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Mr. H a w t h o r n : I will preface my lecture to-night by asking. 
W hat is m easurem ent ? We m ay say  i t  is only a term  for 
com parison, or a m eans of comparison. In  th is  sense the 
ind icato r diagram  is a m easure, a graphic represen ta tion  by 
m eans of which one can ascertain  the  w ork done during one 
stroke of the engine. M easurem ent s ta rts  from  the  infinitesim al. 
A po in t has no m agnitude. An infinite num ber of these gives 
us a line, length  w ithou t breadth . Our u n it of length is the  
exact d istance between tw o m arks representing one foot, on 
a p latinum  bar a t a tem peratu re  of 62° F. and 30 in. barom etric 
pressure, kep t in  South K ensington Museum, and  the  P arlia 
m ent buildings a t  W estm inster. O ur u n it of w eight is a 
ball representing 1 lb., and  the  exertion required  to  move 
th a t weight a d istance of 1 ft., gives us the  ft.-lb . which is 
the unit of work. W h a t is m ean t by “ horse-power ” ? The 
m easure which represents one-horse pow er is 33,000 f t .- lb . ; i t  is 
more, as th e  elem ent of tim e en ters and  it m ay fu rth e r be 
term ed the ra te  a t which an engine is capable of doing its 
work. Therefore if 33,000 ft.-lb. are perform ed in  1 
m inute it is a t the ra te  of 1 H.P. The ind icato r d iagram  
is a m eans of m easuring th a t  work. F t.-lb . is a m easure
m ent of two dimensions, therefore the  ind icator diagram  
is m easured by its  area. L et us now consider w hat is
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m eant by the  “ m ean effective pressure.” If the  difference 
of the  pressures be taken  between the  forw ard and backw ard 
stroke of the p iston  a t  any  particu lar m om ent of the  stroke, 
th a t  is the  effective pressure of th a t  m om ent. The back 
stroke of the engine is the “ in ” stroke, th e  “ ou t ” stroke 
being term ed the  forw ard one. W e have re ta ined  th e  term  
“ back-pressure,” b u t have dropped the  use of “ forw ard- 
pressure.” If we take the  difference between these two 
pressures th a t will give the effective pressure a t th a t  m om ent. 
If ten  of these observations b.e taken, a t  ten  equal in tervals 
of the  stroke added together and divided by ten, this will 
give the m ean effective pressure. In  an  ind icator diagram , 
by dividing its  length in to  ten  equal spaces, by  m easuring 
the  w idth  of the  diagram  a t each of those spaces, adding 
together and  dividing by ten, you get the  m ean w idth in 
inches. M ultiply the m ean w idth  by  the scale and you get 
th e  m ean effective pressure. The horse power is obtained 
by m ultiplying this by the constan t for the  cyhnder, which 
is the area of the piston, m ultiplied by the  stroke in feet, 
m ultiplied by  the  num ber of revolutions, and the  whole 
m ultiphed by two. Divide this product by 33,000, and this 
will give the  horse power.

L et us now see w hat inferences can be draw n from  the  
indicator diagram , and how to  read  it. E ach of the  points 
is determ ined entirely by the position of the  eccentric on 
the  shaft relative to  the crank. The position of the  points 
on the diagram  is never influenced by  the  slide valve, bu t 
the  length of the  lines between the  points is determ ined by 
the  valve setting. If the  valve is too high or too low, it  does 
n o t interfere w ith the points, i t  only affects th e  lines on the  
cards. W e have eight points on the  indicator diagram .
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R eferring to  Fig. 1, starting  a t  A we have w ha t is called 
th e  lead point. A m ay be generally understood  to  be the  
po in t on the  indicator where the curve of com pression joins 
the  stra ig h t hne. Y our engine is near the  top  centre, the 
p iston  or slide valve is beginning to  open. A t the  m ost 
extrem e poin t B on the  left of the  ind icator diagram  it  
m ay always be assum ed th a t  the  engine is on th e  top  
centre. C is the  po in t m id-w ay between the  top  centre and  
th e  po in t of cut-off. The engine is now one-th ird  of th e  
stroke down, cu tting  off steam  a t about '6 of the  stroke D. 
T h a t p o in t m ay  usually  be taken  as abou t m id-w ay betw een 
B and  F , the  bottom  centre. A t E , th e  po in t of exhaust, 
the  p iston  is probably  eight-tenths of th e  stroke down ; w ith 
600 ft.-p iston  speed it  is usual to  open th e  exhaust a t  eight- 
ten th s  of the  stroke, so as to  give am ple op p o rtu n ity  for the  
steam  to  flow out. A t G the  engine is full open for ex
haust. The po in t where it  is full open for steam  on the  
upstroke, i t  is full open for exhaust on the  o ther side. I t  
is closed a t  abou t eight-tenths of th e  stroke up, giving 
tw o-ten ths for the  compression of th e  steam . The clearance 
volum e of th e  p iston  will be one-fifth of th e  volum e of the  
steam  in th e  cyhnder a t  the  m om ent we close th a t  exhaust. 
S ix ty  lb. pressure absolute by  5 gives us 300 lb. pressure. 
T h a t would be the  case if the  whole of the  com pression was 
in accordance w ith  B oyle’s law, b u t seeing a good deal of

