gd

2.1

2.2

3.1
3.2
3.3

5.1

"A Treatise on the Steam Engine" by John Farey (1827)
040 000000 O0Ooooon

(00 S. Yamauchi)

20200 10 110

gg

gobooboboobooobd

I 4
I 1O

oooooooooobooooooooooooooreo

DO0O0D0O000000D0000001790 . . . o oo i
s 4
OO0O00O00000000001796. . . . . o 0 vttt e e e e e e

ooooooooooobooon

oobooOooooooobooobooooooOooooono

gbob0oo0oooooooobOobOooooooboooooDooOobobobooooLTT . .

gobooboboobooooda

16
19
20
22

24

30
31

41



1 OO

(p269) 0000000000 0OOODOOOOCOOODOOOOODOOOOOOOOODOODOOOOODO
gobooooboobobooobooboobbooboobbooboobobooboobbobboobo
0000000000000 000000000O00O00000O0DO0O0O0O0D (1I800)DUOOOOOOD
goobooboboboooooooooobobobobooobobooboobDobDoboboboboboooo
goooooboobooboobooboobobooboobDbooboobbooboobboboboobo
goooboobobobooooooooooboboboboobobobooboobDoboboboboboboooo
gooooobooboooobooboobobooboobbooboobbobooboobbobboobo
goobobobobooooo

gobooboboobooboooboobooboboobboboboobooobooboooboon
gooooobooboboooboooboobobooboobbooboobbooboobboboboobo
gooboobobobooooooooobobobobooboboooboobDoboboboboboboooo
gogboboooboobooobuooboobobooobg

000000 00000000 (smelt) 000000000 O0DOO0DOODOO (forge)D0DOOOOO
000 (hearth) 00D 00000000000 D0D00OO00OO0OOOOOODOOOOOODOOOOOOOOO
gooobooboboboooooooooobooboboboooboooboobooboboboboboboooon
goboooobooboooobooboobobooboobbooboobobooboobbobboobo
goooboboboboooooooobooboboboboooboooboobobobobobobooooo
goobooboboboooooooobooooboboboooboooboobDobDoboboboboboooo
goooooboobobooobooboobobooboobboobuoobbooboobboboboobo
gbooboboboooooobooboboboboooooooboobOon

0000o000oOo00oo0d0oDoDo00Do00ooO0UooDO0UDoOO0UDO IDDO0ODDO0ODOO
goobOo0o0oooOOoO0O0DOoO0OoooOOoOO0 1700000 COO0OODOOOOOOIEOOOOOOOOO
gobooboobobooobobooelsobooboooobOoboboobD spooboobobobooDOoO
gooboboboooooooooboobobobobooooooboooboobobobobobooooo
0000000000000 0000O00000O0O0ODO0000DO0O0 (DDOO)DOLUD0ODOUO0DDOUOOUOD
goooooboobbooobooboobobooboobbooboobboooboobboboboobo
0000000000000 00 (18c) 00000000000 30000000000 0DO0OOODOUOD
osb00o0ooooo

(p270) D0O0D00ODO0OO0DOODOOOOOOOODOOODOOOOOOODOOOOODOODOOODOODO
goboobooobooboboobooboobobooboobboobooboboooboobbobboobo
gooboobooboboon

1677 O O "Philosophical Transactions", vol. xii, p.931 0000000000 (Gloucestershire) O O
00000 (the Forest of Dean) 00 0000000000000 0O00O (Powle)DODODOOOODO
gooog

00 (Wye)UODODODOO (Severn) DO0DO00O000O0OO00O0O0DOO0DOO0OO0OO0O0OO0OO0OOOOOOOOO
0000000000000 0000000000000000 (iron-works) 000000000000 DOO0ODOODO

4-2



0000000000000 00000000000000000000000000000000000000000
0000000000000 00000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000

000000000000000000 (0000)000000000000000000000000000000
0000000000000 000000000000000000000000000000000000000C00
0000000000000000000000

000000000000 (limekiln) 000000000000000000000000000000 (calcine) O
000000000000 (furnace) 000 (smelt) 000000000000 000000000000000000
24000000000 30000000000000000000000000000000 8000 10000000
00000000000000000000O0D 200000000000000000000000000000OC0O0
0000000000000 00000000000000000000000000000000000000000
0000000000000 00000000000000000000000000000200000000000
00000000000000000000000000000000000000

0000000000000 0000000000000000000000000000000000000000
0000000000000 0000000000000000000000000000000000000000
000000000000 000000000000000000000000000000000000000000
(scum and dross) 0000000000000 DDO0O0ODOOOODO

0000000000000 0000000000000000000000000000000000000000
000000000000 000000000000000000000000000000000000000000
0000000000000 00000000000000000000000000000000000000000
000000000000000000000000

0000000000000 0000000000000000000000000000000000000000
0000000000000000000000000000000000— 0000000000000000000
0000000000000 000000000000000000000000000000000000000000

00000000000000 sowiron O pigiron 1000000000 (0)00000000000000000
00000000000 0000000000000000000000000000 finery forge(000)0000
chafery forge(0 00) 0000000000000 0000000000000000O000O000000000000
0000000000000000000000000000000000000000 3000 400 pigiron 00
0000000000000 00000000000000000000000000000000000000000
000000 half bloom 0000O0OCOOCOOO0O000000OOOOOOOOOOOOOOO0O0O0OOOOOOOOO
00000000000000 finery forge 100000000000 0000000000000000000000
000000000000000000000000000 chafery forge 10 000000000000000000
oooooo

00000 (back) 0000000 DOO00DOO0O0DOOO0DOOODOOOOOOOOOOOOOOODO(DODODO)OO
goboooooooooooooooooobooooobooooooooooooooooooooooooooogn
gooooooocoooooooooboo

0001693 00O "Philosophical Transactions", Vol. xvii, p.695 000000000 (Lancashire) O O
000000000 (Millthorpe-forge) 00 0000000000000 O000O (John Sturdy) 000D ODO
gooooobgo

ooooooooooooooboooboooooooobobooboooobooooooOobOoUoOboOoOoboboooOoboOooooo
0000000 1500000000000 (Furnace) 0000000000000 DO000O0DOO00OOOO0DOOODO
ooooooooooooo

(p.271) 000000D0ODO0OCODOOOOODOOOOOOOOOOOOOODOODOOOOOODOOOOD %DDD
gooooooooooobooooooooobooboooooooOoboOo0oOooOoOoOoOoOooOoObObobOO0 2000000
oi10d00o0oooobobo0odoooooooooooboboooooooooOoooOoOobobo0oooooooOoOobo0o00 e

0 700000000000000O0O0O00O0O0O0OCOOOOOOO0GOOCGDRO %DDDDDDDDDDDDDDDD

4-3



goooboooooooooooooooooooboOoOoOooOoOoOoO0OobObOO0OoOoObObObOOoObOOOoOoDObOOOn 1
gooooooocoooooooooooooooo

ooooooooooooooooOoooooOoOobOoboOoOooOoOoboOoOoOoOO0O0OoOOO0O0ObOOOoOOooOboOn
gooooooooobodooooOooooOooboOoboboO0OoOo0oOooOooOobObOO0OoO0ObOoObOn sowOO4OOooOooOooQo
00000 (turf; DOODOOODOODOOOCOOD)DO0O0DOO0ODOOOCOODOODOODOOOODOODOODOOOD
gobooooobooooooooooooooooooobooOooooooboobooOogo

ObO000O0sowiron 000O0O0O0O0C0OOOO0OOO0COOOOOOOOCOOOOOOOOOOOOOOOCOOOOO
gobooooooooboooooooboooobooooooboOonoooon 12000000000000000000
gooooodoooobooooobooooobooooooooooooooooooooo0ooooooOooooogn
gooooooooooooooboooboooooooooooooooooooooooo0ooooooodn 1cewt
ooobooooooboooOOO0O0 3oobO0000boOoOO0oO0O0O0OoOoOoOOO0O0O0OOoOO0OO0000On

oooooooooooobooOooooboboOoOooOoOoboO0OoOoOOoOo0bObOObOO0OoOOObOObOObOObOsow OO
ooooooooooooooDoon

cooboooooobooooboooooooooobooooooooooooobOboooboOooobooOoOoOooDnn
gobodoooboooooooooooOoooOooooboOoOooooooooOoooooOooOoOoOOoOooDboOooon
gboooobooooboooooooooollyoooooooboooboooooooboOoboooboooooobooon
oopoooooon

cobooooooooOooobooooboboobOoOobOOoOoOOoOOO0bOOOoOOOobOOoOobOboOobDbODboOO
gobooooooooooooobooooboboooboooooooooOooooDbDooooDoboOooDbboooon
goboooboooobooooOooOooOoOoOOo0o0obOOoO0OobOOoOoOooOoOoOoOoOOoOoOOOoOoOoDboboOonon
goboooobooooobooooooboooooboooobooooboooooooooobOooooboOoOooboboOooon
goboooooboboobooobooooboobooooooooooooooooooooooobooooon
ooboooobooooobooooobooooobooOooboOooobooOooboooooOooOoOooOoOooboboOooon
goboooooooooooobbo0ooobooooooooobooooooOooDboboooo

" 000000000000 00000000000000000000000000000000000
0000000000000 000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
00 (fusibility)D 0 0 0 (coheson)0 0 00 (softness) 0000 00000000000000000000
0000000000000000000000000000000000000000000000000
000000000000000000
000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
0000000000000000000000
000000000000000000000000000000000000000000000000
000D0*00000000000000000000000000000000000000000000

*1 DDO0DO000O000000000000000000000000000000000000000000000000000
oooooo0o0o0o0o0b0o0o00O000b0O0000000 1743 00000000000000000O00000000000OO
0 000 "Philosophical Transactions", 1747 0 00000 (Mason) 00000000000000000D00OO0O0D0DOO
0000000000 00000000000000000000D000000000000000 (Ford)DDODOOODODODODO
0000000000D000000D0000000000000D000000D000000 (spelter) 000000000D0OO

4-4



00 (fire-backs)00O00O00O0O0O0O0O0ODO0OO0OODO0OOODOOODOODOOODODOODODODOOD
gobooooooooooooobooooboboooboooooooooOooooDbDooooDoboOooDbboooon
oobooobooooOooOoocOoOobOOoOoOobooOoooon

(p272) 00000000 OO0DOO0OOODOOOO0OO0OOOOOOODOOOOOOOOOOODODO
gobodoooboooobooooooooobooobooooooooooooooooooooboOoon
oobooooooooooooboboOooboboooboooooooooOooOoobOboOooboOoOoOooon

lyooo0o0oooobooo0ooooooooboooobooooooooboooooobDoooboOoooooDo
goboooooooboooooobooOooOOoO0oOobOOoO0OobOOoOoOoboOoOooOoOOoOobOObOOoOoDbboOoon
00000000000000000 (potters) 0 0000000000000 OOOODOOOOODOODO
gobodoooboooobooooooooooboo0ooboooobooooooOoooooOooOoOOoOooboOooon
gboooooooboooooboooooboobOOobOoobOOoOob0 1booooboobooobooboooOoon
goboooooon

goooo looooooooooooOOOOOOOOOOOOOOOCOOOOOOOOOODDOODOO
O00o0ooooooooooolel9oooooo (budleyy 000000000000 O0ODOOOODO
goboi0oocoooOo0o sooootcOoOoOobocOoOooboOoOoOoOoOOoOoOoObOOoOoOoobOOoOoOoOobOboOonon
0000000000000000000000000000000000 (the civil wars) 00000000
gobodoooboooobooooooooobooobooooooooooooooooooooboOoon
oboocooocoboocobobooboooooobOoooOooOoooooboOoOoe3 000Ooooooobooooboon
gooboooooooooooo0ob0 1goboobooobooooboOoooboOooboOooboobooOoooD 700
ooooooooooooooboboOoowwoooooooooooooooooooooooooooooon
000 (chafery forge) 000 D00O0000O0O0DO0OOO0OOO

00000000000 167700000 (Powle)DODOODODO 1693000000 (Sturdy) D000
gogobooboooobboooobbooobbbooobbbooobbbooobbboobDbooOo B
gooboobobooooooooooooboboboooooooobooboboboboboboooo
goooboobobi4oiboboboboooobooooboobobobobo1v400DbOobobbOOoO
000000000000 00000 (Shropshire) 000000000000 (Colebrook Dale) DO OO
0000000000000000*00000000000000000000000000O0O00000
gooooooooooboobooobobboboooooooobobobobbbboooodooobDbobobboboo
god

(p273) D0O00D0O0O0OO0OO0OO0OO0DOOODOODOODOOO0OOOOOOOODODOODOODOOO
0000000000000 O00000000000000000000O0O0O0OOOOOOOOOOOOO
000o0000o0o00o0oo00o0oooo0o0oo0o0oo0ooooo0ooooooooon (oo)oooo
goooooboobobooobooboobobooboobDbooboobbooboobboboboobo

00D000D00000000000000000 (00)000000000000000000000000000000000
0000000000000 000000000000000000000000000000000000000000000
0000000000000000000000000

*2 nPhilosophical Transactions", 1747, vol. xliv. p.370 00000000000 000000000000000000O00O0
000000000
000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000
00D00D00D0000000000000000000000000000000000000000000(

