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INTRODUCTORY. 
TEE subject of the preseiit paper does not in itself possess any vast 
degree of novelty, neither is it one that offers great scope for 
original thought. It has been the author's endeavour to deal 
with some of the more generally neglected aspects of the subject, 
and to demonstrate the method employed by hiin for tho rneasure- 
meiit and recording of acceleration and tractive effort, also to show 
the uses and value to the autoniobile engineer of acceleration 
diagrams. A considerable number of actual curves taken on 
vehicles of various kinds are b' riven. 

There are three quantities relating to the traction of a vehicle 
whose algebraic sum is zero, namely, the resistance, the accelora- 
tion aid the tractive effort. When the tractivc ef'fort is equal c t t d  

opposite to the resistancr there is zero acceleration. If tlte tructivo 
effort is equal to the acceleration there must be zero resistance ; 
and finally, if there is no tractive effort the resistance rcpresents the* 
acceleration, which under these conditions is of course negative 

In order to put the above facts into proper algebraic form we 
require to define the signs, and the units in which the various 
cyiimtities two measurcil. Tliiis thc tracfivti effort ant1 resihtancv 
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quite frequently they are measured positive in opposite sense, thus 
the tractive effort is reckoned positive in the direction of motion 
and the resistance is positive in the reverse direclion. Again, 
tho acceleration is usually given in terms of gravity, that is in 
poutidals per lb., or in other words in ”feet per second per second, in 
brief, ft./sec.’. Now this is all vary well in its way, and there 
wo~ild be no need to object to the variety of signs and units, were 
it not that the three quantities form part of one account ; and the 
position is cornparable to the purchase of goods, where we liitve the 
halance of the account between the three quantities the price o f  the 
ccrtide, tho money paid, and the change yiven. What should we 
ihink of the shopkeeper who marked his goods in $ s. d. and 
tentiered change in francs and centimes? More than this, what 
should we think of the members of a trade or profession in which 
such a confused method was an established custoni? 

Lei us assume that we d e d  with units of one kind in the nieasure- 
niei it of tractive effort, resistance, and acceleration. For the 
meiiient, it does not matter what the particular unit may be that we 
iiltirriately select. The principles of account-keeping aro the same 
in ICnglancl, France, and Germany-that is, whether the unit is the 
sovereign, the franc, or the mark ; similarly, it is of no importance 
whether we adopt poundals per Ib., pounds per ton, or per cent. of 
zoeeght, so long as wo express all quantities by one kind of unit. 

liet us take the direction of motion as positive for all purposes, 
ant1 let P be the co-efficiont o€ traction, R the co-aficiont of resist- 
ance, and f’ the acceleration ; then P+IC is the acceleration- 
that is- 

I-’+ R -=$ 

Yo long as tho applied force is one of propulsioii P is positive. 
I’ only boeomes negative wheri the brake (or b:oniu equivalent) ib: 

pnrployed. Thus, if in any given cabe P is 
3 (say poundals per Ib.) and the resistance is 2 poundals per 1b.- 
that is, R=-2 

then f= 3-1 = 1 .  

R is always negative. 

li‘llat is to say,fwill be 1 poundal per Ib., or one ft./sec. per sec. 
‘I‘lie reason that poundals per Ib. have been eniployed as the unit 

i r l  tlla foregoing example is that this unit (as has already been 
pointed out), is in effect the unit commonly employed as a measure 
of acceleration in the form f t . /secf .  per sec., or jt./sec.L, and it 



TRACTIVE EFFOIL'I' AND ACCELERATION. 125 

is at the same time a form of expression more intelligible as a 
tractive effort or co-efficient ; we are accustomed to pounds per  ton, 
we are also familiar with units per cent. ; one poundal per lb. is 

-t 
w 
V 
V 
4 

approxiruatoly equal to 70 pounds per ton, and roughly the equiva- 
lent of 3 per cent. In the present paper this unit is employed 
throughout in the abbreviated form pdls./lb., and a table is 
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given in the appendix giving approximate equivalents in pounds 
per ton, p. 149. 

MEASUREMENT OF ACCELERATION. 
I n  years gone by the only known method of measurement of 

acceleration was by observations of the time required to attaiii a 
given velocity, the mean acceleration during the period comprised 
by the obscrvation being thus obtained. The same method in 

/ 
J’ 

FIG. 4.  

another form involves observations of the displaceirieut of the 
vohiclc from its point of rest, the time being recorded for a number 
of measured points along the track; froin data so obtained a plotting 
is made (Fig. l), and the curve so given is transformed by suc- 
crssive diffcrentiation first into a velocity curve (Fig. 2 ) ,  and then 
into an accderation curve (Fig. 3). 

But thcro is uow a method by which acccleration diagrams can 
bu talicu dircctly, and the foregoing proce~s may be then invortid 
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(if desired), and by integration the velocity and displacement curves 
can be plotted. 

It is evident that when a body or vehicle undergoes acceleration 
positive or negative, the force of acceleration is shared by every 
portion of the body or vehicle in direct proportion to the mass, and 
if we provide mea>ns for measuring the force of acceleration of any 
small part of the veliic:le whose mass is kiiown, we :it once know 
the rate of acceleration. 

Tlius, supposing that we iirraiige 1 Ib. mass on a liorizoiital 

frictionleas track :tt iuiy cunveiiieiit point on the vehicle, and 
iiie:twre thc liorizontal iuertia forces in thc line of motion by ~iit’aii\ 

of spring balance (which we i r i r t y  suppow graduated to poundals), 
then the spring balance will read tho acceleration that tht. wh ich  
is uiiclergoing at every instant of time. If iiistead of the frictiori- 
less track and t h o  spriiig balance me substitute a pendulum (Pig. 4),  
it is no longrr necessary to know the mass, for whatever the bize 
oi‘ t ho  Imb thc acccloratioii is given in tcrnis of grakity Iny thc 
tangent of the angle of tleilection j thus, in thc figtire thc forccb W 
rcprcscuts a 1 1  accc~lertttioll of the. bob of tlic‘ pcii~1du111 y, tlixt k, 
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32,2 ,  and under the influeiice of a force of acceleration F the 
I)ocitioii of the pendulum is deteniiii~ed by a simple parallclogram 
of forces, aud F/W (see Fig. 4) is the tangent of the angle of 
dellnction. Hence, if tho pendulitm be fitted with a pointer 
(Fig 4) recording on a horizontal scale graduated to read 32.2 
whrn tau B is unity, the instrument will show the acceleration j 
dii uctly at every instant. An instrument embodying the above 
pri ticiples was originated by the author somewhat over twenty 
yems ago, and is appropriately termed the ‘‘ Pendulum (recording) 
Accelerometer.” 

T m   PEN^) ULUM ACCELNROMKLICIL 
The author’s original instrument was a home - made affair 

coidructed in 1889 (Fig. 5). Tho elementary components of this 
old machine are functionally identical with a more modern and 
cff\\ctive design dating 1904 (Fig. 6). Referring to Figs. 5 and G, 
wo have the pendulum A suspeitded on knife edgcs 13, carried on 
a frame M provided with levelling screws N, and carrying a dash 
poi) 1,. I n  the earlier model the dash pot consisted merely of a 
vane working in a trough ; in the later model it takes the form of 
a ‘iphcricill piston working iii a short cylinder which it approxi- 
rnthly fits ; in both cases the charge consists of a highly viscous 
oil. The recording portion of the instrunzent consists of a 
“tan.-angIe mechanism ” E (given separately in Pigs. ’7 and 8), 
and of a continuous recording outfit Gt If. I n  the ettrly model no 
olockwork was fitted, an omission of course rectified in the later 
rnxhine shown in Fig. 9,  Mate XIX. 

‘ h e  dash pot is necessary in order to prevont the setting up of 
owillations by the vibrations of the vehicle ; it is adjusted to tho 
just dead-beat condition by varying the viscosity of the oil, a thick 
arid u thin oil being carried. Tliis is a detail that could probably 
b~ improved by the provision of an adjustable bye-pass. 

The pendulum should be made as short as possible, firstly, in 
01 (ler that its oscillation period shall be rapid, and therefore easily 
dainped, and, secondly, bo that the motion of the pendulum bob 
sliall tljil’er as little as possible from that of tho vehicle. I t  is 
el idont that any movement of the pendulum bob relatively to the 
rwt of the vohiclc constitutes u source of error. I t  is, strictly 
sponlcing, tho ucreloratioii of the pendulum bob that is recorded, 
aitd the more nearly this approximates to that of the vchiclo the 
botter. The error from this cause is, in actuality, quite negligible 



TRACTIVE EFFORT AND ACCBLRRATION. 129 

-the length of thc pendulum in the modern niachiiie is but 
1Q inches. 

Attention may be called to  tho two forins o€ (‘ tan.-aiiglc 
incchanism,” Hhown in Figs. 7 and 8. The 188‘3 type is merely a 
Luechanical realisation of the requirements of the problem of the 
most obvious kind. I t  suffers from excessive friction ; it required a 
ten pound bob and three inches pendulum length to operate the 

Y PE NDUL u M A C C  E LE R O  METE R. 

I I9 04. 

H 

pencil without serious crror. The iiiiyroved type designed for thc 
1904 iiistruinent irr less obvious, and introduces an crror (in practioe 
cyuito negligible). It is, however, practically frictionless, exccpt as 
c:011cer11s tho pencil point. 