it  is used in o ther ways we do n o t get 300 lb. pressure. W hat 
we w ant to  get is the  pressure th a t  is necessary to  absorb 
th e  m om entum  of the  moving parts . If the  weight of the
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piston rod, connecting rod, piston, etc., be all concentrated 
a t  the  centre of g rav ity  of th e  connecting rod, and  the  dis
tance from  centre of shaft to  this poin t be taken  as th e  radius 
abou t which this weight revolves, then  the  centrifugal force 
so created, divided by area of piston, is the pressure necessary 
to  absorb the m om entum.

R eferring to  Fig. 2 , I  would call your a tten tio n  to  the 
two points E  and G, if they  are im m ediately over one another,
i.e. if exhaust takes place from top of p iston sim ultaneously 
w ith compression on under side, when the valve is in mid 
position i t  m ust ju st cover the two steam  on the inside and, 
therefore, there is no inside lap on the  valve, b u t if G being 
to  the left of E  a  compression taking place before exhaust 
there is positive exhaust lap. And if E be to  the  left of G 
there m ust be m inus exhaust lap. The po in t H , where the  
two cards cu t each other, is the point where cushioning starts , 
for we see a t th a t  particu lar m om ent abou t n ine-tenths of 
the  s tro k e ; the pressure of the  steam  is the  same on each 
side of the piston, the  pressure falling from E to  H  and rising 
on the o ther side of the  p iston  from G to H. Therefore as 
fa r as the  pressures are concerned H  is the point of least 
effective pressure and therefore from H  to end of stroke the 
piston is doing work on the  steam  (cushioning). Such then  
are the points th a t  require consideration from an indicator 
card.

The nex t po in t is the question of pressures as shown on 
the indicator diagram . I t  is very  interesting to  m easure 
the pressures on the indicator cards and see how th ey  corres
pond w ith the steam  gauges. All th a t  is necessary is to  get 
the pressure as shown by the  diagram  to see if i t  is in accordance 
with the  valve setting.

R eferring to  Fig. 3, supposing A is an  indicator diagram  
from  the high-pressure cylinder, the scale being eV to 1 lb. 
pressure, draw  the atm ospheric line about 1 in. below the 
card. Now draw  B the  interm ediate diagram  and m ake th a t  
atm ospheric line about J- in. below the  card, m aking the  
scale 3*2 in. Draw also C the low pressure diagram  to the  
scale nv in. and m ake the  atm ospheric line J  in. below the 
card. The first th ing to  do is to  ascertain  the  pressures. 
X  will measure the  in itial pressure of the steam  in the high- 
pressure cylinder. T will m easure the term inal expansion 
pressure. T divided into X  will give the num ber of expan-
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( t r  )