4-5



gobooooboooooooooobooOoooOOoOoOobOOoOoOobOOoOoOoboOoOooOoOOoOobOOOoOoOoDbboOonon
gobooooooooooooobooooboboooboooooooooOooooDbDooooDoboOooDbboooon
goboooboooobooooOooOooOoOoOOo0o0obOOoO0OobOOoOoOooOoOoOoOoOOoOoOOOoOoOoDboboOonon
goboooobooooobooooooboooooboooobooooboooooooooobOooooboOoOooboboOooon
gobodoooboooobooooooooobooobooooooooooooooooooooboOoon
ooboooobooooobooooobooooobooOooboOooobooOooboooooOooOoOooOoOooboboOooon
gobooobooooooooooboOoooboobo0oobbooooooo

coobooooobobocoobooooOooOoOoOoOoOboOoOobOOo0OOoOOOOOObCOb0ObOOOObOOOOODn
goboooooooooooooboooooboobooobooooooooooooobObooooDObOooDboboOooon
gobodoooboooobooooooooooboo0ooboooobooooooOoooooOooOoOOoOooboOooon
gboboboooocoooooooboobobooooobobOooooooooboobOoboooboobooon
gbobooooodobodobooboooooooooodoboboooooobooboboooooooooooonoan
gobooooboooobooooooooooOoOoobOoOoOoobooOoOoboOoOooOoOOoOoOoOOoOooDbboOooon
gobooooooooooooobooooboboooboooooooooOooooDbDooooDoboOooDbboooon
oobooooood

s 0000 1759000000000000000000000000 (Roebuck) 03000000 (Garbet)
0*00000000000000000000000000000000 (FalkickyDOODODOOOOOO
gooooobooboooobooboobobooboobbooboobbobooboobbobboobo
gooboboboboooooobooobobobobooooo

oooooood wveo 0 O0O0O0O0O0O0OO0OOOOODOOOOOCOOOOOOO0O0O0O0OOOOOOOOO
gooooobooboboooboooboobobooboobbooboobbooboobboboboobo
gooo 2000000000 0boboob0ooobobobobooooboooboobDobobobbooo
gobooooooooboo 40000bOb000obobO0oO0oDOOO0O0ODOOOODODODOODOOOODOOn
goooboobobobooooooooooboboboboooooobooboobobobobobooobooo
gobooooboobobooobooboobobooboobbooboobbooboobbobboobo
goooboboboboooooooobogoobobobobooboooboobobobobobobooooo
gooogooo

(p274) 000000000 DO0OO00OCOOODOO0OOOOUOOUOO0ODOOOOOOOOOUOODOODO
goooboboboboooooooobooooboboboobobobooboobDoboboboboboboooo
gobooooboobooobooboobobooboobboobuoobbobooboobbooboboobo
O0000000D0 (Gascoigne) 00000 O0DOODO0OODOODOODOOOOODOOOOODOOOOODOOD
ggbboooboobbooboobboobooboooboobbooboobon

Oo0oo0oobOoo 10000 1790 0D0O00DOOO0ODOOOODODOOODOOOOOOOODOOO
000 400000000000000CCO0000O0 OO 10000000000000000000AO0
gooooobooboooobooboobobooboobDbooboobbooboobbobDboob o
gooboobobobooooooooooboboboboooooooooboobobobobobooooo

*3 (0D 0O) John Roebuck(1718 - 1794)00000000000000000000O0O0O0O0OOOOODODOOODODOOODOOOO
goooog
*4 (0 O0) Samuel Garbett(1717 - 1803), 00O O

4-6



OgooooooooooooboobobobO 1oo0o0oobobooobobooobobObO oo oo oooOoOooo
gooddd0o0o0od00ooooooooboooOoObOoOo000d000o0000o000D 20000000
gooboboddddddoooooooooooooobobooobobobobobobobo000dooooooooao
goobooooobooobooobooooooobD ”ob000Db00o0DbO0o0o0obDooOoboDobooooo
000 s20000000000000000 24000000000000000

00000 176 00000000000 0ODO0O0ODOOD0OODOODOOODOOODDODODODOODOODOOODO
gooooodoobooooboooobbooooboooo b oo o000 oooobDooooboo
gooddoooooooooooooooooooboobobboobobooddooooooooa 5%|:|DD
0000000 600 80000O0DODOOOODODODOODOO2 000000000000 400000000
goboboooboobobb 2o00bb00o0b0o0b0b0booo0boobooboDboogg e60 0o
dododoboddo 30HPOOOOODODOOODOOOODDODOOODDOOOOOO4000000000
J000O0Db0O0O0000D0O0D0onD 00000000 0ODODbDObOOO

ddddoooooooooooooooobooobobboboodddooooooooooooooono
gooooodooobodoobooooboooobooob oo oo ooooooooboooooo
ddo0bO0d00d0obO00do0b0od0O0o00oOo0o00oDOo00Oo 2ro0bO000bOo0o0obOoOoooooooo
o000 2000000000000 O0O0O0OOOOO0O000000000OOO

do0dbooboobooboooooooooooboobobobo00oo0obDooooooooDooDooon
00000000 2000000000000 0ODDODOO0O0O0OO0ODLDOODODOO0OODODOOODOOODObODOO
godoobooodbooooboobooobooooooboboooooooooDoooooOooobooOoo
("Smeaton’s Reports", 0000, Vol. ) 00OO0ODOO

godooooooobooobooooooobo oo oo oo b0 oooboooooooao
gooobodddddooooooooooooooboboboobbbobobobbbo0od0dooooooooao
gooboooouooooouobobooobooboboob bbb obobooubouoog
0000000000 DOO000D0DO0O000DDbOO0000DODO000O0DbOO000OooODOOoOOo14 000
gooboboddddooooooooooooooobooooboboboboobobo0o00odooooooooo
gooooboooon

(p-275) 00000000DO00O0O0O0ODOI769 00000000O0DOOOODOOD 1 00000000OO
gooooodoobooobooooboooobooobob oo oo ooooooooboooooo
ool oooooooboboboboobbbobobobboo0000doooooooogo
go00o00o0d0o0ooooboobooodooooobobobooooo200b0b0b0b0b0o0o0ooOoobObboooo
goooooooooad

s 000000 OO0O0O0O0O0O0O0O0OOOOOOOOOOOOOOOOOOOOCOCOCOCOCOOCOOODOBOb
0000000000000 ooooooooooooooooooooon
gooooOoooOoOoOoOOOOOOO0OOOOODOOO0OO0O0O0O0O000000 fineryiron 0000000
chafingiron 0000000000000 OO

00000000000 (John Wilkinson) 0000 000000000000 0000O0OOO (Broseley) O
00oooooooooomooo0 (Ketley) DOOO0O (Reynolds) 0000000000000 (Rotherham)
000000 (Walker) 000D O0O00OODO0OO0O0ODO0ODOODOOD0ODO0OOOOODOOOUOODOODOOOOOOD
000000000000 000oo0oooooooooooooooooooooooooooooooon

4-7



gobooooboooooooooobooOoooOOoOoOobOOoOoOobOOoOoOoboOoOooOoOOoOobOOOoOoOoDbboOonon
goboooooooboooo

1788 0 0000000000000 0O0O0O0DOOODOOOOOOOS 0000000000000DOOO0
gbooooobooooboo 1000 90 bbooboooboboobooobooooooboooooooooooobooon
goboooboo 2c000000000000000000O00 5500000000

4-8



2 DO0oUoooooooooooo

Obo00booOO0O00oO0000000000000O0O0000O0O0000O0O0000O0O00O0O00000
gcooooooOoOoooooboOoOoOoOoOoboooOoOOO0OO0OO0O0O0bOOOOO0OO0O0OO00O0OOOOOO0OO0O0O00O
oobo0oooboO0o0o0oooO0o0o0boO000oO000boO00000000000000000000000
gooooooo0o00o000000000oo0oo0o0ooo000000o00o0o0o00oo0o0000000
0000000000000 00000000000000000000000000000O0O00O0OO
ooo

ooo0o0o0oO0oo0oooooOo0O00000booOoO0O000O0O0ooooooOoO000O0OO0OO0OoOobOooOoobOO0O00
oobooooboO0oO0oooOo000boO0000O0000b0000000000O000000O00000000
goooooooooooOooooOoOoOO0oOOOO0bOOO0OO0O0bOOO0OOO0OOOOO0ODOOOOODOOO
oooooooo0oooo0o0o0oooOo0o00ooO0O0O0bO000bOO000oOoO0O00ODOO000oOoDO0O0
ooboooooOoOooooOoOoOoO0oOO0OO0O0OoOO0OO0O0OOO0O0O0COOO0OO00COO0OO0O0COO0OOO0CODOO0O0
000000000000000000000000 (returning engine) 00000000

ooooooowwr200000O0O00O0O0OO0O0O0O0OOO0O0OO0DOOOOOOOOOODOOOOOOOOODOOBOOO
oooboooooobooOoOoOoooOoOoO0oOoO0oOo@mOoOoOoOoOooOoOOO0OOO0OObOOOOO0ObOOOOOOOObOOOOO
goboobooooooooooooooooboOoOoOooOobo0oOoOoOboOoOoOooOOoOoOoOoOOOO0OoOOoOO0ODbOObOOn
goooooooooooooboo2000000D0000O0000DDOODOODOOOODODDOOODODOOODODROO
goboooobooooooooooooobooooobooooOobo0odO 2000000000000000DO0000O0O
gooooooooooboooooobooooboooooomooooooobobooooo40000O0O0OOb0bOOOn
ooooo

(p.276) 1775 000000000 4000000000 5000000000000000O0O0OODOO
ooooooo400000000000CO0000O0O0O0DOOCOOO04000000C000000O0AO
goboooooobobooooooobooobooooooboobDOobDOobOobOoOoboobooobooDOoDbOon
oooooooooooooooooooooOoOOOOCOCOOObObOO0oo0Oo4000000000O0O0O0O0OAO0
goboooboooooooooboooboboooboooooboooooDoog

000000000000 "Smeaton’s Reports", Vol. I, p.365 0000000000000 00O0O00O4
000000oggecoo 0000000000000 4000000024000 6600000000000O0
goooooooooobooobooOoobooooobooooOo0 100000 140000000 0ODDOODO 24
000000000 7000000%0

* (00)0000 00 000000 (Imperial system) 0 tun 00000000

1 tun = 210 gal = 210 x 0.16051 ft3 = 33.7 ft>
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4-9



DDDDDDDDDDDDDDDDDDDDDDDDQ%DDDDD Q%DDDDDDDDDDDDDDD
goooobooooooooboobobobooobooboobon0 oo oooooooobooooooooo
goboooboooooooOono 200000000000

000000000000000000000000000000000000000 (pigy000000
gobodoooboooobooooooooobooobooooooooooooooooooooboOoon
oobooobooooooooobocoobobooobooooon

No. 200000000000000000000000O00O0O00OOO0

00000 20000000000 6000000000000 4100000000000 10000000000
24000000000000000000 3400000000000 600000000000
000000000000 9000000000 74 0000000000000 7000000000 70000
0000000000000 (00)000000000000000000000000000000 7000000
00000000000000000 170000 200000000000000000000 2000000000
000000000000000000000000000000000000000000000000000000
000000040000000000000000000000O0

00000000002 0000000 101 0000000000000004000000000000000
(0)0000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000
0000000000000 8000000000000 000000000000000000N0N0Nooooog 12
00000000D000O0
0000000000000000 1200000 2000000000000000000000000000000
0000000000000 00000000000000000000000000000000000000000
0000000000000 000000000000000000000000000000000
0000000000000 80 (000000000 20)0000000000000000000000 200
000000000000000000000000000000000N0N0N0N0N0NNOND 8000000000000
00040000000000000000000000000000000000000000000000000 24
000 xO 1200000000000000000000000000000000000000000000000
000 8000000000000 00O00000004000000000000000000000000000
000000000 1200000 20000000000000000000000000C 150000000 12
000000000000008000000000000000000000000000000000000000
00000000000000000000

400000000000000 5420000000000000 4350000000000000000000
0000000000000 00000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000
000000000000000000000000000000150000000 1640000000000000
000000 100000000000000000000 400000000000000000000000000
000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000
000000000000000000000000O0D 7000000000000000000000000O000
000000000 23 000000000000000000000000000000

(p.277) 0000000000000 00000 2400000000000000000 60000000000
0000000000 (00 5420000000 4350000 =)69.75 00000000000000000000
0000000 300000000000000000000000000 5100000000000000000
0000000000000 00000000000000000000000000000000000000000
000 (0D)00000 100000000 210000000000000000000000000000000
00000000000000000 100000000 1470000000000000000100000000
1720000000

oooooooooooooobooOoooooOoboOoOobooooOoboOoOooOooOobobOoOoooooOboo %DDDDDDDD

4-10



0000000000000 000000000000(69.75+5.25=)0 75000000000000000000
00000000000000000000000000000000 6410000000000000000000
000000000000000000000000000000 5250000000000000000000000
0000000000000 00000(64.1-5.25=)59.850000000000000000000000 & 0O
000000000000000000000000000000 5400000000000000000 240000
00000 1206 00000000000000000000