We will iiow turn our attentioii to a few of the diagramfi taken 
by tlie aid of the l’enduluiii Accelororneter. Tho group of brake 
,lingrains givoii in Fig. 10 were taken on tho railway in 1889 by 
iiieaiis of the original instrument ; the time scale is therefore 
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irrogihr ; th r  rliagrni~ts read from loft  to right. The ncceleration 
is of ('ourse ncxgative, aid its magnitudo is indicatod in each case in 
the figure. The chief point arising from a n  inspection of these 
diagrams is the surlden chaiign of acceleration at tlie instant of 
corning to rest. The  same feature is shown also by the furthor 
group of railway brake diagrams givcn in Pig. 11, taken more - 

-_ - --,-,-.,-.,,,* - ~ - - -_______ 
1, - . - - - - . . - 

FIG. 10. 

recently on tho Great Western Railway (local service) by tlie 
aid of the newor instrument. In all these diagrams we havo the 
bralre effort iricrensod right up to the nioirient of stopping ; this 
:Lppears still to be tho custom on trains setving tho local and 
suburban traffic. If thcre were no elasticity in the  strilcturo of thc 
train and track this change would 110 absolutely slidden; until th(1 
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instalit, of stopping the negative aoreleration would be that dne to 
the brake application, from the instant of stopping the :moleration 
is mro. I t  is evident that a passenger standing in a vehicle always 
rcquivx to adopt n position coniplornontary to that of tlio pendulum ; 
i n  othcr words, the pcndulurn indicates from instant to instant the 
a p ~ ) a ~ e n t  direction of gravity, and the passongor needs to stand at 
the 8mie inclination as that of the pc‘udulum. So long as the 
changes in tho position of tho  pcndulam are slow this f i d  presents 
no dificnlty, but when an approxirnately instantaneous charige 
talres placo tho passenger has no time to accommodate himself, and, 
standing in an inclined position, he finds himself quite suddenly 
ilt~sul)ported, and the well known result follows. At the time the 

+--a% 
rn+ I I r * r N C y I L I  - P 
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FIG. 11. 

author mado these early investigations the ‘( jerk ” experienced 
when a train stops was currently attributed to the recoil of the 
biiff~r springs, though doubtless there were many engineers iii the 
country who knew better; in reality the (‘jerk” is, as has been 
shown, due to quite a different cause, and if the buffer springs have 
any influence at all, it is in the direction of ameliorating the 
cwndi tions. 

It is now well understood that the correct manner to brake a 
train or  other kind of vehicle (if the comfort of passengers is con- 
sidered) is to withdraw the bralie somewhat as the vehicle comes 
to rest, the ideal condition being that at the instant of coming to 
rost the bralie offort should be zero. I n  practice the most that can 
be done is to very materially diminish the extent of the brake effort, 
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as shown by diagrams Pigs. 12 and 13. It is, in fact, coniparativelg 
rarely that even this is done ; it is so easy for a drivel* to stop at i~ 

givon place by reducing speutl to about 5 OP I 0  rn.j).li. mtl tlien 
viitu;illy (' (:lanip " t,he vahiclo at the dcsired sl)ot bj7 the f i d l  ;.q)pli- 
cation ,of tho brake. It reqiijres, on the other haiirl, vory groat, 
j irdgment and slrill arid perfcct nicclianisin to stop 8.1; an exaci place 
with a tailing off hrako diagram, arid in tho  case of ridways it is a 
qii(?sttion whothor ariy great iiuprovomexit will .hc inadrt i r i  this 
tliiwtion iriiless some automatic rncchnriisni actira1:ed f rom the 1,raolr 
it,::olf is atloped. 

*--am 
?%di/bLG.$ 

5?hP BF. @d 

-&-dAL* & 
t . 6 psr in 

F I G .  12. 

In the regulations relating to tho management of urban railways 
it is not iinlrnown to find that some stated acceleration must not be 
ex oeedod, the intention being the avoidance of discoinfort and, more 
thnn this, of dangcr to the passengers. Now, while it is quite true 
that thore iniist be a limit to tho acceleration permissible dictated 
hy considerations of safety, it is inore than probable that this limit 
is far higlier than is gcnerally suppos~d, and that the rate (If' chumye 
OJ' accelerdion, i .e.,  the slope of the curve, is thc! quantity that 
pi.irnarily causes trouble. - 

P,<<#d& Tl 'k 
" - -T* I 

I0 p a r  $la. 

df- g-. d F.̂ P I& 

F I G .  13. 

W e  may bear in mirid that tho oonsecyut:nc:e of ariy given a 
r:i tion applicrl c:oiitinuously to the vehicle has prer:isely the same 
cJ'!'ect,% so f a r  as tho passengers are concorried, an t,he l.ilting of thc 

!z 't'his si.a.tcrrioni, is  uot, m:ulcinica.lly xpcaking, acrxirate ; thrw is in acf;uul fwt, 
a : light incrc.nse in the upparent wsi,ght, which, howcvcr, doos not. bccorrie sensible 
l l ~ i L c ~ l i ~  tho apparent tingle is niorr: tlim whut i 8  termed i t  siizaiE r*lZqkO. The 
arqnmcnt is imo.ffeotcd. 



vehicalc tlrrongh an angle mlioqc tangent rcprescnts the uniforni 
applied acceleration in terms of gi*avity. Now, if we suppose that 
the vehiclo be tilted by slowly tilting the track, SO that  the 
passenger has ample time in which to accommodate himself to the 
change, it is obvious that the veliicle will begin to slide along the 
track befori. the pamenger will have the least difficulty in inaintain- 
ing  his equilibrium, for  the co-efficient of friction of shor leather on 
wood is far greater than that of the steel wheels on the track. The 
intcrpretation of this is that so long as the rate of change of 
acceleration is gradual, there can be no danger, per se, in any 
acceleration that can possibly be applied to a vehicle on rails, even 
whca driving or braking from all wheels up  to the skidding point. 

On the other hand we know by experience that a suddeu 
rincxpected drop of bu t  one or two poundals per Ib. is sufficient 
to throw a man down. W e  see, therefore, that it is the rate of 
chaiye of acceleration that should be limited, and the accelcration 
curve should he of smooth contour, never exceeding some specified 
gradient ; then there need be no artificial limit set on the maximum 
nc~caleration . 

There is one further point of importance in connection with the 
present branch of the subject. Siuce a sudden change of amele- 
raiion results in the passenger’s loss of equilibrium, much depends 
(if such sudden change takes place) on what the actual :Lccele- 
ration is immediately afterwards. Thus, if the sudden change 
occurs a t  the instant of coming to rest, tho consequences are 
generally trivial, as the apparent position of the car is horixontal. 
I f ,  howcvcr, the s c m e  change were to happen a t  tho iristaut of 
staiting, the passenger might be thrown from one end of a saloon 
to the other, for during the period subsequent to the initial start 
the apparent position of the car is at an inclinatioiz whose tangent 
rrpresents the starting acceleration, and the position, so far as the 
senses of tlie passenger are concerned, is that he has been thrown 
down a steep hill. 

I n  vehicles such as urban electric tramcars, a magnctic brake is 
frequently fitted, and when this is used tho acceleration is not 
limited by the oidinary coiisidwations; thc slipping limit no longer 
Cxists, for the friction is not c lwpdont  upon the wpight of the 
veliicle, but upon thr magnetic siictioir, which may be  niadc as 
great as wr please. If too powerfit1 n. magnetic. hralre is cniploycd 
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to the full, it may be just as dangerous to the life of the passengers 
as an actual collision.* 

SOME Porms I N  THE READING OF ACCELERONETER DIAGRAALS. 
So long as the road surface or track on which the vehicle is 

being run is level, no ambiguity arises in the reading of ncwlcro- 
meter diagrams; the instrutncnt hing  on(^ ~1 t Iriic to tlic tl,it  

line I)y mtvms of the l~velliiig s ( m ~  s, the traw o j  flie UY ortil 

point acrurately represents acceloratioii pobitive or iiegativc, and 
this is, as before staled, the balarlco between thi. 1wopulsion and 
resistance co-eflicients. When, however, the iustriinient is operated 
on an inclined road, the conditions are somewhat different, tho 
1.eadings no longer givo true acceleration, h u t  they ( o n h u e  t ( J  y i w  

FIG. 14. 

tihe correcd di ferenee  between the co-eficients of  resistance a n d  pro-  
pulsion.  This is a very important and rather subtle point ; it  is so 
unexpected, that when published in tho anther's paper to the 
l’hysical Society in 1904, a well-known engineer in the midlands 

* Passengers have been thrown from one end of a tramcar to the other, and 
others have hcen unseated, by the injudicious use of auch a brake. I n  thk 
ciise we probably have both the sudden change of acceleration and an exccshive 
maximum immedinteIy succeeding : thu first throws the passenger down, and 
tlic second prevenis the leaat chance of his recovery. 

T,ANCHESTER. U 



disputed it as a fact, and was not satisfied until he had actitally 
rigged up a rough model and demonstrated the matter to  his 
satisfaction. 

llnferring to Pig. 14, in which a car is represented as standing on 
the side of a hill, whose slope is 6, with the brake appliud, it is 
rvident that, since the instrument has been set to zero with the car 
on a level, the pencil will record g tan. 6, and this will be the correct 
measure of the total brake and frictional effort necessary to prevent 
the car running backward down the hill. Tf, now, the brakc be 
removed, and we suppose frictional resistance and resisbancv of 
other kinds absent, tha actual acceleration due to  gravity will be 
9 sin. 6, as the car runs freely down the slope”; and this will for 
emallanglesneutralisethedirect effect of the slope, so thatthe accelero- 
meter will at once read zero ; in other words, the direction of the 
apparent pluinb is, under the conditions supposed, at  right angles to 
the road surface. We thus see that when the road resistance is 
zero, or, similarly, if the road resistance and tractive effort are 
equal, the accelerometer reads zero on an incline just as it would on 
a level, and consequently any acceleration recorded on an incline 
rcpresoiits tho difference between the applied co-efficients of traction 
and resistance, just as is the case when the track is truly level. Tho 
only esseiitial is that the instrument is set to zero at  some known level 
place, or, alternatively, the levelling may be done on a slope, two 
readings being talrcn and the car turned end for end. 

Evidently the diagrams obtained with the car travelling over 
sloping 01’ undulating grouiid are useless for integration for the 
drtc~rmin:itioit of the velocity curvc, since the accelerations due to 
the slope ant not rclcorded. 

A sour(3o of c n m  of some importance exists in the case of road 
vchiules, esluxially those fitted with light or “ easy ” suspension, 
o\Ting to the changes of longitudinal trim with changes of acceleva- 
tion. Tho :wcelerative forces may be taken as applied at the 
groiiiid level, it i 2  in fact at  the road surface that the forces of 
traction are applied to the systemfrom without ; the centre of mass 
h i n g  necessarily above this level, a couple is set up which gives 
rise to II cliange in the weight distribution on the front and rear 
axles, and these changes of weight distribution result iu the 
vhanges of trim aforesaid. A long wheel base and low centrc of 
pavity, surh as are now coininonly employed, reduce the error inidel* 

X l’lw original texi rend 9 tan. @. Compare ilificwRioii, I). 150. 
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dis~i~ssioii, bnt it is tlesirablo for accurate work to fit f~ CBP with 
specially stiff springs and to work on its smooth a road surface AS 

possible. 

