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THE RIGHI RAILROAD.

In the year 1864, the well-known geographer, Heinrich Keller, from Zurich, on ascending
to the summit of the Righi Mountain, in the heart of Switzerland, discovered one of the 
finest panoramic displays of mountain scenery that he had ever witnessed.  To his 
enthusiastic descriptions some lovers of nature in Zurich and Berne listened with much 
interest, and in the year 1865, Dr. Abel, Mr. Escher von der Luith, Aulic Councilor, Dr. 
Horner, and others, in connection with Keller himself, subscribed money to the amount 
of 2,000 marks ($500) for the purpose of building a hotel on the top of the mountain 
overlooking the view.  This hotel was simple enough, being merely a hut such as is to 
be found in abundance in the Alps, and which are built by the German and Austrian 
Alpine Clubs.  At present the old hotel is replaced by another and more comfortable 
building, which is rendered accessible by a railway that ascends the mountain.  Mr. 
Riggenbach, director of the railway works at Olten, was the projector of this road, which 
was begun in 1869 and completed in 1871.  Vitznau at Lucerne is the starting point.  
The ascent, which is at first gradual, soon increases one in four.  After a quarter of an 
hour the train passes through a tunnel 240 feet in length, and over an iron bridge of the 
same length, by means of which the Schnurtobel, a deep gorge with picturesque 
waterfalls, is crossed.  At Station Freibergen a beautiful mountain scene presents itself, 
and the eye rests upon the glittering, ice-covered ridge of the Jungfrau, the Monk, and 
the Eiger.  Further up is station Kaltbad, where the road forks, and one branch runs to 
Scheideck.  At about ten minutes from Kaltbad is the so-called “Kanzli” (4,770 feet), an 
open rotunda on a projecting rock, from which a magnificent view is obtained.  The next 
station is Stoffelhohe, from which the railroad leads very near to the abyss on the way to
Righi-Stoffel, and from this point it reaches its terminus (Righi-Kulin) in a few minutes.  
This is 5,905 feet above the sea, the loftiest and most northern point of the Righi group.

[Illustration:  Fig. 1.—Starting point of the Righi railroad.]

[Illustration:  Fig. 2.—The Righi railroad.]

The gauge of this railroad is the same as that of most ordinary ones.  Between the rails 
runs a third broad and massive rail provided with teeth, which gear with a cogwheel 
under the locomotive.  The train is propelled upward by steam power, while in its 
descent the speed is regulated by an ingenious mode of introducing atmospheric air into
the cylinder.  The carriage for the passengers is placed in both cases in front of the 
engine.  The larger carriages have 54 seats, and the smaller 34.  Only one is 
dispatched at a time.  In case of accident, the train can be stopped almost 
instantaneously.

7
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[Illustration:  Fig. 3.—New locomotive on the Righi railroad.]

We give herewith, from La Lumiere Electrique, several engravings illustrating the 
system.  Fig. 1 shows the starting station.  As may be seen on Figs. 2 and 3, the 
method selected for obtaining adhesion permits of ascending the steepest gradients, 
and that too with entire security.

* * * * *

HIGH SPEED STEAM ENGINE.

The use of rapidly rotating machinery in electric lighting has created a demand for 
engines running from 400 to 1,200 revolutions per minute, and capable of being coupled
directly to a dynamo machine.  We have already illustrated several forms of these 
engines, and now publish engravings of another in which the most noticeable feature is 
the employment of separate expansion valves and very short steam passages.  Many 
high-speed engines labor under the well-grounded suspicion of being heavy steam 
users, and their want of economy often precludes their employment.  Mr. Chandler, the 
inventor of the engine illustrated above, has therefore adopted a more elaborate 
arrangement of valves than ordinarily obtains in engines of this class, and claims that he
gains thereby an additional economy of 33 per cent. in steam.  The valves are 
cylindrical, and are driven by independent eccentrics, the spindle of the cut-off valve 
passing through the center of the main valve.  The upper valve is exposed to the steam 
on its top face, and works in a cylinder with a groove cut around its inner surface.  As 
soon as the lower edge of the valve passes below the bottom lip of the groove, the 
steam is cut off from the space between it and the main valve, which is fitted with 
packing rings and works over a latticed port.  This port opens directly into the cylinder.  
The exhaust takes place chiefly through a port uncovered when the piston is 
approaching the end of its stroke.  The remaining vapor left in the cylinder is exhausted 
under the lower edge of the main valve, until cushioning commences, and the steam 
from both upper and lower ports is discharged into the exhaust box shown in Fig. 2.  
The speed of the engine is controlled by a centrifugal governor and an equilibrium 
valve.  This is a “dead face” valve, and when the engine is running empty it opens and 
closes many times per minute.  The spindle on which the valve is mounted revolves with
the governor pulley, and consequently never sticks.  To prevent the small gland being 
jammed by unequal screwing up, the pressure is applied by a loose flange which is 
rounded at the part which presses against the gland.  The governor is adjustable while 
the engine is running.

[Illustration:  Improved high speed steam engine.]
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Another economy claimed for this engine is in the use of oil.  The cranks and connecting
rods work in a closed chamber, the lower part of which is filled with oil and water.  The 
oil floats in a layer on the surface of the water, and at every revolution is splashed all 
over the working parts, including the interior of the cylinder, which it reaches through 
holes in the piston.  The oil is maintained exactly at one level by a very ingenious 
arrangement.  The bottom of the crank chamber communicates through a hole, C, with 
an outer box, which receives the water deposited by the exhaust steam.  The level of 
this water is exactly determined by an overflow hole, B, which allows all excess above 
that level to pass into an elbow of the exhaust pipe, out of which it is licked by the 
passing steam and carried away.  Thus, as the oil is gradually used the pressure of the 
water in the other leg of the hydrostatic balance raises the level of the remaining 
portion.  When a fresh supply of oil is poured into the box, it forces out some of the 
water and descends very nearly to the level of the hole, B.

The engine is made with either one or two cylinders, and is, of course, single-acting.  
The pistons and connecting rods are of forged steel and phosphor-bronze.  The 
following is a list of their sizes: 

Sin gle  En gin es .
-----------------------------------------------------------
Brak e    |            |             |          |             |
H o r s e po w e r |  Bore  of   |  Revolutions |          |             |
a t  6 2  lb. |  Cylind er. |  p e r  min u t e . |  H eig h t .  | Floo r  S p ac e . |
Boile r    |            |             |          |             |
P r e s s u r e .  |            |             |          |             |
----------|-----------|------------|---------|-------------
|    in.     |             |    in.   |   in.   in. |
2 1/4      |     4       |    1 ,1 00     |    2 6     |   1 4  by  1 4   |
3 1/2      |     5       |    1 ,0 00     |    2 8     |   1 4  "  1 5   |
6       |     6 1/2      |      8 0 0     |    3 0     |   1 6  "  1 6   |
1 0       |     8       |      7 0 0     |    3 2     |   1 8  "  1 8   |
-----------------------------------------------------------
/p r e >
Double  E n gine s .
-----------------------------------------------------------
Brak e    |            |             |          |             |
H o r s e po w e r |  Bore  of   |  Revolutions |          |             |
a t  6 2  lb. |  Cylind er. |  p e r  min u t e . |  H eig h t .  | Floo r  S p ac e . |
Boile r    |            |             |          |             |
P r e s s u r e .  |            |             |          |             |
----------|-----------|------------|---------|-------------
|    in.     |             |    in.   |   in.   in. |
4 1/2      |     4       |    1 ,1 00     |    2 6     |   1 4  by  2 0   |
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7 1/4      |     5       |    1 ,0 00     |    2 8     |   1 4  "  2 0   |
1 2       |     6 1/2      |      8 0 0     |    3 0     |   1 6  "  2 6   |
2 0       |     8       |      7 0 0     |    3 2     |   1 8  "  3 2   |
-----------------------------------------------------------
/p r e >

The  m a n ufac t u r e r  is Mr. F.D.  Bu m s t e a d,  H e d n e sfor d,
S t affo rds hi r e.—E n gin e ering .
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*       *       *       *  
    *

THE CHINESE PUMP.

If a  gl as s  t u b e  a bo u t  t h r e e  fee t  in  leng t h,  p rovide d
a t  i ts  u p p e r  ex t r e mity wi th  a  valve  t h a t  op e n s  ou t w a r dly,
a n d  a t  it s  lowe r  wi th  on e  t h a t  op e ns  inw a r dly, b e
dip p e d  in to  w a t e r  a n d  given  a  s e rie s  of u p  a n d  do w n
m otions,  t h e  w a t e r  will b e  s e e n  to  q uickly ris e  t h e r ein
a n d  finally s p u r t  ou t  a t  t h e  top.   The  expla n a tion
of t h e  p h e no m e no n  is ve ry sim ple.   U pon  im m e r sing
t h e  t u b e  in t h e  w a t e r  it  fills a s  fa r  a s  to  t h e  ext e r n al
level of t h e  liquid,  a n d  t h e  ai r  is exp elled  fro m  t h e
in t e rior.  If t h e  t u b e  b e  s u d d e nly r ais e d  wi t ho u t
r e m oving  it s  lowe r  ex t r e mi ty fro m  t h e  w a t er, t h e  valve
will clos e,  t h e  w a t e r  will r i s e  wi th  t h e  t u b e ,  a n d,
t h ro u g h  t h e  veloci ty it  h a s  a c q ui r e d,  will a s c e n d  fa r
a bove  it s  p r e c e ding  level.  N ow, u po n  r e p e a ting
t h e  u p  a n d  dow n  m o tion  of t h e  t u b e  in t h e  w a t e r  five
o r  six tim e s,  t h e  t u b e  will b e  filled,  a n d  will exp el
t h e  liquid  ev e ry tim e  t h a t  t h e  ve r tical m o tion  occ u r s.

[Illus t r a tion:  T h e  Chine s e  p u m p .]

We s p e ak  h e r e  of a  glass  t u b e ,  b e c a u s e  wi th
t his  t h e  p h e no m e no n  m ay  b e  obs e rve d.   Any t u b e,
of cou r s e ,  would  p ro d u c e  t h e  s a m e  r e s ul t s .

The  m a n ufac t u r e  of t h e  a p p a r a t u s  is ve ry si m ple.  
The  t u b e  is clos e d  a bove  o r  b elow, a cco rdin g  to  t h e
sys t e m  on e  d e si r e s  to  a do p t ,  by m e a n s  of a  p e rfo r a t e d
co rk.   The  valve  is m a d e  of a  pi ec e  of kid  skin,
w hich  is fixed  by m e a n s  of a  b e n t  pin  a n d  a  b r a s s
wi r e  (Fig. 2).  I t  is n ec es s a ry  to  w e t  t h e  skin
in o r d e r  t h a t  it m ay  work  p ro p e rly a n d  for m  a  h e r m e tic
valve.   The  a r r a n g e m e n t  of t h e  low e r  valve  n ec es si t a t e s
t h e  u s e  of a  t u b e  of conside r a ble  di a m e t e r  (Fig.  1). 
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We would  a dvise  t h e  a do p tion  of t h e  a r r a n g e m e n t  s how n
in Fig.  2 .   U n d e r  s uc h  ci rc u m s t a n c es  a  t u b e  h alf
a n  inch  in di a m e t e r  a n d  a bo u t  3  fee t  in len g t h  will
a n s w e r  ve ry w ell.

I t  is b e t t e r  ye t  to  sim ply u s e  on e’s for efing er. 
The  t u b e  is t ak e n  in t h e  rig h t  h a n d,  a s  s ho w n  in Fig.
3,  a n d  t h e  for efing e r  pl ac e d  ove r  t h e  a p e r t u r e .  
The  finge r  s hould  b e  w e t t e d  in o rd e r  to  p e rf ec t  it s
a d h e r e nc e,  a n d  s ho uld  no t  b e  p r e s s e d  too  h a r d  a g ain s t
t h e  m o u t h  of t h e  t u b e .   I t  is only n e c e ss a ry to
plu n g e  t h e  a p p a r a t u s  a  few inch e s  in to  t h e  liquid  a n d
wo rk  it r a pidly u p  a n d  do w n,  w h e n  t h e  w a t e r  will ri s e
t h e r ein  a t  eve ry m o tion  a n d  s p u r t  ou t  of t h e  top.

This  is a n  e a sy  w ay of cons t r u c tin g  t h e  Chin e s e
Pu m p , w hich  is foun d  d e sc ribe d  in t r e a tis e s  u po n
hyd r a ulics.   S u c h  a  p u m p  could  no t ,  of cou r s e ,
b e  e co no mically u s e d  in p r a c tice  on  a c co u n t  of t h e
fric tion  of t h e  colu m n  of w a t e r  a g ains t  a  wid e  s u rfac e
in t h e  in t e rio r  of t h e  t u b e .   It  is n e c e s s a ry
to  conside r  t h e  pis to nle s s  p u m p  for  w h a t  it  is wo r t h— a n
int e r e s ting  exp e ri m e n t al  a p p a r a t u s  t h a t  a ny on e  c a n
m a k e  for  hi m s elf.—La N a t ur e .

*       *       *       *  
    *

THE WATER CLOCK.

To t h e  E di tor  of  t h e  S ci e n tific A m erican : 
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Refe r rin g  to  t h e  cle psyd r a ,  o r  w a t e r  clock, d e s c rib e d
a n d  illus t r a t e d  in t h e  scie n tific  A m e ricans u p ple m e n t  of Dec e m b e r  2 0 ,  1 8 8 4,  
it  s t rike s  m e
t h a t  t h e  ing e nious  p rinciple  e m bo die d  in t h a t  in t e r e s ting
d evice  could  b e  p u t  in to a  s h a p e  m o r e  m o d e r n  a n d  p r a c tical,
doing  a w ay wi th  so m e  of i ts  d efec t s  a n d  insu rin g  a
g r e a t e r  d e g r e e  of a cc u r a cy.

[Illus t r a tion:  Fig  1.]

I would  p ro pos e  t h e  co ns t r uc tion  give n  in t h e  s u bjoine d
sk e tc h,  viz .:  The  d r u m,  A (Figs.  1  a n d  3),
is m o u n t e d  in  a  yoke  s u s p e n d e d  in s uc h  a  m a n n e r  a s
to  b rin g  no  u n n e c e s s a ry, b u t  s till s ufficien t ,  p r e s s u r e
on  t h e  fric tion  roller, B, to  c a u s e  it to  r evolve
t h e  fric tion  con e,  C (bo t h  con e  a n d  rolle r  b eing  of
wood  a n d,  s ay, w ell r u b b e d  wi th  r e sin  so  a s  to  inc r e a s e
a d h e sion).

[Illus t r a tion:  Fig  2.]

The  fric tion  rolle r  s ho uld  b e  m ova ble  (on  a  sc r e w
t h r e a d),  b u t  so  a r r a n g e d  t h a t  it c a n  b e  fixed  a t  a ny
poin t ,  s ay  by a  lock n u t ,  s c r ew, cla m p,  o r  o t h e r  sim ple
m e a n s.   I t  will b e  evid e n t  t h a t ,  by s hifting  t h e
roller, a  g r e a t e r  o r  les s  s p e e d  of t h e  con e  c a n  b e
effec t e d,  a n d  a s  to  t h e  e n d  of t h e  con e’s axis
a n  ind ex h a n d  s w e e pin g  a n  o r din a ry clock fac e  is a t t a c h e d,
t h e  s p e e d  of t his  ind ex h a n d  c a n  b e  r e g ul a t e d  to  a
nic e ty, in p ro po r tion  to  t h a t  of t h e  d r u m.   Of
cou r s e ,  b efo r e  fixing  t h e  size  a n d  p ro po r tion  of t h e
disk  a n d  con e,  t h e  n u m b e r  of r evolu tions  of t h e  d r u m
in a  given  tim e  m u s t  b e  a sc e r t ain e d  by exp e rim e n t .  
For  ins t a nc e ,  t h e  d r u m  b eing  foun d  to  m a k e  1 5  r evolu tions
in 1 2  ho u r s ,  t h e  p ro po r tions  wo uld  b e:  

Circ u mfe r e nc e  of r olle r  =  1 2  u ni t s .  
Circ u mfe r e nc e  of mid dle  p a r t  of con e  =  1 5  u ni t s .

Or, t h e  d r u m  m a king  2 1/2  r evolu tions  in 3  ho u r s,  e q u al
to  9  r evolu tions  in 1 2  ho u r s:  

13



Circ u mfe r e nc e  of r olle r  =  1 2  u ni t s .  
Circ u mfe r e nc e  of mid dle  p a r t  of con e  =  9  u ni t s .

Any sligh t  inacc u r a cy c a n  b e  co m p e n s a t e d  by  t h e  co n e
a n d  disk  d evice.

The  d r u m,  o r  cylind er, is c a u s e d  to  g r a d u ally r evolve
by a  w eigh t  a t t a c h e d  to  a n  e n dle ss  co r d  p a s sing  onc e
a ro u n d  t h e  d r u m.   The  la t t e r  mig h t  b e  va r nis h e d
to  p r eve n t  slipping.   The  w eigh t  s ho uld  b e  p rovide d
wi th  a n  a u to m a tic  w e d g e,  allowing  it to  b e  slipp e d
alon g  t h e  co r d  in  a n  u p w a r d  di r ec tion,  b u t  p r eve n ting
its  d e s c e n t .   The  w eigh t  is r e p r e s e n t e d  p a r tly
in s ec tion  in t h e  e n g r aving.   This  w eigh t  s ho uld
no t  b e  q ui t e  s ufficie n t  to  r evolve  t h e  d r u m,  it  b eing
cou n t e r b al a nc e d  by t h e  liquid  r ais e d  in t h e  ch a m b e r s
of t h e  d r u m.   The  liquid,  how ever, following  it s
t e n d e n cy to  s e ek  t h e  low es t  level, g r a d u ally r u n s
b ack  t h ro u g h  t h e  s m all hole,  D, in t h e  p a r ti tions,
b u t  is con tinu ally r ais e d  a g ain,  wit h  t h e  c h a m b e r  it
h a s  jus t  e n t e r e d,  by  t h e  w eigh t  sligh tly t u r nin g  t h e
cylind e r  a s  i t (t h e  w eig h t)  g r a d u ally g ains  a dv a n t a g e
ove r  t h e  a s  g r a d u ally di minishing  w eigh t  of e a c h  c h a m b e r
r ais e d.
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As to  t h e  d r u m,  t h e  s a m e  mig h t  b e  cons t r u c t e d  a s  follows,
vi z .:  Fi r s t  sold e r  t h e  p a r ti tions  in to  t h e
cylind er, m a kin g  t h e m  sl a n ting  o r  h aving  t h e  di r e c tion
of c ho r d s  of a  ci rcle  (se e  Fig.  2).  The  e n d  di sks
s ho uld  b e  dis h  s h a p e d,  a s  s how n.   Plac e  t h e m  on
a  level s u rfac e,  a p ply h e a t ,  a n d  m el t  so m e  m a s tic
o r  good  s e aling  w ax in t h e  s a m e.   The n  a djus t  t h e
cylind e r  p a r t ,  wi t h  it s  p a r ti tions,  a llowing  it  to
sink  in to  t h e  sligh t  d e p t h  of m ol t e n  m a t t er. 
In  t his  w ay, o r  p e r h a p s  by e m ploying  a  solu tion  of
r u b b e r  ins t e a d  of t h e  s e aling  w ax, t h e  c h a m b e r s  will
b e  w ell isola t e d  a n d  no t  liable  to  le ak.   The
w a t e r  is t h e n  in t rod uc e d  t h ro u g h  t h e  c e n t e r  op e nin gs
of t h e  disks  b efor e  h e r m e tic ally s e aling  t h e  d r u m  to
its  axis.

[Illus t r a tion:  Fig.  3 .]

The  r evolving  p a r t s  of t h e  clock b ein g  nic ely b al a nc e d,
a  p r e t ty  a cc u r a t e  ti m e piec e,  I s hould  t hink,  wo uld
b e  t h e  r e s ul t .   I t  is n e e dle ss  to  m e n tion  t h a t
t h e  “windin g” is effec t e d  by  slipping  t h e
w eig h t  to  it s  high e s t  poin t.

Of cou r s e  I a m  fa r  fro m  consid e ring  t h e  a bove  a n  “ins t r u m e n t
of p r e cision,” b u t  wo uld  r a t h e r  look u po n  it
in  t h e  ligh t  of a  con t riva nc e ,  in t e r e s tin g,  p e r h a p s ,
e s p e cially to  a m a t e u r  m e c h a nics,  a s  no t  p r e s e n ting
a ny p a r ticula r  difficul ti es  of cons t r uc tion.

E d . C. M a g n u s .

C r efeld,  Janu a ry 5,  1 8 8 5.

*       *       *       *  
    *
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NEW TORPEDO.

We illus t r a t e  a  n e w  for m  of s elf-p rop elling  a n d  s t e e rin g
to r p e do, d e sig n e d  a n d  p a t e n t e d  by  Mr. Rich a r d  Pa ulson,
of Boon  Hills, Lang wi th,  N o t t s .   Tha t  to r p e do e s
will pl ay a n  impor t a n t  p a r t  in t h e  n ex t  n av al w a r  is
evid e n t  fro m  t h e  fac t  t h a t  g r e a t  a c tivity is b eing
dis playe d  by t h e  va rious  gove r n m e n t s  of t h e  world
in t h e  cons t r uc tion  of t his  w e a po n.   Ou r  ow n  Gove r n m e n t
al so  h a s  la t t e rly p aid  g r e a t  a t t e n tion  to  t his  s u bjec t.

The  m e t ho d s  hi t h e r to  p ro pos e d  for  p rop elling  to r p e do e s
h ave  b e e n  by m e a n s  of c a r bo nic a cid  o r  o t h e r  co m p r e s s e d
g a s  c a r rie d  by  t h e  to r p e do e s,  a n d  by m e a n s  of el ec t rici ty
conveyed  by a  con d uc to r  lea ding  fro m  a  con t rolling
s t a tion  to  el ec t ric al a p p a r a t u s  c a r rie d  by t h e  to r p e do. 
The  firs t  m e t ho d  h a s,  to  a  consid e r a ble  ex t e n t ,  failed
on  a cco u n t  of t h e  inefficien t  w ay in w hic h  t h e  co m p r e s s e d
g a s  w a s  e m ployed  to  p ro p el  t h e  to r p e do.  The  s e co n d
is op e n  to  t h e  objec tion  t h a t  by m e a n s  of t el ep ho n e s
plac e d  in t h e  w a t e r  o r  by o t h e r  sign aling  a p p a r a t u s
t h e  to r p e do  c a n  b e  h e a r d  a p p ro ac hing  w hile  ye t  a t
a  consid e r a ble  dis t a nc e ,  a n d  t h a t  a  q uick  s p e e d e d  d r e d g er,
k e p t  r e a dy for  t h e  p u r pos e  w h e n  a ny a t t a ck  is exp ec t e d ,
c a n  b e  r u n  b e t w e e n  t h e  to r p e do  a n d  t h e  con t rolling
s t a tion  a n d  t h e  con d uc to r  c u t  a n d  t h e  to r p e do  c a p t u r e d.  
The  a r r a n g e m e n t s  for  s t e e rin g  by m e a n s  of a n  elec t rical
con d uc to r  fro m  a  con t rolling  s t a tion  a r e  al so  op e n
to  t h e  la t t e r  objec tion.   The  to r p e do  w e  no w  illus t r a t e ,
in  el eva tion  in Fig.  1 ,  a n d  in pl a n  in Fig.  2 ,  is
d e sign e d  to  obvia t e  t h e s e  objec tions,  a n d  pos s e s s e s
in a d di tion  o th e r  a dva n t a g e s  w hic h  will b e  e n u m e r a t e d
in t h e  following  d e s c rip tion.
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As s t a t e d  a bove,  t h e  to r p e do  is s elf-p ro p elling,  t h e
n ec es s a ry  e n e r gy b ein g  s to r e d  u p  in liqu efied  c a r bo nic
a cid  con t ain e d  in a  cylind ric al vess el, E,  c a r ri e d
by t h e  to r p e do.  The  vess el, E,  co m m u nic a t e s,  by
m e a n s  of a  s m all b e n t  pipe  ext e n din g  n e a rly to  it s
bo t to m,  wi th  a  s m all c h a m b er, B, t h e  p a s s a g e  of t h e
liquid  b eing  con t rolled  by m e a n s  of t h e  cock o r  t a p ,
F. The  c h a m b er, B, is in co m m u nic a tion,  by  m e a n s  of
a  s m all a p e r t u r e ,  wi th  t h e  nozzle,  G, of a n  injec tor,
T, cons t r u c t e d  on  t h e  o r din a ry  p rinciples.   The
liquid  a s  it  p a s s e s  in to t h e  c h a m b er, B, vola tilize s,
a n d  t h e  g a s  p a s s e s  t h ro u g h  t h e  nozzle  of t h e  injec tor,
w hich  is s u r ro u n d e d  by w a t e r  in di r e c t  co m m u nic a tion
wi th  t h e  s e a  by  m e a n s  of t h e  op e ning,  W. The  g a s  imp a r t s
it s  e n e r gy in t h e  w ell-know n  m a n n e r  to  t h e  w a t er, b eing
its elf e n ti r ely o r  p a r ti ally con d e n s e d,  t h e  w a t e r
t h u s  ch a r g e d  wi th  c a r bo nic  a cid  g a s  b ein g  forc e d  t h ro u g h
t h e  co m bining  con e  of t h e  injec to r  a t  a  ve ry hig h
s p e e d  a n d  p r e s s u r e .   P r efe r a bly t h e  w a t e r  is h e r e
divide d  in to  t wo  s t r e a m s,  e a c h  d riving  a  s e p a r a t e
ro t a ry  m o to r  o r  t u r bin e,  H,  t h e m s elves  d riving  t win
sc r e w s  o r  p ro p elle r s,  I. The  m o to r s  exh a u s t  in to  t h e
hollow s h aft s,  J, of t h e  p ro p elle r s,  w hich  a r e  ex t e n d e d
so m e  dis t a n c e  b eyon d  t h e  p rop elle r s,  so  t h a t  t h e  r e m aining
e n e r gy of t h e  w a t e r  m ay b e  u tilized  to  aid  in  p rop elling
t h e  to r p e do  on  t h e  w ell know n  p rinciple  of je t  p ro p ulsion.  
The  to r p e do  is p r efe r a bly s t e e r e d  by m e a n s  of t h e  t win
sc r e w s.   A disk  o r  o t h e r  valve,  A, is pivot e d
in a n  a p e r t u r e  in  a  di a p h r a g m  dividing  t h e  ou tl e t
of t h e  injec tor, a n d  is op e r a t e d  by  m e a n s  h e r e af t e r
d e sc rib e d,  so  a s  to  di minis h  t h e  s t r e a m  of w a t e r  on
on e  sid e  a n d  inc r e a s e  it  on  t h e  o t h er, so  t h a t  on e
m otor, a n d  cons e q u e n tly t h e  co r r e s po n din g  p ro p eller,
is d r ive n  a t  a  hig h e r  s p e e d  t h a n  t h e  o t h er, a n d  so
s t e e r s  t h e  to r p e do.

[Illus t r a tion:  PAULSON’S s el f  prop ellingan d  s t e ering  torp e do .]

The  valve,  A, is op e r a t e d  a u to m a tic ally by  t h e  following
a r r a n g e m e n t:   A m a rin e r’s co m p a s s,  P, pl ac e d
in t h e  h e a d  of t h e  to rp e do  h a s  its  n e e dle  con n e c t e d
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to  on e  pole  of a  po w e rful b a t t e ry, D. A di al of no n-m a g n e tic
m a t e ri al  m a rk e d  wi th  t h e  poin t s  of t h e  co m p a s s  is c a p a ble
of b ein g  ro t a t e d  by  t h e  con n e c tions  s how n.   This
di al c a r ri e s  t wo  ins ula t e d  s t u ds ,  p , e a c h  elec t ric ally
con n e c t e d  wi th  on e  t e r min al of t h e  coils  of a n  el ec t ro m a g n e t ,
K, w hos e  o t h e r  t e r min al  is con n e c t e d  to  t h e  o t h e r  pole
of t h e  b a t t e ry.  Thes e  t wo  m a g n e t s  a r e  a r r a n g e d
on  op posi t e  side s  of a n  a r m a t u r e  fixed  on  a  leve r
op e r a tin g  t h e  disk  o r  valve,  A. Befor e  lau nc hin g  t h e
to r p e do  t h e  di al is s e t ,  so  t h a t  w h e n  t h e  to r p e do
is s t e e r ing  di r e c t  for  t h e  objec t  to  b e  s t r u ck, o r
o th e r  d e si r e d  poin t,  on e  e n d  of t h e  n e e dle  of t h e  co m p a s s ,
P, is b e t w e e n  t h e  s t e e d s ,  p , b u t  con t ac t  wi th
n ei t h er, t h e  n e e dle  of cou r s e  poin ting  to  t h e  m a g n e tic
no r t h.   S ho uld  t h e  to r p e do  how eve r  d evia t e  fro m
t his  cou r s e ,  t h e  n e e dle  m a k e s  con t ac t  wi th  on e  o r  o t h e r
of t h e  s t u d s  a cco r din g  to  t h e  di r ec tion  in  w hic h  t h e
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d evia tion  t ak e s  pl ac e,  a n d  co m ple t e s  t h e  ci rcui t  t h ro u g h
t h e  co r r e s po n din g  el ec t ro m a g n e t ,  w hic h  a t t r a c t s  t h e
a r m a t u r e  a n d  c a u s e s  t h e  disk  to  m ove,  so  a s  to  di minish
t h e  s u p ply of w a t e r  to  on e  m o to r  a n d  inc r e a s e  i t to
t h e  o t h er, a n d  so  c a u s e  t h e  to r p e do  to  a g ain  a s s u m e
t h e  r e q ui r e d  di r e c tion.   S u p posing  t h e  objec t
w hich  it  is in t e n d e d  t h a t  t h e  to r p e do  s ho uld  s t r ike
b e  a  la rg e  m a s s  of iron,  s uc h  a s  a n  ironcla d,  t h e
n e e dle  will b e  a t t r a c t e d ,  a n d,  m a kin g  t h e  co r r e s po n din g
con t ac t ,  will c a us e  t h e  to r p e do  to  b e  s t e e r e d  di r ec tly
a w ay fro m  t h e  objec t.   In  o r d e r  to  p r eve n t  t his,
a  s eco n d  co m p a s s,  Q, is m o u n t e d  in t h e  fron t  of t h e
to r p e do, a n d  w h e n  a t t r a c t e d  by  a  m a s s  of i ron,  it
s ho r t-ci rcui t s  t h e  b a t t e ry, D, a n d  t h u s  p r eve n t s  t h e
a r m a t u r e  b eing  a t t r a c t e d ,  a n d  co ns e q u e n tly t h e  to r p e do
fro m  d evia ting.   This n e e dle  is al so  c a p a ble  of
sligh t  m ove m e n t  in a  ve r tical pl a n e ,  so  t h a t  w h e n  p a s sing
ove r  o r  u n d e r  a  m a s s  of iron  it  is a t t r a c t e d  dow n w a r d
o r  u p w a r d ,  a n d  co m ple t e s  a  ci rc ui t  by  m e a n s  of t h e
s tops,  w hich  op e r a t e  so  a s  to  explod e  t h e  c h a r g e .  
The  ch a r g e  c a n  al so  b e  explod e d  in t h e  o r din a ry  m a n n er,
vi z ., by  m e a n s  of t h e  fi ring  pin,  X, w h e n  t h e
to r p e do  r u n s  in to  a ny solid  objec t.

The  d e p t h  a t  w hich  t h e  to r p e do  t r avels  b elow t h e  s u rfac e
of t h e  w a t e r  is r e g ula t e d  by m e a n s  of a  flexible  dia p h r a g m,
M, s e c u r e d  in t h e  ou t e r  c a sing  a n d  co n n e c t e d  to  a
ro d  sliding  fre ely in  fixed  b e a rin gs.   A s pi r al
o r  o th e r  s p rin g,  O, is co m p r e s s e d  b e t w e e n  a  colo r
on  t h e  ro d  a n d  a n  a djus t a bl e  fixed  n u t ,  by  w hich  t h e
t e n sion  of t h e  s p rin g  is r e g ula t e d  so  t h a t  t h e  p r e s s u r e
of w a t e r  on  t h e  dia p h r a g m,  A, w h e n  t h e  to r p e do  is a t
t h e  d e si r e d  d e p t h  jus t  cou n t e r b al a nc e s  t h e  p r e s s u r e
of t h e  s p ring,  t h e  di a p h r a g m  b eing  t h e n  flus h  wi t h
t h e  ou t e r  c a sin g.   The  rod  is con n e c t e d  by  s ui t a ble
leve r s  to  t wo  ho rizon t al  fins,  S, pivote d  on e  on  ei t h e r
side  of t h e  to r p e do,  so  t h a t  t h ey  s h all b e  in e q uilib riu m. 
S ho uld  t h e  to r p e do  sink  too  d e e p  o r  r i s e  too  high,
t h e  di a p h r a g m  will b e  d e p r e s s e d  o r  ex t e n d e d,  a n d  will
op e r a t e  on  t h e  line s  so  a s  to  c a u s e  t h e  to rp e do  to
a s c e n d  o r  d e s c e n d  a s  t h e  c a s e  m ay  b e .
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In  o r d e r  to  avoid  t h e  ri sk  of a  s p e n t  to r p e do  d e s t roying
a  frien dly ves s el, a  valve  is a r r a n g e d  in a ny s ui t a bl e
p a r t  of t h e  ou t e r  c a sin g,  a n d  is w eig h t e d  o r  load e d
wi th  a  s p rin g  in s uc h  a  m a n n e r  t h a t  w h e n  u n d e r  w ay
t h e  p r e s s u r e  of t h e  w a t e r  ke e p s  t h e  valve  clos e d,  b u t
w h e n  it s tops  t h e  valve  op e n s  a n d  a d mit s  w a t e r  to
sink  t h e  to r p e do.

In  ou r  d e sc rip tion  w e  h ave  only give n  t h e  m ain  fea t u r e s
of t h e  inve n tion,  t h e  inve n to r  h aving  m e n tion e d  to
u s ,  in confide nc e ,  s eve r al  imp rove m e n t s  d e sig n e d  to
p e rfec t  t h e  d e t ails  of his  inve n tion,  a m o n g  w hich  w e
m ay m e n tion  t h e  s t e e ring  a r r a n g e m e n t  a n d  a r r a n g e m e n t s
for  a t t a cking  a  vess el p rovide d  wi th  w h a t  ou r  co n t e m po r a ry,
E n gin e ering , no t  ina p tly t e r m s  a  “c rinoline,”
i. e . , a  n e t wo rk  for  ke e pin g  off to r p e do e s.  
The  t r a n sve r s e  dim e n sions  of ou r  e n g r avings  h ave  b e e n
con sid e r a bly a u g m e n t e d  for  t h e  s ak e  of cle a r n e s s .—M e c h.  
World.
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*       *       *       *  
    *

DUPUY DE LOME.

M. Dup uy De  Lom e  die d  on  t h e  1 s t  Fe b., 1 8 8 5,  a t  t h e
a g e  of 6 8.   I t  m ay  b e  q u e s tion e d  w h e t h e r  a ny cons t r uc to r
h a s  eve r  r e n d e r e d  g r e a t e r  s e rvice s  to  t h e  n avy of
a ny cou n t ry t h a n  t hos e  r e n d e r e d  by M. Dup uy to  t h e
F r e nc h  N avy d u ring  t h e  t hi r ty ye a r s  1 8 4 0-7 0.  
Sinc e  t h e  fall of t h e  E m pir e  his  con n ec tion  wi th  t h e
n aval s e rvice  h a s  b e e n  t e r min a t e d ,  b u t  his  p rofe ssion al
a n d  scie n tific s t a n din g  h a s  b e e n  fully m ain t ain e d,
a n d  hi s  e n e r gi e s  h ave  foun d  scop e  in t h e  con d uc t  of
t h e  g r e a t  a n d  g ro wing  b u sin e ss  of t h e  Forges  e t
Chan tiers  Co m p a ny.  In  hi m  F r a nc e  h a s  u n do u b t e dly
los t  h e r  g r e a t e s t  n av al a r c hi t ec t.

The  son  of a  n av al officer, M.  Dup uy w a s  bo r n  in  Octob er,
1 8 1 6,  n e a r  L’Orien t,  a n d  e n t e r e d  L’Ecole
Polyt ec h niqu e  w h e n  nin e t e e n  ye a r s  of a g e .  
In  t h a t  fa mo us  e s t a blish m e n t  h e  r e c eived  t h e  t ho rou g h
p r elimin a ry t r aining  w hich  F r a nc e  h a s  so  long  a n d
wis ely p rovide d  for  t hos e  w ho  a r e  to  b e co m e  t h e  d e sig n e r s
of h e r  w a r-s hip s.   Afte r  finishing  hi s  p rofes sion al
e d uc a tion,  h e  c a m e  to  E n gla n d  a bo u t  1 8 4 2,  a n d  m a d e
a  t ho ro u g h  s t u dy of iron  s hipb uilding  a n d  s t e a m  n avig a tion,
in  bo t h  of w hich  w e  t h e n  h eld  a  long  lea d  of F r a nc e .  
His  r e po r t ,  s u b s e q u e n tly p u blish e d  u n d e r  t h e  ti tle
of “Me moir e  s u r  la  Cons t r u c tion  d e s  Ba tim e n t s
e n  Fe r”—Pa ris,  1 8 4 4—is
p ro b a bly t h e  b e s t  a cco u n t  give n  to  t h e  world  of t h e
s t a t e  of iron  s hip b uilding  for ty yea r s  a go:   a n d
its  p e r u s al  no t  m e r ely e n a ble s  on e  to  g a u g e  t h e  p ro g r e s s
since  m a d e,  b u t  to  for m  a n  e s tim a t e  of t h e  g r e a t  a bili ty
a n d  cle a r  s tyle  of t h e  w ri t er.  We m ay  a s s u m e  t h a t
t his  visit  to  E n gla n d,  co ming  af t e r  t h e  t ho rou g h  e d u c a tion
r e c eived  in F r a nc e m  did  m u c h  tow a r d  for ming  t h e  views
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to  w hich  exp r e ssion  w a s  soon  given  in d e signs  a n d
r e po r t s  on  n e w  typ e s  of w a r  s hips .

[Illus t r a tion:  M. DUPUY DE LOME.]

Whe n  t h e  you n g  cons t r uc to r  s e t tl ed  dow n  to  hi s  work
in t h e  a r s e n al  a t  Toulon, on  his  r e t u r n  fro m  E n gla n d,
t h e  only a r m e d  s t e a m s hips  in t h e  F r e n c h  N avy w e r e
p ro p elled  by p a d dle-w h e els,  a n d  t h e r e  w a s  g r e a t  op posi tion
to  t h e  in t rod uc tion  of s t e a m  po w e r  in to line-of-b a t tl e
s hip s.   The  p a d dle-w h e el  w a s  s e e n  to  b e  u n s ui t e d
to  s uc h  la r g e  figh ting  vess els,  a n d  t h e r e  w a s  no  confide nc e
in t h e  sc r e w; w hile  t h e  g r e a t  m ajori ty of n av al office r s
in F r a nc e,  a s  w ell a s  in E n gla n d,  w e r e  av e r s e  to  a ny
d ec r e a s e  in  s ail s p r e a d.   M.  Dup uy h a d  c a r efully
s t u die d  t h e  d e t ails  of t h e  Gre a t  Bri t ain,  w hich  h e
h a d  s e e n  b uilding  a t  Bris tol, a n d  w a s  convince d  t h a t
full s t e a m  pow e r  s ho uld  b e  give n  to  line-of-b a t tl e
s hip s.   H e  g r a s p e d  a n d  h eld  fas t  to  t his  fund a m e n t al
ide a;  a n d  a s  e a rly a s  t h e  ye a r  1 8 4 5  h e  a d d r e s s e d  a
r e m a rk a ble  r e po r t  to  t h e  Minis t e r  of M a rin e,  s u g g e s tin g
t h e  cons t r uc tion  of a  full-pow e r e d  s c r e w  friga t e ,
to  b e  b uil t  wi t h  a n  iron  h ull, a n d  p ro t ec t e d  by  a
b el t  of a r m o r  for m e d  by s eve r al  t hickn e ss e s  of iron
pla ting.   This  r e po r t  alon e  wo uld  jus tify hi s  cl ai m
to  b e  conside r e d  t h e  lea ding  n aval a r c hi t ec t  of t h a t
ti m e;  i t did  no t  b e a r  frui t  fully for  so m e  ye a r s ,
b u t  it s  r e co m m e n d a tions  w e r e  ul tim a t ely r e alized.
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M. Dup uy did  no t  s t a n d  alon e  in t h e  feeling  t h a t  r a dic al
c h a n g e s  in  t h e  cons t r uc tion  a n d  p rop ulsion  of s hips
w e r e  im min e n t .   His  colle a g u e s  in t h e  “Genie
M a ri tim e” w e r e  im p r e s s e d  wi t h  t h e  s a m e  ide a:  
a n d  in E n gla n d,  a bo u t  t his  d a t e ,  t h e  e a rlies t  s c r e w
line r s—t h e  wo n d e rful conve r t e d  “block
s hip s”—w e r e  o r d e r e d.   This  a c tion
on  ou r  p a r t  d e cid e d  t h e  F r e n c h  al so  to  b e gin  t h e  conve r sion
of t h ei r  s ailing  line-of-b a t tl e  s hips  in to  vess els
wi th  a uxilia ry s t e a m  pow er.  Bu t  M. Dup uy conc eive d
a n d  c a r ri e d  ou t  t h e  bold e r  sc h e m e  of d e signing  a  full-pow e r e d
sc r e w  liner, a n d  in 1 8 4 7  t h e  N a poleon  w a s  o r d e r e d.  
H e r  s ucc e s s  m a d e  t h e  s t e a m  r e con s t r uc tion  of t h e  flee t s
of t h e  wo rld  a  n e c e ssi ty.  S h e  w a s  lau nc h e d  in
1 8 5 0,  t r i e d  in  1 8 5 2,  a n d  a t t ain e d  a  s p e e d  of n e a rly
1 4  kno t s  a n  ho ur.  Durin g  t h e  Cri m e a n  War  h e r
p e rfo r m a n c e s  a t t r a c t e d  g r e a t  a t t e n tion,  a n d  t h e  typ e
s h e  r e p r e s e n t e d  w a s  la r g ely inc r e a s e d  in  n u m b e r s .  
S h e  w a s  a bo u t  2 4 0  ft. in len g t h,  5 5  ft. in b r e a d t h ,
a n d  of 5 ,0 00  tons  dis plac e m e n t ,  wi th  t wo  g u n  d e cks.  
In  h e r  d e sign  boldn e ss  a n d  p r u d e nc e  w e r e  w ell co m bin e d.  
The  good  q u ali ti es  of t h e  s ailing  line-of-b a t tl e  s hips
w hich  h a d  b e e n  s e c u r e d  by t h e  g e niu s  of S a n e  a n d  his
collea g u e s  w e r e  m ain t ain e d;  w hile  t h e  n e w  con di tions
involved  in  t h e  in t ro d uc tion  of s t e a m  pow e r  a n d  la rg e
co al s u p ply w e r e  t ho ro u g hly fulfilled.   The  s t e a m
r e con s t r uc tion  h a d  sc a r c ely a t t ain e d  it s  full s wing
w h e n  t h e  ironcla d  r e co ns t r uc to r  b e c a m e  imp e r a tive.  
H e r e  a g ain  M. Dup uy occu pie d  a  dis ting uis h e d  posi tion,
a n d  r e alize d  his  sc h e m e  of 1 8 4 5  wi th  c e r t ain  m o difica tions.  
His  e min e n t  s e rvice s  led  to  hi s  a p poin t m e n t  in 1 8 5 7
to  t h e  high e s t  office  in  t h e  Cons t r u c tive  Cor ps—Direc t e u r
d u  M a t e ri el—a n d  hi s  d e sig n  for  t h e  e a r lies t
s e a goin g  ironcla d,  La Gloir e,  w a s  a p p rove d  in t h e
s a m e  ye ar.  Onc e  s t a r t e d ,  t h e  F r e nc h  p r e s s e d  on
t h e  cons t r uc tion  of t h ei r  ironcla ds  wi th  all h a s t e ,
a n d  in t h e  a u t u m n  of 1 8 6 3  t h ey h a d  a t  s e a  a  s q u a d ro n
of five  ironclad s,  no t  including  in t hi s  lis t  La  Gloir e.  
I t  is u n n e c e s s a ry  to  t r a c e  fu r t h e r  t h e  p rog r e s s  of
t h e  r a c e  for  m a ri ti m e  s u p r e m a cy; b u t  to  t h e  e n e r gy
a n d  g r e a t  a bili ty of M. Dup uy d e  Lom e  m u s t  b e  la r g ely
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a t t r ibu t e d  t h e  fac t  t h a t  F r a nc e  took, a n d  for  a  long
ti m e  ke p t ,  s uc h  a  lea d  of u s  in i ronclads .   In
t h e  d e sign  of La Gloir e,  a s  is w ell know n,  h e  a g ain
follow e d  t h e  p rinciple  of u tilizing  know n  for m s  a n d
di m e n sions  a s  fa r  a s  w a s  consis t e n t  wit h  m o d e r n  con di tions,
a n d  t h e  N a poleon  w as  n e a rly r e p ro d u c e d  in La Gloir e
so  fa r  a s  u n d e r-w a t e r  s h a p e  w a s  conc e r n e d,  b u t  wi t h
on e  g u n  d e ck  ins t e a d  of t wo, a n d  wi th  a  co m ple t ely
p ro t e c t e d  b a t t e ry.  So  long  a s  h e  r e t ain e d  office,
M. Dup uy consis t e n tly a d h e r e d  to  t his  p rinciple; b u t
h e  a t  t h e  s a m e  tim e  s how e d  hi ms elf r e a dy to  con sid e r
how  b e s t  to  m e e t  t h e  cons t a n tly g rowing  d e m a n d s  for
t hick e r  a r m or, h e avie r  g u n s,  a n d  hig h e r  s p e e d s.  
I t  is sing ular, how ever, e s p eci ally w h e n  his  e a rly
e n t h u si a s m  for  iron  s hip s  is r e m e m b e r e d,  to  find  ho w
s m all a  p ro po r tion  of t h e  s hips  a d d e d  to  t h e  F r e n c h
N avy d u rin g  his  occ u p a n cy of office  w e r e  b uil t  of
a ny t hing  b u t  wood.
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Distinc tions  w e r e  s how e r e d  u po n  hi m.   In  1 8 6 0
h e  w a s  m a d e  a  Cou ncilor  of S t a t e ,  a n d  r e p r e s e n t e d
t h e  F r e n c h  Admir al ty in Pa rli a m e n t;  fro m  1 8 6 9  to  1 8 7 5
h e  w a s  a  Dep u ty, a n d  in 1 8 7 7  h e  w a s  el ec t e d  a  Life
S e n a tor.  H e  w a s  a  m e m b e r  of t h e  Acad e my of Scie nc e s
a n d  of o t h e r  dis ting uis h e d  s cie n tific bo die s.  
Of la t e  his  n a m e  h a s  b e e n  li t tl e  con n e c t e d  wi th  s hip
d e sign;  b u t  his  in t e r e s t  in  t h e  s u bjec t  w a s  u n a b a t e d.

In  1 8 7 0  M. Dup uy d evo te d  a  la r g e  a m o u n t  of ti m e  a n d
t hou g h t  to  p e rfec ting  a  sys t e m  of n aviga ble  b alloons,
a n d  t h e  F r e n c h  Gove r n m e n t  g ave  him  g r e a t  a s si s t a n c e
in c a r rying  ou t  t h e  exp e ri m e n t s.   I t  do es  no t  s e e m,
how ever, t h a t  a ny s ufficien t  s ucc e s s  w a s  r e a c h e d  to
jus tify fu r t h e r  t ri als.  The  t h eo r e tical inves tig a tions
on  w hich  t h e  d e sig n  w a s  b a s e d,  a n d  t h e  inge n ui ty dis playe d
in c a r rying  ou t  t h e  cons t r uc tion  of t h e  b alloon,  w e r e
wo r t hy of M. Dup uy’s high  r e p u t a tion.   The
flee t  t h a t  h e  co ns t r uc t e d  for  F r a n c e  h a s  al r e a dy dis a p p e a r e d
to  a  g r e a t  ext e n t ,  a n d  t h e  vess els  s till r e m aining
will soon  fall ou t  of s e rvice.   Bu t  t h e  n a m e  a n d
r e p u t a tion  of t h ei r  d e sign e r  will live a s  long  a s
t h e  his to ry of n aval cons t r uc tion  is s t u die d.—T h e
E n gin e er .

*       *       *       *  
    *

THE USE OF GAS IN THE WORKSHOP.

At a  r e c e n t  m e e ting  of t h e  M a nc h e s t e r  Associa tion
of E m ploye r s,  For e m e n,  a n d  Dr a u g h t s m e n  of t h e  M ec h a nic al
Tra d e s  of Gre a t  Bri t ain,  a n  in t e r e s tin g  lec t u r e  on
“Gas  for  Ligh t  a n d  Work in t h e  Works hop”
w a s  d elive r e d  by  Mr. T. Fl e tc h er, F.C.S., of Waring ton.

Mr. Fle tc h e r  illus t r a t e d  his  r e m a r ks  wi th  a  n u m b e r
of in t e r e s ting  exp e rim e n t s ,  a n d  s pok e  a s  follows: 
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The r e  a r e  ve ry few works ho ps  w h e r e  g a s  is u s e d  so
p rofit a bly a s  it  mig h t  b e;  a n d  my objec t  to-nigh t
is to  m a k e  a  few s u g g e s tions,  w hich  a r e  t h e  r e s ul t
of my  ow n  exp e ri e nc e .   In  a  la rg e  s p a c e,  s uc h  a s
a n  e r ec ting  o r  m o ulde r’s s ho p,  it  is a lw ays
d e si r a ble  to  h ave  all t h e  ligh t s  dis t ribu t e d  a bo u t
t h e  c e n t er.  Wall ligh t s,  exc e p t  for  b e nc h  wo rk,
a r e  w a s t eful, a s  a  la rg e  p ro po r tion  of t h e  ligh t  is
a b so r b e d  by t h e  w alls, a n d  los t.   U nle s s  t h e  s hop
is d r a u g h ty, i t is by  fa r  t h e  b e s t  policy to  h av e  a
few la rg e  b u r n e r s  r a t h e r  t h a n  a  n u m b e r  of s m all on e s.  
I will s how  you t h e  diffe r e nc e  in  t h e  ligh t  ob t ain e d
by b u r ning  t h e  s a m e  q u a n ti ty of g a s  in on e  a n d  in
t wo  fla m e s.   I do  no t  n e e d  to  t ell you  how  m u c h
t h e  diffe r e nc e  is; you  c a n  e a sily s e e  for  you r s elves.  
The  a d di tion al  ligh t  is no t  c a u s e d,  a s  so m e  of you
m ay s u p pos e ,  by  a  co m bin e d  b u r n er, a s  I h ave  h e r e  a
si m ple  on e,  b u r nin g  t h e  s a m e  q u a n ti ty of g a s  a s  t h e
t wo  s m alle r  b u r n e r s  tog e t h e r;  a n d  t h e  a dv a n t a g e  of
t h e  si m ple  la rg e  b u r n e r  is q ui t e  a s  g r e a t .   I t
is a  w ell-know n  fac t  t h a t  t h e  la r g e r  t h e  g a s  cons u m p tion
in a  single  fla m e,  t h e  hig h e r  t h e  d u ty ob t ain e d  for
t h e  g a s  b u r n t .   The r e  is a  p r a c tic al limit  to
t his  wi th  o r din a ry  sim ple  b u r n e r s;  a s  w h e n  t h ey a r e
too  la rg e  t h ey  a r e  ve ry s e n si tive  to  d r a u g h t ,  a n d
liable  to  u n s t e a din e ss  a n d  s moking.   I h ave  h e r e
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a  s a m ple  of a  works’ p e n d a n t  o r  pilla r  ligh t ,
w hich,  no t  including  t h e  g a s  s u p ply-pipe ,  c a n  b e  m a d e
for  a bo u t  a  s hilling.   For  all p r a c tical p u r pos e s
I b elieve  t hi s  ligh t  (which  c a r ri e s  five  No. 6  Br ay’s
u nion  je t s ,  a n d  w hich  w e  u s e  a s  a  po r t a bl e  ligh t  a t
r e p ai r s  a n d  b r e ak do w n s) is a s  efficie n t  a n d  e cono mical
a  for m  a s  it  is pos sible  to  m a k e  for  o r din a ry ro u g h
wo rk.   The  b u r n e r s  a r e  in  t h e  b e s t  posi tion,  a n d
t h e  ligh t  is bo t h  pow e rful a n d  q ui t e  s h a dowles s;  giving,
in  fac t ,  t h e  b e s t  ligh t  u n d e r n e a t h  t h e  b u r n e r s .  
I t  m u s t ,  of cou r s e,  b e  p ro t ec t e d  in a  d r a u g h ty s hop;
a n d  on  t his  p ro t ec tion  so m e t hin g  n e e d s  to  b e  s aid.

