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Some W a r s in Science 
ADDRESS BEFORE THE SOCIETY OF COLONIAL WARS IN THE COMMONWEALTH 

OF PENNSYLVANIA, NOVEMBER 2 7 , 1 9 0 3 

by 

PERSIFOR F R A Z E R 

IN t h e h i s t o r y of t h e w o r l d t h e r e h a s n e v e r b e e n s o g r e a t a 
c h a n g e in t h e c u s t o m s a n d t h o u g h t of m e n a s a b o u t t h e 
e p o c h w h i c h h a s b e e n se t a s t h e l a t e s t a t w h i c h o u r 

a n c e s t o r s a r e p e r m i t t e d t o h a v e d i s t i n g u i s h e d t h e m s e l v e s 
suff ic ient ly t o qual i fy t h e i r d e s c e n d a n t s for m e m b e r s h i p in t h i s 
S o c i e t y ; a n d I h a v e t h o u g h t it m i g h t b e i n t e r e s t i n g t o c o n 
s i d e r s o m e o f t h e m o t i v e s , m e t h o d s , o p i n i o n s , c u s t o m s , a n d 
e q u i p m e n t of o u r fo re fa the rs , a n d t o c o m p a r e t h e m w i t h o u r 
o w n . 

I t wi l l b e g r a n t e d t h a t a m o n g t h e a r t s w h o s e f u n d a m e n t a l 
p r inc ip l e s h a v e b e e n l eas t r e v o l u t i o n i z e d s ince t h e m i d d l e ot 
t h e E i g h t e e n t h C e n t u r y , is W a r — t h a t g e n t e e l a c c o m p l i s h m e n t 
w h i c h o u r A s s o c i a t i o n c o n s e c r a t e s , a n d in w h i c h s u c c e s s 
is t h e u n i v e r s a l l y h o n o r e d p a s s p o r t t o w e a l t h , f a m e , a n d 
e x c l u s i v e s o c i e t y . N o i m p r o v e m e n t s in a r m s o r t ac t i c s wi l l 
eve r m a k e m e n f ight m o r e b r a v e l y t h a n M a r l b o r o u g h ' s a r m y 
a t B l e n h e i m , y e t w e h a v e e x c e l l e n t a u t h o r i t y for t h e bel ief t h a t 
n o t o n e in t e n of h i s E n g l i s h c o n t i n g e n t h a d t h e s l i g h t e s t 
i dea of t h e o b j e c t of t h e w a r , n o t t o m e n t i o n t h e s t i l l m o r e 
difficult p r o b l e m of M a r l b o r o u g h ' s rea l s y m p a t h i e s . B u t 
w h i l e it m a y b e c o n c e d e d t h a t t i m e c a n n o t b r e a k t h a t o r m a n y 
ear l ie r r e c o r d s for b r a v e r y a n d a u d a c i o u s g e n e r a l s h i p in a 
r e g u l a r a r m y , y e t t h e r e s o u r c e s of mi l i t ia a r m i e s a n d t h e i r 
k n o w l e d g e of t h e g a m e of w a r h a v e b e e n g r e a t l y i n c r e a s e d 
s ince t h e first s i ege of L o u i s b u r g in I 7 4 5 > w h i c h is o u r p a r t i c -
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T h i s feat is m o r e r e m a r k a b l e t h a n t h e c a p t u r e of . the 
Bas t i l l e . 

B u t a far b e t t e r i n s t a n c e of t h e c h a n g e r e f e r r ed t o , a s 
wel l a s o n e m o r e in t h e l ine of m y w o r k , is t h a t w h i c h h a s 
b e e n p r o d u c e d in o u r n o t i o n s of c h e m i s t r y a n d p h y s i c s . 

I n p r e s u m i n g t o b r i n g be fo re a n a u d i e n c e of t h i s k i n d 
q u e s t i o n s of s c i ence of t h e p r o f o u n d e s t i m p o r t , I w i s h t o s a y 
t h a t I h a v e d o n e s o j u s t b e c a u s e t h e y a r e of t h a t c h a r a c t e r . 
T h e w i d e r a n d d e e p e r a p r o b l e m , t h e g r e a t e r n u m b e r of m e n 
it m u s t i n t e r e s t , a n d t h o s e p r o b l e m s w i t h w h i c h I i n t e n d to 
d e a l a r e so w i d e a n d d e e p t h a t t h e y h a v e i n t e r e s t e d , a n d d o 
i n t e r e s t , all p e r s o n s of e v e r y p rofess ion a n d ca l l i ng . 

T h e u n i v e r s a l i n t e r e s t of m a n k i n d in e v e r y i m p o r t a n t 
n e w d i s c o v e r y affords t h e s u r e s t g r o u n d for be l ie f in a c o n 
s t a n t l y rising s t a n d a r d of e d u c a t i o n . T e r e n c e ' s " Homo sum 
et nil humane a me alienum puto " ( I a m a m a n , a n d n o t h i n g 

t h a t c o n c e r n s m a n d o I d e e m a m a t t e r of indifference t o m e ) , 
is c o n s c i o u s l y o r u n c o n s c i o u s l y a g u i d i n g m a x i m w i t h all cu l 
t i v a t e d p e o p l e . 

A n d a g a i n i t is se l f -ev iden t t h a t n o o t h e r k i n d s of q u e s 
t i o n s t h a n t h o s e r e a c h i n g i n t o t h e s u b s t r a t u m of m a n ' s r e a s o n 
i n g f acu l ty , a n d t h r o u g h t h e t o p d r e s s i n g of h i s m o r e o r less 
v a g u e l y c o n c e i v e d bel iefs , p r e j u d i c e s , a s s u m p t i o n s a n d c r e e d s , 
c a n a r o u s e sufficient i n t e r e s t t o o c c a s i o n w a r s , w h i c h a r e m y 
t h e m e . 

F u r t h e r m o r e , I m u s t e x p l a i n t h a t in t h e l imi t ed t i m e 
a l l o t t e d t o m e I m u s t t r e a t t h e s e w a r s a s t h e d r a m a t i s t s d o , b y 
l e a v i n g t h e b a t t l e s t o b e i m a g i n e d . I t w o u l d b e a m u s i n g , c e r 
t a i n l y , t o r eca l l t h e w o r d s in w h i c h s o m e v e n e r a t e d s a g e of t h e 
p a s t h a s r i d i c u l e d p r o p o s i t i o n s , t h e n n e w , w h i c h h a v e s ince 
b e e n so i n c o r p o r a t e d i n t o t h e v e r y e s s e n c e of o u r f u n d a m e n t a l 
c o n c e p t i o n s t h a t it r e q u i r e s an effort t o c o n s i d e r t h e o b j e c t o r 
a s s a n e , n o t t o s p e a k of h i s b e i n g o n o t h e r s u b j e c t s a l e a d e r of 
t h o u g h t of h i s t i m e . T h e p r o g r e s s of t r u t h t o w a r d s a c c e p t 
a n c e is l ike t h a t of t h e R u g b y footba l l t o w a r d s t h e g o a l p o s t s . 
N o m a t t e r in w h a t d i r e c t i o n i ts a d v a n c e , t h e r e wi l l b e f o u n d a 
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s t r o n g force o p p o s i n g i ts c a r r i e r , a n d n o t w i t h o u t b r u i s e s a n d 
s t r a i n s wil l h e m a k e h i s t o u c h - d o w n . 

S o t h e d e n u n c i a t i o n s , a n d s a r c a s m s a n d d i s p a r a g e m e n t s ; 
t h e h e a r t b u r n s , a n d a n i m o s i t i e s w h i c h m a k e u p i n t e l l e c tua l 
war fa re h a v e b e e n s u p p r e s s e d in favor of a s h o r t s k e t c h of t h e 
f o r w a r d m o v e m e n t of t h e i dea s w h i c h w e r e t h e casus belli. 
B u t let it n o t b e i m a g i n e d t h e s e b a t t l e s w e r e w a n t i n g . H o m e s 
h a v e b e e n d i s r u p t e d t h r o u g h d i s p u t e s o n t h e re la t ive m e r i t s of 
t h e P t o l c m e a n a n d C o p c r n i c a n A s t r o n o m y ; A r i s t o t e l i a n a n d 
B a c o n i a n p h i l o s o p h y ; H u t t o n i a n a n d W e r n e r i a n G e o l o g y ; 
N e w t o n i a n a n d L e i b n i t z i a n m a t h e m a t i c s ; H u m e a n a n d B e r k e -
l e y a n m e t a p h y s i c s , e t c . , e t c . A n d s imi l a r b a t t l e s wi l l n e v e r 
c e a s e so l o n g a s m a n c o n t i n u e s t o be l i eve t h a t h e is b e t t e r t h a n 
h i s n e i g h b o r , o r t h a t a n y o n e m a n , t h i n g , o r p r i nc ip l e c o n t a i n s 
a l l t h e g o o d o r all t h e b a d . 