THE ANALYSIS OF THE ACCELEROMETER DIAGRAM. 
By means of an accelerometer diagram taken under tho hest 

conditions, i .e. ,  on it truly level road surface, it is possiblc to  effect 
a complete analysis of the forces concerned in traction. 

TIME 

FIG. 16. 

Referring to Fig. 15, let us assume it dingrani taken on an 
ordinary motor vehicle with an intermittent withdrawal of tho 
clutch, so that we have alternations that at intervals give respec+,ively 
the net acceleration and the tractive resistance. Then we can 
readily cdculatc the velocity at  every point (Pig. 16), the areas 
above the datum line in Fig. 15 representing plus velocity or 
velocity gained, and those below rninus velocity or velocity lost. Then 

K 2  



foi. each and all of the several vclocilies $0 (&dated the original 
chigram gives the  values of the three main qiiairtities that constitute 
Ill(\ traction account, P (tho propulsion co-officicnt), R (tho co-efficient 

TIME 

PJGS. 17, 18 AND 19. 

of resifitance) and! (tho acceleration), and the diagram also shows 
graphically the fact that  these t h r w  quantitiw constitute a n  account 
that must always balanqe. 

THE INCORPORATED INSTIT~J'l?IO~ OF AUTOMOBILE ENOIWEERB. 
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It would manifestly be possible 20 plot and further analyse the 
resistance from the data obtained, to show its components variable 
mid constant in respect of velocity. 

As a11 ocular demonstration is always of value and interest, an 
nccelerometer has beon mounted on wheels to run on the lecture 
tablc, in order that diagrams may be taken in the presence of 
inenibers of the Institution. An interesting demonstration both of 
the action of the instrument and of the relationship and integration 
of acccleratiou curves to those of velocity and displacement may be 
given. Thus at  first sight it might seem difficult for a man coin- 
pletely ciicloscd in a box, and entirely cut off from the outer world, 
to  have much knowledge of his movements, yet let hiin bc armed 
with an accelerometer and a planimeter and the thing becomes easy 
enough. 

Thus in Pig. 17, we have a simple starting and stopping diagram, 
the car starts from rest and conies to rest. Now, firstly, it may bc 
observed that the areas cut of? by the curve above and below the 
datum line must be equal, for these areas represent velocity gained 
and lost, and the initial statc is the same as the final state. I f  we 
nieasure the area of successivr portions of the curve, we can plot tho  
curveof velocity (Fig. 18); we see this rises from zero, reaches a maxi- 
niuiii at the point where the ac:celeration curve (Fig. 17) cuts datum, 
and then again falls to zero. Now the area cut of3 by the velocity 
curve i n  turn roprevents displacciiient ; again using the planimeter 
we obtain the curve (Fig. 19). This reprcsents the displacement of 
tlic vehicle at  successive intervals of time (abscissae represent time 
tliroughoiit), and tho total tlisplac~ement S is tho dibtancc travclled. 

uis ti very iiidircct way of' measuring distaiice, a i d  certniiily 
it is not very accurate-for long distances the error, wliiuh i5 
cumulative, would be horrible-still, as a lecture table demolistration 
it is of intwest. (Sco foot of 1). 1.17, and Fig. 31, 1). 148.) 

~HAlLAUTMllS'L'I( F'NATUllES UE AC('ELMWM hll!!& I)IA&kAMS. 

When we cxaniine in detail the starting diagram taken by means of 
the accelerometer from n vehicle of any lrind we are nearly always con- 
fronted with soiiic characteristic features belonging to the particular 
mode of propulsion eniployed. Thus in diagrams taken from an  
ordinary petrol motor car we have the definito beries of separate 
scctions of the diagrum representing the differcnt gears employed ; 
during tlio poriod of gear ol~tngo tlie acceleriltion falls to zero or 
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even shows the negative effort due to  the road resistance. Further 
thaii this, there is commonly found in each section or portion of the 
diagram a break or drop in the curve ; that is to say, the first 
-portion of the cixrve is higher than the last portion, and the passing 
of thr on(% into thc other is not gradiial; thore is a definite point 
whero tlic fall takes place. This is due to  the flywheel effect; 
during th(. first part of the application of the gear the torque of the 
engine is augmented by the torque of the flywheel, the clutch in - 

, 
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[act is slipping. Froiii the time the clutch takes hold the torque 
is that due to  the work done in the cylinder done, and this is the 
wwnd stage of the curve. Tliesc cfi'ects are very clearly evidailced 
iu Figs. 20, 21, 22, and 23.  la tlic L;mul~cfiter l~and control it will 
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be remarked how little of tho possible starting area is lost, the 
gear changes are represented hy narrow gashes in the curve 
(Fig. 20), whereas the ordinary foot control commonly involms 
'' valleys " of quite considerable dnmtion (Figs. 21, 22, ctnd 23). 

f : 2 0  p e t  am. 

FIU. 21. 

FIG. 22. Charron Taxi-Cab. 

F I G .  23. 

K i d  let us turn to the petrol-clactric combination (known as the 
( '  Auto-mixto," or Electric Auxiliary system). 



Vig. 24 is a group of diagrams taken from the new Daimler 
omnibus ; (a)  gives a start from engine standing, and the magnetic 
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-_ 

- (f, ---- 

P I G .  2 5 .  

wheel brake (foot applied). In  ( c )  the start was fi*oiii engine 
yunuing tinil tho stop by magnetic brake, tho driver being instruuted 
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to tict as if in service ; this diagraiii shows well the capacity of thc 
systeiri for dclicate handliitg. The withdrawal of the brake at tho 
iiiorneiit of stopping is a particularly good exarnl)le of this desirable 
feature ; the maximurii brake application in this particular case is, 
however, not so good. The scale of these curves is, f-10 per in. 
and t=15 per in. 

I n  Fig. 25 is a. group of diagrams taltcn froiii a Ihimler r d w a y  
coltcli running on the London, Brigl~ton and South Coast Itailway. 
(a),  ( b ) ,  (c) and ( d )  are starting curves. Here w e  see an initial rise 
in whicli the acoeleration runs up to about two  pdls./llo., we tlmn 
have a drop to about one pdl./lb. where tlie automatic clutch 
regulator comes into operation, then at a later point tho acceleration 
again reaches about two pdls.,db., this is where the clutch is 
finally taking hold and just before slipping coases. These fcaturos 
are always observable to some degree, though sometimes not to the 
extent shown in the examples given. 

( e )  (Pig. 2 5 )  is a brake diagram, and (f) is a stopping diagram iii 
which the first portion of the curve is due to the use of the dynamo 
as  noto or, the energy absorbed passing into the accuuiulators ; the 
later part of the curve (to the left of the "notah") beiiig the brake 
diagram proper. 

I n  the case of an ordiiiary railway train the distinctive fe' 'L t ures 
: ~ r u  less marked. The acceleration never aypearh to excced oiic 
pdl./lb,, and commonly remains round about half or thrce-quarters 
during the initial period of getting up spoed ; it falls to zero slowly 
as tho resistance risos. The most interesting Peature observed in 
the railway diagram is met with when tho loconiotivo driving 
whcels slip. The acceleration immediately falls to about half its 
previous value, and only picks up again when the wheels resume 
their proper grip of the metals. 

Almost every new type of vehicle to which the accelerometer is 
applied yields up the secrets of its mode of traction, a i d  the 
weakness of each particular type, which in some cases of each 
individual design, is exposed in so graphic a niaiiner as to rendcs 
very great help to the designer in effectiiig desirable improvements. 
I n  this manper the superiority of one mode of control, or soiiietimes 
even of one carburettor, over another may be more readily deinon- 
strated than by auy other method. 

The scale isJ'=20 per in., t = 1 5  per in. 
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FUTKJILE APPLICATIONS. 
There are many uses to which an accelerometer may be put other 

than for the direct nieasurenient of acceleration or starting effort. 
At prcsent the author of this paper has not had occasion to 
carry his investigations beyond the niore immediate applications of 
the instrumcnt already given, but a few suggestions will not be out 
of place as to other possible uses. I t  niny be remarked parenthe- 
tically that even the imcrginury use of the accelerometer in certain 

7p& 
FIG. 26. 

castis is of iuateriul assistance to tho mind i i i  the uudorataridiug of  
the conditions of a problem. 

In  the utilization of the accelerometer for some new purpose, thc 
first xtop is to make a rough estimate of the magnitude of the 
m:bxiinum acceleration to be recorded, in order that the instrument 
may be Fet to a suitable scale. Tho adjuatment of the instrument 
in this respect is effected by fitting a packing piece of appropriate 
thickiiew between the cloclrworlr (wrying the recording drittn a i d  
tlic b.tsc casting ou whicli the knife cdges t ~ r u  niounhed. W1ic11 tho 
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iiistrument is set up without packing, the scale is 10 ft./sec.2 per 
inch, and the maximum plus or minus 17. 

Let US suppose that we apply the instrument to a flying machine. 
We know in this case the tractive effort will exceed 5 pdls./lb., for 
this is roughly the resistance coefficient. Let 11s take it that it may 
rcach double this value. We may decide to use the instmment 
either with or without packing. Then, firstly, we set the instrument 
to zero, with the flying machine in running order and trim on a 
level platform. We then take diagrams just as with a motor car, 
either starting effort and resistance diagrams if the ground is 
undulating, or true acceleration diagrams if an accurately level 
ground is available. I t  is doubtful whether acceleration diagrams 
can be effectively taken whon a machine is in flight, and also 
whether they would serve any useful purpose, but as a means of 
investigating the starting conditions and the propeller thrust at 
low speeds, the method should certainly be found of service. 

It is not possible to use the pendulum accelerometer directly on 
an ordinary hydraulic lift, owing to the fact that all accelerations are 
vertical. 13y making the lift tow a. trolley carrying the accc.lerometer 
by means of a cord passing round a pulley tho difficulty may be 
overcome. It would be quite possible to construct a special form 
of accelerometer comprising a vertically moving weight supported 
by a spring for elevator work, but the pendulum principle is not 
applicable. 