Re g e n e r a to r  b u r n e r s  for  ligh ting  a r e  co min g  in to  u s e;
a n d,  w h e r e  la rg e  ligh t s  a r e  r e q ui r e d  for  long  p e riods,
no  do u b t  t h ey  a r e  e co no mic al.  Bu r n e r s  of t h e
Bow e r  o r  Wenh a m  cla s s  would  b e  wo r t h  a do p ting  for  m ain
s t r e e t  o r  op e n  s p a c e  ligh ting  in  impor t a n t  posi tions;
b u t  w h e n  w e  consid e r  t h a t ,  wi th  t h e  fifty-fou r  ho u r s’
sys t e m  in wo rks ho ps,  a r tificial ligh t  is only w a n t e d ,
on  a n  av e r a g e,  for  fou r  h u n d r e d  ho u r s  p e r  a n n u m,  w e
m ay t ak e  it  a s  c e r t ain  t h a t ,  a t  t h e  p r e s e n t  p r ic e s
of r e g e n e r a to r  b u r n e r s ,  t h ey  a r e  a  b a d  inves t m e n t
for  u s e  in o r din a ry wo rk.   We m u s t  no t  forg e t  t h a t
t h e  dis t a nc e  of t h e  b u r n e r  fro m  t h e  wo rk  is a  vit al
poin t  of t h e  cos t  q u e s tion;  a n d,  for  all exce p t  la r g e
s p ac e s,  r e q ui ring  g e n e r al  illu min a tion,  a  co m m o n  c h e a p
b u r n e r  on  a  s wivel join t  h a s  ye t  to  m e e t  wi th  a  co m p e ti tor. 
Do no t  t hink  I a m  old-fas hion e d  o r  p r eju dice d  in t his
m a t t er.  I t  is p u r ely a  q u e s tion  of figu r e s;  a n d
my  con d e m n a tion  of r e g e n e r a to r  b u r n e r s  a p plies  only
to  t h e  g e n e r al  r e q ui r e m e n t s  in o r din a ry e n gin e e rin g
a n d  o th e r  wo rk  s ho ps  w h e r e  e a c h  m a n  w a n t s  a  ligh t  on
on e  s po t  only.

So m e  p eo ple  t hink  t h a t  cle a r  gl a s s  do e s  no t  s top  a ny
ligh t .   This is a  g r e a t  mis t ak e,  a s  you  will find
it  q ui t e  e a sy to  t h ro w  a  dis tinc t  s h a do w  of a  s h e e t
of p e rfec t  gl a s s  on  a  w hi t e  p a p er, a s  I will s how  you. 
Op al  a n d  g ro u n d  gl a s s  t h row  a  ve ry s t ro n g  s h a dow,
a n d  p r a c tically w a s t e  h alf t h e  ligh t .   I t  is b e t t e r
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to  h ave  a  w hi t e  e n a m ele d  o r  w hi t e w a s h e d  s h e e t-iron
r eflec ting  hood,  w hich  will p ro t ec t  t h e  side s  fro m
wind,  if s uc h  a n  a r r a n g e m e n t  s ui t s  o t h e r  r e q ui r e m e n t s.

I h ave  e n d e avo r e d  in t h e  e n g r aving  b elow to  r e p rod uc e
t h e  s h a do w s  t h ro w n  by diffe r e n t  s a m ples  of gl a s s.  
This  gives  a  fai r  ide a  of t h e  a c t u al  los s  of ligh t
involved  by gl a s s  s h a d e s .

Whe n  ligh t s  a r e  s u s p e n d e d,  it is a  co m m o n  a n d  cos tly
fas hion  to  p u t  t h e m  hig h  u p.   Wh e n  w e  consid e r
t h a t  ligh t  d e c r e a s e s  a s  t h e  s q u a r e  of t h e  di s t a nc e,
it  will b e  r e a dily u n d e r s tood  t h a t  to  ligh t ,  for  ins t a nc e ,
t h e  floor  of a  m o ulding  s ho p,  a  b u r n e r  6  fee t  fro m
t h e  floor  will do  a s  m u c h  work  a s  fou r  b u r n e r s ,  t h e
s a m e  size,  pl ac e d  1 2  fee t  fro m  t h e  floor.  I t  is
t h e r efo r e  a  m os t  impor t a n t  m a t t e r  t h a t  all ligh t s  s ho uld
b e  a s  low a s  possible,  consis t e n t  wi th  t h e  n ec es si tie s
of t h e  s ho p,  a s  no t  only is t h e  exp e n s e  e no r m o u sly
inc r e a s e d  by lofty ligh t s,  b u t  t h e  ai r  b eco m e s  m o r e
vitia t e d  a n d  u n ple a s a n t ,  in t e rfe ring  wi th  t h e  m e n’s
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pow e r  of wo rking.   Any ligh t s  s u s p e n d e d,  a n d,
in  fac t ,  a ll wo rks ho p  ligh t s,  m u s t  h ave  a  b all-join t
o r  u nive r s al  s wivel a t  t h e  poin t  w h e r e  t h ey  b r a n c h
fro m  t h e  m ain,  a s  t h ey  a r e  liable  to  b e  knock e d  in
all di r ec tions,  a n d  m u s t ,  t h e r efo r e,  b e  fre e  to  m ove
to  p r eve n t  a ccid e n t s.   I t  is b e t t e r  to  h ave  wind-sc r e e n s ,
if n e c e ss a ry, r a t h e r  t h a n  gl a s s  lan t e r n s ,  a s  no t  only
do es  t h e  gla s s  s top  a  conside r a ble  a m o u n t  of ligh t
w h e n  cle a n ,  b u t  it  is in  p r ac tice  cons t a n tly di r ty
in al mos t  eve ry wo rks hop  o r  ya r d.

[Illus t r a tion:  PILLAR LIGHT OR PE NDANT FOR WORKSHOPS.]

For  b e n c h  wo rk  a n d  m a c hin e  tools, e a c h  m a n  m u s t  h ave
his  ow n  ligh t  u n d e r  his  ow n  con t rol; a n d  in t his  m a t t e r
a  li t tl e  a t t e n tion  will m a k e  a  conside r a ble  s aving. 
The  b u r n e r s  s ho uld  b e  u nion  je t s— i. e . ,
b u r n e r s  wit h  t wo  holes  a t  a n  a n gle  to  e a c h  o th e r—no t
slit  o r  b a t s wing,  a s  t h e  la t t e r  a r e  ex t r e m ely liabl e
to  p a r ti al s top p a g e  wi th  d us t .   Wh e r e  b a t s wing
b u r n e r s  a r e  u s e d,  I h av e  oft e n  s e e n  fully 9 0  p e r  ce n t .
m o r e  o r  less  c hok e d  a n d  u n s a tisfac to ry; w h e r e a s  a
u nion  je t  do e s  no t  give  a ny t r ou ble.   I t  is no t
g e n e r ally know n  t h a t  a ny b u r n e r  u s e d  a t  o r din a ry  p r e s s u r e s
of g a s  gives  a  m u c h  b e t t e r  ligh t  w h e n  it  is t u r n e d
ove r  wi th  t h e  fla t  of t h e  fla m e  ho rizon t al, u n til
t h e  fla m e  b e co m e s  s a u c e r-s h a p e d,  a s  I s how  you. 
You c a n  s e e  for  you r s elves  t h e  inc r e a s e  in ligh t;  a n d
in a d di tion  to  t hi s  t h e  work m a n  h a s  t h e  g r e a t  a dva n t a g e
of a  s h a do wless  fla m e.   In  p r a c tic e,  a  b u r n e r
con s u ming  5  cu bic  fee t  of g a s  p e r  ho u r  wi th  a  ho rizon t al
fla m e  is a  b e t t e r  fit t e r’s  t h a n  a n  u p righ t  b u r n e r
wi th  6  c u bic fee t  p e r  ho ur.  I do  no t  b elieve
in t h e  policy of giving  a  m a n  a  poo r  ligh t  to  wo rk
by—it do e s  no t  p ay; a n d  I n eve r  exp ec t
to  g e t  a  m a n  to  wo rk  p ro p e rly wi th  s m alle r  b u r n e r s
t h a n  t h e s e .   We h ave  a  good  gove r no r  on  t h e  m ain: 
a n d  t h e  ligh t s  a r e  all wo rk e d  wi th  a  low p r e s s u r e
of g a s ,  to  g e t  t h e  b e s t  pos sible  d u ty.  As a  good
p r a c tic al ligh t  for  a  m a n  a t  b e nc h  m o ulding,  t h e  on e
I h ave  h e r e  m ay  b e  t ak e n  a s  a  fai r  s a m ple.   I t
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is fr e e  to  m ove,  a n d  t h e  ligh t  is a s  n e a r  t h e  p e rfec t
posi tion  a s  t h e  n e c e s si ti es  of t h e  wo rk  will p e r mit .  
Whe n  t h e  ligh t  is no t  w a n t e d ,  by sim ply p u s hing  it
a w ay it t u r n s  it s elf dow n; t h e  s wivel b eing,  in  fac t ,
a  co m bin e d  s wivel a n d  t a p .

[Illus t r a tion:  LOSS OF LIGHT BY GLASS S HADES.]

You will s e e  on  on e  of t h e  ligh t s  I h ave  h e r e ,  a  n e w
s wivel join t,  w hich  h a s  b e e n  p a t e n t e d  only wi thin
t h e  las t  few d ays.   The  p e c ulia ri ty of t hi s  s wivel
is t h a t  t h e  bo dy is m a d e  of two  h e mis p h e r e s  r evolving
on  e a c h  o th e r  in a  g ro u n d  join t.   I t  will b e  m a d e
also  wi t h  a  u nive r s al  m ove m e n t;  a n d  its  s p e ci al a dv a n t a g e ,
ei t h e r  for  g a s ,  w a t er, o r  s t e a m,  is t h a t  t h e r e  is
no  obs t r u c tion  w h a t eve r  to  a  fr e e  p a s s a g e—in
fac t,  t h e  w ay t h rou g h  t h e  s wivel body is la r g e r  t h a n
t h e  w ay t h ro u g h  t h e  pipe s  wi t h  w hich  it  is con n ec t e d.  
I t  c a n  e a sily b e  m a d e  to  s t a n d  a ny p r e s s u r e ,  a n d  if
d a m a g e d  by g ri t  o r  di r t  it  c a n  b e  r e g ro u n d  wi th  e a s e
a s  oft e n  a s  n ec es s a ry  wi thou t  d e t e r io r a tion,  w h e r e a s
a n  o r din a ry s wivel, if d a m a g e d  by g ri t,  h a s  to  b e
t h row n  a w ay a s  u s ele s s .
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[Illus t r a tion]

For  m e als,  w h e r e  a  s t e a m-k e t tl e  is no t  u s e d,  it  is
t h e  b e s t  policy to  h av e  a  cis t e r n  holding  a bo u t  1 1/2
pin t s  for  e a c h  m a n,  a n d  to  boil t his  wi th  a  g a s-b u r n er. 
The  ligh ting  of t h e  b u r n e r  a t  a  s p e cified  tim e  m ay
b e  d e p u t e d  to  a  boy.  If t h e  m e n’s  din n e r s
h ave  to  b e  h e a t e d ,  it  is e a sy to  p u rc h a s e  ove ns  w hich
will do  all t h e  wo rk  r e q ui r e d  by g a s  a t  a  m u c h  c h e a p e r
r a t e  t h a n  by coal, if w e  conside r  t h e  labo r  a n d  a t t e n tion
n ec es s a ry  wi th  a ny co al fi r e .   No t  t h a t  g a s  is
c h e a p e r  t h a n  coal; b u t  s ay  w e  h av e  1 0 0  dinn e r s  to
w a r m.   This  c a n  b e  do n e  in a  g a s-ove n  in a bo u t
2 0  min u t e s ,  a t  a  cos t  for  g a s  of les s  t h a n  1 d.; in
fac t,  for  on e-fou r t h  t h e  cos t  of labo r  only in a t t e n din g
to  a  coal fir e ,  wi thou t  consid e ring  t h e  cos t  of wood
or  co als.  Gas,  in  m a ny ins t a nc es ,  is a n  a p p a r e n tly
exp e n sive  fuel; b u t  w h e n  t h e  incide n t al  s aving  in
o th e r  m a t t e r s  is t ak e n  in to  conside r a tion,  I h ave
foun d  it exc e e din gly p rofi t a bl e  for  all exc e p t  la rg e
o r  con tinuo us  work,  a n d  in m a ny  c a s e s  for  t his  al so.  
I only n e e d  ins t a nc e  wi r e  c a r d-m a king  a n d  t h e  b r azing
s hop s  of wi r e  c a ble  m a k e r s  to  s how  t h a t  a  la r g e  a n d
fre e  u s e  of g a s  is co m p a tible  wi t h  t h e  s t r ic t e s t  e cono my
a n d  p rofi t a bl e  wo rking.

Of all t h e  tools  in a  works hop,  no t hing  s aves  m o r e
ti m e  a n d  wo r ry t h a n  t wo  o r  t h r e e  size s  of good  blow pipe s
a n d  a n  efficien t  blow er.  I h ave  s e e n  in  on e  d ay
m o r e  wo rk  s poilt,  a n d  tim e  los t,  for  w a n t  of t h e s e
t h a n  wo uld  h ave  p aid  for  t h e  a p p a r a t u s  t wice  ove r;
a n d  in al mos t  eve ry s hop  e m e r g e n cie s  a r e  cons t a n tly
h a p p e nin g  in w hich  a  good  blow pip e  will r e n d e r  m os t
efficien t  s e rvice.   S m all b r azing  wo rk  c a n  of t e n
b e  do n e  in less  t im e  t h a n  wo uld  b e  cons u m e d  in going
to  t h e  s mith’s h e a r t h  a n d  b a ck  a g ain,  ind e p e n d e n tly
of t h e  policy of ke e pin g  a  m a n  in hi s  ow n  pl ac e,  a n d
to  his  ow n  wo rk.  The  s h rinking  on  of colla r s,
forging,  h a r d e nin g,  a n d  t e m p e rin g  of tools, m el ting
lea d  o r  r e sin  ou t  of pipe s  w hich  h ave  b e e n  b e n t ,  a n d
e n dles s  o th e r  odd  m a t t e r s ,  a r e  cons t a n tly t u r ning  u p;
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a n d  on  t h e s e,  in t h e  a b s e nc e  of a  blowpip e,  I h ave
oft e n  s e e n  m e n  s p e n d  ho u r s  ins t e a d  of min u t e s .  
Things  w hic h  n e e d  a  blowpip e  a r e  u s u ally m o s t  a w kw a r d
to  do  wit ho u t  on e;  a n d  m e n  will go  fiddling  a bo u t
a n d  t u m bling  ove r  e a c h  o th e r  wit ho u t  s e eing  r e ally
w h a t  t h ey  in t e n d  to  do.   They a r e  con t e n t ,  a s  it
a ll cou n t s  in t h e  d ay’s wo rk; t h a t  it co m e s
off t h e  p rofi ts  is no t  t h ei r  conc e r n .   I t  will,
p e r h a p s,  b e  n e w  to  m a ny of you  t h a t  blow pipe s  c a n  e a sily
b e  m a d e  in a  for m  w hich  a d mi t s  of a ny s p e ci al s h a p e
of fla m e  b ein g  p ro d uc e d.   I h av e  m a d e  for  s p e cial
wo rk—s uc h  a s  h e a ting  u p  odd  s h a p e s  of forgin gs,
b r a n d s,  e t c .—blow pip e s  cons t r uc t e d
of p e rfo r a t e d  t u b e s  for m e d  to  al mos t  eve ry  conc eiva ble
s h a p e;  t h e s e  b ein g  s u p plied  wi th  g a s  fro m  t h e  o r din a ry
m ain  a n d  a  bl a s t  of ai r  fro m  a  Root’s o r  foot
blow er.  I h ave  h e r e  a n  ex a m ple  of a  s t r aig h t-line
blow pipe  m a d e  for  h e a ting  wi r e  p a s s e d  alon g  it a t
a  high  s p e e d.   The  s a m e  fla m e,  a s  you no  do u b t
will r e a dily u n d e r s t a n d,  c a n  b e  m a d e  of a ny po w e r
a n d  of a ny s h a p e,  a n d  will wo rk  a ny side  u p;  in fac t,
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a s  a  r ul e ,  a  dow n w a r d  ve r tical o r  n e a rly ve r tic al
posi tion  is u s u ally t h e  b e s t  for  a ny blowpip e.  
As a n  ex a m ple  of t his  cl as s  of wo rk,  I m ay  ins t a nc e
t h e  s h rinking  on  of colla r s  a n d  ti r e s,  w hich,  wi th
s ui t a bl e  rin g-b u r n e r  a n d  a  Root’s blow er, could
b e  e q u ally h e a t e d  in  five min u t e s  for  s h rinking  on;
in fac t ,  t h e  work  could  b e  do n e  in les s  tim e  t h a n
it  would  u s u ally t ak e  to  find  a  labo r e r  to  ligh t  a
fir e .   Whe n  t h e  rin gs  va ry m u c h  in size,  t h e  b u r n e r s
c a n  e a sily b e  m a d e  in s e g m e n t s  of ci rcle s.   Bu t
t h e n  t h ey  a r e  no t  n e a rly so  h a n dy, a s  e a c h  n e e d s  to
b e  con n ec t e d  u p  to  t h e  g a s  a n d  ai r  s u p ply; a n d  it
is, in p r a c tice,  u s u ally c h e a p e r  to  h ave  s e p a r a t e
ring  b u r n e r s  of diffe r e n t  sizes.   Of cou r s e,  you
will u n d e r s t a n d  t h a t  a  1/2-inch  g a s-pipe  will no t  s u p ply
h e a t  e no u g h  to  m a k e  a  loco motive  ti r e  r e d  ho t ,  a n d
t h a t  for  la rg e  wo rk  a  la rg e  g a s  s u p ply is n e c e s s a ry. 
Ou r  ow n  r ul e  for  b u r n e r s  of t his  cla s s  is t h a t  t h e
hole s  in  t h e  t u b e  s hould  b e  1/8  to  1/1 0  inch  in di a m e t er,
fro m  1/4  to  1/2  inch  pi tc h;  a n d  t h e  a r e a  of t h e  t u b e
m u s t  b e  e q u al  to  t h e  co m bin e d  a r e a  of t h e  holes.  
The  g a s  s u p ply-pip e  m u s t  no t  b e  les s  t h a n  h alf t h e
a r e a  of t h e  b u r n e r-t u b e .   Thos e  of you  w ho  wis h
to  s t u dy t his  m a t t e r  fu r t h e r  will, I t hink,  find  s ufficie n t
info r m a tion  in my p a p e r  on  “The  Cons t r uc tion
of High-Pow e r  Bur n e r s  for  H e a tin g  by Gas,” p rin t e d
in t h e  Tra n s a c tions  of t h e  Gas  Ins ti t u t e  for  1 8 8 3,
a n d  in t h e  p a p e r s  on  t h e  “Us e  a n d  Cons t r uc tion
of t h e  Blowpipe”  a n d  “The  Us e  of Gas  a s
a  Works hop  Tool.”

[Illus t r a tion]

N o  do u b t  m a ny  of you  h ave  b e e n  t rou ble d  wi th  t h e  t wis ting
of so m e  s p ecial ligh t  c a s ting,  a n d  will, p e r h a p s ,
s p e n d  ho u r s  in t h e  r isky op e r a tion  of b e n ding  a n  iron
p a t t e r n  so  a s  to  g e t  a  s t r aigh t  c a s ting.   A ladleful
of lea d  a n d  tin,  m el t e d  in a  s m all g a s-fu r n a c e,  will,
in  a  few min u t e s ,  give  you  a  p a t t e r n  w hich  you  c a n
b e n d  a n d  a djus t  to  a ny r e q ui r e d  s h a p e.   I t  e n a ble s
you  to  m a k e  t r i als  to  a ny ext e n t ,  a n d  g e t  c a s tings
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with  t h e  u t m os t  p r e cision.   The r e  is al so  t his
a dva n t a g e,  t h a t  a  sof t  m e t al p a t t e r n  c a n  b e  c u t  a bo u t
a n d  exp e ri m e n t e d  wi th  in a  w ay w hich  no  o th e r  m a t e ri al
a d mi t s  of.  Awkw a r d  p a t t e r n s  co m m e nc e  wi th  u s
wi th  pl a s t er, w ax, s h e e t s  of w e t  blo t ting  p a p e r  p a s t e d
tog e t h e r  on  a  s h a p e  o r  wood; b u t  t h ey  al mos t  inva ria bly
m a k e  t h ei r  a p p e a r a n c e  in  t h e  foun d ry  af t e r  b eing  conve r t e d
in to  soft  m e t al by t h e  aid  of a  g a s-fu rn a c e .  
I r efer, of cou r s e ,  to  t hin,  a w k w a r d,  a n d  g e n e r ally
difficul t  c a s tin gs,  w hich,  u n d e r  o rdin a ry  t r e a t m e n t ,
a r e  ei t h e r  t u r n e d  ou t  b a dly o r  r e q ui r e  a  g r e a t  a m o u n t
of fit ting.   As a n  illus t r a tion  of t h e  u s e  of
t his  sys t e m  of p a t t e r n-m a king,  I h av e  h e r e  t wo  c a s tings
of my ow n,  fro m  p a t t e r n s  w hich,  u n d e r  t h e  o r din a ry
e n gin e e r’s sys t e m,  wo uld  b e  exc e ssively cos tly
a n d  difficul t  to  m a k e  a s  w ell a s  t h e s e  a r e  m a d e.  
The  s u rf ac e  is a  m a s s  of in t ric a t e  p a t t e r n  work  a n d
p e rfo r a tions.   To p ro d u c e  t h e  fla t  o riginal, a s
you  s e e  it, a  s m all pi ec e  of t h e  p a t t e r n  is fir s t
c u t ,  a n d  fro m  t his  a  n u m b e r  of tin  c a s tin gs  a r e  m a d e
a n d  solde r e d  tog e t h er.  F ro m  t his  p a t t e r n ,  r e p ro d uc e d
in iron  for  t h e  s ak e  of p e r m a n e nc e,  is c a s t  t h e  fla t
c e n t e r  pl a t e  you  s e e .   To p ro d uc e  t h e  cu rve d  p a t t e r n
I s how  you, no t hin g  m o r e  is n e c e s s a ry t h a n  to  b e n d
t h e  tin  p a t t e r n  on  a  block of t h e  rig h t  s h a p e,  a n d
w e  now  g e t  a  p a t t e r n  w hich  wo uld  p uzzle  a  good  m a ny
p a t t e r n-m a k e r s  of t h e  old  s tyle.
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[Illus t r a tion]

I will now  s how  you  by a  p r a c tical u tiliza tion  of
t h e  w ell know n  fla m ele ss  co m b u s tion,  how  to  ligh t
a  cok e  fu r n a c e  wi tho u t  ei t h e r  p a p e r  o r  wood,  a n d  wit ho u t
dis t u r bin g  t h e  fuel, by t h e  u s e  of a  blow pip e  w hich
for  t h e  fir s t  mi n u t e  is allow e d  to  wo rk  in  t h e  o r din a ry
w ay wi th  a  fla m e  to  ignit e  t h e  coke.   I t h e n  pinch
t h e  g a s  t u b e  to  ex ting uis h  t h e  fla m e,  allow t h e  g a s
to  p a s s  a s  b efo r e ,  a n d  so  blow a  mixt u r e  of u n b u r n t
ai r  a n d  g a s  in to  t h e  fuel.  The  e no r m o u s  h e a t
g e n e r a t e d  by t h e  co m b u s tion  of t h e  mixtu r e  in con t ac t
wi th  t h e  solid  fuel will b e  a p p r e ci a ble  to  you  all,
a n d  if t his  bla s t  of mixe d  ai r  a n d  g a s  is con tinu e d,
t h e r e  is h a r dly a ny limit  to  t h e  t e m p e r a t u r e s  w hic h
c a n  b e  ob t ain e d  in  a  fu r n ac e .   I s h all b e  a bl e
to  s how  you  t h e  diffe r e nc e  in t e m p e r a t u r e  ob t ain e d
in a  fu rn a c e  by  a n  o r din a ry  ai r  bl a s t ,  by a  blow pipe
fla m e  di r ec t e d  in to  t h e  fu r n ac e,  a n d  by t h e  s a m e  mixtu r e
of g a s  a n d  ai r  w hich  I u s e  in  t h e  blow pip e  b ein g  blow n
in a n d  b u r n t  in con t a c t  wi th  t h e  igni t e d  coke.  
In  e a c h  c a s e  t h e  ai r  bla s t ,  bo t h  in q u a n ti ty a n d  p r e s s u r e,
is a b solu t ely t h e  s a m e;  b u t  t h e  ro a r  a n d  t h e  in t e n s e ,
blinding  gla r e  p rod uc e d  by blowing  t h e  u n b u r n t  mixtu r e
in to  t h e  fu r n a c e  is u n mis t ak a ble.   The  h e a t  ob t ain e d
in t h e  coke  fu rn a c e  I a m  u sing,  in les s  t h a n  t e n  mi n u t e s ,
is g r e a t e r  t h a n  a ny know n  c r ucible  wo uld  s t a n d.  
I a m  info r m e d  t h a t  t his  sys t e m  of ai r  a n d  g a s  o r  ai r
a n d  p e t role u m  va po r  bl a s t ,  fir s t  discove r e d  a n d  p u blish e d
by mys elf in a  wo rk  on  m e t allu r gy issu e d  in 1 8 8 1,
is now  b e co min g  la r g ely u s e d  for  co m m e r cial p u r pos e s
on  t h e  Con tine n t ,  no t  only on  a ccou n t  of t h e  e no r m o u s
inc r e a s e  in t h e  h e a t ,  a n d  t h e  cons e q u e n t  wo rk  go t
ou t  of a ny s p e cified  fu r n a c e ,  b u t  also  b e c a u s e  t h e
coke  o r  solid  fuel u s e d  s t a n d s  m u c h  long er, a n d  t h e
d ro p ping,  w hich  is so  g r e a t  a  n uis a nc e  in  c r ucible
fu r n a c e s ,  is al mos t  e n ti r ely p r eve n t e d;  in  fac t,  onc e
t h e  fu rn a c e  is s t a r t e d ,  no  solid  fuel is n e c e ss a ry,
a n d  t h e  coke  a s  i t b u r n s  a w ay c a n  b e  r e plac e d  wi t h
lu m p s  of b rok e n  g a nis t e r  o r  a ny infusible  m a t e ri al. 
Few, if a ny, s a m ples  of fi r e b rick will s t a n d  t h e  h e a t
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of t his  bl a s t ,  if t h e  sys t e m  is fully u tilized.  
You will find  it a  m a t t e r  of lit tl e  difficul ty, wi th
t his  sys t e m  of u sin g  g a s ,  to  m el t  a  c r ucible  of c a s t
iron  in a n  o r din a ry b e d-roo m  fir e  g r a t e  if t h e  fron t
b a r s  a r e  cove r e d  wi t h  s h e e t  iron,  wi th  a  hole  (say)
t h r e e  inch es  in di a m e t er, to  a d mi t  t h e  co m bin e d  g a s
a n d  ai r  bl a s t .   The  only c a r e  n e e d e d  is to  s e e
t h a t  you  do  no t  m el t  dow n  t h e  fir e b a r s  d u rin g  t h e
p roc e s s.   I will a l so  s how  you  how, on  a n  o r din a ry
t a ble,  wi th  a  s m all p a n  of b rok e n  coke  a n d  t h e  s a m e
blow pipe ,  u s e d  in t h e  w ay al r e a dy d e s c ribe d,  you  c a n
g e t  a  good  w elding  h e a t  in a  few mi n u t e s ,  s t a r ting
all cold.   In  t his  c a s e  t h e  blow pip e  is sim ply
fixed  wi th  t h e  nozzle  six inch e s  a bove  t h e  coke,  a n d
t h e  fla m e  di r ec t e d  dow n w a r d.   As soon  a s  t h e  coke
s how s  r e d,  t h e  g a s  pip e  is pinc h e d  so  a s  to  blow t h e
fla m e  ou t ,  a n d  t h e  mixt u r e  of g a s  a n d  ai r  is blow n
fro m  a bove  in to  t h e  coke  a s  b efo r e.   With  t his
a n d  a  lit tle  p r ac tice,  you  c a n  g e t  a  w eld  on  a  7/8
inch  ro u n d  b a r  in 1 0  min u t e s .
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The r e  is on e  u s e  of g a s  w hich  h a s  al r e a dy p rove d  a n
im m e n s e  s e rvice  to  t hos e  w ho, in t h e  s t ric t e s t  s e n s e ,
live  by  t h ei r  wit s .   In  a  s m all p riva t e  wo rks ho p,
wi th  t h e  a s sis t a nc e  of g a s  fu rn a c e s ,  blowpip es ,  a n d
o th e r  g a s  h e a tin g  a p plia nc e s,  i t is a  ve ry e a sy m a t t e r
to  c a r ry ou t  impor t a n t  exp e ri m e n t s  p riva t ely on  a
p r a c tic al sc al e .   A m a n  wi t h  a n  ide a  c a n  r e a dily
c a r ry  ou t  his  ide a  wi t ho u t  skilled  a s sis t a nc e ,  a n d
wi tho u t  it  eve r  m a king  it s  a p p e a r a n c e  in t h e  works
u n til it  is a n  a c co m plish e d  fac t.   H o w  m a ny  of
you  h ave  b e e n  blocke d  in impor t a n t  exp e ri m e n t s  by t h e
t a ci t  r e sis t a nc e  of a n  old  fashion e d  good  wo rk m a n,
w ho  c a n no t  o r  will no t  s e e  w h a t  you  a r e  d riving  a t ,
a n d  w ho  p e r si s t s  in s aying  t h a t  w h a t  you  w a n t  is no t
pos sible?   The  a p plica tion  of g a s  will of te n  e n a ble
you  to  go  ove r  his  h e a d,  a n d  do  w h a t ,  if t h e  wo rk m a n
h a d  hi s  ow n  w ay, would  b e  a n  impossibility.  Whe n
a  m a n  is u n a ble  o r  u n willing  to  s e e  a  w ay ou t  of a
difficul ty, a  m a s t e r  o r  for e m a n  h a s  t h e  pow e r  to  t ak e
t h e  law in his  ow n  h a n d s;  a n d  w h e n  a  wo rk m a n  h a s  b e e n
m e t  wi th  t his  kind  of a  r e ply onc e  o r  t wic e,  h e  u s u ally
gives  w ay, a n d  do e s  no t  in fu tu r e  a t t e m p t  to  dic t a t e
a n d  t e a c h  his  m a s t e r  his  ow n  b u sin es s.   In  c a r rying
ou t  t his  m a t t er, it  is no t  n e c es s a ry t h a t  a  s p e ci m e n
of fine  wo rk m a n s hip  s h all b e  p ro d uc e d.   A m a n  u s u ally
a p p r e ci a t e s  t h e  wi t s  w hic h  h ave  p ro d uc e d  w h a t  h e  h a s
con sid e r e d  impossible.   In  p u r ely exp e ri m e n t al
wo rk  I t hink  I m ay  fai rly s t a t e  t h a t  t h e  u s e  of g a s
a s  a  fuel in t h e  p riva t e  wo rks ho p  a n d  labo r a to ry h a s
do n e  incalculable  s e rvice  in  t h e  imp rove m e n t  of p roc e s s e s
a n d  t r a d e s,  a n d  h a s  pl aye d  a n  impor t a n t  p a r t  in insu ring
t h e  s ucc e s s  a n d  for t u n e s  of m a ny h u n d r e d s  of exp e ri m e n t e r s ,
w ho  h ave  b ro u g h t  t h ei r  labo r s  to  a  s ucc e s sful is su e
in c a s e s  w h e r e ,  in  it s  a b s e n c e,  n ei t h e r  tim e  no r  p a tie nc e
wo uld  h ave  b e e n  av ailabl e.   I n e e d  only to  c all
to  you r  min d  t h e  n u m b e r  of n e w  alloys  w hic h,  for  al mos t
e n dles s  diffe r e n t  p u r pos es ,  h ave  co m e  in to  u s e  d u rin g
t h e  las t  e igh t  o r  t e n  ye a r s .   I t hink  t h e  u s e
of s m all g a s  fu rn a c e s  in  p riva t e  wo rks hop s  a n d  labo r a to ri e s
m ay fai rly b e  s aid  to  h ave  e n a ble d  t h e  exp e ri m e n t s
on  m o s t ,  if no t  all, of t h e s e  alloys  to  b e  c a r ri e d
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ou t  to  a  s ucc e s sful issu e .

I h ave  b e e n  a s k e d  to  s ay  so m e t hin g  r e g a r ding  g a s  e n gin e s .  
The  only t hing  I c a n  s ay  is t h a t  I know  ve ry li t tle
a bo u t  t h e m.   In  my  ow n  wo rks  w e  h ave  a bo u t  3 0 0,0 00
c u bic fee t  of s p a c e ,  all of w hic h  r e q ui r e s  to  b e  h e a t e d ,
m o r e  o r  less,  d u rin g  t h e  g r e a t e r  p a r t  of t h e  ye ar. 
For  t his  p u r pos e  w e  m u s t  h av e  a  s t e a m  boiler, a n d
h aving  t his  s t e a m,  it cos t s  lit tl e  to  r u n  it  fir s t
t h ro u g h  t h e  e n gin e,  a n d  so  ob t ain  ou r  pow e r  for  a  good
p a r t  of t h e  yea r  p r ac tically wi t ho u t  a ny cos t.  
I t  would  no t  p ay, u n d e r  a ny ci rc u m s t a nc e s ,  to  h ave
t wo  s e p a r a t e  so u rc es  of pow e r  for  s u m m e r  a n d  win t e r ;
a n d  t h e r efo r e  t h e  u s e  of g a s  for  po w e r  h a s  n eve r  b e e n
con sid e r e d.
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For  ir r e g ula r  wo rk  a n d  co m p a r a tively s m all po w e r s,
g a s-e n gin e s  h ave  s p e ci al a n d  g r e a t  a dva n t a g e s;  a n d
in t his  r e s p e c t  t h ey m ay, p e r h a p s ,  cl a s s  wit h  g a s
m el ting  fu r n ac e s .   If I w a n t e d  1,  o r  1 0 ,  o r  2 0
lb. of m el t e d  m e t al, I could  m el t  a n d  m a k e  t h e  c a s ting
in les s  ti m e  a n d  wi th  les s  cos t  t h a n  wo uld  b e  r e q ui r e d
to  ligh t  a  cok e  fir e.   The r e  is no  possible  co m p a ri son
in t h e  two, a s  to  conve nie nc e  a n d  e co no my; b u t  if I
w a n t e d  to  m el t  3  o r  4  c wt.  o r  3  o r  4  tons  eve ry  d ay,
I s hould  no t  d r e a m  of u sing  g a s  for  t h e  p u r pos e,  a s
t h e  ext r a  cos t  of g a s  in s uc h  a  c a s e  would  no t  b e
co m p e n s a t e d  by  t h e  s aving  in ti m e.   In  co m m e r cial
m a t t e r s  w e  m u s t  alw ays  consid e r  fir s t  w h a t  is t h e
m os t  p rofit a ble  w ay of going  a bo u t  ou r  work;  a n d,
so  fa r  a s  I mys elf a m  co nc e r n e d,  I h ave  alw ays  foun d
it  a dva n t a g eo u s  to  exp e n d  so m e  m o n ey a n n u ally on  p roving
t his  by  di r ec t  exp e ri m e n t .   I t  is a l mos t  alw ays
pos sible  to  lea r n  so m e t hin g,  eve n  fro m  a  failu r e.

I will now, wi t h  a  blow pipe  a n d  s m all foot  blow er,
h e a t  a  s ho r t  len g t h  of loco motive  boile r  t u b e  to  a
b r azing  h e a t  on  t h e  t a bl e; a n d,  in conclusion,  will
conve r t  t h e  t a bl e  in to  a  s m all foun d ry.  I c a n no t
c a s t  you a  flywh e el for  a  fac to ry e n gin e;  so  will
t ry  a t  so m e t hin g  s m aller, a n d  will r e p rod uc e  a  m e d allion
po r t r ai t  of H e r  M aje s ty, in c a s t  iron,  t h e  o rigin al
of w hich  is silver, co m mo nly valu e d  a t  h alf a  c row n.  
F ro m  t h e  tim e  I ligh t  t h e  fu rn a c e  u n til I t u r n  you
ou t  t h e  finish e d  c a s tin g  I s h all p e r h a p s  ke e p  you
eig h t  o r  nin e  min u t e s .   I c a n  r e m e m b e r  in  t h e  good
old  ti m e s  2 5  ye a r s  a go,  b efo r e  I u s e d  g a s  fu rn a c e s ,
t h a t  it so m e ti m es  took a bo u t  t wo  ho u r s  to  g e t  a  good
wind  fu r n a c e  in to  con di tion  to  p u t  t h e  c r ucible  in. 
My tim e  in t hos e  d ays  w a s  no t  wor t h  m u c h;  b u t  if I
value d  it a t  2 s.  6 d.  p e r  w e ek,  it  wo uld  eve n  t h e n
h ave  b e e n  c h e a p e r  to  u s e  g a s  to  do  t h e  s a m e  t hin g,
ir r e s p e c tive  of t h e  cos t  of cok e.

The  a g e  of g a s eo u s  fuel is co m m e n cing; a n d  I feel
d aily, fro m  t h e  co r r e s pon d e nc e  I r e c eive,  t h a t  t h e r e
is a  g rowing  imp r e s sion  t h a t  g a s  is goin g  to  p e rfo r m
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mir a cl es.   We do  no t  n e e d  to  go  m a d  a bo u t  it; a n d
my  ow n  p r e c e p t  a n d  p r a c tice  is to  e m ploy g a s  only
w h e r e  it s  u s e  s how s  a  p rofi t,  e i t h e r  in tim e  o r  m o n ey. 
M a ny of t hos e  p r e s e n t  know  t h a t  I a m  a s  r e a dy to  to t ally
con d e m n  g a s eo u s  fuel w h e r e  it  do e s  no t  p ay  a s  to  a dvis e
its  u s e  w h e r e  so m e  a dv a n t a g e  is to  b e  g ain e d.  
You will u n d e r s t a n d  t h a t  my  r e m a r ks  a p ply to  coal
g a s  only.  As to  p ro d uc e r  o r  fu r n a c e  g a s e s ,  I know
p r a c tic ally no t hing,  exce p t  t h a t  so m e ti m e s  it p ays
b e t t e r  to  b u r n  you r  c a n dle  a s  a  c a n dle  t h a n  m a k e  it
in to  g a s,  a n d  b u r n  it a s  a  g a s  af t e r w a r d .   The
u s e  of p rod uc e r  g a s  no  dou b t  p ays  on  a  la rg e  s c ale;
a n d  t hin gs  on  a  la r g e  sc ale,  so  fa r  a s  g a s  is conc e r n e d,
a r e  no t  m a t t e r s  wi t h  w hich  I h av e  tim e  to  conc e r n
mys elf.  The  co m m e rcial u s e  of coal g a s  h a s  ye t
to  b e  d evelop e d.   I t  is in it s  infancy; a n d  t h e r e
a r e  ve ry few, if a ny, w ho  h ave  a ny conc e p tion  of it s
e n dles s  u s e s,  bo t h  for  do m e s tic  a n d  m a n ufac t u rin g
p u r pos es .   The  m o r e  g e n e r al  t h e  infor m a tion  w hich
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c a n  b e  given  a bo u t  it s  u s e s ,  t h e  soon e r  it  will find
its  ow n  level, a n d  t h e  soon e r  t h e  g a s  co m p a nies  will
a p p r e ci a t e  t h e  fac t  t h a t  t h ei r  b e s t  c u s to m e r s  a r e  to
b e  foun d  a m o n g  t hos e  w ho  c a n  u s e  coal g a s  a s  a  fuel
for  s p eci al wo rk  in  m a n ufac t u ring  indus t ri e s  b ec a u s e
it  is p rofit a ble  to  u s e ,  a n d  s aves  exp e n sive  labor. 
My ow n  exp e ri m e n t s  wi th  alloys  of t h e  r a r e r  m e t al s,
w hich  h ave  no t  b e e n  conclud e d  wi thou t  p rofit  to  mys elf,
wo uld  c e r t ainly n eve r  h ave  b e e n  u n d e r t ak e n  exc e p t
wi th  t h e  u s e  of g a s  fu r n a c e s,  w hic h  w e r e  bo t h  p r a c tic ally
u nlimit e d  in  pow e r  a n d  a d mi t t e d  of t h e  m o s t  a b solu t e
p r e cision  in u s e;  a n d  I m ay  s afely s ay, wi tho u t  viola ting
a ny confide nc e ,  t h a t  m a ny of t h e  p r e cious  s to rie s
a n d  so-c alled  “na t u r al” p ro d uc t s  m a k e  t h ei r
a p p e a r a nc e  in t h e  world  fir s t  in a  c r ucible  in a  g a s
fu r n a c e .

At t h e  conclusion  of my  lec t u r e  b efo r e  t h e  Ins ti t u t e
a t  Lee ds,  on  “Co m b us tion  a n d  t h e  Utiliza tion
of Wast e  H e a t ,” Mr. Kitson,  t h e  Ch ai r m a n,  r e m a rk e d
t h a t  if h e  w e r e  a  d r e a m e r  of d r e a m s,  h e  mig h t  look
forw a r d  to  t h e  ti m e  w h e n  h e  would  b e  g rowin g  c uc u m b e r s
wi th  t h e  w a s t e  h e a t  of his  iron  fu rn a c e s .   M a ny
wilde r  d r e a m s  t h a n  t his  h ave  co m e  t r u e  in t h e  scie nc e
of e n gin e e rin g;  a n d  t h e  r e aliza tion  h a s  b ro u g h t  ho no r
a n d  for t u n e  to  t h e  d r e a m e r s ,  a s  you  m u s t  all know. 
The  his to ry of e n gin e e ring  is full of t h e  r e aliza tion
of “d r e a m s,” w hich  h ave  b e e n  d e no u nc e d
a s  a b s u r di tie s  by  so m e  of t h e  b e s t  living  a u t ho ri tie s.

*       *       *       *  
    *

THE GAS METER

The  g a s  m e t e r  w a s  inve n t e d  by Cleg g  in 1 8 1 6.  
Sinc e  t h a t  e poc h  no  e s s e n ti al m o difica tion  h a s  b e e n
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m a d e  of i t s  s t r uc t u r e .   Fig.  1  s how s  t h e  p rinciple
of t h e  a p p a r a t u s ,  m n p q  is a  d r u m  m ov a ble  a ro u n d
a  ho rizon t al axis.  This  is divide d  by p a r ti tions
of p e c ulia r  for m  in to  fou r  vess els  of e q u al  c a p a ci ty,
a n d  dip s  in to  a  clos e d  w a t e r  r e s e rvoir, RR’. 
A t u b e,  t , n e a r  t h e  axis, a n d  t h e  o rifice  of
w hich  is a bove  t h e  level of t h e  w a t er, le a ds  t h e  g a s
to  b e  m e a s u r e d.   This la t t e r  e n t e r s  u n d e r  t h e  p a r ti tion,
l’m , of on e  of t h e  b uck e t s,  a n d  exe r t s
a n  u p w a r d  t h r u s t  u po n  it  t h a t  co m m u nic a t e s  a  ro t a ry
m otion  to  t h e  d r u m.   The  b u ck e t,  l’mi ,
clos e d  hyd r a ulically, r i s e s  a n d  fills wi th  g a s  u n til
t h e  following  on e  co m e s  to  occ u py it s  pl ac e  a bove
t h e  e n t r a n c e  t u b e  a n d  fills wi th  g a s  in t u r n.  
Si m ul t a n eo usly, a s  soon  a s  t h e  e d g e  of e a c h  b uck e t
e m e r g e s  a t  e , t h e  g a s  flows  ou t  t h ro u g h  t h e
op e nin g  t h a t  t h e  w a t e r  c e a s e s  to  clos e,  a n d  e s c a p e s
fro m  t h e  r e s e rvoir  t h rou g h  t h e  exi t  a p e r t u r e ,  S. The
g a s ,  in con tin uing  to  t r ave r s e  t h e  sys t e m,  is t h u s
filling  on e  b u ck e t  w hile  t h e  p r e c e ding  on e  is losing
its  con t e n t s;  so  t h a t ,  if t h e  c a p a ci ty of e a c h  b uck e t
is know n,  t h e  volu m e s  of t h e  g a s  disch a r g e d  will like wis e
b e  know n  w h e n  t h e  n u m b e r  of r evolu tions  m a d e  by t h e
d r u m  s h all h ave  b e e n  cou n t e d .   The  a d di tion  of
a  r evolu tion  co u n t e r  to  t h e  d r u m,  t h e n ,  will solve
t h e  p ro ble m.

[Illus t r a tion:  THE GAS METER.]
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The  ins t r u m e n t,  a s  u s u ally cons t r uc t e d,  is s how n  in
Figs.  2  a n d  3.

The  r e s e rvoir, RR’ co n t ain s  t h e  m e a s u ring  d r u m,
m m m m , m ova ble  a ro u n d  t h e  ho rizon t al axis,  aa’. 
The  g a s  e n t e r s  a t  E,  p a s s e s  a t  S  in to  a n  op e nin g  t h a t
m ay b e  clos e d  by a  valve, a n d  is dis t rib u t e d  t h ro u g h
t h e  box, BB’, w hich  co m m u nic a t e s  wi t h  t h e  r e s e rvoi r
t h ro u g h  a n  o rifice  in t h e  p a r ti tion,  h h’. 
This  o rifice  is t r av e r s e d  by t h e  axle,  aa’. 
The  box, like  t h e  r e s e rvoir, con t ain s  w a t e r  u p  to
a  c e r t ain  level, r .  Th ro u g h  a  U-s h a p e d
t u b e,  lnl’, t h e  g a s  p a s s e s  fro m  t h e  box,
BB’, in to  t h e  m ova ble  d r u m,  s e t s  t h e  la t t e r
in  m o tion,  a n d  m a k e s  it s  exi t  a t  S. In  o r d e r  to  cou n t
t h e  volu m e  di sch a r g e d,  t h a t  is to  s ay, t h e  n u m b e r
of r evolu tions  of t h e  d r u m,  t h e  axle  t e r min a t e s  a t
a  in a n  e n dles s  sc r e w  w hich,  by  m e a n s  of a  cog  w h e el,
m oves  a  ve r tical ro d  t h a t  t r ave r s e s  t h e  t u b e ,  g g ,
a n d  p rojec t s  fro m  t h e  box.  As t h e  t u b e ,  g g ,
dips  in to  t h e  w a t er, it  do es  no t  allow t h e  g a s  to
e sc a p e,  a n d  t hi s  p e r mi t s  of t h e  r evolu tion  cou n t e r
t h a t  t h e  ro d  a c t u a t e s  b eing  pl ac e d  in a n  ex t e r n al
c a s e ,  CC’.

The  cou n t e r  consis t s  of too t h e d  w h e els  a n d  pinions
so  a r r a n g e d  t h a t  if t h e  fir s t  w h e el  m a k e s  on e  co m ple t e
r evolu tion  co r r e s po n din g  to  a  disch a r g e  of 1 ,00 0  lit e r s ,
t h e  following  w h e el, w hic h  indic a t e s  cu bic  m e t e r s ,
s h all a dva nc e  on e  division,  a n d  t h a t  if t his  s eco n d
w h e el  m a k e s  on e  co m ple t e  r evolu tion  m a rk e d  1 0  cu bic
m e t e r s ,  t h e  t hi r d,  w hich  indic a t e s  t e n t h s ,  s h all a dva nc e
on e  division,  a n d  so  on.   H a n d s  fixed  to  t h e  axles
of t h e  w h e els,  a n d  m ova ble  ove r  di als, p e r mi t  t h e
volu m e  of g a s  to  b e  r e a d  t h a t  h a s  t r ave r s e d  t h e  cou n t er.

The  objec t  of t h e  o th e r  p a r t s  of t h e  ins t r u m e n t  a r e
to  s ec u r e  r e g ula ri ty in  its  op e r a tion  by ke e pin g  t h e
level of t h e  liquid  cons t a n t .   I t  is evide n t ,
in  fac t ,  t h a t  if t h e  level of t h e  w a t e r  g e t s  b elow
r , t h e  c a p a ci ty of t h e  b u ck e t s  will b e  inc r e a s e d,
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a n d  t h e  cou n t e r  will indic a t e  a  di sc h a r g e  less  t h a n
is r e ally t h e  c a s e ,  a n d  vice  v ersa .  If
t h e  level d e s c e n d s  a s  fa r  a s  to  t h e  o rifice  in  t h e
p a r t i tion,  h h’, t h e  g a s  will flow ou t
wi tho u t  c a u sing  t h e  a p p a r a t u s  to  m ove.   The  w a t e r
is in t rod uc e d  in to t h e  cou n t e r  t h ro u g h  f , w hich
is clos e d  wi th  a  sc r e w  c a p,  a n d  p a s s e s  t h ro u g h  t h e
op e nin g  s how n  by do t t e d  line s  in to  t h e  r e s e rvoir, RR’,
w h e n c e  it  flows  to  t h e  box, BB’, Whe n  it h a s
r e a c h e d  t h e  d e si r e d  level, it  g ains  t h e  o rifice,  r ,
of a  w a s t e  pip e,  e s c a p e s  t h ro u g h  t h e  sipho n,  ruv ,
a n d  m a k e s  it s  exi t  t h ro u g h  t h e  a p e r t u r e ,  b’,
w h e n  t h e  sc r e w  c a p  of t h e  la t t e r  is r e m ove d.  
If, by  a ccide n t ,  t h e  level of t h e  w a t e r  s hould  fall
b elow a  c e r t ain  limi t,  a  floa t ,  f , w hich  follows
its  eve ry  m ove m e n t ,  wo uld  close  t h e  valve,  s ,
a n d  s to p  t h e  flow of t h e  g a s .   Fin ally a  t u b e,
t t’ solde r e d  to  t h e  low e r  p a r t  of t h e
t u b e,  lnl’, a n d  dipping  in to  t h e  w a t e r
of a  co m p a r t m e n t ,  P, s e rves  to  allow t h e  s u r plu s  w a t e r
to  flow ou t  a t  b’.  To p r eve n t  t h e
a p p a r a t u s  fro m  b ein g  di s a r r a n g e d  u po n  t h e  d r u m  b ein g
r evolved  in  t h e  opposi t e  di r e c tion,  t h e r e  is fixed
to  t h e  axle,  aa’, a  c a m  w hich  lift s  a
click, z , w h e n  t h e  ro t a tion  is r e g ular, b u t
w hich  is a r r e s t e d  by it  w h e n  t h e  con t r a ry  is t h e  c a s e.—S ci e nc e
e t  N a t ur e .
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*       *       *       *  
    *

DOBSON AND BARLOW’S IMPROVEMENTS IN 
HEILMANN’S COMBERS.