000000 26250000000 (=6.890000)000000000000000000 5750000000
000000000000001296 ft%/min x183.3 = 237700 cyl. in ft/min0 +6.89 cir. in/min = 34500 ft/min0
+60 = 575 ft /s

00000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000 (69.75 x24 =) 1674 00000
0000000000000 0000000000000000 00 22 00000000000000000000
44500 000000000 74200000000000000000000000000000000

0000D00000000000000 1800 2000000000 (pigiron) 00000000000000000
0000000000000000000000000000000000000000000000000

000000000000000000000D00000000000000000000000000000000
0000000000000000 21 0000000000000000000000 xO 451000 =10240
00000000 (+144=)071100000000000000000000000000000000041 100
000000000000000 39100000000

000 41 1 00000000000000000000 8500000000391 00000000000 870
0000000000000000 =00 88250000000000000000000000000000000
000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000 0707000000000
000000000000000000000000000000070

0000000000000 0000D0O000000 (882.5 x0.707 =) 624 0000 /0000000000 DOOO
ooooooo o1 000000 ODO0OOOO0OO0O0 440000000000

coo0o0oo0Ooo0ooO0oo0oO0oo0o0oo0Obo0ooO0OO00D000 240000000000000000 44400
oooobooobooboooooooobobobOobobOooooDOOooDbOobObOOobO444 000000 x24
gooo (:10650+528DDDDDD/HP)*7:20.2DDDDDD

(p-278) DOOULODOOODODOUOODODOODOODODDOOUOOODOUDOOODOODODOODODO
goooooooooboooobogoooobogooooooobooooooooobooooboooboOo eoboOoo
gobooobooooboooboocoooo sbboooooOooooOboOoOoOoooOoboOoobooOoOoOoooOoboOoon
goobooboboboboogoooobooboboobooogbOooo 3o obobobooo
gboboooooooo 3boboobooboooboobOoOoOoOoOoO0bObOO0OO0 2000000000000
goboooobooooooooobbooooooo Q%DDDDDDDDDDDDDDDDD

ooooooooooooooooOoocooOoOoooo 1vooooOOOCOObOOOoOooooooooon
goocoooooboocoobooooboooboOooOoOobOoOo0oOoOoOoOoOoOoOoboOoboboOoboboOobOoOobOOoobooOoon
o0 8s500000000000D0O0000O Q%DDDDDDDDDDDDDDDD pvoooooooo

*6 (00)000OD0OO00D00OO000D0O0O0O000O0O0O000000000O0O00000O0Oo0oOoon
T (@o)
33000 1b

—  — — __ ft/min = 528 ft3(0) ft/mi
625 To/f3 () o/ () ft/min

1 HP = 33000 Ib ft/min =

4-11



0000000000000 0000000000000000 59.700000000000 600000
000000000 368.2000000000000000000000000000000 (3582 +882.6
=) 0406 000000000

0000000000000000000000000000000 £ (=0416)0000000000
00000000 (0000D0000000000)0000000000000000000000000
000000000000 0000000000000000000000000000000000000
000000000000 3300000000000 13000000000000000000000
00000000000000 1700000000024 0000000 1830000000 30000
oooooo*o

00 444000000000 1875 00000000000000000015.76 00000000000
000000000000 0000000000000000000000000000000000000
ooooo

000000000000 0000000000000000000000000D0000 1000000
000000 5000000

0000000000001780 00000000000000000000000000 7200000
000000000000000 900000000000000 520000000000000000
00000000000 000000000000000000000000 300000 4000000
000000000000000000 2000000000000000000000000000009
00000000000000 2000000000000000 600000000000000000
0000000000000 0000000D0000000000000000D000004000000
000000000000000000000000000000000000000000000000
27000000000

(p.279) 0000000000000 O00OOO00OOO0OOOODOOD (0D0)0000000 300000
0000000000000 0000000000000000000000000000000000 60
000000000000 000000D00000000000000D0000000D00000ooooo
0000040000000 2000000000000

00000 1000000000000000000000000000000000000000000
000000000000 0000000000000000000000000000000000000
000000000000 000000D000000000000000000000D0000000000
0000000000000 00000000000000000000000O0 300000000000
oooo

0000000000000 000000000000000000000000000000000
0000004000000000000000000000000000000000000O0O00000

** 0000000000000 00000000000000000000000000000000000000000000
gooooooooooooooooobooOoOoOOOOOODOOOOOOOOOOOOOO0O0 iDDDDDDDDDDDDDD
goooooooooOoOoOoOO0OO0OO0OO0O0O0O0000000000000

*9 000 1819 000000000000000000000000000000D000D00N0D0N0N000N0N0N0N00NNoooon
goooooooooooooooooOooooooooooOoOO0 20000000000, 00000000 100000
ooooooO0oO0oOoOoooOoO0O0OoO0oO0bOOs0000000000000000O00O0O0CO0O0OOOOOOOOOOOOO
oo0o0O00O00000000000 s000000000000D00

4-12



00000000000000000000000000*g

21 O00O0O0ODOOOOOOObOoOotr

coooooobobooobooooboooooobooooo0ooooooooo0oooooooooooonn
gobooooboooobooooooboooooOoOoobOoOoobooOoOoboOoOooOoOOoOoOoOOoOoOoDbboOooon
goboooooooooooobbo0ooooooooooooDo

000000001779 00000000000000O0 (Seacroft) 00000000 DODOOODODO
goboooobooooooooooboooooboooobooobooooooooooOooooboDoboOooboboooon
gobooobooooboooooooooboooobooooooooooooooooooooboOoon
0o0o0oooooooooooooon0 020 p3730000000000000000O0O0O0OOOAO
gopboooboooobboooo

coboooobooooooooooo 33%EII]I:II]I:IDDDDDDDDDDDDDDDDDDDDDDD
oooooooooogoo 31%DDDDDDDDDDDDDDDDDDDDDDDD 2800000000
ooo0oooooOoOOooo0oO0oooooDOOboOoO000oooooO0Ob0b0100 72940000000 28000
oobooooboooobooooobooooobooa

(p280) DOODO0DO0ODOOOOOOOODOOOUOOODOD (DODOO0OOOOD 40000000O0O)
0000000000000 0O0OD 300000000 1000 (lead) DOODDODDODODODOODOD
goooooobooooooooboboo 100D 1000000 bOooboooOobDOobDoOobooogon
gobbooobooooooooooOooOoOoOOoOoOobOOoOoOobOboOoOoboOoOoOoooooon

cooboooooooooooobD so000oboo0obobo0ooboooobooboo 3obo0oooboooo %D
oo0oooooo0O 400000000000 e0O0O0O0OO0OOOOOCOOOOODOOCOOOOOOOOO
gobooooocoo sgoooooooooooboooooobooooobooooboooooobooooboboOoon
gopbooobooOooooooooboOoooboobo0oobbooooooo

cobOoooooobooOooooocooboOoooobOboOobOOoOobOOoOoOoOoOoOoOoOooOoboboOoDbDOoObDon
gobooooooooooooobooooboobooobooooooooooooDbDooooDooboOooDbboooon
gobodoooboooobooooooooooboo0ooboooobooooooOoooooOooOoOOoOooboOooon
gobbooobooooooooobooooobooOoobooooboooo

2400000000000 720400 (=00 1820000000000 300000000000
0000000000000 000000D0 24000000000000 (Halton Bright) 000O00DO
ooooD 72ewtD 00000000 8 cewt UDOODOOODOO 30000 30000000000DO
ooooooooooo 400000000000000000 2000000000000000000A0
oobobo 100 1200000000000D0O000O0O0O0O0DOOO0O0DOOO0ODOOOODO0OODOOLO
2000000000000000000COC0COCODOODOOO

*10 OQoDO000000000000000000000000000000000000000000000000000000
gooooooooooooooo

*I1 (00)100 (2240 1b) 000000 %:3534&3DDDDDD

7294 x 35.84 ft3

7294 x 35.84 ft3 /day = -
24 x 60 min

= 181.5 ft3/min

4-13



coboooobocooooOoobooOoOoOoOoboOoOoOobOOoO0OoOOoOobOOoOoOobObocOoOonO sobOboOoOoDn
600000000000 21000000000000000000000 (I3000)000000O0OO
g3oo0oooooooo 40000000 4%DDDDD 40000000000000000000
gboooooooobooooboooboobooboobOob 400000000 OOODOOODOOOOO
a 4%DDDDDDDDDDDDDDD 18 ooooooooodo 71%DDDDDDDDDDDDDDD
gboooboooooboocobooooOooOoOoboboOobOOooOoobOoOoboOoOoD 1286 00000000000
gooooooob 40000000D00000DOODOOO 40000000 O0OODOOOODODO
182 000000000011,y 0000DO00COO000O0O0ODOOCOOO0OOOOO 1000000000
gopbooooooooDo

O00000D000000000000000000178200000000002000000000000000
gooooooooooooooooooobodoooooooooooooooooooooooooooooooan
oobooooooooooo woboooooboobobooooooooboooooooooboboboooooooboogoo
goooooooboooooooo

22 U0OO0OO0ODOODOODOOODOODbOO1780

1780 00 0000000000000 O (Abergavenny) 00000000000 (Beaufort) 00000
gobooooooobooooooOooOoooOOoOoOobOOoO0OobOOoOoOoboOoOoOoOoOOoOoOObOOoOoDbboOonon
gboooooooooobooooobbodb 46 0000000000D000DO0OO0 300000000
gooao 6%DDDDDDDDDDDDDDD 2030000000004 00000000000000O
gobooor.yoooooo

(p281) DO 0ODOOOO 4200000000000 1800000000000D0DOO0OOODOOO
o0 woooo soooooooooooooOooOoOOOOOOOO0O0 sOOOODOoOoOoOoOoOoOo 40000
goobooboboo1b0oboooboobogobpDoboboobobooboooDobDU 400000 0DbD0ODUODOOO
gobodoboboo e00O0OO0O0OO0OO0ODOOOO0DOOO 4%DDDDDDD s OOOOoooooon

obobooogo ebUbUObUbUDbObLDODOD 400000000 UOODUODOUDOLDOOOODODO
gobooooooood 211200000000000000000000000 3%DDDDDDDDD
oobooooooo

000o00o0ooobOob 120000000 lléljljDDDDDDDD o000bO0oo0oooooooD 4
oooooooooooooo 240000000000000C0000 430000000000000A0
goo0o0 1000 3ewt D0 00O0ODOODODOODOOO04cewtOOOODDOODOODOD 60000000
gobooooooono 1%DDDDDDDDDDD %DDDDDDDDDDD 2000000000

cooooono 1 sooouoooooooon 0bbd0n Yooooooooooooooooon
oo eO000O00O0COCO

00000000 00 0000 300000 12000000000 1200000000000000
g200000000 1g|:]|:|[||] 100000000000000 2000000000000000 3

4
obooooooooooooooono 8sod (:4%DDDDD y0OOoOooOooOooOooOoooooooo

*12 (00) 0000000 John Farey Sr.(1766-1826) 1000000000

4-14



lioooooooo

4-15



J UDO0Uodooooououoooobobbbouoooolrso

oooooooooooooooooooooOOObOOoOoD 140000000 o0o0oooooooooaon
gobooooboooooboooooobooooobooooboOobooooooooooobOoooobOoOooboboOooon
0000000000000 000 (0D 20 p.133000 2060)0000000000000O0O0O0O0O0ODO
gobooooboooobooooooboooooOooOooboboOoOoobooOooooOoOooOoOOoOoOoObOoOoOoboboOooon
goboooboooooooooobooooboooobo0oooooooooooDooooDooOooDboboOooon
goboooobooooooOoooOobOOoOooOoOoOoOoOooOboOoooDo
cooboooooboooooboooooooooobooooo0ooooooooboboooobooOooobooOooOooDn
gobooobooooooooooooooOooooboooobooooooooooOooOoOooOoOooboOooon
gboboobooooobooooooboobobobooooobooooooboobobOobooobooDbOon
0000000000000 000000U00O0000oU0o00o00oUoUo0oUo0OO (hanging-valve)
0000000000000 00000D0000D00OD0ODOOOON (conveyance-pipe) 000000
goobooooogd
coboooboobooooOooboooooOoobOOobOOoOOOOObOOoOObOOobOOOOOoOObOObOObOOnn
gobboooobooooobooooooboooooboooobooboooooooooobOooooOooOooboboOooon
gobodooooooboooooooooboooobooooooooooooooooooooboOooon
gbooboooocoooooboboobooOooboooooobOOoOoOoOoOoOobOO0obOobOOoOobobOoOoooOoDbOon
0000000000000 0000000000000000 (regulating cylinder) 0000000000
00000000 (foating piston or fly piston) 0000000000000 0O0O0O0O0ODOOOOOOOOD
gobooooooooooooobooooobooOooboooooooooooooOoooobooboOooboboooon
goboo 20000000000 O000O0CO0O0O00O0OO0O0DOO0OOO0OOOOOOOOOOOCO00
goboooobooooobooooooboooooboooobooooboooooboooooOoooOoobOoOooboboOooon
goboooooooooooooboooooOoOooDbOo0ooooOooooOooooDOooooOboOooDboboOooon
gobooooboooooooooOoOooOOoOoobOOo0oOobOOoOoOooOoOooOoOOoOoOoOOoOoOoDbboOoon
(p282) D00D0O0O0OO0DO0ODOOOOODOOOO0OODOOOOOOODOOOOOOODOUOODODO
gbobooooooooooooobdobOOobobooooOobOoboOoboooocOoocooooOoooDoOoDOon
goboooobooooooooooboooooooobooboobooooobooooobOooOobOoOooboboOooon
gobodoooboooobooooooooobooobooooooooooooooooooooboOoon
gobooooboooobooooooboooooOooOoobOoOoOobooOooboOoOoOooOooOoOooOboOooboboOooon
gobooooooooooooobooooobooOooboOoooooooooOooooDbOooooDooboOooDboboOooon
goboooooooboooooobooOooOOoO0oOobOOoO0OobOOoOoOoboOoOooOoOOoOobOObOOoOoDbboOoon
gobooooooobooon
coobooooboboooboooOoOooOoOoOoooOoboOooboOoO0OoOoOoOoOoOoOboO00ObOOoOoOobOoOOOoOoonn
00000000000 (ashwood) DOOO0ODO0O0OO0O0OO0O0ODOO0OOO0OOODOODOOOODOOODOOOODO
goboooooooooooooboooooOoOooDbOo0ooooOooooOooooDOooooOboOooDboboOooon
gobooooboooooooooobooOoooOOoOoOobOOoOoOobOOoOoOoboOoOooOoOOoOobOOOoOoOoDbboOonon
gobooooooooooooobooooboboooboooooooooOooooDbDooooDoboOooDbboooon
gobooobooooooooooOoocOoOoOOo0oOobOOo0o0obooooooOoOooooOoOoOoOboOooboboOooon