The pendulum accelerometer may be used transversely on a 
vehicle to measure the lateral stresses to which the tyres and 
structure of the vehicle are subjected when turning corners or 
taking curves (Fig. 26). Here, again, it  is not the centrifugal force 
that is measured unless the road happens to be love1 (laterally), it 
is tho actual tangential forcc. Thus, if a ctr were travelling round 
lhooklands track at  a speed exactly appropriate to the banking, tlie 
accelerometer (arranged transversely) would read zero. Conversely 
if tho car were merely standing on the track, the accelerometer 
would correctly record the lateral effort exertod by the tyres in 
preventing the vehicle from sliding sideways. 

The use of an acceleronieter for recording the effort at right 
:Lngles to the direction of motion, brings clearly into prominence the 
advantages of L c  transition ” curves, such as are adopted by enginccrs 
in laying out a r d w a y  track. I t  is evident that if two straight 
soctiom of tho line \vew conncscted by the arc of n cirele, tho acwlc- 
roiiietor would rocord a suddcii changa at  the points of junoturo, 



which we know to be a most objectionable feature, aud this sudden 
change coultl not be obviated or mitigated by the banking, for the 
banking cannot bcgin suddody. By the adoption of a form of 
curve in which the radius of curvature changes gradually after the 
manner of a hyperbola of which the two btruight limbs are tho 
asymptotes, the difficulty is overcome, and the banking may be fitted 
everywherci to the curvature. TLe accelerometer might be readily 
employed in the iiianiicr now proposed to survey existing lines and 
determine where defects exist, and vhero improvements might with 
advantage be made. When used in this way, the most rigid test 
would be obtained by placing the inatrunlent directly over a bogie 
trunnion, or, if tho initial condition of the track is not perfect enough - 
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to perinit of reasoilable diagrams being obtaincd in this position, a 
lirst approximation showing only the more serious defects could bc 
obtained if tho instrument be set up about the centre of the coach, 
niidway hetween the two bogies. 

Thc awelerometer iriay be used for 8hi1)s and launches; but 
where a considerable change of trim takes place in high speed 
craft by the sucking down of the stern, the readings will be 
vit iatd to the extent of the change of trim, unless precaiitions are 
titken to lovcl the instrument to thc running conditiori. lJnder 
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ordinary conditions the acceleration in ships is pretty well ascer- 
tained by the torque of the engine and pitch of the screw. I n  
certain cases, however, as where a propeller of variable pitch is 
used, or where the torque at low velocities is not known with 
precision, the results would be valuable. The value of the coefficient 
of resistance in vessels of different classes varies from upwards of 
3 p(Il,/lb, in high @ p o d  craft to  a8 little as 0.03 pdl . /h .  for slow 
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tramp steamers. These figures represent also approximately tho 
initial accelerations at the moment of starting. 

Figs. 27 and 28 are from two London tube railways where 
continuous current multiple unit electric traction is employed. 
The controller notches, and series and parallel running are easily 
noted. 

+-a% 
C I T Y  **. SOUTH LONDON TUBE 

,rrr,n START w XENninCION (?** 

r C  I I0 *I%... 
.- _1_ 

1 *--- __ - _-- . iF- I ID 

F I G .  29. 

Fig. 29 is from a coritinuous current railway using locomotives. 
Fig. 30 is from a single-phase multiple unit train. This is con- 

trolled by variation of the transformer windings, the stops being 
sharply marked. T~70 braking diagrams of this railway arc shown 
snperposed. The dotted one, though q m a d  over a longor time 
than the other, was very disngreealok to the passengers owing to 

1he abrupt finish. The 0110 in f u l l  linos was a good osample of 
rapid yet smooth stopping. 

Fig. 31, p. 148, ifi a sot of diagrams from an accelerometer 
run on the lecture tablo. Tho acceleration diagram was integrated 
by the planimeter and plotted as a velocity diagram, this being 
integrated siniilarly aid plotted as a distance diagram. The 
calculated distance was 7 ft. 3 in., the actual measuz*ement being 
7 ft. G in. 



FIG. 31. 
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APPENDIX . 
+ 

APPROXIMATE EQUIVALENTS . 
I’oundals Pounds 

per ton . pcr lb . 
* 1  . . . . . . . . . . . . .  6.9 

. . .2 . . . . . . . . . . . . . .  13.9 
* 3  . . . . . . . . . . . . . .  20.8 
*4 . . . . . . . . . . . . . .  27.8 
*5 . . . . . . . . . . . . . .  34.7 
-6 . . . . . . . . . . . . .  41.7 
. 7 . . . . . . . . . . . . . .  48% 
*8 . . . . . . . . . . . . . .  55.6 
*9 . . . . . . . . . . . . . .  62.5  

1.0 .............. 69.5 
1.1 .............. 76.4 
1.2 .............. 83.4 
1.3 .............. 90.4 
1.4 .............. 97.2 
1.5 . . . . . . . . . . . . . .  104.0 
1.6 .............. 111.2 
1.7 .............. 1184 
1.8 . . . . . . . . . . . . . .  125.0 
2.9 . . . . . . . . . . . . . .  1 3 2 4  
2.0 .............. 139.0 
2.1 . . . . . . . . . . . . . .  146.0 
2.2 . . . . . . . . . . . . . .  153.0 
2.3 .............. 160.0 
2.4 . . . . . . . . . . . . .  167.0 
2.5 . . . . . . . . . . . . . .  173.0 

Poundah Pound# 
per ton . per Ib . 

2.6 . . . . . . . . . . . . . .  160 
2.7 . . . . . . . . . . . .  187 
2.8 . . . . . . . . . . . . . .  194 
2.9 . . . . . . . . . . . . . .  201 
3.0 . . . . . . . . . . . . .  208 
3.1 . . . . . . . . . . . . . .  215 
3.2 . . . . . . . . . . . . . .  222 
3.3 . . . . . . . . . . . . . .  229 
3.4 . . . . . . . . . . . . . .  236 
3.5 .............. 243 
3.6 .............. 250 
3.7 . . . . . . . . . . . . . .  257 
3.8 . . . . . . . . . . . . . .  264 
3.9 .............. 271 
4.0 . . . . . . . . . . . . . .  278 
4.1 . . . . . . . . . . . . . .  285 
4.2 .............. 292 
4.3 . . . . . . . . . . . . . .  299 
4.4 . . . . . . . . . . . . . .  306 
4.5 . . . . . . . . . . . . . .  313 
4% . . . . . . . . . . . . . .  319 
4.7 . . . . . . . . . . . . . .  326 
4.8 . . . . . . . . . . . . . .  333 
4.9 . . . . . . . . . . . . . .  340 
5.0 . . . . . . . . . . . . . .  347 



THE DISCUSSION. 

Tho I ' I ~ E S I U ~ T :  We have had to-night what wc cxpectcd from 
MI.. L:mchestcr, a brilliant paper. He has dealt with a most, 
clificult subject in his inimitable manner. I shall rcscrve any 
rcninrlw I havc to make until other speakers have had an oppor- 
tunity of taking part in the discussion. 

hfr. 11 E. W ~ a ~ i m t r s ,  in opening the Discussion. R a i d :  I thank 
yori foi giving me the opportunity of malriiig a few rciiiarlis. I 
ail1 on11 a guest hcrc, and I npprociate your courtesy, Mr. Presi- 
dent. a id  that of the Institution, very much. 

1 h a r e  carofully rcad Mr. Lanchcstcr's earlier papor on thc 
sril,jwi in the Philosophiccd Mugmine, a n d  I a111 glad l,o fie? 
ih:ii his  rxl)winients havc becn cxtendccl. Before going on l o  
rlehmib(> some or ihe teslts which I have made myself, I will refer 
i n  :L rriiiarlr 011 p a p  136 of Ihe papcr In  liis description of tho 
tliagrain, Pig. 14, Mr. Tlanchcstor says {hat "the actual accelern- 
tion due to gravity will be 9 tan. @ " ; that cannot be right, for 
if p wwe 45 degrees, you would have the acceleration down 
this slope c.oming out at  32 ft. per second per second. A correction 
ought to run through that page, I think. 

We liave had much given us to-night on the scientih side of 
ihic: subjecl, and I want to tell the Institution something of t,he 
p r o l y  practical ,side which appeals to automobile engiizcers. 

The inost iinportant nieasurcmeni, you can malrc on inotor car5 
is probably tbat of the coasting rctardation, because i f  you talio 
that nicasuremcnt i n  f t .  per second per second, and multiply it by 
SO, yoii at oii(3c get thc resistancc overcome in pounds per 1011. 
~ ' h c r c  intist bc inaiiy personr who have had to watc3h cars on 
lwi, a i d  tliej nil1 lrnoiv ihnt purchasri-s nftcii spccifv ihat l,hc 
eonsiiiiiptinn i i r i i i t  not c u r e d  a ccrtnin fignrc pcr mile or pci* 
gro+ ton-niilc, particularly in the case of tests with spccial 
fncls. Whcii tho road tcst is made there is no forefelling mliat 
thc -\\(.ather is going to be, whelhr  tho roads will be dry or 
nrhci h(sr they will be heavy and sticky, so oflcriiig great resist- 
nncc. T t  i s  a n t  fair, ihcrcfore, to comparc one vchiclc n i i l i  
anoth(.r iriilcss you nialro inrawreiiients of thr road r w i s f a ~ i ( ~  
t l u r i n ~  ihe tcsk, and there is a necessity for honw i n  
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n l i i d i  (’a11 do flia! , i t y  (;ihiric 11oiirc vcl*y st t ~ ~ i i g l y  10 

this lGnd, and I was driven to invent an  in,s~tr~inoiit l o 1 2  f tic J J I ~ Y -  

pose In conjunction with Mr. Elphinstonc, of  Meisri. Elliott 
lhos 1 experimented in this dii-ectioti . MY. I,ailchester’s i n -  
slruriiciit would have been too big for us, IVC manted one not  
higgol* than a man’s two fisfi~, which would give correct readings, 