N ext  to  t h e  m ule,  t h e r e  is no  do u b t  t h a t  t h e  m os t
b e a u tiful m a c hin e  u s e d  in  t h e  co t to n  t r a d e  is H eilm a n n’s
co m b er.  Althou g h  t h e  d e t ails  of t his  m a c hin e
a r e  h a r d  to  m a s t er, w h e n  onc e  it s  a c tion  is u n d e r s tood
it  will b e  foun d  to  b e  r e ally si m ple.   The  objec t
of co m bin g  is to  r e m ove  t h e  s ho r t  s t a pl es  a n d  t h e
di r t  left  in af t e r  t h e  c a r ding  of t h e  co t ton,  s uc h
a s  is u s e d  in t h e  s pin ning  of fine  a n d  eve n  coa r s e
n u m b e r s .   The  op e r a tion  is a n  ext r e m ely d elic a t e
on e,  a n d  it s  s ucc e s sful r e aliza tion  is a  good  illus t r a tion
of w h a t  is pos sible  wi t h  m a c hin e ry.  Co m bin g  m a c hin es
a r e  u s u ally m a d e  wi th  six h e a d s ,  a n d  so m e ti m e s  wit h
eig h t .   As t h e  working  of e ac h  h e a d  is ide n tical,
w e  only s p e a k  of on e  of t h e m.   By m e a n s  of a  p ai r
of flu t e d  fee din g  rolle r s  a  n a r ro w  lap,  a bo u t  7 1/2
in. wid e,  is p a s s e d  in to  t h e  h e a d,  in w hich  t h e  following
a c tion  t ak e s  pl ac e:   Assu min g  t h a t  t h e  s t roke
is finish e d,  t h e  lap  is s eized  n e a r  i t s  e n d  by a  p ai r
of nipp e r s,  so  a s  to  leave  a bo u t  h alf t h e  leng t h  of
t h e  s t a pl e  p rojec ting.   Thes e  p rojec ting  fibe r s
a r e  co m b e d  by a  r evolving  cylind er, p a r ti ally cove r e d
wi th  co m b  t e e t h .   Whe n  t h e  fron t  o r  p rojec ting
e n d s  of t h e  fibe r s  a r e  t h u s  co m b e d,  a  s t r aigh t  co m b
in fron t  of t h e  nipp e r s  d ro ps  in to  t h e m,  t h e  nip p e r s
op e n,  a n d  t h e  fibe r s  a r e  d r a w n  t h ro u g h  t h e  s t r aig h t
co m b.   This  co m b s  t h e  t ail e n d s ,  a n d  a t  t h e  s a m e
ti m e  t h e  fibe r s,  now  co m ple t ely co m b e d,  a r e  pl ac e d
on  o r  pi ec e d  to  t h e  fibe r s  t h a t  h a d  b e e n  co m b e d  in
t h e  p r evious  s t rok e,  p rod ucin g  in t his  w ay a  con tinuo us
fleec e  of co m b e d  co t ton.   In  s ho r t ,  in t his  m o s t
s t riking  op e r a tion,  t h e  fibe r  d u rin g  t h e  co m bing  is
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co m ple t ely d e t a c h e d  fro m  t h e  ribbon  lap,  c a r r ie d  over,
a n d  pi ec e d  to  t h e  t ail e n d  of t h e  co m b e d  fleec e,  for
a  m o m e n t  h aving  no  con n ec tion  wi th  ei t h er.  Sinc e
t h e  expi ry of t h e  p a t e n t ,  M e s s r s.  Bobson  a n d  Ba rlow,
of Bolton,  h ave  cons t r uc t e d  a  g r e a t  m a ny  of t h e s e  m a c hin es ,
a n d  h ave  foun d  t h a t ,  a s  co m p a r e d  wit h  t h e  o rigin al
m a k e,  it w a s  possible  to  g r e a tly inc r e a s e  t h ei r  efficie ncy. 
They a cco r din gly d evo t e d  m u c h  a t t e n tion  to  t hi s  objec t ,
a n d  h ave  p a t e n t s  for  s eve r al  imp rove m e n t s.   To
d e sc rib e  t h e s e  so  a s  to  b e  u n d e r s tood  by eve rybody
wo uld  b e  a  m o s t  difficul t  t a sk,  a n d  wo uld  t ak e  m o r e
s p ac e  t h a n  w e  c a n  affor d.   We sim ply wish  to  r eco r d
w h a t  t h e s e  imp rove m e n t s  a r e ,  a n d  will s u p pos e  w e  a r e
w ri ting  for  t hos e  w ho  h ave  a  good  a c q u ain t a nc e  wi t h
H eilm a n n’s co m b er.

[Illus t r a tion:  DOBSO N  AND BARLOW’S IMPROVEME NTS
IN H EILMAN N’S COMBERS.]

We give  h e r e with  a  p e r s p e c tive  view of t h e  imp rove d
m a c hin e .   On  exa min a tion  it will b e  no tic e d  t h a t
a n  al t e r a tion  is m a d e  in t h e  m o tion  s e e n  a t  t h e  e n d
of t h e  m a c hin e  for  wo rking  t h e  d e t a c h e d  rolle r s.  
This  al t e r a tion  w e  b elieve  to  b e  a  d ecide d  imp rove m e n t
ove r  H eilm a n n’s  o rigin al a r r a n g e m e n t .   I t
dis p e n s e s  wi th  t h e  la rg e  d e t a c hing  c a m,  t h e  c r a dle,
t h e  no tc h-w h e el, t h e  c a t c h  a n d  it s  s p rin g,  t h e  la r g e
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s p u r  w h e el  w hich  d rives  t h e  c ale n d e r  roller, a n d  t h e
in t e r n al  w h e els  for  t h e  d e t a c hin g  rolle r-s h af t ,  s u b s ti t u ting
in t h ei r  s t e a d  a  m u c h  sim ple r  m o tion,  consis ting  of
a  s m alle r  c a m,  a  q u a d r a n t ,  a n d  a  clu t ch.   The  a r r a n g e m e n t ,
h aving  few e r  p a r t s ,  is a l so  m u c h  m o r e  co m p a c t  t h a n
t h e  old  on e,  for  wi th  t h e  d riving  p ulleys  in t h e  b e s t
posi tion  it e n a ble s  t h e  m a c hin e  ou t sid e  t h e  fra min g
to  b e  s ho r t e n e d  1 0  in., a n  impo r t a n t  poin t  in a  roo m
full of co m b e r s.   The  a c tion  of t hi s  d e t a c hing
m otion  is posi tive,  a n d  e n a ble s  t h e  m a c hin e  to  b e
r u n  a t  a  high  s p e e d  wit ho u t  d a n g e r  of missing,  a s  h a p p e n s
w h e n  t h e  poin t  of t h e  c a t c h  for  t h e  old  no tc h-w h e el
b eco m e s  b rok e n  o r  wo r n  a w ay.  Anoth e r  im po r t a n t
fea t u r e  of t h e  n e w  a r r a n g e m e n t  is t h a t  it  allows  t h e
m otion  of t h e  d e t a c hing-rolle r  to  b e  va ried.   By
a n  a djus t m e n t ,  e a sily m a d e  in  a  few s econ d s,  t h e  d elive ry
m ay b e  al t e r e d  to  s ui t  diffe r e n t  cl as s e s  of co t ton
o r  kinds  of work  wi tho u t  t h e  n e c e ssi ty of c h a n ging
t h e  c a m s  o r  t h e  no tc h-w h e els.

An imp rove m e n t  h a s  b e e n  m a d e  in t h e  cons t r uc tion  of
t h e  nip p e r s .   In  t h e  o r din a ry H eilm a n n’s
co m b er, t h e  u p p e r  bl a d e  h a s  a  g roove  in it s  nip ping
e d g e,  a n d  t h e  c us hion  pl a t e  is cove r e d  wit h  clo th  a n d
lea t h er, t h e  fibe r s  b eing  h eld  by  t h e  g rip  b e t w e e n
t h e  lea t h e r  of t h e  c us hion  pla t e  a n d  t h e  e d g e s  of
t h e  g roove  in t h e  u p p e r  bla d e ,  o r  knife, a s  it is c alled.  
The  objec tions  to  t his  m o d e  of cons t r u c tion  w e r e  t h a t
t h e  lea t h e r  on  t h e  c us hion  pla t e  r e q ui r e d  fre q u e n t
r e n e win g,  a n d  u nle s s  t h e  a dju s t m e n t  w a s  m o r e  a cc u r a t e
t h a n  could  alw ays  b e  r elie d  on,  t h e  g rip  of t h e  nipp e r s
w a s  no t  p e rfec t ,  for  w hile  a t  on e  e n d  t h e  nipp e r  mig h t
b e  clos e d,  a t  t h e  o t h e r  e n d  it  mig h t  b e  op e n  wid e
e no u g h  to  allow t h e  cot ton  to  b e  p ulled  t h ro u g h  by
t h e  co m bin g  cylind er, a n d  m a d e  in to  w a s t e.   In
M e s s r s.  Dobson  a n d  Ba rlow’s nipp e r  t h e r e  is
n ei t h e r  clo th  no r  lea t h e r  on  t h e  c us hion  pl a t e .  
I t s  e d g e  is m a d e  in to  a  blu n t  ^ ,  u po n  w hich  t h e  n a r ro w
fla t  s u rfac e  of a  s t r ip  of India  r u b b e r  o r  lea t h e r
fixed  in t h e  knife  falls  to  give  t h e  nip.   By
t his  pl a n  t h e  cus hion  is a p plied  to  t h e  knife  ins t e a d
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of to  t h e  pl a t e ,  w hic h  of cou r s e  m a k e s  t h e  c us hion
pla t e ,  af t e r  it  h a s  onc e  b e e n  s e t ,  a  fixtu r e;  it al so
dis p e n s e s  wi th  t h e  a c c u r a t e  s e t tin g,  a s  is no w  n e c e ss a ry
in t h e  old  a r r a n g e m e n t.   I t  fu r t h e r  do e s  a w ay wi th
t h e  fre q u e n t  a n d  exp e n sive  cove rin g  of t h e  cus hion-pla t e
wi th  rolle r  le a t h e r  a n d  clot h,  t h u s  effec ting  a  conside r a ble
s aving,  no t  only in  cos t  of m a t e ri al,  b u t  also  in
labor, ina s m u c h  a s  t h e  nipp e r  knives  c a n  b e  t ak e n  off,
r e cove r e d ,  a n d  r e plac e d  in on e-sixth  t h e  t im e  r e q ui r e d
to  cove r  t h e  c us hion  pl a t e s  a n d  r e pl ac e  t h e m  on  t h e
old  sys t e m.   Ame ric a n  co t to n  of 7/8” s t a pl e
to  silk of 2 1/2” s t a pl e  c a n  al so  b e  co m b e d  by
t his  imp roved  a r r a n g e m e n t,  a n  a c hieve m e n t  w hich  h a s
b e e n  a t t e m p t e d  by m a ny, b u t  hi t h e r to  wi thou t  a r riving
a t  a ny s ucc es s .   M e ss r s .  Dobson  a n d  Ba rlow h ave
how eve r  ove rco m e  t h e  difficul ty by  t h ei r  imp rove m e n t s ,
w hich  co m bine  t h r e e  impor t a n t  q u ali ti es,  vi z .,
si m plici ty, p e rfec tion,  a n d  c h e a p n e s s.   M a ny h u n d r e d s
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of o th e r  m a k e r s’ m a c hin e s  h ave  b e e n  al t e r e d
to  t h ei r  n e w  a r r a n g e m e n t s.   The  c a m  for  working
t h e  nip p e r  h a s  also  b e e n  al t e r e d  to  give  a  s moot h e r
m o tion  t h a n  u s u al; on e  t h a t  m oves  t h e  nipp e r  q uie tly
a n d  wi t ho u t  je rk s  w h e n  t h e  m a c hin e  r u n s  fro m  8 0  to
9 5  s t roke s  p e r  min u t e .   A ve ry d e cid e d  imp rove m e n t
h a s  b e e n  m a d e  in t h e  cons t r uc tion  of t h e  co m bin g  cylind er. 
The  co m b s  a r e  alw ays  fixed  on  a  pi ec e  c alled  t h e  “half-lap,”
w hich,  in i ts  t u r n,  is s ec u r e d  to  a  b a r r el  c alled
t h e  “co m b-s tock.”  No w  it  is ve ry d e si r a ble
a n d  impor t a n t  t h a t  t h e s e  h alf-laps  s ho uld  b e  p e rfec tly
t r u e  a n d  ex ac tly in t e r c h a n g e a ble.   Wh e n  on e  h alf-lap
is t ak e n  off for  r e p ai r s ,  a no t h e r  h alf-lap  m u s t  b e
r e a dy to  t ak e  it s  pl ac e  on  t h e  cylind er.  The  o rigin al
m o d e  in w hich  t h e  cylind e r s  w e r e  m a d e  r e n d e r e d  it a
m a t t e r  of m e c h a nic al difficul ty—al mos t
a n  impossibili ty in t h e  m a c hin e  s ho p—to
p ro d uc e  t h e m  ex ac tly alike.   To avoid  t his  difficul ty,
M e s s r s.  Dobson  a n d  Ba rlow h av e  r e con s t r uc t e d  t h e  co m bin g
cylind er, a n d  t h e  p a r t s  b eing  fit t e d  tog e t h e r  by  si m ple
t u r ning  o r  bo ring,  a c c u r a cy a n d  in t e r c h a n g e a bili ty
c a n  alw ays  b e  d e p e n d e d  u po n.   The  sc r e w s  w hich
fas t e n  t h e  cylind e r  to  t h e  s h af t  a r e  also  c a s e d  u p
wi th  t h e  cylind e r  t ins,  t h u s  avoiding  a ny a c c u m ula tion
of fly on  t h e  s c r e w  h e a d s.

The  m o tion  for  wo rking  t h e  top  d e t a c hing,  t h e  lea t h er,
o r  t h e  piecing  roller, a s  i t is va riously c alled,
h a s  also  b e e n  imp roved.   The  e n d s  of t his  rolle r
a r e  alw ays  c a r ri e d  on  t h e  top  of t wo  leve r s  t h a t  a r e
oscilla t e d  by a  con n e c ting  rod  a t t a c h e d  to  t h ei r  bo t to m
e n d s.   In  t h e  n e w  m o tion  t h e  con n ec ting  ro d  is
dis p e n s e d  wi th,  a n d  on e  join t  s ave d.   The  join t
t h a t  r e m ains  is a t  t h e  foot  of t h e  leve r s  t h a t  c a r ry
t h e  lea t h e r  r oller.  This join t  is cons t r uc t e d
so  t h a t  it m ay  b e  e a sily al t e r e d ,  a n d  by it s  m e a n s
on e  of t h e  m o s t  d elica t e  s e t t ings  of t h e  co m bing  m a c hin e,
vi z ., t h a t  of t h e  lea t h e r  r oller, m ay b e  m a d e
wi th  g r e a t e r  r e a din e ss  t h a n  wi th  t h e  old  sys t e m.  
F u r t h er, fro m  t h e  m o d e  of m o u n ting  t h e s e  rolle r s  a no t h e r
a dva n t a g e  is g ain e d  in t h e  facili ty of s e t tin g  t h e m.  
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In  s e t ting  wi th  t h e  old  a r r a n g e m e n t ,  only on e  e n d
of t h e  rolle r  is a dju s t e d  a t  a  ti m e;  in t h e  n ew, t h e
a djus t m e n t  s e t s  t h e  e n d s  of t wo  rolle r s.   With
r e g a r d  to  t h e  le a t h e r  rolle r  also,  it w a s  foun d  t h a t
a s  t h e  ro u n d  b r a s s  t u b e s  in w hich  it s  e n d s  r evolved
h a d  ve ry li t tle  w e a rin g  s u rf ac e ,  t h ey  go t  wo r n  in to
fla t s  on  t h e  ou t sid e,  a n d  t h u s  wo rk e d  inacc u r a t ely. 
In  t h e  m a c hin e  u n d e r  no tice  t his  d efec t  is r e m e die d.  
The  t u b e s  a r e  m a d e  s q u a r e  on  t h e  ou t sid e,  a n d  h aving
a m ple  b e a ring  s u rf ac e  t h ey ke e p  t h ei r  a dju s t m e n t  p e rf ec tly.

On  t h e  top  of t h e  d e t a c hin g  rolle r  is a  la r g e  s t e el
flu t e d  rolle r  c a r rie d  a t  e a c h  e n d  by a  s m all a r m  c alle d
a  “ho r s e  t ail.”  In  t h e  o rigin al m a c hin e
t his  r olle r  sim ply ke p t  it s  pl ac e  u po n  t h e  d e t a c hin g
rolle r  by  it s  w eig h t ,  a n d  w h e n  t h e  m a c hin e  c a m e  to
b e  r u n  a t  high  s p e e d s  it w a s  foun d  t h a t  owing  to  it s
ligh t n es s  t h e  con t ac t  t h u s  ob t aine d  w a s  no t  r eli able,
t h e  flu t e s  o r  r ib s  of t h e  rolle r  slipping  u po n  t hos e
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of t h e  d e t a c hin g  roller, w hich  for  good  wo rk  is u n d e si r a bl e.  
This  is r e m e die d  by pl acing  a  h e avie r  top  rolle r  in
t h e  ho r s e  t ails, w hich  is m a d e  wi th  a  b ro a d e r  b e a rin g
so  a s  to  give  g r e a t e r  solidi ty to  t h e  top  roller. 
Anot h e r  good  ide a  w e  no tice d  in t his  m a c hin e  w a s  in
t h e  a p plica tion  of a  t r e bl e  b r u s h  c a r ri e r  w h e el, w hich
p e r mi t s  of t h e  b r u s h e s  b ein g  d rive n  a t  t h r e e  diffe r e n t
s p e e d s  a s  t h ey  b e co m e  wo r n.   For  ins t a n c e ,  w h e n
t h e  b r u s h e s  a r e  n e w  t h e  b ris tl es  a r e  long, a n d  co ns e q u e n tly
t h ey a r e  no t  r e q ui r e d  to  r evolve  a s  q uickly a s  w h e n
t h e  b ris tle s  a r e  fa r  wor n.   By t his  imp rove m e n t
t h e  b r u s h  las t s  conside r a bly long e r  t h a n  in a ny o th e r
sys t e m  of m a c hin e.   Thei r  s p e e d  c a n  al so  b e  r e g ula t e d
a c co r din g  to  t h e  leng t h  of t h e  b ri s tl e s,  a n d  t h e  ch a n g e
fro m  on e  s p e e d  to  t h e  o t h e r  c a n  b e  effec t e d  in a  ve ry
few min u t e s.

A co m m o n  d efec t  in co m bing  m a c hin e s  is t h e  flocking
t h a t  fr e q u e n tly h a p p e n s.   This  is t h e  filling
u p  of t h e  co m b s  on  t h e  cylind e r  wi th  di r t  a n d  co t ton,
w hich  t h e  b r u s h  fails  to  r e m ove.   Althou g h  in g e n e r al
a p p e a r a nc e  t h e  cle a nin g  a p p a r a t u s  is t h e  s a m e  a s  t h e
o r din a ry on e,  m o difica tions  a r e  in t ro d uc e d  w hich  m a k e
its  a c tion  alw ays  effec tive  a n d  r eliabl e.   We w e r e
info r m e d  by a  mill m a n a g er, w ho  h a s  a  g r e a t  n u m b e r
of t h e s e  co m b e r s ,  t h a t  h e  m e e t s  wit h  no  inconve nie nc e
fro m  flocking  fro m  on e  w e e k  e n d  to  a no t h er.  Altoge t h er,
it  will b e  s e e n  t h a t  M es s r s .  Dobson  a n d  Ba rlow h ave
al mos t  r econ s t r uc t e d  t h e  m a c hin e,  s t r e n g t h e ning  a n d
imp roving  t hos e  p a r t s  w hich  exp e ri e nc e  s how e d  it w a s
n ec es s a ry  to  m o dify.  As a  r e s ul t  t h ei r  imp rove d
m a c hin e  wo rks  a t  a  high  s p e e d  (80  to  9 5  s t rok es  p e r
min u t e ,  a cco r din g  to  t h e  cl as s  of co t ton), wi th  g r e a t
s m oo t h n e s s  a n d  wi t ho u t  nois e,  a n d  fro m  t h e  al mos t
co m ple t e  a b s e n s e  of vib r a tion  t h e  risk  of b r e a k a g e s
is r e d u c e d  to  a  mi ni m u m.—Textile  M a n u fac t ur er .

*       *       *       *  
    *
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THE MUNICIPAL SCHOOL FOR INSTRUCTION IN 
WATCH-MAKING, AT GENEVA.

Whe n,  in 1 5 8 7,  Ch a rl es  Cusin,  of Autu n,  s e t tl ed  a t
Ge n eva  a n d  in t ro d uc e d  t h e  m a n ufac t u r e  of w a t c h e s  t h e r e ,
h e  h a d  no  ide a  of t h e  ex t r ao r din a ry d evelop m e n t  t h a t
t his  n e w  indus t ry w a s  to  a s s u m e.   At t h e  e n d  of
t h e  s eve n t e e n t h  ce n t u ry  t his  ci ty al r e a dy con t ain e d
a  h u n d r e d  m a s t e r  w a tc h  m a k e r s  a n d  eigh ty m a s t e r  jew ele r s ,
a n d  t h e  p ro d uc t s  of h e r  m a n ufac t u r e s  soon  b e c a m e  know n
a n d  a p p r eci a t e d  by  t h e  w hole  wo rld.

The  F r e n c h  r evolu tion  a r r e s t e d  t his  imp e t u s,  b u t  t h e
e n t r a n c e  of t h e  Ca n ton  of Ge n eva  in to  t h e  Confed e r a tion
in 1 8 1 4,  r e n d e r e d  co m m e rc e,  t h e  a r t s ,  a n d  t h e  ind us t rie s
so m e w h a t  a c tive,  a n d  w a t c h-m a kin g  soon  s a w  a  n e w  e r a
of p ros p e ri ty d a w ning.

On  t h e  1 3 t h  of Fe b., 1 8 2 4,  a t  t h e  ins tig a tion  of a
few d evo t e d  ci tize ns,  t h e  ind us t ri al s ec tion  of t h e
Socie ty of Arts  a do p t e d  t h e  r e solu tion  to  for m  a  w a tc h-m a king
sc hool, w hich,  h aving  b e e n  c r e a t e d  by p riva t e  ini tia tive,
w a s  only s u s t ain e d  t h ro u g h  conside r a ble  s ac rifices.

[Illus t r a tion:  CLASS IN ESCAPEME NTS AT THE WATCH
MAKING SC HOOL, GE NEVA.]
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In  1 8 4 0  t h e  sc hool w a s  t r a n sfe r r e d  to  t h e  g r a n a ry
b uilding  b elonging  to  t h e  ci ty.  In  1 8 4 2,  w h e n
it  con t ain e d  a bo u t  fifty p u pils, it w a s  m a d e  ove r
to  t h e  a d minis t r a tive  cou ncil of t h e  ci ty by t h e  co m mit t e e
of t h e  Socie ty of Art s.   F ro m  1 8 2 4  to  1 8 4 2  t h e
sc hool h a d  give n  ins t r uc tion  to  a bo u t  t wo  h u n d r e d
p u pils.  F ro m  1 8 4 3  to  1 8 7 9  it w a s  fr eq u e n t e d  by
n e a rly eigh t  h u n d r e d  p u pils, t wo-t hi r d s  of w ho m  w e r e
Ge n eva ns,  a n d  t h e  o th e r  t hi rd  S wiss  of o t h e r  c a n ton s
a n d  for eign e r s.

The  sc hool, t h e n ,  h a s  fu r nis h e d  t h e  w a tc h-m a king  indus t ry
wi th  t h e  r e s p e c t a ble  n u m b e r  of a  t ho us a n d  work m e n,
a m o n g  w ho m  la rg e  n u m b e r s  h av e  b e e n,  o r  a r e  ye t ,  dis ting uish e d
a r t is t s .

The  roo m s  of t h e  g r a n a ry, w h e r e  t h e  sc hool r e m ain e d
for  n e a rly for ty ye a r s ,  b e c a m e  ina d e q u a t e ,  d e s pi t e
t h e  s ucc e s sive  a d di tions  t h a t  h a d  b e e n  m a d e  to  t h e m,
a n d  it  b e c a m e  n e c es s a ry  to  co m ple t ely t r a n sfo r m  t h e m.  
The  m a g nifice n t  leg a cy t h a t  t h e  ci ty ow e s  to  t h e  m u nifice nc e
of t h e  Duke  of Bru ns wick w a s  p a r tly e m ploye d  in t h e
r e o r g a niza tion,  a n d  t h e  sc hool is now  loca t e d  in a
vas t  b uilding  d e sign e d  to  a n s w e r  t h e  r e q ui r e m e n t s  of
ins t r uc tion.   This s t r uc t u r e ,  w hich  is loca t e d
in N e ck e r  S t r e e t ,  p r e s e n t s  a n  imposing  a n d  s eve r e
a s p e c t .   The  m ain  b uilding  e m b r a c e s  m o s t  of t h e
wo rks hop s,  t h e  office,  t h e  lib r a ry, a n d  t h e  clas s roo m
for  ins t r uc tion  in m e c h a nics,  a ll of w hich  r e c eive
a  di r ec t  ligh t .   At r ig h t  a n gle s  wi th  t h e  m ain
b uilding  a r e  two  wings.   The  on e  to  t h e  no r t h  con t ain s
in it s  t h r e e  u p p e r  s to rie s  wo rks ho ps  occ u pied  by cla s s e s
in e sc a p e m e n t s,  b ezil s e t tin g,  co m p e n s a ting  b al a nc e s,
a n d  r u by wo rking.   On  t h e  g ro u n d  floor  a r e  ins t all ed
juvenile  sc hools.

The  sou t h  wing  con t ains  h alls  for  lec t u r e s  on  t h eo ry,
a n d  t wo  wo rks ho ps  looking  tow a r d  t h e  no r t h.   The
g ro u n d  floor  is u s e d  for  t h e  s a m e  p u r pos e  a s  t h a t
of t h e  no r t h  wing.
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Fin ally, in  t h e  c e n t e r  of t h e  m ain  b uilding  is a  wing
p a r allel wit h  it s  t wo  m a t e s .   I t  is in t his  t h a t
is loc a t e d  t h e  vas t  s t ai rc a s e  t h a t  le a d s  to  s p a cious
landings  a t  w hich  e n d s  on  eve ry s to ry a  la r g e  co r rido r
co m m o n  to  all t h e  h alls  a n d  wo rks hop s.   I t  is
in  t his  p a r t  of t h e  b uilding  t h a t  w e  find  t h e  a m p hi t h e a t e r
of p hysics  a n d  c h e mis t ry a n d  t h e  labo r a to ri es.  
H e r e  al so  is loc a t e d  t h e  m u s e u m  in cou r s e  of for m a tion
(got t e n  u p  in view of t h e  his to ric al s t u dy of w a t c h-m a king),
a n d  t h e  a m p hi t h e a t e r  d e sig n e d  for  c e r t ain  p u blic  lec t u r e
cou r s e s.

In  t h e  w ay of h e a tin g  a n d  ligh ting  all p a r t s  of t h e
b uilding  no t hin g  h a s  b e e n  n e glec t e d ,  a n d  s p eci al c a r e
h a s  b e e n  t ak e n  to  h av e  t h e  ven tila tion  p e rfec t .

At p r e s e n t  t h e  ins t r uc tion  co m p ris e s  a  p r a c tical a n d
a  t h eo r e tic al cou r s e .

Practical Ins truc tion .—This is divide d
into  t h r e e  s e c tions:   (1) a n  ele m e n t a ry  on e  h aving
in view t h e  cons t r u c tion  of t h e  sim ple  w a tc h  in it s
e s s e n ti al p a r t s;  (2) a  high e r  s e c tion  in  w hich  t h e
p u pils  le a r n  to  r ecog nize  t h e  co m plica t e d  p a r t s ;  a n d
(3) a  s ec tion  of m e c h a nics  a p plied  to  w a t c h-m a king
a n d  to  t h e  s t u dy of t h e  cons t r uc tion  of m a c hin e s  a n d
tools  for  facili t a ting  a n d  imp roving  t h e  m a n ufac t u r e .
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1.  Ele m e n tary  S e c tion,  Firs t  Year .—The
p u pil m u s t  m a n ufac t u r e  all t h e  s m all tools  n e c e ss a ry
for  m a king  u nfinish e d  m ove m e n t s;  t h a t  is, d rills,
r e a m e r s ,  p u n c h e s ,  files,  e t c .  H e  m u s t  t h e n
lea r n  to  file  a n d  t u r n,  a n d  to  m a k e  u s e  of t h e  finishing
la th e  wi th  t h e  bow, o r  of t h e  foot  la t h e .

In  g e n e r al, t h e  tim e  t ak e n  by a n  a p p r e n tice  to  m a n ufac t u r e
his  tools is fro m  t wo  to  t h r e e  m o n t h s,  a n d  h e  c a n
sc a rc ely go  to  wo rk  on  t h e  m ove m e n t s  b efo r e  t hi s.

In  t his  cl as s  t h e  r e g ula r  p u pils  h ave  to  exec u t e  s eve n
piec e s  of wo rk  in t h e  ro u g h,  t wo  for  ho rizon t al e sc a p e m e n t s
wi th  key a n d  r e g ula ting  w h e el, a n d  five for  va rious
o th e r  e s c a p e m e n t s .   Amon g  t h e s e  t h e r e  is on e  for
si m ple  r e p e ti tion  a n d  on e  for  mi n u t e  pi ec e .   Aside
fro m  t h e  work  fixed  by t h e  p rog r a m m e,  t h e  p u pils  m ay
m a n ufac t u r e  all t h e  o t h e r  co m plica t e d  piec e s  u po n
ob t aining  t h e  a u t ho ri ty for  it  fro m  t h ei r  m a s t e r s  a n d
t h e  di r ec tor.

The  ave r a g e  tim e  e m ployed  in p e rfo r ming  t h e  wo rk  impos e d
by t h e  p ro g r a m m e  n e c e s s a rily d e p e n d s  u po n  t h e  c a p a ci ty
of t h e  p u pil, b u t  w e  m ay s ay  t h a t  in g e n e r al  t e n  m o n t h s
a r e  n ec es s a ry.

S e co n d  Year .—Afte r  exec u ting  his
las t  pi ec e  of wo rk  in  a  s a tisfac to ry m a n n er, t h e  a p p r e n tice
p a s s e s  in to  t h e  cl as s  in r e g ula to r s,  w h e r e  h e  b e gin s
to  m a n ufac t u r e  t h e  s m all tools t h a t  h e  will r e q ui r e .

In  t his  wo rk,  a s  in t h e  p r e c e ding,  h e  m u s t  t ak e  all
his  piec e s  fro m  t h e  c r u d e  m e t al, a n d  h e  m u s t  do  t h e
forging  hi m s elf, a s  w ell a s  t h e  ro u g hin g  dow n,  t h e
t u r ning,  filing,  a n d  s h a ping,  a n d  finally t h e  finishing,
wi tho u t  t h e  aid  of a ny o th e r  m a c hin e  t h a n  t h e  dividing
on e.

In  g e n e r al, af t e r  eigh t e e n  m o n t h s  of wo rk,  t h e  a p p r e n tice
go es  to  t h e  finishing  s ho p,  w h e r e  t h e  d elica t e  a n d
min u t e  wo rk  b e gins,  pivoting,  p u t ting  t h e  w h e els  in
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plac e,  a n d  p r a c tical s t u dy of g e a rin gs.   Afte r
lea r nin g  ho w  to  divide  a  w h e el  co r r e c tly, h e  is s e t
to  wo rk  on  pinions  a n d  w h e els  in t h e  ro u g h,  w hic h
h e  m u s t  r ive t,  finis h,  a n d  pivot  a c co r ding  to  t h e
diffe r e n t  pl a n e s  of t h e  pi ec e s  t h a t  h av e  b e e n  c alcula t e d
a n d  exec u t e d  by hi m  u n d e r  t h e  di r ec tion  of t h e  m a s t er.

The  p ro g r a m m e  to  b e  follow e d  by t h e  p u pils  of t h e
cla s s  in finishing  is, a s  r e g a r d s  n u m b e r  of pi ec es ,
t h e  s a m e  a s  t h a t  of t h e  p r e c e ding  clas s e s,  t h a t  is
to  s ay, s eve n.

In  g e n e r al, t h e  p u pil p a s s e s  fro m  t h e  cla s s  in  finis hing
to  t h e  cl as s  in di al-t r ain s,  w h e r e  h e  m a k e s  t wo  of
t h e s e  for  his  piec e s—on e  a  si m ple  a n d  t h e
o th e r  a  mi n u t e  t r ain.   The  t e a c hing  of t his  p a r t
is ve ry impo r t a n t  a s  r e g a r d s  t h e  m a n ufac t u r e  of e sc a p e m e n t s.  
In  cons t r uc tin g  t h e  di al t r ain,  t h e  p u pil p e rfec t s
his  filing  a n d  lea r n s  to  m a k e  t h e  a djus t m e n t s  co r r e c t .

The  las t  cla s s  in  t h e  el e m e n t a ry  ins t r uc tion  is t h e
on e  in  e s c a p e m e n t s  (Fig. 1), t h e  p ro g r a m m e  of w hich
includ e s  s eve r al  di s tinc t  p a r t s:   (1) The  tools
t h a t  a r e  s t ric tly n e c e ss a ry; (2) e s c a p e m e n t  a n d  cylind e r
a djus t m e n t;  (3) m a kin g  t h e  co m p e n s a ting  b al a nc e s  for
t h e  p u pil’s piec e s;  (4) pivoting,  p u t ting  in
plac e,  a n d  finishing  t h e  e sc a p e m e n t s  in r e g ula ting
piec e s.   H e r e ,  a s  in t h e  p r e c e ding  cla s s e s ,  t h e
p u pils  m u s t  do  all t h e  wo rk  t h e m s elves.   Durin g
t h ei r  s t ay  in t h e  ele m e n t a ry  clas s e s  t h e  wo rk  do n e
is s u b mi t t e d  to  t h e  di r e c tor, w ho  ex a min e s  it a n d
s e n d s  it b a ck  to  t h e  ins t r uc to r s  a c co m p a nie d  wi t h
a  b ulle tin  con t aining  his  e s tim a t e  a s  to  it s  value,
a n d  hi s  obs e rva tions  if t h e r e  is occ a sion  to  m a k e  a ny.
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P u pils  w ho  c a n no t  o r  w ho  do  no t  wish  to  go  ove r  t h e
e n ti r e  field  of t h e  p ro g r a m m e  s top  h e r e ,  a n d  a r e  now
c a p a ble  of e a r nin g  t h ei r  living  a n d  of ligh t e ning
t h e  loa d  t h a t  op p r e s s e s  t h ei r  p a r e n t s.—S cie nc e
e t  N a t ur e .

*       *       *       *  
    *

MACHINE FOR POLISHING BOOTS AND SHOES.

The  p rinciple  of a n  a p p a r a t u s  for  bl acke ning  boo t s
a n d  s ho e s  d a t e s  b ack  to  1 8 3 8,  t h e  e poc h  a t  w hich  a
m a c hin e  of t hi s  kind  w a s  p u t  in to  u s e  a t  t h e  Polyt ec h nic
Sc hool.  Sinc e  t h e n  it s e e m s  t h a t  no t  m a ny a p plica tions
h ave  b e e n  m a d e  of it, no t wi th s t a n ding  t h e  s e rvice s
t h a t  a  m a c hin e  of t his  kind  is c a p a ble  of r e n d e ring
in b a r r acks,  lyce u m s,  ho t els,  e t c .  Mr. Audoye,
a n  inven tor, h a s  r e c e n tly t ak e n  u p  t h e  q u e s tion  a g ain,
a n d  h a s  p ro pos e d  to  The  Socie t e  d’Encou r a g e m e n t
a  m o d el  t h a t  gives  a  p r a c tical solu tion  of i t. 
The  u s e  of t hi s  will a llow a  no t a ble  s aving  in tim e
a n d  t rou ble  to  b e  effec t e d.

This  b r u s h  (se e  e n g r aving) r evolves  a ro u n d  a  ho rizon t al
axle  s u p po r t e d  by a  c a s t  iron  fra m e  simila r  to  t h a t
of a  s e wing  m a c hin e.   Mo tion  is co m m u nic a t e d  to
it  by  a  do u ble  p e d al, w hich  a c t u a t e s  a  con n e c ting  rod
a n d  a  sys t e m  of p ulleys.  The  ex t e r n al  s u rf ac e
of t h e  b r u s h  con t ain s  t h r e e  c h a n n els  in w hich  t h e
foot  g e a r  to  b e  polish e d  is s ucc e ssively pl ac e d.  
In  t h e  fir s t  of t h e s e  t h e  d u s t  a n d  m u d  a r e  r e move d,
in t h e  s econ d  t h e  bl acking  is s p r e a d  on, a n d  in t h e
t hi r d  t h e  final polish  is ob t ain e d.

[Illus t r a tion:  MACHIN E FOR POLIS HING BOOTS AND
S HO ES.]
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In  o r d e r  to  g uid e  t h e  bl acking  to  t h a t  p a r t  of t h e
b r u s h  w hich  is to  r e c eive  it, Mr. Audoye  p ro t e c t s
t h e  low e r  p a r t  of t h e  la t t e r  by a  h alf-cylind e r  of
s h e e t  iron.   On  t his  t h e r e  is pl ac e d  a  vess el con t aining
t h e  bl acking,  a n d  in to  w hic h  dips  a  cop p e r  cylind e r
h aving  a  g roove d  s u rfac e.   The  ho rizon t al axis
of t his  cylind e r  is m ova ble; w h e n  a t  r e s t  it  is so
plac e d  t h a t  t h e  cylind e r  is a n  inch  o r  so  b elow t h e
b r u s h,  b u t  w h e n  t h e  op e r a to r  p ulls  a  b u t ton  t h a t  is
wi thin  r e a c h  of his  lef t  h a n d,  t h e  axis  is lift e d,
a  con t a c t  t ak e s  pl ac e  b e t w e e n  t h e  b r u s h  a n d  t h e  cylind er,
a n d  t h e  for m e r  is t h u s  give n  a  ro t a ry  m o tion.  
As t h e  cylind e r  s till con tinu e s  to  dip  in to  t h e  bl acking,
t h e  la t t e r  is t h u s  s p r e a d  eve r  t h e  b r u s h .—La
Ge nie  Civil.

*       *       *       *  
    *

PERSONAL SAFETY WITH THE ELECTRIC 
CURRENTS.

To t h e  E di tor  of  t h e  S ci e n tific A m erican : 

In  you r  p a p e r  of t h e  2 1 s t  of Fe b r u a ry  t h e r e  is a n
a r t icle  on  p e r so n al  s afe ty wi th  el ec t ric  c u r r e n t s ,
by  P rof.  A.E.  Dolbe ar.  H e  s ays  t h a t
a  H ol tz  m a c hin e  m ay  give  t h ro u g h  a  s ho r t  wi r e  a  ve ry
s t ro n g  cu r r e n t .   For  if E  =  5 0,00 0  volts,  R =
0.00 1  oh m,  t h e n  C =  5 0 0 0 0/0.00 1  =  5 0,0 0 0,00 0  a m p e r e s .  
N o w  t h a t  is a  ve ry la rg e  q u a n ti ty of el ec t rici ty, a n d
is e q u al  to  a n  e no r m o u s  ho r s e  po w er.  I t hink
t h e  p e r son  r ec eiving  t h a t  c h a r g e  would  no t  n e e d  a no t h er. 
Accor din g  to  Oh m’s law, t h e  s t r e n g t h  of cu r r e n t
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is p ro po r tion al to  t h e  elec t ro motive  force  divide d
by t h e  to t al  r e sis t a nc e ,  ex t e r n al  a n d  in t e r n al. 
The  las t  is a  ve ry impo r t a n t  el e m e n t  in t h e  H ol tz
m a c hin e ,  a n d  will m a k e  a  big  diffe r e nc e  in t h e  c u r r e n t
s t r e n g t h .   H e r e  a r e  so m e  of t h e  r e s ul ts  ob t ain e d
fro m  exp e ri m e n t s  m a d e  wi th  t h e  H ol tz m a c hin e.  
A m a c hin e  wi th  a  pl a t e  4 6  in. in di a m e t er, m a kin g  5
t u r n s  in  3  s econ d s,  p ro d uc e d  a  cons t a n t  cu r r e n t  c a p a ble
of d e co m posin g  3 1/2  million th s  of a  millig r a m  in a
s eco n d.   This  is e q u al  to  t h e  effec t  p ro d u c e d  by
a  Grove’s c ell in a  ci rc ui t  of 4 5,00 0  oh m s  r e sis t a nc e .  
The  cu r r e n t  p ro d uc e d  wo uld  b e  a bo u t  0 .0 0 0 0 0 4 4  a m p e r e .  
Tha t  is r a t h e r  s m all co m p a r e d  wi th  t h e  P rofesso r’s
r e s ul t .   Ross e t ti foun d  t h a t  t h e  cu r r e n t  is n e a rly
p ro po r tion al to  t h e  veloci ty of r o t a tion.   I t
inc r e a s e s  a  li t tle  fas t e r  t h a n  t h e  veloci ty.

The  el ec t ro motive  forc e  a n d  r e sis t a nc e  is cons t a n t
if t h e  veloci ty is co ns t a n t .   The  el ec t ro motive
forc e  is ind e p e n d e n t  of t h e  veloci ty, b u t  di minish e s
a s  t h e  m ois t u r e  inc r e a s e s,  a n d  is a bo u t  e q u al  to  5 2,0 0 0
Daniell c ells.  The  r e si s t a nc e  w h e n  m a king  1 2 0
r evolu tions  p e r  min u t e  is 2 ,8 10  million  oh m s.  
At 4 5 0  p e r  min u t e ,  6 4 6  million.

Taking  it  a t  4 5 0,  C =  5 3 9 5 0/64 6 0 0 0 0 0.00 1  =  0.00 0 0 8 3 5
a m p e r e ,  a g ain s t  t h e  P rofe sso r’s 5 0,00 0,00 0,
a m p e r e s ,  a n d  it wo uld  b e  e q u al  to  a bo u t  0 .00 6  ho r s e
pow er, w hich  I t hink  wo uld  b e  t h e  m o r e  co r r ec t  of t h e
t wo; c alling  E  e q u al  to  5 0,00 0  Da niell c ells.

Yours,  Res p e c tfully,

E. ELLSWORTH.

Por tla n d,  M e.,  M a r c h  5,  1 8 8 5.

*       *       *       *  
    *
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A VISIT TO CANADA AND THE UNITED STATES IN 
THE YEAR 1884.

[Footno t e:   A lec tu r e  d elive r e d  b efor e  t h e  Socie ty
of Teleg r a p h  E n gin e e r s  a n d  Elec t ricians ,  Londo n,  Dec.
1 1,  1 8 8 4.]

By Mr. W.H.  PREECE, F.R.S.

I do  no t  know w h a t  t h e  s e ns a tions  of a  m a n  c a n  b e
w ho  is a bo u t  to  u n d e r go  t h e  p ainful op e r a tion  of exec u tion;
b u t  I a m  incline d  to  t hink  his  s e n s a tions  m u s t  b e
so m e w h a t  si mila r  to  t hos e  of a  lec t u r er, b ri mful of
no t e s ,  w ho  h a s  to  w ai t  u n til t h e  clock s t rike s  b efor e
h e  is allow e d  to  a d d r e s s  his  a u die nc e.

The  P r e sid e n t  h a s  b e e n  kind  e no u g h  to  r efe r  to  t h e
p a p e r  I p ro pos e  to  give  you, a s  “Elec t rici ty
in Ame rica  in  t h e  yea r  1 8 8 4;” b u t  I wo uld  r a t h er,
af t e r  h aving  t hou g h t  m o r e  a bo u t  it,  t h a t  i t b e  c alled
“A Visit  to  Ca n a d a  a n d  t h e  U ni t e d  S t a t e s  in
t h e  yea r  1 8 8 4.”

It  will b e  in t h e  r e collec tion  of a  good  m a ny w ho
a r e  p r e s e n t  t h a t  in  t h e  yea r  1 8 7 7  I visit e d  Ame rica,
in  conjunc tion  wi th  Mr. H.C.  Fi sc h er, t h e  Con t rolle r
of ou r  Ce n t r al  Teleg r a p h  S t a tion,  to  officially ins p ec t
a n d  r e po r t  u po n  t h e  t ele g r a p h  a r r a n g e m e n t s  of t h a t
cou n t ry; a n d  on  t h e  9 t h  Feb r u a ry, 1 8 7 8,  I h a d  t h e
ple as u r e  of co m m u nic a ting  to  t h e  m e m b e r s  of t his  Socie ty
my  exp e rie nc e s  of t h a t  visi t.

Du ring  t h e  p r e s e n t  yea r  my visit  w a s  no t  a n  official
on e;  I w e n t  for  a  holiday, a n d  s p ecially to  a cco m p a ny
t h e  m e m b e r s  of t h e  Bri ti sh  Associa tion,  w ho,  for  t h e
fir s t  t im e  in t h e  his to ry of t h a t  a s soci a tion,  h eld
a  m e e tin g  ou t side  t h e  limit s  of t h e  U ni t e d  Kingdo m.
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We s ailed  fro m  Live r pool in  a  s ple n did  s t e a m s hip  c alled
t h e  Pa risia n.   The r e  w e r e  n e a rly 2 0 0  B.A. m e m b e r s
on  bo a r d;  a n d  no t wi t h s t a n ding  t h e  fac t  t h a t  r u d e  Bor e a s
t ri ed  all h e  could  to  p r eve n t  u s  fro m  r e a c hin g  t h e
o th e r  side  of t h e  Atlan tic; no t wit h s t a n ding  t h e  fac t
t h a t  t h e  Atlan tic  exp r e s s e d  it s  a n g e r  in t h e  m o s t
u n mis t ak a ble  t e r m s  a t  ou r  a u d a ci ty in t u r nin g  fro m
ou r  n a t ive  s ho r e;  no t wi th s t a n ding  t h e  fac t  t h a t  Gr e e nla n d’s
icy m o u n t ain s  bl e w  c hilly bl a s t s  u po n  u s,  a n d  m a d e
u s  c all ou t  all t h e  w a r m  t hings  w e  poss e ss e d—I
s ay no t wi t h s t a n ding  all t his, w e  r e a c h e d  t h e  Gulf of
S t .  Law r e n c e  in  s afe ty, a n d  I do  no t  t hink  t h a t  a
m e r ri e r  o r  a  h a p pie r  c r e w  eve r  c ro ss e d  t h e  Atlan tic.

The r e  is on e  ve ry int e r e s ting  fac t  t h a t  is no t  g e n e r ally
know n,  a n d  I c e r t ainly w a s  u n a w a r e  of it b efo r e  I
s t a r t e d ,  in con n ec tion  wi th  t his  p a r ticul a r  ro u t e
a c ross  t h e  Atlan tic,  a n d  t h a t  is, t h a t  by  it  t h e  s hip
p a s s es  wi thin  only 2 0 0  miles  of Gr e e nla n d.   The
g r e a t  ci rcle  t h a t  di r ec t s  t h e  s ho r t e s t  ro u t e  fro m
t h e  no r t h  of I r ela n d  to  t h e  S t r ai t s  of Belle  Isle
p a s s e s  wi thin  t h e  cold  r e gion,  a n d  h e nc e,  w hile  you
w e r e  all s w el t e ring  in  h e a t  in Londo n,  w e  w e r e  co m p elle d
to  b rin g  ou t  ou r  uls t e r s  a n d  all ou r  w a r m  g a r m e n t s ,
to  e n a ble  u s  to  c ro ss  wi th  a ny d e g r e e  of co mfor t .  
The  a dva n t a g e  of t his  p a r t icula r  r o u t e  is s u p pos e d
to  b e  t h e  fac t  t h a t  only five d ays  a r e  s p e n t  u po n
t h e  oce a n,  a n d  t h e  r e m aind e r  of t h e  voyag e  is occ u pie d
in t h e  c alm s  a n d  co mfo r t s  of t h e  Gulf a n d  Rive r  S t .
Law r e nc e.   Bu t  I a m  incline d  to  t hink  t h a t  t h e
ro u g h n e s s  of t h e  oc e a n  a n d  t h e  cooln es s  of t h e  w e a t h e r
a t  all s e a so n s  a r e  q ui t e  s ufficie n t  to  p r eve n t  a nybody
fro m  r e p e a ting  ou r  exp e ri enc e.

We a r r ived  a t  Mo n t r e al in t im e  to  a t t e n d  t h e  op e nin g
m e e ting  of t h e  Bri tish  Associa tion; a n d  a t  Mon t r e al
w e  w e r e  r ec eive d  wi th  g r e a t  hos pi t ali ty, g r e a t  a t t e n tion,
a n d  g r e a t  kind n e s s  fro m  all ou r  b r e t h r e n  in Ca n a d a,
a n d  w e  h eld  t h e r e  c e r t ainly a  ve ry s ucc e ssful a n d  ve ry
ple as a n t  g a t h e rin g.   The r e  w e r e  1,77 3  m e m b e r s
of t h e  Bri tish  Associa tion  al tog e t h e r  p r e s e n t ,  a n d
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of t h a t  n u m b e r  t h e r e  w e r e  6 0 0  w ho  h a d  c ro ss e d  t h e  Atlan tic;
t h e  r e m ain d e r  b eing  m a d e  u p  of Ca n a di a ns ,  a n d  by a t
lea s t  2 0 0  Ame rica n s,  including  all t h e  m o s t  dis ting uis h e d
p rofe sso r s  w ho  a do r n  t h e  rolls  of scie nc e  in  t h e  U ni t e d
S t a t e s.   As is inva ri a bly t h e  r ul e  in t h e s e  Bri tish
Associa tion  m e e tin gs,  w e  h a d  no t  only p a p e r s  to  e nligh t e n
u s,  b u t  e n t e r t ain m e n t s  to  c h e e r  u s;  a n d  exc u r sions
w e r e  a r r a n g e d  in ev e ry di r ec tion,  to  e n a ble  u s  to
b eco m e  a c q u ain t e d  wi th  t h e  b e a u ti e s  a n d  p ec ulia ri ti es
of t h e  Ame rica n  con tine n t .   So m e  m e m b e r s  w e n t  to
Qu e b e c,  so m e  to  Ot t a w a,  o t h e r s  to  t h e  Lak es,  o t h e r s
to  Toron to,  m a ny w e n t  to  Ni a g a r a ;  a n d  al tog e t h e r  t h e
a r r a n g e m e n t s  m a d e  for  ou r  co mfor t  a n d  ple a s u r e  w e r e
s uc h,  t h a t  I h ave  no t  h e a r d  on e  single  soul w ho  a t t e n d e d
t his  m e e tin g  a t  Mo n t r e al  exp r e s s  t h e  sligh t e s t  r e g r e t
t h a t  h e  c ros s e d  t h e  Atlan tic.

The  m e e tin g  a t  Mo n t r e al  c e r t ainly c a n no t  b e  c alled
a n  el ec t ricia ns’ m e e tin g.   The  g a t h e rin g
of t h e  Bri tish  Associa tion  h a s  oft e n  b e e n  dis ting uis h e d
by t h e  fir s t  a p p e a r a n c e  of so m e  n e w  ins t r u m e n t  o r  t h e
divulge nc e  of so m e  n e w  scie n tific s e c r e t ;  b u t  t h e r e
w a s  no t hing  of a ny s p e ci al in t e r e s t  b ro u g h t  forw a r d
on  t hi s  occa sion.   The  only r e al  novel ty o r  s t r iking
fac t  t h a t  I c a n  r e c all a s  h aving  t ak e n  pl ac e  w a s  a
r e m a rk a ble  disc ussion  t h a t  o rigin a t e d  by P rofes so r
Olive r  Lodg e,  u po n  t h e  “Se a t  of t h e  Elec t ro motive
Forc e  in  a  Voltaic  Cell.”
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This  w a s  a n  exp e ri m e n t  on  t h e  p a r t  of t h e  Bri tish
Associa tion.   Disc ussions,  a s  a  r ul e ,  h ave  no t
b e e n  t h e  c a s e  a t  ou r  m e e tings .   Pa p e r s  h ave  b e e n
r e a d  a n d  p a p e r s  h ave  b e e n  discus s e d;  b u t  on  t his  occ a sion
t h r e e  o r  fou r  s u bjec t s  w e r e  n a m e d  a s  fit  for  disc us sion,
a n d  dis ting uis h e d  p rofe sso r s  w e r e  s el ec t e d  to  op e n
t h e  disc us sion.

On  t his  p a r ticula r  s u bjec t ,  P rofe sso r  Olive r  Lodg e
op e n e d  t h e  di sc us sion,  a n d  h e  did  so  in a n  o rigin al,
a n  efficien t ,  a n d  in a  c hi rpy kind  of m a n n e r  t h a t
took by s to r m  no t  only t h e  p rofe sso r s  w ho  kn e w  hi m,
b u t  t hos e  w ho  did  no t  know  hi m; a n d  I a m  bo u n d  to
s ay t h a t  I do  no t  t hink  w e  could  possibly b e t t e r  s p e n d
a n  ev e ning  d u ring  t h e  co min g  s e s sion,  o r  m o r e  p rofi t a bly,
t h a n  by a s kin g  P rofes so r  Olive r  Lodg e  to  b rin g  t h e
s u bjec t  b efo r e  t his  Socie ty, so  a s  to  allow u s  on
t his  sid e  of t h e  w a t e r  to  disc us s  t h e  s a m e  s u bjec t.