4-16



gbooooboooooooobooOoboobOlroobocOoooooboOoOooOoOoboOobOOo0obOOoOobOoOooOooobooon
gooooooooooboooobooboooooooobooobOoooooooooobobooobobooooon
goboooboooooooooboOoooooo

coobooooobooooboooooooooobooooooooooooobOboooobooOooobooOoOoOooDnn
gobodoooboooobooooooooobooobooooooooooooooooooooboOoon
ooboooobooooobooooobooooobooOooboOooobooOooboooooOooOoOooOoOooboboOooon
gobooooooooooooobooooobooOooboOoooooooooOooooDbOooooDooboOooDboboOooon
goboooooooboooooobooOooOOoO0oOobOOoO0OobOOoOoOoboOoOooOoOOoOobOObOOoOoDbboOoon
goboooooooooooooboooooboobooobooooooooooooobObooooDObOooDboboOooon
gobodoooboooobooooooooooboo0ooboooobooooooOoooooOooOoOOoOooboOooon
goocoooooooooobooooobooobooooobooboooooooooooooobobooboobooboooon
gobodooboooobooooooooobooooboooooooooooooooooooooboooon
gobooooboooobooooooooooOoOoobOoOoOoobooOoOoboOoOooOoOOoOoOoOOoOooDbboOooon
00 (000)0oo00o0o0o0o0o0o0o00o00o0D000000o0o0Do0oo0oooooooo
gobooobooooooooOobOocOoOoboocooboooooooOoo

(p283) 0000000000 0DOO0OOODOOOOOOOOOODOODOOOOOOOOOODODO
0000000000000000000000000000000000000000000000000
obooooooo11b0o0o0b0cobooocoobooobooboooooboooboooboooooooobooboooOon
gobooooooooooooobooooobooOoobooooooooooooDbDooooDOboOooDboboOooon
gobooooooobooooooOooOoOoOOo0oOobOOoO0OobOOoOoOoboOoOooOoOOoOobOObOOoOoDbboOonon
00000000000000000000 00 0040000 6000000000000000000
gobooooboooobooooooooooOoo0ooboboOooobooooooOoooooOoobOoOboOooboOooon
goboooobooooobooooooboooooooobooooboooooboooooobOoOooOoobOoOooboboOooon
0000000000000000000000000000000000000000000000000
boboooooooooooobooobooOoOoooOooOooboOoOoobooOon

cooboooooboobooooooooooOooobobooooboooooooooDbbooobDoOoOooooOoOooDO
0000000000000000000000000000000000000000000000000
gobooooboooooooooobooooobooobooooboooooooooooooobooboOooboboooon
goboooboooobooooooooobooobooooooooooooooooooooboOoon
ooboooobooooboooooobooOoooOooOooboOooobooOoobooOoooooOoooOooOoOooboboOooon
gobooooooooooooobooooobooOoobooooooooooooDbDooooDOboOooDboboOooon
gobooobooooOooOoooOobOoOoobOoOoOoOoOooOboOooono

cooovoooooooobooobooboooooobooooooooobooobooooobooooooDo
000000000 00o0o000o0O0 "Pneumatics" 000000000

000000000 40000 (=125700000)000*3000000000 60000000000
00000000 60000 (=28270000000D)0000000O0O0OOUDOODOOOO 60000

*13 0000000000 0000000 1819 00000000000000000000000 (19c)o0ODOD0O0 20000
0ooooooooooooooooooooooooooooooooooooooooonoooooooooooooonon
ooo0ooO0o0ooO0o00ooO00 400000000 4400000000000000000O000O0O0O0O0OO0O0GCOOODO
ooooooooooo

4-17



ooooooooooboooo S%DD (=7840000)0000000L0ODO0ODODO1I0ODOOOOODOO
277y 00ooooOooDO

(p-284) 00000000 0ODOOOODOUOOOOOODOOOOOOOODOOOODOOOOOODOODOO
goboooooooooooooooboooooooooooooOoobooOonoobooOo 127 00oobooOo0oon
00740 000000000000000O0 100000000 6.2300000000000

000000000 0000000000000 00000O0UODO 9000 (=00 723300000)
gobeDb0O0OO0O0DOOOO0ODOOODOOOOOOOODOOODOOOODOOOODDO Q%DDDDD
gbooooooobooooooboobooooo S%DD =190400000000000 100000000
2630000000000 0000O0O00O0O00O0OO0ODOODOODOOODOODO 1DODOOODOODO
gooooo

00000000000000000000 (conduit-pipe) 000 12000000000000000
000*™0000000000000000000000000D000000000D00000000000
0o ooooobooooooooboooOo0oboboOooboobooOoOooboboOobOOoOoboOoboboobOoOoooboOon
gobooooboooooooooobooooboboooboboooooooooOooooDbDooooDoboOooDbboooon
goboooboooobooooOooOooOoOoOOo0oO0obOOoO0OobOOoOoOoboOoOooOoOOoOoOOOoOoOoDbOoOonon
gobooooboooooooooobooooobooobooooboooooooooooooobooboOooboboooon
gooooo

OooooooooeoOOOOCOOO 600000000000 1NI78O00D0O0O0O0COCOOOOOOO
ooboog 1000 180000001 0000000DOO000DOO0O0OO DOO0OODODOODOOOOn
oooooooooooooooooooOoOoObOOobooboOooooooo weroooooOooOoOOO
oo

coooboooooboocoodoboooboOooOo0oboOooOo 10000000 0OO0b0b0COO0ObOb0ODn
oboooooo ve3oobooooobooboooooboobooboobo 1bobooooboon 147000
ooooooooooooooooooobooOoolooobooOoOoo 2ywwoOooooooOoooOoOooooo
00100000000 1v4700000000O0O0OOOOOCOOOO0OO0O0OOOODOOOOODO 2330
goooooooooooooooboboOooooboOon ve300O00oooO000oooOoboOooooooooon
o0ooooooooooooO0ooooOoocOoOoooobooO3er0OOOO0OO0OO0ODOOOOOOOOOOOO
oobooobooooonD 1s0b0000oboooo s bbuobbooooooooobooooboogon

cooooooooobOobooooooooooon %DDDDDDDDDDDDDDDDDDDDD
000000000 1471b/in2 0000000000 1600 000000000000000000000
17.471b/in? 00000000000000000 1346000000000000000*50

ocoooboooooobooon 120%DDDDDDDDDDDDDDDDDDDDDDDDD 830 0000
o1o00000000oo0d 62%DDDDDDDDD (830 +62.5 =) 1328 0000000 1000000
goboleco bOoO0onDOOOO %:120.5DDD gooao

(p285) 0000000000 DOO0OO0OO0ODOOOOOOOODOOOOOOOO 3%[|EJ (=7840 O
00)000000000000000UO0O0O0O0O0D 6000000000000 0O00O0ODOOOOODOOD
gobooooboooobooooooboooooOoOooboboOoOoobooOooboOoOooOoOOoOoOoOOoOooDbboOooon

1 opoooo00o0Doooooo lgDDDDDDDDDDDDDDDDDDDDDDDD
*15 ggpoooog 00 Q%DDDDDDDDDDDDDDDDDDDD 35820 0000/0 OO0 597 0000/0 0DOOOO
ooo

4-18



00000000D00000000000000000000000000000000000000000
000000 100000000 14700000 174700000000000000000000000
060000000000005050000000 2771b/m?20000000000000000000
00000 0950000000000000000000 2771b/in20000000000000000
ooo

0000000000000784000000000000053000000000000000000
000000540000 x1500/0 =82.50000/00x7840 000 =646800 000 0000 /00
+33000 =196 000000000000 0000000000O0D0D00000ODO0 160000000
00000 1205 00000000000000000000 00000000000000 597 ft/s00
oooooo*eo

31 ObDO00OO0O0O0O0bO0oo0ooobOoboOoo01790

coobooooboobooooooooooooobobooooboooooooOooDbbo0ooboOoOooobooOoboOooDo
gobooooboooobooooooooooboo0oobo0ooooOooooOoOoooOoOobOObOoOooboOooon
gobooooboooooboooooobooooobooooboooooooooooooOoooOooboOoOooboboOooon
gobooooood

coooooboboocoobooooOoooOoooOoboOooboOoOoOoOoOoOoOoOoOboOoOobOOoOoOobOOoOoOoOoDnn
goboooooooooooobooooboobo0oobo0ooobooooooOooooobDooooOoboOooDboboOooon
gbooobooboocoooobooooooOooooooOoO0obOobOOoOoOoOobOO0obOobOOobOCocOb0OoOOoDOOoDOon
gbooooooooobooboooooboobobobooobooboooooboobooboboboooboOoDboDbOon
gbooobooooooooboo obboboooobooooobooooooboooooooooboooogon
oono

cooboooooobooooboooooooOoooobooooo0ooooooooDbDbO0oDbDoOoOooooOooOooDo
00000000 (00000)000000000000O0D000D0O0DO0ODOO0DDO0ODODOODOOODO
gobooooooooooooobooooboboooboOooooooooOooooDOooooDoboOooDbboooon
gboboboooocooboooooobOOobooOooooOoOobOoobooooOoobOOobOOobOobOoOoboOoDbOon
gobooooboooooooooobooooobooooboOoboobooooooooobOooOoobOboOooboboOooon
gobodoooboooobooooooooobooobooooooooooooooooooooboOooon
00000000000000000000000000000000000000 20000000000
0000000000000000000000000000000000000000000

(p-286) 0000000 LODODUOOOUODOLDODODOUOOUOLDODODOODOODODOUODODO
goboooobooooooooooboooooboooobooobooooooooooOooooboDoboOooboboooon
goboooboooooooooooOoobooooboOoobooooooooooOoooOooOoOoOooboOooon
00000000 (0 30 p247)0000000O000OOODOOUODOODOOOOODOOOOODOOOOOD
gooooooooooobogooooooobooobooooooobooobooooOoooooobooboboOooooD
goboooobooooboooobooOooOooOoOoOoOoboOoOoboboOoobooOoooon

*16 JpOooO00DO0D00D00000 (p277)0000000000000000O00O00 17.2lb/in2DDDDDDDDD 1272
ft3 000000000000000000000000000 14883 0000 (+13.28 =) 112000000000000
0000000D0000000 563f/s0000000000000 1576000000000

4-19



cooooooobobocoOoboooOoOoOoOoOoooOboOoOobOOoOoOoOOOOoOObCOo0ObOOoOoOobOOOOoOoDn
gobooooooooooooobooooboboooboooooooooOooooDbDooooDoboOooDbboooon
0000000000000 00O0000DO000O0D(D00O0O0O0OO0)000O0O0OOD0ODO0OOUOD
goboooobooooobooooooboooooboooobooooboooooooooobOooooboOoOooboboOooon
goboooooooooodoob 2000000000000O0000DOAO0