As a rwull of our investigations, we were able to get out a 
littlr iii~tiwiiieiii, \\hi& way carefully tested first b y  ourselves 
and .ifteyunids by tlic War Office officials. The tcjts were go 

111 thd  iiou both tho War Ofice and the Crown Agents, 
\\ I r o  h tnccr i  thein arc very largc. purchasers of cam, linrc in- 
strtiiiicnlS for  use on  official testAs. 
111itnj t d s  l l lyself. 
liialx of a 2-lon motor waggon which neighed 4.35 Ions. 1 niay 
oxplain that to  iiieasure the coasting retardation, the initrument 
mnst be placed in some convenient part of the car, and levelled 
wi th  a screw. Then the car is run along the road, np 01. dovii, 
it! Inaftcrs little which, the clutch is withdrawn, lbe rcading of 
tlrc p i n l o r  taken, and that i, all Tho scale on tho  dial of tl-rc 

!Phis n 

1~ (pltc Chc ih l ,  to ~ilalic, al~d be fool-proof. 

r have already matlr :i fir 
Only to-day I have beeii watching i hc  of& 

rii tneui, u s d  givcs the ~esistanco in  pounds 1wr l o  
n or othw calculahii  of any kind is 17 

of my cspcrinients 1 havo found ilia1 

iiig nii to i,lioro~iglily gootl thy  1i:Lrtl maratlaiu, 
n i i ~ e  of cloan nootl ~ )a \ i i i g  (\villi trainliiirs) is 70 11,. I)PI’ ioit 

n i t ~ o  1 5  tiof afkvtcd; on a very imrddg m i d  sticky  TO^, 1lii.  r r -  
i p  lo  95 11). pee" loii; 011 road inotal p a i t l v  rollcil, 

work, it g o ~ i  r ip  l o  1 
I not rollctl at al l  if i n  

u]) 1 0  200 lh I)pr ton 
an(($. 
1 o : i t l  i\ Iicrl i w a y i i i g  fridioii,  mid cwvyihiirg i ~ p  to ihc clutrli 

,iii(I i l id :L d:ry i5 chosrn on which tho r taiico is itover marc 
i l i ;u i  70  11). pri- ton. Naliirally a high fuol cfic.ionry ii ohfrtiiic(l, 
a i ~ I  t I i ( \  (UP \\ill rim inany miles to  the galloii nf potrol m n s i i i n c d  
I f .  h o ~ c e v c ~ ,  ilir Clav n w c  to be siirli as ~ v o r ~ l ~ l  c a i w  tho  ro,icl 

\cr.y muddy and dicky, (~on-cspomliiig sap l o  9.i lb .  per fo i l  
atieo, fhr\ Cucll consumption, : ~ 4  nicasriretl 1)s grow lon-iiiilc., 

per gallon, noiild drop; that is to  say, the frwl consunid m u l d  

‘I’hcst~ i i i ~ ~ ~ i l i ~ ~ i i i e ~ ~ f  5 are of real i tnporl- 
’l’hr rcsistaiicvs iiicawrctl i i d t i t l c  tlic road resistanre, i l io  

LANCHESTER, L 



bc greator in proportion to llie distaricc covcrcd aiid Ihc loid 
carried. To uork  to a definite staudard ill the tceting of vehicles, 
nicasiirenieiits 1iiu.t be madc of the road resistancc, and accoiint, 
taken of the circunistnnccs of cadi trial, i n  order to be :hie .to 
iriake fair cornpaTisons. 

There is anofhei import,ant point; if this re,istancc is nicasured, 
and the speed ii also noted by nwans of a speedonicter, thc 
Ir)ralrc* horsc-powar givoii off by thc engine at lliat speed can  bc 
( alciilatcd. Furthc~riiiorc, if' fuel ocoiioniy is also being I I I C ~ A S U ~ C ~ ,  

a uo i i1~~a~1~o i i  of' tlrc braltc horsic-powar with ilic lucl used iiiinic- 
diately give6 f hc brake thermal efficiency of tho cngiuc, I\ luch 
cannot otherwise be measured on an  ordinary road test. 1 do 
riot, behm: that 1 he hrake thermal efficiency can be got a t  prac- 
i i c d l j  in omg ot1ic.r way, unless days and days arc givcn up 

rds these records are obtained with this instrri- 
ortliirary 50 mile test. 

I J ~ O V  coiii(~ 1 0  anothcr point based o n  measurements whicli 
J ha\c  in:zclc, aid I notice that Mr. Lanchcster has got nearly 
the saiiic results The greatesk braking retardation I havc 
ineasured i s  10 i t .  per second par second. Such rapid braking 
i h  very unroiiifortable, as Mr. Lanchestor says. I n  a chain-driven 
vehicle, by putting the foot brake down hard, this retardation 
of 10 ft poi sccond per second can be obtained. Tho biggest 
driviiig pull t'vei' obiainod on the chain of such a vehicle as that 
~ ~ l i i o l i  1 haw nrcntionod, is sinall in comj~aris~oii with the pi1 I1 
on a (.hain \\hi( h rosulls from putting on the braltc, :tnd it is 
interesting to irr(mLirc the reltation of tho trio Tho pull o n  tho 
(*hain in this  OM^ is ,  t find, about fivo timcs as great when hralring 
nilh tho foot brnkc, as it is on thc hardest dr iw thc cuginc coirltl 
xivc 
duced. but if is intwcsting to  got actnal f iy i i  

1 should likc Lo say, if MY Lanchcstcr will not i n i u t l  3 lii  tlc 
ruitieisni, t h d  I do not think tho ( '  damping " arrangciiiciil of 
the dash-pot iii his iiistruinoiil is a good om. T t  i i  ~ i c ~ o ~ ~ i m  
to have two kinds of oil in IISC, a i i t l  any clirtngcs in the toii ip~ra- 
turc of the utiiiosphcrc on t,hc day of observation, nil1 chancy l l i ~  
\ iscnsity of the oil. I have introduced into my instmirneiii whai, 
i 5  :idniittcd to I)r. tho i i i o ~ t  pcrfccl, form of tlniirping iLrralig(~illrnt 
fhcic i h ,  naniclj, tho magnctic brake; ihat i s  :L iiiitgnct opcrating 
O I I  : I  copper diw. 

Evcryonr has knon n that soiiic such 

THE INCORPORATED INSTIT~J'l?IO~ OF AUTOMOBILE ENOIWEERB. 



Mr L<l\crIsswrn: Can you give us a brief dcicriptioii of yoLir 

Tlie PRESIDENT. We are also curious to knuw tIic esacf ‘ s i x  
Mr WIRIPERIS: The instwment is about 4 i n .  acrow, i d  

The PRESIDENT: Do you fix it on the dash board? 
M y .  WJMPERIS: You can fix i t  there i f  you like, but I have q n  

f c ~ r  found if iiiorc convenient to carry i t  loose. 
The gcnoral uppcaraiice of tlic instruiiieiit i r  she\\ II in Fig.  3 2 ,  

j’hf(l ; tho iiiternal mechaiii~m ia illustrated diagrammati- 
d 1 y  in Fig. 3 3 ,  and the “ compensating principlc ” is qhoirrn in 
Fig  31. 

The gciicral lidtitre of the iiiterual iriechaiiism 111uy bc described 
ii\ ih lop-sided copper disc, mounted on a vertical axis :tiid con- 
1 I ollcd i i i  i t \  i*otation by u coiled spring. ’rlic nccelc~~ition 
tCi i iscs 1110 IIC,CT ici 5idc of flio t l i i c  fo lug hliiii(1, an(1 
\ \ i i i ~ l  111) llic spiiiig. 
~ 1 1 )  iiieabureb the accoleration. Any teiidoncy ol ilic di50 to 
ovdlate is chocked by a magnetic field at right anglos to tho 
l h n c  of the disc. Bcsidos ‘these parts there is the “ coiiipeiisatiiig 
hi Iaiiw,” TI liich causes tlip iiist,rurr~enl to record absolutely cor- 

i nhca travelliiig ral’idly around curws, or when t h p  
iwd is aniheicd in oiic direclioii or the other. 

\Tit11 thc aid of Fig. 33, tho inethod by which the parts work 
together can bc exp1,ainPtl. Thr copper disc 7 l  has a hole 13 cinl 
in ii in order to throw tlic coiitrc of gravity slightly nil1 or  tlrc 
mitre of the. disc. On its axis is fast1 ned R gear wheel G , ,  
\\lriclt iiio\cs \\.it11 t h o  rop1)cr disc. This gear wl-i~cl is i n  t i icslt  

v rth a setond gear wlieel G,, w1~ic.h carries the wndiiig 1mintc.r AT. 
‘ I ’ l i i~  Iioiiitor f ra to ls  ovcr tho w ~ l ~  h e m  in Fig. 3% I// i s  the 
iiiccgnct for daniping tho inotioiis o f  the disc, and L, I;, L are tho 
threr legs 11po11 wliicli fhc instnlmcnL htands, th,Li o n  lltc right 
Jin ticl side h ing  adjii9tnblo hy iiican3 o f  x srrcw. 

rI’lic sl)i’iiig uliich is coilorl i x p  b y  thc rnfation of tlio diw is iinl 
c , j i \ ) \ \  1 1 ,  I)ui ii 1it.s iii u hor~ixoiit,zl p1:~iie ju;f ahovc. ihr disc 

1 1  i i  i i o n  nccwiary t o  dcscrihc (110 mode of :tdiori of fhc coni- 

jnstrunieiit, Mr. Wiiiiperis? 

tllc depth 3 i n .  It can be put in the poclrct. 