Of cou r s e  t h e  p ro min e n t  figu r e  a t  ou r  m e e tin gs  w a s
Lord  Rayleigh; a n d  I do  no t  t hink  t h a t  a ny p e r so n
could  possibly h ave  b e e n  p r e s e n t  a t  t hos e  m e e tings
of t h e  Bri tish  Associa tion  wi thou t  feeling  a n  in t e ns e
p e r so n al  a d mi r a tion  for  t his  m a n ,  a n d  a n  affec tion
for  t h e  w ay in w hich  h e  m ain t ain e d  t h e  posi tion  of
a n  E n glish  g e n tl e m a n  a n d  t h e  c r e di t  of a n  E n glis h
scie n tific bo dy, to  t h e  a s tonis h m e n t  a n d  d eligh t  of
eve ry on e  p r e s e n t .   The n,  a g ain,  w e  h a d  ou r  p a s t
P r e sid e n t ,  Si r  Willia m  Tho m so n,  w ho  w a s  no t  q ui t e
so  u biquitous  a s  u s u al; h e  did  no t  d a n c e  fro m  s e c tion
to  s ec tion  a s  h e  u s u ally do e s,  b u t  r e m ain e d  a s  p r e sid e n t
of his  ow n  s ec tion,  A. I t hink  h e  only left  his  s e c tion
for  a  d ay, a n d  t h a t  w a s  to  a t t e n d  t h e  el ec t rical d ay
in S ec tion  G; b u t  in his  ow n  s ec tion  h e  b ro u g h t  dow n
t hos e  wo r d s  of wisdo m  t h a t  on e  alw ays  h e a r s  fro m  hi m,
a n d  w hich  m a k e  on e  alw ays  r e g r e t  t h a t  t h e r e  is no t
alw ays  p r e s e n t  a bo u t  hi m  a  s ho r t h a n d  w ri t e r  to  t ak e
dow n  t ho u g h t s  a n d  ide a s  t h a t  n eve r  occu r  a g ain,  a n d
a r e  only h e a r d  by t hos e  w ho  h ave  t h e  b e n efi t  of b eing
p r e s e n t .

63



The  s u bjec t s  b ro u g h t  forw a r d  w e r e  no t  of in t e n s e  in t e r e s t .  
We h a d  a  p a p e r  by Dr. Traill, d e sc ribing  t h e  Por t r u s h
R ailw ay, a n d  t h e r e  w e r e  va rious  o t h e r  p a p e r s;  a n d
I c a n  p a s s  ove r  so m e  of t h e  o t h e r  s u bjec t s,  b e c a u s e
I s h all h ave  to  d e al  wi th  t h e m  u n d e r  a no t h e r  h e a d.  
Bu t  w hile  w e  w e r e  in  Mo n t r e al, a  d e p u t a tion  of Ame ric a n
p rofe sso r s  a n d  m e m b e r s  of t h e  Ame rica n  Associa tion
c a m e  over, a n d  invit e d  a  good  m a ny of t hos e  w ho  w e r e
p r e s e n t  a t  Mo n t r e al  to  visit  t h e  Ame ric a n  Associa tion
a t  P hilad elphia.   I w a s  on e  of t hos e  w ho  w e n t
ove r  to  America  si m ply a n d  solely for  a  holiday, a n d
I a m  bo u n d  to  s ay  t h a t  I s e t  my  face  d e t e r min e dly
a g ain s t  going  to  P hilad elphia.   I t r avele d  wi th
t wo  ch a r ming  co m p a nions,  a n d  w e  all d e cide d  no t  to
go  to  P hilad elphia.   Bu t  t h e  co m p ac t  w a s  b rok e n,
a n d  w e  c a pi tul a t e d,  a n d  w e n t  fro m  t h e  c h a r ming  clim a t e
of Mo n t r e al  in to t h e  m os t  in t e ns e  h e a t  a n d  in to t h e
g r e a t e s t  di sco mfo r t  t h a t  I t hink  poo r  m e m b e r s  of t h e
Teleg r a p h  E n gin e e r s’ Socie ty ev e r  exp e ri e nc e d.  
We e n t e r e d  a  h e a t  t h a t  w a s  1 0 0  d e g.  by d ay a n d  9 8
d e g.  by  nigh t;  a n d  I do  no t  t hink  t h e r e  is a nybody
in t his  roo m,  u nle ss  h e  h a s  b e e n  b ro u g h t  u p  in t h e
fu r n a c e-roo m  of a n  Atlan tic  s t e a m er, w ho  c a n  fully
a p p r e ci a t e  t h e  h e a t  of P hilad elphia  in  t h e s e  s u m m e r
m o n t h s .   The  disco mfor t s  of t h e  clim a t e  w e r e ,  how ever,
a m ply co m p e n s a t e d  for  by t h e  hos pi t ali ty a n d  kind n e ss
of t h e  inh a bi t a n t s .   We s p e n t ,  in  s pi t e  of t h e
h e a t ,  a  ve ry pl e a s a n t  t im e.
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Befor e  r efe r rin g  fu r t h e r  to  t h e  m e e tin gs  a t  P hilad elphia,
I m ay  jus t  m e n tion  t h e  o t h e r  jou r n eys  t h a t  I took. 
My holiday h aving  b e e n  b roke n  by t h e  r u p t u r e  of t h e
u nion  to  w hich  I h ave  allud e d,  I h a d  to  d evo t e  it  t h e n
to  o t h e r  p u r pos es ,  a n d,  in a d di tion  to  Mon t r e al  a n d
P hila d elphia,  I w e n t  to  N e w  York (to  w hich  I s h all
r efe r  a g ain), fro m  N e w  York to  Buffalo, t h e n  to  Lake
E rie  a n d  Clevela n d,  a n d  on  to  Chic a go,  w h e r e  I s p e n t
a  w e ek  o r  m o r e .   F ro m  Chic a go  I w e n t  to  s e e  t h e
g r e a t  a r t e ry  of t h e  West—t h e  Missis sippi. 
I s top p e d  for  a  d ay  o r  t wo  a t  S t .  Louis.  On e  r e m a r k a ble
fac t  c a m e  to  my knowle d g e,  a n d  I d a r e  s ay  it  is n e w
to  m a ny p r e s e n t ,  a n d  t h a t  is,  t h a t  t h e  Mississippi,
u nlike  o t h e r  r ive r s,  r u n s  u p hill.  I t  h a p p e n s,
r a t h e r  c u riously, t h a t ,  owing  to  t h e  e a r t h  b ein g  a n
obla t e  s p h e roid,  t h e  diffe r e nc e  b e t w e e n  t h e  so u rc e
of t h e  Mississippi a n d  t h e  c e n t e r  of t h e  e a r t h  is
les s  t h a n  t h a t  of it s  m o u t h  a n d  t h e  ce n t e r  of t h e  e a r t h,
a n d  you m ay  s e e  ho w  t his  r u n nin g  u p  hill is a ccou n t e d
for.

F ro m  S t .  Louis  I w e n t  to  India n a polis, t h e n c e  to  Pi t t s b u r g ,
w h e r e  t h ey h ave  s t r uck  m o s t  ex t r ao r din a ry w ells  of
n a t u r al  g a s .   Borings  a r e  m a d e  in t h e  e a r t h  fro m
t h e  c r u s t  to  a  d e p t h  of 6 0 0  o r  7 0 0  fee t ,  w h e n  la rg e
r e s e rvoir s  of n a t u r al  g a s  a r e  “s t r uck.” 
The  tow n  is ligh t e d  by t hi s  g a s ,  a n d  it is a l so  e m ploye d
for  m o tive  pow er.  In  Clevela n d,  also,  t his  n a t u r al
g a s  is foun d,  a n d  t h e r e  is no  do u b t  t h a t  it is going
to  e co no mize  t h e  cos t  of p ro d u c tion  ve ry m u c h  in t h a t
p a r t  of t h e  cou n t ry.  F ro m  Pit t s b u r g  I w e n t  to
Baltimor e ,  w h e r e  Si r  Willia m  Tho m son  w a s  occ u pie d  in
d elive ring  lec tu r e s  to  t h e  s t u d e n t s  of t h e  Johns  Ho pkins
U nive r si ty.  In  all t h e s e  Americ a n  tow n s  on e  ve ry
c u rious  fea t u r e  is t h a t  t h ey  all h ave  g r e a t  e d u c a tion al
e s t a blis h m e n t s,  e n dow e d  a n d  for m e d  by p riva t e  m u nifice nc e .  
In  C a n a d a  t h e r e  is t h e  M cGill U nive r si ty, a n d  in n e a rly
eve ry pl ac e  on e  go es  to  t h e r e  is a  u nive r si ty, like
t h e  Johns  Ho pkins  a t  Baltimor e,  w h e r e  Johns  H o pkins
lef t  3 ,50 0,00 0  dolla r s  to  b e  d evo te d  e n ti r ely to  e d uc a tion al
p u r pos es; a n d  t h a t  u nive r si ty is u n d e r  t h e  m a n a g e m e n t
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of on e  of t h e  m os t  e nligh t e n e d  m e n  in Ame rica,  P rofe sso r
Grillm a n,  a n d  h e  h a s  a s  his  lieu t e n a n t s  P rofe sso r s
Rowlan d,  M e n d e n h all, a n d  o th e r  w ell-know n  m e n ,  a n d
e a c h  p rofe sso r  is in hi s  ow n  line  p a r ticul a rly e min e n t .  
Si r  Willia m  Tho m son  d elive r e d  t h e r e  a  r e ally s pl e n did
cou r s e  of lec tu r e s .   F ro m  Baltimo r e  I w e n t  t h ro u g h
P hila d elphia  to  Bos ton.   I visi t e d  Long  Bra nc h,
a n d  I s p e n t  a  long  tim e  in N e w  York, so  t h a t  fro m  w h a t
I h ave  s aid  you  will g a t h e r  t h a t  I s p e n t  a  good  d e al
of my ti m e  in t h e  S t a t e s .   Wh e r ev e r  I w e n t  I d evo t e d
all my  leis u r e  ti m e  to  inq ui ry in to  t h e  t el eg r a p hic,
t ele p ho nic, a n d  el ec t ric  ligh t  a r r a n g e m e n t s  in exis t e nc e.  
I visit e d  all t h e  m a n ufac to rie s  I could  g e t  to,  a n d
I did  all I pos sibly could  to  e n a ble  m e  to  r e t u r n
ho m e  a n d  affo rd  infor m a tion,  a n d  p e r h a p s  a m u s e m e n t ,
to  my  fellow-m e m b e r s  of t his  Socie ty.
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As a n  illus t r a tion  of t h e  in t e n s e  h e a t  w e  exp e rie nc e d,
I m ay  m e n tion  t h a t  it  w a s  a t  on e  tim e  p e rfec tly im possible
to  m a k e  t h e  t h e r m o m e t e r  b u d g e.   The  t e m p e r a t u r e
of t h e  blood  is a bo u t  9 7  o r  9 8  d e g r e e s ,  a n d  if t h e
t e m p e r a t u r e  of t h e  ai r  b e  b elow t h e  t e m p e r a t u r e  of
t h e  blood,  of cou r s e  w h e n  t h e  h a n d  is a p plied  to  t h e
t h e r mo m e t e r  t h e  m e r c u ry  ri s e s.   In  on e  of ou r  jou r n eys
u p  t h e  Pen nsylvania  Roa d  w e  t ri e d  to  m a k e  t h e  t h e r m o m e t e r
b u d g e  a s  u s u al, b u t  could  no t ,  w hich  p rove d  t h a t  t h e
t e m p e r a t u r e  of t h e  ai r  inside  t h e  P ullm a n  c a r  in w hich
w e  t r avele d  w a s  t h e  s a m e  a s  t h a t  of t h e  blood.

The  America n  Associa tion  is of cou r s e  b a s e d  on  t h e
Bri tish  Associa tion.   I t s  m o d e  of a d minis t r a tion
is a  lit tle  diffe r e n t .   I t  is divide d  in to  s ec tions,
a s  is t h e  Bri tish  Associa tion,  b u t  t h e  s ec tions  a r e
no t  c alled  t h e  s a m e.   Fo r  ins t a nc e,  in  t h e  Bri tish
Associa tion,  S e c tion  A is d evo te d  e n ti r ely to  p hysics,
b u t  in t h e  Ame rica n  Associa tion,  S e c tion  A is d evo t e d
to  a s t ro no my a n d  S ec tion  B to  p hysics.   In  t h e
Bri tish  Associa tion,  S ec tion  G is d evot e d  to  m e c h a nics,
b u t  in Ame ric a  S ec tion  D is d evo t e d  to  t h a t  s u bjec t.  
Bu t  wit h  t h e  exce p tion  of jus t  a  ch a n g e  in  t h e  n a m e s
of so m e  s e c tions  w hich  a r e  fa milia r  a s  ho us e hold  wo r d s
to  m e m b e r s  of t h e  Bri tis h  Associa tion,  t h e  p roc e e dings
of t h e  Ame rica n  Associa tion  do  no t  diffe r  ve ry m u c h
fro m  ou r s .   They h ave,  how ever, on e  ve ry s e n sible
r ul e.   The  len g t h  of eve ry p a p e r  is indica t e d
u po n  t h e  p ro g r a m m e  of t h e  d ay’s p roc e e din gs,
a n d  t h e  con tin u a tion  o r  t h e  s top pin g  of a ny disc us sion
on  t h a t  p a p e r  is in t h e  h a n d s  of t h e  s ec tion.  
For  ins t a nc e ,  if t h e  P r e sid e n t  t hinks  t h a t  a  m a n  is
s p e a king  too  long,  h e  h a s  only to  s ay, “Does
t h e  m e e tin g  wish  t h a t  t his  disc ussion  s h all b e  con tin u e d,
o r  s h all i t b e  s top p e d?” A m ajo ri ty on  t h e  s how
of h a n d s  d e cid e s.   S uc h  a  p r ac tice  h a s  a  ve ry
w holeso m e  effec t  in ch e cking  disc ussion,  a n d  I c e r t ainly
t hink  t h a t  so m e  of ou r  socie ti e s  wo uld  do  w ell to
a do p t  a  r ul e  of t h e  s a m e  c h a r a c t er.

The  m e e tin g  of t h e  Ame ric a n  Associa tion,  a g ain,  w a s
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no t  dis ting uis h e d  by a ny p a r ticula r  el ec t ric al p a p er,
o r  a ny n e w  el ec t rical s u bjec t .   The  m ain  s u bjec t
t h a t  w a s  b ro u g h t  b efo r e  u s  w a s  t h e  p e c ulia r  effec t
c alle d  “H all’s effec t,” t h a t  P rofes so r
H all, no w  of H a rv a r d  Colleg e ,  a n d  t h e n  a s sis t a n t  to
P rofes so r  Rowla n d,  discove r e d  in t h e  pow e rful field
of a  m a g n e t  w h e n  a  c u r r e n t  w a s  p a s s e d  t h ro u g h  a  con d u c to r;
a n d  a  d e s c rip tion  of t h a t  effec t  (which  h e  a t  on e
ti m e  t ho u g h t  w a s  a n  indica tion  t h a t  el ec t rici ty w a s
so m e t hing  s e p a r a t e  fro m  m a t t e r)  for m e d  t h e  s u bjec t
of t wo  d e b a t e s  t h a t  las t e d  for  n e a rly t h e  w hole  of
t wo  d ays.   I a m  bou n d  to  s ay t h a t  in t h a t  p rolon g e d
discus sion  t h e  m e m b e r s  of t hi s  Socie ty h eld  t h ei r  ow n.  
I s e e  t wo  ve ry p ro min e n t  m e m b e r s  p r e s e n t  w ho  s poke
on  m o s t  of t h e  el ec t ric al s u bjec t s  d e al t  wi th—P rofes so r
G. Forb e s ,  w ho  know s  w h a t  h e  s ays  a n d  s ays  w h a t  h e
knows,  a n d  P rofesso r  Silvan u s  Tho m pso n,  w ho  h eld  his
ow n  u n d e r  ve ry t rying  ci rc u m s t a n c es .
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At t h e  s a m e  tim e  t h a t  t his  m e e tin g  of t h e  Ame rica n
Associa tion  w a s  b eing  h eld  a t  P hilad elphia,  w h e r e
w e  w e r e  t r e a t e d  wi th  m a rvelous  hos pi t ali ty,—exc u r sions,
soi r e e s,  din n e r s ,  p a r ti e s,  e t c ., e t c .—a n d
a s  t ho u g h  it  w e r e  no t  q ui t e  s ufficien t  to  b rin g  ove r
h u m ble  Bri ti sh e r s  fro m  t his  sid e  of t h e  Atlan tic  to
s uffe r  t h e  in t e ns e  h e a t  a t  on e  m e e tin g  of t h e  Associa tion,
t h ey  h eld  a t  t h e  s a m e  tim e  a n  Elec t ric al Confe r e nc e.  
The r e  w a s  a  confe r e n c e  of el ec t ricia ns  a p poin t e d  by
t h e  U ni t e d  S t a t e s  Gove r n m e n t,  t h a t  w a s  c hiefly di s ting uish e d
on  t h e  p a r t  of t h e  Ame rica n  Gove r n m e n t  by s el ec ting
t hos e  w ho  w e r e  no t  el ec t ricia ns.   Bu t  m a ny  a t t e n d e d
t h e  Elec t rical Confe r e nc e  w ho  s t a n d  hig h  a s  el ec t ricia ns,
on e  e s p e ci ally, w ho, t hou g h  p e r h a p s  fro m  w a n t  of exp e rie nc e
h e  did  no t  s hin e  ve ry b rillian tly a s  a  c h ai r m a n,  c e r t ainly
s t a n ds  a s  on e  of t h e  a bl e s t  elec t ricians  of t h e  d ay—I
m e a n  P rofesso r  Rowlan d.   The  Confe r e n c e  w a s  h eld
u n d e r  P rofesso r  Rowla n d’s p r e sid e ncy, a n d  n e a rly
all t h e  w ell-know n  p rofe sso r s  of t h e  U ni t e d  S t a t e s
a t t e n d e d.   The  Confe r e n c e  w a s  e s t a blish e d  by t h e
U ni t e d  S t a t e s  Gove r n m e n t  to  t a k e  in to  consid e r a tion
t h e  r e s ul t s  a n d  conclusions  a r rive d  a t  by t h e  Cong r e s s
of 1 8 8 4,  h eld  in Pa ris.   The  Pa ris  Con g r e s s  d e cid e d
u po n  a do p tin g  c e r t ain  u ni t s  of r e si s t a n c e  of el ec t ro motive
forc e,  of c u r r e n t ,  a n d  of q u a n ti ty, a n d  t h ey d e t e r min e d
t h e  p a r ticula r  len g t h  of a  colu m n  of m e r c u ry  t h a t
s ho uld  r e p r e s e n t  t h e  oh m—a  colu m n  of m e r c u ry
1 0 6  c e n tim e t e r s  long  a n d  of on e  s q u a r e  millim e t e r  in
s ec tion.   I t  w a s  n e c e s s a ry  t h a t  t h e  U ni t e d  S t a t e s
s ho uld  join t his  Confe r e n c e ,  so  a  co m mission  w a s  a p poin t e d
to  conside r  t h e  w hole  m a t t er.  All t h e s e  u ni t s
w e r e  b ro u g h t  b efo r e  t h e m,  a s  w ell a s  t h e  o t h e r  conclu sions
of t h e  Pa ris  Cong r e s s,  s uc h  a s  t h e  p ro p e r  m o d e  of r eco r ding
e a r t h  c u r r e n t s  a n d  a t mos p h e ric  elec t rici ty.  The
Pa ris  u ni t s  w e r e  a do p t e d  in face  of t h e  fac t  t h a t
t h e  len g t h  d e t e r min e d  u po n  a t  Pa ris  w a s  no t  t h e  leng t h
t h a t  P rofesso r  Rowla n d  hi m s elf h a d  foun d  a s  t h a t  w hic h
s ho uld  r e p r e s e n t  t h e  oh m.   I t  diffe r e d  by a bo u t
0.2,  a s  n e a r  a s  I c a n  r e m e m b e r ;  b u t  i t w a s  t hou g h t
so  n ec e s s a ry  t h a t  u nifor mity a n d  u n a nimi ty s ho uld  exis t
all ove r  t h e  wo rld  in  t h e  a do p tion  of a  p ro p e r  u ni t ,
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t h a t  all diffe r e nc e s  w e r e  laid a sid e,  a n d  t h e  Ame rica ns
a g r e e d  to  co m ply wi t h  t h e  r e solu tions  of t h e  Pa ris
Cong r e s s .

The r e  w e r e  t wo  u ni t s  t h a t  I h a d  t h e  t e m e ri ty to  b rin g
forw a r d,  fir s t ,  a t  t h e  Bri tis h  Associa tion,  a n d  s e co n dly,
b efo r e  t h e  Elec t rical Confe r e nc e .   I t  will b e
r e m e m b e r e d,  t h a t  a t  t h e  m e e tin g  of t h e  Bri tish  Associa tion
a t  Sou t h a m p ton  in 1 8 8 2,  t h e  la t e  Si r  W. Sie m e n s  p ropos e d
t h a t  t h e  u ni t  of pow e r  s hould  b e  t h e  w a t t ,  a n d  t h a t
t h e  w a t t ,  w hich  w a s  d e rive d  fro m  t h e  C.G.S. sys t e m
of a b solu t e  u ni t s ,  s ho uld  in fu tu r e ,  a m o n g  el ec t ricia ns ,
b e  t h e  u ni t  of pow er.  This  w a s  a c c e p t e d  by  t h e
Bri tish  Associa tion  a t  Mo n t r e al,  a n d  it w a s  al so  a cc e p t e d
by t h e  Ame ric a n  Elec t ric al Confe r e nc e  a t  P hila d elphia.  
Bu t  I a lso,  a t  Mon t r e al, s u g g e s t e d  t h a t  a s  t h e  w a t t
w a s  t h e  u ni t  of pow er, so  w e  ou g h t  to  m a k e  so m e  m ul tiple
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of t h a t  u ni t  t h e  hig h e r  u ni t  of pow er, co m p a r a ble
to  t h a t  w hich  is no w  r e p r e s e n t e d  by t h e  w ell-know n
t e r m  “ho r s e pow er.”  H o r s e pow er, u nfor t u n a t ely,
do es  no t  for m  its elf di r e c tly in to  t h e  C.G.S. sys t e m.  
The  t e r m  ho r s e pow e r  is a  m e a nin gle ss  q u a n ti ty; it
is no t  a  ho r s e pow e r  a t  all.  I t  w a s  e s t a blish e d
by t h e  g r e a t  Wat t,  w ho  d e t e r min e d  t h a t  t h e  ave r a g e
pow e r  exe r t e d  by  a  ho r s e  w a s  e q u al  to  a bo u t  2 2,00 0
foot  po u n d s  r ai s e d  p e r  min u t e ;  b u t  t his  w a s  t ho u g h t
by hi m  to  b e  too  lit tl e,  so  h e  inc r e a s e d  it  by  5 0  p e r
c e n t .,  a n d  so  a r rive d  a t  w h a t  is t h e  p r e s e n t  ho r s e pow er,
3 3 ,00 0  foot  po u n d s  r ai s e d  p e r  min u t e .   Foot  pou n d s
b e a r  no  r el a tion  to  ou r  C.G.S. sys t e m  of u ni t s ,  a n d
it  is m os t  d e si r a bl e  t h a t  w e  s ho uld  h av e  so m e  u ni t
of pow er, so m e w h e r e  a bo u t  t h e  ho r s e po w er, to  e n a ble
u s  to  conve r t  a t  onc e  w a t t s  in to  ho r s e pow er. 
For  t h a t  p u r pos e  I p ropos e d  t h a t  1 ,00 0  w a t t s ,  o r  t h e
kilow a t t ,  s ho uld  r e pl ac e  w h a t  is no w  c alled  t h e  ho r s e pow er,
a n d  s u g g e s t e d  it  for  t h e  consid e r a tion  of e n gin e e r s .  
I t  h a s  b e e n  r e c eived  wi th  a  g r e a t  d e al  of consid e r a tion
by t hos e  w ho  u n d e r s t a n d  t h e  s u bjec t ,  a n d  a  consid e r a ble
a m o u n t  of r idicule  by t hos e  w ho  do  no t .   I t  is
r a t h e r  a  r e m a rk a ble  t hing  t h a t ,  a s  a  r ul e,  on e  will
alw ays  find  r idicule  a n d  igno r a nc e  r u n ning  sid e  by
side;  a n d  it is a n  al mos t  inva ri a bl e  fac t  t h a t  w h e n
a  n e w  p roposi tion  is b ro u g h t  forw a r d,  it  is laug h e d
a t .   I a m  alw ays  ve ry gl ad  to  s e e  t h a t ,  b e c a u s e
it  a lw ays  s ucc e e d s  in d r a wing  a t t e n tion  to  t h e  m a t t er. 
I r e m e m b e r  a  fri en d  of min e,  w ho  h a d  w ri t t e n  a  book,
b ein g  in g r e a t  gle e  b e c a u s e  it w a s  s eve r ely c ri ticise d
by t h e  Ath e na e u m , a  fac t  w hich  d r e w  p u blic
a t t e n tion  to  t h e  book, a n d  c a us e d  it  to  m a k e  a  g r e a t
s tir.  So  w h e n  I p ro pos e d  t h a t  t h e  ho r s e pow e r
s ho uld  b e  inc r e a s e d  by 3 3  p e r  c e n t .,  a n d  m a d e  e q uivale n t
to  1,0 00  w a t t s ,  I w a s  no t  a t  a ll so r ry to  find  t h a t
I h a d  incu r r e d  t h e  dis ple a s u r e  of t h e  lea d e r  w ri t e r s
in n e a rly all ou r  scie n tific p a p e r s,  a n d  I w a s  q ui t e
s u r e  t h a t  t h e  a t t e n tion  of t hos e  w ho  wo uld  no t  p e r h a p s
h ave  t ho u g h t  of i t wo uld  t h e r e by b e  d r a w n  to  t h e  m a t t er. 
So m e  p eo ple  objec t  to  t h e  u s e  of a  n a m e,  t his  n a m e
“w a t t .”  Whe n  you  h av e  fre s h  ide a s ,
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you  m u s t  h av e  fre s h  wo r d s  to  exp r e s s  t hos e  ide a s.  
The  w a t t  w a s  a  n e w  u ni t ,  i t  m u s t  b e  c alled  by so m e
n a m e,  o th e r wis e  it  could  sc a r c ely b e  conveye d  to  ou r
min d s.   The  foot, t h e  g allon,  t h e  ya r d,  w e r e  all
n e w  n a m e s  onc e;  a n d  ho w  do  w e  know t h a t  t h ey w e r e  no t
d e rived  fro m  so m e  “John  Foot,” “Willia m
Gallon,” o r  “Jack Yard,” o r  so m e
m a n  w hos e  n a m e  w a s  con n e c t e d  wi t h  t h e  m e a s u r e  w h e n
int rod u c e d?   The  po e t  s ays: 

“So m e  m u t e ,  inglo rious  Mil ton  h e r e  m ay  r e s t—
So m e  Cro m w ell, g uil tl es s  of hi s  cou n t ry’s blood:” 

so  in t h e s e  n a m e s  so m e  forgo t t e n  p hysicis t  o r  m u t e
e n gin e e r  m ay  b e  b u ri e d.   At a ny r a t e ,  w e  c a n no t
do  wi tho u t  n a m e s.   The  oh m,  t h e  a m p e r e ,  t h e  volt,
a r e  m e r ely wo r ds  t h a t  exp r e s s  ide as  t h a t  w e  all u n d e r s t a n d;
a n d  so  do e s  t h e  w a t t ,  a n d  so  will t h e  1,00 0  w a t t s
w h e n  you  co m e  to  t hink  ove r  t h e  m a t t e r  a s  m u c h  a s
so m e  of u s  h ave  do n e.
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At t his  Confe r e nc e  s eve r al  o t h e r  s u bjec t s  w e r e  b ro u g h t
u p  w hich  a t t r a c t e d  a  good  d e al  of a t t e n tion.  
P rofes so r  Rowla n d  b ro u g h t  forw a r d  a  p a p e r  on  t h e  t h eo ry
of dyn a m os  t h a t  c e r t ainly s t a r tl e d  a  good  m a ny of u s ;
a n d  it  led  to  a  disc ussion  t h a t  is a d mi r a bly r e po r t e d
in ou r  scie n tific p a p e r s.   I t hink  t h a t  t h e  disc ussion
evolved  by P rofes so r  Rowla n d’s p a p e r  on  t h e  t h eo ry
of dyn a m os  d e s e rve s  t h e  s t u dy of eve ry el ec t ricia n;
it  b ro u g h t  ve ry s t ro n gly in to  p ro min e nc e  on e  o r  two
E n glish  g e n tl e m e n  w ho  w e r e  p r e s e n t .   P rofes so r
Fi tzg e r ald,  of Dublin, s pok e  wi th  a  consid e r a ble  a m o u n t
of pow er, a n d  s how e d  a  m a s t e ry  of t h e  s u bjec t  t h a t
w a s  pl e a s a n t  no t  only to  his  frien d s,  b u t  m u s t  h ave
b e e n  g r a tifying  to  t h e  Ame rica ns  w ho  h e a r d  hi m.  
On  t his  p a r ticula r  s u bjec t  of dyn a mos  it w a s  t r uly
wo n d e rful ho w  t h e  doc to r s  dis a g r e e d.   Two could
no t  b e  foun d  w ho  h eld  t h e  s a m e  views  on  t h e  t h eo ry
a n d  cons t r u c tion  of t h e  dyn a m o,  a n d  t h a t  s how s  t h a t
w e  s till h ave  a  g r e a t  d e al  to  le a r n  a bo u t  t h e  dyn a m o,
a n d  t h a t  t h e  t r u e  p rinciple  of cons t r uc tion  of i t
h a s  ye t  to  b e  b ro u g h t  ou t .

I t  is a  ve ry c u rious  t hing,  a n d  I t hou g h t  a bo u t  it
a t  t h e  ti m e,  t h a t  w h e n  you  conside r  t h e  dyn a m os  in
u s e,  you  s e e  ho w  ve ry li t tle  h a s  b e e n  don e  to  p e rfec t
t h e  di r ec t  wo rking  dyn a m o  in E n gla n d.   Althou g h
t h e  p rinciple  of t h e  dyn a mo  o rigin a t e d  wi th  Fa r a d ay,
ye t  all t h e  e a rly m a c hin e s,  Pacino t ti,  Gr a m m e.  
H efn e r  von Alte n e ck, S h u ck e r t ,  Brus h,  Edison,  a n d  s eve r al
o th e r s  w ho  h av e  imp rove d  t h e  di r ec t  a c tion  m a c hin e,
h ave  no t  b e e n  foun d  in E n gla n d.   Bu t  w h e n  w e  d e al
wi th  al t e r n a t e-c u r r e n t  m a c hin e s,  t h e n  w e  find  t h e
Wilde,  Fe r r a n ti,  a n d  va rious  o t h e r s;  so  t h a t  t h e  t e n d e n cy
in E n gla n d  h a s  b e e n  ve ry m u c h  to  imp rove  a n d  wo rk
u po n  t h e  al t e r n a t e-c u r r e n t  m a c hin e s.   In  o th e r
cou n t rie s  it  is exac tly t h e  r eve r s e;  in fac t,  in  Ame ric a
I n eve r  s a w  on e  single  al t e r n a t e-c u r r e n t  m a c hin e.  
Whe n  P rofes so r  Forb e s  w a n t e d  a n  al t e r n a t e-c u r r e n t
m a c hin e  to  illus t r a t e  a  lec tu r e  t h a t  h e  g ave,  it  w a s
wi th  t h e  g r e a t e s t  difficul ty t h a t  on e  could  b e  foun d,
a n d,  in fac t ,  it  w a s  p u t  tog e t h e r  s p eci ally for  hi m.
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The  ot h e r  s u bjec t s  b ro u g h t  b efo r e  t his  Confe r e n c e
w e r e  E a r t h  Cu r r e n t s ,  Atmos p h e ric  Elec t rici ty, Accu m ul a to r s
o r  S econ d a ry  Bat t e ri e s,  a n d  Telep hon e s .   The r e
w a s  a n  ex t r e m ely a ble  p a p e r  b ro u g h t  forw a r d  by Mr.
T.D.  Lockwood, t h e  el ec t ricia n  of t h e  Ame rica n
Bell Telep hon e  Co m p a ny, on  Telep hon e s ,  a n d  t h e  dis t u r b a nc e s
t h a t  influe nc e  t h ei r  working.   Whe n  t h a t  p a p e r
is p u blish e d,  i t will w ell b e  wo r t h  you r  c a r eful exa min a tion.

Pa p e r s  w e r e  al so  r e a d  on  t h e  Tra n s mission  of E n e r gy,
a n d  t h e r e  w e r e  p a p e r s  on  m a ny  ot h e r  s u bjec t s.

So  m u c h  for  t h e  Elec t ric al Confe r e nc e .

N ow, t h e  Ame rica ns  a t  t h e  p r e s e n t  m o m e n t  a r e  s uffe rin g
fro m  a  m a nia  w hic h  w e,  h a p pily, h ave  p a s s e d  t h ro u g h,
t h a t  is, t h e  m a ni a  of exhibi tions.
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While  w e  w e r e  a t  P hilad elphia,  t h e r e  w a s  a n  exce e din gly
in t e r e s ting  exhibi tion  h eld.   I do  no t  in t e n d
to  s ay  m u c h  a bo u t  t h a t  exhibi tion,  for  t h e  sim ple
r e a son  t h a t  P rofesso r  G. For b e s  h a s  p ro mis e d,  d u ring
t h e  for thco ming  s e s sion,  to  give  u s  a  p a p e r  d e s c ribing
w h a t  h e  s a w  t h e r e ,  a n d  his  s t u die s  a t  P hila d elphia;
a n d  I a m  q ui t e  s u r e  t h a t  it  will b e  a  p a p e r  wo r t hy
of hi m,  a n d  of you.  Bu t,  a p a r t  fro m  t his  exhibi tion
a t  P hilad elphia,  I could  no t  go  a nyw h e r e  wi tho u t  finding
a n  exhibi tion.   The r e  w a s  on e  a t  Chic a go,  a no t h e r
a t  S t .  Louis, a no t h e r  a t  Bos ton;  eve rybody w a s  t alking
a bo u t  on e  a t  Louisville, w h e r e  I did  no t  go; a n d  t h e r e
w e r e  r u mo rs  of g r e a t  p r e p a r a tions  for  t h e  “la r g e s t
exhibi tion  t h e  wo rld  h a s  ev e r  s e e n ,” a cco r ding
to  t h ei r  ow n  a c co u n t ,  a t  N e w  Orle a n s .   H ow ever,
I s a tisfied  mys elf wi th  s e ein g  t h e  exhibi tion  a t  P hilad elp hia,
w hich  consis t e d  s t ric tly of Ame rica n  goods,  a n d  w a s
no t  of t h e  in t e r n a tion al n a t u r e  g e n e r al  to  s uc h  exhibi tions.  
Bu t  it  w a s  a  fine  exhibi tion,  a n d  on e  t h a t  no  o t h e r
single  n a tion  could  b ring  tog e t h er.

Telegrap hs .—Wh e n  I s pok e  to  you
in 1 8 7 8,  my  r e m a rks  w e r e  al mos t  e n ti r ely confine d
to  t ele g r a p h s,  for  a t  t h a t  d ay  t h e  t el e p hon e  w a s  no t ,
a s  a  p r a c tic al ins t r u m e n t,  in  exis t e n c e .   I b ro u g h t
fro m  Ame ric a  on  t h a t  occ asion  t h e  fi r s t  t el e p hon e s
t h a t  w e r e  b ro u g h t  to  t his  cou n t ry.  The n  t h e  p r ac tic al
a p plica tion  of el ec t rici ty w a s  a p plie d  to  t ele g r a p h s,
a n d  so  t ele g r a p h s  for m e d  t h e  s u bjec t  of my  t h e m e.  
But  w hile  in  1 8 7 7  I s a w  a  g r e a t  d e al  to  le a r n ,  a n d
picke d  u p  a  g r e a t  m a ny w rinkles,  a n d  b ro u g h t  b ack  fro m
Ame rica  a  good  m a ny p roc e s s e s,  I go  b a ck  t h e r e  now
in 1 8 8 4,  s eve n  ye a r s  af t e r w a r d,  a n d  I do  no t  find
on e  sin gle  a dva nc e  m a d e—I co m e b a ck  wi th
sc a rc ely on e  single  w rinkle; a n d,  in fac t ,  w hile  w e
in E n gla n d  d u ring  t hos e  s eve n  ye a r s  h ave  p ro g r e s s e d
wi th  gi a n t  s t r id e s,  in  Ame rica,  in t el e g r a p h  m a t t e r s ,
t h ey  h ave  s tood  s till.  Bu t  t h ei r  m a t e ri al p ro g r e s s
h a s  b e e n  m a rv elous.   In  1 8 7 7,  t h e  milea g e  of wi r e
b elon ging  to  t h e  West e r n  U nion  Teleg r a p h  Co m p a ny w a s
2 0 0,0 00  miles;  in 1 8 8 4,  t h ey h av e  4 3 3,7 26  miles  of
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wire;  so  t h a t  d u rin g  t h e  s eve n  ye a r s  t h ei r  mile a g e
of wi r e  h a s  m o r e  t h a n  do u ble d.   Du ring  t h e  s a m e
p e riod  t h ei r  n u m b e r  of m e s s a g e s  h a s  inc r e a s e d  fro m
2 8,00 0,00 0  to  ove r  4 0,0 0 0,00 0;  t h ei r  office s  fro m  1 1,66 0
to  1 3,60 0;  a n d  t h e  c a pi t al  inves t e d  in t h ei r  conc e r n
h a s  inc r e a s e d  fro m  $ 4 0,00 0,0 00  to  $ 8 0,0 00,0 0 0—in
fac t,  t h e r e  is no  m o r e  gig a n tic  t ele g r a p h  o rg a niza tion
in t his  wo rld  t h a t  t his  West e r n  U nion  Teleg r a p h  Co m p a ny. 
I t  is a  r e m a rk a ble  u n d e r t aking,  a n d  I do  no t  s u p pos e
t h e r e  is a n  a d minis t r a tion  b e t t e r  m a n a g e d.   Bu t
for  so m e  r e a so n  o r  o th e r  t h a t  I c a n no t  a ccou n t  for,
t h ei r  s cie n tific p ro g r e s s  h a s  no t  m a r c h e d  wit h  t h ei r
m a t e ri al  p ro g r e s s ,  a n d  inve n tion  h a s  to  a  ce r t ain
ex t e n t  t h e r e  c e a s e d.   The r e  r e ally w a s  only on e
t ele g r a p hic  novel ty to  b e  foun d  in t h e  S t a t e s ,  a n d
t h a t  w a s  a n  ins t r u m e n t  by Dela ny—a  m ul tiplex
ins t r u m e n t  by w hich  six m e s s a g e s  could  b e  s e n t  in
on e  o r  o t h e r  di r ec tion  a t  t h e  s a m e  ti m e.   I t  is
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a n  ins t r u m e n t  t h a t  is d e p e n d e n t  u po n  t h e  p rinciple
in t rod u c e d  by M eyer, w h e r e  tim e  is divide d  in to  a
c e r t ain  n u m b e r  of s e c tions,  a n d  w h e r e  sync h ro nou s
a c tion  is m ai n t ain e d  b e t w e e n  t wo  ins t r u m e n t s .  
This  sys t e m  h a s  b e e n  wo rk e d  ou t  wi th  g r e a t  p e rfec tion
in F r a nc e  by  Bau do t .   We h a d  a  p a p e r  by Colon el
Webb e r  on  t h e  s u bjec t,  b efo r e  t h e  Socie ty, in  w hich
t h e  p roc e ss  w a s  fully d e sc ribe d.   Dela ny, in t h e
S t a t e s,  h a s  c a r ri e d  t h e  p roc es s  a  li t tle  fu r t h er,
by  m a king  it  a p plic able  to  t h e  o r din a ry Mo rs e  s e n din g.  
On  t h e  M eye r  a n d  Bau do t  p rinciple,  t h e  o rdin a ry  Mors e
s e n d e r  h a s  to  w ai t  for  c e r t ain  clicks,  w hich  indica t e
a t  w hich  m o m e n t  a  le t t e r  m ay  b e  s e n t;  b u t  on  t h e  Delany
pla n  e a c h  of t h e  six cle rk s  c a n  p e g  a w ay a s  h e  c hoos e s—h e
c a n  s e n d  a t  a ny r a t e  h e  like s,  a n d  h e  is no t  di s t u r b e d
in a ny w ay by h aving  a ny sou n d  to  g uid e  o r  con t rol
his  e ar.  The  Dela ny is a  ve ry p ro mising  sys t e m.  
It  m ay  no t  wo rk  to  long  dis t a nc e s;  b u t  t h e  a p p a r a t u s
is p ro mis e d  to  b e  b ro u g h t  ove r  to  t his  co u n t ry, to
b e  exhibi t e d  a t  t h e  Inve n to r s’ Exhibi tion  n ext
ye ar, a n d  I c a n  s afely s ay  t h a t  t h e  Pos t  Office  will
give  eve ry  possible  facili ty to  t ry  t h e  n e w  inve n tion
u po n  it s  wi r e s .

On e  g r a t ifying  effec t  of my  visi t  to  t h e  t ele g r a p h
e s t a blis h m e n t s  in Ame rica  w a s  t h a t ,  w hile  hi t h e r to
w e  h ave  n eve r  h e si t a t e d  in  E n gla n d  to  a do p t  a ny p roc e s s
o r  inven tion  t h a t  w a s  a  di s tinc t  a dv a n c e,  w h e t h e r  i t
c a m e  fro m  Ame rica  o r  a nyw h e r e  el s e,  t h ey  on  t h e  o th e r
h a n d  h av e  s how n  a  disinclin a tion  to  a do p t  a ny t hin g
British; b u t  t h ey h ave  now  a do p t e d  ou r  Whe a t s ton e
a u to m a tic  sys t e m.   Tha t  sys t e m  is a t  work  b e t w e e n
N e w  Orle a n s  a n d  Chica go, a n d  N e w  York a n d  N e w  Orle a n s—1,60 0
miles.   I t  h a s  give n  t h e m  so  m u c h  s a tisfac tion
t h a t  t h ey a r e  going  to  inc r e a s e  it  ve ry la r g ely; so
t h a t  w e  r e ally h ave  t h e  p ro u d  s a ti sfac tion  of finding
a  r e al, t r u e  Bri tis h  inve n tion  w ell e s t a blis h e d  on
t h e  o t h e r  side  of t h e  Atlan tic.

The  n ext  b r a n c h  t h a t  I p ro pos e  to  b ring  to  you r  no tice
is t h e  q u e s tion  of t h e  t ele p ho n e.
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The  t el ep ho n e  h a s  p a s s e d  t h ro u g h  r a t h e r  a n  a w kw a r d
p h a s e  in t h e  S t a t e s .   A ve ry d e t e r min e d  a t t e m p t
h a s  b e e n  m a d e  to  u p s e t  t h e  Bell p a t e n t s  in  t h a t  cou n t ry;
a n d  t hos e  w ho  visi t ed  t h e  P hilad elphia  Exhibi tion  s a w
t h e  ins t r u m e n t s  t h e r e  exhibi t e d  u po n  w hich  t h e  a dvoc a t e s
of t h e  plain tiff r eli ed.   I t  is s aid  t h a t  a  ve ry
ing e nious  Americ a n ,  n a m e d  Dra w b a u g h,  h a d  a n ticipa t e d
all t h e  inve n to r s  of eve ry  p a r t  of t h e  t ele p ho n e  sys t e m;
t h a t  h e  h a d  inve n t e d  a  r e c eive r  b efo r e  Bell; t h a t
h e  h a d  inve n t e d  t h e  co m p r e s s e d  c a r bo n  a r r a n g e m e n t
b efo r e  E dison;  t h a t  h e  h a d  inve n t e d  t h e  mic rop ho n e
b efo r e  ou r  frien d  P rofe sso r  H u g h e s;  a n d  t h a t ,  in fac t,
h e  h a d  do n e  eve ryt hin g  on  t h e  face  of t h e  e a r t h  to
e s t a blis h  t h e  claims  s e t  for t h.   So m e  of hi s  p a t e n t s
w e r e  s how n,  a n d  I no t  only h a d  to  ex a min e  his  p a t e n t s ,
b u t  I h a d  to  go  t h rou g h  a  g r e a t  m a ny d e posi tions  of
t h e  evide nc e  given,  a n d  I a m  bo u n d  to  co nfe ss  t h a t
a  m o r e  flimsy c a s e  I n eve r  s a w  b ro u g h t  b efo r e  a  cou r t
of law.  I do  no t  know  w h e t h e r  I s h all b e  libelous
in exp r e s sing  my opinion  (I will r efe r  to  ou r  solici to r
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b efo r e  t h e  no t e s  a r e  p rin t e d), b u t  I s ho uld  no t  h e si t a t e
to  s ay  t h a t  I n ev e r  s a w  a  m o r e  evide n t  cons pi r a cy
concoc t e d  to  t ry  a n d  dis t u r b  t h e  posi tion  of a  w ell-e s t a blish e d
p a t e n t .   Ho w ever, I h ave  h e a r d  t h a t  t h e  judg m e n t
h a s  b e e n  give n  a s  t h e  p u blic  g e n e r ally s u p pos e d  it
wo uld  b e  give n;  b e c a u s e  a s  soon  a s  t h e  c a s e  w a s  ove r
t h e  s h a r e s  of t h e  Bell co m p a ny, w hich  w e r e  a t  1 5 0,
jum p e d  u p  to  1 9 0,  a n d  now  t h e  d e cision  is give n  I a m
told  t h a t  t h ey will p ro b a bly r e a c h  2 9 0.

We c a n no t  for m  a  conc e p tion  on  t his  sid e  of t h e  Atlan tic
of t h e  ex t e n t  to  w hich  t el e p hon e s  a r e  u s e d  on  t h e
o th e r  side  of t h e  Atlan tic.  I t  is s aid  so m e ti m e s
t h a t  t h e  p ro g r e s s  of t h e  t el e p ho n e  on  t his  side  of
t h e  w a t e r  h a s  b e e n  ch eck e d  ve ry m u c h  by t h e  r e s t ric tions
b ro u g h t  to  b e a r  u po n  t h e  t ele p ho n e  by t h e  Gove r n m e n t
of t his  cou n t ry.  But  w h a t eve r  r e s t ric tions  h ave
b e e n  ins ti t u t e d  by  ou r  Gove r n m e n t  u po n  t h e  a do p tion
of t h e  t el ep ho n e,  t h ey  a r e  no t  to  b e  co m p a r e d  wit h
t h e  r e s t ric tions  t h a t  t h e  poo r  u nfo r t u n a t e  t el e p hon e
co m p a nie s  h ave  to  s t r u g gle  a g ains t  on  t h e  o t h e r  sid e
of t h e  Atlan tic.  The r e  is no t  a  tow n  t h a t  do e s
no t  m ulc t  t h e m  in t axe s  for  eve ry pole  t h ey e r ec t ,
a n d  for  eve ry wi r e  t h ey ex t e n d  t h ro u g h  t h e  s t r e e t s .  
The r e  is no t  a  S t a t e  t h a t  do e s  no t  exac t  fro m  t h e m
a  t ax; a n d  I w a s  a s s u r e d ,  a n d  I know  a s  a  fac t,  t h a t
in  on e  p a r ticula r  c a s e  t h e r e  w a s  on e  co m p a ny—a
flou rishing  co m p a ny—t h a t  w a s  m ulc t e d  is
7 5  p e r  c e n t .  of it s  r e c eip t s  b efo r e  i t could  possibly
p ay a  divide n d.   H e r e  w e  only a sk  t h e  t el e p hon e
co m p a nie s  to  p ay to  t h e  poor, impove ris h e d  Bri tish
Gove r n m e n t  1 0  p e r  c e n t .; a n d  1 0  p e r  c e n t .  by t h e  side
of 7 5  p e r  c e n t .  c e r t ainly cu t s  b u t  a  ve ry so r ry figu r e .  
Bu t  t h e  t r u t h  is, t h e  r e a s on  w hy t h e  t ele p hon e  is
flou rishing  in  America  is t h a t  i t is a n  a b solu t e  n e c e s si ty
t h e r e  for  t h e  p rop e r  t r a n s a c tion  of b u sin es s.  
Whe r e  you  exis t  in  a  so r t  of Tu rkis h  b a t h  a t  fro m
9 0  d e g.  to  1 0 0  d e g.,  you w a n t  to  b e  s ave d  eve ry possible
r e a son  for  leaving  you r  office  to  co n d uc t  you r  b usine s s;
a n d  t h e  t ele p ho n e  co m e s  in  a s  a  m e a n s  w h e r e by you
c a n  do  so,  a n d  c a n  loll b a ck  in you r  a r m  ch air, wi th
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your  leg s  u p  in t h e  air, wit h  a  cig a r  in you r  m o u t h,
wi th  a  p u nk a h  w aving  ove r  you r  h e a d,  a n d  a  bo t tl e
of iced  w a t e r  by you r  side.   By t h e  t ele p ho n e,
u n d e r  s uc h  ci rc u m s t a nc e s ,  b u sin es s  t r a n s a c tions  c a n
b e  c a r ri e d  on  wi th  co mfor t  to  you r s elf a n d  to  hi m
wi th  w ho m  you r  b u sin e ss  is t r a n s a c t e d.   We h ave
no t  simila r  con di tions  h e r e .   We a r e  alw ays  gla d
of a n  exc us e  to  g e t  ou t  of ou r  offices .   In  Ame rica,
too,  s e rva n t s  a n d  m e s s e n g e r s  a r e  t h e  exce p tion,  a
boy is no t  to  b e  h a d,  w h e r e a s  in E n gla n d  w e  g e t  a n
e r r a n d  boy a t  h alf a  c row n  a  w e ek.   Tha t  w hich
cos t s  h alf a  c row n  h e r e  cos t s  1 2s .  to  1 5s .  in Ame rica;
a n d,  t h a t  b eing  so,  it  is m u c h  b e t t e r  to  p ay t h e  t el ep ho n e
co m p a ny a  s u m  t h a t  will, a t  les s  cos t,  e n a ble  you r
b u sin es s  to  b e  t r a n s ac t e d  wi thou t  t h e  e n g a g e m e n t  of
s uc h  a  boy.
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The  America n s,  a g ain,  a do p t  el ec t ric al con t riva nc e s
for  all so r t s  of do m e s tic  p u r pos e s.   The r e  is
no t  a  sin gle  ho us e  in N e w  York, Chica go,  o r  a nyw h e r e
els e  t h a t  I w e n t  in to, t h a t  h a s  no t  in t h e  h all a  lit tle
ins t r u m e n t  [p rod ucing  on e]  w hich,  by t h e  t u r n  of a
poin t e r  a n d  t h e  p r e s sin g  of a  h a n dle,  c alls  for  a
m e s s e n g er, a  c a r ri a g e ,  a  c a b,  exp r e s s  w a go n  (th a t
is, t h e  fellow w ho  looks  af t e r  you r  lugg a g e),  a  doc tor,
police m a n,  fir e-al a r m,  o r  a ny t hing  el s e  a s  m ay  b e  a r r a n g e d
for.  The  li t tl e  ins t r u m e n t  co m m u nic a t e s  to  a
c e n t r al  office  no t  fa r  off, a n d  in t wo  min u t e s  t h e
doc tor, o r  m e s s e n g er, o r  w h a t eve r  it m ay  b e ,  p r e s e n t s
hi m s elf.

For  fi r e-al a r m s  a n d  for  all so r t s  of p u r pos e s,  do m e s tic
t ele g r a p hy is p a r t  a n d  p a r c el of t h e  n a t u r e  of a n
Ame rica n,  a n d  t h e  r e s ul t  w a s  t h a t  w h e n  t h e  t ele p ho n e
w a s  b ro u g h t  to  hi m,  h e  a do p t e d  it wi th  avidi ty. 
On  t his  sid e  of t h e  Atlan tic  do m e s tic  t ele g r a p hy is
a t  a  mini m u m,  a n d  I do  no t  t hink  a ny on e  would  h ave
a  t el e p hon e  in hi s  ho u s e  if h e  could  h elp  it.