32 DO0O0OOOODOOOOO1794

goobbooooboboooooboboooobboooobbbooobLbooobbbooobbboo
gooobooboboboooooooobogoboboboboooooooobobobobobobooooo
gogboobooobooboboobooboobobooboobboobooboboooboobbobboobo
goboooooooooooooboobooooooooooooooboooobOoOooD 1obooooobooooo
000000000 DO000O0 (pler) 0000000000 OODDOODOODOOOODOODOOODOOD
gogobboooobbooobbboooobbooobbbooobbbooobboboobLDbbOoUoOo B
gooobobobobooooooooooboboboboooooooboobooboboboboboboooo
gobbooobooboboobobooboobboobooboboobooboooboobbobboobo
gobooboboboboooooooooobobobobobooobooobobobobobobooo

oboboooooooooboobobobooooboobogooDoboobobobobbooooooooDo
00000000 20000000000000000000000O00O0U0 (OO)ODOOOOODO
gooboobobobooooooooooobobobooboboooboobooboboboboboboooo
gboboooobobooooboboooooboooobb s ebbOOOODOOOODOOOODOOOOO
goobobobobooooooooooboboboboooooobooboobobobobobooooon
gogboooobooboboobooboobbooboobboobooboooboobbobboobo
gooooobooboboooobooboobobooboobbooboobbooboobboboboobo

(p-287) 0000000 OODOOUOCOOOLDOODODOODODOOOLOODOODOODOODOODOOUOODODO
goooooobooboobooobooboobobooboobDbooboobboobOoobbobDboob o
gooobooboboooooooooooboboboboobooooboobooboboboboboboooo
googogoooooobobboboobobooooooooobobooooooooooooooobobobobobboboo
goobobobooooooboboboboooooooo

oboboooooooooobooboboboooooboobogooDoboobobobobbooooooooDo
gooooobooboooobooboobobooboobbooboobbooboobbooboobo
gooboobobobooooooooboooboboboboobobobooboobDobobobobobooooo
gogoooobooboooobooboobobooboobbooboobbobooboobboobboobo
goobobobobooooooooooboboboboooooobooboobobobobobooooon
goboobooobooboboobooboobbooboobbooboobobooboobobobboobo
gobobooboooboobooobo

0000000000000 D0O0000D0000DO00D017940000000000 (Derbyshire) 00
gogboboooboobooobuooboobobooobg

ooooooooo 4000000000000 60O0O0O0O0O0COOOO 1200000000000
oob 20000000 e0D00O00O0DOOOO0ODOOOOOOOOODOO 150000000 7%DDDD

4-20



000000o0000o0oo0oooooooooooon0 e ToO0OOOOOOOOOOOOOOO 26
goooobo woooboooobooo 2000000000000 00000O0ODO0OOOODOOODODbOOO
gobooobooooOooOoocOoobOboOooobooOooooon
coboooobbooobooooooobboooooooboooooboooooOoooboboOooD le0OOo0OODO
goboooooooooooobooooooboooboooooooooooooooooon 7%DDDD
oo 3boooboooleoooboooooooooooooooooobooooobooooobooOooboboOooon
goooooobooooobooboobooooo 1%DDDDDDDDDDDDDDDDDDDDDDDD
gooooooob 2000000000000 0O0O00O0OO0O0O0O0OO0OOOOODOOODOOOOOOO0
o0 20000000 s0000000000DOO0O00DOO0OO0ODO0OOOOOOOODODDOOODOOOn
gobodooooooOooOoooobo0ooboo0ooooOooO0OoDbbo0obooOoOoooon
cobobooooobooooobooooooooooboooobooOooooooooOobooobooOoobooOoOoOooDnn
oooooooooooooOoOoOoOoOoOoOoOoooooooooDOoOOObOOb s000oooooooo
gboooooooooboobooooobooooOo0ooooboooOono sob00obooooobooooOooboooon
goooo 3doobooobooooooobooooooboooboooobooobOooDO 20000000000
gobooooo
(p288) D0O0DO0DOO0OO0ODODOOOODOOOOOOOOOODOODOOOOO0OOOOODODO
gobodooooooboooooooooboooobooooooooooooooooooooboOooon
gobooooboooooooooboobobooooboooooooOoooboocOoobooooooon
ocooooooooooo0ooooboooobooooooOooooooobooOo3bobo0oooooooDooOooDo
gobooooooobooooooOooOoooOOoOoOobOOoO0OobOOoOoOoboOoOoOoOoOOoOoOObOOoOoDbboOonon
gobooooooooooooboooobobooobooooboooooobooooOboooobObOooboboOooon
gobodooobooooooooooboooooboo0oobo0ooobooooooOoOoooOoOobOOOoOooboOooon
gobooooboooobooooooboooooboooobooooboooobooooobOoooOoobOboOooboboOooon
gobodooboooobooooooboooobooooboooooooooooooooooooooboooon
gobooooboooobooooooboooooOooOooboboOoOoobooOooooOoOooOoOOoOoOoObOoOoOoboboOooon
goboooobooooooooooboooobooboooboooooooooOooooDbDooooDboOooDboboooon
gbooobooboocoocoooooboobOobooOooOobOoboOoOoOoOoboOoboOoOoOobOOobOOobOobOboOoDbOon
goboooboooobooooobooooobooooboooboooooboooooon
cooboooobooooboooobooooooboooboo0ooooooooo0oooooooooooonn
oooooboooo soobooooooooooooboooooooOoooooboboooobooooboOooboooon
gobooooooooooooobooooobooOooboooooooooOooooobDooooDooDOooDboboOooon
0000000000 (rarefaction) 00000000000 OODOOO
coooooooboboboooooboboooooooobooooobobooooooOOobDOobOooboboOon
gobodoooboooobooooooboooooboo0oobobo0ooooooooOooooOboOobOoOboOooboOooon
gobooooboooooooooobooooobooOoobooboooooooooobOooobOoOooboboOooon
gobooobooooooooobodobooooooooooooooooobooooooooonoa

4-21



33 0000000000 00DO0O1796

Jooooooooobobobbobooboddooooooooooobbobooogl19e D0oooaoag
gojoooooooobooboboobobobbobooooooobobobobbbbbbododooooL bbb oo
00000000000 D0O00 (Stirling) D0ODO0O0O0O (Devon) 00000000 ODOODOOOODOOOD
0000000000000 0000000000000 ("Edinburgh Philosophical Transactions", 1796,
vol. v. 000)0

(p289)200000000000000D00DO0DO0OO0O0O0O0DOOOOOOOOOOODOODOO
0000 4 000000D000C00DODO 130000000000000O0 48%DDDDDDDDD
goodoooguoobooo 4%DDDDDDDDDDDDD l6000dogo 74%DDDD/DD[IDDDD
000000 DOo0obOOo 8000000000000 00O0O0DODOO00DOO0O0DOO0OO00OOO0ODOOn
00 16000000 2470 00000000000000 (DODODOODOOOODOOOODOOO)OD
goodoooooooooo Q%DDDDDDDDDDDDDDDDD

goboobooboboooboboobboobobuoooboooboo soobboobboobbooo
gooboooobooob 72000000 40000000 300O0DO0OO0OO0OOOOoOODOO 1310000
J00o00o00o00o0O00000000b0 4000000000 DOO0ODODODODODOODODODOn
oo edoboobobooobooobooboboooboobooobooobbooobDbooooo
000000000 bO00bO00o000o0oO0o0obO0o0o0bO0o0obOO0o0oOoOooDbDOoD 2000000000
gooboooboobobooboobtbooobooboobDbooboobDbbooboobbUoobooboo
gooooddddooooooooooooobbbobobbobobobobbbo0ddddoooooo o
gdoooooobobobobobbbboooooodbobbbboooouoooon s0obOb (:2.451b/in2)DD
pgooddooooood %DDDDDDDDDD

dodddoooooooooooboboboboboboboboooddddooooooooooooooon
goobooboobobooboobbooboboobooboboobooboboooboobbuooboooo
000 (brown paper; 00000)000000

goboodobobooboobbooboobboooboobboobUoobOboobUoobbooboOoo
00000000000000O0o0oo*o

goboobobooboobbooobodoboboooboob bbb boobUoobboobooo
goobooboobobooboobboooboobboobobooboobDbObooboobDbooboooo
g ooobobobbobbobbbobobobbo0ddddoooooogo
goog

oo obobobobobobbobobbobodddoooooooooooDDbbono
gooboooboobobooboobboobobooboobDbooboobboooboobbooboobo

*17 0000000000000 000000000000000000000000000000000000000000000
gooooooooOoOoOoOoOO0OO0OO0O00000 2000000000000000000O00OCOCOOOOOOOOOOOOOO
0dooooooooooooooooooooooooooooooooooooooooonoooooooooooooon
goooooOoO0oO0o0oooO0o0O0OOO0O0b0O000O0OO000O000O0O000O0O000COOO00COOO0OO0COO0O0O0O00O000O
0ooooooooooooooooooooooooooooooooooooooooooooooooooooooooan
000ooooooooooooonoooooooooooooooooooooooooooonooooooooooooooo
oo0ooo0o0oooooooo

4-22



0000000 0ooooooooooo*eg

*18 JpOoo0000000000000000 (Staffordshire) 0000000 (Bradley) 000000000000 ODOOOO
00000000 10000 120000000 50000 60000000000O000O0O000O0OGCOO

4-23



4 OJOoUuoooboooobooobd

(p.290) 00 D00D0O0D0O0DO0O0DO0OO0DO00O0O0OO0DNOO0DNOO0DNO0O0DN00DN00D00Dn
0000000000000 (020 p155000)00 2200 8000000000000000000
0000000000000000000000000000000000000000000%*°0

000 (18¢)00000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
0000000000000000000000000000000000

000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
00000000000000000000 (0)00000000000000000000000000
00000000000000000000000000000000000

000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000

0000000000000000000000000000000000017270000000000
000000000 (030 p230000)000000000000000 (bell founder) 1000000
000000000000000000000000000 (0 30 p23100)000000000000
000000000000000000000000000

000000000000000000000000 (18¢)00000000000000000000
000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
00000000000000000

(p.291) 00O0O0D0O0O00OO0O0D0O0O0O0O00000O0000000D000000000000000
0000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
00000000000

0000000000000000000000000 (sledge) 000000 (sliding carriage) 0000

*19 1747 000000000000 O0O00ODOO00ODO0O00ODO000DO0000D0000D00000000000000
000000000000000 (solder or brass solder) 0000000000 ("Philosophical Transactions", vol. xiiv,
p.370)DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
gooobobooobooboooobobooooboobOoooob0bDooUbUobOUoDOOobDUbDDODbDOobDbobOUOb o
gooboooooooooboooooo0ogoooogoopoobooo0ooDooUoooUUDOoOoUoDbo00obDoogoDbOoO
go0oobOobOOo0o0o0ob0o0OO0oOobOOobO0oO00o0obOO0obOOoO000obOO0obODO0oO0U00UDO0ODO0ODO0ODO0DOD0OO0DODODbDObOOODbOO
goooboobooooobooboooboboooobooboooob0bDoOoUoobobDoobOoboODoobOobobOUOb o
oo

4-24



000000000000000000000000000000000000 (borer) 000000000
000000000 (readway) 00 000000000000000000000000000000000
000000000000 0000000000000000000000000000000000000
0000000 6000 800000000000000000O0O00000000OOOO
000000000000000000000000000000000000000000000000
000000000000 0000000000000000000000000000000000000
0000000000000000000000000000000000(000000)0000000
000000000000 0000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
0000000000000000000000
000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
000203000000000000000000000000000000000000000176900
0000000000000000000000000000000000000000000000000
000000000000 "Smeaton’s Reports”, Vol. 1. p.376 (00 O deserve notice) 000000000
0000000000000000000000000000000000000000000000000
000000000
00000 18000000 5000000000000 (breast fall; 000)000000000000
00000000000000 4000 float boad 000000 Obreasting 0000000000000
000000000000 Obreasting 0 float board 00000000000000000000000 1
0000000000000000000000000000000000000000000000020
0000000O00000000000000O00000 200000000000000000000
00000 7000000000000000000000000 cownoffal 0100000000 11
0000000000000000000000000000000000000000000000000
0000000000 0000000 fal000000000000000000000000000000
0000000000000000000000000000000000000000000000000
00000 float board 0000000000000 O0O0O000 float board 0000000000000
000 float board 0000 0000000000000 00000Obreasting 0000000 foat board
00000000000000000000000000000000000 float board 00000000
000000000000 0000000000000000000000000000000000000
(p.292) 0000000 900000000000000000 700000000000000000
040000000000000000000000000 200000000000000000000
000000000000000000000000000000000000O00000000000OO
000000000000 0000000000000000000000000000000000000
0 8§0000000000000C0C0O0000000O0OOOONOONNN0N000N0N0NONONNoooon
0000000 80000 (0)00000000000D0000000 4000000000000000
float board DO OOOOOO

*20 Q0000000000000 000000000000000000000000000000000000000000
0000000000000 000000000000000000000000 breast 00000000 DO0O float board
O0000Ofloat boad D0O0O0O0O00O0O0O00OO0OO0OO0O0ODOOOODOOOOOOODOOOOO

4-25



0000000000000000 29000 310000004000000000000000000
000000000000000000000000000000 90000 101000000 20000
000000000 60000 62000000 200000000000000000000000000
000000000000C000C0 3000000000000000000000000000OO 200
0000000000000000000000000000000000000000000000000
000000000000 0000000000000000000000000000000000000
00000000000000000000000 3000000000000000000000000
000000000000 800000000000000 (capping)]0000000000000000
00000000000000000000