T h e ea r l i e r c h e m i s t s r e g a r d e d c o m b u s t i o n as t h e e s s e n 
t i a l p h e n o m e n o n of c h e m i s t r y , b o t h b e c a u s e h e a t p r o d u c e d 
s u c h p r o f o u n d c h a n g e s in m a n y b o d i e s , a n d t h e m a j o r i t y of 
c h a n g e s w e r e a c c o m p a n i e d b y h e a t , a n d a l so b e c a u s e w h e n 
t h e i n g e n i o u s p h l o g i s t i c t h e o r y w a s c o n c e i v e d b y B e c h e r 
(i635-'82) a n d pe r fec ted b y S t a h l (1660-1734) a n u m b e r o f 
r e m o t e l y r e l a t e d p h e n o m e n a , l ike t h a t of s o l u b i l i t y , c a m e t o 
b e r e c o g n i z e d a s d e p e n d e n t u p o n t h e p h l o g i s t o n w h i c h a b o d y 
c o n t a i n e d . 

S t a h l in h i s " F u n d a m e n t a C h y m i a e , " p u b l i s h e d in 1720, 
w h i l e h e w a s L e i b a r t z t t o t h e K i n g of P r u s s i a , def ines c h e m 
i s t r y a s t h e art of r e s o l v i n g c o m p o u n d s i n t o t h e i r c o n s t i t u 
e n t s a n d r e c o m b i n i n g t h e c o n s t i t u e n t s t o a g a i n fo rm t h e 
o r i g i n a l o r o t h e r c o m p o u n d s . A l l c o m b u s t i b l e b o d i e s a c c o r d 
i n g t o h i m (i. e., s u l p h u r , c a r b o n , p h o s p h o r u s , a l c o h o l , s u g a r , 
r e s in , t h e o i l s , e t c . ) , w e r e c o m p o u n d s c o n t a i n i n g p h l o g i s t o n 
( m e a n i n g " b u r n t " ) c o m b i n e d w i t h s o m e o t h e r m a t e r i a l ; a n d 
t h e g r a d e of c o m b u s t i b i l i t y d e p e n d e d u p o n t h e a m o u n t of 
p h l o g i s t o n c o m b i n e d in a b o d y . T h e m e t a l s c o n t a i n e d t h i s 
c o n s t i t u e n t in v a r y i n g q u a n t i t y , a n d w h e n s u b j e c t e d t o h e a t 
b e c a m e " c a l x e s , " w h i c h w e r e often s o l u b l e in w a t e r , w h e r e a s 
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t h e m o r e c o m b u s t i b l e t h e s u b s t a n c e ( s u l p h u r , p h o s p h o r u s , 
c a r b o n , e t c . ) t h e l ess s o l u b l e it w a s . I t w a s t h o u g h t t h a t 
t h i s t h e o r y w a s p r o v e n b e c a u s e if p h l o g i s t o n or a n y s u b s t a n c e 
c o n t a i n i n g it w e r e h e a t e d wi th t h e c a l x , t h e o r ig ina l s u b s t a n c e 
r e a p p e a r e d . T h e p e r t i n e n t q u e s t i o n , " W h y is t h e w e i g h t of 
t h e d e p h l o g i s t i c a t e d s u b s t a n c e i n c r e a s e d , a n d t h e c o m p o u n d 
w i t h p h l o g i s t o n tighter than t h e e s sen t i a l c a l x ?" w a s a n s w e r e d 
b y t h e a s s e r t i o n t h a t t h e p h l o g i s t o n p o s s e s s e d t h e a t t r i b u t e of 
levity i n s t e a d of g r a v i t y . 

T h i s s o - c a l l e d t h e o r y ( m e r e l y an i n g e n i o u s h y p o t h e s i s ) 
of c h e m i c a l a c t i o n is a n i n s t r u c t i v e l e s s o n as t o s e v e r a l t h i n g s . 
I n t h e first p l a c e , c o n s i d e r e d t o g e t h e r w i t h t h e t h e o r y w h i c h 
d i s p l a c e d i t , i l l u s t r a t e s h o w t w o d i a m e t r i c a l l y o p p o s i t e 
s u p p o s i t i o n s , w h e n p u r s u e d e a c h o n a s i n g l e l ine w i t h o u t 
c h e c k s f rom a n y o t h e r l ine , m a y e q u a l l y we l l e x p l a i n a g iven 
p h e n o m e n o n . I t i l l u s t r a t e s a l s o t h e r a d i c a l d i f ference b e t w e e n 
t h e k n o w l e d g e o b t a i n e d t h r o u g h i n d u c t i v e p r o c e s s e s a n d t h a t 
a l l e g e d t o h a v e c o m e f rom r e v e l a t i o n . T h e fo rmer n e v e r p r e 
t e n d s t o b e fixed a n d u n a l t e r a b l e , o r t h e w h o l e t r u t h of t h e 
s u b j e c t . H o w c o u l d it w h e n f rom t h e v e r y n a t u r e of i ts 
a c q u i r e m e n t o n l y a l im i t ed n u m b e r of facts c a n h a v e b e e n 
e m p l o y e d , a n d e v e r y d a y a d d s t o t h e n u m b e r w h i c h m u s t b e 
c o n s i s t e n t w i t h e a c h o t h e r a n d w i t h t h e t h e o r y ? I f t h e y b e 
n o t c o n s i s t e n t w i t h e a c h o t h e r t h e r e h a s b e e n a n e r r o r of 
o b s e r v a t i o n , w h i c h m u s t b e f o u n d a n d c o r r e c t e d . I f a n y s i n g l e 
fact b e n o t a s s i m i l a b l e b y t h e t h e o r y , t h e l a t t e r m u s t b e a b a n 
d o n e d in favor of s o m e b e t t e r . W h e n y o u r e a d in t h e p a p e r s 
t h a t " scientific m e n c la im t h a t t h i s is o r t h a t c a n n o t b e s o , " 
b e a s s u r e d t h a t y o u a r e r e a d i n g t h e u n a u t h o r i z e d s t a t e m e n t of 
a n i g n o r a m u s o r a wilful p e r v e r t e r of t h e t r u t h . Scient i f ic 
m e n n e v e r a s s e r t o r d e n y in t h i s m a n n e r . * 

* F o r e x a m p l e : the R e v . D i o n y s i u s Lardner , L L . D . , F . R . S . , i n a book 
e n t i t l e d " T h e S t e a m E n g i n e F a m i l i a r l y E x p l a i n e d " (Carey & H a r t , F h i l a . , 1 8 4 1 ) 
said that t h e s t e a m b o a t of that t ime c o u l d n o t , in h i s j u d g m e n t , carry coal for a 
j o u r n e y o f more than 2 , 0 0 0 m i l e s , but a d d e d " w e are o n the br ink of s u c h i m p r o v e 
m e n t s as w i l l " * * " r e n d e r it ava i lab le as a m e a n s o f c o n n e c t i n g the m o s t 
d is tant parts of the e a r t h . " T h i s g u a r d e d s k e p t i c i s m has b e e n the d e l i g h t of t h e 
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T h e c h a r a c t e r of P r o f e s s o r S t o r k in M a l l o c k ' s " N e w 
R e p u b l i c " is a n a b s u r d c a r i c a t u r e , a n d b e a r s n o s o r t o i 
r e s e m b l a n c e t o J o h n T y n d a l l , w h o is sa id t o h a v e b e e n i ts 
p r o t o t y p e . 

W h e n i n g e n i o u s g u e s s e s b a s e d l i ke t h a t of t h e p h l o g i s t i c 
t h e o r y on insuff icient d a t a a r e d r e s s e d u p in S a n f o r d a n d 
M e r t o n s t y l e t h e y b e c o m e p a t h e t i c . H e r e is a f r a g m e n t of a 
l i t t le b o o k p r i n t e d in 1 8 0 6 b y J a n e M a r c e t , an a d m i r e r of S i r 
H u m p h r y D a v y , w h o h a d a t t e n d e d h i s l e c t u r e s a t t h e R o y a l 
I n s t i t u t i o n . I t g ive s p a r t of a s u p p o s e d c o n v e r s a t i o n b e t w e e n 
M r s . B . , a t e a c h e r , a n d t w o y o u n g l a d i e s , E m i l y a n d C a r o l i n e . 