Whe n  you  w a n t  a  t hing,  you  m u s t  p ay  for  it.  The
Ame rica n s  w a n t  t h e  t el e p ho n e,  a n d  t h ey p ay for  i t. 
In  Londo n  p eo ple  g r u m ble  ve ry m u c h  a t  h aving  to  p ay
L20  to  t h e  Telepho n e  Co m p a ny for  t h e  u s e  of a  t el e p ho n e.  
I q u e s tion  ve ry m u c h  w h e t h e r  L20  a  yea r  is q ui t e  e no u g h;
a t  a ny r a t e ,  it is no t  e no u g h  if t h e  Ame ric a n  ch a r g e
is t ak e n  a s  a  s t a n d a r d .   The  c h a r g e  in N e w  York
is of t wo  cl as s e s—on e  for  a  sys t e m  c alled
t h e  law sys t e m,  w hich  is a p plied  al mos t  exclusively
for  t h e  u s e  of lawye r s ,  w hich  is L44  a  ye a r;  t h e  o th e r
b ein g  t h e  c h a r g e  m a d e  to  t h e  o r din a ry p u blic, a n d  w hich
will co m p a r e  wi th  t h e  s e rvice  r e n d e r e d  in Londo n,  w hich
is c h a r g e d  for  a t  L35  a  year, a g ains t  L20  a  yea r  in
London.   The  c h a r g e  in Chic a go  is L26  a  yea r;
in  Bos ton,  P hilad elphia,  a n d  a  g r e a t  m a ny ot h e r  plac e s
it  is L25  a  ye ar.  At Buffalo a  m o d e  of c h a r gin g
by r e s ul t s  is a dop t e d;  eve rybody p ays  for  e a c h  o r al
m e s s a g e  h e  s e n d s—eve ry ti m e  h e  u s e s  t h e
t ele p ho n e  h e  p ays  ei t h e r  four, five, o r  six ce n t s ,
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a c co r din g  to  t h e  n u m b e r  for  w hich  h e  g u a r a n t e e s .  
S u p posing  a ny on e  of u s  w a n t e d  a  t el e p ho n e  a t  Buffalo,
t h e  co m p a ny will s u p ply it  u n d e r  a  g u a r a n t e e  to  p ay
for  a  mini m u m  of 5 0 0  m e s s a g e s  p e r  a n n u m.   If 1 ,0 00
m e s s a g e s  a r e  s e n t ,  t h e  ch a r g e  is les s  pro rata ,
b ein g  six ce n t s,  if I r e m e m b e r  rig h tly, for  e a c h  m e s s a g e
u n d e r  5 0 0,  a n d  five  c e n t s  u p  to  1,00 0  m e s s a g e s ,  fou r
c e n t s  p e r  m e s s a g e  ove r  1,0 0 0  m e s s a g e s;  a n d  so  eve rybody
p ays  for  w h a t  wo rk  h e  do es .   I t  is p ay m e n t  by
r e s ul t s .   The  p eo ple  like  t h e  a r r a n g e m e n t,  t h e
co m p a ny like  it  b e c a u s e  t h ey  m a k e  it  p ay, a n d  t h e
sys t e m  wo rks  w ell.  Bu t  I a m  bo u n d  to  s ay  t h a t ,
u p  to  t h e  p r e s e n t  m o m e n t,  Buffalo is t h e  only ci ty
in t h e  U ni t e d  S t a t e s  w h e r e  t h a t  m e t ho d  h a s  b e e n  a do p t e d.
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The  ins t r u m e n t s  u s e d  in t h e  S t a t e s  a r e  no  b e t t e r—in
fac t,  in m a ny c as es  t h ey  a r e  wor s e—t h a n
t h e  ins t r u m e n t s  w e  u s e  on  t hi s  side  of t h e  Atlan tic. 
I h ave  h e a r d  t el e p ho n e s  in  t his  co u n t ry  s p e ak  infini t ely
b e t t e r  t h a n  a ny t hin g  t h a t  I h av e  h e a r d  on  t h e  o t h e r
side  of t h e  Atlan tic.  Bu t  t h ey t r a n s a c t  t h ei r
b u sin es s  in  Ame rica  infini t ely b e t t e r  t h a n  w e  do; a n d
t h e r e  is on e  g r e a t  r e a son  for  t his , w hich  is, t h a t
in  Ame rica  t h e  p u blic  it s elf falls  in to  t h e  m o d e  of
t ele p ho n e  wo rking  wi th  t h e  e n e r gy of t h e  t el e g r a p h
op e r a tor.  They a s sis t  t h e  t el ep ho n e  p eo ple  in
eve ry w ay t h ey c a n;  t h ey t ak e  dis tu r b a n c e s  wit h  a
h u mility t h a t  wo uld  b e  sim ply s t a r tling  to  E n glish
s u b sc rib e r s;  a n d  t h ey  h elp  t h e  wo rk e r s  of t h e  sys t e m
in eve ry w ay t h ey c a n .   The  r e s ul t  is, t h a t  all
go es  off wit h  g r e a t  s m oot h n e s s  a n d  co mfo r t.   But
t h e  s wi tch  a p p a r a t u s  u s e d  in t h e  Ame ric a n  c e n t r al office s
is infini tely s u p e rio r  to  a ny t hing  t h a t  I h ave  eve r
s e e n  ove r  h e r e ,  exc e p tin g  a t  Live rpool.

A n e w  sys t e m  h a s  jus t  b e e n  b ro u g h t  ou t ,  c alled  t h e
“m ultiple” sys t e m,  w hich  h a s  b e e n  ve ry
la t ely in t ro d uc e d.   I s a w  it a t  m a ny pl ac e s,  e s p e ci ally
a t  India n a polis, a t  Bos ton,  a n d  a t  N e w  York, w h e r e
t h r e e  exch a n g e s  w e r e  work e d  by it  wi th  a  r a pidi ty
t h a t  p e rf ec tly s t a r tl e d  m e .   I took t h e  ti m e s
of a  g r e a t  m a ny t r a n s ac tions,  a n d  foun d  t h a t ,  fro m
t h e  m o m e n t  a  s u b s c rib e r  c alled  to  t h e  m o m e n t  h e  w a s
p u t  t h ro u g h,  only five s e co n ds  el a ps e d;  a n d  I a m  told
a t  Milw a uk e e,  w h e r e  u nfor t u n a t ely I could  no t  go,  b u t
w h e r e  t h e r e  is a  fri en d  of ou r s  in c h a r g e ,  Mr. Ch a rl e s
H a skins,  w ho  is on e  of ou r  m e m b e r s,  a n d  h e  s ays  h e
h a s  b ro u g h t  dow n  t h e  r a t e  of wo rking  to  s uc h  a  pi tch
t h a t  t h ey a r e  a bl e  to  a r r a n g e  t h a t  s u bs c rib e r s  s h all
b e  p u t  t h ro u g h  in fou r  s e con d s.

You will b e  s u r p ris e d  to  le a r n  t h a t  t h e r e  a r e  9 8 6
exc h a n g e s  a t  work  in  t h e  U ni t e d  S t a t e s.   The r e
a r e  9 7,42 3  ci rc ui t s;  t h e r e  a r e  n e a rly 9 0 ,00 0  miles
of wi r e  u s e d  for  t el ep ho nic  p u r pos e s;  a n d  t h e  n u m b e r
of ins t r u m e n t s  t h a t  h ave  b e e n  m a n ufac t u r e d  a m o u n t s
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to  5 1 7,74 9.   Jus t  co m p a r e  t hos e  figu r e s  wi th  ou r
li t tle  exp e rie nc e  on  t his  side  of t h e  Atlan tic. 
I h ave  a  r e t u r n  s howing  t h e  n u m b e r  of s u bs c rib e r s
in a n d  a bo u t  N e w  York, co m p rising  t h e  N e w  Jer s ey division,
t h e  Long  Isla n d  division,  S t a t e n  Islan d,  Westc h es t er,
a n d  N e w  York City, a n d  t h e  to t al  a m o u n t s  to  1 0 ,60 0
s u b sc rib e r s  w ho  a r e  p u t  in to  co m m u nic a tion  wi th  e a c h
o th e r  in t h e  n eig h bo r hood  of N e w  York alon e;  a n d  h e r e
in E n gla n d  w e  c a n  only m u s t e r  1 1,00 0.   The r e  a r e
jus t  a s  m a ny s u bs c ribe r s  p ro b a bly a t  t his  m o m e n t  in
N e w  York a n d  it s  n eig h bo r hood  a s  w e  h ave  in t h e  w hole
of t h e  U ni t e d  Kingdo m.

I a m  so r ry  to  d el ay you  so  long.   I h ave  ve ry
few m o r e  poin t s  to  b rin g  b efo r e  you.  I s poke
only las t  w e ek  so  m u c h  a bo u t  t h e  el ec t ric  ligh t  t h a t
I h ave  ve ry lit tl e  to  s ay on  t h a t  poin t.   High-t e nsion
c u r r e n t s  a r e  u s e d  for  el ec t ric  ligh ting  in Ame rica,
a n d  all wi r e s  a r e  c a r ri e d  ove r h e a d  along  t h e  s t r e e t s .  
A m o r e  hid eo us  co n t riva nc e  w a s  p rob a bly n eve r  inve n t e d
since  t h e  wo rld  w a s  c r e a t e d  t h a n  t h e  sys t e m  of c a r rying

84



Page 41

wire s  ove r h e a d  t h ro u g h  t h e  m a g nifice n t  s t r e e t s  a n d
cities  in Ame ric a.   They s p e n d  t hou s a n d s  u po n
t hous a n d s  of pou n ds  in b e a u tifying  t h ei r  ci tie s  wi th
ve ry fine  b uildings,  a n d  t h e n  t h ey  disfigu r e  t h e m
all by  c a r rying  dow n  t h e  p ave m e n t s  t h e  m os t  villainous-looking
t ele g r a p h  pos t s  t h a t  eve r  w e r e  cons t r uc t e d .   The
p r a c tic e  is c a r ri e d  to  s uc h  a n  ex t e n t ,  t h a t  dow n  Broa d w ay
in N e w  York t h e r e  a r e  no  les s  t h a n  six dis tinc t  line s
of pole s;  a n d  t h ro u g h  t h e  ci ty of N e w  York t h e r e  a r e
no  less  t h a n  t hi r ty-t wo  s e p a r a t e  a n d  dis tinc t  co m p a nie s
c a r rying  all t h ei r  wi r e s  t h ro u g h  t h e  s t r e e t s  of t h e
ci ty.  Ho w  t h e  a u t ho ri ti es  h ave  s tood  it  so  long
I c a n no t  m a k e  ou t .   They objec t  to  u n d e r g ro u n d
wi re s—w hy, on e  c a n no t  t ell.  I t  is so m e t hin g
like  t aking  a  ho r s e  to  t h e  po n d—you c a n no t
m a k e  hi m  d rink.   So  it is wi th  t h e s e  t ele p ho n e
co m p a nie s:   t h e  p u blic of Ame ric a  a n d  t h e  Town
Cou ncils  h av e  b e e n  t rying  to  forc e  t h e  t el ep ho n e  a n d
t ele g r a p h  co m p a nie s  to  p u t  t h ei r  wi r e s  u n d e r g ro u n d,
b u t  t h ey a r e  t h e  ho r s e s  t h a t  a r e  led  to  t h e  pool, a n d
t h ey will no t  d rink.   I t  is s aid  t h a t  t h e  Town
Cou ncil of P hilad elp hia  h ave  issu e d  m os t  s t rin g e n t
o r d e r s  t h a t  on  t h e  fir s t  of Janu a ry  n ext ,  m e n  wi t h
ax es  a n d  tools  a r e  to  s t a r t  ou t  a n d  cu t  dow n  eve ry
pole  in  t h e  ci ty.  I t  is all ve ry w ell to  t h r e a t e n;
b u t  my  imp r e s sion  is t h a t  a ny m e m b e r  of Town Cou ncil
o r  a ny individu al of P hilad elphia  w ho  a t t e m p t s  to  do
s uc h  a  t hin g  will b e  lynch e d  by t h e  fir s t  t ele p ho n e
s u b sc rib e r  h e  m e e t s .

This  p r a c tice  of r u n ning  ove r h e a d  wi r e s  h a s  g r e a t
dis a dva n t a g e s  w h e n  t h e  wi r e s  a r e  u s e d  for  el ec t ric-ligh tin g
p u r pos es  a s  w ell a s  for  o r din a ry  t el ep ho n e  o r  t el e g r a p h
p u r pos es .   N o  do u b t  t h e  high-t e n sion  sys t e m  c a n
b e  c a r ri e d  ou t  ove r h e a d  wi th  e co no my; b u t  w h e r e  ove r h e a d
wi re s  c a r rying  t h e s e  h e avy c u r r e n t s  exis t  in t h e  n eig h bo r hood
of t ele p hon e  ci rcui t s,  t h e r e  is eve ry  possible  liabili ty
to  a ccide n t;  a n d  in my s ho r t  t rip  I c a m e  a c ros s  s eve n
dis tinc t  c a s e s  of offices  b eing  d e s t royed  by fir e,
of t e s t  boxes  b eing  u t t e rly r uin e d,  of a  w hole  ho u s e
b ein g  g u t t e d ,  a n d  of va rious  a ccid e n t s,  a ll cle a rly
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t r a c e a ble  to  con t ac t s  a ri sing  fro m  t h e  falling  of
ove r h e a d  wi r e s,  c h a r g e d  wi th  hig h-t e nsion  c u r r e n t ,
u po n  t el e g r a p h  a n d  t ele p ho n e  wi r e s  b elow.  The
d a n g e r  is so  g r e a t  a n d  d a m a g e  so  s e rious  t h a t ,  a t
P hila d elphia,  Mr. Plus h,  t h e  el ec t rician  to  t h e  Telep hon e
Co m p a ny, h a s  d evise d  t his  exc e e din gly p r e t ty  c u t-ou t.  
I t  is a  lit tle  elec t ro-m a g n e tic  c u t-ou t  t h a t  b r e a ks
t h e  t el e p ho n e  ci rc ui t  w h e n eve r  a  cu r r e n t  p a s s e s  in to
t h e  ci rc ui t  e q u al  to  o r  m o r e  t h a n  a n  a m p e r e .   The
a r r a n g e m e n t  wo rks  wi th  g r e a t  e a s e .   I t  is a p plied
to  eve ry t ele p hon e  ci rcui t  si m ply, to  p ro t e c t  t h e
t ele p ho n e  sys t e m  fro m  el ec t ric  ligh t  wi r e s,  t h a t  ou g h t
n eve r  to  b e  allow e d  a nyw h e r e  n e a r  a  t el e p hon e  ci rc ui t.
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Fi r e-al a r m s  a r e  u s e d  in Ame rica;  b u t  in E n gla n d,  also,
t h e  fir e  sys t e m s  of E d w a r d  Brigh t ,  S p a g nole t ti, a n d
Higgins  h ave  b e e n  in t rod uc e d,  a n d  in t h a t  r e s p e c t
w e  a r e  in ve ry n e a r  t h e  s a m e  posi tion  a s  ou r  frien d s
on  t h e  o t h e r  sid e  of t h e  Atlan tic.  So m e  m e m b e r s
p r e s e n t  m ay  r e m e m b e r  t h a t ,  w h e n  I d e s c rib e d  my las t
visi t  to  Americ a,  I m e n tion e d  how  in Chic a go  t h e  fir e-al a r m
w a s  wo rk e d  by a n  el ec t ric  m e t ho d,  a n d  I told  you  a
s to ry t h e n  t h a t  you did  no t  b elieve,  a n d  w hich  I h ave
told  ove r  a n d  ove r  a g ain,  b u t  no bo dy h a s  ye t  b elieved
m e,  a n d  I b e g a n  to  t hink  t h a t  I m u s t  h ave  m a d e  a  mis t ak e
so m e w h e r e  o r  o th er.  So  I m e a n t ,  w h e n  a t  Chic a go
t his  ti m e,  to  s e e  w h e t h e r  I h a d  b e e n  d e c eive d  mys elf. 
The r e  w a s  ve ry lit tle  r oo m  for  imp rove m e n t,  b e c a u s e ,
a s  I told  you b efo r e,  t h ey h a d  ve ry n e a r  r e a c h e d  p e rfec tion.  
This  is w h a t  t h ey did:  At t h e  co r n e r  of t h e  s t r e e t
w h e r e  a  fi r e-al a r m  box is fixed,  a  h a n dle  is p ulled
dow n,  a n d  t h e  m o m e n t  t h a t  h a n dle  is r el e a s e d  a  c u r r e n t
go es  to  t h e  fir e-s t a tion; i t so u n ds  a  go n g  to  c all
t h e  a t t e n tion  of t h e  m e n,  i t u n hi tc h e s  t h e  h a r n e s s
of t h e  ho r s e s ,  t h e  ho r s e s  r u n  to  t h ei r  allo t t e d  posi tions
a t  t h e  e n gin e ,  i t w hips  t h e  clo t h e s  off eve ry m a n
w ho  is in  b e d,  it op e ns  a  t r a p  a t  t h e  bo t to m  of t h e
b e d  a n d  t h e  m e n  slide  dow n  in to  t h ei r  posi tions  on
t h e  e n gin e .   The  w hole  of t h a t  op e r a tion  t ak e s
only six s eco n ds.   The  p e rf ec tion  to  w hich  fir e-al a r m
b u sin es s  h a s  b e e n  b ro u g h t  in  t h e  S t a t e s  is on e  of t h e
m os t  in t e r e s ting  a p plica tions  of el ec t rici ty t h e r e .

Of cou r s e  d u ring  t his  visit  I w ai t e d  on  Mr. E dison.  
M a ny of you  know  t h a t  a  diffe r e n c e  took pl ac e  b e t w e e n
Mr. Edison  a n d  mys elf, a n d  I m u s t  confe ss  t h a t  I fel t
a  li t tl e  a nxie ty a s  to  how  I s hould  b e  r e c eived  on
t h e  o t h e r  side.   I t  is impossible  for  a ny m a n
to  r e c eive  a no t h e r  wi th  g r e a t e r  kind n e s s  a n d  a t t e n tion
t h a n  Mr. E dison  r ec eived  m e.   H e  took m e  all ove r
his  plac e  a n d  s ho w e d  m e  ev e ry thing,  a n d  p a s t  diffe r e nc es
w e r e  no t  r efe r r e d  to.  Mr. E dison  is doing  a n
e no r m o us  a m o u n t  of wo rk  in s t e a dily plod din g  a w ay
a t  t h e  elec t ric  ligh t  b u sin es s.   H e  h a s  solved
t h e  q u e s tion  a s  fa r  a s  N e w  York is conc e r n e d  a n d  a s
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fa r  a s  c e n t r al  s t a tion  ligh ting  is conc e r n e d;  a n d
all w e  w a n t  on  t his  sid e  is to  ins till m o r e  confide nc e
in to  ou r  c a pi t alis t s,  to  t ry  a n d  induc e  t h e m  to  u n b u t ton
t h ei r  pock e t s  a n d  give  u s  m o n ey to  c a r ry  ou t  c e n t r al
ligh ting  h e r e .

I m e t  a no t h e r  ve ry dis ting uish e d  el ec t ricia n—a
m a n  w ho  h a s  hid  his  ligh t  u n d e r  a  b u s h el—a
m a n  w hos e  q uie t  m o d e s ty h a s  ke p t  hi m  ve ry m u c h  in t h e
b ack g rou n d,  b u t  w ho  r e ally h a s  do n e  a s  m u c h  wo rk  a s
a ny body on  t h a t  side  of t h e  Atlan tic,  a n d  few h ave
do n e  m o r e  on  t his—a n d  t h a t  is Mr. E d w a r d
Weston.   H e  is a n  E n glis h m a n  w ho  h a s  e s t a blish e d
hi m s elf in  N e w  York.  H e  h a s  b e e n  wo rking  s t e a dily
for  ye a r s  a t  his  labo r a to ry, a n d  wo rks  a n d  p ro d uc es
pla n t  wi th  all t h e  skill a n d  ex ac ti t u d e  t h a t  t h e  el ec t ricia n
o r  m e c h a nic  could  d e si r e .

Anot h e r  la r g e  fac to ry I w e n t  ove r  w a s  t h a t  of t h e
West e r n  Elec t ric  Co m p a ny of Chica go,  w hich  is t h e
la rg e s t  m a n ufac to ry in t h e  S t a t e s .   Tha t  co m p a ny
h a s  t h r e e  la r g e  fac to rie s.   While  I w a s  t h e r e ,
t h e  m a n a g er, jus t  a s  a  m a t t e r  of cou r s e ,  h a n d e d  m e
ove r  a  m e s s a g e  w hich  con t ain e d  a n  o r d e r  for  3 3 0  a r c
la m p s  a n d  for  t w e n ty-fou r  dyn a m o  m a c hin e s.   H e
w a s  ve ry p ro u d  of s uc h  a n  o r d er, b u t  h e  t ri ed  to  m a k e
m e  b elieve  t h a t  i t w a s  a n  ev e ry-d ay occ u r r e nc e .
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The r e  a r e  no  less  t h a n  9 0,00 0  a r c  la m p s  b u r nin g  in
t h e  S t a t e s  eve ry d ay.

The  tim e  h a s  p a s s e d  ve ry r a pidly.  I h ave  only
jus t  on e  o r  t wo  m o r e  poin t s  to  allud e  to.   I t hink
I ou g h t  no t  to  co nclud e  wi thou t  r ef e r rin g  to  t h e  m o r e
im m e dia t e  t hin gs  affec ting  t r avel e r s  g e n e r ally a n d
elec t ricia ns  in p a r tic ular.  I t  is a s tou n ding
to  co m e  a c ross  t h e  diffe r e n t  exp e ri e nc e s  n a r r a t e d
by diffe r e n t  m e n  w ho  h ave  b e e n  on  t h e  o th e r  side  of
t h e  Atlan tic.  On e  c h a r min g  co m p a nion  t h a t  w e
h a d  on  bo a r d  t h e  Pa risian  h a s  b e e n  in t e rview e d,  a n d
his  r e m a r ks  a p p e a r e d  in t h e  Pall M all Gaz e t t e
of Tues d ay las t ,  Dece m b e r  9 t h .   The r e  h e  g ave
t h e  m o s t  p e s si mis t  view  of life  in  t h e  U ni t e d  S t a t e s.  
H e  s aid  t h ey w e r e  a  mis e r a ble  r a c e—t hin,
p al e  face d  a n d  h a g g a r d ,  a n d  r u s h e d  a bo u t  a s  t ho u g h
t h ey w e r e  u t t e rly u n h a p py; a n d  t h e  a c cou n t  ou r  fri en d
g ave  of w h a t  h e  s a w  in t h e  U ni t e d  S t a t e s  evide n tly
s how s  t h a t  t h e  h e a t  t h a t  did  no t  affec t  so m e  of u s
so  ve ry m u c h  m u s t  h ave  p ro d uc e d  u po n  Mr. Ca p p e r  a
m os t  s eve r e  bilious  a t t ack.   Well, hi s  exp e rie nc e s
a r e  no t  mi n e.   Th ro u g ho u t  t h e  w hole  S t a t e s  I r ec eive d
kind n e ss e s  a n d  a t t e n tions  t h a t  I c a n  n eve r  forg e t .  
I h a d  t h e  pl e a s u r e  of s t aying  in t h e  ho u s e s  of m o s t
c h a r min g  p eo ple.   I foun d  t h a t  w h e n eve r  you  m e t
a n  e d u c a t e d  Ame ric a n  g e n tle m a n  t h e r e  w a s  no  dis tinc tion
to  b e  d r a w n  b e t w e e n  hi m  a n d  a n  En glish  g e n tle m a n.  
His  w ays  of living,  hi s  m o d e s  of t hou g h t ,  his  a m u s e m e n t s,
his  e n t e r t ain m e n t s ,  a r e  t h e  s a m e  a s  ou r s;  t h e r e  is
no  diffe r e nc e  w h a t eve r  to  b e  foun d.   In  Mr. Ca p p e r’s
c a s e  I c a n  r e a dily im a gin e  t h a t  h e  s p e n t  m o s t  of hi s
ti m e  in t h e  h alls  of ho t el s,  a n d  t h e r e  you  do  s e e
t hos e  wild fellows  r u s hing  a bo u t;  t h ey  conve r t  t h e
h all of t h e  ho t el  in to  a  m e r e  s tock exch a n g e,  a n d
look jus t  a s  u nco mfo r t a bl e  a s  ou r  “s t a g s”
w ho  r u n  a bo u t  Ca p el  Cou r t .   You m ay  jus t  a s  w ell
e n t e r  a  b e t ting-ring  a n d  co m e  a w ay wi th  t h e  imp r e s sion
t h a t  t h e  m e m b e r s  r e p r e s e n t  E n glish  socie ty, o r  t h a t
t h a t  is t h e  m o s t  r efin e d  m a n n e r  in w hich  E n glish  g e n tl e m e n
e njoy t h e m s elves.
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Well, g e n tl e m e n,  t h e r e  a r e  jus t  a s  exc e p tion al  p e c ulia ri tie s
h e r e  a s  on  t h e  o t h e r  sid e  of t h e  w a t er.  The  Ame ric a ns
a r e  t h e  m os t  c h a r min g  p eo ple  on  t his  e a r t h .   Wh e n
w e  e n t e r  t h ei r  ho u s e s  a n d  co m e  to  know  t h e m,  t h ey  t r e a t
u s  in a  w ay t h a t  c a n no t  b e  forgo t t e n .   I no tice d
a  ve ry g r e a t  c h a n g e  sinc e  I w a s  in  Ame ric a  b efor e.  
Whe t h e r  it  is a  g r e a t e r  a c q u ain t a n c e  wi th  t h e m  or
no t  I c a n no t  s ay, b u t  t h e r e  is a n  a b s e nc e  of t h a t  w hich
w e  c a n  only exp r e s s  by a  c e r t ain  wo r d  c alled  “cockine s s.” 
I t  s t r uck  m e  a t  on e  tim e  t h a t  t h e r e  w a s  a  good  d e al
of cockine ss  on  t h a t  side  of t h e  Atlan tic, t h a t  h a s
e n ti r ely dis a p p e a r e d .   Cons t a n t  in t e r co u r s e  b e t w e e n
t h e  t wo  co u n t ri es  is g r a d u ally b ringing  ou t  a  r e g ula r
u n a ni mity of feeling  a n d  t h e  s a m e  m o d e  of t ho u g h t .

But  t h e r e  a r e  so m e  t hings  in w hich  t h e  Ame ric a ns  a r e
a  li t tl e  lax, e s p e ci ally in t h ei r  his to ry.  At
on e  of t h ei r  exhibi tions  t h a t  I visit e d,  for  ins t a nc e ,
t h e r e  w a s  a  pl ac a r d  p u t  u p—

“The  s t e e d  c alled  Ligh t ning,  s ay  t h e  Fa t e s,
 Was t a m e d  in t h e  U ni t e d  S t a t e s .  
 ’Twas  F r a nklin’s h a n d  t h a t  c a u g h t
t h e  ho r s e;
 ’Twas  h a r n e s s e d  by P rofesso r  Mo rs e.”
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N ow, consid e ring  t h a t  F r a nklin  m a d e  hi s  di scove ry
in 1 7 5 2,  a n d  t h e  U ni t e d  S t a t e s  w e r e  no t  for m e d  till
a bo u t  t hi r ty yea r s  af t e r w a r d ,  it  is r a t h e r  “t r a n s m o g rifying”
his to ry to  s ay t h e  ligh t ning  w a s  t a m e d  in t h e  U ni t e d
S t a t e s.

Again,  w h e r e  t h e  no tic e  a bo u t  P rofes so r  Mor s e  w a s
p u t ,  t h ey s ay t h a t  t h e  ins t r u m e n t  w a s  inve n t e d  by
Mo rs e  in 1 8 4 6,  w hile  alon g sid e  it  is s how n  t h e  ve ry
slip  w hic h  s e n t  t h e  m e s s a g e,  d a t e d  1 8 4 4;  so  t h a t  t h e
slip  of t h e  o rigin al m e s s a g e  s e n t  by Mo rs e  w a s  s e n t
by his  ins t r u m e n t  t wo  ye a r s  b efo r e  it  w a s  inve n t e d.

Again,  t h a t  favori t e  old  ins t r u m e n t  of ou r s  w hic h
w e  a r e  so  p ro u d  of, t h e  h a t c h m e n t  t ele g r a p h  of Cooke
a n d  Wh e a t s ton e,  inven t e d  in  1 8 3 7,  w a s  lab ele d  “Wh e t s ton e
a n d  Cook, 1 8 4 0,” so  w hile  I a m  so r ry to  s ay  t h ey
a r e  loos e  in t h ei r  hi s to ry, t h ey  a r e  t igh t  in t h ei r
frien d s hips,  a n d  all t h e  visi to r s  r ec eive  t h e  w a r m e s t
pos sible  w elco m e  fro m  t h e m  g e n e r ally, a n d  e s p e ci ally
so  fro m  eve ry m e m b e r  of ou r  Socie ty b elon ging  to  t h e
S t a t e s.

*       *       *       *  
    *

THE HOUSE OF A THOUSAND TERRORS, 
ROTTERDAM.

[Illus t r a tion:  THE HOU SE  OF  A THOUSAND TERRORS,
ROTTERDAM.]

This  b uilding,  w hich  is si t u a t e d  a t  t h e  co r n e r  of
t h e  Groot e  M a rk e t  a n d  t h e  H a n g,  is on e  of t h e  oldes t
ho us es  in Rot t e r d a m,  b e side s  b eing  on e  of t h e  m os t
in t e r e s ting  fro m  a  his to rical poin t  of view.  The r e
is a  t r a di tion  w hich  s t a t e s  t h a t  w h e n  t h e  ci ty w a s
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inva d e d  a n d  pillag e d  by t h e  S p a nia r d s ,  w ho  in a cco r d a nc e
wi th  t h ei r  u s u al  cu s to m,  p roc e e d e d  to  p u t  t h e  inh a bi t a n t s
to  t h e  s wo r d,  wi thou t  r e g a r d  to  a g e  o r  s ex,  a  la r g e
n u m b e r  of t h e  lea ding  ci tize ns  took r efug e  wit hin
t h e  b uilding,  a n d  h aving  s e c u r e d  a n d  b a r r ic a d e d  t h e
e n t r a n c e ,  t h ey  killed  a  kid  a n d  allow e d  t h e  blood  to
flow b e n e a t h  t h e  doo r  in to  t h e  s t r e e t ;  s e ein g  w hich
t h e  soldie ry conclud e d  t h a t  t hos e  inside  h a d  al r e a dy
b e e n  m a s s a c r e d,  a n d  wi t ho u t  t ro u bling  to  force  a n
e n t ry  p a s s e d  on, le aving  t h e m  u n m oles t e d .   H e r e
t h e  u n h a p py ci tize ns  r e m ain e d  for  t h r e e  d ays  wi thou t
food, by w hich  tim e  t h e  d a n g e r  h a d  p a s s e d  a w ay, a n d
t h ey w e r e  e n a ble d  to  effec t  t h ei r  e s c a p e.   I t  is
fro m  t his  incide n t  t h a t  t h e  b uilding  t ak e s  its  n a m e.  
The  ho u s e  is b uil t  in a  s p ecie s  of ir r e g ula r  bo n d
wi th  b ricks  of va rying  leng t h s,  t h e  s t r ings ,  lab els,
copin gs,  e t c ., b eing  in s to n e .   The  u p p e r
po r tion  r e m ains  in  p r e t ty  m u c h  t h e  s a m e  con di tion
a s  it exis t e d  in t h e  1 6 t h  c e n t u ry, b u t  is m u c h  disfigu r e d
by m o d e r n  p ain t ,  w hich  h a s  b e e n  laid ove r  t h e  w hole
of t h e  ex t e rio r  wi t h  no  s p a rin g  h a n d.   Within
t h e  las t  few ye a r s  t h e  p r e s e n t  s ho p  win dow s  facing
t h e  Groot e  M a rk e t  h ave  b e e n  p u t  u p  a n d  va rious  sligh t
al t e r a tions  m a d e  to  t h e  low e r  p a r t  of t h e  b uilding
to  s ui t  t h e  r e q ui r e m e n t s  of t h e  p r e s e n t  occ u pie r s .  
The  d r a win g  h a s  b e e n  p r e p a r e d  fro m  d e t ail ske t c h e s
m a d e  on  t h e  s po t .—W.E.  Pin k er to n,
in  B uilding  N e w s .
*       *       *       *  
    *

ON THE ORIGIN AND STRUCTURE OF COAL.
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The  o rigin  of coal, t h a t  co m b u s tible  w hich  is di s t r ib u t e d
ove r  t h e  e a r t h  in all la ti t u d e s,  fro m  t h e  froze n  r e gions
of Gr e e nla n d  to  Za m b e si in t h e  t ro pics,  u tilize d  by
t h e  Chin es e  fro m  t h e  r e m o t es t  a n tiqui ty for  t h e  b a king
of po t t e ry  a n d  po rc el ain,  e m ploye d  by t h e  Gre eks  for
wo rking  iron,  a n d  now  t h e  indisp e n s a ble  el e m e n t  of
t h e  la r g e s t  a s  w ell of t h e  s m alles t  indus t ri e s,  is
fa r  fro m  b eing  s ufficie n tly cle ar.  The  m os t  va rie d
hypot h e s e s  h ave  b e e n  offe r e d  to  explain  it s  for m a tion.  
To ci t e  t h e m  all wo uld  no t  b e  a n  e a sy  t hin g  to  do,
a n d  so  w e  s h all r ec all b u t  t h r e e:   (1) I t  h a s
b e e n  consid e r e d  a s  t h e  r e s ul t  of e r u p tions  of bi tu m e n
co ming  fro m  t h e  d e p t h s,  a n d  cove ring  a n d  p e n e t r a ting
m a s s e s  of leaves,  b r a nc h e s ,  b a rk,  wood,  roo t s,  e t c .,
of t r e e s  t h a t  h a d  a cc u m ula t e d  in s h allow w a t er, a n d
w hos e  m os t  d elica t e  r eli ef a n d  fines t  imp r e s sions  h ave
b e e n  p r e s e rve d  by t his  s p e ci es  of t a r  solidified  by
cooling.  (2) I t  h a s  al so  b e e n  conside r e d  a s  t h e  r e s ul t
of t h e  m o r e  o r  les s  co m ple t e  d eco m posi tion  of pl a n t s
u n d e r  t h e  influe nc e  of h e a t  a n d  d a m p n e s s,  w hic h  h a s
led  t h e m  to  p a s s  s ucc e s sively t h ro u g h  t h e  following
p rincip al s t a g e s:   p ea t ,  ligni t e ,  bi t u mi nous
coal, an t hracit e . (3) Fin ally, w hile  a d mi t ting
t h a t  t h e  d eco m posi tion  of pl a n t s  c a n  c a u s e  o r g a nic
m a t t e r  to  a s s u m e  t h es e  diffe r e n t  s t a t e s ,  o th e r  sci en tis t s
t hink  t h a t  it  is no t  n e c e s s a ry  for  s uc h  m a t t e r  to
h ave  b e e n  p e a t  a n d  ligni t e  in o r d e r  to  b e co m e  co al,
a n d  t h a t  a t  t h e  c a r bo nife ro us  e poc h  pl a n t s  w e r e  c a p a ble
of p a s sin g  di r e c tly to  t h e  s t a t e  of co al if t h e  con di tions
w e r e  favor a ble; a n d,  in t h e  s a m e  w ay, in t h e  s eco n d a ry
a n d  t e r ti a ry e poc hs  t h e  al t e r a tion  of veg e t a ble  t is s u e s
g e n e r ally led  to  ligni t e ,  w hile  now  t h ey give  ri s e
to  p e a t .   In  o t h e r  wo r ds ,  t h e  n a t u r e  of t h e  co m b u s tible
for m e d  a t  eve ry g r e a t  e poc h  d e p e n d e d  u po n  g e n e r al
clim a tic  con di tions  a n d  loc al c h e mical a c tion.  
Anth r a ci t e  a n d  bi t u mino us  co al wo uld  h ave  b elon g e d
e s p e cially to  p ri m a ry tim e s,  ligni t e s  to  s eco n d a ry
a n d  t e r ti a ry ti m e s,  a n d  p e a t  to  ou r  ow n  e poc h,  wi tho u t
t h e  p e a t  eve r  b ein g  a ble  to  b eco m e  ligni t e s  o r  t h e
la t t e r  co al.
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As for  t h e  a cc u m ula tion  of la rg e  m a s s e s  of t h e  co m b u s tible
in c e r t ain  r e gions  a n d  it s  e n ti r e  a b s e nc e  in o th e r s
b elon ging  to  t h e  s a m e  for m a tion,  t h a t  is a t t r ib u t e d ,
now  to  t h e  p r e s e nc e  of im m e n s e  for e s t s  g ro wing  u po n
a  low, d a m p  soil, expos e d  to  al t e r n a t e  ri sing  a n d
sinking,  a n d  w hos e  d e b ris  ke p t  on  a cc u m ula ting  d u rin g
t h e  p e riods  of u p h e aval, u n d e r  t h e  influe nc e  of a
pow e rful veg e t a tion,  a n d  now  to  t h e  t r a n s po r t a tion
of pl a n t s  of all so r t s ,  t h a t  h a d  b e e n  u p roo t e d  in
t h e  rip a ri a n  for e s t s  by to r r e n t s  a n d  rive r s,  to  lake s
of wid e  ex t e n t  o r  to  e s t u a ri e s.   N o t  b ein g  a ble
to  e n t e r  in  t his  pl ac e  in to  t h e  d e t ails  of t h e  va rious
hypo t h e s e s,  o r  to  t ho rou g hly disc uss  t h e m,  w e  s h all
b e  con t e n t  to  m a k e  know n  a  few fac t s  t h a t  h ave  b e e n
r e c e n tly obs e rve d,  a n d  t h a t  will t h row  a  li t tl e  ligh t
u po n  c e r t ain  s till obsc u r e  poin t s  r e g a r ding  t h e  for m a tion
of coal.
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(1) Acco rding  to  t h e  fi r s t  t h eo ry, if t h e  imp r e s sions
w hich  w e  oft e n  find  in coal (such  a s  t h e  leaves  of
Cor d ai t e s ,  b a rk  of Sigilla ria s  a n d  Lepidod e n d ro ns,
wood  of Cor d ai t e s ,  Cala mo d e n d ro ns,  e t c .) a r e  b u t
si m ple  a n d  s u p e rficial m o uldings ,  exe c u t e d  by  a  p e c ulia r
bi t u m e n,  for m e rly fluid, now  solidified,  a n d  r e s e m bling
in it s  p ro p e r ti e s  no  o th e r  bi tu m e n  know n,  w e  ou g h t
no t  to  find  in  t h e  in t e rio r  a ny t r a c e  of p r e s e rv a tion
o r  a ny evide nc e  of s t r uc t u r e .   N ow, u po n  m a king
p r e p a r a tions  t h a t  a r e  s ufficien tly t hin  to  b e  t r a n s p a r e n t ,
fro m  coal a p p a r e n tly for m e d  of imp r e ssions  of t h e
leaves  of Cor d ai t e s,  w e  s ucc e e d  in  dis ting uis hing  (in
a  s ec tion  p e r p e n dicula r  to  t h e  limb) t h e  cu ticle  a n d
t h e  fir s t  r ow  of e pid e r mic  c ells, t h e  vasc ula r  b u n dles
t h a t  co r r e s po n d  to  t h e  veins  a n d  t h e  b a n d s  of hypod e r mic
libe r s;  b u t  t h e  loos e,  t hin-w alled  c ells  of t h e  m e so p hyllu m
a r e  no t  s e e n,  b ec a u s e  t h ey h ave  b e e n  c r u s h e d  by p r e s s u r e ,
a n d  t h ei r  w alls  touc h  e a c h  o t h er.  The  po r tions
of coal t h a t  con t ain  imp r e s sions  of t h e  b a rk  of Sigilla ri a
a n d  Lepidod e n d ro n  allow t h e  elon g a t e d,  s u b e ros e  tis s u e
c h a r a c t e ris tic  of s uc h  b a rk  to  b e  s till m o r e  cle a rly
s e e n.

Were  w e  to  a d mi t  t h a t  t h e  bi t u m e n  w a s  s ufficien tly
fluid  to  p e n e t r a t e  all p a r t s  of t h e  ve g e t a ble  d e b ri s,
a s  silic a  a n d  c a r bo n a t e s  of lim e  a n d  iron  h ave  do n e
in so  m a ny  c a s e s ,  w e  s ho uld  m e e t  wi th  on e  g r e a t  difficul ty. 
In  fac t ,  t h e  n u m b e r  of fr a g m e n t s  of co al isolat e d
in  sc his t s  a n d  s a n d s to n e  is ve ry la rg e ,  a n d  wi t hou t
any  co m m u nica tion  wi th  veins  of coal o r  of bi t u m e n
t h a t  could  h ave  p e n e t r a t e d  t h e  veg e t a ble.   We c a n no t ,
t h e n,  for  a n  ins t a n t  a d mi t  s uc h  a  hypo t h e sis.  
N ei t h e r  c a n  w e  a d mit  t h a t  t h e  p e n e t r a tion  of t h e  pl a n t s
by bi t u m e n  w a s  effec t e d  a t  a  c e r t ain  di s t a nc e ,  a n d
t h a t  t h ey h ave  b e e n  t r a n s po r t e d,  af t e r  t h e  op e r a tion,
to  t h e  plac e s  w h e r e  w e  no w  find  t h e m,  sinc e  it  is
no t  r a r e  to  find  a t  Co m m e n t ry  t r u nks  of C ala m od e n d ro n s,
Anth ropi tu s,  a n d  fe r n s  w hich  a r e  s till p rovide d  wi th
roo t s  fro m  1 5  to  3 0  fee t  in  len g t h,  a n d  t h e  c a r bo nize d
wood  of w hich  s u r ro u n d s  a  pi th  t h a t  h a s  b e e n  r e plac e d
by a  s to ny m o uld.   The  fr a gile  lign eo us  cylind e r
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wo uld  c e r t ainly h av e  b e e n  b roke n  d u ring  s uc h  t r a n s po r t a tion.

The  c a r bo nize d  s p e ci m e n s  w e r e  n eve r  fluid  o r  p a s ty,
since  t h e r e  a r e  so m e  t h a t  h ave  left  t h ei r  imp r e s sions
wi th  t h e  fine s t  d e t ails  in t h e  sc his t s  a n d  s a n d s ton e s ,
b u t  no n e  of t h e  la t t e r  t h a t  h a s  left  its  t r a c e s  u po n
t h e  coal.  The  s u rfac e  of t h e  isola t e d  s p eci m e n s
is w ell d efine d,  a n d  t h ei r  s e p a r a tion  fro m  t h e  g a n g u e
(w hich  h a s  n eve r  b e e n  p e n e t r a t e d)  is of t h e  e a sie s t
c h a r a c t er.

The  fac t s  jus t  poin t e d  ou t  a r e  e n ti r ely con t r a ry  to
t h e  t h eo ry of t h e  for m a tion  of co al by w ay of e r u p tion
of bi t u m e n.

(2) The  plac e  occu pied  by  p e a t s,  ligni t e s,  a n d  bi tu minous
a n d  a n t h r a ci t e  coal in  s e di m e n t a ry  g ro u n d s,  a n d  t h e
o r g a nic  s t r uc t u r e  t h a t  w e  find  les s  a n d  les s  di s tinc t
in  m e a s u r e  a s  w e  p a s s  fro m  on e  of t h e s e  co m b u s tible s
to  on e  m o r e  a n cie n t ,  h av e  give n  ri s e  to  t h e  t h eo ry
m e n tion e d  a bove, vi z ., t h a t  veg e t a ble  m a t t e r
h aving,  u n d e r  t h e  p rolon g e d  a c tion  of h e a t  a n d  m ois t u r e ,
exp e ri e nc e d  a  g r e a t e r  a n d  g r e a t e r  al t e r a tion,  p a s s e d
s ucc e s sively t h ro u g h  t h e  diffe r e n t  s t a t e s  w hos e  co m posi tion
is indic a t e d  in t h e  following  t a bl e:  
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H.    C.     O.     N.   Coke.    Ashes .    De nsi ty. 
Pe a t            5 . 63   5 7.0 3   2 9.6 7   2 . 09   ——   5.58      ——
Ligni t e         5 . 59   7 0.49   1 7.2    1 . 73   4 9.1    4 .99      1 .2
Bitu min.  coal  5 .1 4   8 7.45    4      1 .63   6 8      1 .78      1 .29
Anth r a ci t e      3 . 3    9 2.5     2 . 53   ——  8 9.5    1 .58      1 .3

Aside  fro m  t h e  fac t  t h a t  a n t h r a ci t e  is no t  m e t  wi t h
solely in  t h e  lowe r  coal m e a s u r e s ,  b u t  is foun d  in
t h e  mid dle  a n d  u p p e r  on es ,  a n d  t h a t  bi tu mino us  co al
it s elf is m e t  wi th  q ui t e  a b u n d a n tly in  t h e  s e co n d a ry
for m a tions,  a n d  eve n  in t e r ti a ry on e s ,  i t s e e m s  to
r e s ul t  fro m  r e c e n t  obs e rva tions  t h a t  if veg e t a ble
m a t t er, w h e n  onc e  conve r t e d  in to  ligni t e s,  co al, e t c .,
b e  p r e s e rve d  a g ain s t  t h e  a c tion  of ai r  a n d  min e r al
w a t e r s  by  s ufficie n t  t hick  a n d  imp e r m e a ble  s t r a t a
of e a r t h,  p r e s e rves  t h e  c h e mic al co m posi tion  t h a t
it  poss e s s e d  b efo r e  b u ri al.   The  co al m e a s u r e s
of Co m m e n t ry, a s  w ell a s  c e r t ain  o t h e r s ,  s uc h  a s  t hos e
of Beze n e t ,  S w a n s e a ,  e t c ., con t ain  q ui t e  a  la r g e
q u a n ti ty of co al g r avel in s a n ds ton e  o r  a r gillac eous
rocks.   Thes e  fra g m e n t s  so m e ti m e s  exhibi t  a  fr ac t u r e
a n alogous  to  t h a t  of o r din a ry coal, wit h  s h a r p  a n gle s
t h a t  s ho w  t h a t  t h ey  h ave  no t  b e e n  rolled; a n d  t h e
s a n d s ton e  h a s  t ak e n  t h ei r  exac t  d e t ails, w hich  a r e
foun d  in hollow for m  in t h e  g a n g u e.   In  o t h e r  c a s e s
t h e s e  fr a g m e n t s  exhibi t  t h e  a s p e c t  of g e n uin e  s hin gle
o r  rolled  p e b bles .   The s e  p e b ble s  of coal h ave
no t  b e e n  miss h a p e n  u n d e r  t h e  p r e s s u r e  of t h e  s u r ro u n din g
s a n d s ton e,  no r  h ave  t h ey s h r u nk  since  t h ei r  b u ri al
a n d  t h e  solidifica tion  of t h e  g a n g u e,  for  t h ei r  s u rf ac e
is in con t ac t  wit h  t h e  in t e r n al  s u rf ac e  of t h ei r  m a t rix. 
Eve ryt hing  lea ds  to  t h e  b elief t h a t  t h ey w e r e  ex t r ac t e d
fro m  p r e-exis ting  coal d e posi t s  t h a t  al r e a dy pos s e s s e d
a  d efini t e  h a r d n e s s  a n d  b ulk,  a t  t h e  s a m e  tim e  a s
w e r e  t h e  g r avels  a n d  s a n d  in w hich  t h ey a r e  imp rison e d.  
I t  b e c a m e  of in t e r e s t ,  t h e n ,  to  a s c e r t ain  t h e  a g e  to
w hich  t h e  for m a tion  of t h e s e  fr a g m e n t s  mig h t  b e  r ef e r r e d,
t h ey  b eing  evide n tly m o r e  a ncie n t  t h a n  t hos e  conside r e d
a bove,  w hich,  a s  w e  h av e  s e e n,  could  no t  h ave  b e e n
t r a n s po r t e d  in  t his  s t a t e  on  a cco u n t  of t h ei r  di m e n sions
a n d  t h e  fra gili ty of m a d e  co al.  Tha nks  to  t h e
kind n e ss  of Mr. Fayol, w e  h av e  b e e n  e n a ble d  to  m a k e
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s uc h  r e s e a r c h e s  u po n  n u m e ro u s  s p eci m e n s  t h a t  w e r e  s till
inclos e d  in t h ei r  s a n d s ton e  g a n g u e  a n d  t h a t  h a d  b e e n
collec t e d  in  t h e  co al s t r a t a  of Co m m e n t ry.  In
so m e  of t h ei r  p hysic al p ro p e r ti e s  t h ey  diffe r  fro m
t h e  m o r e  r ec e n t  isola t e d  fra g m e n t s  a n d  fro m  t h e  o r din a ry
co al of t his  d e posi t.   They a r e  les s  co m p a c t ,
t h ei r  d e n si ty is les s,  a n d  a  t hin  film of w a t e r  d e posi t e d
u po n  t h ei r  s u rf ac e  is p ro m p tly a b so r b e d,  t h u s  indic a tin g
a  c e r t ain  a m o u n t  of po rosi ty.  Thei r  fr ac t u r e
is d ull a n d  t h ey  a r e  s t rip e d  wi t h  s hining  co al, a n d
c a n  b e  m o r e  e a sily slice d  wi th  a  r azor.

F ro m  a  fre s h  fr ac t u r e ,  w e  find  by  t h e  lens,  o r  mic roscop e,
t h a t  so m e  of t h e m  a r e  for m e d  of o r din a ry coal, t h a t
is, co m pos e d  of pl a t e s  of va ri a ble  t hickn es s ,  b rillian t
a n d  d ull, wi th  o r  wi thou t  t r a c e s  of o r g a niza tion,  a n d
o th e r s  of dive r s  bi t s  of wood  w hos e  s t r uc t u r e  is p r e s e rv e d.  
Whe n  r e d u c e d  to  t hin,  t r a n s p a r e n t  pl a t e s,  t h e s e  la t t e r
s how  u s  t h e  o rg a niza tion  of t h e  wood  of Ar thropi tu s,
Cordai te s , a n d  Cala m o d e n dron , a n d  of t h e
p e tioles  of A ulacop t eris , t h a t  is to  s ay, of
t h e  lign eou s  a n d  a r bo r e s c e n t  pl a n t s  t h a t  w e  m os t  u s u ally
m e e t  wi t h  in t h e  coal m e a s u r e s  of Co m m e n t ry  in  t h e
s t a t e  of imp r e s sion  o r  of co al.
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In  a  c e r t ain  n u m b e r  of s p ecim e n s  t h e  di minu tion  in
volu m e  of t h e  t r a c h e a e  is les s  t h a n  t h a t  t h a t  w e  h ave
obs e rve d  in t h e  s a m e  or g a n s  of co r r e s po n ding  g e n e r a .  
The  q u a n ti ty of oxyge n  a n d  hyd ro g e n  t h a t  t h ey  con t ain
is g r e a t er, a n d  s e e m s  to  b ring  t h e m  n e a r  t h e  lignit e s.

We c a n no t  a t t ri bu t e  t h e s e  diffe r e nc e s  to  t h e  n a t u r e
of t h e  pla n t s  conve r t e d  in to  co al, sinc e  w e  h ave  jus t
s e e n  t h a t  t h ey a r e  t h e  s a m e  in t h e  on e  c a s e  a s  in
t h e  o t h er.  N ei th e r  do e s  tim e  cou n t  for  a ny t hing
h e r e ,  since ,  a cco r ding  to  a cc e p t e d  ide as ,  t h e  b u ri al
h aving  b e e n  long er, t h e  c a r bo niza tion  ou g h t  to  h av e
b e e n  m o r e  p e rfec t ,  w hile  t h e  con t r a ry  is t h e  c a s e .

If w e  a d mi t  (1) t h a t  veg e t a ble  r e m ains  al t e r  m o r e
a n d  m o r e  t h ro u g h  m a c e r a tion  in  o r din a ry  w a t e r  a n d
in c e r t ain  mi n e r al w a t e r s;  (2) t h a t ,  b e gin nin g  wit h
t h ei r  b u ri al  in s ufficien tly t hick  s t r a t a  of clay a n d
s a n d,  t h ei r  c h e mical co m posi tion  sc a r c ely va ri e s  a ny
fur t h e r ;  a n d  (3) t h a t  t h e s e  a r e  impo r t a n t  c h a n g e s
only a s  r e g a r d s  t h ei r  p hysical p ro p e r ti e s,  d u e  to
loss  of w a t e r  a n d  co m p r e s sion,  w e  s ucc e e d  q ui t e  e a sily
in lea r nin g  w h a t  h a s  occu r r e d.