000000000000000000000000000000000000000000000000
000000 fluted head 00O citadal head D00 0000000000000 OOOOOOOOOOCO
0000000000000000000000000000000000000000000000000
3000000000000000000000000000000 7000000000 00000000O
000000000000000000000000000000 3400000000000 60000
0000000000000 000000000000000000000000000 9000000000
00000000000 21 00000000000000000000000000000000000
00 7000000000000000000000000000000OO00000000000000
00000000000000000

(p.293) 00000000000 DO00O0DOO0O0OO0O0O00O0O0O0000O000000000003
000000000000 0000000000000000000000000000000000000
00000000000000000000000000000000000000000 (carriage) 000
000000000000 0000000000000000000000000000000000000
000000000000000000000000000 2000000000000000000000
00000000000000000 (read-way) J0000000000000000000000000
0000000000000 00000000000000000000O00O0O0OOOOOOOOOOOO
0000000000000000000000000000000000000000000000000
000000000000 0000000000000000000000000000000000000
00000000000000

0000000000000000000000000000000000000000000000 20
0000000000000000000 (ecross rail) 00 0000000000000000000000O
0000000000000000000000000000000000000000000000000
000000000000 0000000000000000000000000000000000000
0000000000000000000000000000000000000000 200000000
000000000000 0000000000000000000000000000000000000
00000000000 00000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
00o000000O0O0O

000000000000000000000000000000000000000000000000
0000 6000 8000000000000 ODDDONDODOOOOOOOOOOOOOOOOOOOOOO
006000 8000000000000 DO0ONODOOOONONONDNONONONOOOOOOOONONONONONONOOO

4- 26



gobooooboooooooooobooOoooOOoOoOobOOoOoOobOOoOoOoboOoOooOoOOoOobOOOoOoOoDbboOonon
go0oooooo0ooDooo00oooooo0o0ooDoo000oooo0OOg citadel head OO
goboooboooobooooOooOooOoOoOOo0o0obOOoO0OobOOoOoOooOoOoOoOoOOoOoOOOoOoOoDboboOonon
gobooooobooooooooobbooooobooooooboooooboobOoOoOooobboooooboobooooon
cooboooobooooboooobooooooboboooboooooooooobooooboooooooooonn
oooooooooo0oOooooooocoO0OooooooOoOoboO0O00on0D 4000 60000000000
00o0o(ooo0oo0o0o0oUo0)0000o000000O0O0o0o0Do0o0oOUOUoooOno
gobooooooobooooooOooOoOoOOoOoOobOOo0oOobOOoOooboOoOooOoOOoOobOObOOoOoDbboOoon
gobooooooooooooobooooboobooobo0oooooooooooobOboooobObOooDboboooon
gobooooboooobooooooooooboo0oobobooobooooooOoOoooOoobOObOoOooboboOooon
goboooboooooooooboooboooobooooooooooooobboOoooboooo
(p294) D0OO0O0D0OO0OOODOODOOOOOODOOOOODOOOOOOODOOOOOOUODOUODOODO
gobooooboooobooooooboooooOooOooboboOooobooOooobooOoOoooOoOOoOoOoOOoOoobboOooon
gobooooboooooooooobooooboboooboooooooooOoooobDooooDboOooDboboooon
goboooboooobooooOooOoOoOoOOoOoOobOOoO0OobOOoOoOoOoOoOoOoOoOOoOoOOOoOoOoDbboOoOon
gobooooboooooooooobooooobooooboboooobooooooooooboooooboDoboOooboboooon
goooooooooo 4000000000000 iDDDDDDDDDDDDDDDDDDDDD
cooooboooooboocooOooboooboOobOOobooOobOOo eCObOOOOODOOOOODOOOOODOO
gooooooooboboooooobooooooboboooooooooooooobooooDOoDbOon
0000000000000000000000000000000000000000000000000
gobooooooooooooboooobobooobooooboooooobooooOboooobObOooboboOooon
gobodooobooooooooooboooooboo0oobo0ooobooooooOoOoooOoOobOOOoOooboOooon
gobooooboooobooooooboooooboooobooooboooobooooobOoooOoobOboOooboboOooon
gobooooooooooooboooboooooooooobooooooaa
0000000o0o0o0o0o0U0o0o0o0 100000000000 0DAAODDOOODOOOUOOOB
BOOOOOOOOOODOOOOOOODOOOOOODODOOOOODODOODODOODODOCOOOOOOODOD
gooooooooooooooooOoooOoooOooOoOoOoOOoOobOoOoOoOoOooooooooooooOo D
oo0oooooooooo bOooOoooOoOOoOOoOO0OO0O0O000eO0D0DOOOOOO0O0O0 6000000O0DOO
00000000 DOO0OOOOODOD CO0000000000000000 bdeOOODO bOOMO
00 a0000000000000000000 e0000000000000000000 dO0OOO0O
f00000000000 f00000000 gO0O0O0OO0DDOOO0ODOOOOD fOOOOOODOOOODO
ooooo0O000000000000O000O0O00O0O0O0O0O0000 gO0O0ODOO0OOOODODOOOO h
goooooooooboooboob 4000000000000 O0DOOOODOODOOOODODODOOOOO
gobodoooboooobooooooooooboo0ooboooobooooooOoooooOooOoOOoOooboOooon
gbooooooooooboboboooocooooooboooooobOobOobOoOoboboooooDbOon
oooooooo0o0oo0ooO0o00ooOo0o0ooO00ooO0000OO0O00b0O0O000000000 b
oooooo11000000ooooooooooobooo booooOooooooooooooooooo
gooooooooooooooooooOoOooEOOOOODODODOODODOODODOODDODODODODOO
gobbooooooobooooooOooOoOoOOoO0OobOOoO0OobOOoOoOoboOOoUoOOOoOobOOOOoOoDbboOOn
ooooooooo0oooDo0O0 FrOO00O0O0DO2000000000000000000D000000OO

4-27



01 000000000000

gobodoooooobooooooooobooobooooooooooooooooooooboOooon
oo00o0oooO0oOo0ooob0 3000000000000 0O0ODO0O00OODOO0O0 fOoOoOODoOOOO
00000 d0odoooopooo0og ed000OO0O0O00oOoOoDOOO0O0OOOODOODODOOOOOO
gobooooooo

(p295) 000000000000 0O0OO0ODO0OO0OOOOOOOODOO0ODOO0OOO0O0MOODOOO
gobodooobooooooooooboooooboo0oobo0ooobooooooOoOoooOoOobOOOoOooboOooon
gobooooboooobooooooboooooboooobooooboooobooooobOoooOoobOboOooboboOooon
gobodooboooobooooooboooobooooboooooooooooooooooooooboooon
oobooooood

cooboooooboobooooooooobooOooobobooooooooooooDbbOoobDoOoOoooOoOoOooDO
goboooboooobooooOooOoOoOoOOo0oO0obOOoO0OobOOoOooboOoOooOoOOoOoOOOoOoOoDboboOonon
goboooobooooooooooboooooboooobobooooboooooooooobooooobooboOooDboboooon
goboooobooooooooobodoobooooooooooooooooobooooooooon

0000000000000 00000000000 built machine 000000000000 O0ODOOO
gobooooooooooooobooooobooOooboooooooooOooooobDooooDooDOooDboboOooon
goboooobooooooooooOooOoOoOOoO0oOobOOoO0OobOOoOoOoboOoOoOoOoOOoOoOoOOoOoOoDbboOoon
goooobobooobb e00O0O0OO0D 1000O0O0O0DODOOOOODOOOOOODOOO 20000
gobodoooboooobooooooooooboo0ooboooobooooooOoooooOooOoOOoOooboOooon
goboo 3oobobooooooobbooooooobooooooboooooobooooOooobobooooOoon

4-28



goocooocoobooooboooobooobOOoOoOo0oOoOo0oOoOoOoOoOo0mooooooobooooboOoooboon
gobooooooooooooobooooboboooboooooooooOooooDbDooooDoboOooDbboooon
gboooboooocoocoobooooooOooooooOoO0obOobOOoOOoOboO0obOobOOobOboOoboOoOoOoDOOoDbDOon
goboooobooooobooooooboooooboooobooooboooooooooobOooooboOoOooboboOooon
goboooboooooboooooooboooobooooooooooooooooooooooo1Ioooon
oboboobobobooboobooooOooOooOoboOooobobOOobOobOOobOOobOOobOOoOobDOoeoDOon
gooooooboooooobo 40000000000 0000D0O0ODO0OOO10DO00O000O00O0DOOO
gbooobooboooocoobooooooOooOooOoooOoOobOO0obOOobOOoOoOOoOoboOoboobooOoOobOOoDbOon
goboooooooooooooboooooboobooobooooooooooooobObooooDObOooDboboOooon
goboooood

(p296) DO0ODO0OO0OOOODOOOOODOOOOOOOOOOOOODOOOOOOOOOODODO
gobodooboooobooooooooobooooboooooooooooooooooooooboooon
gobooobooooboooboooooon

4-29



S bbb uooboboobbog

0000000 169800000 170200 "OOOO"0ODOODOOOOOOOOOOOO0DOOOO0OO
goboooobooooooooooboooooooobooboobooooobooooobOooOobOoOooboboOooon
gobodoooboooobooooooooobooobooooooooooooooooooooboOoon
gooooo

175200000000 (Bristol) 0000000 (Champion) 0000000000 D0DOO0OOOOOO
brass battery work 00 0 0000000000000 00O00OO00DOOOOOOOOOOOOOOOOOO
gobooooboooooooooobooooobooobooooboooooooooooooobooboOooboboooon
goooobooooobooobooooobooOoooooooOooobooOooo0 20000000000 000000
gobooobooooooooobooooooooono

000 (18c)0000000O00O00DOO0DOOO0ODODOOOOODOODOODOUOODOOOOOOOO
goocooooboocooboobooooooooboOoOOoOoOOoOoOo0ooOoOoOoOoOoOooOobOoboOobboOobooon
gobooooooooooooobooooboboooboooooooooOooooDbDooooDoboOooDbboooon
gobodooooooOooOoooobo0oobooooOooOooO0OoDbOo0oobooOoOoooon

400000000000 DOOOOOOOOOOOOOOOOOOOODOODOOODOOODOOODO
oooooooooooooooooooooooooooo 20000000000000000 3000
gobooooboooobooooooooooOoOoobOoOoOoobooOoOoboOoOooOoOOoOoOoOOoOooDbboOooon
goboooboooooooooobooooboo0ooboooobooooooooooDooooDOboOooDboboOooon
gooooo

cooboooooobooooboooooooooobooooooooooooobOboooboOooobooOoOoOooDnn
gobbodoobooooooooooooooOooOooboOoobooOooobooOoooaon

coboboooooboboooobooooooooooboooobooOooooooooOoboOoobooOoobooOoOoOooDnn
goboooooooooooooboooooOoOooDbOo0ooooOooooOooooDOooooOboOooDboboOooon
goboooooooooooobObocOoobobocoobooOoOoOoOOoOoOoOOoOoOoObOOoOoboOoOoOooon

ooooooDbo 1ve0 0000 1v65 D000000DOOODOOOOOOODOODOOODOOODO
goboooboooobooooooOoocOooOOo0oOobOOoO00oooOooooOoOooooOoooOoOboOooboboOooon
gobooooboooooooooobooooobooooboOoboobooooooooobOooOoobOboOooboboOooon
gobodoooboooobooooooooobooobooooooooooooooooooooboOooon
000000000000 000000O000D0000D00000OD0O000O00 (returning engine) 00 O
gobooooooooooooobooooobooOooboOoooooooooOooooDbDooooOboOooDbboOooon
goboooboocooboooboooooon

(p297) DO0O0DDOO0OOO0OOOOOODOODOODOOODOOOOODOOODODOODOODOOO
ooooooooooO0oooooDooOooboOo0oOoooOOooOO0O0oOoOoOoooOboocOoOon0oOooO1e2000000
00 (Oxley) DODOO0OOO0OD0OO00O0O000O0O0O0O0O0O0O0O0O0O0O0OO00O (Northumberland)0OOO0O0O
0000 (Seaton Delava) 0D 00O 0000 (Hartley) 00 0000000000000 O0ODOOOOODO
gobooooboooooooooobooOoooOOoOoOobOOoOoOobOOoOoOoboOoOooOoOOoOobOOOoOoOoDbboOonon
gobooooooooooooobooooboboooboooooooooOooooDbDooooDoboOooDbboooon
gobooobooooooooooOoocOoOoOOo0oOobOOo0o0obooooooOoOooooOoOoOoOboOooboboOooon

4- 30



gobooooboooooooooobooOoooOOoOoOobOOoOoOobOOoOoOoboOoOooOoOOoOobOOOoOoOoDbboOonon
gobooooooooooooobooooboboooboooooooooOooooDbDooooDoboOooDbboooon
goboooboooobooooOooOooOoOoOOo0o0obOOoO0OobOOoOoOooOoOoOoOoOOoOoOOOoOoOoDboboOonon
gobobooooboooooooooboooo

1776 00 OD0O0O0O0O0O0O0O00D (Hu)OODODO0OOOOOOO0OO0O0OOO00ODO0DO0O0O0O0OO0ODO0O0OOO
000 (eil-mill) D0DO0O0O (2570000000 00000000O00ODO0OO0OOOUOOOOOOOOOD
gobooooooooooooobooooboo0oobo0ooooOooooOooooobDooooOboOooDbboooon
gobooobooo 2000000000000OCOOO0O0OO0ODOCOOOOOOOOOCOOOOOOOOOOO0
ooboooboobooobooooobooo2b000000000