* * * * * * * * * 
" E m i l y . — H o w d o y o u o b t a i n t h e o x y - m u r i a t i c a c i d ? " ( C h l o r i n e . ) 

" M r s . B . — I n v a r i o u s w a y s ; b u t i t m a y b e m o s t c o n v e n i e n t l y 

o b t a i n e d b y d i s t i l l i n g l i q u i d m u r i a t i c a c i d o v e r o x y d o f m a n g a n e s e , 

w h i c h s u p p l i e s the acid -with the additional oxygen. O n e p a r t o f t h e 

a c i d b e i n g p u t i n t o a r e t o r t , w i t h t w o p a r t s o f t h e o x y d o f m a n g a n e s e , 

a n d t h e h e a t o f a l a m p a p p l i e d , t h e g a s i s s o o n d i s e n g a g e d , a n d m a y 

b e r e c e i v e d o v e r w a t e r , a s i t i s b u t s p a r i n g l y a b s o r b e d b y it . I h a v e 

c o l l e c t e d s o m e i n t h i s j a r . " 

" C a r o l i n e . — I t i s n o t i n v i s i b l e l i k e t h e g e n e r a l i t y o f g a s e s ; f o r i t 

i s o f a y e l l o w i s h c o l o r . " 

" M r s . B . — T h e m u r i a t i c a c i d e x t i n g u i s h e s flame, w h i l s t , o n t h e 

c o n t r a r y , t h e o x y - m u r i a t i c m a k e s t h e flame l a r g e r , a n d g i v e s i t a d a r k 

r e d c o l o r . C a n y o u a c c o u n t for t h i s d i f f e r e n c e i n t h e t w o a c i d s ? " 

" E m i l y . — Y e s , I t h i n k s o ; t h e m u r i a t i c a c i d w i l l n o t s u p p l y t h e 

flame w i t h t h e o x y g e n n e c e s s a r y f o r i t s s u p p o r t ; b u t "when this acid is 

e n e m i e s o f s c i e n c e . I t w a s m i s q u o t e d by t h e N e w Y o r k Herald o r i g i n a l l y to 
r e a d as a p r o p h e c y aga ins t transat lant ic n a v i g a t i o n b y s t e a m . After n u m e r o u s 
refutations t h e S t . Louis Republic s i x t y y e a r s later s tated " a great m a t h e m a 
t i c i a n " h a d just d e d u c e d t h e imposs ib i l i ty o f t h e transit w h e n the first s t e a m e r 
g l i d e d into port. F i n a l l y the H o n . Carroll D . W r i g h t , n o w Pres ident o f t h e 
A m e r i c a n A s s o c i a t i o n for t h e A d v a n c e m e n t of S c i e n c e , w h i l e V i c e - P r e s i d e n t o f 
that b o d y and chairman o f Sec t ion I at the W a s h i n g t o n m e e t i n g , D e c e m b e r , 1 9 0 2 , 
d e c l a r e d that " a d i s t i n g u i s h e d p h y s i c i s t " m a d e th i s d i s courag ing p r o p h e c y d u r i n g 
a lecture in P h i l a d e l p h i a on t h e v e r y e v e n i n g of t h e arrival o f the first s t eamer 
from L i v e r p o o l . I n a n s w e r to an inquiry b y the writer h e sa id h e h a d h e a r d 
this story re lated at a m e e t i n g by an e m i n e n t c l e r g y m a n , n o w d e c e a s e d , a n d 
t h o u g h t h e n a m e o f the " d i s t i n g u i s h e d p h y s i c i s t " waa not g i v e n , Professor 
W r i g h t t h o u g h t the fact w a s genera l ly a c c e p t e d . P . F . 
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furtker oxygenated, it will part •with its additional quantity of oxygen 

and in this zuay support combustion." 

" Mrs. B.— This is exactly the case ; indeed, the oxygen added to 

the muriatic acid adheres so slightly to it that it is separated by mere 
exposure to the sun's rays." (?) " This acid is decomposed also by com
bustible bodies, many of which it burns, and actually inflames, without 
any previous increase of temperature." 

"Caroline.—That is extraordinary, indeed. I hope you mean to 
indulge us with some of these experiments ? " 

"Mrs. B .— I have prepared several glass jars of oxy-muriatic acid 
gas for that purpose. In the first we shall introduce some Dutch gold 
leaf. Do you observe that it takes fire?" etc., etc. 

I t is h a r d l y n e c e s s a r y t o s a y t h a t t h i s s u p p o s e d c o m p o u n d , 
" o x y - m u r i a t i c a c i d , " a b o u t w h i c h t h e y a r e t a l k i n g is t h e e l e 
m e n t ch lo r i ne , o r t o p o i n t o u t t h e h u m o r of p r e s e n t i n g t h e s e 
g r o s s e r r o r s a s if t h e y w e r e i n c o n t e s t a b l y p r o v e n a n d e a s y t o 
e x p l a i n in c h i l d - l i k e l a n g u a g e . 

W i t h L a v o i s i e r ' s m a s t e r l y d e s t r u c t i o n of t h e p h l o g i s t i c 
t h e o r y , t o w h i c h h e d e v o t e d ha l f of t h e w o r k a n d p u b l i c a t i o n s 
of h i s b u s y scientif ic life, t h e s c i e n c e of c h e m i s t r y b e g a n , 
a n d it is o n e of F a t e ' s i ron ies t h a t h e o b t a i n e d t h e t w o facts 
w h i c h c o m p l e t e d its o v e r t h r o w (i. e., t h e n a t u r e of o x y g e n a s 
a c o n s t i t u e n t of t h e air, a n d t h e n a t u r e of t h e p r o d u c t of t h e 
u n i o n of o x y g e n wi th h y d r o g e n ) , f rom t w o e m i n e n t scientif ic 
E n g l i s h m e n , P r i e s t l e y a n d C a v e n d i s h , w h o t o t h e las t d a y s of 
t h e i r l ives c l u n g t o S t a h l ' s t h e o r y as a fact l o n g after it h a d 
c e a s e d t o b e m o r e t h a n a m e m o r y . P r i e s t l e y h imse l f s a y s in 
a n o t h e r c o n n e c t i o n : " W e m a y t a k e a m a x i m so s t r o n g l y for 
g r a n t e d t h a t t h e p l a ine s t e v i d e n c e of s e n s e will n o t en t i r e ly 
c h a n g e a n d often h a r d l y mod i fy o u r p e r s u a s i o n s , a n d t h e 
m o r e i n g e n i o u s a m a n is t h e m o r e effectual ly h e is e n t a n g l e d 
in h i s e r r o r s ; h is i n g e n u i t y o n l y h e l p i n g h i m t o d e c e i v e h i m 
self b y e v a d i n g t h e force of t r u t h . " 

M o d e r n rea l c h e m i s t r y [z. e., t h e s t u d y of m a t t e r in i ts 
m i n u t e s t subd iv i s i ons , force b e i n g m e r e l y i n c i d e n t a l l y c o n 
s i d e r e d , a n d o n l y so far a s it c h a n g e s t h e c h a r a c t e r ( p r o p e r t i e s ) 
of m a t t e r ] d a t e s f rom L a v o i s i e r ' s d e m o n s t r a t i o n s , a n d t h e 
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g r e a t e s t g e n e r a l i z a t i o n t h o u g h t t o b e e s t a b l i s h e d b y h i s e x p e r i 
m e n t s w a s t h a t the sum of matter in the universe was fixed and 
constant and could neither be augmented nor diminished b y s o 
m u c h a s t h e m i l l i o n t h of a m i l l i g r a m , h o w e v e r g r e a t t h e 
c h a n g e s of p o r t i o n s of m a t t e r in a p p e a r a n c e o r c h a r a c t e r m i g h t 
s e e m t o b e . 

T h i s w a r in c h e m i s t r y m a y b e l i k e n e d to a w a r of i n d e 
p e n d e n c e , b y w h i c h t h e s c i ence b l o s s o m e d i n t o a s o v e r e i g n 
s c i e n c e o n e q u a l t e r m s wi th h e r o l d e r s i s ters ; b u t , t r u e t o t h e 
a n a l o g y w i t h civil s t a t e s , s h e w a s s h o r t l y t o b e s u b j e c t e d t o a n 
i n t e r n e c i n e w a r of m o r e t h a n fifty y e a r s ' d u r a t i o n ; a n d j u s t a s 
E u r o p e w a s d e s o l a t e d b y t h e t h i r t y y e a r s w a r , d u r i n g w h i c h 
t h e g r e a t e r i n d u s t r i e s w e r e p a r a l y z e d , m a t e r i a l a d v a n c e of 
c iv i l iza t ion w a s c h e c k e d , a n d d o u b t a n d d i s t r u s t d r i e d u p t h e 
v e r y f o u n t a i n s of con f idence w h i c h a r e n e c e s s a r y for c ivic life ; 
s o h e r e , t o o , d u r i n g t h a t p e r i o d , in t h i s p r o m i s i n g n e w s c i e n c e , 
o b s e r v e r s h a s t e n e d to a t t a c h t o t he i r d i s c o v e r i e s t h e a s s u r a n c e 
t h a t t h e y i n t e n d e d n o infe rences t o b e d r a w n a s t o u l t i m a t e o r 
a b s o l u t e c o n d i t i o n of t h i n g s . I t w o u l d b u r d e n y o u t o o m u c h 
t o r ec i t e t h e t e c h n i c a l de ta i l s of t h i s civil w a r in c h e m i s t r y , 
a n d I m u s t r e s t r i c t m y s e l f t o g e n e r a l s t a t e m e n t s . 