In  fac t ,  w h e n,  a s  a  cons e q u e nc e  of t h e  afo r e s aid  al t e r a tion,
t h e  veg e t a ble  m a t t e r  h a d  t ak e n  t h e  c h e mic al co m posi tion
t h a t  w e  find  in t h e  les s  a dv a nc e d  coal of t h e  p e b bles,
it  w a s  in t h e  fi r s t  pl ac e  cove r e d  wi th  s a n d  a n d  p ro t ec t e d
a g ain s t  fu r t h e r  d e s t r uc tion,  a n d  it g r a d u ally a c q ui r e d
t h e  p hysical p rop e r ti e s  t h a t  w e  now  find  in it.  
At t h e  p e riod  t h a t  c h a n n els  w e r e  for m e d,  t h e  co al
w a s  to r n  fro m  t h e  b e d s  in fr a g m e n t s ,  a n d  t h e s e  la t t e r
w e r e  rolled  a bo u t  for  a  ti m e,  so m e ti m e s  b eing  b rok e n,
a n d  t h e n  cove r e d  a n ew, a n d  t his  too  a t  t h e  s a m e  tim e
a s  w e r e  t h e  pl a n t s  less  a dva nc e d  in co m posi tion  t h a t
w e  m e e t  wi t h  a t  t h e  s a m e  level.  Thes e  la t t er,
b ein g  like  t h e m  p ro t ec t e d  a g ain s t  ul t e rio r  al t e r a tion,
w e  now  find  less  a dva nc e d  in c a r bo niza tion  (no twi th s t a n din g
t h ei r  m o r e  a n cie n t  o rigin) t h a n  t h e  o t h e r  veg e t a ble
fra g m e n t s  t h a t  w e r e  conve r t e d  in to  co al af t e r  t h e m,
b u t  t h a t  w e r e  m o r e  t ho ro u g hly al t e r e d  a t  t h e  ti m e  of
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b u ri al.

The r e  a r e  ye t  a  few o t h e r  impo r t a n t  d e d u c tions  to
b e  m a d e  fro m  t h e  for e going  fac t s:   (1) t h e  s a m e
co al b a sin  m ay, a t  t h e  s a m e  level, con t ain  fr a g m e n t s
of coal of ve ry diffe r e n t  a g e s;  (2) its  con to u r  m ay
h ave  b e e n  m u c h  m o dified  owing  to  t h e  r avin es  m a d e
by t h e  w a t e r  w hich  t r a n s po r t e d  t h e  a n cie n t  p a r t s  into
t h e  low es t  r e gions  of t h e  b a sin; a n d  (3) finally, sinc e
t h e  m o s t  r e c e n t  s a n d s to n es  a n d  s chis t s  of t h e  s a m e
b a sin  m ay  con t ain  co al w hich  is m o r e  a n ci e n t ,  b u t
w hich  is for m e d  fro m  t h e  s a m e  s p ecie s  of pl a n t s  t h a t
w e  find  a t  t his  m o r e  r e c e n t  level, w e  m u s t  a d mit  t h a t
t h e  conve r sion  of t h e  ve g e t a ble  ti s s u e s  in to  co al
w a s  r el a tively r a pid,  a n d  fa r  fro m  r e q ui ring  a n  e no r mo us
len g t h  of ti m e,  a s  w e  a r e  g e n e r ally led  to  b elieve.
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If, t h e n,  ligni t e s  h ave  no t  b e co m e  soft  co al, a n d
if t h e  la t t e r  h a s  no t  b e co m e  a n t h r a ci t e ,  i t is no t
t h a t  tim e  w a s  w a n ting,  b u t  clim a tic  con di tions  a n d
e nvi ron m e n t .   Mos t  a n alyse s  of s p ecim e n s  of co al
h ave  b e e n  m a d e  u p  to  t h e  p r e s e n t  wi th  fr a g m e n t s  so
s elec t e d  a s  to  give  a  m e a n  co m posi tion  of t h e  m a s s;
it  is r a r e  t h a t  t rou ble  h a s  b e e n  t ak e n  to  s elec t  bi t s
of wood, b a rk,  e t c ., of t h e  s a m e  pl a n t ,  d e t e r min e d
in a dva nc e  by m e a n s  of t hin  a n d  t r a n s p a r e n t  s ec tions
in o r d e r  to  a s s u r e  t h e  c h e mis t  of t h e  sole  o rigin
a n d  of t h e  a b solu t e  p u ri ty of t h e  coal s u b mit t e d  to
a n alysis.  This void  h a s  b e e n  p a r ti ally fit t e d,
a n d  w e  give  in t h e  following  t a bl e  t h e  r e s ul t s  p u blis h e d
by Mr. Ca r no t  of a n alys es  m a d e  of diffe r e n t  po r tions
of pl a n t s  p r eviously d e t e r min e d  by u s:  

Ca r bon
 Hyd rog e n   Oxyge n  Ni t ro g e n
1.   Cala m od e n d ro n  (5 s p eci m e n s)    8 2.95     4 .7 8
    1 1.89    0 .4 8  2.   Co rd ai t e s      (4 s p eci m e n s)
   8 2.9 4     4 .8 8      1 1.84    0 .4 4  3.   Lepidod e n d ro n
(3 s p eci m e n s)    8 3.2 8     4 .8 8      1 1.45    0 .3 9  4.  
Ps a ro niu s      (4  s p e ci m e n s)     8 1 .64     4 . 80      1 3.11
  0 .44
\——v——/
5.   P tychop t e ris   (1  s p eci m e n)     8 0.62     4 .85
       1 4.53  6.   M e g a p hyton     (1  s p e ci m e n)  
  8 3.3 7     4 .40         1 2 .23

As s e e n  fro m  t his  t a ble,  t h e  el e m e n t a ry  co m posi tion
of t h e  va rious  s p ecim e n s  is n e a rly t h e  s a m e,  no t wi th s t a n ding
t h a t  t h e  s elec tion  w a s  m a d e  fro m  a m o n g  pl a n t s  t h a t
a r e  wid ely s e p a r a t e d  in  t h e  bo t a nic al sc ale ,  o r  fro m
a m o n g  ve ry diffe r e n t  p a r t s  of pl a n t s.   In  fac t ,
wi th  N u m b e r s  1  a n d  2  t h e  a n alysis  w a s  m a d e  solely
of t h e  wood,  a n d  wi th  No. 3  only of t h e  p ros e nc hy m a to us
a n d  s u b e ros e  p a r t s  of t h e  b a rk.   H e r e  w e  r e m a r k
a  sligh t  inc r e a s e  in c a r bo n,  a s  s ho uld  b e  t h e  c a s e .  
With  No.  4  t h e  a n alysis  w a s  of t h e  roo ts  a n d  t h e  p a r e n c hy m a to us
tiss u e  t h a t  d e sc e n ds  alon g  t h e  s t e m,  a n d  wi t h  No.
6  of t h e  b a rk  a n d  s m all roo t s.   On e  will r e m a rk
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h e r e  a g ain  a  sligh t  inc r e a s e  in  t h e  p ro po r tion  of
c a r bo n,  a s  w a s  to  b e  for e s e e n.   The  ele m e n t a ry
co m posi tion  foun d  n e a rly co r r e s po n ds  wi th  t h a t  of t h e
co al t ak e n  fro m  t h e  la r g e  Co m m e n t ry d e posi t .

Ca r bon.    Hyd ro g e n.   Oxyge n  a n d
Ni t rog e n.  
Re g n a ul t      8 2.92      5 . 39       1 1.7 8
M r  Ca r no t     8 3.2 1      5 .5 7       1 1 .22

Althou g h  t h e  c h e mic al co m posi tion  is n e a rly t h e  s a m e,
t h e  m a n n e r  in  w hich  t h e  diffe r e n t  s p ecie s  o r  fr a g m e n t s
of veg e t a ble s  b e h av e  u n d e r  dis tilla tion  is q ui t e  diffe r e n t .

In  fac t ,  a cco r ding  to  Mr. Ca r no t ,  t h e  pl a n t s  al r e a dy
cit e d  fu rnish  t h e  following  r e s ul t s  on  dis tilla tion: 

Vola tile   Fixed
     Coke.
m a t t e r s .   r e sidu e.  
Cala m o d e n d ro n            3 5 .5    6 4.7        Well a g glo m e r a t e d.  
Co r d ai t e s                4 2.1    5 7.8        Quit e  po rou s.  
Lepidod e n d ro n            3 4.7    5 5.3        Well a g glo m e r a t e d .  
Ps a ro niu s                2 9.4    6 0 .5        Sligh tly
po ro us.   P tyc hop t e ris             3 9 .4    6 0.5
M e g a p hyton               3 5.5    6 4 .5        Well a g glo m e r a t e d.  
Coal of t h e  Gre a t  Bed    4 0.5    5 9.5        Sligh tly
po ro us.

The s e  diffe r e nc e s  in  t h e  p ro po r tions  of vola tile  s u b s t a n c es ,
of fixed  r e sidu a,  a n d  of d e n si ty in  t h e  cok e  ob t ain e d
s e e m  to  b e  in h a r m o ny wi th  t h e  p ri mi tive  o r g a nic  n a t u r e
of t h e  c a r bo nize d  ti s s u e s .   We know, in  fac t,
t h a t  t h e  wood  of t h e  Cala m od e n d ro ns  is co m pos e d  of
al t e r n a t ely r a di a ting  b a n d s  for m e d  of lign eou s  a n d
t hick  w alled  p ros e nc hy m a to u s  ti s s u e ,  w hile  t h e  wood
of Cord ai t e s,  w hich  is les s  d e n s e,  r e c alls  t h a t  of
c e r t ain  co nife r a e  of t h e  p r e s e n t  d ay  (Ara uc a ri a e).
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We h ave  r e m a rk e d  a bove  t h a t  t h e  po r tions  of Lepidod e n d ro n
a n alyze d  b elon g e d  to  t h a t  p a r t  of t h e  b a rk  t h a t  w a s
con sid e r a bly t hicke n e d  a n d  lign efied.   So  too
t h e  po r tion  of t h e  M e g a p hyton  t h a t  w a s  s u b mi t t e d  to
dis tilla tion  w as  t h e  ex t e r n al  p a r t  of t h e  h a r d  b a rk,
for m e d  of hypod e r mic  fibe r s  a n d  t r ave r s e d  by s m all
roo t s .   The  Ps a roniu s,  on  t h e  con t r a ry, w a s  r e p r e s e n t e d
by a  mixtu r e  of roo t s  a n d  of p a r e n c hy m a tou s  ti s s u e
in w hich  t h ey d e s c e n d  alon g  t h e  t r u nk.

It  r e s ul t s  fro m  t h e s e  r e m a rks  t h a t  w e  m ay  a d mi t  t h a t
t hos e  p a r t s  of t h e  veg e t a ble  t h a t  a r e  o r din a rily h a r d ,
co m p a c t ,  a n d  p rofou n dly lign efied  fu rnish  a  co m p a c t
coke  a n d  r ela tively less  vola tile  m a t t er, w hile  t h e
tiss u e s  t h a t  a r e  u s u ally no t  m u c h  lign efied,  o r  a r e
p a r e nc hy m a to us,  give  a  b u b bly, po ro us  coke  a n d  a  la r g e r
q u a n ti ty of g a s .   The  influe nc e  of t h e  va rie d
m o d e  of g ro u pin g  of t h e  el e m e n t s  in  t h e  p ri mi tive  t is s u e s
is a g ain  foun d,  t h e n ,  eve n  af t e r  c a r bo niza tion,  a n d
is s how n  by t h e  no t a ble  diffe r e nc e s  in t h e  q u a n ti ti es
a n d  p hysic al p ro p e r ti e s  of t h e  p ro d uc t s  of dis tilla tion.

The  el e m e n t a ry  c h e mical co m posi tion,  w hich  is p e r c e p tibly
t h e  s a m e  in t h e  s p e cim e n s  isola t e d  in t h e  s a n ds ton e s
a n d  in t hos e  t ak e n  fro m  t h e  g r e a t  d e posi t,  d e m o n s t r a t e s
t h a t  t h e  diffe r e nc e  in co m posi tion  of t h e  e nvi ron m e n t
s e rving  a s  g a n g u e  did  no t  h ave  a  g r e a t  influe nc e  u po n
t h e  d efini tive  s t a t e  of t h e  co al, a  conclusion  t h a t
w e  h a d  al r e a dy r e ac h e d  u po n  exa mining  t h e  s t r uc t u r e
a n d  p rop e r ti es  of t h e  co al p e b ble s.

We m ay  g e t  a n  ide a  of t h e  n e a rly si mila r  co m posi tion
of t h e  coal p ro d uc e d  by ve ry diffe r e n t  pl a n t s  o r  p a r t s
t h e r eof, in  r e m a rking  t h a t  a s  t h e  cells, fibe r s,  a n d
vess el s  a r e  for m e d  of c ellulos e,  a n d  so m e  of t h e m  isom e ric,
t h e  diffe r e nc e  in  co m posi tion  is e s p e ci ally con n e c t e d
wi th  t h e  con t e n t s  of t h e  c ells, c a n al s,  e t c .,
s uc h  a s  p ro topla s m,  oils, r e sins,  g u m s,  s u g a r s ,  a n d
va rious  a cids,  va rious  inc r u s t a tions,  e t c . 
Afte r  t h e  p rolong e d  a c tion  of w a t e r  t h a t  w a s  m o r e
o r  les s  min e r alize d  a n d  of m ul tiple  o r g a nis m s,  m a t t e r s
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t h a t  w e r e  soluble,  o r  t h a t  w e r e  r e n d e r e d  so  by m a c e r a tion,
w e r e  r e m ove d,  a n d  t h e  o r g a nic  sk el e tons  of t h e  diffe r e n t
pl a n t s  w e r e  b ro u g h t  to  a  n e a rly si mila r  c e n t e si m al
co m posi tion  r e p r e s e n ting  t h e  c a r bo nize d  d e riva tives
of t h e  cellulose  a n d  it s  isom e r s.   The  veg e t a ble
d e b ris  t h u s  t r a n sfo r m e d,  b u t  s till r e sis t a n t  a n d  el a s tic,
w e r e  t h e  on e s  t h a t  w e r e  p e t rified  in  t h e  mi n e r al  w a t e r s
o r  cove r e d  wi th  s a n d  a n d  cl ay.  U n d e r  t h e  influe nc e
of g r a d u al  p r e s s u r e ,  a n d  of a  d e sicc a tion  b ro u g h t  a bo u t
by it, a n d  by a  ri sing  of t h e  g ro u n d,  t h e  w alls  of
t h e  o rg a nic  el e m e n t s  c a m e  into  co n t ac t ,  a n d  t h e  p hysical
p ro p e r ti e s  t h a t  w e  no w  s e e  g r a d u ally m a d e  t h ei r  a p p e a r a n c e .

The  w a t e r s  d e rive d  fro m  a  p rolon g e d  s t e e pin g  of veg e t a ble s,
a n d  c h a r g e d  wi th  all t h e  soluble  p rinciples  ex t r a c t e d
t h e r ef ro m,  h ave,  af t e r  t h ei r  sojou r n  in a  p rop e r  m e diu m,
d e posi t e d  t h e  c a r bo nize d  r e sid u a  t h a t  h ave  t h e m s elves
b eco m e  soluble,  a n d  h ave  t h e r e  for m e d  m a s s e s  of co m b u s tibles
of a  diffe r e n t  co m posi tion  fro m  t h a t  r e s ul ting  fro m
t h e  sk ele tons  of pl a n t s,  s uc h  a s  can n el coal, pi t ch
coal, bog h ea d , e t c .
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A t hin  s ec tion  of a  piec e  of Co m m e n t ry  c a n n el  co al
s how s  t h a t  t his  s u b s t a n c e  consis t s  of a  yellowish-b row n
a m o r p ho us  m a s s  holding  h e r e  a n d  t h e r e  in s u s p e n sion
ve ry diffe r e n t  pl a n t  o rg a n s ,  s uc h  a s  fra g m e n t s  of
Cor d ai t e s ,  le aves,  fe rn s,  mic ros po r e s ,  m a c ros po r e s ,
pollen  g r ains,  r oo tle t s ,  e t c ., ex ac tly a s  would
h ave  don e  a  g el a tinous  m a s s  t h a t  u po n  coa g ula tin g
in a  liquid  h a d  c a r ri e d  alon g  wi t h  it  a ll t h e  solid
bodie s  t h a t  h a d  a ccid e n t ally fallen  in to  i t a n d  t h a t
w e r e  in s u s p e n sion.

It  is evid e n t  (as  w e  h ave  d e m o ns t r a t e d)  t h a t  o th e r
c a n n el  co als  m ay s how  diffe r e n t  pl a n t  o r g a n s ,  o r  eve n
con t ain  no n e  a t  all, t h ei r  p r e s e n c e  a p p e a rin g  to  b e
a c cide n t al.   The  co m position  it s elf of c a n n el  co al
m u s t  b e ,  in ou r  t h eo ry, con n e c t e d  wi th  t h e  c h e mic al
n a t u r e  of t h e  m a t e ri als  fro m  w h e n c e  it is d e rived,
a n d  t h a t  w e r e  fi r s t  dis solve d  a n d  t h e n  b e c a m e  insoluble
t h ro u g h  c a r bo niza tion.   S eve r al  p r e p a r a tions  m a d e
fro m  Aust r alia n  (N e w  Sou t h  Wales), Autu n,  e t c .,
bog h e a d  h ave  s ho w n  u s  m e r ely a  yellowish-b ro w n  a m o r p ho us
m a s s  holding  in s u s p e n sion  lens-s h a p e d  o r  r a di a ting
floccos e  m a s s e s  w hich  it  is s c a r c ely pos sible  to  r ef e r
to  a ny know n  veg e t a ble  o r g a nis m.

Among  t h e  t h eo ri es  t h a t  w e  h ave  ci t e d  in t h e  b e ginning,
t h e  on e  t h a t  b e s t  a g r e e s  wi t h  t h e  fac t s  t h a t  w e  h ave
poin t e d  ou t  is t h e  t hi r d,  w hich  wo uld  a d mi t,  t h e n,
t wo  t hings  in t h e  for m a tion  of co al.  The  fir s t
wo uld  includ e  t h e  diffe r e n t  c h e mic al r e a c tions  w hich
c a n no t  ye t  b e  d e t e r min e d,  b u t  w hich  would  h av e  b ro u g h t
t h e  veg e t a ble  m a t t e r  now  to  t h e  s t a t e  of sof t  co al
(with  it s  diffe r e n t  va rie ti e s), a n d  no w  to  t h e  s t a t e
of a n t h r a ci t e .   The  s eco n d  wo uld  co m p r e h e n d  t h e
p r e s e rva tion,  t h ro u g h  b u ri al,  of t h e  o r g a nic  m a t t e r
in  t h e  s t a g e  of c a r bo niza tion  t h a t  it h a d  r e a c h e d,
a n d  a s  t h e  r e s ul t  of co m p r e s sion  a n d  g r a d u al  d e sicc a tion,
t h e  d evelop m e n t  of t h e  p hysical p ro p e r ti e s  t h a t  w e
now  find  in t h e  diffe r e n t  c a r bo nize d  s u b s t a nc e s .

We a n n ex to  t his  a r ticle  a  n u m b e r  of figu r e s  m a d e

105



fro m  p r e p a r a tions  of va rious  coals.   Thes e  p r e p a r a tions
w e r e  ob t ain e d  by m a kin g  t h e  fr a g m e n t s  s ufficien tly
t hin  wi thou t  t h e  aid  of a ny ch e mic al r e a g e n t ,  so  a s
to  avoid  t h e  r e p ro a c h  t h a t  t hin gs  w e r e  m a d e  to  a p p e a r
t h a t  t h e  co al did  no t  con t ain.   This slow a n d
d elica t e  m e t hod  is no t  c a p a ble  of r eve aling  all t h e
o r g a nis m s  Tha t  t h e  c a r bo n a c eo us  s u bs t a n c e  con t ains,
b u t ,  p e r  con t r a,  on e  is r io t  a b solu t ely s u r e  of t h e
p r e-exis t e nc e  of eve ry thing  t h a t  r e s e m bles  o r g a n s
o r  fra g m e n t s  of s uc h  t h a t  h e  dis ting uish e s  t h e r ein
by m e a n s  of t h e  mic roscop e.

Ou r  r e s e a r c h e s ,  a s  w e  h ave  a bove  s t a t e d,  h ave  b e e n
confine d  to  diffe r e n t  c a n n el coals,  a n t h r a ci t e,  bog h e a d,
a n d  coal pl a n t s  isola t e d  ei t h e r  in co al p e b ble s,  o r
in sc his t s  a n d  s a n d s to n es .

[Illus t r a tion:  1 2 a:   FIG. 1.—Lanc a s hi r e
c a n n el  co al; longi tu din al s e c tion,  X200.]

[Illus t r a tion:  1 2 b:   FIG. 2.—Lanc a s hi r e
c a n n el  co al; t r a n sve r s e  s ec tion,  X200.]
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Figs.  1  a n d  2  (m a g nified  t wo  h u n d r e d  tim e s) r e p r e s e n t
t wo  s ec tions,  m a d e  in  r e c t a n g ula r  pl a n e s,  of fr a g m e n t s
of Lanc a s hi r e  c a n n el  coal.  In  a  c e r t ain  m e a s u r e ,
t h ey  r e mind  on e  of Figs.  4  a n d  5,  Pl 1 1,  of With a m’s
“Int e r n al S t r u c t u r e  of Fossil Vege t a ble s,”
a n d  w hich  w e r e  d r a w n  fro m  s p ecim e n s  of c a n n el co al
d e rived  likewis e  fro m  La nc as hi r e ,  b u t  w hic h  a r e  no t
so  highly m a g nified.   The r e  is a n  in t e r e s ting  fac t
to  no t e  in  t his  coincide nc e,  a n d  t h a t  is t h a t  t his
s t r uc t u r e ,  w hich  is so  difficul t  to  explain  in  it s
d e t ails,  is no t  a ccid e n t al,  b u t  a  cons e q u e n c e  of t h e
n a t u r e  of t h e  m a t e ri als  t h a t  s e rve d  to  p ro d uc e  t h e
co al of t his  r e gion.   In  t h e  mids t  of a  m a s s  of
bl ackish  d e b ris ,  a , o rg a nic a n d  ino r g a nic,
a n d  im m e r s e d  in  a n  a m o r p ho u s  a n d  t r a n s p a r e n t  g a n g u e,
w e  find  a  few r e cog nizable  fra g m e n t s ,  s uc h  a s  t hick-w alled
m a c ros po r e s ,  b , of va rious  sizes,  bi t s  of fla t t e n e d
p e tioles,  c , pollen  g r ains,  d , d e b ri s
of b a rk,  e t c .  In  Fig.  2  all t h e s e  diffe r e n t
r e m ains  a r e  c u t  ei t h e r  obliqu ely o r  longit udin ally,
a n d  a r e  no t  ve ry r e cog nizable.   I t  is no t  r a r e
to  m e e t  wi t h  a  so r t  of vacui ty, e , filled  wi th
cle a r e r  m a t t e r  of r e sinoid  a s p e c t,  wit ho u t  o rg a niza tion.

[Illus t r a tion:  1 2 c:   FIG. 3.—Co m m e n t ry
c a n n el  co al, X200.]

In  Fig.  3 ,  w hich  r e p r e s e n t s  a  s e c tion  m a d e  fro m  Co m m e n t ry
c a n n el  co al, t h e  n u m b e r  of r e co g niza ble  o r g a n s  in
t h e  mids t  of t h e  m a s s  of d e b ri s  is m u c h  la rg er. 
Thus,  a t  a  w e  s e e  a  m a c ros po r e ,  a t  b
a  fra g m e n t  of t h e  co a t  of a  m a c ros po r e ,  a t  c
a no t h e r  m a c ros po r e  h aving  a  silicified  n u cle us,  s uc h
a s  h a s  b e e n  foun d  in no  o th e r  c a s e,  a t  d  w e
h ave  a  t r a n sve r s e  s ec tion  of a  vasc ula r  b u n dle,  a t
e  a  longi tu din al s ec tion  of a  r oo tle t  t r ave r s e d
by a no t h e r  on e,  a t  f  w e  h ave  a  t r a n sve r s e  s e c tion
of a no t h e r  r oo tl e t ,  a t  g  a n  al mos t  e n ti r e  po r tion
of t h e  vascula r  b u n dle  of a  r oo t ,  a n d  a t  h
w e  s e e  la r g e  pollen  g r ains  r e c alling  t hos e  t h a t  w e
m e e t  wi t h  in t h e  silicified  s e e d s  fro m  S ain t  E tie n n e.
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Ca n n el  co al, t h e n ,  s how s  t h a t  it is for m e d  of a  so r t
of d a rk  b ro w n  g a n g u e  of r e sinoid  a s p e c t  (wh e n  a  t hin
s ec tion  of it  is exa min e d)  holding  in s u s p e n sion  inde t e r min a ble
black  o r g a nic  a n d  inor g a nic  d e b ris,  w hich  a r e  a r r a n g e d
in laye r s,  a n d  in t h e  mids t  of w hich  (acco rdin g  to
t h e  locality a n d  t h e  fra g m e n t  s t u die d)  is foun d  a
va rying  n u m b e r  of e a sily r e co g nize d  veg e t a ble  o r g a n s .

[Illus t r a tion:  1 2 d:   FIG. 4.—Pe n n sylva nia
a n t h r aci t e ,  X200.]

It  is ve ry r a r e  t h a t  a n t h r aci t e  offe r s  a ny di sc e r nible
t r a c e  of o r g a niza tion.   P r e p a r a tions  m a d e  fro m
fra g m e n t s  of S a ble  a n d  La mo r e  co al could  no t  b e  m a d e
s ufficien tly t hin  to  b e  t r a n s p a r e n t ;  t h e  m a s s  r e m ain e d
ve ry op a q u e,  a n d  t h e  cle a r e s t  p a r t s  exhibi t e d  m e r ely
a m o r p ho us,  ir r e g ula r  g r a n ul a tions.   S till, fr a g m e n t s
of a n t h r a ci t e  fro m  Pen nsylva nia  fu r ni sh e d,  a mid  a
do min a n t  m a s s  of d a rk,  yellow-b ro w n,  s t r uc t u r el e s s
s u b s t a n c e ,  a  few o r g a nized  veg e t a ble  d e b ris , s uc h  a s
a  fra g m e n t  of a  vasc ula r  b u n dle  wi th  r a di a ting  el e m e n t s
(Fig.  4 ,  a), a  m a c ros po r e ,  b , a n d  a
few pollen  g r ains  o r  mic ros po r e s,  c .
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[Illus t r a tion:  1 2 e:   FIG. 5.—Bog h e a d
fro m  N e w  Sou t h  Wales,  X500.]

F ro m  w h a t  p r e c e d e s  it  s e e m s  to  r e s ul t ,  t h e n ,  t h a t
a n t h r aci t e  is in a  m u c h  less  a p p r e ci able  s t a t e  of
p r e s e rva tion  t h a n  c a n n el  co al, a n d  t h a t  it is only
r a r ely, a n d  a c co r ding  to  locality, t h a t  w e  c a n  discove r
veg e t a ble  o r g a n s  in it.  Soft  coal co m e s  n e a r e r
to  a m o r p ho u s  c a r bo n.   Bogh e a d  a p p e a r s  to  b e  of
a n  e n ti r ely diffe r e n t  c h a r a c t e r  (Fig. 5 ,  m a g nified
X300).  I t  is e a sily r e d u c e d  to  a  t hin  t r a n s p a r e n t
pl a t e ,  a n d  s how s  it s elf to  b e  for m e d  of a  m ul ti t u d e
of ve ry s m all len s es ,  diffe rin g  in size  a n d  s h a p e,
a n d  m u c h  m o r e  t r a n s p a r e n t  t h a n  t h e  b a n d s  t h a t  s e p a r a t e
t h e m.   In  t h e  in t e rio r  of t h e s e  lens e s  w e  dis ting uis h
ve ry fine  line s  r a di a tin g  fro m  t h e  ce n t e r  a n d  af t e r w a r d
b r a nc hin g  s eve r al  t im e s.   The  r a mifica tions  a r e
los t  in  t h e  p e riph e ry a mid  fine  g r a n ula tions  t h a t
r e s e m ble  s po r e s .   We mig h t  s ay  t h a t  w e  h e r e  h a d
to  do  wit h  n u m e ro us  myc elia  m o uld e d  in a  sligh tly colo r e d
r e sin.   P r e p a r a tions  m a d e  fro m  N e w  So u t h  Wales
a n d  Autu n  bo g h e a d  p r e s e n t e d  t h e  s a m e  a s p e c t .

If bog h e a d  w a s  d e rived  fro m  t h e  c a r bo niza tion  of p a r t s
t h a t  w e r e  soluble,  o r  t h a t  b e c a m e  so  t h ro u g h  m a c e r a t ion,
a n d  w e r e  m a d e  insoluble  a t  a  give n  m o m e n t  by  c a r bo niza tion,
w e  c a n  u n d e r s t a n d  t h e  ve ry p e c ulia r  a s p e c t  t h a t  t his
co m b u s tible  p r e s e n t s  w h e n  it is s e e n  u n d e r  t h e  mic roscop e.

The  following  figu r e s  w e r e  m a d e  in o r d e r  to  s ho w  t h e
d e t ails  of a n a to mic al s t r uc t u r e  t h a t  a r e  s till visible
in coal, a n d  to  p e r mi t  of e s tim a tin g  t h e  s h rink a g e
t h a t  t h e  o r g a nic  s u b s t a nc e  h a s  u n d e r go n e  in  b e co ming
conve r t e d  in to  co al.

I t  is no t  r a r e  in co al min es  to  find  fra g m e n t s  of
wood,  of w hich  a  po r tion  h a s  b e e n  p r e s e rve d  by c a r bo n a t e s
of i ron  a n d  lim e,  a n d  a no t h e r  po r tion  conve r t e d  into
co al.  This b eing  t h e  c a s e ,  it  w a s  consid e r e d  of
in t e r e s t  to  a s c e r t ain  w h e t h e r  t h e  c a r bo nize d  po r tion
h a d  p r e s e rve d  a  s t r u c t u r e  t h a t  w a s  s till r ecog niza ble,
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a n d,  in s uc h  a n  eve n t ,  to  co m p a r e  t his  s t r uc t u r e  wi th
t h a t  of t h e  po r tion  of t h e  s p ecim e n  t h a t  w a s  p r e s e rve d
in all it s  d e t ails  by min e r aliza tion.

[Illus t r a tion:  1 2f:  FIG. 6.—Ar thropi tu s
gallica , S t .  E tie n n e;  t r a n sve r s e  s ec tion,  X200.]

Fig.  6  s how s  a  t r a n sve r s e  s ec tion  of a  s p e cim e n  of
Ar thropi tu s  Gallica  foun d  u n d e r  s uc h  con di tions.  
The  r e gion  m a r k e d  c  is c a r bo nized;  t h e  o rg a nic  ele m e n t s
of t h e  wood-c ells, t r a c h e a e ,  e t c ., h ave  u n d e r go n e
b u t  li t tl e  c h a n g e  in  s h a p e.   Mor eover, no  c h a n g e
a t  all exis t s  in t h e  in t e r n al  p a r t s  of a no t h e r  s p e ci m e n
(Fig.  8), w h e r e  w e  e a sily dis ting uis h  by  t h ei r  for m
a n d  di m e n sions  t h e  lign eo us  c ells, aa , a n d  t h e
el e m e n t s ,  b b , of t h e  wood  its elf.

[Illus t r a tion:  1 2 h:   FIG. 8.—Ar thropi tu s
gallica , S t .  E tie n n e;  t r a n sve r s e  s ec tion  t h ro u g h
t h e  c a r bo nized  p a r t .]
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In  t h e  r e gion, b , of Fig.  6 ,  t h e  lign eou s  el e m e n t s
h ave  u n d e r go n e  a n  evid e n t  c h a n g e  of for m, a n d  t h e
w alls  h ave  b e e n  b rok e n.   This  r e gion,  al r e a dy
filled  by  p e t rifying  s al t s ,  b u t  no t  co m ple t ely h a r d e n e d,
h a s  no t  b e e n  a ble  to  r e sis t ,  a s  t h e  r e gion, a ,
a n  ex t e r n al  p r e s s u r e ,  a n d  h a s  b e co m e  m o r e  o r  les s
miss h a p e n e d.   As for  t h e  no t  ye t  mi n e r alized  ex te r n al
po r tion,  c , it  h a s  co m ple t ely give n  w ay u n d e r
t h e  p r e s s u r e ,  t h e  w alls  of t h e  diffe r e n t  o r g a nic  el e m e n t s
h ave  co m e  in to  con t a c t ,  t h e  c alc a r eo u s  o r  o t h e r  s al t s
h ave  b e e n  exp r e s s e d ,  a n d  t his  r e gion  exhibi ts  t h e  a s p e c t
of o r din a ry  co al, w hile  a t  t h e  s a m e  tim e  p r e s e rving
a  li t tl e  m o r e  h a r d n e s s  on  a cco u n t  of t h e  s m all q u a n ti ty
of mi n e r al  s al t s  t h a t  h a s  r e m ain e d  in t h e m  d e s pi t e
t h e  co m p r e s sion.

F ro m  t h e  s t a n d poin t  of c a r bo niza tion  t h e r e  s e e m s  to
u s  b u t  lit tl e  diffe r e n c e  b e t w e e n  t h e  o r g a nic ele m e n t s
t h a t  occ u py t h e  r e gion, a , a n d  t hos e  t h a t  occ u py
b .  If t h e  for m e r  h a d  no t  b e e n  filled  wi th
h a r d e n e d  p e t rifying  m a t t er, t h ey  would  h av e  b e e n  co m p r e s s e d
a n d  fla t t e n e d  like  t hos e  of r e gion  c , a n d  wo uld
h ave  give n  a  co m p a c t  a n d  b rillian t  coal, h aving  ve ry
likely b efo r e  p e t rifac tion  r e a c h e d  t h e  s a m e  d e g r e e
of c a r bo niza tion  a s  t h e  la t t er.  The  laye r  of
co al in  con t a c t  wi th  t h e  c a r bo nize d  o r  silicified
p a r t  of t h e  s p e ci m e n s  is d u e ,  t h e n,  to  a  co m p r e s sion
of t h e  o r g a nic  el e m e n t s  al r e a dy c h e mically c a r bo nize d,
b u t  in w hich  t h e  min e r al  m a t t e r  w a s  no t  ye t  h a r d e n e d
a n d  w a s  a ble  to  e s c a p e.

[Illus t r a tion:  1 2 g:   FIG. 7.—Art hropit u s
gallica , S t .  E tie n n e;  t a n g e n ti al longi tu din al
s ec tion.]

If t his  b e  so,  w e  oug h t  to  find  t h e  r e m ains  of o r g a nic
s t r uc t u r e  in  t his  r e gion  c .  In  fac t ,  on
r efe r rin g  to  Fig.  7 ,  w hich  r e p r e s e n t s  a  t a n g e n ti al,
longi tu din al s e c tion  of t h e  s a m e  s p e ci m e n,  w e  p e r c eive
a t  ab  a  lign eo u s  d uc t  a n d  so m e  u n c h a n g e d  t r a c h e a e
si tu a t e d  in t h e  c a r bo nize d  r e gion, a n d  t h e n  a t  c
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t h e  s a m e  ele m e n t s,  t ho u g h  fla t t e n e d,  in  w hich,  how ever,
w e  s till cle a rly dis ting uish  t h e  b a n d s  of t h e  t r a c h e a e;
a t  d  is foun d  a  t r a c h e a  w hos e  con t e n t s  w e r e
al r e a dy solidified,  a n d  w hic h  h a s  no t  b e e n  fla t t e n e d;
t h e n,  n e a r  t h e  s u rf ac e ,  in t h e  r e gion,  e , t h e
p r e s s u r e  h aving  b e e n  g r e a t er, i t is no  long e r  possible
to  r e co g nize  t r a c e s  of o r g a niza tion  in a  t a n g e n ti al
s ec tion.   In  a  la rg e  n u m b e r  of c a s e s ,  t h e  fac t
t h a t  t h e  co al do es  no t  s e e m  to  b e  o rg a nize d  m u s t  b e
d u e  to  t h e  too  g r e a t  co m p r e s sion  t h a t  t h e  c a r bo nize d
c ells  a n d  vess els  h ave  u n d e r go n e  w h e n  ye t  sof t  a n d
ela s tic, a t  t h e  ti m e  t his  slow b u t  con tin uou s  p r e s s u r e
w a s  b ein g  exe r t e d.

It  a lso  b e c a m e  of in t e r e s t  to  find  ou t  w h e t h er, t h ro u g h
t h e  ve ry fac t  of c a r bo niza tion,  t h e  di m e n sions  of
t h e  o rg a nic  el e m e n t s  h a d  p e r c e p tibly va rie d—a
so r t  of r e s e a r c h  t h a t  p r e s e n t s  c e r t ain  difficul ties.  
At p r e s e n t  w e  h ave  no  living  pl a n t  t h a t  is co m p a r a ble,
eve n  r e m o t ely, wi th  t hos e  t h a t  g r e w  d u rin g  t h e  co al
e poc h.   Mo r eover, t h e  o rg a nic  ele m e n t s  h av e  a b solu t ely
no t hing  cons t a n t  in t h ei r  dim e n sions.
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S till, if w e  limit  ou r s elves  to  a  co m p a rison  of t h e
s a m e  c a r bo nize d  wood,  p r e s e rve d  on  t h e  on e  h a n d  by
p e t rifac tion,  a n d  on  t h e  o t h e r  h a n d  no n-min e r alized,
w e  find  a  ve ry p e r c e p tible  di min u tion  in b ulk. 
The  el e m e n t s  h ave  con t r a c t e d  in  len g t h,  b r e a d t h ,  a n d
t hickn es s ,  b u t  p rincip ally in t h e  di r ec tion  of t h e
co m p r e s sion  t h a t  t h ey  h ave  u n d e r go n e  in  t h e  p u r ely
c a r bo nized  s p eci m e n s.

In  t h e  vicini ty of t h e  c a r bo nized  po r tions,  t hos e
of t h e  t r a c h e a e  t h a t  h av e  no t  do n e  so  h ave  p e r c e p tibly
p r e s e rve d  t h ei r  p ri mitive  len g t h,  w hich  h a s,  so  to
s p e a k,  b e e n  m ai n t ain e d  by t h ei r  n eigh bo r s,  b u t  t h ei r
o th e r  dim e n sions  h ave  b e co m e  m u c h  s m alle r—a
q u a r t e r  in t hickn e s s  a n d  h alf in  leng t h.

[Illus t r a tion:  1 2i:  FIG. 9.—Cala m o d e n dron,
Co m m e n t ry; p ro s e n c hy m a to us  po r tion  of t h e  wood  c a r bo nized,
X200.]

If t h e  two  fra g m e n t s  of t h e  s a m e  wood  a r e ,  on e  of
t h e m  silicified  a n d  t h e  o t h e r  si m ply c a r bo nize d  a n d
p r e s e rve d  in s a n d s to n e,  t h e  di min u tion  in  volu m e  will
h ave  occu r r e d  in all di r ec tions  in t h e  la t t e r  of t h e
t wo.

[Illus t r a tion:  1 2j:  FIG. 1 0.—Cala m o d e n dron,
fra g m e n t  of t h e  vasc ula r  po r tion  of t h e  wood  c a r bo nize d.]

Figs.  9  a n d  1 1,  w hich  r e p r e s e n t  a  po r tion  of t h e  fibrous
r e gion  of Cala mo d e n d ro n  wood,  m ay  give  a n  ide a  of
t h e  s h rink a g e  t h a t  h a s  t ak e n  pl ac e  t h e r ein.   In
Figs.  1 1  a n d  1 2,  w hich  s how  a  few t r a c h e a e  a n d  m e d ulla ry
r ays  of t h e  lign eo us  b a n d s  of t h e  s a m e  pl a n t ,  w e  obs e rve
t h e  s a m e  p h e no m e no n.   We mig h t  ci t e  a  la rg e  n u m b e r
of a n alogous  exa m ples,  b u t  s h all b e  co n t e n t  to  give
t h e  following:  Fig s.  1 3  a n d  1 5  r e p r e s e n t  r a di al
a n d  t a n g e n tial  s ec tions  of t h e  b a rk  of S yringod e n dron
p e s-caprae .  This  is t h e  fir s t  ti m e  t h a t  on e
h a s  h a d  b efo r e  his  eyes  t h e  a n a to mic al s t r u c t u r e  of
t h e  b a rk  of a  S yringo d e n dron , a  pl a n t  w hic h
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h a s  no t  ye t  b e e n  foun d  in a  p e t rified  s t a t e .  
I t  is coal, t h e n,  wit h  it s  s t r uc t u r e  p r e s e rve d,  t h a t
allows  of a  ve rifica tion  of t h e  t h eo ry a dva nc e d  by
s eve r al  scie n tis t s  t h a t  t h e  oft e n  b ulky t r u nks  of
S yringo d e n dron  a r e  b a s e s  of Sigillariae .

[Illus t r a tion:  1 2k:  FIG. 1 1.—Cala m o d e n dron,
fro m  Autu n;  p ro s e nc hy m a to us  po r tion  of t h e  wood  silicified,
X200.]

[Illus t r a tion:  1 2l:  FIG. 1 2.—Cala m o d e n dron,
fro m  Autu n;  vasc ula r  po r tion  of t h e  wood  silicified.]

If w e  r efe r  to  Fig.  1 3,  w hich  r e p r e s e n t s  a  r a dial
ve r tical s ec tion  r u n ning  t h ro u g h  t h e  ce n t e r  of on e
of t h e  sc a r s  t h a t  p e r mit t e d  t h e  s p e ci m e n  to  b e  d e t e r min e d,
w e  s h all obs e rve,  in fac t,  a  ti s s u e  for m e d  of r e c t a n g ula r
c ells, long e r  t h a n  wid e,  a r r a n g e d  in ho rizon t al s e ri e s,
a n d  ve ry a n alogous  in t h ei r  a s p e c t  to  t hos e  t h a t  w e
h ave  d e s c rib e d  in t h e  s u b e ros e  r e gion  of t h e  b a rk
of Sigilla ria e.   Fig.  1 5  s hows  in t a n g e n ti al s ec tion
t h e  fib rous  a s p ec t  of t his  ti s s u e ,  w hich  h a s  b e e n
r e n d e r e d  d e n s e r  t h ro u g h  co m p r e s sion.   Fig.  1 4
s how s  it  r e s to r e d .   In  Fig.  1 3,  t h e  ex t e r n al  p a r t
of t h e  b a rk  is occu pie d  by a  t hick  laye r  of c ellula r
ti s s u e  t h a t  exis t s  ove r  t h e  e n ti r e  s u rf ac e  of t h e
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t r u nk, b u t  p a r ticula rly t hick n e a r  t h e  sc a r s ,  ex ac tly
a s  in t h e  b a rks  of t h e  Sigilla ri a e  t h a t  w e  h ave  for m e rly
d e sc rib e d.   Fin ally, a t  b , w e  r e co g nize
t h e  u n do u b t e d  t r ac e s  of a  vasc ula r  b u n dle  r u n nin g  to
t h e  leaves .   If t h e  b u n dle  a p p e a r s  to  b e  la r g e r
t h a n  t h a t  of t h e  Sigilla ri a e,  t hi s  is d u e  to  t h e  fla t t e ning
t h a t  t h e  t r u nk  h a s  u n d e r go n e,  t h e  effec t  of t his  h aving
b e e n  to  s p r e a d  t h e  b u n dle  ou t  in  a  ve r tic al pl a n e ,
al tho u g h  it s  g r e a t e s t  wid t h  in t h e  fir s t  pl ac e  w a s
in a  ho rizon t al on e.

[Illus t r a tion:  1 2 m:  FIG. 1 3.—S yringod e n dron
p e s-caprae ; fro m  S a a r b r uck; r a di al ve r tical s e c tion,
X200.]

[Illus t r a tion:  1 2 n:   FIG. 1 4.—S u b e ros e
c ells  r e s to r e d.]

In  a n a to mic al s t r uc t u r e ,  t h e  b a rks  of t h e  Syringod e n d ro n s
a r e ,  t h e n ,  a n alogo us  to  t hos e  of t h e  Sigilla ria e.  
If, now, w e  co m p a r e  t h e  di m e n sions  of t h e  ti s s u e s
of t h e s e  b a rks  wi th  t h e  s a m e  silicified  ti s s u es  of
t h e  b a rks  of Sigilla ria e,  w e  s h all find  t h a t  t h e r e
w a s  likewise  a  di min u tion  in  t h e  di m e n sions,  b u t  ye t
a  les s  p ro no u nc e d  on e  t h a n  in t h e  woods  t h a t  w e  h ave
p r eviously s pok e n  of.  The  co rky n a t u r e  of t his
r e gion  of t h e  b a rk  w a s  likely rich e r  in c a r bo niza ble
el e m e n t s  t h a n  t h e  wood  p rop e rly so  c alled,  a n d  h a d,
in  cons e q u e n c e,  to  u n d e r go  m u c h  les s  s h rink a g e.—Dr.
B.  R e na ul t  (of Paris M u s e u m )  in L e  Genie  Civil .

[Illus t r a tion:  1 2o:  FIG. 1 5.—S yringo d e n dron
p e s-caprae;  t a n g e n ti al ve r tic al s e c tion  in t h e
co rky p a r t  of t h e  b a rk,  X200.]

DESCRIPTION OF THE FIGURES.—Fig. 1 ,  Lanc a s hi r e
c a n n el  co al; longi tu din al s e c tion,  X200.  Fig.
2,  Lanc a s hi r e  c a n n el  coal; t r a n sve r s e  s ec tion,  X200.  
Fig.  3 .   Co m m e n t ry c a n n el  co al, X200.   Fig.
4,  Pe n n sylvania  a n t h r aci t e ,  X200.  Fig.  5 ,  Bogh e a d
fro m  N e w  Sou t h  Wales,  X500.   Fig.  6 ,  Art hropit u s
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gallica , S t .  E tie n n e;  t r a n sve r s e  s ec tion,  X200.  
Fig.  7 ,  s a m e;  t a n g e n ti al longi tu din al s ec tion.  
Fig.  8 ,  s a m e;  t r a n sve r s e  s ec tion  t h ro u g h  t h e  c a r bo nize d
p a r t .   Fig.  9 .  Cala m o d e n dron , Co m m e n t ry;
p ros e nc hy m a to us  po r tion  of t h e  wood  c a r bo nize d,  X200.  
Fig.  1 0,  s a m e;  fra g m e n t  of t h e  vasc ula r  po r tion  of
t h e  wood  c a r bo nize d.   Fig.  1 1,  s a m e,  fro m  Autu n;
p ros e nc hy m a to us  po r tion  of t h e  wood  silicified,  X200. 
Fig.  1 2,  s a m e,  Autu n;  vascula r  po r tion  of t h e  wood
silicified.   Fig.  1 3,  S yringod e n dron  p e s-caprae ;
fro m  S a a r b r uck;  r a di al ve r tical s e c tion,  X200. 
Fig.  1 4,  S u b e ros e  cells  r e s to r e d .   Fig.  1 5.  S yringo d e n dron
p e s-caprae ; t a n g e n ti al ve r tical s ec tion  in t h e
co rky p a r t  of t h e  b a rk,  X200.

*       *       *       *  
    *

ICE BOAT RACES ON THE MUEGGELSEE, NEAR 
BERLIN.

The  in t e r e s t  in  s po r t s  of diffe r e n t  kinds  is inc r e a sing
con sid e r a bly in  t h e  c a pi t al  of t h e  Ge r m a n  E m pi r e.  
O a r s m e n  a n d  s ailo r s  s how  t h ei r  a bility in  g r a n d  r e g a t t a s ;
rolle r-sk a tin g  r inks  a r e  ve ry, pop ula r;  n u m e ro u s  bicycle
clubs  a r r a n g e  g r a n d  tou r n a m e n t s;  a n d  t r aining,  s t a r tin g,
t r o t tin g,  s wi m ming,  t u r ning,  fencing,  w alking, a n d
r u n ning  a r e  p r a c tice d  eve ryw h e r e .   As t his  win t e r
h a s  b e e n  q ui t e  s eve r e  in  Ger m a ny, fi r s t  cl a s s  cou r s e s
h ave  b e e n  m a d e  for  ice  bo a t s.   Ice  bo a t ,  r a c e s
a r e  w ell know n  in t h e  U ni t e d  S t a t e s ,  b u t  a r e  q ui t e
novel in Ge r m a ny; a t  le a s t,  in t h e  n eig h bo r hood  of
Berlin, a s  t h ey  h ave  b e e n  know n  only on  t h e  co as t  of
t h e  Bal tic  S e a .
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[Illus t r a tion:  ICE BOAT RACES O N  THE M U EGGELSEE,
N EAR BERLIN.]

The s e  vess els  a r e  q ui t e  si m ple  in cons t r uc tion,  t h e
b a s e  consis ting  of a n  e q uila t e r al  t r i a n gle  m a d e  of
b e a m s  a n d  p rovide d  a t  t h e  co r n e r s  wit h  r u n n e r s .  
The  two  fron t  r u n n e r s  a r e  fixed,  b u t  t h e  on e  a t  t h e
a p ex of t h e  t ri a n gle  is pivot e d,  a n d  s e rves  a s  a  r u d d er. 
The  m a s t  is on  t h e  fron t  c ros s  b e a m,  a n d  b e t w e e n  t h e
fron t  c ross  b e a m  a n d  t h e  sid e  b e a m s  s ufficie n t  s p ac e
is lef t  for  t h e  h el m s m a n.

The  a n n exe d  c u t ,  t ak e n  fro m  t h e  Illus trir t e  Z ei t u n g ,
s how s  a  r a c e  of t h e  a bove  d e sc rib e d  ice  bo a t s  on  t h e
M u e g g els e e  (Mu e g g el Lake), n e a r  Be rlin.   I t  will
b e  s e e n  fro m  t h e  clu m sy cons t r uc tion  of t h e  bo a t s  t h a t
t h e  Ge r m a n s  h av e  no t  ye t  le a r n e d  t h e  a r t  of b uilding
t h e s e  vehicles.

*       *       *       *  
    *

LABOR AND WAGES IN AMERICA.

[Footno t e:   A p a p e r  r e c e n tly r e a d  b efo r e  t h e  Socie ty
of Arts,  London.]

By D. PIDGEON.

The  U ni t e d  S t a t e s  of Ame ric a  a r e ,  collec tively, of
s uc h  vas t  ex t e n t ,  a n d,  singly, so  individu alized  in
c h a r a c t er, t h a t  to  s p e a k  of t h ei r  labo r  con di tions
a s  a  w hole  would  b e  a s  impossible,  in a n  ho u r’s
a d d r e s s,  a s  to  d e s c ribe  t h ei r  p hysical g eo g r a p hy o r
g eology in a  simila r  s p a c e  of ti m e.   I s h all,
t h e r efo r e ,  co nfine  w h a t  I h ave  to  s ay t hi s  eve ning
on  t h e  s u bjec t  of labo r  a n d  w a g e s  in Ame rica  to  a
con sid e r a tion  of t h e  ind us t rial  con di tion  of c e r t ain
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E a s t e r n  S t a t e s ,  w hich,  b ein g  e s s e n ti ally m a n ufac t u rin g
dis t ric t s ,  offe r  t h e  b e s t  ins t a nc e s  for  co m p a ri son
wi th  t h e  labo r  co n di tions  of ou r  ow n  co u n t ry. 
Tha t  t hi s  field is of a d e q u a t e  ex t e n t  a n d  of typical
c h a r a c t e r  m ay  b e  infe r r e d  fro m  t h e  fac t  t h a t  t h e  t h r e e
S t a t e s  co m posing  it,  viz ..  N e w  York, M a s s a c h u s e t t s ,
a n d  Con n e c ticu t ,  con t ain  to g e t h e r  n e a rly on e-h alf
of t h e  w hole  m a n ufac t u ring  pop ula tion  of Ame rica ,
w hile  Con n ec ticu t  a n d  M a s s a c h u s e t t s  a r e  t h e  ve ry c r a dle
of Ame rica n  m a n ufac t u r e,  a n d  t h e  ho m e  of t h e  typic al
Yanke e  a r t is a n .   In  a d di tion,  t h e  S t a t e  of M a s s a c h u s e t t s
is dis ting uish e d  by poss e ssin g  a  Bur e a u  of S t a tis tics
of Labor, w hos e  sole  b u sine s s  is to  ven tila t e  indus t ri al
q u e s tions,  a n d  to  collec t  s uc h  fac t s  a s  will affor d
t h e  s t a t e s m a n  a  sou n d  b a si s  for  indu s t ri al  legisla tion.  
We s h all find  ou r s elves,  in t h e  s e q u el, inde b t e d  for
s pin e  of ou r  c hief conclusions  to  t his  exc ellen t  p u blic
ins ti t u tion.