51 00000O0OO0OOO0ODOOOObOOODOObDOODbOObDOOobOOobODbOobDOoOobOooo
1777

0000000 140000000000 DO0ODODOO0OO0OO0O0ODODODODODOOODbOODO 3robOd
goooboobooboobooo0 weoboooobobobobooobooboboobobboOobDoo
0000000000000000000000000000000 (Roger Newdigate) D0 OD0DOO00ODO
goooooOorm2booo0ooocoooooooooooOoboooo0oboO0obDooobooobOooboobooo
gooob11o0obooo0obob ocboooobobooooobOobD 0obOobOobObOobDOoOobOn
0000000 5cewt 000 (acorf or basket of) 0000000000

oboboooooooooboobobobooooboobogooDoboobobobobbooooooooDo
goooooboobbooobooboobobooboobbooboobbooboobboboboobo
gooboobobobooooooooooboboboboooooooobooboboboboboboooon
gogoboobboooobboooobboooobbooobbbooobboooobbooobbbooon
gooobooboboboooooooobogobobobobooooooooboobobobobobooooon
goobobobobooooobooboboboboooo

0000O00O0000oo00ooOooOobOooDooDsOi0oooobobooboooooooooogwr7ooOO
gooboboboooooooboboboboobobooboobo 26000000000 0ODO 5%|:|E|DE|D
googd 13%DDDDDDDD (s0b00boobobooobobooooo 18%DDDDDDDD 34
000000000000000000000 3975 000*' 000000 780000000000000
9%DDDDDDDDDDDDDD 46 00 00000O00ODOODO

(p298) DOOOUDODOOOOODOODOOODOOOOOOOOODOOUDOOODOOOOOODODOODOO
gooogoon %DDDDDDDDDDDDDDDDDDDDDD 16%DDDDDDDD*22DDD 600
goboooooooobooooooobD sooooOooooOooOooDbOo0onobD 140000000000
goooooo

gobodoboboobooboooboobooobooboboobobuooboboooboobbooboon

*21 (O0)Farey 0000000000p.162 (0 20)0000000
(00000 [Ib]) =0.341 x (00 [in])2 x (0000 [ft]) = 0.341 x 18.5% x 34 = 3968.0 1b

*22 0O0O000000000000000000000000000 (020 p.183) 0000000000000 OOO0OODOOO
oo0oo0o0o0o00b0000O0O00o000b0000O0

4-31



0000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
0000D000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000 (0000
000000000 "Smeaton’s Reports", Vol. 11, p. 435 00000000 *3)0

000000 100000000000 300000 (=9000000)0000000000 1900
0000000000000000 400000000000000000000000000000000
0000000000000000000000000000 140000000000000000000
1500000000000000000000000000000000000000000000000
00000000000000000000000000 4000000000000000000000
000000000000000000000000000000000000000000000000 9
00000000000000 190000000000000000 90000000000000000
0000000000000000000000000000000000000000000000000

00000000000000000000000 500000000000000000000000
00000000000000000 23000000000 230000000000000000000
60 00 000000000000 200000000000 12000000 24000000 270000
0000000000000000(14+9=)230000000000000000000000000
0000000000000 000000000000000000000000000000000 120
000000000000000000000000000000000000000000

(p.299) 0000000000000 0000000000000000000000000000000
0000000000000 ADOOOOOOOODOO0O0000

0000D00000000000000 24000000000 180000000 5000000000
00000000000000 500000000000000000000000000 400000
0000000000000000000000000000000000000000000000000
000000000 1000000000000000 1200000 50000000000000000
0000000000 10000000000000000000

000000000000000000000000000000000000000000000000
00000000000 20000000000000000000000000000000000000
00D0000D000000000000000000000000000000000000 410000
0000000000000000000000000000000000000000000000000
000000000000000000000000000000000000

0000000 2i0000000000000000000000000000 2000000000
00000 20000 2000000000000000000000000000000000O 100
000000000000000000000000000000000000000000000000
0020000000000000000000000000000000000000000000000
00000000

*23 (00O) "Smeaton’s Reports" 0000000 0 20000

4-32



ELEVATION & PLAN of a FIREENUTVE, for rassing Water for the WATER COAL GIN, at. the Frosperous Pio, LONG BENTON COLLIERY.

Part of Water Gine Reservoir.

| the Ground.

Surtace of

LZevel of the Ponds Water

o) et i demd el minin st st

H : P ~
J. Farey detin! Designed by J. Smeaton 1777. ZEngraved by Widron Lowry.
Zondon, Pudlirhed by Longman Hurst. Rees X Orme,10%0.

02 00000000000000000DO0O00OD(CDOOO)

cobooooooobooono s ooooboooosoooooboboobooooooooooooooDn
gbooobooobooooobooobooboooboooooooobooogon Q%DDDDDDDDDDD
goboooooocoOobooOooOooooooOoboOoOobOOoOoOoOoObOOoOobOOOoobOOobOOooDn 3%IZIDD
oo soooo8sgoooobooboooooboooboooooooooboooooobooooboooobooon
o000 1 soocooooooboboobo0ooooboooooooobOooooboooo0oooooboOoooon

4- 33



000 (lower clack) 000000 (fixed valve) 00000000000 DO0ODOOOOODOOOOOOOD
goooooboobooobobooooooobboooobooobobO 2o0000000D0O0DO0OODOOODOOO
goboooboooooooooboO0obOOoOoOobooOo0oOo sooOoOoOoobooOoOoOoOoOOoOoOooDooa

coobooooooooooboooobooboooono 18%DDDDDD G%DDDDDDDDDDDDDDD
gobodoooboooobooooooooobooobooooooooooooooooooooboOoon
gbo2000000000000O000O00O0CODOOOOOOOOO0OO0OOO0OOOOOOOOOOCOOO0
19%DDDDDDD 20000000000DOO0O0DOODO0ODO0OODODODOOO0OODODOOOOODOO
gobooooboooobooooooOooOoOoOOo0oOobOOoO0OobOOoOoOoboOoOooOoOOoOobOObOOoOoDbboOoon
goboboooooobobboooooobobobooooboobooooooobOoboobooboobOoDbOon
goooooo 2%DDDDDDDDDDDDDDDDDDDDDDDDDDD 400000 500000
gbobooboooooooobooobooogon 1%I][I[I[I[I[IDDDDDDDDDDDDDDDDDDD
gobodooboooobooooooooooooooboooooooooooooan

(p-300) D0O0D0DODODOOOLDOLDODUODOODOLDODODODOO 18000000 500000
gooooooooooo 20000 200000000000000000O0O00DOO0OOOOODOOO
gbooooooooboooooooooooooboOooOobOOoOoboOobOOoOboO 20000000000
gobobooooooboboooo ooooooooboboooooobbooobboOoooooobobooooDoooon
gboooooboooobooooobooboboboooooobobooooboobobobooooboonog
0000 (drop shuttle) 0000000000000 O0O0OO0O0OO0O0ODO0OO0ODOOO0O0O0O 33000000
o0 3o00boooooooooo 2000000000

cooooooooocOoooboooOooOboO0ob0 200000000000 DOOCOOOOOOODOOOOn
goboooooooooooooboooooboobooobooooooooooooobObooooDObOooDboboOooon
gobodoooboooobooooooooooboo0ooboooobooooooOoooooOooOoOOoOooboOooon
goboooobooooobooooooboooooboooobooooboooooboooooOoooOoobOoOooboboOooon
gobooooo

CO00000 180000x5 0000000000 20000000 180000000O000OODODOOC
goooob0o o0OoOooboobooobooooooobooooooooooboooDoboOooo 1%|:|I]
goooobooooboooboooobOboOoooO0o 260000000000 OCOODOOOODOOODODOOOO
goboooobooooooooooboooooboooobooobooooooooooOooooboDoboOooboboooon
gobooobooooooooooooooog

coooooboboocoobooooooOoOoooOoboooobooOoOoOooOoOooooOoboOoOobOoOooboOoOoOooDnn
goboooooooooooooboooooboo0oobooooooooooooobDooooDoOoDOooDboboOooon
gobooooboooobooooooOooOoOoOOoO0oO0obOOo0oOobOOoOoOoboOoOoOoOoOOoOoOoOOoOoOobboOoOon
goboooooooooboooboooobooooooooooboooobooooboooobooDooOoooDooboOo

ooooo oooobooor2zi0o0oooooooooooooooooon0 e0OOODOOODOOODOO
l2000000000000O00O00O0O0O00DOO0O0ODOO0OOOOOOOOOOODOOOODObOOOn

OO0 12000000000000000O0DODOODODOOO 60ODOODOOOODO 4000x60000
gobooooooooooooboooobobooooooooobooOo0o0 wwbooooboobooooboo 9boOoO
ooboooooDo 7%DDDDDDDDDDDDDDDDDDDDDDDD 6000D00D0ODO 6000
goboooooooOoboOooOoOoOoOoOobOOoOoOoOoOoCcOObOOoOoOOCcOObOOoOoODO 2000000
400000000O0O0O0O0OOOO0OOOOD 12000000000000000000000 2000

4-34



0000000000000 000000002000000000000000000000000000
0000000000000000000000000000000000000000

(p-301) 000000 12.0000000000000000000000000 8800000000
000000000000000000000000000 20000 (stave) 000000000 (trundle;
000)000000000000000000000000000000000000000000000
00000000000 00000000000000000000000000000000

00000000000 3700000 1400000000000000000000000000000
000000000000 0000000000000000000000000000000000000
0000000 3000000000 500000000000000000000000000C0C00O0
000000000000 0000000000000000000000000000000000000
000000000000 0000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
00000000000 00000000000000000000000000000000000000
00*240

000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
0000000000000 O00000000000000000000000000000000000
000000000000000000000000000000000 (00)000000000000
000000000000 20000000000000000000000000000000000O0
00000000000000000000000000000

000000000000000000000000000000000000000000000000
000000000000 0000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
000000000000 0000000000000000000000000000000000000
00000000000000000000

000000000000000000000000000000000000000000000000
000 2000000000000000000 510000000000 30000000 101000
0000000000000 1000000000000000000000000 50000000000
0000000000000 000000C00000000000000000000000000000
000000000000000000000 300000000 410000000000000000
000000000 4000000 600000000000000O0O0OOOOOOOOOOOOOOO
0000000000000000000000000000000000000000000000000
0000000000000000000000000000000

(p.302) 0000000000000 0O0000000D0000O000000000000000000
0000000000000000000000000000000000000000000000000
00000000000 00000000000000000000000000000000000000

*24 gooooooo (Ree) O "CyclopaediaD 0 XXXVIIIOOODO 0D0000D0" 000000000 0O000O0DO00OOOO
oo0oo0o0o0o0b00o0O0o00o000b00000000000000O0

4-35



ooooooooooooooOoOoCbocOooOoOoooooooooooooOO00 3vyo0oooooooooao
oo

coboodoobocoooOooOooooOobOocOobOOoOOoboOo obO0oboboobobo0oooOoooboboOooDn
goooooobo sboooboooooooooobooooooboboooobooboooobbooobooDoooon
gobodoobo 200000000000000000 20000000000000000000C0000O
oobooobooooboooono guuoboooooooooooa

000000000 (corfe) 000DODO0OUOOOO0ODO0OO0OOOOOOOUOOOOOOODOODOOUOOODOO
gobooooooobooooooOooOoooOOoOoOobOOoO0OobOOoOoOoboOoOoOoOoOOoOoOObOOoOoDbboOonon
gobooboiloooooooooooooooooobo0oobboooobooooooooobooboooo
gobodooobooooooooooboooooboo0oobo0ooobooooooOoOoooOoOobOOOoOooboOooon
00000000000000000000000000 840000 (=504ft)000000000000O
goooooooooooocoon lgDDDDDDDDDDDDDDDD 5%DDDD (=63000)0
goooooooobobooooooobobooooOoOoooboooOobOOoOo 39oooooooOoooboboOobooOooon
000000 (00 30000)000 942000000000000000 (DO 5%DDDD)DDD
1649 00000000000000000 vo7r0000O0O00O0OCOCOOODOO 3900000000
goboooobooooooooobboooboooo o8bbOooooooooboOoon

coooooboooooo2000b0000b00b00obooO0ooOooooOoooooooooOOonOonn
oboooooooobobooboooboooobobooOoooboooooOooboOobOOobOoOoooobooDbOon
ooo0o 2000000000000 0oooooo0ooooooboooobobooooooDbboOobooooo
gobooooooobooooooOooOoooOOo0oOobOOo0oOobOOoOoOoboOoOooOoOOoOobOOOOoOoDbboOooon
gobooooooooooooboooobobooboooooooooooooOboooobobOooboboooon
gobodoooboooobooooooboooooboo0oobobo0ooooooooOooooOboOobOoOboOooboOooon
gobooooboooooboooooobooooobooooboobooboooobooooooOoOooOobOoOooboboOooon
gobodooboooobooooooooooboooobooooooooooooooooooooobooooon
goboooboooobooooboooo

ooboO0O s50000000000000000000 600000000 0OO0DDOOOOOK20U0DO
00460 000000000000000000O0O0O0O0O0O0O0O0O0 840000000000O00O0DO0OO0
gooooo 6icwt|]|:|[| oo 00O00ooood