J . J . B e r z e l i u s , w h o w a s t h e first t o e s t a b l i s h a c c u r a t e 
a t o m i c w e i g h t s , — s o a c c u r a t e , i n d e e d , t h a t in s p i t e of h i s i m 
per fec t a p p a r a t u s a n d m e t h o d s , h i s d e t e r m i n a t i o n s c a n b e c o r 
r e c t e d t o - d a y o n l y in d e c i m a l s , — p r o p o u n d e d in 1 8 1 2 t h e 
e l e c t r o - c h e m i c a l t h e o r y , w h i c h l ed t o h i s d u a l i s t i c s y s t e m . 
H e e x p l a i n e d c h e m i c a l a c t i on a s a n e l ec t r i c p h e n o m e n o n , 
e s s e n t i a l l y c o n s i s t i n g in t h e a t t r a c t i o n of o n e b o d y b y a n o t h e r 
w i t h a s t r o n g e r e l ec t r i c p o l a r i t y . H e s a y s : " I f t h e s e e l e c t r o 
c h e m i c a l c o n c e p t i o n s a r e j u s t , it fo l lows t h a t e v e r y c h e m i c a l 
c o m p o u n d is d e p e n d e n t o n t w o o p p o s i n g forces , p o s i t i v e a n d 
n e g a t i v e e l ec t r i c i ty , a n d o n t h e s e a l o n e ; a n d t h a t e v e r y c o m 
p o u n d m u s t b e c o m p o s e d of t w o p a r t s , h e l d t o g e t h e r b y t h e i r 
n e u t r a l e l e c t r o - c h e m i c a l r e a c t i o n s , " e t c . E v e r y c o m p o u n d 
c o n s i s t e d of t w o p a r t s , o n e e l e c t r o - p o s i t i v e a n d t h e o t h e r 
e l e c t r o - n e g a t i v e . T h u s , s o d i u m s u l p h i d e c o n s i s t e d of p o s i t i v e 
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s o d i u m u n i t e d w i t h n e g a t i v e s u l p h u r ; s o d a s u l p h a t e , of p o s i 
t i v e s o d a w i t h n e g a t i v e s u l p h u r i c a c i d ; a l u m , of p o s i t i v e s o d a 
s u l p h a t e a n d n e g a t i v e a l u m i n a s u l p h a t e , e t c . 

O n a c c o u n t of B e r z e l i u s ' h i g h m e r i t a l l h i s r e s u l t s a n d 
t h e o r i e s w e r e a c c e p t e d w i t h o u t q u e s t i o n b y t h e w o r l d o f 
c h e m i s t s . I f a n y m a n e v e r d e s e r v e d th i s t r i b u t e it w a s 
B e r z e l i u s , b u t n o m a n e v e r d i d d e s e r v e it, a n d t h i s b l i n d d e v o 
t i o n led t o a n e q u a l l y b l i n d a b a n d o n m e n t of a l l t h e frui ts o f 
h i s w e l l - e a r n e d v i c to r i e s j u s t b e c a u s e in o n e p a r t i c u l a r p l a c e 
h i s s p l e n d i d t h e o r e t i c a l s t r u c t u r e o v e r h u n g t h e b u i l d i n g l i ne 
p r e s c r i b e d b y n a t u r e for al l t h e o r i s t s . 

A n d t h i s is h o w it h a p p e n e d . S e c u r e in h i s d u a l i s t i c 
e lec t r i ca l h y p o t h e s i s , w h i c h e x p l a i n e d al l t h e facts t h e n k n o w n 
t o h i m , h e a p p l i e d it t o t h e o r g a n i c c o m p o u n d s , r e g a r d i n g in 
t h e s e a g r o u p of a t o m s of different e l e m e n t s c o m b i n e d w i t h 
c a r b o n a n d n i t r o g e n , as a r a d i c l e , a n d t h e e q u i v a l e n t of a n 
a t o m of an e l e m e n t . H e m a i n t a i n e d t h a t e v e r y c o m b i n a t i o n 
b e t w e e n t w o s u c h r ad i c l e s w a s dua l i s t i c ; h a v i n g a n e l e c t r o 
p o s i t i v e a n d an e l e c t r o - n e g a t i v e p a r t , a n d if in a n y n e w c o m 
p o u n d , o b t a i n e d b y s u b s t i t u t i o n of o n e of t h e s e r a d i c l e s b y 
s o m e o t h e r r ad i c l e o r a t o m of a n e l e m e n t , t h e g e n e r a l p r o p 
e r t i e s of t h e first c o m p o u n d w e r e n o t e n t i r e l y c h a n g e d , t h e 
r e p l a c i n g r a d i c l e o r a t o m m u s t b e of t h e s a m e k i n d e l e c t r i 
c a l l y as t h e r a d i c l e o r a t o m d i s p l a c e d , i. e., a pos i t i ve m u s t 
b e r e p l a c e d b y a pos i t i ve , a n d 7>ice versa. B u t in 1 8 3 9 t h e 
F r e n c h c h e m i s t D u m a s p r e p a r e d c h l o r a c e t i c ac id f r o m ace t i c 
a c i d b y s u b s t i t u t i n g c h l o r i n e , o n e of t h e m o s t s t r o n g l y e l e c t r o 
n e g a t i v e of a l l e l e m e n t s , for h y d r o g e n , a t y p i c a l e l e c t r o - p o s i 
t i ve e l e m e n t . Y e t t h e p r o p e r t i e s of t h e t w o a c i d s w e r e 
c l o s e l y a l i k e . N o a n s w e r w a s p o s s i b l e e x c e p t t h a t d u a l i s m 
d id n o t r e p r e s e n t t h e facts in al l c a s e s . T h i s , a n d t h e d i s 
c o v e r y t h a t s o m e of t h e a t o m i c w e i g h t s g i v e n b y B e r z e l i u s 
w e r e j u s t tw ice w h a t t h e y s h o u l d b e , * s p r e a d a l a r m a m o n g 

* T h e c h e m i s t w i l l u n d e r s t a n d that this fact is n o t incons i s tent w i t h t h e 
s ta t ement a b o v e of t h e great a c c u r a c y of h i s a t o m i c w e i g h t d e t e r m i n a t i o n s , but 
w a s the result o f m i s t a k i n g the v a l e n c e , or m o n a d a t o m saturat ing p o w e r of t h e s e 
e l e m e n t s , a n error u n a v o i d a b l e w i t h t h e k n o w l e d g e ava i lab le at that t i m e . P. F„ 
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e v e n h i s w a r m e s t s u p p o r t e r s . H i s o w n a t t e m p t s t o e v a d e t h e 
c o n c l u s i o n s o n l y m a d e m a t t e r s w o r s e , a n d t h e effect u p o n 
c h e m i s t s w a s t h a t w h i c h w o u l d b e p r o d u c e d o n financiers b y 
t h e r e p o r t e d i n s o l v e n c y of t h e B a n k of E n g l a n d . T h e fa i lure of 
B e r z e l i u s s h u t u p t h e c u r r e n t co in of g e n e r a l i z a t i o n s al l o v e r 
t h e w o r l d . G m e l i n p u b l i s h e d h i s c o l o s s a l d i c t i o n a r y of 
c h e m i s t r y , u s i n g t h e w o r d " e q u i v a l e n t s " i n s t e a d of a t o m s , 
a n d t h i s fashion of o v e r - p r u d e n c e h a v i n g b e e n s e t b y G a y -
L u s s a c , L i e b i g a n d F a r a d a y , t h e w h o l e c h e m i c a l w o r l d for 
m o r e t h a n fifty y e a r s a v o i d e d t h e w o r d " a t o m " a s if it w e r e 
h i g h t r e a s o n . Y e t B e r z e l i u s w a s in al l i m p o r t a n t p a r t s of h i s 
p h i l o s o p h y r i g h t , a n d o n l y e r r e d in g i v i n g s l i g h t l y less e l a s 
t i c i t y t o o n e p a r t of h is t h e o r y t h a n h e s h o u l d h a v e d o n e . 

A n d t h e n e w e s t v i e w s of c h e m i c a l c h a n g e s w e e p a w a y 
t h o s e of b o t h Be rze l i u s a n d his cr i t ics as o n l y p a r t of t h e 
t r u t h ! 

U p o n t h e e s t a b l i s h m e n t of c h e m i s t r y as t h e sc i ence of 
m a t t e r , p h y s i c s b e c a m e t h e s t u d y of force in t h e a b s t r a c t , o r 
a s e x e r t e d on indef in i te ly s m a l l m a s s e s of m a t t e r w i t h o u t 
c h a n g i n g t he i r p r o p e r t i e s ; o r o n a m e d i u m m o r e t e n u o u s 
t h a n m a t t e r , n a m e l y , t h e e t h e r . B o t h c h e m i s t r y a n d p h y s i c s 
m a i n t a i n e d , e a c h , a p r o u d , p r o g r e s s i v e , a n d i n d e p e n d e n t e x i s t 
e n c e for n e a r l y a c e n t u r y ; t h e o n e as a s t u d y of m a t t e r o n a 
b a c k g r o u n d of force, t h e o t h e r a s a s t u d y of force on a b a c k 
g r o u n d of t h e m i n u t e s t s u b d i v i s i o n s of m a t t e r a n d of e t h e r ; a t 
t h e e n d of w h i c h t i m e — t h e p r e s e n t — t h e t w o h a v e a g a i n s o 
c o m p l e t e l y c o a l e s c e d t h a t it is i m p o s s i b l e t o t r a c e a f ixed 
b o u n d a r y b e t w e e n t h e m . T h i s is n o t s a y i n g t h a t t h e t w o 
s c i e n c e s a r e t h e s a m e a n y m o r e t h a n t h e s c i e n c e of z o o l o g y 
a n d b o t a n y a r e t h e s a m e , y e t , c o n c e r n i n g t h e s e l a t t e r j u s t a s 
n o c o m p e t e n t m a n w o u l d b e b o l d e n o u g h t o p ro fes s t o fix a 
•dividing l ine b e t w e e n a n i m a l s a n d p l a n t s , so n o c o m p e t e n t 
m a n w o u l d p rofess t o d iv ide p h y s i c a l f rom c h e m i c a l p h e n o m 
e n a . 