If w e  a sk  ou r s elves,  a t  t h e  ou t s e t  of t h e  inq ui ry,
“Who a n d  w h a t  a r e  t h e  op e r a tives  of m a n ufac t u ring
Ame rica?” t h e  a n s w e r  involves  a  dis tinc tion
w hich  c a n no t  b e  too  s t ro n gly insis t e d  u po n,  o r  too
c a r efully ke p t  in  min d.   Thes e  p e ople  consis t ,
fir s t ,  of n a tive-bo r n ,  a n d,  s eco n dly, of ali en  wo rk e r s .  
The  U ni t e d  S t a t e s  c e n s u s ,  r e ckonin g  ev e ry child  bo r n
in t h e  cou n t ry a s  a n  Ame ric a n,  eve n  if bo t h  hi s  p a r e n t s
b e  for eign e r s ,  I wo uld  m a k e  it a p p e a r  t h a t  only six
a n d  a  h alf millions  ou t  of it s  fifty millions  a r e
of alie n  bi r t h ,  b u t ,  for  ou r  p u r pos e ,  t h e s e  figu r e s
a r e  mi sle a din g.   The r e  is a  vas t  diffe r e nc e ,  in
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m a ny impo r t a n t  r e s p e c t s,  b e t w e e n  “America ns”
d e rived  fro m  a  s tock long  s e t tl ed  in  t h e  S t a t e s  a n d
“Ame ric a ns” wit h  t wo  o r  ev e n  wi th  on e  alie n
p a r e n t .   In  t h e  for m e r  c a s e ,  t h e  h e r e di t a ry  s e n s e
of social e q u ali ty, t h e  t e a c hin g  of t h e  co m mo n  s chool,
a n d  t h e  influe nc e  of d e m oc r a tic  ins ti t u tions ,  p ro d u c e
a  c e r t ain  typ e  of c h a r a c t e r  w hich  I di s ting uis h  by
t h e  e pi th e t  “America n” b ec a u s e  it  is of
t r uly n a tion al  o rigin.   In  t h e  la t t e r  c a s e ,  t h e
so-c alled  “America n” m ay  r e ally b e  a  Ger m a n,
a n  I rish m a n,  a n  E n glish m a n,  o r  a  S w e d e,  b u t  t h e  q u ali ties
w hich  I wo uld  di s ting uis h  by t h e  wo r d  “Ame rica n”
h ave  no t  ye t  b e e n  d evelop e d  in hi m,  al t ho u g h  t h ey
will p ro b a bly b e  exhibi t e d  by hi s  la t e r  d e sc e n d a n t s .

S e t ti ng  t h e  c e n s us  figu r e s  a sid e,  t h e r efo r e ,  w e  find,
fro m  t h e  Re gis t r a tion  Repor t s  of M a s s ac h u s e t t s ,  t h a t
fifty-fou r  ou t  of ev e ry h u n d r e d  p e r so ns  w ho  di e  wit hin
t h e  limi ts  of t hi s  S t a t e  a r e  of for eig n  p a r e n t a g e .  
N o w  b e a rin g  in  mi n d  t h a t  M a s s ac h u s e t t s  is e s s e n ti ally
a  Yanke e  S t a t e ,  w h e r e  co m p a r a tively few E u ro p e a n  e mig r a n t s
s e t tl e,  it  s e e m s  p rob a ble  t h a t ,  going  b a ck  s eve r al
g e n e r a tions,  t h e  n u m b e r s ,  eve n  of M a s s a c h u s e t t s  m e n,
w ho  m ay  b e  t r uly c alled  “America n s”  wo uld
d win dle  conside r a bly.  Thes e  m e n,  how ever, t h e
c hild r e n  of e q u ality, of t h e  co m m o n  sc hool, a n d  of
d e m oc r a tic  ins ti t u tions,  m ay  b e  conside r e d  a s  leave n,
leave ning  t h e  lu m p  of E u rop e a n  e mig r a tion,  a n d  s h a ping,
so  fa r  a s  t h ey c a n,  t h e  ch a r ac t e r  of t h e  Ame rica n;
p eo ple  t h a t  is ye t  to  b e .

N a tive  Ame rica n  labo r  is b e s t  d e s c rib e d  by r ef e r e nc e
to  a  r e c e n t  p a s t ,  w h e n  it  filled  all t h e  fac to rie s
of t h e  U ni t e d  S t a t e s ,  a n d  ch alle n g e d,  by  it s  high
ton e,  t h e  a d mi r a tion  of E u ro p e.   At t h e  b e gin nin g
of t his  c e n t u ry, p u blic opinion  in Ame ric a  w a s  m os t
u nf rie n dly to  t h e  e s t a blish m e n t  of m a n ufac to ri e s,
so  g r e a t  w e r e  t h e  co m plain t s  of t h e s e  m a d e  in E u ro p e
a s  s e a t s  of vice  a n d  dis e a s e.   Thus,  w h e n  H u m p h r eysville,
t h e  fir s t  indus t ri al villag e  in Ame ric a,  w a s  b uil t ,
in  1 8 0 4,  by t h e  H o n.  David  H u m p h r eys,  w ho  wis h e d  to
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s e e  t h e  colony ind e p e n d e n t  of t h e  m o t h e r  cou n t ry for
h e r  s u p plies  of m a n ufac t u r e d  goods,  p a r e n t s  r efu s e d
to  pl ac e  t h ei r  child r e n  in his  fac to rie s  u n til legisla tion
h a d  fir s t  m a d e  t h e  mill-ow n e r  r e s po nsible  bo t h  for
t h e  e d uc a tion  a n d  m o r ali ty of his  op e r a tives.  
Si mila rly, w h e n  t h e  co t ton  mills of Low ell, a n d  t h e
silk mills  of H a r tfo rd,  b e g a n  to  ris e ,  b e t w e e n  1 8 3 2
a n d  1 8 4 0,  t h e  Ame rica n  p eo ple  h eld  t h e  c a pi t alis t  r e s po nsible
for  t h e  m o r al, m e n t al, a n d  p hysical h e al t h  of t h e  p eo ple
w ho m  h e  e m ploye d,  wi th  t h e  r e s ul t  t h a t  all E n gla n d
wo n d e r e d  a t  t h e  s to ri e s  of fac to ry op e r a tives,  a n d
t h ei r  so-c alle d  “r efine m e n t s,” w hich  w e r e
give n  to  t his  cou n t ry by w ri t e r s  like  H a r r ie t t  M a r tin e a u
a n d  Ch a rl e s  Dicke ns.
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Low ell, b e t w e e n  t h e  yea r s  1 8 3 2  a n d  1 8 5 0,  w as,  p e r h a p s ,
t h e  m o s t  r e m a rk a ble  m a n ufac t u ring  tow n  in t h e  wo rld.  
H elp,  in t h e  n e w  co t ton  mills, w a s  in g r e a t  d e m a n d,
a n d  w h a t  w e r e  t h e n  t hou g h t  ve ry hig h  w a g e s  w e r e  fre ely
offe r e d,  so  t h a t ,  in s pi t e  of t h e  n a tion al p r ejudice
a g ain s t  fac to ry labor, op e r a tives  b e g a n  to  flow fro m
m a ny  q u a r t e r s  in to  t h e  mills.  The s e  p eo ple  w e r e ,
for  t h e  m os t  p a r t ,  t h e  d a u g h t e r s  of fa r m e r s ,  s to r ek e e p e r s ,
a n d  m e c h a nics; of P u ri t a n  a n t e c e d e n t s ,  a n d  r eligious
t r aining.   In  t h e  mill t h ey w e r e  t r e a t e d  kindly,
a n d,  al t ho u g h  t h ei r  ho u r s  w e r e  long,  t h ey w e r e  no t
ove r wo rk e d.   A feeling  of r e al, b u t  r e s p ec tful,
e q u ali ty exis t e d  b e t w e e n  t h e m  a n d  t h ei r  e m ploye r s ,
a n d  t h e  b e s t  h a n d s  w e r e  oft e n  g u e s t s  a t  t h e  ho us e s
of t h e  mill ow n e r s  o r  minis t e r s  of r eligion.   They
lived  in  g r e a t  bo a r din g-ho u s e s ,  ke p t  by  wo m e n  s el ec t e d
for  t h ei r  hig h  c h a r a c t er, a n d  it is of t h e s e  indus t ri al
fa milies,  a n d  of t h ei r  r efine d  life, t h a t  obs e rve r s
like  Dicke ns,  Lyell, a n d  Miss  M a r tin e a u  s pok e  wit h
e n t h u si a s m.   The  las t  w ri t e r  h a s  m a d e  u s  a c q u ain t e d,
in  h e r  “Mind  a m o n g  t h e  S pindles,” wit h
t h e  h eig h t  to  w hich  in t ell ec t u al life  onc e  ro s e  in
Low ell mills, b efo r e  t h e  w ave  of I ri sh  e mig r a tion,
following  on  t h e  po t a to  fa mine,  s w e p t  n a tive  Ame ric a n
labo r  a w ay fro m  t h e  s pin dle s.   The  m o r ali ty of
t h e  e a rly mill-gi rls,  a g ain,  w a s  p r a c tically s t ainle s s,
a n d,  s t r ic t  a s  t h e  r ul es  of con d uc t  w e r e  in t h e  fac to rie s,
t h e s e  w e r e  r e ally d e a d  le t t e r s ,  so  hig h  w a s  t h e  s t a n d a r d
of b e h avio r  s e t  a n d  s u s t ain e d  by t h e  mill-h a n d s  t h e m s elves.

S uc h  w a s  t h e  c h a r a c t e r  of n a tive  Ame ric a n  labor, les s
t h a n  for ty ye a r s  a go, a n d  s uc h,  al mos t ,  i t s till r e m ains
in t hos e,  no w  few, c e n t e r s  of ind us t ry  w h e r e  it  h a s
b e e n  lit tle  dilu t e d  wi th  a  for eign  el e m e n t.   N o w h e r e
is t his  so  cons picuously t h e  c a s e  a s  in M a s s ac h u s e t t s
a n d  Con n e c ticu t ,  a n d  e s p e cially in t h e  w e s t e r n  valleys
of t h e  for m e r  S t a t e ,  w h e r e  impor t a n t  mill-s t r e a m s,
s uc h  a s  t h e  Ho u s a to nic,  t h e  N a u g a t uck, a n d  t h e  Fa r ming ton,
a r e  line d  wi th  mills  s till la rg ely m a n n e d  by n a tive
Ame rica n s.
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Aside  fro m  w a g e s,  w hich  will b e  s e p a r a t ely conside r e d ,
t h e  ho u sing,  e d uc a tion,  so b ri e ty, a n d  p a u p e ris m  of
a ny give n  ind us t ri al  co m m u ni ty for m  tog e t h e r  t h e  b e s t
pos sible  t e s t  of it s  social con di tion.   In  r e g a r d
to  t h e  ho u sing  of labor, t h e r e  is no  m o r e  impor t a n t
fac t  to  b e  discove r e d  t h a n  t h e  p ropo r tion  of a n  op e r a tive
pop ula tion  w ho  pos s e ss  in fee  sim ple  t h e  ho us e s  in
w hich  t h ey  d w ell.  This  p ropo r tion  a m o n g  t h e  w a g e-e a r n e r s
of M a s s a c h u s e t t s  is r e m a rk a bly hig h,  on e  wo rking  m a n
in eve ry fou r  b eing  t h e  p ro p rie to r  of t h e  ho us e  in
w hich  h e  lives.   Of t h e  r e m aining  t h r e e-fou r t h s ,
4 5  p e r  c e n t .  r e n t  t h ei r  ho u s e s ,  a n d  3 0  p e r  c e n t .  a r e
bo a r d e r s .   With  r e g a r d  to  inh a bi t a ncy, t h e  ave r a g e
n u m b e r  of p e r so ns  living  in on e  ho us e  in M a s s ac h u s e t t s
is r a t h e r  m o r e  t h a n  six, w hile  t h e  ave r a g e  n u m b e r  of
t h e  M a s s ac h u s e t t s  fa mily is fou r  a n d  t h r e e  q u a r t e r
p e r so ns.   H e n c e,  lodg e r s  b ein g  exc e p t e d,  al mos t
eve ry op e r a tive  family in t his  S t a t e  lives  u n d e r  it s
ow n  roof, w hile  on e  fou r t h  of all s uc h  roofs a r e  ow n e d
by t h e  h e a d s  of fa milies  d w elling  t h e r ein.
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I le ave,  for  a  m o m e n t ,  t h e  a g r e e a ble  t a sk  of d e sc ribing
on e  of t h e s e  ho m e s  of n a tive  Ame rica n  labor, a n d  p a s s
on  to  t h e  q u e s tion  of e d uc a tion,  w hos e  u nive r s ali ty
a m o n g  n a tive  Ame ric a n s  is p e r h a p s  m os t  vividly illus t r a t e d
by t h e  following  fac t s .   Of 1,20 0  p e r sons  bo r n
in M a s s ac h u s e t t s ,  w h e t h e r  of n a tive  o r  for eig n  p a r e n t s ,
only on e  is u n a ble  to  r e a d  o r  w ri t e ,  w hile  fou r  Ge r m a n s
a n d  S co tch,  six E n glish,  t w e n ty F r e n c h  Ca n a dia n s,  t w e n ty-eig h t
Irish,  a n d  t hi r ty-fou r  I t alian s,  ou t  of ev e ry 1 0 0  e mig r a n t s
of t h e s e  n a tion ali ti es  r e s p e c tively a r e  illi t e r a t e .  
The  to t al  n u m b e r  of p u blic, e l e m e n t a ry, a n d  hig h  sc hools
in t h e  U ni t e d  S t a t e s  is 2 2 5,80 0,  o r  a bo u t  on e  sc hool
for  ev e ry 2 0 0  of t h e  e n ti r e  po p ula tion,  a n d  on e  for,
s ay, eve ry  fifty of t h e  1 0,00 0,00 0  p u pils  w ho  a t t e n d e d
sc hool d u ring  t h e  c e ns us  yea r  of 1 8 8 0.   Fin ally,
r efe r rin g  onc e  m o r e  to  M a s s a c h u s e t t s ,  t h e r e  a r e  n e a rly
2,00 0  fr e e  lib r a rie s  in  t hi s  single  S t a t e ,  o r  on e  to
eve ry 8 0 0  inh a bi t a n t s,  a n d  t h e s e ,  to g e t h er, ow n  3,50 0,00 0
volu m e s,  a n d  ci rcul a t e  8,00 0,00 0  of volu m e s  a n n u ally.

With  r e g a r d  to  sob ri e ty, it  is w ell know n  t h a t  local
op tion  s ucc e e d s  in closing  t h e  liquo r  s aloons  in ve ry
m a ny  op e r a t ive  Americ a n  tow ns,  a n d  wi t h  t h e  h a p pie s t
r e s ul t s .   The  cou n ty of Ba r n s t a ple  in M a s s a c h u s e t t s ,
for  ex a m ple,  wit h  a  po p ula tion  of 3 2,00 0  so uls, a n d
h aving  no  lice ns e d  liquo r  s aloons,  yields  a  c rop  of
only t h r e e  convic tions  p e r  a n n u m  for  d r u nk e n n e s s.  
The  cou n ty of S uffolk, on  t h e  o th e r  h a n d,  wi th  a  pop ula tion
of n e a rly 4 0 0,00 0,  a n d  a  lice ns e  for  eve ry 1 7 5  of it s
inh a bi t a n t s,  a ck nowle d g e s  on e  d r u nk a r d  for  eve ry 5 0
of it s  po p ula tion.   The  labo r  in on e  c a s e  is n e a rly
all n a tive; in t h e  o t h er, la r g ely for eign.

It  is a l mos t ,  if no t  q ui t e ,  impossible  to  ob t ain  t h e
s t a tis tics  of p a u p e ris m  in Ame rica.   The  “indoo r”
poor, a s  p a u p e r s  in  al m s ho us e s  a r e  c alled,  c a n  b e
foun d  a n d  cou n t e d  wi t h  co m p a r a tive  e a s e ,  b u t  how  c a n
t h e  ou t doo r  p a u p e r s  b e  foun d?   I t  is no  u s e  inqui ring
for  t h e m  fro m  doo r  to  door, a n d  t h e  poo r-m a s t e r’s
dis b u r s e m e n t s  a r e  so  limit e d  in a m o u n t  t h a t  hi s  bills
for  p a u p e r  r elief b eco m e  mixed  u p  wi t h  o t h e r  it e m s,
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so  t h a t  t h ey c a n no t  b e  s e p a r a t ely s t a t e d .   The
to t al n u m b e r  of p a u p e r s  r e sid e n t  in  Ame rica n  al m s hou s e s
is 6 7,00 0,  o r  a bo u t  on e  in ev e ry 7 0,00 0  of t h e  w hole
pop ula tion.   In  E n gla n d,  w e  h ave  s till on e  p a u p e r
in eve ry fifty t ho us a n d  of t h e  po p ula tion.   S uc h
b ein g  t h e  m o r e  impo r t a n t  a s p ec t s  of n a tive  Ame rica n
labor, a s  dis playe d  by t h e  s t a ti s tician,  it  is ti m e
for  t h e  social obs e rve r  to  give  his  a ccou n t  of a  typic al
Ame rica n  a r ti s a n’s ho m e.

We a r e  a t  Ansonia,  in t h e  N a u g a t uck  valley, on e  of
t h e  chief tow ns  of “Clockla n d,” w h e r e ,
wi thin  a  r a diu s  of t w e n ty miles,  w a tc h e s  a n d  clocks
a r e  m a d e  by millions  a n d  sold  for  a  few s hillings  a pi ec e .  
Ou r  frie n d  Mr. S. is a n  Ansonia  m e c h a nic  w ho  occu pies
a  ho us e  wi th  a  b a s e m e n t  of c u t  s ton e  a n d  a  t a s t eful
s u p e r s t r uc t u r e  of wood,  h aving  a  wid e  ve r a n d a,  ki t ch e n,
p a rlor, a n d  b e d-roo m  on  t h e  g ro u n d  floor  a n d  t h r e e
b e d roo m s  a bove.   The  ho u s e  is p ain t e d  w hi t e ,  a do r n e d
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with  g r e e n  jalousie s,  a n d  s u r ro u n d e d  by a  w ell-tilled
q u a r t e r  a c r e  lot.   I t s  window s  a r e  a glow wit h
g e r a niu m s,  a n d  fro m  its  ve r a n d a  w e  gl a nc e  u p w a r d  to
t h e  wood e d  slop es  of t h e  Gr e e n  Mou n t ain  r a n g e,  a n d
dow n w a r d  to  t h e  Rive r  N a u g a t uck, w hos e  blu e  mill-po n d s
look like  tiny Hig hla n d  lake s  s u r ro u n d e d  by g r e a t  fac to ri e s.  
Within,  a  pl e a s a n t  si t ting-roo m  is fu r nis h e d  wi th  all
t h e  co mfo r t s  a n d  so m e  of t h e  luxu rie s  of life, t h e
t a bles  a r e  s t r e w n  with  books,  a n d  t h e  w alls  d e co r a t e d
wi th  p r e t ty  p ho tog r a p h s.   Mr. S.’s wife  a n d
d a u g h t e r  a r e  e d u c a t e d  a n d  a g r e e a ble  wo m e n,  w ho  e n t e r t ain
u s ,  d u rin g  a n  ho u r’s c all, wi t h  in t ellige n t
conve r s a tion,  w hich,  t u r nin g  for  t h e  m o s t  p a r t  on  t h e
eve n t s  of t h e  War  of Ind e p e n d e nc e,  is c h a r a c t e rize d
by a m pl e  his to rical knowled g e,  a  logical h a bi t  of
min d,  a n d  a  r e m a r k a ble  r e a din e s s  to  w elco m e  n e w  ide as .  
N o  r ef r e s h m e n t s  a r e  offe r e d  u s ,  for  no  on e  e a t s  b e t w e e n
m e als,  a n d,  in  p riva t e  ho us e s,  a s  in t h e  p u blic r ef r e s h m e n t
roo m s,  w h e r e  n a tive  labo r  u s u ally t ak e s  it s  m e als,
no t hing  s t ro n g e r  t h a n  w a t e r  is eve r  d r u nk.   S uc h
a r e  t h e  ho m e s  of m e n  w ho m  I wo uld  dis ting uish  a s  “America n”
a r t is a ns ,  a n d  s uc h,  also,  a r e  t hos e  of m a ny  for eig n
wo rk m e n  w ho  h ave  b e e n  long  u n d e r  n a tive  influe nc e.

It  is no t  in t h e  valleys  of M a s s a c h u s e t t s ,  how ever,
t h a t  t h e  g r e a t e s t  m a n ufac t u ring  ci ti es  of t h e  U nion
a r e  to  b e  foun d,  t h e  tow n s  al r e a dy r efe r r e d  to  con t aining
u s u ally only a  few t ho us a n d  inh a bi t a n t s,  a n d  b ein g
s till, for  t h e  m o s t  p a r t ,  r u r al  in  t h ei r  s u r ro u n dings.  
They a r e ,  ind e e d,  t h e  fas tn e s s e s ,  so  to  s p e ak,  to
w hich  t h e  Yanke e  a r ti s a n  h a s  r e ti r e d,  af t e r  h aving
b e e n  al mos t  lit e r ally s w e p t  ou t  of t h e  g r e a t  m a n ufac t u ring
cities  by  s ucc es sive  w ave s  of e mig r a n t  labor, c hiefly
of Irish  a n d  F r e n c h-Ca n a dia n  n a tion ali ty.  To
t h e s e  g r e a t  ci tie s  w e  m u s t  no w  t u r n  for  ex a m ples  of
a  con di tion  of op e r a tive  socie ty w hich  con t r a s t s  m o s t
u nfavor a bly wi t h  t h a t  w hich  h a s  al r e a dy b e e n  sk e tc h e d;
it  b ein g,  m e a n w hile,  u n d e r s tood  t h a t  a  p e n u m b r al  r e gion,
of m o r e  o r  les s  mixe d  con di tions,  g r a d u a t e s  t h e  b rig h t n e s s
of t h e  on e  in to  t h e  d a rk n e s s  of t h e  o th e r  pic t u r e .
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The  ci ty of Low ell, w hos e  b rillian t  p a s t  is so  w ell
know n,  exe m plifies,  on  t h a t  ve ry a cco u n t ,  b e t t e r  t h a n
a ny o th e r  m a n ufac t u ring  tow n  in t h e  S t a t e s ,  t h e  ch a r ac t e r
of r e c e n t  al t e r a tions  in Ame rica n  labo r  con di tions.  
The  mill-h a n d s,  for m e rly s uc h  a s  I h ave  d e s c ribe d
t h e m,  h ave  b e e n  al mos t  e n ti r ely r e plac e d  by Ca n a dia ns
a n d  Irish,  w ho  h ave  give n  a  n e w  c h a r a c t e r  a n d  a s p e c t
to  t h e  Lowell of for ty ye a r s  a go.   “Lit tle
Ca n a d a,” a s  t h e  q u a r t e r  inh a bi t e d  by t h e  for m e r
p eo ple  is c alled,  exhibi t s  a  con g e ri e s  of n a r row,
u n p ave d  lan es ,  line d  wi t h  ricke ty wood e n  ho u s e s,  w hic h
elbow  on e  a no t h e r  clos ely, a n d  poss e s s  n ei t h e r  g a r d e n s
no r  ya r ds .   They a r e  le t  ou t  in fla t s ,  a n d  a r e
c row d e d  to  ove rflowing  wi th  a  d e n s e  po p ula tion  of
lodg e r s.   Pee ps  in to  t h ei r  in t e rio r s  r eve al  di r ty,
poo rly fu r nis h e d  roo m s,  a n d  la rg e  fa milies,  pigging
s q u alidly tog e t h e r  a t  m e al  tim e s,  w hile  u nk e m p t  m e n
a n d  sla t t e r nly wo m e n  lea n  fro m  op e n  windows, a n d  scold
in F r e n c h,  o r  c h a t t e r  wi th  c row ds  of r a g g e d  a n d  b a r e-legg e d
c hild r e n,  pl aying  in t h e  g u t t e r s.
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The  Iris h  po r tion  of t h e  tow n  h a s  wid e r  s t r e e t s ,  a n d
ho us es  les s  c row d e d  t h a n  t hos e  of “Lit tl e  Ca n a d a,”
b u t  is, a l tog e t h er, of sc a r c ely b e t t e r  a s p ec t .  
Sl a t t e r nly wo m e n  gos sip  in g ro u ps  a bo u t  t h e  doo r w ays.  
Tawdrily d r e s s e d  gi rls  s a u n t e r  alon g  t h e  sid e w alks,
o r  loll fro m  t h e  window-sills.   Knots  of s hi r t-sle eve d
m e n  co n g r e g a t e  a bo u t  t h e  fre q u e n t  liquo r-s aloons,
t alking  loudly a n d  volubly.  N o  signs  of pove r ty
a r e  a p p a r e n t ,  b u t  eve ryt hing  w e a r s  a n  a s p e c t  of p ro s p e ro u s
igno r a nc e ,  s a tisfied  to  e a t ,  d rink,  a n d  idle  a w ay
t h e  ho u r s  no t  given  to  wo rk.   S uc h  is t h e  g e n e r al
a s p e c t  of op e r a tive  Lowell to-d ay; b u t  so m e  of t h e
old  w ell-con d uc t e d  bo a r ding-ho us e s  r e m ain,  s h el t e rin g
wo r t hy so ns  a n d  d a u g h t e r s  of toil.  Si mila rly,
t h e  ou t ski r t s  of t h e  ci ty a r e  a do r n e d  wi t h  m a ny  p r e t ty
w hi t e  ho us e s,  w h e r e  typical America n  fa milies  a r e
g rowing  u p  a mid  w hole so m e  m o r al  a n d  p hysical s u r ro u n dings,
a n d  e njoying  all t h e  a dva n t a g e s  of sc hools,  ch u rc h e s ,
lib r a ri e s,  a n d  fre e  ins ti t u tions  w hich  t h e  Gr e a t  Rep u blic
p u t s  eve ryw h e r e ,  wi t h  lavish  p rofus e n e s s,  a t  t h e  s e rvice
eve n  of it s  le as t  p ro mising  po p ula tions.

Conc e r ning  t h e  Low ell mill-h a n d s  of to-d ay, I p r ef er,
b efo r e  my ow n  obs e rva tions,  to  q uo t e  fro m  a n  a r ticle
e n ti tl ed  “Ea rly Fac to ry Labo r  in N e w  E n gla n d,”
w ri t t e n  by a  lady, h e r s elf on e  of t h e  e a rly mill-gi rls,
a n d  p u blish e d  in t h e  “Ma ss ac h u s e t t s  Labo r  Bur e a u
Kepor t  for  1 8 8 3.”  S h e  s ays: 

“Las t  win t er, I w a s  invit e d  to  s p e a k  to  a  co m p a ny
of t h e  Low ell mill-gi rls,  a n d  t ell t h e m  so m e t hing
of my e a rly life  a s  a  m e m b e r  of t h ei r  g uild.  
Whe n  my  a d d r e s s  w a s  over, so m e  of t h e m  g a t h e r e d  ro u n d
a n d  a sk e d  m e  q u e s tions.   In  t u r n,  I q u e s tion e d
t h e m  a bo u t  t h ei r  wo rk,  ho u r s  of labor, w a g e s ,  a n d
m e a n s  of imp rove m e n t .   Wh e n  I u r g e d  t h e m  to  occ u py
t h ei r  s p a r e  t im e  in r e a ding  a n d  s t u dy, t h ey s e e m e d
to  u n d e r s t a n d  t h e  n e e d  of it, b u t  a n s w e r e d,  s a dly,
‘We will t ry, b u t  w e  wo rk  so  h a r d ,  a n d  a r e  so
ti r e d.’  I t  w a s  pl ain  t h a t  t h e s e  op e r a tives
did  no t  go  to  t h ei r  labo r  wi t h  t h e  jubila n t  feeling
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of t h e  old  mill-gi rls,  t h a t  t h ey  wo rk e d  wi t ho u t  ai m
or  p u r pos e,  a n d  took no  in t e r e s t  in  a ny t hing  b eyon d
e a r ning  t h ei r  d aily b r e a d .   The r e  w a s  a  ti r e d
ho p eles s n e s s  a bo u t  t h e m,  s uc h  a s  w a s  n eve r  s e e n  a m o n g
t h e  e a rly mill-gi rls.   Yet t h ey  h ave  m o r e  leisu r e ,
a n d  e a r n  m o r e  m o n ey t h a n  t h e  op e r a tives  of fifty yea r s
a go,  b u t  t h ey do  no t  know ho w  to  imp rove  t h e  on e  o r
u s e  t h e  o t h er.  Thes e  Ame ric a n-bo r n  c hild r e n  of
for eign  p a r e n t a g e  a r e ,  ind e e d,  u n d e r  t h e  con t rol n ei t h e r
of t h ei r  ch u rc h  no r  t h ei r  p a r e n t s,  a n d  t h ey, cons e q u e n tly,
a do p t  t h e  vice s  a n d  follies  ins t e a d  of t h e  good  h a bi t s
of ou r  p eo ple.   I t  is vit al to  t h e  in t e r e s t s  of
t h e  w hole  co m m u ni ty t h a t  t h ey  s ho uld  b e  b ro u g h t  u n d e r
good  m o r al  influe nc e;  t h a t  t h ey  s hould  live in b e t t e r
ho m e s,  a n d  b r e a t h e  a  b e t t e r  social a t m os p h e r e  t h a n
is now  to  b e  foun d  in ou r  fac to ry tow ns.”
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The  ci ty of H olyoke,  a no t h e r  g r e a t  co t ton  ce n t er,
h aving  2 3,0 00  inh a bi t a n t s,  is in so m e  r e s p e c t s  t h e
m os t  r e m a rk a ble  tow n  in t h e  S t a t e  of M a s s a c h u s e t t s .  
I t  w a s  b ro u g h t  in to  exis t e nc e ,  3 5  ye a r s  a go,  by t h e
con s t r u c tion  of a  g r e a t  d a m  a c ros s  t h e  Con n ec ticu t
Rive r;  a n d,  a ro u n d  t h e  w a t e r  pow e r  t h u s  c r e a t e d ,  mills
h ave  s p r u n g  u p  so  r a pidly t h a t  t h e  pop ula tion,  w hos e
no r m al inc r e a s e  is eigh t e e n  p e r  c e n t .  ev e ry t e n  yea r s
in M a s s ac h u s e t t s ,  h a s  do u ble d,  d u ring  t h e  las t  d e c a d e,
in  H olyoke.  Bu t  eigh ty ou t  of eve ry 1 0 0  p e r so ns
in t h e  ci ty a r e  of for eig n  ex t r ac tion,  t h e  p r ev ailing
n a tion ali ty b eing  F r e nc h-Ca n a dia n,  a  p eo ple  w ho  a r e
so  r a pidly di spl acin g  o th e r  op e r a tives,  eve n  t h e  Irish
t h e m s elves,  in t h e  m a n ufac t u rin g  c e n t e r s  of N e w  E n gla n d
t h a t  t h ey m u s t  no t  b e  dis miss e d  wi tho u t  r e m a rk.

The  Ca n a di a n-F r e nc h  w e r e  r ec e n tly d e s c ribe d  in  a  g r ave
S t a t e  p a p e r  a s  a  “ho r d e  of ind us t rial  invad e r s ,”
a n d  a cc u s e d  of c a ring  no t hing  for  Ame rica n  ins ti t u tions,
civil, poli tic al, o r  e d u c a tion al; h aving  co m e  to  t h e
S t a t e s,  no t  to  m a k e  a  ho m e,  b u t  to  g e t  tog e t h e r  a
li t tle  m o n ey, a n d  t h e n  to  r e t u r n  w h e n c e  t h ey  c a m e.  
The  p a r e n t  of t h e s e  im mig r a n t s  is t h e  Ca n a dia n  ha bi tan,
a  p e a s a n t  p ro p rie tor, fa r ming  a  few a c r e s ,  living
p a r si mo niously, m a r rying  e a rly, a n d  p ro d u cing  a  la r g e
fa mily, w ho  m u s t  ei t h e r  cle a r  t h e  soils  of t h e  incle m e n t
no r t h,  o r  b e co m e  fac to ry op e r a tives  in  t h e  S t a t e s.  
They a r e  a  sim ple,  kindly, pious,  a n d  c h e e rful folk,
wi th  few w a n t s,  lit tle  e n e r gy, a n d  no  a m bi tion; igno r a n t
a n d  c r e d ulous,  Ca t holic by  r eligion,  a n d  d evo t e d  to
t h e  p ri e s t ,  w ho  is t h ei r  o r a cle,  frie n d,  a n d  g uide
in all t h e  r el a tions  of life.  S uc h  a r e  t h e  p eo ple—a
co m ple t e  con t r a s t  wi th  Ame ric a n s—w ho  b e g a n,
so m e  t w elve  ye a r s  a go,  to  e mig r a t e  to  t h e  mills  of
N e w  E n gla n d.   They c a m e,  no t  only in t e n ding  to
r e t u r n  to  t h ei r  ow n  co u n t ry  wi th  t h ei r  s avings,  b u t
e njoine d  by t h e  Chu rc h  to  do  so.  E m ploye r s,  how ever,
soon  foun d  ou t  t h e  valu e  of t h e  n e w  co m e r s ,  a n d  Yanke e
s u p e rin t e n d e n t s  p r efe r r e d  t h e m  a s  op e r a tives  b efor e
a ny o th e r  n a t ion ali ty, no t  only on  a c co u n t  of t h ei r
ti r ele s s  indus t ry  a n d  docility, b u t  b ec a u s e  t h ey a c c e p t e d
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low e r  w a g e s ,  a n d  ke p t  t h e m s elves  cle a r  of t r a d e-u nion
socie tie s.   Thus,  finally, it h a s  co m e  a bo u t  t h a t
n e a rly 7 0  p e r  c e n t .  of t h e  co t ton  op e r a tives  a t  H olyoke
a r e  of F r e nc h-Ca n a dia n  o rigin,  a n d  t h e  social con di tion
of all t h e s e  p eo ple  is p r e cis ely simila r  to  t h a t  w hich
h a s  al r e a dy b e e n  d e s c rib e d  a s  c h a r a c t e rizing  t h e  inh a bi t a n t s
of “Lit tl e  Ca n a d a”  in Lowell.

I t  h a s  al r e a dy b e e n  s aid  t h a t  t h e  ave r a g e  r a t e  of
inh a bi t a ncy is six p e r so ns  p e r  ho us e  in t h e  S t a t e
of M a s s a c h u s e t t s ,  b u t  t h e  p r e s e nc e  of t h e  F r e n c h  in
H olyoke  a c t u ally do u ble s  t h e  inh a bi t a ncy of t h e  w hole
tow n,  wi th  w h a t  effec t  u po n  t h ei r  ow n  s p e ci al q u a r t e r
m ay e a sily b e  im a gine d.   P ro b a bly now h e r e  in  E u rop e
could  t h e r e  b e  foun d  m o r e  c row d e d  ho us es ,  a n d  wo r s e
p hysical con di tions  of life, t h a n  in  t h e  q u a r t e r s  inh a bi t e d
by c e r t ain  alien  op e r a tives  in m a ny  m a n ufac t u rin g
tow ns  of t h e  U ni t e d  S t a t e s .
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S h a r p  con t r a s t s  a s  t h ey  a r e ,  t h e s e  ske t c h e s  fai rly
pic t u r e  t h e  h eigh t s  a n d  d e p t h s  of indu s t ri al con di tions
in a  r e gion  w hich,  a s  I wo uld  a g ain  r e mind  you, con t ain s
n e a rly on e-h alf of all t h e  fac to ry op e r a t ives  in Ame rica.  
Mo r e  t h a n  t his,  w hile  t h e  S t a t e s  in  q u e s tion  would
yield  to  no  o t h e r s  t h ei r  claim s  to  r e p r e s e n t  a dv a nc e d
civiliza tion,  M a s s a c h u s e t t s ,  t h e  c r e a t ion  of t h e  P u ri t a n
r efug e e s,  a n d  t h e  c r a dle  of Ame rica n  ind e p e n d e n c e,
s t a n ds  confe ss e dly a t  t h e  h e a d  of all h e r  sis t e r  S t a t e s
for  e nligh t e n e d  p hilan t h ro py.  The r e  a r e  no  g r e a t e r
love r s  of r ig h t ,  ho no r e r s  of indu s t ry, a n d  fri en ds
to  e d uc a tion  in t h e  world  t h a n  it s  p eo ple,  ye t  t h e
p r e s e n t  social con di tion  of H olyoke  a n d  of Lowell,
a s  of m a ny o th e r  m a n ufac t u ring  ci tie s,  wo uld  h av e
s hocke d  all Ame rica  t hi r ty ye a r s  a go,  a n d  b e e n  impossible
les s  t h a n  h alf a  c e n t u ry b a ck.   I t  is ti m e  w e  s ho uld
a sk,  Ho w  is Ame ric a  going  to  t r e a t  a  p ro ble m,  for m e rly
t h e  d a n g e r  a n d  s till t h e  p e r pl exity of E u ro p e,  for
w hich  d e moc r a tic  ins ti t u tions  h ave  failed  to  fu rnis h
t h e  solu tion  onc e  confide n tly, b u t  u nfai rly, exp ec t e d
fro m  t h e m?

The  S t a t e ,  t h e  Ch u rc h,  a n d  t h e  Sc hool a r e  all doing
t h ei r  b e s t  to  p r eve n t  t h e  laps e  to  low e r  con di tions
w hich  s e e m s  to  t h r e a t e n  labo r  in t h e  S t a t e s ,  e a c h
of t h e m  t rying  t h ei r  u t m os t  to  “m ak e  Ame rica n s”
of alie n  labo r e r s,  by m e a n s  of t h e  poli tic al, r eligious,
a n d  e d uc a tion al ins ti t u tions  of t h e  cou n t ry. 
H ow  ina d e q u a t e  t h e s e  u n aid e d  a g e n cie s  a r e  for  t h e  a cco m plish m e n t
of t h ei r  gig a n tic  t a sk  is no w h e r e  so  cle a rly r e alized
a s  in t h e  co m m o n,  o r  fr e e,  s c hools  of t h e  S t a t e s .  
The s e ,  in di s t ric t s  s uc h  a s  I h av e  di s ting uish e d  a s
“Ame ric a n,” a r e  filled  wi th  boys  a n d  gi rls,
of all a g e s  fro m  five to  eig h t e e n,  w hos e  a p p e a r a n c e
a n d  in t ellige nc e  b e s p e a k  high  social con di tions.  
Wh a t eve r  t h e  occ u p a tion  w hich  t h e s e  you n g  p eo ple  m ay
ul tim a t ely a do p t—a n d  all of t h e m  a r e  d e s tin e d
for  wo rk-a-d ay lives—a n  obs e rve r  feels
q ui t e  s u r e  t h a t  t h ey a r e  m o r e  likely to  r ai s e  t h e  ch a r a c t e r
of t h ei r  s eve r al  e m ploym e n t s ,  t h a n  to  b e  t h e m s elves
d e g r a d e d  to  lowe r  social levels, on  q ui t ting  sc hool.
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But  no  simila r  confide nc e  in t h e  fut u r e  of Ame ric a n
labo r  is e n g e n d e r e d  by visi t s  to  t h e  sc hools  w h e r e
si ts  t h e  p ro g e ny of alie n  labor.  In  t h e  c a s e
of t h e  Ca n a dia ns ,  ind e e d,  p a r e n t s  a n d  p ri es t s  alike
b e n d  all t h ei r  e n e r gi e s  to  t h e  e s t a blis h m e n t  of “pa roc hial
sc hools,” w hich,  if t h ey  forw a r d  t h e  c a u s e  of
t h e  Ch u rc h,  do  lit tle  for  e d u c a tion  in  t h e  Ame rica n
s e n s e  of r e q ui ring  good  ci tize ns,  eve n  m o r e  t h a n  good
sc hola r s ,  a t  t h e  h a n d s  of t h e  n a tion al  t e a c h e r s .

The  p ri m a ry  sc hools  of g r e a t  ind us t ri al  tow n s,  s uc h
a s  Fall River, t h e  M a n c h e s t e r  of Ame ric a,  a r e  filled,
to  q ui t e  a s  g r e a t  a n  ex t e n t  a s  simila r  sc hools  in
E u ro p e,  wi th  igno r a n t ,  r a g g e d,  a n d  b a r e-foote d  u r c hins.  
The s e  c hild r e n  a r e ,  ind e e d,  no  les s  w ell c a r e d  for
a n d  t a u g h t  t h a n  t h ei r  Yanke e  fellows, a n d  on e  c a n no t
s ufficien tly a d mi r e  t h e  e n e r gy a n d  e n t h usia s m  with
w hich  sc hool-t e a c h e r s  g e n e r ally e n d e avo r  to  “m ak e
Ame rica n s” of t h ei r  s tolid  a n d  r a g g e d  li t tle
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alien  c h a r g e s .   In  t h e s e  c a s e s ,  ho w ever, w h e r e
oft e n  t h e  c hild r e n  h ave  h a d  no  s chooling  a t  all b efo r e
t h ey a r e  old  e no u g h  to  wo rk,  it is q ui t e  cle a r  t h a t
t h e  sc hool c a n no t  do  all t h a t  is r e q ui r e d  to  r ais e
t h e  labo r  of to-d ay u p  to  t h e  levels  it  occ u pie d  in
t h e  p a s t .   And, if t h e  sc hool it s elf is ineffec tive
in t his  r e g a r d ,  how  m u c h  m o r e  so  m u s t  b e  t h e  Ch u r c h,
to  w hich  im mig r a n t  you t h  is a  co m p a r a tive  s t r a n g e r ;
o r  t hos e  d e m oc r a tic  ins ti t u tions  w hic h  a r e  b a s e d,
to  q uo t e  t h e  wo r d s  of Was hing to n  hi m s elf, u po n  “th e
vir t u e  a n d  in t ellige nc e  of t h e  p e ople.”

Whe t h e r  t h e  p r e s e n t  con di tion  of labo r  in Ame ric a
will ev e r  a g ain  b e  lift ed  to  t h e  levels  of t h e  p a s t
d e p e n d s,  in  t r u t h ,  les s  u po n  t h e  S t a t e ,  t h e  Ch u rc h,
a n d  t h e  Sc hool, t h a n  u po n  t h e  p a r t  w hich  t h e  Ame rica n
e m ploye r  is t aking  o r  a bo u t  to  t ak e  in t hi s  q u e s tion.  
I t  is impossible  for  a ny u n p r eju dice d  obs e rve r  to
b e  long  in t h e  S t a t e s,  a n d  e s p ecially in t h e  N e w  En gla n d
S t a t e s,  wi t ho u t  co min g  to  t h e  conclusion  t h a t  a  la r g e
n u m b e r  of e m ploye r s  a r e  ve ry a nxious  a bo u t  t h e  c h a r a c t e r
of t h e  labo r  t h ey  e m ploy, a n d  willing  to  a s sis t  to
t h e  u t mos t  of t h ei r  po w e r  in imp roving  it.   In
s pi t e  of t h e  love  of m o n ey a n d  luxu ry w hich  is so  cons pic uo us
a  fea t u r e  of c e r t ain  s ec tions  of Ame rica n  socie ty,
a  high  ide al of t h e  p ro p e r  func tion  of w e al t h  h a s
a r is e n  in t h e  S t a t e s ,  w h e r e  la rg e  for t u n e s  a r e  chiefly
t hin gs  of r e c e n t  d a t e ,  a m o n g  la r g e  a n d  influe n tial
cla s s e s  h aving  a n  e nligh t e n e d  r e g a r d  for  t h e  b e s t
w elfa r e  of t h e  cou n t ry.  This  r e g a r d  finds  exp r e s sion
now  in t h e  e s t a blis h m e n t  of a  fac to ry, m a n a g e d  wit h
on e  eye  on  p rofi ts  a n d  a no t h e r  on  t h e  el eva tion  of
t h e  a r ti s a n ,  a n d  now  in t h e  e n do w m e n t  of fr e e  lib r a ri e s
o r  simila r  ins ti t u tions,  offe rin g  oppo r t u ni ti es  of
imp rove m e n t  to  all.

To give  only a  few ins t a nc e s  of t h e  for m e r  m ove m e n t:  
Mr. P ullm a n,  t h e  g r e a t  c a r-b uilder, h a s  r e c e n tly e s t a blis h e d,
on  Lake  Calu m e t ,  a  va s t  sys t e m  of works ho ps  a n d  wo rk m e n’s
ho m e s,  a  d e s c rip tion  of w hich  r e a d s  like  a  ch a p t e r
fro m  Mo r e’s “Utopia.”  The  Wate r b u ry
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Watch  Co m p a ny h a s  la t ely b uil t  a  fac to ry, e m ploying
6 0 0  h a n d s,  on  si mila r  lines  to  t hos e  of Mr. P ullm a n.  
Ch e n ey Bro th e r s’ silk mills  a t  Sou t h  M a nc h e s t e r
r e m ain  now, af t e r  I rish  labo r  h a s  e n ti r ely t ak e n  t h e
plac e  of n a tive  h a n d s,  a t  al mos t  t h e  s a m e  high  level
a s  t h a t  w hich,  in co m m o n  with  Lowell, t h ey  h eld  for ty
ye a r s  a go.   M es s r s .  Fai rb a nks,  of S t .  Johns b u ry,
in  Vermo n t,  con d uc t  a  la rg e  e s t a blish m e n t,  w h e r e  eve ry
m a r r ie d  e m ploy e  ow n s  a  ho u s e  in  t h e  villag e,
al mos t  a n  E d e n  for  b e a u ty a n d  o rd er, w hich  h a s  g row n
u p  a ro u n d  t h es e  r e m o t e  b u t  r e m a r k a ble  sc ale  wo rks.  
Si mila rly, t h e  Cr a n e s  a t  Dalton,  in M a s s ac h u s e t t s;
M e s s r s.  Brow n,  S h a r p e  a n d  Co., a t  P rovide nc e,  Rhod e
Islan d;  Mr. H az a r d  a t  Pea c e d ale,  N a r r a g a n s e t t;  a n d
las t ,  no t  le a s t ,  Col.  Ba r row s,  a t  Willim a n tic,
in  Con n e c ticu t ,  h av e  all s ucc e e d e d  in r e s to rin g  t h e
p a s t  con ditions  of n a tive  Ame rica n  labo r  a m o n g  op e r a tives,
now, for  t h e  m o s t  p a r t ,  of ali en  o rigin.
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I wis h  t h a t  tim e  p e r mi t t e d  m e  to  sk e t c h,  ho w eve r  b ri efly,
t h e  mills  to  w hich  I h ave  las t  allud e d.   I t  m u s t
s uffice  to  s ay t h a t  t h e  d evo t e d  labo r s  of Col. 
Ba r ro ws, P r e sid e n t  of t h e  Willim a n tic  Th r e a d  Co., h ave
s ucc e e d e d  in c r e a ting,  ou t  of I rish  labor, soci al
con di tions  of ind us t ri al life  w hic h  a p p ro a c h  ide al
p e rfec tion  a s  n e a rly a s  t h e  wo rk  of imp e rfec t  m a n  c a n
pos sibly do.   And, b e t t e r  s till, t h e  hig h  m o r ality
a n d  in t ellige nc e  of Col.  Ba r row’s 1,6 00
op e r a tives,  t h e  co mfor t  a n d  s e e mline ss  of t h ei r  ho m e s,
t h e  cle a nly a n d  c h e e rful ch a r ac t e r  of t h e  mill work,
eve n  t h e  r efine m e n t s  of t h e  m u sic  a n d  a r t  s c hools
a t t a c h e d  to  t h e  mill, c a n  b e  p rove d,  by h a r d  figu r e s,
to  b e  p aying  fac to r s  in t h e  u n d e r t aking,  view e d  fro m
a  p u r ely co m m e r cial s t a n d poin t.

So  far, I h ave  e n d e avo r e d  to  s how  t h a t  a  g r e a t  con t r a s t
exis t s  b e t w e e n  w h a t  onc e  w a s  a n d  no w  is t h e  con di tion
of fac to ry labo r  in Ame ric a.   I h av e,  fu r t h er,
d e sc rib e d  c e r t ain  s u rvivals  of a n  e a r li e r  a n d  h a p pie r
s t a t e  of t hing s,  a n d  indic a t e d  t h e  force s  now  a t  wo rk
t e n din g  to  lift t h e  H olyoke  of to-d ay, for  ex a m ple,
to  t h e  social levels  of old  Low ell.  I h ave  given
my  r e a so n s  for  b elieving  t h a t  t h e  d e m oc r a tic  ins ti t u tions
of Ame rica  a r e  inc a p a ble,  u n aid e d,  of a cco m plishing
s uc h  a  t a sk  a s  t his  c h a r g e  implies,  a n d  conclu d e d
t h a t  it s  a cco m plish m e n t  d e p e n d s  m ai nly on  t h e  a c tion
of t h e  Ame rica n  e m ployer.  Wh a t  t his  a c tion  a s
a  w hole,  a n d  w h a t ,  t h e r efo r e ,  t h e  fut u r e  of labo r
in Ame rica  is likely to  b e ,  I confe s s  mys elf in g r ave
do u b t—do u b t  fro m  w hich  I t u r n,  wi t h  so m e t hing
like  a  s e n s e  of r eli ef, to  di scus s  t hos e  e cono mical
con sid e r a tions  affec ting  w a g e-e a r n e r s  w hich  h ave  hi t h e r to
b e e n  m a d e  to  give  pl ac e  to  social inq ui ries.

We h ave  no w  to  a s k  w h a t  a r e  t h e  w a g e s  of labo r  in
t h e  S t a t e s ,  t h ei r  r ela tion  to  t h e  cos t  of s u bsis t e nc e,
a n d  to  w a g e s  a n d  cos t  of s u b si s t e nc e  in  ou r  ow n  cou n t ry? 
Fin ally, I s h all b ri efly conside r  c e r t ain  p ro posi tions
of t h e  Ame rica n  politic al e co no mis t  w hich  a r e  so  inext ric a bly
mixed  u p  wi th  t h e  q u e s tion  of labo r  a n d  w a g e s  in t h e
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S t a t e s  t h a t  it is impossible  to  di scu ss  t h e  on e  wi thou t
t aking  so m e  no t e  of t h e  o t h er.

U n til q ui t e  r e c e n tly, no  co m ple t e  inves tig a tion,  b rin ging
t h e  r a t e s  of w a g e s  p aid  in ind us t ri e s  co m m o n  to  t h e
U ni t e d  S t a t e s  a n d  E u ro p e a n  cou n t rie s,  h a s  eve r  b e e n
m a d e,  al t hou g h  t h e  r e s ul t s  of s uc h  a n  inves tig a tion
h ave  b e e n  co ns t a n tly a n d  e a r n e s tly c alled  for  bo t h
by t h e  p r e s s  a n d  p eo ple  of Ame rica .   Pe r mit  m e
to  r e m a rk,  in p a s sing,  t h a t  w e  know  lit tle  in t hi s
cou n t ry  of t h e  d e si r e  for  full, t r u s t wo r t hy, a n d  a c c e s sible
s t a tis tics,  conc e r nin g  all m a t t e r s  of n a tion al in t e r e s t ,
w hich  do min a t e s  t h e  p u blic  min d  of Ame rica;  a n d  a s
li t tle  of t h e  willingn e s s  wi th  w hich  Americ a n  ci tize ns
of all cl as s e s  pl ac e  t h e  p a r ticul a r s  of t h ei r  p riva t e
b u sin es s  a t  t h e  s e rvice  of t h e  s t a tis ticia n.   This
d e si r e  for  s t a ti s tical b a s e s  w h e r eo n  t h e  s t a t e s m a n
a n d  e co no mis t  m ay b uild, is vividly illus t r a t e d  by
t h a t  p u blica tion,  p e r h a p s  t h e  m os t  won d e rful in t h e
w hole  world,  e n ti tl ed  a  “Co m p e n diu m  of t h e  Ce ns u s
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of t h e  U ni t e d  S t a t e s ,” issu e d  wi t h  eve ry d ec a d e.  
The s e  volu m e s,  a cc e s sible  to  eve rybody, a n d  a r r a n g e d
wi th  m a rv elous  skill a n d  lucidi ty, offe r  to  t h e  soci al
obs e rve r  a  co m ple t e,  a cc u r a t e ,  a n d  s u g g e s tive  s u rvey
of eve ry field co m p ris e d  wi thin  t h e  vas t  do m ain  of
t h e  n a tion al  in t e r e s t s .   An ev e ning’s a d d r e s s
wo uld  no t  m o r e  t h a n  s uffice  to  indica t e  t h e  scop e
a n d  a p p r ais e  t h e  value  of t his  wo rk,  w hich  is a  min e
w h e r ein,  t h e  o r e  r e a dy d r e s s e d  to  his  h a n d,  t h e  poli tico-e cono mic
o r  indus t ri al e s s ayis t  mig h t  wo rk  for  ye a r s  wit ho u t
exh a u s ting  it s  r ich e s .

