accompl ish.
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Newton's law of cooling

A recent art icle'  used a cup of coffee to gain some
insights in cool ing processes. The arttcle gave some much
needed attention to Newton's . law of cool ing. This interest_
ing and, as we shall see, easily observed phenomenon is a
much neglected topic in first year heat studies.

Newton found that, as long as the temperatures were
not too extreme, the rate of cool ing of an object is direct ly
proportional to the differences between its temperature and
the tenperature of the surrounding region. In equatton
form, if

Z(r) represents the temperature of an objecr ar any
time r.

Ts represents the temperature of the surroundings,

To represents the init ial  temperature of the object,
and

Chandler M. Dennis, Jr.
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x reptesents the temperature changc constant
(measured in reciprocal seconds);

then

T( t )  =  T"+  (To  -  ' f  
Je  

Kr  ( l )

Newtonian cool ing represents the combined efiects of
conduction, convection and radiat ion.

Unfortunately, the cool ing law has a very low profi le
in college physics courses. Typicatly, it is either completely
omitted2 or appears in the problem section of physics
texts.3-6 Discussions on applications of ordinary dtffercn'
t ial  equations?-1 I introduced me to the topic and these
texts are st i l l  the best place to f ind a relat ively compiete
discussion.

The rather simple experinrent I  am about to describe
has at least two appealing aspects for f i rst-year students
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(and their  instructors) :  i t  works and the equipment is  easy

to manipulate.  Each two-person gloup requires a stop-

watch,  two thermometers,  a hot  cup of  cof fee ( the machine
yenclors around here love my physics sect ions) and a l id

for  the cuP'

One thermometer is  requfued tq record the ambient

tef lperature;  the other moni tors the cof fee's s low sl ide to

thermal  equi l ibr ium. When the thermometer is  p laced in the

6offee ( through a hole in the l id) ,  s taf i  the stopwatch and

Qnportant)  record the maximum temperature registercd by

the thermometer.  Consider th is temperature to be the

co f f ee ' s  i n i t i a l  t empe ra tu re  [ 7o  i n  Eq .  ( l ) 1 .

Af ter  exact ly  f ive minutes,  the temperature of  the

cof fcc is  recorded and Eq. ( l )  is  then solved for  x,  the

tenrperature change constant .

Once x is  deterrn ined -  and i t  usual ly  takes about

lwo rn i rutes ' -  the students are reclu i - red to predict  the

cof fee's temperature at  the tcn minute nrark.  The very

accurate predict ion appears on their  calculator  d isplays

with about th i r ty  seconds to spare.  The quant i tat ive sci -

ences always win a convert  or  two af ter  th is exper iment! l
The presence of  a l id  for  the cof fce cup appcars to

make the cool ing condi t ions somewhat less than t rue-to-
l i fe.  I t  is  rmportant  for  one to re 'a l iz ,e,  howcver,  that  l id-
less heat  loss is  achieved through the act ion of  two proc-

csses:  Newtonian cool ing (predominant ly convect ion f rom
the surface) and cvaporat ion. l2 Thc ratc of  convect ive
cool ing is  proport ional  to ( I  -  I . ) ' ,  where 7 and I"  are
as previously def ined and n is  not  general ly  equal  to l .  For
natural  convcct ion ( i .e. ,  the s i tuat ion in l id less cool ing) r
range s f rom l  3 to 1.6r3 ;  s ince our mathemat ical  rnodel ing
assunres that  the cool ing is  d i rect ly  proport ional  to t l re
tenrpcrature di f ference,  that  is  n = 1 [see Eq.(2)  belowl  ,  i t
cannot accural .e ly descr ibe the tenrperature decrease.  The
l id rnsures that  the cof fee wi l l  not  cool  by convect ion or
cvaporat ion,  and so Eq. (1)  becomes an ef fect ive tempera-
ture Jrredictor .  [ t  should he pointed out  that  Eq.  ( l )  can
also descr ibe the temperature s l ide of  a l id less cup under

Jorcet l  convect ion,  s ince in that  case n = l l .
I  have descr ibed an obscure yet  potent ia l ly  very

f lex ib le exper ience ia f i rs t -year physics.  This exper inrent
can be benef ic ia l  to several  d i f ferent  types of  students.
As dcscr ibecl  abovc,  i t  a l lows students i l l  an algebra-based
course the opportuni ty to obscrve a decay s i tn i lar  to that
of  a radioact ive substance and to " tone up their  natural  log
ntuscles."  The exper i r rent  could a lso serve as an introduc-
t ion to d i f ferent ia l  equat ions for  more advanced students.

Expressing Newton's cool ing relat ion quanti tat ively we
h a v e

d T
-  = - x ( T -  T )  ( 2 )

U L

With th is equat ion as a star t ing point ,  one could

demonstrate the basic techniques for  the solut ion of  th is

typical  f i rs t  order d i f ferent ia l  equat ion.  Solut ion of  th is

equa t i on  resu l t s  r n  t he  appea rance  o f  Eq .  ( l ) .  Rush  t he

students to thc cof fee machines and thcn into thc lab where

Eq ( l )  can be examined empir ical ly .  The rest t l t  ot  th is

at tack gives your students a g l inrpse of  thc re lat ionship of
phys i cs  t o  r ea l i t y .  F i na l l y ,  s t uden t s  w i t h  compu te r  sc l ence

backgrounds could probably devise some graphic and

intr iguing of fshoots.
I  should point  out  a possib le "negat ive" aspcct  of

th is exper i rnent .  Students who eventual ly  go f ront  th is lab

exper icnce into the American labor force,  may very wel l

fornr  the tough crore of  a mi l i tant  work-schedule revis iotr

rnovement.  Af ter  a l l ,  they wi l l  be wcl l  aware that  manage-

ment has been short-changing labor for  years:  ten minutes

is def in i te ly not  enough t inre for  a cof fee breakl  I  I
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