B o t h p h y s i c s a n d c h e m i s t r y h a v e a d d e d h u n d r e d s of 
t i m e s t h e n u m b e r of e x a c t d a t a t o t h e s t o r e s w h i c h e a c h p o s -
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s e s s e d in 1 7 5 0 . C h e m i s t r y s h o o k off m a g i c w h i c h w i t h e r e d 
i n t o c h i l d ' s p l a y . P h y s i c s d i f ferent ia ted itself f rom m e c h a n i c s 
a s p o e t r y f rom s ta t i s t i cs , a n d t h e c h a n g e s in t h e m o d e r n c o n 
c e p t i o n s of t h a t s c i ence f rom t h o s e h e l d b y t h e m o s t e n l i g h t 
e n e d of t h e p e r i w i g g e d a n c e s t o r s t o w h o m w e o w e o u r el igibi l 
i t y t o m e m b e r s h i p in th i s h o n o r a b l e a s s o c i a t i o n of t h e d e s c e n d 
a n t s of a r i s t oc r a t i c ex i l e h e a d - b r e i k e r s , a r e n o less s t r i k i n g 
t h a n w e h a v e seen t h o s e in c h e m i s t r y t o b e . 

If c o m b u s t i o n b e c o n s i d e r e d t h e essen t i a l p h e n o m e n o n of 
c h e m i s t r y , h e a t , w h i c h is i ts p r inc ipa l r e s u l t , m a y b e sa id t o b e 
t h e e s sen t i a l p h e n o m e n o n , t h e m o n e t a r y b a s i s , as it w e r e , o f 
p h y s i c s . I n a p a p e r p u b l i s h e d in t h e R o y a l T r a n s a c t i o n s of 
1 7 9 8 C o u n t R u m f o r d ( o u r o w n c o u n t r y m a n , b o r n B e n j a m i n 
T h o m p s o n in W o b u r n , M a s s . ) first a n n o u n c e d t o t h e w o r l d t h e 
s t a r t l i n g d i s c o v e r y t h a t h e a t w a s n o t a ca lo r i c fluid. W h i l e 
s u p e r i n t e n d i n g w o r k a t t h e M u n i c h A r s e n a l h e e n d e a v o r e d t o 
l e a r n t h e c a u s e of t h e h e a t a c c o m p a n y i n g fr ict ion. H i s s u m 
m a r y of t h e r e su l t s is r e m a r k a b l e for i ts c lo se r e a s o n i n g a n d 
for t h e w o r d wi th w h i c h it e n d s , w h i c h is t h e k e y t o m o d e r n 
p h y s i c s a n d c h e m i s t r y ; a n d in fact at least t o all of t h e 
u n i v e r s e w h i c h is n o t t h o u g h t , a n d m a n y of t h e a b l e s t p h i l o s o 
p h e r s t h i n k t o t h a t a l s o . A l l u d i n g t o t h e fact t h a t t h e 
i n e x h a u s t i b l e s u p p l y of h e a t , w h i c h was p r o c u r a b l e from t h e 
c o n t i n u o u s fr ic t ion of t w o me ta l l i c su r f aces , w a s i n c o m p a t i b l e 
w i t h t h e t h e o r y w h i c h s u p p o s e d e v e r y b o d y t o h a v e s t o r e d in 
it a definite q u a n t i t y of h e a t h e g o e s o n * * * " I t is 
h a r d l y n e c e s s a r y t o a d d t h a t a n y t h i n g w h i c h a n y insulated 
b o d y o r s y s t e m of b o d i e s c a n c o n t i n u e to fu rn i sh without limita
tion c a n n o t p o s s i b l y b e a materialsubstance; a n d it a p p e a r s t o 
m e t o b e e x t r e m e l y difficult , if n o t q u i t e i m p o s s i b l e , t o form-
a n y d i s t inc t i dea of a n y t h i n g c a p a b l e of b e i n g e x c i t e d a n d ( c o m 
m u n i c a t e d in t h o s e e x p e r i m e n t s e x c e p t it b e M O T I O N . " S e q u i n 
of F r a n c e , G r o v e a n d J o u l e of E n g l a n d , M a y e r of G e r m a n y , 
a n d C o l d i n g of D e n m a r k , a n n o u n c e d t h e g e n e r a l d o c t r i n e of 
t h e i n t i m a t e r e l a t i on t o e a c h o t h e r of t h e v a r i o u s forces . 
H e l m h o l t z , H o l t z m a n , C l a u s i u s , F a r a d a y , T h o m p s o n , R a n k i n e , 

IRIS - LILLIAD - Université Lille 1 



1 s 

T y n d a l l , a n d C a r p e n t e r in E u r o p e , a n d H e n r y a n d L e c o n t e in 
t h i s c o u n t r y , a i d e d t h e p r o g r e s s of t h e g e n e r a l i z a t i o n w h i c h 
c u l m i n a t e d in t h e j o i n t p u b l i c a t i o n of w o r k s b y G r o v e , H e l m -
h o l t z , M a y e r , F a r a d a y , L i e b i g , a n d C a r p e n t e r in 1 8 6 5 c a l l e d 
t h e " C o r r e l a t i o n a n d C o n s e r v a t i o n of F o r c e s . " T h i s w o r k 
p r o d u c e d an i m m e n s e s ensa t i on a t t h e t i m e a n d w a s s a i d , l i ke 
s e v e r a l o t h e r w o r k s : ( L a P l a c e ' s " M é c a n i q u e C e l e s t e , " D a r 
w i n ' s " O r i g i n of S p e c i e s , " D a l t o n ' s l a w of c h e m i c a l e q u i v a 
l e n t s , e tc . ) , e a c h in its d a y , t o b e t h e m o s t i m p o r t a n t de l ive r 
a n c e of s c i ence in t h e c e n t u r y . 

F r o m t h e t i t le it m a y b e a t o n c e s e e n t h a t t h e r e s u l t 
c l a i m e d b y t h e s e i n v a l u a b l e t r e a t i s e s w a s e n t i r e l y a n a l o g o u s 
t o t h a t of t h e i n d e s t r u c t i b i l i t y of m a t t e r d e d u c e d f rom L a v o i 
s i e r ' s e x p e r i m e n t s . I t c o n c l u d e d t h e i n d e s t r u c t i b i l i t y of force 
in sp i t e of c o n s t a n t c h a n g e of c h a r a c t e r . T h e r e s u l t r e a c h e d 
w a s t h a t n o force c o u l d e v e r b e d e s t r o y e d o r affected in a n y 
o t h e r w a y t h a n b y a t r a n s l a t i o n i n t o a n o t h e r k i n d of fo rce . 

A s a r e s u l t t h e n of t h e i n d e p e n d e n t d e v e l o p m e n t of 
c h e m i s t r y a n d p h y s i c s e a c h r e a c h e d t h e c o n c l u s i o n t h a t i ts 
o w n sub j ec t of i n v e s t i g a t i o n was e t e r n a l , fixed, a n d def ini te ; 
t h e t w o s u b j e c t s b e i n g m a t t e r a n d force . 

T h e N i n e t e e n t h C e n t u r y b o a s t e d of h a v i n g e s t a b l i s h e d 
t h i s . W e s h a l l s e e h o w t h e y o u n g T w e n t i e t h C e n t u r y h a s 
r e s p e c t e d th i s c l a i m . 

T h e i n v e n t o r of t h e b i n o m i a l t h e o r y , a n d of fluxions, 
t h e d i s c o v e r e r of t h e u n i v e r s a l l a w of g r a v i t a t i o n , a n d of t h e 
c o m p o s i t e c h a r a c t e r of w h i t e l igh t , in s h o r t , t h e p e e r l e s s S i r 
I s a a c N e w t o n , a n n o u n c e d t h e c o r p u s c u l a r t h e o r y of t h e 
o r i g i n of l i g h t a n d r e j e c t e d t h a t of C h r i s t i a n H u y g h e n s , 
i m p r o p e r l y a s c r i b e d t o D e s c a r t e s , w h i c h e x p l a i n e d l i g h t a s a 
s e r i e s of v i b r a t i o n s o r u n d u l a t i o n s in a t e n u o u s e t h e r e a l 
m e d i u m . T h e w a r b e t w e e n t h e s e t w o t h e o r i e s l a s t e d n e a r l y 
a c e n t u r y . S i r J o h n H e r s c h e l , M r . A i r y , D r . Y o u n g a n d 
o t h e r s s i d e d w i t h t h e H o l l a n d e r , a s d id S i r D a v i d B r e w s t e r 
in h i s a r t i c l e " N e w t o n " in t h e P e n n y C y c l o p a e d i a for 1 8 4 3 , 
b u t t h e a u t h o r of t h e l e a r n e d a r t i c l e o n t h e " U n d u l a t o r y 
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T h e o r y of L i g h t , " of t h a t s a m e e d i t i o n a n d p u b l i c a t i o n , after 
i n t i m a t i n g t h a t t h e r e w e r e s o m e p h e n o m e n a difficult of e x p l a 
n a t i o n b y t h e u n d u l a t o r y , w h i c h w e r e ea s i l y c o m p r e h e n d e d b y 
t h e a id of t h e c o r p u s c u l a r a s s u m p t i o n , a n d o t h e r p h e n o m e n a 
p e r h a p s i m p o s s i b l e of e x p l a n a t i o n b y t h e l a t t e r w h i c h w e r e 
r e a d i l y a c c o u n t e d for b y t h e fo rmer , finally s u m s u p t h e 
s u b j e c t t h u s : " M u c h s t r e s s is la id on t h e a c c u r a c y w i t h 
w h i c h t h e p h e n o m e n a of diffraction a r e a c c o u n t e d for o n t h e 
u n d u l a t o r y h y p o t h e s i s ; b u t w h i l e t h e r e y e t r e m a i n s u n e x 
p l a i n e d b y t h a t h y p o t h e s i s so i m p o r t a n t a c i r c u m s t a n c e a s t h e 
re f rangib i l i t i es of l i g h t , w h i c h a r e sa t i s fac to r i ly a c c o u n t e d for 
o n t h e c o r p u s c u l a r t h e o r y , a n d w h i l e o u r k n o w l e d g e of t h e 
a c t i o n of m a t e r i a l pa r t i c l e s on o n e a n o t h e r a s we l l as t h e 
p r o p a g a t i o n of m o t i o n t h r o u g h e las t ic m e d i a is so imper fec t , 
p h i l o s o p h e r s s e e m t o b e fully jus t i f ied in s u s p e n d i n g t h e i r 
j u d g m e n t c o n c e r n i n g t h e re la t ive m e r i t s of t h e t w o r ival 
t h e o r i e s . " 