1) 
7’1i(: t lr~gioc to \~hi(~l i  i l i c  5Iiriiig i.s 

lrrxiion occi~irs af T i g h t  : L I I ~  

1Ii(\ Ijl:tnc of f l ip  papor it p ill also prodnco a force 011 Ihe d i s c  
\\liirli \rill havc a ruoiiicnt aboiil, tho auis, ant1 SO fend to wiit(I 
or [11i\\inti tlic spring, whicli then muqt g i \  c Cdic i t i r l i c~a f ions  o r  

12 2 



the auwlcration in tlio directioii iii which the iustruiltcnt is set 
to ~oco id .  This would loo a wry serious fault, as such transverse 
iL(w1mdtioiis are very common in practice, and ofton of ~ 0 x 1 -  

sidcrable siiiount-soiiietimes as iiiuch as 10 ft.  per ~ r c o d  per 
second. The writer, therefore, added the gem wheels G , ,  and 
G , ,  and 80 arranged the neight of the pointer A7, which is fixed 
to the gear wheel G L ,  that the product of weight by the distance 
of thc ccntre of gravity i’roiii the &xi6 of rotation is jnst  the 
same for the element “ copper disc + gear wheel G ,  ” as it is 
for tho element ‘( pointer N +  gear wheel G2.” This equality 
(if ma69 moments makes the system equivalent to  two equal copper 
diqm p a r e d  together a t  their circuinfcronceu as shown in E’ig. 34. 

P1a. 33. 

Iiispoction of tlii:? Fig. :)4 will show ihal forces: in tho direction 
1’ IT ill cai~sc tlio two discs to roll together, but fwws in tlto 
tlircc tion Q cause 110 rotation whatc~er .  1~’orces pcrl)eiidirnlar 
fo tho paper (considerable as they :we li-iiowii to he) c t m ,  of‘ 
ooime,  cause no robation of the diac, 80 that the instruiiioni 
records on2y the forces in one of the throe directions of npac?, 
a i d  is not comernod with mhst may bo happening in the other 
l n o  directions. Thus the dial of the instrument may cveii be 
Il()l(i vcrtical, so allowing an acceleration of 32 f t .  1)er socoii(I 
p i ’  sccoiitl to act aeroslq tho dial, without the readings h i i i g  
affectctl at all. 

( ontiiruing, Mr. W r v r ~ ~ r a r s  said: I thiilb 1 milg chill i  l o  haw 
1)rorlucecl idiaf ih tho iimt instrunleiit for recording :xceloratioiih 

ion of‘ space only. P h w y  othor in 
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by rertical 02' side oscillations or by the camber of tlic road. 
Tho damping magnet is powerful enough to damp out any 
tcndciicy for the needle to swing, and even on the Districi Rail- 
vay, which i s  very " jolty," the pointel. i 4  quitc steady. 

7 could haw: 
B isllcd that Mr. Lmchcstcr liad not introduced tho espressioii 
" poui~dal~." 1 do not think most engineers know what poLtidals 
a m .  Everyonc can urtderstaiid n train paining a velocity of SO 
m a n \  miles per. h o w  cvrry second, or rin accoleratioii of so ulany 

Tlteic is: only one other thing 1 have l o  add. 

twt p i  ~ e ~ ~ i i d  p c ~ '  SWOIICZ, bu t  I ciuesliuii i f  theit: .tic rtiauy 
ungiilecrs who undei%tand what 7 ;  pOuiida~5 per ~)o tn id  ~ii~aiis 
Although the " suiiis " Mr. Lanchester gives iiiay I)c iiiccr t o  
uurk out in this way, 1 do not lhirilc any real practicd atlvantagt! 
can be got from the use of this term. 

Mr. L. A .  LEGROS: I think Mr. Lanchestor would add grcatly 
to tho interest of his papor i f  he could give us, in addition to 
the diagrams he has shown, one or two talron froin tho Tube or 
tho Metropolitan Bailways, aiid also from tho Electric Trsms 



u i i h  hlic rii;iqi~ctie bral~o.* I h \ ~ c  sceii boiiie srtrciiicly quick 
\ lo[) \  iilatlc. <tiid cvc ty  Iiioturiit l u i o \ \ s  lie\\ very i n c o ~ i ~ c i i i o ~ i t  i t  i i  
i'ur a t i ~ m  to stol i  quiclrly in front of his ear Trains -with slippw- 
brakes cull u w ~ l l y  b i o p  more quickly ilia11 traiiis \I ith riiii-bralw\. 
On thc C o d  iiieiii, iiiaiiy trains are fit1 ed with iiiagrietic riiii-bralw\ 
so arranged tliat \\hell n wheel, wliicli i5 j u s t  oii t ho  point 01 
skidding, bcyjiis to slip, tho brake is automatically released. 
Tliu xosult i5 that the brakc caii givo the iiiasiiiiuiu cfloct and 

caii bc cLtieinely unpleasant as) Mr. Lauchestor lias poiiiicd 

l lTi th icg:ircl to the jerk, a iiuiubcr 01 yous ago there nerc 
~ l i d  lev, discus~ions about it, and I think the matter 71 as pet ty  

0111 

. What date? 

Coritiiiiiiiig, Mr. r,EGItos said: 111 tlie ordiii,Lry railway 4,raiii 
llic bralw b11)cks :ire arraiiged as shoes 011 both \ides of tlw wliecl\. 
\\'lieii tlic t idi i  is iiioiing aid the bralies arc ,zpl)liccl, tlic I'orcc> 
c~\crttd on ilio brake blocks by the wheel form a couple 1.7 Q 

\\liich t o i d \  to  rotate the frainc of the carriage, Fig.  33 ,  so that 
ihe load on the springs at  the leading end is increased, and that 
' ~ 1  the tiailing end is decreased to form the balanciiig coup10 
I' (2 A s  so011 as the carriage conies to  rest, this couple P Q at 
OIICC' cati\cb the wheels to  rotate backwards till eyuilibriuni is 
restored. When the brakes are released the energy stored i l i  

the buficr-springs niay cause a further backward movement of 
1 he carriages. 

Mr. El. G H KRAUMONT: 1 wvuld like to  add my pci~onal  
vxpression of objection to  thc us@ of " pouiidal '' units. 
Wimperis has suggested that most engineelrs do iiot lmow the 
Iiicaning of tlie pouiidal and, although I do iiot agree with this 
statement, i t  is evidcni that tho gravitation units are iiiore coni- 
i l io i i l )  riiiplo,yetl N C  beiiig t h  nioro coiibenient at prescnt. 

M i  r,:tliC'h&er has poiiited out i i i  his paper that the 
j i~ii i i idal/lb is tliv equiv;tlent ot the f t ~ i ~  wliicli effecft, acoelera- 
fion ol' i h c  1)ottiid tun\s at tlio raic o f  OIIO foot  1 ) ~  i ~ ~ i ~ t l  I )PI* 

secwiitl, aiicl froiii this it may readily bo under~toocl that coil- 
Mr. Lanclicstcr 

hilr 

ioii fi*oiii tlic ouc unit to the other is siinp!c. 
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stated that there was an advantage in using the pouadal uii i l  
bocaiisc the same unit w a ~  then employed to represent the ilitku- 
relit (luautitics in acceleyation calculations; does ho, howver, 
coiisidcr that quite true, inasmuch a8 i t  would usually be necos- 
sary first to  convert the quantities represeiitiiig, for instaneo, 
tractivr force and resistanco. It is, I think, easier 10 irnigiuu 
or walinc the valuo of velocities in feet per \mcoiicl and etl'orl,s 
111 pouiidh thaii in tho poundal units. 

With Mr. Legros, I hopo that otLtier diagraiiis will be added 
lo tho paper, for tlioy serve as records of tho rates of acceleration 
I cnlibetl with vehicles &IS now conshructed. 1 was much striick 
by tlic: very low r a b s  of acceleration of the steam railway trains. 
Tlic coiiiparison with the rates of acceleration of automobiles i s  
niucli in favour of the latter, but it must be remembered that - 

FIG. 35. 

tlic rates Cur the electric lilies are even highcr, : ~ t  tiiiy 1.u1(~ 
)taoaching the rates obhined with the Daiinler A u t o n i i s ( c >  

oiiiiiibii~, ~ l t c n  darting with tlic dylialnotor only. 
M J ~  1 ask whether Mr. lmichxlcr has used his iiirtruilwrii on 

( l i p  tie\\ siuglc-pbasc altornatiirg curre~it  olc~tl~io trail~s I ) I '  ill(' 
I , .  H & S (j. milway? I h v o  iiotioed thcrc that i1io :t( 
i \  i i o i  uniiorur, thcre being a pecuIiar jerk at holnc '  I ) [  f l i c k  ( v ) i t -  

trollci poiAtions. A s  Mr. Imicliester has pow~rsetl Iiiitrioll 0 1  
\el waI wcrcts he iiiiglil, pcrhal)s, be induccd to acquire iliet alio 

l o  propose a vote of tlimks to  Mr. l~anchcstcr, and. I ncccl hartfl,v 
say that I ain sure you will  pas^ such a votr with aeclurnatioJi. 
Personally, I have a bone to pick with Mr. JJanchrrtcr foi- i ~ o l  
being present on one or two occasions when we had hopecl that 
h o  \vould havo beon, but OIL ono occesion hc mas ill To-iiiqlit, 

'l'hc I ' i tEsmIw'T (Dr. H. 8. ETELWSHAW). 1% 
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I I O \ W Y C ~ ,  110 hue redeemed ovorytl~ing by giv ing NUI:~I.  :L splendid 
a i d  ii~terosting pupor, auil Mr. 'Wiinporis has added to its iIltQP08t. 
:I:t is more 1:lian twenty years since Mr. Laiichesk first nsed his 
instt*iu1-ront, aid nobocly win deprive him of the credit of being 
tlw first to iiivostigate this subject. 
Z wonlcl. like to inako a fiirther w g p x h o a ,  and t,o ask Mr. 

'I~mcl~ostort -whoMi.or he h t ~ ~  consi.dered the vertical pivot. T 
h o j ~ r  ho mill a1.w my a w(wd or two about the vertical versus the 
h w i  nriital ~~ioveiiieiit, gince in. Mr . Lancheshr'e instruinelit it is 
horrinmtal, and' iii that of Mr. Winiperis it is vertical. 

1' th.ink, perhaps, Mr. Lanchester will allow me to say that I 
hope ho will go over tho paper, and put an arrow on overy figure 
t o  iJiilicato which way tho curvo is taken, as this will make his 
tl~.rtgr:.rsin.~ mnch ch~spor.* wit11 thoso remarks, 1 ask you to give 
bb. I ' ~ : ~ i i o l i o n t ~ w  a vory 11ed~y voto of thunks for onc of the inost 
htorostiiig pq)oi.w we liuvo over lrad boforo 'us. 