sions theoretically  ; b u t A E  (Fig. 1), including the clearance 
value, divided by B D, will give the  expansions practically . 
The final volum e divided by the  in itia l volum e will be the 
num ber of expansions. W hen a vessel has any  pressure in 
i t  less th an  th a t  of the  atm osphere a vacuum  is said to  
exist. M easuring down the  atm ospheric pressure P  to  scale
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on th e  card (Fig. 3) we come to the  line of true  vacuum , 
L  P. If i t  is no t m easured down b u t upw ards it  would 
be the  absolute pressure, Q is th e  absolute expansion 
pressure. So th a t everything m easured upw ards from  the  
atm ospheric line is pressure by gauge, everything m easured 
down is vacuum . W ith  64 lb. as th e  pressure on th e  exhaust 
side of the  high-pressure piston, th a t  would give 58 to  60 lb. 
as in itia l pressure in  the in term ediate valve box. W ith  the 
interm ediate valve open to  admission it  would go down to 56 
lb. when one of the steam  ports  was full open to  steam  and 
w ith the high pressure open to exhaust it, and the in term ediate 
steam  p o rt closed, it  would be about 66 lb. So th a t  it  fluctu
ates between 56 to  66 lb., or 61 lb. back pressure. The same 
thing refers to  the low pressure en g in e ; it  depends on the 
size of the  valve box, the length of the  journey th e  steam  
has to  make. So th a t we expect to  find th a t  10 lb. is the  
m ean back pressure on the  interm ediate piston. R, is the 
vacuum  as recorded on the  vacuum  gauge, while P  is the 
atm ospheric pressure as given by  the barom eter. Take the 
difference between this and  w hat the vacuum  gauge shows 
you, which will be p robably  abou t 4 |  in. or 5 in. w ith a vacuum  
of about 25 in. in the  condenser. Such are the  m eans of 
reading the different pressures. I t  is very  in teresting  to 
read  the pressures and to  com pare the  diagram s for the  three 
cylinders of an  engine. I  rem em ber one case of a chief engineer 
who showed the in itia l pressure on the in term ediate cyhnder 
to  be greater th an  the  back pressure in  the high pressure 
cyhnder. He w anted to  show a very  good record, and to 
do so he kep t the  safety valve ju st on the  blow ; took the 
high pressure indicator diagram , and having taken  it  off, 
linked up the  in term ediate engine. The earlier closing of 
the  interm ediate valve throw s up the back pressure in  the 
high-pressure cyhnder, probably  getting  70 instead of 61, 
and th a t 70 is now showing as the in itial pressure of the  in te r
m ediate engine, and by working the  high and in term ediate 
engines in  full link, he worked up in  the  same w ay 5 or 6 lb. 
in the low pressure valve box. The peculiar th ing was he 
showed an  increase of 200 in  horse power for the  sam e con
sum ption of coal. Coal is a convenient form  of stored  up 
energy, and  we know th a t 1 lb. of i t  is equal to  14,000 units 
of heat. T h at hea t can only do a certain  am ount of ft.-lb. 
work, and  when a m an says he is getting  800 when the  norm al
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is 778, i t  shows there is som ething wrong. W hen the  super
in tenden t engineer com bined th e  diagram s, he found they  
were overlapping. P a r t  of the work had  been charged up 
to  bo th  engines. The cards therefore enable you to  detect 
if any  wrong arrangem ent has been m ade w ith  respect to  
the  fixing up of th e  gauges.

So, if you wish to  ascertain  some of th e  fau lts  in  the  
d istribu tion  of the  steam , you can m ake very  good inferences 
by looking a t  the  diagram s. F o r instance, if we advance the  
eccentric.

In  Fig. 4, supposing th e  circle A B C  represents the  trave l

of the  valve, D  E  F  represents the  section of the  shaft. 
D raw  tw o s tra ig h t lines a t  righ t angles, passing th rough  the  
centre and m easure down th e  lap and  lead of th e  valve. The 
engine runs from  p o rt to  starboard , P  is p o rt and  S is starboard . 
The angle of advance w ould be abou t 120°. If th e  eccentric 
be advanced we m ust increase th a t  angle. Now the d istance 
below the centre of the  shaft is H  K, therefore we can qu ite  
easily see the  am ount of th e  valve which overlaps th e  steam  
p o rt is constan t when in  m id position. Seeing th a t  th e  
steam  p o rt m ust be opened more when the  engine is on 'the top 
centre—th a t is, there  is an early  lead— she m ust close earlier 
and m ust open the exhaust earher. Therefore every  point

o o



in the d istribution will be early if the eccentric is advanced 
from  its true  position (Fig. 5). If we get two ind icator diagram s
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F i g . 5.

Eccentric advanced from true position. E very point early.

from  both  sides, bo th  cards being exactly  alike and  each 
early, we would say th e  eccentric was too far advanced. 
There is no fault in the  valve, it is always th e  eccentric th a t  
is wrong in such a case. Supposing the  eccentric is back 
from its tru e  position, m aking every po in t later. W e would 
then  get late cut-off, la te  exhaust, la te  compression. H ere 
again bo th  cards would be alike, everything is now later, 
therefore the eccentric is back from its true  position. The 
angle of advance is no t sufficient (Fig. 6). You can im agine 
a case where som ething has gone wrong w ith the  liners or 
the  eccentric r o d ; so th a t  if you have a low valve, when the  
engine is on the  top  centre the  lead will be early. On the  
downstroke the  card  wall show early  lead, la te  cut-off, la te  
exhaust, and  on the  upstroke i t  will be late lead, early  cut-off, 
early exhaust.