T h i s w a s w r i t t e n s i x t y y e a r s a g o , a n d a t a n y t i m e f rom 
t h i r t y t o t h r e e y e a r s a g o it w o u l d h a v e p r o v o k e d a s m i l e 
f rom t h e s t u d e n t s of p h y s i c s in t h e l o w e r c l a s se s of a H i g h 
S c h o o l . H o w m a n y s u c h w o u l d h a v e t h o u g h t it a p r o o f t h a t 
e v e n a g e n i u s of al l t i m e l ike S i r I s a a c m a y e r r o n c e in a 
w h i l e . T h e o m n i s c i e n t c lass of didaskoloi w a s b u s i l y e n g a g e d in 
h a m m e r i n g t h e d o c t r i n e in to its s c h o l a r s , as if it w e r e t h e 
e a s y a n d n a t u r a l c o n s e q u e n c e of t h e r e a s o n i n g of a c h i l d — 
q u i t e in t h e J a n e M a r c e t s t y l e — t h a t n e i t h e r s i g h t n o r h e a r i n g 
c a n b e p r o d u c e d b y e m a n a t i o n s o r flying p a r t i c l e s , b u t b y 
w a v e s ; s i g h t r e s u l t i n g f rom w a v e s in e t h e r t r a n s v e r s e t o 
t h e d i r ec t i on of t h e l i g h t i m p u l s e , a n d r e s e m b l i n g t h e ripples 
in w a t e r ; w h i l e s o u n d is c a u s e d b y l o n g i t u d i n a l w a v e s of 
c o m p r e s s i o n a n d d i la t ion in a i r b a c k a n d fo r th a l o n g t h e l ine 
of d i r e c t i o n of t h e s o u n d i m p u l s e . 

I t m u s t h a v e s e e m e d s t r a n g e t o t h e i r p u p i l s t h a t Sir I s a a c 
h a d b e e n t a k e n in b y a n a p p e a r a n c e s o eas i ly c o m p r e h e n d e d 
b y s u c h a n e n o r m o u s n u m b e r of v e r y c o m m o n p l a c e p u r 
v e y o r s of k n o w l e d g e . 
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T h e fo l l owing is a v e r y c o n d e n s e d d i g e s t (w i t h a few 
i n t e r p o l a t i o n s ) of S i r W i l l i a m C r o o k e s ' g r e a t p a p e r on " M o d 
e r n V i e w s of M a t t e r " be fo re t h e C o n g r e s s of A p p l i e d C h e m 
i s t r y a t B e r l i n , J u n e 5 , 1 9 0 3 . ( R e p r i n t e d in " S c i e n c e , " 
J u n e 2 6 , 1 9 0 3 . ) 

Si r H u m p h r y D a v y sa id in 1 8 0 9 : " I f p a r t i c l e s of g a s e s 
w e r e m a d e t o m o v e in free s p a c e w i t h a n a l m o s t inf ini te ly g r e a t 
v e l o c i t y t h e y m i g h t p r o d u c e t h e different s p e c i e s of r a y s s o d i s 
t i n g u i s h e d b y t h e i r p e c u l i a r ef fects ." F a r a d a y ( 1 8 1 6 ) s a i d : 
" T o d e c o m p o s e m e t a l s , to r e - fo rm t h e m , a n d to rea l ize t h e o n c e 
a b s u r d n o t i o n of t r a n s m u t a t i o n , a r e t h e p r o b l e m s n o w g i v e n t h e 
c h e m i s t for s o l u t i o n . " Prof. W . K . Clifford ( 1 8 7 5 ) r e m a r k e d : 
" T h e r e is g r e a t r e a s o n t o b e l i e v e t h a t e v e r y m a t e r i a l a t o m c a r 
ries u p o n it a s m a l l e l ec t r i c c u r r e n t if it does not entirely consist 
of this current." C r o o k e s ( 1 8 7 9 ) o b s e r v e d : " T h e p a r t i c l e s c o n 
s t i t u t i n g t h e c a t h o d e s t r e a m a t h i g h e x h a u s t i o n s of t h e 
v a c u u m t u b e a r e n o t so l id , n o r l iqu id , n o r g a s e o u s " * * * 
" b u t c o n s i s t of s o m e t h i n g m u c h s m a l l e r t h a n t h e a t o m " * 
* * " t h e f o u n d a t i o n s t o n e s of w h i c h a t o m s a r e c o m p o s e d . " 
A n d t h e s e p h e n o m e n a a r e o b t a i n a b l e of al l m a t t e r t h u s t r e a t e d . 

I n 1 8 8 6 C r o o k e s a n n o u n c e d h i s g r a n d h y p o t h e s i s of t h e 
g e n e s i s of t h e e l e m e n t s o u t of a f o r m l e s s f i re-mist ( p r o t y l e ) 
m o r e t e n u o u s t h a n a n y f o r m of m a t t e r o r p e r h a p s e v e n t h a n 
e t h e r , b y t h e w o r k i n g of t h r e e f o r m s of e n e r g y , e l e c t r i c i t y , 
c h e m i s m , a n d h e a t ; t h e r e s u l t b e i n g a n e v o l u t i o n a n a l o g o u s 
to t h a t a n n o u n c e d b y D a r w i n t h r o u g h t h e s u r v i v a l of t h e 
m o s t s t a b l e . 

T h o s e e l e m e n t s of l e a s t a t o m i c w e i g h t w e r e first f o r m e d 
( H y d r o g e n I, H e l i u m 4 . 2 6 , L i t h i u m 7 , B e r y l l i u m 9, e t c . ) , a n d 
t h o s e of h i g h e s t a t o m i c w e i g h t las t ( P l a t i n u m 1 9 5 , G o l d 1 9 7 . 3 , 

M e r c u r y 2 0 0 , e t c . ) . O f t h e l a t t e r t h e n k n o w n t h e h i g h e s t 
w e r e T h o r i u m w i t h a n a t o m i c w e i g h t of 2 3 2 . 6 , a n d U r a n i u m 
w i t h a n a t o m i c w e i g h t of 2 3 9 . 6 . " W h a t c o m e s after U r a 
n i u m ? " C r o o k e s a s k e d , a n d a n s w e r e d " t h e f o r m a t i o n of c o m 
p o u n d s c a p a b l e of b e i n g d i s s o c i a t e d b y o u r t e r r e s t r i a l r e 
s o u r c e s of h e a t . " I n 1 8 8 8 h e s u g g e s t e d t h a t t h e e l e m e n t a r y 
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a t o m s t h e m s e l v e s m i g h t n o t b e n o w t h e s a m e as w h e n first 
g e n e r a t e d , i. e., t h a t t h e p r i m a r y m o t i o n s w h i c h c o n s t i t u t e 
t h e e x i s t e n c e of t h e a t o m m i g h t s l o w l y b e c h a n g i n g , a n d 
e v e n t h e s e c o n d a r y m o t i o n s w h i c h p r o d u c e all t h e effects w e 
r a n o b s e r v e , h e a t , c h e m i c , e l ec t r i c , e t c . , m i g h t b e affected. 
E v e n t h e a t o m s a r e n o t e t e r n a l b u t s h a r e w i t h a l l e lse d e c a y 
a n d d e a t h . T h e a t o m i c w e i g h t s w e r e n o t i n v a r i a b l e q u a n t i t i e s . 
I n 1891 h e p r o v e d t h a t t h e s t r e a m of c a t h o d e r a y s n e a r t h e 
n e g a t i v e p o l e a r e a l w a y s n e g a t i v e l y electr i f ied, t h e o t h e r c o n 
t e n t s of t h e t u b e b e i n g p o s i t i v e l y e lec t r i f i ed . 