0000000000000 0000000000D0000 (700 + 84 +460 =) 124400000000
ooboooooboocoooooono 1%DDDDDDDDDDDDDDDlDDDDDDDDDDDD (1244
x1.5=)186 0000000000000 0000O0O0O0O0O0O0O0O0ODO0ODO0ODO 4000000000
gobooboooo 2%DDDDDDDDDDDDDDDDDDDDDDDDDDlDDDDDDDDDDD
0O (84 x2625=)22000000000000000000000000001lD0000000ODOOOODO
(1866 - 220 =) 1646 0000 D 0O0OODOODOOODODOO

(p:303) 00000000 OOODOODOOOODOODOODOODOOOOOO 2§DDDDDDDDD (700 +
84 =)784 000000000 1000000000 (784 x2.625 =) 2058 0000000000 0O0OOO
obooooooo 1%IZIDIZIDEIDEIDEI (84 + 460 =) 544000000 1 000D0O0LDOO (544
x1.5=)816 00 00000000000000D00O0ODO0O0O0 1000000000 (2058 - 816 =)
1242 00000000000000

cooboooooboooobooooooooooboboooooooooooobOboooobooOooobooOooOooDn

4- 36



0000 1646 000000000000000 1242000000000000 4300000000000
0000000000000000000000000000000000000000000000000
oooo

000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000 15000000
0000000000000000000000000000000000000000000000000
00000000000000000 600000000 (000 41)00000000000000000
00000000000000000000000000000000000000000000 8000
000000000800 (10:1)000000000000000 (count-wheel) 100000000000
000000000000000000000 4000000000 100000000000000000
0000 3800000000000 82000000000000000000000000000

000000000000000000000000000000000000000000000000
0000000000000000000000000 (dettent) 0000000000000000000
000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000 400000000000
01000000000000000000 1000000000000000000000000000
000O0000o0o

000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
00000000000000000000

(p.304) 00000 20000 (peck) 000000000 64 ewt 000 700000*¥0000000
0082000000000 2000 (1000 300 (corfe) 100)00000000000000000
000000000000 12000 17000 (score) 00 340000000000000 14000 20
000 (=400 0) 0000000

000000000000000000000000000000000000000000000000
00000 12000000000000000000000 120000000000000000003
00000000000

000000000000 1600000000001 00 120000000000000000000
000000000000000 4000000000000

*25 (00)000 (peck) D0DDDO0OOO0OODODOOOO0ODODOODOOOODDOOOOOODOOOO0O 1peck=2351b000
000000000 (p.305 000 p.306) 00 1peck=311b 000000000

4- 37



000002000 7000000000 8200000000000000000 OO0 246000000
O000Ox700 000 =172200 000000 10000000000000+33000=52200000
0000000000D00000000000 140000000000000 3400000000004760
000000000 10000000000000=+528000000 =9.0200 00000000000
000000000000 00000D0D0000000000900000 3.80000000000000
0000000000000 00000000000000000000000 2250000000000
00000000 {000000000000000000000000000000000000000
000000000000 00000001.550000000000000000000

000000000000000000000000000000000000000000000000
000000000000 0000000000000000000000000000000000000
00003000000000000000000000000000000000D000000O0O0O0O0
ooo

O0000000000000000000000000000000000000000000000
00001778 0000000000000 10001780000 7800000000000000000
00 10000 2000000000000000000000000 14000000000000000
000000000000 0000000000000000000000000000000000000
000000000000 00000D0000000000000000000 90000000000000
00000000D00000000000000000000000000000000000000000
000000000000 0000000000000000000000000000000000000
000000000000000000*2%0

(p.305) 1785 000 0000000000000 00000000000000 1044100000000
000000000000 00000D0D00000000000 320000000000000 60000
000 1400000000 84 00000000000000000D 1100000000000000
21000000000000000000000000O0D0O00 3400000000000000000
05112000%000005112000 x84 0000 = (429408 +3300 =) 13000000 130000
ooooon

00000 3000000000000 14000000000000000 9100000000000
700000000 70000000*0000000 90000000000 200000000000

*26 Q0000000000000 0000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000 8000 10
0000000000000000000000000000000000000000000000000000000000
00000000000 00000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000
0000000000000000000000

*27 (00)Farey 0000000000p.162 (0 20)0000000

(00000 [Ib]) =0.341 x (OO [in])2 x (0000 [ft]) = 0.341 x 212 x 34 = 5113.0 Ib

*22 JOO00000000000000000000000000000000000000000000000000000000
oo0ooO0ooo0o0o0oO0o0bO0o0boO0o00000000b000 go0o0bo0o0bo0o000o0o0o00O00O000b000B000n0
gooooooooOoOoOOoOO0O0000 9000000000000 0000000O0O0O0OOOOO000O IO%DDDD
gooooooooooo

0000000000000 (Walker) 000000000000 0000O0O0O000O0DOO0O000ODOO0O0O0OOOO0OOO

4- 38



00 120000000000 330000000000 6000000000

000000 104 § 0000000000000 20000000000 620000000000001 3
0000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
000000000000 12000 18000000 360000000000000 200 100000
00000000000000000000 313300000000000000000

620 1b x313 & ft/min = (1943700 +-33000 = ) 5,89 HP 000000000 5890000000000
00000000000 1300000000 6000000000000000000000000000
;000000000000 (30f13=)9.7500000000000 580000000000000
000000000000003800000000000000

1782 00000000000000000000000 (Walker) 000000000000000000
0000000000000000000000000000000000000000 950000000
0000000000000000000000 180000000000000000000000000
0000000000000000000000000000000000

(p.306) 0000000 36 000000000000 650000000000 13000000000
=8 1000000000000000000 240000000000000000000000000
00 34000000000000000 6677000000000 84 4{000000000000000
1710000000000

000000 120000000 1200000000000000000000000000 (0 20
p.183)000000000000000 30000000 140000000000 720000000000
0000000000000000000000000000000000000000000 (face wheel)
90000 1080000 53 000000000000000 18000 240000000000000
000000000000000000000000 130000000000 5300000000000
220000000000000000 120000000000 5300000000

0000009 00000000000 2200000000 10004300000 682000000
0000000000000000000000 4083 00000000000000 1710000000
0000000 8440000000

000000000000000 12000 36cwt 000000000 336000*°000 40000
00000000001 000000 150000000000000 (6677 000x84 3$0000x150
=)8463097 000000 1000000000000000000000000000000100000

0101000000000000000
000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000
000000000000000000000000000
00000000000000000000000000002500 30000000000000000000000000
0100000000000000000000 5000 6000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000
00000 40000000 200000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000
*29 (00)00000000000 facegear 0000000000000 0000000000000 (spurgear) 0000000
*30 (DD)D0O0O 3600000

4-39



o0 O000oooooooooooboooooobobgs46 000000000 O0O0OO0OCOOO0 1000
oooboooooon

000015, 000000000000000000000000DO0O0OO0OO(0O 682000 xO0O 570
oood xlO%D =)4178955 0000 10000000000000000010000000000
000004180000000000000 100000000000

*31 JpO0D00000000000 8 0000000000000D00D000000 2000000000000000000
0o0oooooo0oooooooooo 22%DDDDDDDDDDDD 60000 10000000000 13000000
00000 =89 000000000000

00000000 22000000 6820000000000000 500000000

4-40



6 D00oooooooooon

coboooboooboooboooooOoboOoboooboOobOOooboOoOobOOoOoOOoOoOoO0bOboOobobOoboo
goboooobooooooooooboooooooobooboobooooobooooobOooOobOoOooboboOooon
goboooooooooooobooooooooooooonon

coooooboboocoOobooooOoooOoooOoboOooboOoOoOoOoOoOoOoOoOboOoOobOOoOoOobOOoOoOoOoDnn
goboooboooooooooobooooboo0ooboooobooooooooooDooooDOboOooDboboOooon
goboooobooooooooooooo

(p307) 0000000 DOOO0OOOODOOOO0ODOODOOOOOODOO0O0O0OOODOOO0OO0OD0OO0
004 0000000000000 vyOOOOODOOOO 12000000000000000000A0
0dsoooooooobooooobobooooooonn 6%DDDDDDDDDDDDDDp.181(D 2
0)00ooO0o0ooooO0OoOO0OD 1000 70000000000000000O00O0OO0OO0OOOODO
33000000000 1m000000000000000O0

coobooooboobooooooooobooOooobobooooooooooooDbbooobDoOoOooooOoOooDo
gooooooboocoooao %DDDDDDD 9%DDDDD/DD =44000000/0 =2267/000
goboooooon

coobooooboboooboooobooooooboboooboooooooooobooooboooooo0oooonn
gobooooboooobooooooboooooOooOoobOoOoOobooOooboOoOooOoOOoOoOoOOoOooDbboOooon
gooooooooooobooooooboobooooooooooooooooooobbooboooooon
gobooooboooobooooooOooOoOoOOoOoOobOOo0oOobOOoOoOoboOoOooOoOOoOoOObOOoOoDbboOoon
gobooooooooboooooobooooobooOooboOooooooooooooOoooobooboOooDboboOooon
gobooooood

coboboooobobooobooooooooooboooobooOooooooooOoboOoobooOoobooOoOoOooDnn
goboooooooooooooboooooOoOoobOo0ooooOooooOoooooOoOoooOboOooDboboOooon
00 1400000000000 O0O0OOOOOOOOOCCOOOOO0000O0O0O0O0O0O0O0O0O0O0OAO0
00o0o0o0oooo0o0ooo (Do00o0)00o00o0o00oo0oo000oUoUoUoUoDOoOD
gobooobooooooooobOo0ooobocOooboooOooooOooood

00000000000 (Duke of Bridgewater) 00 0000000000000 000000O00O0 (James
Brindley) 0001759 0000000000000 O00O0O00O0O0O0OO0ODOO0OO0OOO0ODOO0OOODOOO
goboooooooobooooooboooobOoOooboOoOoOoobooOooboOoOoooOoOoOoOboOooDboboOooon
goboooooooooooooboooooboo0ooboooooooooOooooDbDooooDoboOooDbboOooon
gobooooboooobooooooOooOoOoOOoOoOobOOo0oOobOOoOoOoboOoOooOoOOoOoOObOOoOoDbboOoon
0000000000000000000000000000000000000000000000000
gobodoooboooooooooooOoooOooooboOooobooooooOoooooOooOoOoOOoOooboOooon
00001756 00000 "Biographia Britannica" 0 0000000000000 O000O0O0O0OOOOOO
000 (Newcastle-under-Line) 00 0000000000000 0OOO0OOOOOOOOOO0OOOOODO
gobooooooooboooooobooOooOOoOoOobOoOoOoOoOoOoOoboOoOooOoOOoOobOOOoOoOoDbboOoOon

4-41



0o*320

000000000000000000000000000000 (0 20 p.1430)000000000
0000000000000000000000000000000000000000000000000
00000000000D000D0000000000000

(p.308) 000D OO0DDOO0DODOO0DO0OO0O0ODOODOODOO0ODOO0ODOO0ODO0DDO00OO0
00000000000000000000000000000000000000 1000/000000
000000000000 0000000000000000000000000000000000000
0000000000000 D0000000000000000000O0O0OOOO0DODOS200000
00000000 (020 p174000)0000000000000000 $0000000000000
0000000 $0000000000000000000000000000000000000000
00000000D00000000000000000000000000000000000000000
000000000000 0000000000000000000000000000000000000
00 (020 p.186) 00000000000 DOOODO

5200 00000000000000000000000000000000000O0O0OOO0O0O00
000000000000 0000000000000000000000001 00000000 7000
8000000000000 0000000000000000O0OOOOOOOOONOoDoooooooog
000000000000 0000000000000000000000000000000000000
0100000000 7000 800000000000000000000O0DODOO0O00ODODO 2000
00000000000DO00D0O000

000000000000000001000000000000000000000000000000
000000000000 000000010000000000 7000 8000000000000O0
000000000000 *000000000000000000000000000000000

0000000000000 000000000000 100000000 629 00000000000
000 (020 p174000)01 00000 528000000000 10000000000000000
0000000000000 1 0000000000528 +6295=)839000000000010000
000000000000000000001 0000000000 1000000000 83900000
00000000o0oooon

000000000000 000000000000000000000000D00000000000
0000000000000 000000000000D00D00000000 7080000000000
0000000000000

*82 1741 00 "Philosophical Transactions" D00 0000000000000 0000000000000000000000
0000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000
Doooooo

*33 (00)0000000 p0000000000 px(0D00D00)x(000)=px(0000)00000000000 2x (
0000)0000000000000000000 05p0000p=7081b/in2 =144 x (708) Ib/ft2 000

0012000000 = 0.5 x 144 x (70 8) 1b/ft>

00000 y=6251b/ft3 00000

. 0.5 x 144
(Dl&ﬁDDDDHm:47%;7XUD@&:Lw2XUD&&

000011b/in?=2ftAq 00000000

4-42