Eccentric back from true position. Every point late.
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I  have exaggerated them  in  the  sketch (Fig. 6) so th a t  you 
will be able to  see more clearly th e  am ount of w ork done on 
th e  downstroke. This would be easy to  detect in  a sh ip ’s 
engine working w ith the  valve low. Most of the  w ork would 
be done on the  upstroke if the  eccentric rod is too long, and  
th e  valve is too high.

I  m ight po in t o u t one or two peculiarities of the  card. 
F irs t of all, le t us assum e we have broken down our high 
pressure engine, say  there is a broken piston  rod or th e  high 
pressure valve is broken. I t  w ould be necessary to  w ork 
the  in term ediate  and  low pressure engines as a com pound 
engine. The first th ing to  do is to  take  ou t the  high-pressure 
valve, shu t down the  engine room  stop valve and  convert 
it  in to  a reducing valve. The steam  from the  boilers giving 
20 to  30 lb. m ore in  th e  in term ediate  cylinder th an  if i t  were 
connected direct. You could no t carry  the full pressure. 
The probab ility  is th a t  the  d iam eter of th a t  cyhnder would 
be abou t 1 6  tim es th e  d iam eter of the  high-pressure cyhnder, 
and  under these circum stances th e  thickness of the  m etal 
ought to  be l -6 tim es the  present thickness of the  cylinder, 
so th a t  you would ru n  the  risk  of bursting  the  cyhnder w ith 
the full pressure.

Stress =  5T W  A. 
d 3

This form ula gives the  stress per square inch on the  shaft. 
The stress usually  allowed is from 9,000 to  10,000. If the  
full boiler pressure was ad m itted  to  th e  in term ediate  cyhnder, 
say 150 lb. w here previously we carried  60 lb., i.e. tim es 
as much, th en  2|- tim es 10,000, or 25,000 lb., would be the 
stress on the  shaft, leaving a fac to r of safety  of 2 , i t  is quite

F i g .  7 . 
Low Valve.
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probable th a t  the shaft would give way. Therefore i t  could 
no t work w ith the full boiler pressure. W hat w ould be the  
effect upon the  condenser. The condenser is designed for 
a certain  weight of steam  and  the pum ps, etc., to  contend 
w ith a certain  weight of water. There would be 2J tim es 
the weight of steam  in the  condenser and  you w ould n o t get 
the proper vacuum . The feed pum ps and air pum ps would 
not be large enough. There are o ther factors also which 
would prevent the  full boiler pressure being used.

In  Fig. 8, supposing th a t  a is the  high pressure card, under 
the conditions described, b the interm ediate, and c the low 
pressure, b will come up higher, th a t  is, the in term ediate 
engine would be working between a higher range of pressure. 
The low pressure cyhnder pressure wall probably  rise 8 to  10 lb., 
and if the same vacuum  be m aintained, the  power will be con
siderably increased. As far as the power sent th rough the

c

F i g . 8.
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shaft is concerned this is the  w orst kind of breakdow n you 
could have in  regard  to  any  of the  th ree cylinders. You 
m ay have a breakdow n of the  in term ediate  or low pressure 
cylinders and y e t be able to  get the  rem aining two cylinders 
to  give the  same am ount of power ; b u t you could no t get 
the  in term ediate and  low pressure to  give the same power, for 
the  reason th a t th ey  could no t carry  the  boiler pressure. 
I t  would be necessary to  carry  n o t m ore th an  ab o u t 75 per 
cent. ; so th a t  w ith  a breakdow n of the  high pressure cylinder 
you could com pound so as to  get abou t 60 to  70 per cent, 
of the power of the  three engines.

W ith  regard  to  breakdown of th e  in term ediate  engine, I 
know of one case where the  in term ediate  valve was broken. 
All round  the  upper p o rt the valve liner gave way. They 
took ou t the  broken pieces, took out the  valve, slung up the 
link to  the stuffing box, took down the connecting rod and 
exhausted from the high pressui’e righ t round to  the  low, 
and  the  power developed was equally divided betw een the 
high and low pressure engines. I  have the cards from  this 
job, and  i t  is one of the  best cases I  know of showing the 
d istribu tion  of the work of th e  engine.