L e n a r d a n d R o e n t g e n (1893—95) s h o w e d t h e p h e n o m e n a 
o u t s i d e t h e v a c u u m t u b e m o r e r e m a r k a b l e t h a n t h o s e i n s i d e , in 
p r o d u c i n g p h o s p h o r e s c e n c e , p e n e t r a t i n g o p a q u e s u b s t a n c e s , 
e t c . Z e e m a n (1896) s h o w e d t h a t a s p e c t r u m l ine w a s c a u s e d 
b y t h e m o t i o n of a n e l e k t r o n . D e w a r f o u n d r e l a t i ve o p a c i t y 
t o t h e R o e n t g e n r a y p r o p o r t i o n a l t o t h e a t o m i c w e i g h t s oi 
b o d i e s . B e c q u e r e l s h o w e d t h a t sa l t s o f u r a n i u m g ive e m a n a 
t i o n s w h i c h p e n e t r a t e o p a q u e s u b s t a n c e s , a n d affect a p h o t o 
g r a p h i c p l a t e in t o t a l d a r k n e s s . 

M m e . a n d M . C u r i e a n d B e m o n t d e m o n s t r a t e d t h e 
e x i s t e n c e of r a d i o - a c t i v e b o d i e s w h i c h a c c o m p a n y t h e c o m 
p o u n d s of u r a n i u m ; a n d al l t h e s e i s o l a t e d facts w e r e w e l d e d 
t o g e t h e r b y t h e d i s c o v e r y of R A D I U M w i t h i ts a t o m i c w e i g h t 
of a b o u t 258. A c c o r d i n g t o C r o o k e s ' p r o p h e c y t h e s e g r e g a 
t i ons of p r o t y l e of g r e a t e r a t o m i c w e i g h t t h a n u r a n i u m w o u l d 
d i s soc ia t e , a n d t h i s w a s a b o u t t o b e m o r e t h a n rea l i zed b y t h e 
d i s c o v e r i e s t h a t t h o r i u m a n d u r a n i u m h a d a l r e a d y b e e n 
d o i n g t h i s u n k n o w n t o t h e i r i n v e s t i g a t o r s , a n d t h e n e w 
e l e m e n t r a d i u m w a s p r e e m i n e n t in t h i s p r o p e r t y . 

R a d i u m c a u s e s s o d a g l a s s t o t u r n v io le t . I t a c t s s t r o n g l y 
o n t h e s k i n t h r o u g h l e a t h e r , p a p e r a n d c l o t h i n g , c a u s i n g 
s e v e r e pa ins ; a n d p o u r s o u t q u a n t i t i e s of e m a n a t i o n s . T h e s e 
e m a n a t i o n s a r e of s e v e r a l k i n d s , a n d p r o d u c e a s e p a r a t e k i n d , 
a s fol lows : 

I . E l e k t r o n s . 1. M o v e wi th a v e l o c i t y of -r\ t o | 
t h a t of l igh t . 2. D e v i a b l e in a m a g n e t i c field. 3 . G r a d u a l l y 
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o b s t r u c t e d b y co l l i s ions wi th air a t o m s t o w h i c h t h e y i m p a r t 
c o n d u c t i n g p o w e r s . 4 . T h e y t u r n c o r n e r s . 5 . T h e y c a n b e 
c o n c e n t r a t e d b y m i c a c o n e s i n to a b u n d l e , a n d t h e s e p r o d u c e 
p h o s p h o r e s c e n c e . 6. A n e l e k t r o n is a b o u t T^-Q t h e m a s s 
of a n a t o m of h y d r o g e n , o r o n e 3 0 , 0 0 0 0 0 0 , 0 0 0 0 0 0 , 0 0 0 0 0 0 , -

o o o o o o t h g r a m . 7 . E l e k t r o n s wil l affect a p h o t o g r a p h i c p l a t e 
t h r o u g h 5 o r 6 m m . of l e ad , a n d s e v e r a l i n c h e s of w o o d o r 
a l u m i n i u m . 8 . T h e y m a k e a p h o t o g r a p h of a c l o s e d c a s e of 
i n s t r u m e n t s in t h r e e d a y s . 

I I . I o n s . 1 . E m a n a t i o n s 1 0 0 0 t i m e s t h e e n e r g y of 
e l e k t r o n s , a n d of e n o r m o u s m a s s , m o v i n g w i t h s o m e t h i n g l ike 
t h e v e l o c i t y of l i g h t . 2 . T h e y a r e s l i g h t l y d e v i a b l e in t h e 
m a g n e t i c field, a n d t h e i r dev i a t i on is of t h e c o n t r a r y k i n d 
f rom t h a t of t h e e l e k t r o n s . 3 . T h e y r e n d e r air a c o n d u c t o r . 
4 . T h e y a r e o b s t r u c t e d b y t h e t h i n n e s t p l a t e . 5 . T h e y a r e 
m a t e r i a l p a r t i c l e s , indef in i t e ly s m a l l e r t h a n t h e c h e m i c a l a t o m s , 
d i s s o c i a t e d f rom t h e i r e l e k t r o n s w i t h w h i c h w h e n c o m b i n e d 
t h e y fo rm r a d i u m , p o l o n i u m , a c t i n i u m , u r a n i u m , e t c . 

I I I . A n e m a n a t i o n r e c e n t l y d i s c o v e r e d a n d o n l y a n 
n o u n c e d n i g h t be fo re l a s t ( N o v e m b e r 2 5 , 1 9 0 3 ) b y Si r W i l l i a m 
R a m s e y a t a m e e t i n g of t h e L o n d o n I n s t i t u t i o n . T h e d i s 
c o v e r y w a s p r i n t e d for t h e first t i m e in t h e t e l e g r a p h i c n e w s 
of t h i s m o r n i n g ' s n e w s p a p e r s ( N o v . 2 7 . I t is a h e a v y g a s 
w h i c h , a t first e x h i b i t i n g a l l t h e s p e c t r o s c o p i c p e c u l i a r i t i e s of 
r a d i u m , s l o w l y c h a n g e s b e f o r e t h e e y e s of t h e o b s e r v e r (as i t 
w e r e ) t o a b o d y i d e n t i c a l w i t h t h e e l e m e n t h e l i u m d i s c o v e r e d 
in t h e a t m o s p h e r e o f t h e s u n . A m o n t h ' s c o n f i n e m e n t in a 
g l a s s v e s s e l suffices for t h i s c o m p l e t e c h a n g e . 

I V . R O E N T G E N ( X ) R A Y S . R . T h e s e a r e e t h e r w a v e s 
p r o d u c e d b y t h e col l i s ion of e l e k t r o n s a n d ions w i t h a i r a t o m s . 
2 . T h e y a r e n o t a t al l d e v i a b l e in t h e m a g n e t i c field. 3 . T h e y 
a r e m u c h m o r e p e n e t r a t i n g t h a n t h e e l e k t r o n s . 4 . A p h o t o 
g r a p h of a c l o s e d c a s e of i n s t r u m e n t s c a n b e t a k e n b y t h e m 
in t h r e e m i n u t e s . 
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O n e r e s u l t of t h e s t u d y of r a d i u m ' s p r o p e r t i e s is t o c a u s e 
t h e a b a n d o n m e n t of t h e two- f lu id t h e o r y of e l ec t r i c i t y in 
favor of t h e one- f lu id t h e o r y of F r a n k l i n , w h i c h g ive s t h e 
c o u p d e g r a c e t o B e r z e l i u s ' d u a l i s m . T h e e l e k t r o n is t h e 
a t o m of e l e c t r i c i t y . A t t h e r a t e t h e e l e k t r o n s a n d i o n s a r e 
b e i n g c o n s t a n t l y p r o j e c t e d o u t w a r d f rom r a d i o - a c t i v e m e t a l s 
R u t h e r f o r d a n d S c u d d y e s t i m a t e t h a t o n e g r a m of u r a n i u m 
o r t h o r i u m w o u l d lose o n e m i l l i g r a m in w e i g h t in 1 , 0 0 0 , 0 0 0 

y e a r s . R a d i u m , h o w e v e r , loses 1 m i l l i g r a m p e r g r a m in a 
y e a r ; t h e r e f o r e , t h e life of r a d i u m c a n n o t b e m o r e t h a n o n e , 
o r , a l l o w i n g l i be r a l l y for e r r o r s of o b s e r v a t i o n , a few t h o u s a n d 
y e a r s ; a n d c o n s e q u e n t l y t h e r a d i u m in s o m e m i n e r a l s c a n n o t 
h a v e e x i s t e d a s l o n g as t h e m i n e r a l s t h e m s e l v e s , b u t m u s t 
h a v e b e e n a n d m u s t st i l l b e c o n t i n u a l l y p r o d u c e d b y r a d i o 
a c t i v e c h a n g e , a n d m u s t b e c o n t i n u a l l y c h a n g i n g in to o t h e r 
e l e m e n t s a n d i n t o — f o r c e . 

T h i s c o n t i n u o u s p o u r i n g o u t of e m a n a t i o n s is n o t affected 
b y a t e m p e r a t u r e of 4 5 0 ° C. m a i n t a i n e d for s e v e r a l d a y s , n o r 
d e s t r o y e d b y i m m e r s i o n in l i qu id a i r ( — 1 9 0 0 ) . H e r e is a 
c o n t i n u o u s s t r e a m of e m a n a t i o n s b e i n g g i v e n o u t , a n d , a c c o r d 
i n g t o C o u n t R u m f o r d ' s r e a s o n i n g , t h e e m a n a t i o n s c a n n o t b e 
m a t t e r . B u t if n o t m a t t e r t h e y a r e n o t t r a n s v e r s e w a v e s o r 
r i p p l e s in e t h e r , b u t t h e y a r e t h e d i s l o c a t e d p a r t s of w h i c h 
m a t t e r is c o m p o s e d ; a n d t h e s p l e n d i d g e n e r a l i z a t i o n of t h e 
i n d e s t r u c t i b i l i t y of m a t t e r c r u m b l e s . 