1/59 

Mi CHAS E G.  €€OWE wrote: There seeiiis to be a pliyaicnl 
objection to the method of the direct recording of accolcration, 
bccausc of thc inipossibility of recordiiig an nccolc~atioii i n -  
stantaneously from the skart. rphc recording point m i l s t  a l \ v i ~ ~  S 

hogin by darting out from the zt)i-o positioir to mhabcvci. the. 
rwding is. Now, if a car started off with simple hariiionic iiiotioii, 
its acceleralioii would, of course, be a inaximuin at the inilaiit 
of starting. It inay be that it is impossible to coininonce xitli 
thfinitti accolerntioii in this way, and Mr. Tmichcstor avidan1 1) 
i \  ( ~ f  ilik ulii~iioit i f  onc iuay jitdgo fro111 the curve71 011 1 ) s p s  
1 %  a ntl 138. 1n coniiiig to  rest the same thing might OCCII t', 011 1y 
1 1 1 ~  ollio~r nay rouiid. Now, suppose a car were to coiiio l o  ~ w t  
cuwjrdiiig to Jiarnionic niotjw, tlic rstc of changc of at 
n o ~ i l d  bc infiiiile, and yet it mxns difficult l o  belie\(. thal it \\oirltL 
hi\ o the oihct  of unsettling a pasiienger iii tho car to thc cxlont 
btatcd in the foot-note to page 135. Perhaps M r  h ~ h e ~ t ~ r  ha3 
L ~ i i  e\planatiou of tlic dificnlty . 

It vould be iiihrestiiig to  learn ~ l l a t  stops ha\ c becii tslten to 
'Lbccrt:&i thc ticgrcc to which tlic resuIts are aRected by tho lag 
of' the peiiduluin. True, the lag is only a short distancc behind 
flir rest of the vehicle, but this occurs in a small period of time, 
ho that the velocity might be relatively great. It iiiust I w  w- 
membered in this connection that there is 110 restori ng f ' o i ~ ~  

on a pendulum when in its central position. ' 

It inay not be generally 1rnon.n that i t  has bccn proposccl t o  
usc as :LJI aweleroineter an in5iriiuiciit likc a rpirit -1cvc1, I I I I ~  
ha\ i iig tlic cmrv:Liurt iiiuch grcatcr, aid this allorcis :L roiigh Iy 
nrc ~rrair. apparatus lor all ordinary purposei. 11, anii l)o roatlil! 
Cali  bratcd by lilting in the inanner cxplained by Mr. Lanchcst(1i. 
The vertical shocks tend to spoil the readings, but thc transverso 
\hocks which Mr. WimperiFj has taken such pains to  counteract, 
arc entirely absent. The results also cannot be automatically 
recorded, and in this respect it is not inferior to the Wimperis 
ins1 ranicnt. 

111 uoniittc*tiori with 1,110 itso of n spirit-lovol, I nofiw f lir~t 



Mi*. hllchcster suggests (page 146) that the acceleroincter could 
be used on a launch, taking precautions to level the iiistrurrieiit 
to chaiige of triiti when tho suck-dowii occurs. I woirld poi111 
out, ho\cc.ver, that the spirit-level 110 loiiger reads oorrccd 1y 1 i ~ n  
the chaiigc occurs, but perhaps lie would us10 a gyro,tai for thc 
purpose. The change of acccleration nrlicn the stern h~iclra  don n 
\voulcl be interesting to ship designeis. 

11, noon:d appeax that valuable info] iii&tioii t odtl he obtaiitcd ii 
thc acraleromet,ei ~ 7 e w  applied to tlir i i i t~aiuretmut  of 1 1 1 ~  v 
accalei acioiis during the springing hl l lC l l fh  O t  iL  U91 aOlllg O T ( ‘ I  

could iiot be used, but that of Mr. JViniperis i s  quite no11 adapted 
for the. purpose. The springs could be readjusted to  get rid of 
thc gravitation constant if thew were any danger of running 
oB thc scalo. Further applications to lifts, etc. could be iriadc. 

11 n ould be interesting to be ablc to obrorvc rotalioiial accelora- 
l i o i i  alio, and find out the efficacy of clutchca, spring-diivcs, ant1 
such ilcviccs, but it must be adlilittetl that it \voulcl t ~ o t  luc SO 
jinmetliately useful to  the designer as the present i ~ i ~ l r ~ t i ~ i c ~ ~ t ,  
bchidcr being very difficult to construct. 

a blll1ll)J- road. Mr. rJallChP3tC1”$ umont 111 it5 jnoseiit toilit 
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E,R’ I \\as pleased to bee Mr. Winiperis 
1)icseiit. and t o  hear hiiii take prominent a part i n  tho dis-  
uiissioii. 1 have a t  the o u t x t  to  thank him for having c d l o t l  
attention to a slight prior; y t a n  6 should rend y sin f ,  hut 
tlic crroi ii one iiot \ital to the ~rguuieiif .  For suinll aiiglci 
the difference betreen sin 6 and tan f l  is negligible. The main 
fact is ruii(louhted1y corrocl,, and the arg iuiieiit is iiot iiiatcrially 
atfcc+td by the error. 

M i .  TVi\iiwa~s Tho faof5 :me udoubtedly wrrect. 
A414 h \ c i r r s  rim’ Tlic iilesl point Mr. M7iuipt.i i i  iiiou1io:lecl \ \a< 

lliat if you iiiultiply tho f t  / sw .  per second by 70 it gives 11) 
IJCY foil. That is perfectly correct; 1 haarc given tho sauio figure 
i u  illy papw oii 1)ago 126. The inorc oxact figui-e i i  69 5 as g i w u  
i n  the colupamtive table in the Appendix. 

1 hube boeii ~ n u c ~ h  iiitcrelled in hearing the tiescription of tlic 
Elliott instrument. The roasoii why the question of bertical 
nccelcmtioii is of cornparativelp sniall importance on tho peiiduluin 
iirstrunieiit is that the road in general is not iiiiclwgoiiig pw- 
inaneiit iinduliatioiis of caon\idPr.ablr Inagnitude; on(‘ tloci itof 
i)icl, oiif t’01, acccl(~rwtioit te,ts, tlir. 1)ar.f o f  : I  I oad \vIiero Ilier t s  

arc gioat rlepmtrtrcbs ~ Y O J I I  i hr  ati.aighf ‘Flit. Iossri. \-ibration.; 
sliowri i r i  most oi thc diagraiiiv ttre due iit thc main to the undula- 
tions in  the road; this its a n  efiect of tho vertical aceeleralions 
i~icntion&d ’by Mr. Winipcris I f  my instrument had beeii 

tion ak)oiif a verfiral axis, it mould have been 
ay f o  ttpplj <I cvrrectivc intvhanism such as that 

itsod by Elliott Bror in the IViuiperis iristrumt:nt The Wimpcris 
method possesms incidentally the p e l t  beauty of preventing 
f hc rotational aoceleratioii from affecting the instrument and 
giving rise to  error. 

Mr WIMPERIS: That is a n  unintentional virtue. 
Mr T,ANCTIIW~~EIL: It is very candid of you to say SO. Tho 

1)oiiit appe,ilcd to iiic its aoiisf ituting in prinoi1ilo f h e  ~ U l . l I l d i L -  



t ioii or ihc 1)alanciiig of tlie original lianchestor ougine a niotliod 
of kill I iig lateral oscillation by two parts rotating iu opposite 
sensed. 111 this eitgilie there are two parallel intergeared crank- 
shafts o m  vertically ovcr the other, rotating in oppositc dirw- 
tions, thc two crank-pins being arranged in phasc iu wspcrt ol’ 
their hwjzontal motion. Balance weights arc providcrl hose 
111olio114 neutralise in the verticul plnnc lout cornbinc. in respect 
of ihei  1. horimntal component, tlie motion of thc cominon ceiifre 
of graT ily of the balance woighls thus boing a harnioiiic iliotioii 
i n  0 1 1 0  htr;righl, linc. To the two craiiltsliaftsl rospertivcly arc 
a1 tschccl flywliocls of equal moment of inertia j u s l  a<, j i i  tlir: 
l)alailc.ing coinponent,s of the Winiperis Accelcrometcr. 

l i t  I K J Y  Aerial tc’light, Yol. 1 ,  pago 344, T have proposed f,o i i w  

a similar device in connectioii with tlie Dines method of ineasiir- 
ing wind resistance in order to avoid errors due to accolcration. 

0 1 1  1hc question of the dash-pot I certainly agree \+it11 M r .  
Wiiqwris that tlic clectrical (‘ Faraday dsisc ” dash-pot i5 an itleal 
tlcaice wherc it can bc conveciontly applied. 1 am a littlc 
doiibtful whether tho power noccssary to render a 10 lb. pcnduluni  
tlcacl Ixat would not be rather inoro tliaii it would hc possible 
lo  ob1;tin from the Paraday disc without addiiig unduly to thc 
bulkiness of the instrument. Tho objections to the viscous oil 
dasli-pot arc, so far as my euj~erience goes, moro upparerit tlian 
rcal. Thc, carrying of oil of two diEerent viscositieb, \\hicli 
certainly appears to be a clumsy expedient, gives so little trouble 
in practice that I have never even added a screw regulated leak, 
a5 C h d  at one tiiric intendod to do. It is perhaps worth whilo 
pointiiig out, that :L leaky piston and viscous oil is a far bcttot 
Ionri of clash-pot tlian n \vell-fittud 1, on and a regalatod cffiu\ 
apertuuo, as tho law o f  resistance in the former upproachcs i~iorc 
closely to the viscous law, that is, the resistance varies directly 
as the vclocity. In  brief, the er3ontial differonco between Mr 
Wiiuporis’s imtruniont aiid nry own is that the former is not 
:L sell -recording instrument, whilc tho pcndulum recording 
accoloiumeter has to make its niark on a paper roll, and :L 

pendduni of considerable weight is necessary. The copper disc 
dash-pot would, I think, add still more weight to that of an 
alreadj too heavy instrument. 