U nder norm al conditions a leaky in term ediate p iston  should 
give a sim ilar result. A leaky in term ediate  valve should 
give the  same thing. The pressure should equalize between 
the  high and  low pressure engines and  th e  w ork lost in  the 
in term ediate  engine should be seen on the  high pressure and 
low pressure engine cards. T h at ex tra  w ork in th e  high 
pressure is due to  the  reduction in  the back pressure ; the 
low will get the  ex tra  w ork in th e  rise of in itia l pressure. 
If the lo\v pressure engine leaks the work is lost altogether. 
A certain  am ount will be seen in th e  in term ediate , b u t it  will 
n o t be so much. A great deal will go in to  the  condenser in 
th e  shape of increased tem perature of the  steam .

Fig. 9 is a very  in teresting card, which shows a case where 
the in term ediate engine had  to  exhaust in to  the  condenser 
against a pressure greater th an  the  atm osphere. The case 
is th a t  of an  engine which took “ a  long stroke,” when racing 
heavily, breaking one of the top  end bolts of the  L  P  engine. 
The nex t upstroke knocked the  cover out, and  the  final result 
was the entire breakdown of the  low pressure engine. The 
first th ing they  did was to  exhaust in to  the  skylight from 
the in term ediate engine un til they  patched  the eduction
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pipe. They th en  exhausted from  the in term ediate in to  the 
condenser ; got their circulating pum p going and  worked

F i g . 9.

condensing. T h at is one thing which should be observed, 
if possible, to keep the engine condensing and  surface con
densing if i t  can be done. As soon as they  had  the  high 
pressure and  interm ediate engines connected and  the in te r
m ediate exhausting in to  the condenser, the  nex t po in t was 
to  get the feedw ater into the  boilers. They drilled a  4 in. 
hole in  the  bo ttom  of the  condenser, and  connected to  the 
feed donkey, drew the w ater ou t of the  condenser and p u t 
it  in to  the  boilers. They were practically  two high pressure 
engines, w ith no vacuum , the  pressure was 4 or 5 lb. above 
the  atm osphere in  the  condenser.

There was ano ther case in which the low pressure engine 
had  to  exhaust against the  atm osphere. This is a m ost 
interesting case.

F ig . 10.
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Fig. 10 is a low pressure card and  a b is th e  atm ospheric 
hne. The steam  is adm itted  above the  pressure of the  a tm o
sphere. I t  cuts off a t  abou t -6 of the  stroke and  forms a 
loop on the  exhaust. T h a t is w hat you would expect to  
get, in  a case where the  low pressure engine is exhausting 
in to  the  condenser above th e  pressure of th e  atm osphere. 
The back pressure Hne, for p a r t of the  stroke, being g reater 
th an  the  steam  pressure, i t  is only doing negative work. 
A lthough it  m ay be exhausting in to  the  condenser th e  low 
pressure engine is a drag on the  o ther two, and  under these 
circum stances i t  would have been b e tte r for the  in term ediate  
to  have exhausted  in to  the  condenser, b u t th e  whole of the  
pum ps were on the  L P. All shaded p a r t  represen ts the  
drag  on the  o ther cylinders.

In  bringing these m atte rs  more particu la rly  before the 
younger m em bers of the In stitu te , it is no t so m uch m y in ten 
tion of throw ing any  new light upon the  subject of the  ind icator 
d iagram  as to  enlist your sym pathies in the  subject. N othing 
sets your thoughts in the  righ t direction in connexion w ith  
an  engine, hke the  ind icator diagram . I t  helps you to  diagnose 
the  faults of the  engine, and it  is th a t  kind of stu d y  which I  
should like to  foster.

Mr. J . L a n g , R .N .R . : W e are m uch indebted  to  Mr. H aw 
tho rn  for his very  lucid and in teresting lecture. H e has 
cleared up a  g reat m any points in connexion w ith  the  subject, 
b u t I  th in k  i t  would be a help to  th e  younger m em bers if 
he would give a sketch of an  air-pum p card.