But  t h e  U ni t e d  S t a t e s  Ce ns u s  do e s  no t  t r e a t  s p e cifically
of w a g e s  a n d  s u b sis t e nc e,  a n d  it  is to  t h e  M a s s a c h u s e t t s
Labo r  Bur e a u  t h a t  w e  m u s t  a g ain  t u r n  for  s uc h  info r m a tion
a s  w e  now  r e q ui r e.   Dr. E d w a r d  Young, ind e e d,
t h e  la t e  c hi ef of t h e  U ni t e d  S t a t e s  Bur e a u  of S t a tis tics,
p u blish e d  a n  el a bo r a t e  wo rk  u po n  t his  s u bjec t  in 1 8 7 5,
b u t  his  co m p a risons  a s  to  t h e  r el a tive  cos t  of living
in Ame rica  a n d  E u rop e,  good  in t h e m s elves,  a r e  r e n d e r e d
of li t tl e  value  by  t h e  a b s e nc e  of s uc h  s t a tis tics
a s  would  give  t h e  t r u e  p e r c e n t a g e  of diffe r e nc e  b e t w e e n
Ame rica n  a n d  for eign  w a g e s .   S eve r al  ela bo r a t e
w a g e s  r e po r t s  w e r e  also  p u blish e d  b e t w e e n  1 8 7 9  a n d
1 8 8 2,  w hich,  w hile  t h ey g ave  t h e  Ame ric a n  sid e  of t h e
q u e s tion  wi t h  g r e a t  fullnes s,  p r e s e n t e d  for eig n  w a g e s
ve ry inco m ple t ely.

Always, how ever, imp r e s s e d  wi th  t h e  impor t a n c e  of
m a king  a n  a cc u r a t e  co m p a rison  b e t w e e n  w a g e s  a n d  t h e
cos t  of s u bsis t e nc e  on  t h e  two  sides  of t h e  Atlan tic,
b u t  u n a ble  to  u n d e r t a k e  a  ve ry wid e  inqui ry wi th  t h e
funds  a t  it s  dis pos al, t h e  M a s s ac h u s e t t s  Bu r e a u  d e t e r min e d,
in t h e  fall of 1 8 8 3,  u po n  r e d u cin g  to  n a r row e r  limi t s
t h a n  h e r e tofo r e  t h e  field  of inves tiga tion.   Ins t e a d
of Ame rica  a n d  E u rop e,  M a s s a c h u s e t t s  a n d  Gr e a t  Bri t ain
w e r e  s elec t e d  for  co m p a ri son,  t h e  for m e r  a s  t h e  c hief
m a n ufac t u ring  S t a t e  of Ame ric a,  t h e  la t t e r  a s  h e r  lea ding
co m p e ti tor.

With  t hi s  view, a  n u m b e r  of a g e n t s  w e r e  s e n t  to  g a t h e r
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p e r so n ally, fro m  t h e  p ay rolls  of Ame rica n  a n d  E n glish
m a n ufac to rie s,  t h e  r a t e s  of w a g e s  p aid  in t w e n ty-fou r
of t h e  lea din g  indu s t ri e s  w hich  a r e  co m m o n  to  t h e  t wo
dis t ric t s  r e s p e c tively.  I t  w a s ,  a t  fi r s t ,  sou g h t
to  ext e n d  t h e  inq ui ry to  t hi r ty-five  diffe r e n t  ind us t rie s,
a  n u m b e r  w hich  wo uld  p r a c tic ally h ave  cove r e d  t h e
w hole  g ro u n d,  b u t  nin e  of t h e s e  w e r e  finally a b a n do n e d
for  w a n t  of s ufficien t  Bri tish  info r m a tion.

It  is a  p e rfec tly e a sy t hing,  a s  al r e a dy indica t e d,
to  g a t h e r  w a g e  o r  o t h e r  s t a ti s tics  in  t h e  cou n tin g-ho u s e s
of M a s s a c h u s e t t s  m a n ufac to ri es,  b u t  q ui t e  a  diffe r e n t
m a t t e r  w h e n  a  collec tion  of si mila r  info r m a tion  is
a t t e m p t e d  in t his  cou n t ry, w h e r e  m o s t  p ro p rie to r s  a r e
u n willing,  a n d  m a ny al tog e t h e r  r efu s e ,  to  give  a ny
infor m a tion  r e g a r ding  t h ei r  ind us t rie s.

The  following  t a bl e,  of w hich  a n  e nla r g e d  facsimile,
m a r k e d  A, a p p e a r s  on  t h e  w all, s p e cifies  t h e  t w e n ty-fou r
ind us t ri e s  fro m  w hich  t h e  r e t u r n s  in  q u e s tion  w e r e
m a d e,  a n d  t h e  n u m b e r  of e s t a blish m e n t s  m a kin g  s uc h
r e t u r n s  in e a c h  indu s t ry in ei t h e r  cou n t ry: 

138



Page 68

Table  A .

Ind us t ri e s.                        M a s s a c h u s e t t s .  
Gre a t  Bri t ain.   Total

Agricul tu r al  imple m e n t s                4           
   1             5
Artis a ns’ tools                        3     
         4             7
Boots  a n d  s ho es                       1 8           
   2            2 0
Brick                                 3           
   1             4
Building  t r a d e s                       3 2           
  2 4            5 6
Ca r p e tings                             1           
   1             2
Ca r ri a g e s  a n d  Wagons                  1 1           
   3            1 4
Clothing                              1 0           
   4            1 4
Cot ton  goods                          1 0           
   9            1 9
Fl ax a n d  ju t e  goods                    2           
   3             5
Food  p r e p a r a tions                      5           
   2             7
F u r ni tu r e                             1 1           
   1            1 2
Glass                                  1           
   3             4
H a t s  (fu r  wool a n d  silk)              3           
   2             5
H osie ry                               5           
   3             8
Liquo r s  (m al t  a n d  di s tilled)         1 0           
   1            1 1
M a c hin es  a n d  m a c hin e ry                1 2           
  1 5            2 7
M e t als  a n d  m e t allic goods             2 5           
  1 3            3 8
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P rin ting  a n d  p u blishing               1 2           
   7            1 9
P rin ting,  dyein g  a n d  bl e a c hin g  e t c     3           
   4             7
S ton e                                 1 0           
   1            1 1
Wood e n  goods                          1 2           
   1            1 3
Woolen  goods                           4           
   2             6
Wors t e d  goods                          3           
   3             6

2 1 0
           1 1 0           3 2 0

Thir ty-t wo  ci ti es  in M a s s a c h u s e t t s ,  a n d  t w e n ty-six
in Gre a t  Bri t ain,  w e r e  visi t e d  in s e a r c h  of r e t u r n s,
of w hich  al mos t  all ou r  g r e a t  ind us t ri al c e n t e r s  yield
t h ei r  q uo t a .

It  b ein g,  of cou r s e ,  im pos sible  to  ob t ain  w a g e  r e t u r n s
for  all t h e  e m ploy es  of t h e s e  va rious  ind us t ri es
in ei t h e r  cou n t ry, t h e  inves tig a tion  ai m e d  a t  cove rin g
a t  le a s t  1 0  p e r  c e n t .  of s uc h  to t al s, a n d,  in t h e
c a s e  of M a s s a c h u s e t t s ,  s ucc e e d e d  in g e t tin g  r e t u r n s
for  3 6,00 0  h a n d s,  o r  1 3  p e r  c e n t .  of t h e  w hole  n u m b e r
of a r t is a n s  e m ployed  in t h e  t w e n ty-fou r  ind us t ri es
exa min e d.   Gre a t  Bri t ain,  on  t h e  o t h e r  h a n d,  m a d e
r e t u r n s  for  a bo u t  h alf t h a t  n u m b e r  of h a n d s,  b u t  t h ei r
p ro po r tion  to  t h e  to t al s  e m ploye d  c a n no t  b e  simila rly
s t a t e d,  fir s t ,  b e c a u s e  w e  h ave  h e r e  no  s p e cific indu s t ri al
c e n s u s,  a n d,  s e co n d,  b e c a u s e  m a ny of t h e  E n glish  r e t u r n s
w e r e  m a d e  for  a n  ind efini t e  n u m b e r  of e m ploy es .
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The  co m p a ri son  w a s  m a d e  in t h e  following  w ay: 
For  e a c h  of t h e  t w e n ty-fou r  ind us t rie s,  a  t a bl e,  consis ting
of fou r  s ec tions ,  w a s  co ns t r uc t e d,  vi z ., “Occu p a tion,”
“Aggr e g a tion,” “Rec a pit ul a tion,”
a n d  “Co m p a rison.”  The  fir s t  g ave
t h e  n a m e s  of t h e  va rious  b r a n c h e s  of e a c h  indu s t ry,
cla s sifying  t h e s e  a s  mi n u t ely a s  possible,  b ec a u s e
t h e  n a m e s  indica ting  s u b divisions  of labo r  a r e ,  g e n e r ally,
so  diffe r e n t  in t h e  t wo  cou n t rie s  t h a t  t h e  a c t u al
“m a tc hin g” of occ u p a tions,  d e si r a bl e  for
a  p e rfec t  co m p a rison,  is impossible.   The  s eco n d,
o r  “Aggr e g a tion” s ec tion,  b rin gs  t h e  va rious
occ u p a tions  in t h e  s a m e  indus t ry  in to  juxt a posi tion,
a n d  s u p plies  oppo r t u ni ti es  for  di r ec t  co m p a rison.  
The  t hi rd,  o r  “Rec a pi t ula tion” s e c tion,
is d r a w n  fro m  t h e  “Occu p a tion” s e c tion,
a n d  s how s  t h e  n u m b e r  of m e n,  wo m e n,  youn g  p e r sons,
a n d  c hild r e n  for  w ho m  w a g e s  a r e  give n;  w h e t h e r  t h e s e
a r e  p aid  by  t h e  d ay, o r  by  piec e;  a n d  w h e t h e r  t h e  w a g e
r e t u r n s  s how  t h e  a c t u al  a m o u n t s  p aid  to  a  d efini t e
n u m b e r  of e m ploy es , o r  a n  ave r a g e  w a g e  for
a  d efini t e  o r  a n  ind efinit e  n u m b e r  of e m ploy es . 
The  fou r t h,  o r  “Com p a rison” s e c tion,  b rin gs
t h e  hig h e s t ,  low es t ,  a n d  g e n e r al  ave r a g e  w e ekly w a g e s
in to  final co m p a rison.

The  firs t  t h r e e  s e c tions  of t h e  t a bl e,  b ein g  ei th e r
si m ply e n u m e r a t ive  o r  collec tive  in  c h a r a c t er, a r e
e a sily u n d e r s tood  wi t ho u t  illus t r a tion,  b u t  a n  exa m ple
of t h e  “Com p a r a tive” s e c tion,  m a rk e d  Table
B, h a n g s  on  t h e  w all, a n d  s hows  all t h e  final co m p a risons
a t  a  gl a nc e .
Table  B .
------------------------------------------------------------
-------
|    1     |     2     |     3     |     4
---------------------------------------
Cla ssifica tion.              | M a s s a c- |   Gre a t   |  M a s s ac- |   Gr e a t
| h u s e t t s . |  Bri t ain. |  h u s e t t s . |  Bri t ain.
------------------------------------------------------------
-------
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Aver a g e  hig h e s t  w e ekly      |  dols.  |   dols.   |   dols.   |   dols.
w a g e  p aid  to--              |         |          |          |
M e n                       |   3 7.0 0  |   1 3 .39   |   2 5.4 1   |   1 1.36
Wom e n                     |    5 .5 0  |    ...   |    8 .5 7   |    4 .10
Young  p e r son s             |    7 .00  |    3 .6 5   |    6 . 94   |    3 .04
Child r e n                  |    5 . 70  |    ...   |    4 .64   |    1 .0 5
|         |          |          |
Aver a g e  low es t  w e ekly w a g e   |         |          |          |
p aid  to--                   |         |          |          |
M e n                       |    7 .6 0  |    3 . 21   |    7 .09   |    4 .7 2
Wom e n                     |    5 .0 0  |    ...   |    4 .6 2   |    2 .27
Young  wo m e n               |    4 .5 0  |    1 . 46   |    4 .26   |    1 . 66
Child r e n                  |    3 . 00  |    ...   |    3 .09   |     .60
|         |          |          |
Aver a g e  w e ekly w a g e s         |         |          |          |
p aid  to--                   |         |          |          |
M e n                       |   1 2.0 4  |    8 . 07   |   1 1.8 5   |    8 . 26
Wom e n                     |    5 .1 2  |    ...   |    6 .0 9   |    3 .37
Young  p e r son s             |    5 .76  |    2 .5 2   |    5 . 10   |    2 .40
Child r e n——             |    5 .3 1  |    ...   |    3 .8 1   |     .79
The  two  fir s t  colu m n s  of t h e  t a bl e  a r e  si m ply illus t r a tive
of t h e  m e t ho d  a p plied  to  a  single  indu s t ry, exhibi ting
t h e  hig h e s t  av e r a g e,  lowe s t  av e r a g e,  a n d  ave r a g e  w e ekly
w a g e s,  w h e t h e r  to  m e n,  wo m e n,  you n g  p e r so ns,  o r  c hild r e n,
in  t h e  p a r tic ula r  b u sin e ss  of “m ac hin e-m a king,”
tog e t h e r  wi th  t h e  g e n e r al  av e r a g e  w a g e s  p aid  to  all
t h e  e m ploy es  in s uc h  ind us t ry.  The  g e n e r al
av e r a g e  w e ekly w a g e s  in t his  ind us t ry  a r e  t h u s  s how n
to  b e  4 5.6  p e r  c e n t .  hig h e r  in  M a s s ac h u s e t t s  t h a n
in Gre a t  Bri t ain.

The  3 d  a n d  4 t h  colu m n s  of t h e  t a bl e  consolida t e  all
t h e  t w e n ty-fou r  indu s t rie s,  a n d  yield,  in  simila r
t e r m s ,  a s  in  t h e  c a s e  of m a c hin e-m a kin g,  a n  av e r a g e
co m p a rison  a p plying  to  t h e  w hole  g ro u p  of indu s t rie s
u n d e r  ex a min a tion,  giving,  a s  a  g r a n d  r e s ul t ,  t h a t
t h e  g e n e r al  ave r a g e  w e ekly w a g e s  of M a s s ac h u s e t t s
a r e  high e r  by 4 8.28  p e r  c e n t .  t h a n  t hos e  of Gre a t
Bri t ain.

It  is, how ever, explaine d  t h a t  t h e  Bri tish  w a g e  r e t u r n s
w e r e  m a d e  in  t h r e e  diffe r e n t  w ays,  viz ., for
a  d efini t e  n u m b e r  of e m ploy es , by  p e rc e n t a g e
r e t u r n s ,  a n d  by g e n e r al  r e t u r n s;  bo t h  of t h e  la t t e r
b ein g  for  a n  ind efini t e  n u m b e r  of e m ploy es . 
Whe r e  m o r e  t h a n  on e  w a g e-b a sis  w a s  give n,  t h e  high e s t
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figu r e  w a s  u s e d  in t h e  c alcula tions,  a n d,  t his  b ein g
t h e  c a s e  in eig h t e e n  ou t  of t h e  tw e n ty-fou r  ind us t ri e s,
it s  effec t s  on  t h e  g r a n d  r e s ul t  a r e  consid e r a ble;
for, by c r e di ting  Gre a t  Bri t ain  wi th  t h e  av erag e
ins t e a d  of t h e  hig h  w e ekly w a g e,  t h e  av e r a g e
p e rc e n t a g e  in favor  of M a s s ac h u s e t t s  r i s e s  fro m  4 8.2 8
p e r  c e n t .  to  7 5 .94  p e r  c e n t .

In  o r d e r  t r uly to  indica t e  t h e  hig h e r  p e r c e n t a g e  of
av e r a g e  w e ekly w a g e s  in M a s s a c h u s e t t s ,  w e  m u s t ,  t h e r efo r e ,
a g r e e  u po n  a  figu r e  so m e w h e r e  b e t w e e n  t h e s e  two  ex t r e m e s,
vi z ., t h a t  of 4 8.2 8  p e r  ce n t .,  d e rive d  fro m  t a ble s
in w hich  Gre a t  Bri t ain  is c r e di t e d  wi th  t h e  high  w a g e,
a n d  t h a t  of 7 5.94  p e r  c e n t .,  d e rived  fro m  t hos e  t a bl e s
in w hich  s h e  is c r e di t e d  wi t h  t h e  ave r a g e  of t h e  r e t u r n s
m a d e  u po n  t h e  diffe r e n t  b a s e s .   The  m e a n  of t h e s e
figu r e s  is 6 2.11  p e r  c e n t .,  w hich  is conside r e d  to
b e  t h e  r e s ul t  of t h e  inves tig a tion,  a n d  m ay  b e  for m ula t e d
a s  follows:  The  g e n e r al  av e r a g e  w e ekly w a g e s
p aid  to  e m ploy es  in t w e n ty-fou r  m a n ufac t u ring
ind us t ri e s  co m m o n  to  M a s s a c h u s e t t s  a n d  Gre a t  Bri t ain
is 6 2  p e r  c e n t .,  hig h e r  in t h e  for m e r  t h a n  t h e  g e n e r al
av e r a g e  w e ekly w a g e s  p aid  in t h e  s a m e  ind us t rie s  in
t h e  la t t e r  cou n t ry.

But  t h e  q u e s tion  of w a g e s  for m s  only on e  side  of t h e
wo rking  m a n’s a ccou n t;  on  t h e  o t h e r  s t a n d s  t h e
cos t  of living,  a n d  no  co m p a risons  of p ro s p e ri ty,
in  give n  indus t ri al co m m u ni ties,  a r e  of a ny value  w hich
o mit  to  t ak e  in to  conside r a tion  t h e  r ela tive  e a s e
wi th  w hich  s uc h  co m m u ni ties  c a n  p roc u r e  t h e  m e a n s
of s u b sis t e n c e .   Table  C p r e s e n t s  a  s u m m a ry of
p ric e s,  g a t h e r e d  in 1 8 8 3,  of t h e  c hi ef it e m s  in a  wo rking
m a n’s  exp e n di tu r e ,  a n d  t h ei r  cos t  in M a s s a c h u s e t t s
a n d  Gre a t  Bri t ain.
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Table  C .

-------------------------------------------------------
--
Article s.        |P e r c e n t a g e  hig h e r  |   Pe rc e n t a g e  hig h e r
|      in M a s s.      |    in  Gr e a t  Bri t ain
---------------------------------------------------------
Groc e rie s        |          1 6 .18     |         —
P rovisions       |            —      |       2 0.0 0
F u el            |         1 0 4.98     |         —
Dry goods        |          1 3.2 6     |         —
Boots  a n d  s ho es  |          4 2.7 5     |         —
Clothing         |          4 5.06     |         —
Re n t s            |          8 9.62     |         —
---------------------------------------------------------
r e >

H aving  a g r e e d  t h a t  w a g e s  a r e  p ro b a bly 6 2  p e r  c e n t .
hig h e r  in M a s s a c h u s e t t s  t h a n  in Gr e a t  Bri t ain,  it
wo uld  b e  e a sy, if w e  could  a s c e r t ain  w h a t  p ro po r tion
of a  wo rking  m a n’s  inco m e  is s p e n t  r e s p ec tively
in g roc e ri es ,  p rovisions,  clo t hing,  e t c ., to  d e t e r min e
w h a t  a dva n t a g e  a n  op e r a tive  d e rives  fro m  t h e  high e r
w a g e s  of t h e  U nit e d  S t a t e s .   Dr. E n g el, t h e  chief
of t h e  P r u s si a n  Bur e a u  of S t a tis tics,  p u t s  u s  in pos s es sion
of t his  infor m a tion,  a n d,  a s  t h e  r e s ul t  of a  labo rious
inq ui ry, h a s  for m ula t e d  a  c e r t ain  econo mic  law w hich
gove r n s  t h e  r el a tions  b e t w e e n  inco m e  a n d  exp e n di t u r e .  
F ro m  hi m  w e  lea r n  (se e  Table  D) t h a t :  

Table  D .

A working  m a n  wi th  a n  inco m e  of L60  p e r  a n n u m
s p e n ds  a s  follows: 

Pe r  c e n t .
of inco m e.                   
    S hillings.
/ m e a t ....   
   2 4 8
1.   On  s u bsis t e nc e      6 2         o r   \ g roc e ri e s
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     4 9 6
2.  " clo thin g          1 6         "                
   1 9 2
3.  " r e n t              1 2         "                
   1 4 4
4.  " fuel              5         "                
    6 0
5.  " s u n d ri e s           5         "                
    6 0
------
Total s hillings
1,20 0
Or
 L60

N ow, r efe r rin g  to  Table  C, it will b e  s e e n  t h a t  t h e
s a m e  m a n’s  exp e n di tu r e  in  Ame ric a  would  b e:  

S hillings.  
           S.

1.   On  s u bsis t e nc e     / m e a t . ...
   2 4 8  —  2 0  p .c.  =  1 9 8.4
\ g roc e ri es    4 9 6  +   1 6   "  
=  5 7 5.3
2.  " clo thin g                       1 9 2  +   4 5   "  
=  2 7 8.4
3.  " r e n t                           1 4 4  +   8 9   "  
=  2 7 2.1
4.  " fuel                           6 0  +  1 0 4   "  
=  1 2 2.0
5.  " s u n d ri e s                        6 0  +   5 0   "  
=   9 0 .0
--------
Total        
1 , 53 6.2
Or            L76
1 6 s.

In  o th e r  wo r d s,  a  wo rk m a n  e a r nin g  L60  p e r  a n n u m  in
Gre a t  Bri t ain  wo uld  r e c eive  L99, o r  6 2  p e r  c e n t .  m o r e
w a g e s  in t h e  S t a t e s ,  b u t  living  t h e r e  would  cos t  hi m
L77, o r  L17  m o r e  t h a n  h e r e ,  giving  hi m  a  n e t  a dv a n t a g e
of only 2 8  p e r  c e n t .,  ins t e a d  of 6 2  p e r  c e n t .,  d e rived
fro m  living  a n d  wo rking  in  Ame rica.
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But  t his  r e s ul t  do e s  no t  exh a u s t  t h e  q u e s tion.  
The  s t a n d a r d  of life  is ve ry diffe r e n t  a m o n g  wo rking
m e n  in t h e  S t a t e s  a n d  in Gre a t  Bri t ain,  a n d  t h e  al mos t
inexh a us tible  s t a ti s tics  of t h e  r e po r t ,  a l r e a dy so
oft e n  q uo t e d ,  e n a ble  u s  to  g a u g e  t hi s  diffe r e nc e  wi th
a c c u r a cy.  I t  h a s  b e e n  p rove d,  by  a  r e c e n t  inves tiga tion,
w hos e  d e t ails  w e  n e e d  no t  follow, t h a t  t h e  exp e n di t u r e
of wo rking  m e n’s  fa milies,  of si mila r  size,  in
M a s s a c h u s e t t s  a n d  in Gre a t  Bri t ain,  s t a n d  to  e a c h  o th e r
in t h e  r a tio  of 1 5  to  1 0.   By in t rod ucing  t his
n e w  facto r  in to  ou r  c alc ula tions,  w e  find  t h a t  a  m a n
w ho  s p e n d s  L60  p e r  a n n u m  in E n gla n d  wo uld  s p e n d  L90,
ins t e a d  of L77, p e r  a n n u m  in t h e  S t a t e s ,  p aying  Ame rica n
p ric e s  for  s u b sis t e nc e ,  a n d  living  u p  to  Ame ric a n
s t a n d a r d s .   In  o t h e r  wo r d s ,  h e  wo uld  b e  a  g ain e r
to  t h e  ex t e n t  of only L9 p e r  a n n u m  by living  a n d  wo rking
in t h e  U ni t e d  S t a t e s .   Fin ally, if w e  p r e s u m e
t h a t  4 8  o r  5 0  p e r  ce n t .,  r a t h e r  t h a n  6 2  p e r  c e n t .,
m e a s u r e s  t h e  high e r  w a g e s  of M a s s a c h u s e t t s ,  t h e  s a m e
m a n’s  inc r e a s e d  w a g e s  would  b e  L90  ins t e a d  of
L99, a n d  h e  wo uld-n ei t h e r  los e  no r  g ain  in m o n ey by
b eco min g  a n  Ame rica n  ci tize n,  a n d  a do p ting  Ame ric a n
h a bi t s .

Tha t  t h e s e  conclusions  a g r e e  wi th  t hos e  ro u g h  a n d
r e a dy p r a c tic al illus t r a tions  w hich,  wi t ho u t  b eing
scie n tific, a r e  g e n e r ally t r u s t wo r t hy, le t  t h e  following
s to ry evide nc e.

So m e  ye a r s  a go,  a  skillful m o uld er, in my t h e n  fir m’s
e m ploy, left  u s  for  t h e  S t a t e s ,  w h e r e  h e  p e r m a n e n tly
s e t tl e d.   Afte r  a  long  a b s e n c e,  h e  r e t u r n e d  for
a  few w e eks’ holid ay, w h e n  I a sk e d  hi m  w h e t h e r
h e  e a r n e d  hig h e r  w a g e s  a n d  foun d  life  m o r e  a g r e e a ble
in Ame rica  t h a n  in En gla n d.   “Well, a s  to
m o n ey” w a s  his  r e ply, “I t hink,  t aking
all t hings  in to  conside r a tion,  I did  a bo u t  a s  w ell
in  t h e  old  s ho p  a s  I do  now; b u t ,  socially s p e akin g,
I a m  so m e bo dy t h e r e ,  w hile  h e r e  I a m  only a  m o uld er.” 
Social a dva n t a g e,  ind e e d,  p rob a bly m e a s u r e s  al mos t
all t h e  diffe r e nc e  b e t w e e n  t h e  posi tion  of a  skilled
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fac to ry op e r a tive  in  t h e  S t a t e s  a n d  in E n gla n d.

Le t  m e  no t  s e e m,  ho w ever, to  u n d e rvalue  t h a t  diffe r e n c e .  
S t a tis tics,  af t e r  all, do  no t  do min a t e  h u m a n  n a t u r e;
on  t h e  con t r a ry, h u m a n  n a t u r e  d e t e r min e s  t h e  s t a ti s ticia n’s
figu r e s.   Eve ry a r ti s a n  e mig r a n t  to  Ame ric a  g ain s
oppo r t u ni ti es  of a dva nc e m e n t  of w hic h  his  E u ro p e a n
fellows  know no t hing.   If h e  h ave  b r ains,  t h e
w ay to  s ucc e ss  is op e n  t h e r e ,  w hile  it is p r a c tically
b a r r e d  to  a ny thing  s ho r t  of g e nius  for  m e n  of hi s  cla s s
in E u ro p e.   Ou r  Aus t r ali an  colonie s,  w h e r e  u n skilled
labo r  c a n  e a r n  7 s.  6 d.  a  d ay, a n d  live  for  a  t rifle,
a r e ,  ind e e d,  a  p a r a dis e  for  t h e  m e r e  w a g e-e a r n er,
w ho  c a n  sc a r c ely h elp  b e co ming  al so  a  w a g e-s ave r;  b u t
Ame rica  is t h e  cou n t ry  w hic h,  wi th  w a g e  con di tions
s uc h  a s  I h av e  a t t e m p t e d  to  po r t r ay, s till offe r s
t h e  b e s t  pos sible  op po r t u ni tie s  of s ucc e s s,  a n d  ev e n
of g r e a t  c a r e e r s ,  to  cleve r  wo rking  m e n ,  a n d  e s p e ci ally
to  cleve r  m e c h a nics.   Tha t  m a n,  ho w ever, is no t
wo r t hy of a  ho m e  in t h e  g r e a t  r e p u blic, w ho  do e s  no t
a p p r e ci a t e  t h e  high e r  social levels  a t  w hich  n a tive
labo r  d e si r e s  to  live, w ho  is no t  a nxious  to  m a k e  t h e
m os t  of t h e  a dv a n t a g e s  w hich  d e m oc r a tic  ins ti t u tions
offe r  hi m,  w ho  do es  no t ,  in  s ho r t ,  a r d e n tly d e si r e
to  b e co m e  a  “good  Americ a n.”
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The r e  r e m ains  t h e  q u e s tion  al r e a dy allud e d  to  a s  inext rica bly
bo u n d  u p  wi th  Ame ric a n  labo r  p ro ble m s:   Ho w  do e s
t h e  Ame rica n  t a riff affec t  w a g e s?   The  ide a  t h a t
t h e s e  a r e  d e t e r min a ble  by t h e  t a riff is t h e  co r n e r
s ton e  of p ro t ec tion  in t h e  S t a t e s .   The  a r ti s a n
h a s  b e e n  so  s e d ulously e d u c a t e d  to  b elieve  t h a t  t h e
c hief objec t  of impor t  d u tie s  is to  p ro t ec t  hi m  fro m
falling  in to  a  r uinous  co m p e ti tion  wi t h  w h a t  is c alled
t h e  “p a u p e r  labo r  of E u rop e,” t h a t  no
m ove m e n t  on  t h e  p a r t  of wo rk m e n  in t h e  di r ec tion  of
fre e  t r a d e  is eve r  likely to  a r is e  in Ame rica .  
I a m  no t  now  a bo u t  to  a r g u e  t h e  q u e s tion  of p ro t e c tion,
exc e p t  in so  fa r  a s  it  r el a t e s  to  labo r;  b u t  it  m ay
b e  r e m a r k e d,  in p a s sin g,  t h a t  in t e r n al co m p e ti tion,
r a t h e r  t h a n  t h e  p eo ple,  is t h e  e n e my fro m  w ho m  t h e
t a riff will p rob a bly r ec eive  its  d e a t h  blow in t h e
futu r e .   P ro t ec tion  will ul tim a t ely b r e ak  dow n
by it s  ow n  w eigh t  in t h e  S t a t e s .   P rod u c tion  al r e a dy
exc e e d s  d e m a n d,  t h e  c ry for  a  “wide r  m a r k e t”
a n d  for  “r a w  m a t e ri als  fr e e”  is in  eve ry
m a n ufac t u r e r’s m o u t h;  a n d  if America  u p holds
h e r  p ro t ec tive  legisla tion  too  long,  t h e  p ro d uc e  of
h e r  fac to rie s  a n d  mills  will, by  a n d  by, forc e  it s
w ay, in  s pi t e  of t h e  t a riff, in to  t h e  op e n  m a rk e t s
of t h e  wo rld,  b u t  it  will b e  t h ro u g h  t h e  g a t e  of n a t ion al
s uffe ring.   Fe w  p eo ple  in t his  cou n t ry a r e ,  I
t hink,  a w a r e  of t h e  ex t r ao r din a ry fe rvo r  wi th  w hich
t h e  doc t rin e  t h a t  p ro t ec tion  b e n efit s  labo r  is p r e a c h e d
in t h e  S t a t e s .   We a r e  ou r s elves  a c c u s to m e d  to
h e a r  t h e  q u e s tion  of fr e e  t r a d e  a r g u e d  only fro m  t h e
e co no mic  s t a n d poin t ,  b u t  t his  is by  no  m e a n s  so  co m m o nly
t h e  c a s e  in Ame rica.   I s h all t ry, by p a r a p h r a sing
c e r t ain  r e c e n t  a d d r e s s e s  of a n  a bl e  p e r son al  fri en d
a n d  e n t h u si a s tic  p ro t e c tionis t ,  to  illus t r a t e  t h e  posi tion
t ak e n  by t hos e  p e r so ns  w ho  a dvoc a t e  t h e  t a riff, no t
u po n  e co no mic g ro u n d s,  b u t  in t h e  avow e d  in t e r e s t s
of labor.

Refe r rin g  to  t h e  wo r d s  “F r e e  Tra d e,” t h e
s p e a k e r  in q u e s tion  b e gin s  by a sking,  “Wh a t
is t h e  e s s e n ti al n a t u r e  of t h a t  w hich  w e  c all t r a d e?”
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And a n s w e r s  hi ms elf a s  follows: 

“The  g ri m,  u gly fac t  is t h a t  t r a d e  is a  figh t,
t h e  m a r k e t s  a r e  b a t tl e  fields,  t h e  t r a d e r s  a r e  gla dia to r s,
c a r rying  on  a  t r u e  w a r  a ro u n d  q u e s tions  of valu es,
wi th  no  c a r e  w h e t h e r  t h e  op posing  p a r ty o r  t h e  co m m u ni ty
a t  la rg e  c a n  affo rd  t h a t  t h e  t r a d e  is m a d e.   This
con t e s t  is alw ays  going  on,  w h e t h e r  a  lady b uys  a
p ai r  of gloves,  o r  a  syn dica t e  co r n e r s  E rie.  
Ant a gonis m  is so  fixed  a n  ele m e n t  of t r a d e ,  a n d  so
oft e n  d efe a t s  t h e  objec t  it  blindly follows, a s  to
m a k e  laws  w hich  s e ek  to  mi tiga t e  t h e  fe roci ty of t h e
s t r u g gle  a s  w elco m e  to  t h e  fa r-sig h t e d  m a n  of b u sin e ss
a s  t h ey  a r e  to  t h e  for e doo m e d  vic tim s  of t his  r el e n tl e s s
w a rf a r e .”

On  t h e  o t h e r  h a n d,  co m p e ti tion  is s aid  to  b e  a—
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“Wond e r  wo rk e r  in d eveloping  e n e r gy in t h e  s t ro n g e s t
individu als, a n d  m a s sin g  w e al th  in  m a s t e rful s t a t e s;
b u t ,  sinc e  co m p e ti tive  t r a din g  c a n  n eve r  b e  w holly
b e n efice n t ,  it  s hould  b e  s t ric tly con t rolled,  in t h e
in t e r e s t s  of t h e  toiling  millions,  w ho  a r e  too  w e ak
s ucc e s sfully to  op pos e  it s  a t t a cks.   The  r e s ul t s
of forcing  on  t h e  n a t u r ally w e ak,  by m e a n s  of co m p e ti tion,
h a r d  a n d  u n e q u al  b a r g ain s  w hich  a r e  eva d e d  by t h e  s t ro n g,
a r e  a p p alling  in t h ei r  m a g ni t u d e,  dividing  w hole  p eo ple s
p e r m a n e n tly in to  c a s t e s ,  r ich  a n d  poor, inju ring  t h e
for m e r  by exc es s ,  a n d  t h e  la t t e r  by  d e p riva tion,  m a king
a  n a tion  s t ro n g  in t h e  t r a ding  ins tinc t,  a n d  rich  in
a c c u m ula t e d  w e al th,  b u t  w e ak  a n d  poo r  in all it s  o t h e r
p a r t s .   This  a b u s e  is s a d d e s t  of all w h e n,  failing
to  b e  r e co g nize d  a s  a n  evil, t h e  doc t rine s  of fr e e
t r a d e  a r e  w ro u g h t  in to  t h e  policy a n d  social life of
a  p eo ple.”

P ro t ec tive  r e m e die s  for  t his  s t a t e  of t hin gs  a r e  in t rod uc e d
a s  follows: 

“Wh e r eve r  t h e  value  of co m p e ti tion  h a s  b e e n
fully r e co g nize d,  b u t  s u p ple m e n t e d  by wis e  con t rol
of it s  e n e r gi e s,  t h e  r e s ul ts  a r e  exc ellen t .   This
fac t  for m s  t h e  foun d a tion  of ou r  p ro t ec tive  law s,  w hos e
ve ry n a m e  ‘pro t ec tive’ implie s  a s s ailan t s;
t hos e  h a r d  b a r g ain s,  to  wit,  d riven  on  t h e  figh ting
side  of t r a d e ,  u n d e r  t h e  m o t to  of ‘le t  t h e  fit t e s t
s u rvive.’  Wh e n  a  s m all a r my is a t t a ck e d
by a  la r g e  on e,  it  cove r s  it s elf by e a r t h wo rks.  
Si mila rly, w h e r e  t h e r e  a r e  s h e e p,  a n d  wolves  a bo u n d,
t h e  fa r m e r  p u t s  u p  fenc es  w hich  effec t u ally p ro t ec t
his  flock; a n d,  in t h e  s a m e  w ay, t a riffs a r e  ‘for t s,’
w h e n c e  t h e  a r ti s a n  m ay  hop e  s ucc e s sfully to  d ef e n d
hi m s elf a g ain s t  t h e  a t t acks  of his  pow e rful a n d  u n s c r u p ulous
e n e my, c a pi t al; o r  t h ey m ay  eve n  b e  consid e r e d  a s
a  pis tol, w hich  a  lit tle  fellow poin t s  a t  a  big  b ully
w ho  t h r e a t e n s  hi m  with  a  t h r a s hin g.”

S uc h  a r e  t h e  a r g u m e n t s  w hich  a r e  u r g e d  wi th  g r e a t
fe rvor, a n d  im m e n s e  effec t,  u po n  t h e  Ame rica n  a r ti s a n,
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w ho  fully a n d  firmly b elieves  t h a t  p ro t ec tion  is t h e
only a g e n t  c a p a ble  of lifting  his  lot  a bove  t hos e,
d r e a d e d  levels  a t  w hich  t h e  “pa u p e r  labo r  of
E u ro p e” is u nive rs ally b elieve d  to  live.

The  si m ple  a n s w e r  to  all t his  r h e to ric  a p p e a r s  to
b e  t h a t ,  w hile  it  mig h t  b e  valid  a s  a n  indic t m e n t
of t h e  co m p e ti tive  sys t e m  a s  a  w hole,  it  is valu ele s s
w h e n  di r ec t e d  a g ains t  a  p a r t  of t h a t  sys t e m  only. 
Advoca t e s  w ho  a r e  no t  p r e p a r e d  to  s ay  t h a t  eve ry b a r g ain
s h all b e  con t rolled  by  b e n efice nc e ,  a n d  w ho  dis tinc tly
a d mi re  t h e  c hief r e s ul t s  of co m p e ti tion,  c a n no t  logically
d e m a n d  t h a t  labor, alon e  of all s al a ble  co m m o di ties,
s h all b e  bo u g h t  a n d  sold  on  al t r uis tic  p rinciples.

In  w h a t  im m e dia t ely p r e c e d e s ,  I h ave  e n d e avo r e d  to
indica t e  t h e  c h a r a c t e r  of t h e  pl e a din gs  w hich  m a k e
Ame rica n  a r ti s a n s  u nive r s ally s u p po r t e r s  of t h e  t a riff,
a n d  w e  m u s t  now  r e t u r n  to  t h e  q u e s tion,  Wha t,  af t e r
all, is r e ally t h e  effec t  of p ro t ec tion  on  w a g e s  in
Ame rica?   I a n s w e r  t h a t  no  legisla tive  sc h e m e s
c a n  a d d  to,  al t ho u g h  t h ey m ay  inju r e,  t h e  m a t e ri al
r e so u rc e s  of a  s t a t e .   Ca pi t al  c a n  only s u p po r t
t h e  labo r  for  w hich  t h e  a n n u al  h a rves t  of s uc h  r e so u rc e s
p ays,  a n d  all t h a t  legisla tion  c a n  do  is a r tificially
to  dive r t  labo r  a n d  c a pi t al  fro m  di r ec tions  w hich  t h ey
wo uld  t a k e  u n d e r  t h e  influe nc e  of n a t u r al  laws.
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Ame rica  is s elling,  a t  t h e  p r e s e n t  tim e,  a bo u t  L160,00 0,00 0
wo r t h  of food  a n d  o t h e r  r a w  p ro d uc t s  in E u ro p e.  
The s e ,  tog e t h er, r e p r e s e n t  h e r  c hief b r a nc h  of b u sin e s s,
in  w hich  n e a rly fifty p e r  c e n t .  of h e r  pop ula tion  is
e n g a g e d,  a n d  all t his  m e r c h a n dis e  is sold  in t h e  fr e e
t r a d e  m a rk e t s  of t h e  wo rld.   Wages  in Ame ric a,
t h e r efo r e ,  c a n no t  possibly b e  r e g ula t e d  by  t h e  t a r iff,
b ec a u s e,  w h a t eve r  w a g e s  c a n  b e  e a r n e d  by m e n  e n g a g e d
in t h e  p ro d uc tion  of a g ricul tu r al p ro d u c t s—t h e
p ric e s  of w hich  a r e  fixed  in Live r pool—m u s t
b e  t h e  r a t e  of w a g e s  w hich  will s u b s t a n ti ally b e  p aid
in o th e r  b r a n c h e s  of b u sine s s.   Wages,  like  w a t er,
s e e k  a  level; if m a n ufac t u r e  p ays  b e s t ,  labo r  will
q ui t  a g ric ul t u r e;  if a g ricul tu r e  p ays  b e s t ,  m a n ufac t u r e s
will d e cline,  a n d  a g ricul tu r e  p ro g r e s s.

A gl a nc e  a t  t h e  con di tion  of indu s t ri al  socie ty in
Ame rica  vividly illus t r a t e s  t his  conclusion.  
Any m a n,  wi t h  a  few dolla r s  a n d  a  s t ro n g  p ai r  of a r m s,
c a n  win  fa r  g r e a t e r  r e w a r d s  fro m  t h e  soil t h a n  h e  could
pos sibly ob t ain  by  t h e  s a m e  effo r t  in E u rop e.  
His  w a g e s  a r e  hig h,  b e c a u s e  t h e  g r a d e  of co mfo r t  to
b e  ob t aine d  fro m  t h e  lan d  by m e a n s  of a  lit tle  labo r
is high,  a n d  t h e  a r ti s a ns’ w a g e s  m u s t  follow
s ui t,  if m e n  a r e  to  b e  t e m p t e d  fro m  t h e  field  in to
t h e  wo rks hop.   Ame rica n  politicians ,  ho w ever, wo uld
h ave  u s  b elieve  t h a t  Ame ric a n  labo r  ow es  it s  p ro s p e ri ty
to  t ax a tion; in o t h e r  wo r ds ,  t h a t  w h a t  t h e  im mig r a n t
s e e ks  is no t  t h e  rich  p r izes  offe r e d  him  by a  fre e
a n d  fe r tile  soil, b u t  t h e  bl e s sings  w hich  flow fro m
a  t a riff t h a t  a d d s  a n  ave r a g e  4 0  p e r  c e n t .  to  t h e
cos t  of eve ry t hing  h e  n e e d s  exc e p t  food.

On e  m o r e  illus t r a tion,  a n d  I h av e  do n e.   U po n
t h e  w all h a n g s  a  dia g r a m  w hich  s how s  t h e  m ove m e n t s
of Ame rica n  w a g e s ,  of E n glish  w a g e s ,  a n d  of t h e  t a riff
fro m  1 8 6 0  to  1 8 8 3.   I h ave  al r e a dy a r g u e d  t h a t
a  t a riff c a n no t  d e t e r min e  w a g e s ,  a n d  t h e  di a g r a m  affo rds
posi tive  p roof t h a t  it h a s  no t  d e t e r min e d  t h e m  in
Ame rica,  a s  b e t w e e n  1 8 6 0  a n d  t h e  p r e s e n t  tim e.  
On  t h e  con t r a ry, t h ei r  m ove m e n t s  a r e  evide n tly d u e
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to  t h e  s a m e  c a u s e s  a s  h av e  influe nc e d  w a g e s  h e r e  d u ring
t his  p e riod,  w hile  it  is c e r t ainly r e m a r k a ble  t h a t
t h ey  h ave  fallen  soon er, fallen  low er, a n d  r e cove r e d
less  co m ple t ely in Ame rica,  w h e r e  ind us t ry is “p ro t ec t e d ,”
t h a n  in Gr e a t  Bri t ain,  w e r e  it is “unp ro t e c t e d.”

S ho r tly to  r e c a pi tul a t e  all t h a t  h a s  b e e n  a dv a n c e d,
I h ave  e n d e avo r e d  to  s how: 

1 s t .   Tha t  a  g r e a t  c h a n g e  h a s  occu r r e d  in t h e
social con di tion  of labo r  in t h e  U ni t e d  S t a t e s  d u ring
t h e  las t  for ty ye a r s ,  a n d  t h a t ,  s pi t e  of all t h e  exis ting
a g e n cie s  of imp rove m e n t ,  it  is dou b tful w h e t h e r  t h e
wo rking  clas s e s  of Ame rica  a r e  no t ,  a t  t h e  p r e s e n t
m o m e n t,  falling  s till fu r t h e r  fro m  t hos e  high  ide als
of op e r a tive  life w hich  onc e  so  b rillian tly di s ting uis h e d
t h e  U ni t e d  S t a t e s  fro m  E u rop e a n  cou n t ri es.

2 d.   Tha t,  a l t ho u g h  w a g e s  a r e  p ro b a bly so m e  6 0
p e r  c e n t .  hig h e r  in  t h e  c hief m a n ufac t u ring  dis t ric t s
of Ame rica  t h a n  in Gr e a t  Bri t ain,  ye t  a n  E n glis h  a r ti s a n
wo uld  find  hi m s elf li t tl e  r ich e r  t h e r e  t h a n  a t  ho m e,
af t e r  p aying  t h e  e n h a n c e d  p rice s  for  s u bsis t e nc e,
a n d  confo r ming  to  t h e  hig h e r  s t a n d a r d  of life w hich
p r ev ails  in t h e  S t a t e s .   At t h e  s a m e  ti m e,  his
w hole  social posi tion  a n d  op po r t u ni ti es  of a dv a n c e m e n t
wo uld  b e  im m e n s ely imp roved.
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3 d.   I h ave  t r i ed  to  d e mo ns t r a t e  t h a t  t h e  t a riff,
to  w hich  t h e  hig h e r  w a g e s  of Ame ric a  a r e  so  confide n tly
a t t r ibu t e d ,  h a s  r e ally no  influe nc e  w h a t eve r  u po n
t h e m,  a n d  t h a t  it  is no t  t h e r efo r e  a n  e n gin e ,  s uc h
a s  it is glowingly r e p r e s e n t e d  to  t h e  America n  a r ti s a n,
con s t r u c t e d  for  t h e  p u r pos e  of r ai sing  hi s  lot  a bove
t h a t  of t h e  so-c alled  “pa u p e r  labo r  of E u rop e.” 
Any inqui ry in to  t h e  ch a r ac t e r  of t h e  wo rk  r e ally
a c co m plish e d  by t h e  e n gin e  in q u e s tion  would  le ad
m e  in to  r e gions  of con t rove r sy forbidd e n  in t hi s  r oo m.

Fin ally, if I a m  a sk e d  w hy, in a  r eview  of Ame rica n
labo r  a n d  w a g e s ,  I h av e  s aid  no t hin g  of t r a d e  u nionis m
on  t h e  on e  h a n d,  a n d  of co-op e r a tive  p ro d uc tion  on
t h e  o t h er, I c a n  only a n s w e r  t h a t  to  h av e  in t rod uc e d
t h e s e  a m o n g  so  m a ny  ot h e r  in t e r e s ting,  b u t  s u bsidia ry,
s u bjec t s  w hich  c row d  a ro u n d  q u e s tions  of labo r  a n d
w a g e s,  wo uld  h ave  do u ble d  t h e  volu m e  of t his  a d d r e s s,
a n d  m o r e  t h a n  h alve d  t h e  p a tie nc e  wi th  w hich  you  h ave
kindly lis t e n e d  to  it.

*       *       *       *  
    *

A c a t alogu e,  con t aining  b rief no tice s  of m a ny impor t a n t
scie n tific p a p e r s  h e r e tofo r e  p u blish e d  in t h e  S UPPLEME NT,
m ay b e  h a d  g r a ti s  a t  t his  office.

*       *       *       *  
    *

THE SCIE NTIFIC AMERICAN S UPPLEME NT.

PUBLISH ED WEEKLY.

TERMS OF S UBSCRIPTION, $ 5  A YEAR.

S e n t  by  m ail, pos t a g e  p r e p aid,  to  s u b sc rib e r s  in  a ny
p a r t  of t h e  U ni t e d  S t a t e s  o r  Ca n a d a.   Six dolla r s
a  ye ar, s e n t ,  p r e p aid,  to  a ny for eign  cou n t ry.

154



All t h e  b a ck  n u m b e r s  of THE SUPPLEME NT, fro m  t h e  co m m e n c e m e n t ,
Jan u a ry 1,  1 8 7 6,  c a n  b e  h a d.   P ric e,  1 0  c e n t s
e a c h.

All t h e  b a ck  volu m e s  of THE SUPPLEM E NT c a n  likewis e
b e  s u p plied.   Two volu m e s  a r e  issu e d  yea rly. 
P rice  of e a c h  volu m e,  $ 2.50,  s ti t ch e d  in p a p er, o r
$ 3.50,  bou n d  in s tiff cove r s.

COMBINED RATES—On e  copy of SCIE NTIFIC AMERICAN
a n d  on e  copy of SCIE NTIFIC AMERICAN S UPPLEME NT, on e
ye ar, pos t p aid,  $ 7.00.

A libe r al  di scou n t  to  books elle r s,  n e w s  a g e n t s,  a n d
c a nvas s e r s .

MUNN & CO., PUBLISHERS,

3 6 1  BROADWAY, N EW YORK, N.Y.

*       *       *       *  
    *

PATENTS.

In  con n e c tion  wi th  t h e  SCIE NTIFIC AMERICAN, M e s s r s .
M U N N  & Co. a r e  Solici to r s  of Ame rica n  a n d  For eign
Pa t e n t s ,  h ave  h a d  4 0  ye a r s’ exp e ri e nc e,  a n d
now  h ave  t h e  la rg e s t  e s t a blish m e n t  in t h e  wo rld.  
Pa t e n t s  a r e  ob t ain e d  on  t h e  b e s t  t e r m s .

A s p e ci al no tice  is m a d e  in  t h e  SCIE NTIFIC AMERICAN
of all Inve n tions  p a t e n t e d  t h ro u g h  t his  Agency, wi th
t h e  n a m e  a n d  r e sid e nc e  of t h e  Pa t e n t e e .   By t h e
im m e n s e  ci rc ul a tion  t h us  give n,  p u blic  a t t e n tion  is
di r e c t e d  to  t h e  m e ri t s  of t h e  n e w  p a t e n t ,  a n d  s ale s
o r  int rod uc tion  of t e n  e a sily effec t e d.

Any p e r son  w ho  h a s  m a d e  a  n e w  discove ry o r  inven tion
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c a n  a s c e r t ain,  fr e e  of c h a r g e ,  w h e t h e r  a  p a t e n t  c a n
p ro b a bly b e  ob t aine d,  by  w ri ting  to  M U N N  & Co.
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We also  s e n d  fre e  ou r  H a n d  Book a bo u t  t h e  Pa t e n t  Laws,
Pa t e n t s ,  Cave a t s ,  Tra d e  M a rks,  t h ei r  cos t s ,  a n d  ho w
p roc u r e d.   Addr es s

M U N N  & CO., 3 6 1  BROADWAY, N EW YORK.

Bra nc h  Office,  cor.  F  a n d  7 t h  S t s.,  Was hin g ton,
D.C.        
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---------------------------------------
Ge n e r al  av e r a g e  w e ekly w a g e  |         |          |          |
p aid  to  all e m ploy es  |   1 1.7 5  |    8 . 07   |   1 0.3 2   |    6 . 96
------------------------------------------------------------
-------
Res ul t:   Gen e r al  ave r a g e      |                   |
w e e kly w a g e s  high e r  in     |   4 5.6 0            |   4 8.2 8
M a s s a c h u s e t t s  by  p e r  c e n t   |  p e r  c e n t .         |  p e r  c e n t .
------------------------------------------------------------
-------
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