T h e e l e k t r o n a p p e a r s as a p p a r e n t m a s s , a c c o r d i n g t o 
C r o o k e s , b y r e a s o n of i ts e l e c t r o d y n a m i c p r o p e r t i e s . H e 
a d d s : " I f w e c o n s i d e r al l forces of m a t t e r t o b e m e r e l y c o n 
g e r i e s of e l e k t r o n s t h e ine r t i a of m a t t e r " (its d i s t i n g u i s h i n g 
a t t r i b u t e ) " would be explained without any material basis." 

W h a t t h e n b e c o m e s of t h e g r e a t f u n d a m e n t a l l a w of c h e m 
i s t r y , sa id t o h a v e b e e n e s t a b l i s h e d b y L a v o i s i e r , t h a t t h e t o t a l 
a m o u n t of m a t t e r in t h e u n i v e r s e is fixed a n d c o n s t a n t , w h e n , 
in p o i n t of fact, m a t t e r m a y b e s i m p l y c o m p o s e d of " a t o m s " 
of e l ec t r i c i ty o r force ? B u t w h e t h e r o r n o t t h e r e is any 
m a t t e r i n d e p e n d e n t of e l ec t r i c i t y (o r force) t h e d i s soc i a t i on 
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e m a n a t i o n s of r a d i u m t r a n s f o r m it, a t l e a s t partly, i n t o a n o t h e r 
e l e m e n t a n d p a r t l y i n t o fo rce . 

I t w a s L o r d K e l v i n (S i r W i l l i a m T h o m s o n ) w h o o r i g i 
n a l l y g a v e a u t h o r i t y t o D e s c a r t e s ' v o r t i c e s b y s u p p o s i n g e a c h 
o r i g i n a l v o r t e x w h e n se t u p t o c o n t i n u e u n c h a n g e d a n d 
u n c h a n g e a b l e fo reve r ; a n d t o c o n s t i t u t e t h e s m a l l e s t un i t of 
m a t t e r — t h e a t o m — w h i c h , c o m b i n e d w i t h o t h e r s i m i l a r v o r 
t i ce s , p r o d u c e d all b o d i e s w h i c h w e k n o w . H e w a s sa id t o 
h a v e a b a n d o n e d th i s v i e w a t t h e t i m e w h e n o t h e r c h e m i s t -
p h y s i c i s t s a d o p t e d i t , b u t w h e t h e r s o o r n o t t h i s v i ew is h e l d 
b y a n u m e r o u s a n d i n c r e a s i n g s c h o o l . 

Prof. L a r m o r r e g a r d s e l e c t r i c i t y a s a t o m i c in i ts n a t u r e , 
e a c h a t o m b e i n g a c e n t r e of s t r a i n in t h e e t h e r ; m a t t e r b e i n g 
c l u s t e r s of t h o s e e l ec t r i ca l p o s i t i v e a n d n e g a t i v e a t o m s o r 
e l e k t r o n s in o r b i t a l m o t i o n a r o u n d e a c h o t h e r . 

Prof. O s b o r n e R e y n o l d s ' v i ew is u n i q u e ( R e d e L e c t u r e 
J u n e 1 0 , 1 9 0 2 , " O n a n i n v e r s i o n of i d e a s a s t o t h e s t r u c t u r e 
of t h e u n i v e r s e " ) . F o r e t h e r h e s u p p o s e s a g r a n u l a r m e d i u m 
c l o s e l y p a c k e d , w i t h a d e n s i t y t en t h o u s a n d t i m e s t h a t of 
w a t e r . H e r e a n d t h e r e a g r a i n is o u t of p l a c e p r o d u c i n g 
a s t r a i n . T h e s u m of s u c h o c c u r r e n c e s h e ca l l s " s i n g u l a r 
su r faces of m i s f i t " w h i c h a r e w a v e - l i k e . W h a t w e ca l l 
" m a t t e r " a r e p l a c e s w h e r e ' t h e m e d i u m w h i c h t a k e s t h e 
p l a c e of e t h e r is least d e n s e . S o t h a t t h e h e a v i e r t h e b o d y 
t h e less is t h e m a s s of t h i s m e d i u m w h i c h it c o n t a i n s ; w h i c h 
c o m p l e t e l y r e v e r s e s o u r n o t i o n s of t h i n g s . W h e r e n o t h i n g 
a t al l e x i s t e d t h e r e s u l t t o o u r s e n s e s w o u l d b e a p p a r e n t l y 
indef in i t e ly h e a v y m a t t e r , a c c o r d i n g t o th i s v i ew . 

A t t h e p r e s e n t s t a t e of t h e w a r a b o u t t h e e l e m e n t s t h e 
p i o n e e r m i n d s t o - d a y a r e s e r i o u s l y c o n s i d e r i n g t h e t h e o r y 
t h a t m a t t e r is n a u g h t b u t v o r t i c e s , o r e t h e r e a l v i b r a t i o n s of 
e l ec t r i ca l e n e r g y . * A l a r g e n u m b e r of t h e o c c u r r e n c e s w e 

* It is w o r t h y of note that in fields of re search so separate as p h y s i c s , c h e m 
istry, b i o l o g y and m e t a p h y s i c s or p h i l o s o p h y , s o m e o f t h e ablest p r o s e c u t o r s o f 
research are m o v i n g towards this c o n c e p t i o n of the o n e n e s s o f matter a n d force , 
or , as a n e w worker ( I g n a t i u s S i n g e r ) ca l l s all p h e n o m e n a , pers i s t ence , res is t 
a n c e and equa l i za t ion . 
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w i t n e s s e v e r y d a y ; t h e r u b b i n g of g l a s s w i t h s i lk , s u n s h i n e , 
ra in , l i g h t n i n g , f l ame , wa te r f a l l s , o c e a n w a v e s , a l l p r o v o k e 
t h e d i s soc i a t i on of t h e a t o m ; a n d , h o w e v e r s l o w t h e p r o 
cess m a y b e , S i r W i l l i a m C r o o k e s t e r m i n a t e s h i s p a p e r 
be fo re t h e Be r l i n C o n g r e s s b y t h e s p e c u l a t i o n t h a t in t h e 
e n d " p r o t y l e — t h e f o r m l e s s fire-mist—may o n c e a g a i n p r e 
vai l , a n d t h e h o u r h a n d of e t e r n i t y will h a v e c o m p l e t e d o n e 
r e v o l u t i o n . " 

I n s p e a k i n g of t h e s e u p r o o t i n g s of o l d t h e o r i e s w h i c h 
w e r e t h o u g h t t o b e as e t e r n a l a s t h e c o n c e p t i o n s of t i m e a n d 
s p a c e , I h a v e n o t a l l u d e d to t h e b a t t l e w h i c h fo l l owed D a r 
w i n ' s w o r k , s u p p l e m e n t e d a n d c o n f i r m e d b y H u x l e y , I l a e c k e l , 
a n d m a n y o t h e r s , t h r o u g h w h i c h t h e d o c t r i n e of s p e c i a l c r ea 
t i o n s of p l a n t s a n d a n i m a l s h a s b e e n p e r m a n e n t l y a b a n d o n e d 
a n d in its s t e a d a c h a i n of life h a s b e e n s h o w n , in H a e c k e l ' s 
r e c e n t b o o k on t h e " R i d d l e s of t h e U n i v e r s e , " t o l ead u p f rom 
C r o o k e s ' p r o t y l e t o t h e s ing le o r g a n i c cel l , a n d f rom th i s b y 
s h o r t a n d , in t h e m a i n , t r a c e a b l e s t e p s t o " H o r n o s a p i e n s " o r 
m a n . 

I h a v e o m i t t e d t h i s b e c a u s e t h e field c h o s e n , t h e cons id 
e r a t i o n of m a t t e r a n d force , e m b r a c e s a w i d e r — t h e w i d e s t 
p o s s i b l e — h o r i z o n , w i t h i n w h i c h t h e s e o t h e r p r o b l e m s , p e r h a p s 
i n c l u d i n g t h a t of life itself, a r e m e r e f ea tu res . B u t t h e p r e 
p o n d e r a t i n g t e n d e n c y of scientific t h o u g h t in t h e s m a l l e r 
as wel l as in t h e l a r g e r field, a n d in fact in all fields, is t o w a r d 
M o n i s m . O n e t h i n g , a t o n c e t h e c a u s e a n d s u b s t a n c e of al l 
t h i n g s m a t e r i a l a n d n o t m a t e r i a l ; m a t t e r , force, a n d t h o u g h t . 

W e r e it n o t t h a t t h e s u b l i m e w o r d h a s b e e n e m p l o y e d for 
s o m a n y a n d s u c h conf l i c t ing i d e a s , t h e r e c o u l d b e n o p h i l o 
s o p h i c ob j ec t i on t o ca l l i ng th i s A l 1 — G O D . 
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