Mr. H a w t h o r n  : F irst of all I  would ask, w hat is th e  d u ty  
of an air pum p ? W hen W a tt first in troduced the  je t con
denser he called it an  air pum p, and  perhaps i t  was m ore 
righ tly  nam ed so th an  the  m odern air pum p. The d u ty  of 
an  air pum p is certain ly  to  rem ove any  air th a t  m ay be in 
the condenser, b u t its m ain function to -day  in  m ode is to  
lift the w ater of condensation from the  condenser and  deliver 
it to  the  hot well. One of the  chief considerations is to  get 
a good vacuum  betw een the  foot valve and  th e  bucket valve. 
T h a t is why so sm all a q u an tity  of w ater is lifted in  com 
parison w ith the  stroke of the  pum p. P robab ly  a 4 ft. stroke 
engine, w ith  a  2 ft.[strokeTpump,'onlydeaLsjwith 2 J  in. of w ater 
a t  one operation. A large am ount of space is allowed so



as to  give every facility  or freedom  for air, reducing th e  pres
sure and  thus forming a b e tte r vacuum  in th e  air-pum p 
cham ber.
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S tarting  a t  the left-hand side (Fig. 11) the pum p goes down, 
forming a vacuum  between the bucket and  head valves. 
There has been no air adm itted , and  probab ly  there is a 
vacuum  of 25 in. or 23 in. on the top side of the bucket. The 
bucket goes righ t down th rough the w ater and  displaces 
th e  w ater. W hen coming up you get a  b e tte r vacuum  under 
th is side. P robab ly  the  vacuum  is m ain tained  u n til you 
get to  th e  top centre and deliver the  w ater there, in to  the 
ho t well a t  6 lb. above the  atm osphere. T h at is the card 
I  should expect to  obtain. If air was adm itted  under the 
head valve I  should get the  type of card shown in  Fig. 12.

During the dow nstroke I  do no t get such a good vacuum ,

F i g . 12.
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b u t do so during the  upstroke on the o ther side. T h at would 
be th e  position of the  hne on the under side. T h at is where 
air is adm itted  on th e  top side of the  bucket, m aking as good 
a vacuum  as before on the  o ther side. This is where the 
pum p is working w ith  practically  the  sam e am ount of vacuum  
on each side, a m easures the  vacuum  on the  top  side of 
the  bucket on the downstroke. b m easures the vacuum  
on the under side. These are the results I  would expect 
to  get.

Chairman : Perhaps Mr. H aw thorn  m ight add a word 
or tw o as to  the  advantages or disadvantages of a 4§ in. or 
2 \  in. card  as regards the  length.

Mr. H a w t h o r n  : I t  has alw ays been m y im pression th a t 
we shall never get a perfect diagram . However, if we reduce 
the  length to  4 in. fo r a 4 ft. stroke, some of the  fau lts are not 
seen. In  m y opinion the  card should be a t least 5 in., the  
longer the better. W hen taking in to  consideration the high- 
pressure engines of to-day, a shght difference in  the  hne could 
easily p u t you ou t in  m easuring the pressures. Say I  am  
t'd in. ou t in  m easuring the  m ean effective pressure in  an  engine 
w ith  a 5-ft. stroke and 60 revolutions. T h a t very  shght 
error in m easuring the  pressure will give a difference of 9 
H .P . So th a t  there is every reason for m aking the  cards 
larger to  ensure accuracy. The card should be a t  least 3 in. 
wide and  the  length 5 in.

Mr. A. R o b e r t s o n  : W ould Mi-. H aw thorn  give us his 
idea as to  the  degree of accuracy to be ob tained  in  m easuring 
the consum ption of steam  from  the  ind icator diagram  ?

Mr. H a w t h o r n  : I  will explain, first of all, the  m ethod 
of m easuring the  consum ption of steam  or w ater passing 
through the engines. The card is d ivided in to  ten  equal 
spaces.

M easure the  absolute pressure of steam  a t  e igh t-ten ths
down. W e will presum e the  po in t of exhaust is there  and
the same w ith  the  o ther card. A dd the  two together and
call them  p t and  p 2. Then the  following form ulae

rp , , , > d 2 x  1' X R  Tons steam  (p1 +  p2) ^ m ~-

gives the  tons of steam  passing through the  engine during
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tw enty-four hours. If th a t  is com pared w ith  the  w ater 
passing from th e  ho t well, you will see how m uch w ater is 
going through as steam .

