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   Jou
le 
was 
not the only
 
one to develop these ideas;
 simila
r
think
ing surfaced at about the same time in German
y an
d
Denmark,
 but above 
all others Joule stuck to his task
, eve
n
in the
 face
 of stony opposition
. He
 continually
 re
fine
d
his tech
niques
 and measurements, perfe
ctin
g
 his 
craf
t
and homing in on the
 elusive value 
of 
e
quiv
alence. Th
e
number
 he
 was seeking
 was
 the amount of mechanica
l
work, measured in foot-pounds, 
tha
t was required to hea
t
one pound
 of 
water from 60
o
F
 to 61
o
F (
15.56
o
C
 to 
16.11
o
C
)
When 
he died
 
in 1889 his
 
tombstone was inscribed wit
h
the value
 “772.55,” 
this being
, 
in his opin
i
on
, 
his 
mos
t
accurate 
asse
ssme
nt, achieved in 1878 a
fte
r
 35
 ye
ar
s o
f
testin
g.
 The fact that this
 is
 within
 one
 percent
 of
 the tru
e
value of 778.17
 
ft
·
lb
/Btu
 (4,
1
87 
Nm to raise 1 kg by 1 K) is 
tes
-
tament
 to Joule’s precision, 
his patienc
e 
and his eyesight.
■
) (
b
eca
use 
Joule’s 
id
eas were
 so 
un
lik
e conventi
o
na
l
thin
king, 
but he noted
 
that 
Jou
le’s
 theory
 helpe
d
exp
lain
 
some 
shortcomings
 of
 t
raditional 
calo
ric
the
o
ry and over
 the next
 four
 
years he
 convinced
himself that
 Joule’s
 reasoning 
was 
correct.
 Joule
and
 T
ho
mson sta
r
ted a
 
s
er
ie
s of
 exp
e
r
i
ment
s
to vali
date
 
Jo
ule’s
 theory
. T
h
eir 
co
rre
sp
o
nd
enc
e
exten
ded 
from
 1852
 to 1856,
 and
 Joule
 
continue
d
stirring 
and measuring for a further 20 years.
) (
first rea
d
ing 
of
 
hi
s 
th
eo
ri
es
, 
at a
 
meeting of
 
the
 Brit
is
h
Ass
oci
ation
 
for the
 
Advan
cement 
of 
Science
 in 1843, wa
s
m
et with
 
compl
ete silence
 
from the
 
audience.
 He wa
s
24 years old.
 Despite
 
this s
etb
ack
 
he persevered
 
with hi
s
expe
ri
men
ts
 into elec
troma
gne
t
is
m and hea
t,
 presentin
g
furthe
r p
apers
 to
 the
 
British Association
 in
 
1845 and
 18
47.
The latter meeting 
was attended
 by Wil
liam
 
Tho
mson
,
recently 
appoin
ted as 
Professor
 of
 
Natural Ph
il
osophy a
t
Glasgow 
at
 the
 age o
f 
23.
 
Thomson 
wa
s initially
 skeptica
l
) (
   H
e cre
at
ed s
o
ph
i
sticated
 
scientific
 
ex
peri
m
en
ts
 
th
a
t
were com
pletely
 at
 
odds 
with the received
 wisdom 
of the
establishment 
at 
the time
 
and he
 
claimed, for
 example,
to be 
a
ble to
 
measure tempe
r
ature to
 w
it
hin
 
0.005
o
F
(0.0028
o
C);
 
an
 accuracy that 
would 
not be out o
f 
place in
a 
moder
n,
 digit
al, 
science
 la
b
or
atory
. T
he 
main 
go
al
 of all
his experim
entatio
n w
as 
to 
d
emon
s
tra
te 
th
a
t 
mechani
-
cal work could be 
co
n
v
erted to 
heat 
an
d
 t
o 
establish
 the
conversion factor;
 
th
e
 so
-called “mechanical
 eq
ui
v
ale
nt
of h
ea
t.” Althou
gh
 this seems normal to us, 
it
 was 
so 
far
removed from scientific orthodoxy 
at
 
th
e time th
at 
th
e
) (
   
Jame
s
 J
ou
le
, 
th
e E
ng
lis
hm
a
n
 
in th
i
s
 
t
rio
 
o
f
fam
ous 
names, was
 born
 i
n Salford,
 ju
st 
south
-
west of Manchester, Engla
nd
, in 1818.
 His fathe
r
owned a brewery and 
Jo
ule
 w
as 
rais
ed 
and
 
edu
-
cated
 to take over the
 
business,
 being
 tutored
 b
y
John 
Dalton who
 is
 
famous for
 creating
 Dalton’
s
law of partial 
pre
ssu
res
 (
als
o widely
 used b
y
refrigeration technicians,
 w
het
her 
th
ey 
real
iz
e
) (
it or
 not
). Jo
ule 
developed a
 
pa
ssion for science, particu-
larly
 topics
 
that affected
 
his working life s
uc
h as electric
-
ity, heat and power.
 He
 was a
 
busine
s
sm
an and
 
indus
-
trialist
 
who 
pursued
 science
 as a hobb
y,
 
a
nd
 hi
s 
wealth
y
background 
a
n
d succe
ssful 
brewe
ry 
busi
ness 
provide
d
the 
means to follow his 
amateur enthusiasms
.
) (
   
Watt and
 Kelvin wo
rke
d in 
the
 
same cramped,
 old
-
fashioned a
nd
 dingy 
uni
versity 
laborat
ori
es in
 Glasgow,
Scotland, but
 
we
re 
not 
co
n
tem
poraries
–Watt left Glasgow
to settle
 in Birmingham, 
England,
 50 years before Kelvin
was 
born.
 
Watt 
and Joule’s lives
 
overlap, bu
t 
only by
 eight
months, a
nd Watt 
was nearly
 83
 
when Joule was born
.
Kelvin
 and
 Joule,
 although
 
separated by more
 
than 
200
miles, worked on the sam
e 
mathematic
a
l and physica
l
problems
 and
 had a strong 
friendship
 b
ased on mutua
l
respect and frequent letter-writing
.
) (
Three pioneers of 
engineering 
science have been immort
alize
d thro
u
gh
 
the 
use 
of
 thei
r
names as units in t
he 
SI system, representing energy, te
mpe
rature and 
p
ower. T
he
y
 
ar
e
Jam
es 
Jou
le,
 James Watt, and
 
Will
i
am
 
Th
omson (Lord Kelv
in
)
 a
nd it is
 
li
k
el
y e
v
e
r
y 
pr
actic
-
ing
 refrigeration 
engineer,
 
designer, technician and
 me
ch
an
ic
 
us
e
s 
at 
le
a
st o
ne
 
of 
thei
r
names every day of 
their working
 lives. T
he
y 
create an
 
in
teresting weave
 in
 space-time
.
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