As to the hostility to the use of the term ‘‘ poundal ” expreseed 
by Mr. Wimperis aiid others, I havo always looked at tho inattor 
;IS :L quostion of osacfitudo of thought. To put Ih llliilfcr a\ :I 
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stmigliiLoxOrward question: ---L)o you wish to kilo \v wliat you arc 
doing, or do you not? If you do, use absolute units; whether 
British absolute units or c. g. s. are adopted is of practically 
no consequence. If you do not, then use any units you like. 
The engineer who shirks the absolute unit is not only shirkiiig 
the employment of the gravitation constant to convert his results 
into the units of commerce-he has to do his division or multipli- 
cation by IJ inside the equation if he does not do  i t  outsiclo--- 
if the required result is to be obtained in lb. forco. What hc 
is actually shirking is the umkrstanding of both the equntioia 
and the process which he  uses. There are casos in which i t  is 
inipossiblc to  form a clear conception of tho nicaning or an 
r?quatioii in which tho use of absolute units is ignored. To 
illustrate this point let us hake the formula as ordinarily 6' riven 
f'or centrifugal force- 

I i  mc apply this formula under ordinary colictitiom of lifc il 
tolls us that a body of mass nL moving with a vclocity ?I in a 
circle whose radius is r will exert a radial force P on tho striiig 
hy which its motion i s  restrained, tho force P being givoii by 
the oquation in ternis of the attraction of the earth for one 111. 
mass. Now supposing that the questioii be one of a body at 
D great altitude, then g will be less than at the surface of the 
carth, and the same equation will give a different value for thc 
forco P although we know as an actual fact this iorco i s  cwctly 
the same as beforc; {lie reasion for this diffcrent valuc is t h a t  
d. llic supposed high nltitudc ihe force of gravity k lcsi ,  b o  

that, thc attraction o€ one Ib. maw (the unit in which the force 
i s  nieasnred) hae altercd. W o  have therefore an  equation cs-  
prcssiLg thc valuc of a definite constant force I)y different unit!.; 
for varying position relativcly to 1 he earth's burface aacording 
to the local variations of 9. Again, let us supposc that we are 
a €ow ' I  light years " distance from the earth (a "light year " 
is tho arlrononmr's nicasuring staff) ; hero g becoinos virlually 
xmo ,  mid hy the cyuation P therefore becomes infinite, and the 
rquation iclls us the very inteyesting fact that tho Iorce f? con- 
4 s  of a11 infinite number of ZCTO units! Of course, wvc rcally 
know that tho forcc P i s  exactly the same a i  1)rfoz.c. 711 other 
\\ordh, b y  import ing ini,o tlic eqnaiion IVO i t i f r o r l i i r ( ~  ~ ~ i d l w q  



confusion. 
units is- 

Tlie proper foriii oC the esprcr+ioii iii uiiiig absolute 
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In this case wa have the result in poundals, and the expression 
h a y  bo applied to bodies terrestrial or celestial alike. 

If wo wish to niake comessioii~ to the blindfold aynibol-oivngcr 
whG profcrrs not, to know what his foriiiula iiio’m them is no need 
to introduce y into the formula at all as is so frequently and 
erroneously done. For practical purpoaes the upproximate value 
of g on the surface of the earth may be used, that is to  say, 32.2, 
or perhaps better still, the i d i d l y  ‘‘ practical ” inun iriay be in- 
loriiied that the poundal nieans hdf an owwe, iiiid with that 
inforniation- Bo will be quite happy. 

In reply to Mr. Legros, two fitoppiug iiiugruiiiri takoli .Eroiii il 
tube railway am given. in Figs. 12 and 13 of the papcr. They 
appear to show that on the tube railway3 tho brakos aru piirhially 
eased off as the cap9 Domu to rest. Further Tubo Railway 
diagrmm will bo added to the paper bofore publication in. tho 
p!ro~ficding~ (Figs. 27, 28 a i d  29j. 
In his oxplanation . .  of the “ jerk,” I thiiik that Mr. .Logros is 

at faiilt. Let us imagine a car coining to rust with a iinitorili 
nogative aocoleration, then thore will bo no “ jerk ” SO long as 
llie oar is i n  motion; and further, if tho tiegatiw :icceloratioii of 
fhe brake wore continued f;o muke-tho cas go haokivardu BY SlJi.Ill 

as it. comes momentarily to rest no “jerk ” would be felt at 
all. Now, the effect of the springs de,wribed by Mr. Legros will 
be to cause a slight continuation of the iiogative acceleration ufler 
l h c  instant of stopping, and it appears to  ine that %his must ill; 
least amoliorate the ’ conditions, .and to some extolit actidly 
diminish the “ jerk ” rather th.an be the cause of t.he ‘‘ jerk ” 
as puggeated. by Mr. Legzos. 

Li.lre Mr. Wimperis, Mr. N. G. E. Beauinoiit worrios ,1110 as 
f.o.‘the name I have given the units of acceleration; i,t; nppeanrs 
1ha.t he wants me to call them St./sec. per nec. :It really t.1oc.i 
. i l o t  mathr, they are j’t./sec. per SBC., and they are (~qwrl ly  
r/oundaIs/Zh. The .cvholo of my masons for exprossing nilits ill 
lhis particular form are given in tho papor. My plea iq  th.nt k1Ic 
1,rttctivc resistances and rate of acceloration should be espmwc!tl 
in like units, and my reason (m stated in the paper) is thai, 1. 
p f o r  not to pay for an article in $ s. d.,  and to roceivo t112 



c~haiigc 111 A iuixture of lrancs and pesetas. Therc has of late 
bceii some agitation in favour of the adoption of the French 
systein o€ units; to accept such inconsistencies as those to which 
attf>iition is directed, and theii to agitate, as some few engineers 
:Ire doing, for the adoption of the iiictric system, is like straining 
at oiic gnat aiid being prepared to swallow many cainels. Mr. 
Beaumont asks nie whether I have used my instrument on the 
C. 5 R S c'. electrified section. I have not (' poached " there yet, 
hut 1 iiiteiid doing so, and will, if possible, add the results 
obt mecl in t h e  fox publication in the procecdiiigs (Pig. 30). 

I)r IIclu-Shan has suggeshed that I might with adpantage 
h a ~ c  pui arrows on the diagrams indicating the direztion of time. 
L aisent. The diagrams have been taken at differciit times, and 
c~illcctcd i i i  ordcr to illustrate ihis paper; hence tlicir lncilr. of 
II i i i  1c)riiiitj 7 ' 1 ~  suggested arro~17~ mill be added bcforc. final 
pit 1,licatioii . 

1 1 1  rcply to Dr. Hele-Sbaw'h question as to  the cornparison 
I)ct\\cen tlic vertical aiid tho horizontal pivot, I inay say that 
\I i t  1 1  t l i ~  horimiital piwL ah used by me, the halaiwing by doublr 
I o l , i t i o i i  i\ avoided, as cri-om due to road undulations arc i i i i i i i i -  

p o i  iaiif n'ith ci lortical pivot {he errors would be those tliic to 
~ o t u i  cur t  aturc, aiicl would bc far too serious to  iioglecat; lioncc 
tho  i i w  of a \ortical pivot invo l ro i  of nccc4ty it inore nlahori~tc 
I crii~triwiioii of instruinent. 

Arr. Lm-c.rIesm:x wrote in rcplj to Mr. Charles 11; G I I I ~ L & .  
\ I 1  Ifo11st~ iaiies an objection. He says it is impossible to rccord 
{ t i i  ,tccc!eration iiihtaii tanrously froin tlic skarl, as the rccorcliiig 
l ) o i i i t  iriust always boain by darting out froin the Yero position 
'I%< assumes that at tho fitart there is an absolutely sudden change 
of ,iccelPration, which i i  scarcely ever the cayo. The suggestion 
,L\ I(, a mr starting nith a simple harmonic motion is open to 
111(1 rcply that cars do no1 start in this iiianiicr. Mr. House's 
olrjcctioii carries most weight in the cam of the sudden stop a t  
thc ierniiimtioii of 1 hc brake diagram. Here the recording point, 
iiwicwtl o l  falling instantly to zero, takes an appreciable time. 
rii th i5  particiilsr (lase we know definitely that the acceleration 
(loci fall with almost coniplete suddenness, and thereforc tho 
([iasiiams h h 0 ' 1 ~  thc total extent of Mr. House's objection in the 
tlcprture of the falling brake curvc from the plumb; it does 
(lot appca~ to he a serious error. 

I!' thc pendixlam were a yard long the position would bo far 



vorsc, niitl i t  is iiiaiiilj in  oidulrr to miiiiinise tlic error from tho 
cmisc stated that the pendulum is made as short as it is. 

To bc strictly accurate the acceleration diagram g i ~ e s  the 
nc*celemtion of the pendiilum bob rather than that of the vehicle, 
and i t  is quite obvious that for general engineering purposes 
nhere a stop or start occupies inany feet or yards, the greatest 
difierence between the inotion of the pendulum bob and that of 
tho vehicle-a fraction of an  inch-is quite negligible. 

With regard to Mr. House’s objections to the use of an accelero- 
iiicter on a launch, I pointed out the difficulty hc nientioned in 
117s pa1)er. The accelerometer could bc adjusted to work amu- 
ratcly so loiig M the trim of the vessel is constant. In soinc 
lauiichcs the error in using the acceleroiiicter woolcl not be great; 
in others the changes of trim under varying conditions of pro- 
peller thrust would render the readings of but little use. The 
gyroscope could be used as Mr. House suggests; for instance, by 
providing a .‘ Tower stcady platform ” (an apparatus which is 
controlled by a gyroscope), tho acceleroineter could be used with 
(~iiitc satisfactory results. 

1 do not yiiite understand Mr. Housc’h sriggestioiis of applying 
I I I V  accclorometm to rcrord vxtical accelerations during tho 
4i)rinpiiip movenicnts o l  a car going over a bumpy road. If 
iiiforiiiiztion on this point, were wanted it mould be more affectivr 
to take a dirert displacement curve hy means of link work from 
the axle of’ the ear recording direct 011 a chronograph cylinder 
011 the body. 
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TRACTIVE EFFORT AND ACCELERATION. Plate XIX 

LANCHESTER PENDULUM (RECORDING) ACCELEROMETER. 

FIG. 9. 

WIXPERIS (NON-RECORDING) ACCELEEOMETER. 
FIG. 32. 