Mr. R o b e r t s o n  : W hat degree of accuracy would you 
expect to  get from cards taken  off a first-class trip le expansion 
engine ?

Mr. H a w t h o r n  : I  should say abou t 90 per cent. I t  
would vary  abou t 10 per cent, either way. Y our card  m ay 
show this, bu t it  presumes a d ry  gas. If  th ere  is any  m oisture 
in  the  steam  you are using m ore w ater th an  you should. 
I t  would depend g reatly  upon the  p articu lar engine ; you 
would require to  work out the co-efficient for the  engine first. 
The factor of dryness ought to  be abou t 95 per cent, of the 
w eight of steam . T h a t would represent the  tru e  d ry  gas 
and the  o ther 5 per cent, would be w ater.

Mr. R o b e r t s o n  : I  am  ra th e r against the  use of form ulae 
too extensively. I  th in k  it is a g reat fau lt in  the education 
of young engineers. They get form ulae memorised and  do 
n o t know how these form ulae are arrived a t. Personally  I  
would sooner work a th ing o u t by a longer m ethod and  com 
prehend it ra th e r th an  use a form ula which I  did  no t u n d er
stand.

Mr. H a w t h o r n  : F o r a practical engineer I  do n o t see 
m uch difference between a box of tools and  a book of rules. 
J u s t  as he uses different tools for different kinds of work, 
so he should be able to  know which form ula apphes to  a 
particu lar case. The form ulae are w orked o u t by scientists 
who have m ade a life-long stu d y  of the  conditions ; i t  is 
the d u ty  of the engineer to  apply them  when he has to  m eet 
those conditions. The engineer has n o t th e  tim e, even if 
he had the ability , to  w ork these things ou t for himself. T hey 
are there for him  to use and the  best engineer is the  one who 
knows best how to  use them .

Ciialrman : F rom  m y own experience I  would say  th a t  
i t  is a good th ing to  know how to use the  various engineering 
formulae. F or one thing, it  m akes you m ethodical. In  
some engine rooms and  workshops, th e  m en throw  the  th ings 
abou t here and th e re ; they  (have no m e th o d ; and  when a 
job is finished th ey  cannot find i t  when it  is w anted. In
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one instance I  rem em ber being sent in to  a shop to  find som e
thing  in  the  dark, and under such conditions one finds the  
value of being methodical. Certainly m athem atical form ulae 
are used by  the  deepest th inkers. In  th is room  we have 
seen Mr. M acfarlane G ray so w rap t up in  form ulae th a t  he has 
m ade long pauses in his rem arks in order to  th in k  them  out. 
Mr. H aw thorn  himself has shown us to-night how useful th ey  
are in  solving difficulties, and  I  should say th a t  th e  In s titu te  
as a whole and the  M embers of Council ought to  take  notice 
th a t  Mr. H aw thorn  has dealt fairly  w ith the  Ju n io r Section. 
To m y knowledge, ever since I  have been a Member, he has 
always been willing to  come forw ard and  give assistance, 
and  we should be deeply thankfu l for th e  m any  lectures he 
has given and the  w ay he has illu stra ted  and  dem onstra ted  
them .

Mr. R o b e r t s o n  : I  should hke to  remove the  evident 
m isapprehension of w hat I  in tended  to  convey. I  was not 
deprecating the use of formulae. W h a t I  was try ing  to  impress 
was th a t engineers, before using form ulae, should be com 
pletely conversant w ith  the  w ay those form ulae are obtained. 
I  did no t m ean th a t  they  should originate them , b u t th a t  
th ey  should understand  them . There are m any form ulae 
which are quite com patible w ith  an  engineer’s knowledge to  
be able to  fa thom  ; there are m any th a t  any  one w ith  an 
o rd inary  train ing  should be able to  understand . I  th in k  
i t  behoves every engineer to  be able to  w ork ou t his own 
form ulae if possible ; he will th en  be far b e tte r  able to  apply 
it in practice. I  have very  g reat p leasure in moving a h earty  
vote of th an k s to  Mr. H aw thorn  for his lecture th is evening. 
I t  has been m ost instructive, and I  do n o t know any  o ther 
m em ber of our In s titu te  who could have dea lt w ith  the subject 
in a b e tte r m anner.

Mr. T. A. Crom pton seconded the  m otion, which was carried 
w ith  applause.

The meeting closed w ith  a vote of thanks to  the  C hairm an 
on the proposal of Mr. Lang.
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