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THE IMPROVEMENT OF THE INDIGENOUS PLOUGH 
OF WESTERN INDIA. 

THE plough as used by the cultivators of Western India is an 
extraordinarily inefficient implement. It demands great power 
to work it considering the work it does,-and, as usually used, it 
leaves quite a considerable proportion of the land unworked and 
unploughed. But it has two saving virtues-it is very cheap and 
it is very easily repaired by the crudest workman in the most remote 
village. · And these facts are very important matters in a country 
where agriculture is carried on with the minimum of capital, and 
where expert workmen are rarely found outside large centres. 
They are so important, in fact, that it is probable the old fashioned 
wooden plough, with at most an iron t1p, will maintain itself for 
a long to come in many large tracts of Western India, and it would 
seem a matter of importance to see if improvement cannot be 
effected without increasing the cost materially, and without 
making it more difficult to repair. 

The main drawbacks in the ordinary plough are :-
(I) It cuts a triangularfurrow, that is to say, a furrow wide 

at the top and narrow at the bottom. 
(2) It is not a turnover plough, not even a small quantity 

of the earth moved being turned over. 
(3) As it is constructed of ordinary Babul (Acacia arabica) 

wood, its cutting edges soon wear out and become rounded. 
So that these edges do not long serve the purpose for which 
they are intended. 
To remove the first drawback the form ought to be such that 

the furrow cut sh.ould be rectangular one. For this purpose the 
bottom of the share, instead of being tapering, might well be made 
flat, as a result of which the plough moving through the soil would 
cut a furrow which at its bottom is as wide as the rraximum width 
of the share. 

The next thing is the turning over effect. To get this the 
simplest method would be to make the top of the share a sharp 
ridge. I thiuk the ridge on the share might well, even, be 
continued in the head of the plough. The slopes of this ridge 
would not allow the soil to rest on them as much as the flat surface 
of the present plough does. • Besides this ridge, w~ich would also 

A 10.2-1 



2 

slope upwards from the point of the share to the head, would serve 
the purpose of breaking the clods into smaller pieces. Thus the 
ridge-like form would tend to break the soil and throw it on both 
sides of the furrow. This arrangement would also prevent the soil 
from standing on the plough and thus exerting its own weight and 
s6 increasing the friction between the surfaces of the furrow and 
the plough. Besides, it would do away with the inconvenience 
which is caused in the case of the ordinary plough by the clods of 
the earth being held between the beam and the share. ' 

The third drawback about the cutting edges might also be 
done away by this form; because it would be much more easy, if 
the suggestions already made are carried out, to have the cutting 

· edges protected by iron. If these are so protected they wear much 
better and the plough remains an efficient instrument for a much 
longer period. 

If this reasoning is correct, then a plough, made otherwise in 
the same manner as the present plough, but having a share with 
a flat base, with a ridged top sloping upward towards the beam, 
and shod with iron, will be a much more. satisfactory implement 
than that generally in use at present. On purely theoretical 
grounds it should be nearly twice as efficient,-and the present paper 
is an attempt to see how far this is realised in practice, and how far 
the increased work which it does is obtained by an increase in 
draught. If increased draught is great, the advantages may be too 
dearly bought: if, on the other hand, this is not the case, it may be 
a very considerable improvement. 

Meclzanics of the lndigenozes Plouf{h. 

_Let us see whether the suggested plough is such a one as is 
required. . . 

The forces that ~re to be overcome by the plough when. it 
moves through the so1l are:-

( 1) Friction between the surface of the plough and the 
surface of the furrow caused by pressure exerted by the weight 
of the plough. 

( 2) Friction between the same surfaces caused by pressure 
exerted by the weight of the soil. 

(3) Resistance offered by the soil to cutting. 

In the case of the suggested plough the first force acts 
between the bottom of the plough and the bottom of the furrow. 
These surfaces are horizontal ; the weight of the plough is a vertical 
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force and therefore acts at nght angles to these surfaces. If 
n represents the coefficient of friction the total force of friction to be 
overcome is mu (where w represents the weight of the plough). 

With the ordinary Deccan plough, if its weight is the same as 
the experimental plough, the normal pressure on each of the inclined 
sides of the plough-sides which are in contact with the sides of 
the furrow-is a component of half of the weight of the plough. 
The sum of the pressures exerted on the two surfaces will be the 
sum of these components, In the following figure 

'f}=f'ressvre onfhesio'e AB. 

!A 
. .Fiq./ 

P, and P; are these normaY pressures. Each of these normal 
pressures will be greater than ~ of half the weight of the plough as 
long as the angle at A is greater than 6o0

• This angle represented 
by A in the figure is generally more than 90°. The sum of these 
normal pressures therefo;e will be '7 w or greater according as the 
angle A is a right angle or greater than a right angle and the total 
force of friction will, under the same circumstance, be ·7 nw or greater. 
We thus see that this force of friction between the surface of the 
plough and the surface of the furrow caused by the weight of the 
plough is, in the suggested plough, less than twice the same in the 
usual plough though the suggested plough does twice the work 
done by the usual' plough. This force of friCtion is a large factor 
in the total force required to be exerted (cf. calculations given in 
Appendix I), 

As regards the second point, that is to say the friction due to 
the pressure of the soil lying over the plough, the weight of this soil 
is .very small as compared with the weight of the plough. Besides. 
the difference in the weight of the soil in the twci cases under consi­
deration is very small, but here also, if anything; the advantage is to 
th~ sugg~sted plough on account of its tendency to throw away the 
s01l along the slopes of its top as soon as the soil comes over it. 
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The third point ~aised, namely . t~at of the f?rce ~equired for 
cutting, may be cons1dered by exar:-mmg the way m wh1ch the ~wo · 
ploughs do their work. In the ordmary Deccan plough the cuttmg 
is done by the edge at the bottom and the two edges at the top. All 
the three edges have to do actual cutting work whe~ the plough is 
moving. The bottom one cuts m more compact SOli than the top 
ones. In the su£gested plou~h there are two cutting edges which 
separate the soil'from the adjoining ground while the third edge 
only breaks the clods opened by the two cutting edges at the · 
bottom. If we assume that both the ploughs work to the same 
depth the compactness of the soil met at that depth would be the 
same and therefore the suggested plough will have to do twice as 
much work with the two cutting edges at the bottom as the 
ordinary plough will have to do with only one cutting edge. But 

' the ordinary plough will be doing more work with its top edges than 
the suggested one will do with one top edge. Supposing that all the 
edges at the top of the ploughs (two at the top of the ordinary and 
one at the top of the suggested plough) do the same amount of 
work each, then the ordinary plough will be doing twice the work of 
the suggested plough with its top edges. 

If X be the amount of work done by one top edge, and Y the 
amount of work done by one bottom edge, the total work done by 
the two ploughs under discussion will be as follows :-

Ordinary Deccan plough - zX + Y 

Suggested plough - 2 Y + X 

The work done by a bottom edge is much more than that 
done by a top edge so far as cutting the soil is concerned (i. e., 
Y is greater than X). Hence the work done by the suggested plough 
1s muc~ gr~ater than th11t done by the ordinary plough, and at the 
same hme 1t becomes clear that the total cutting work done by all 
the edges of the suggested plough is less than twice the total 
cutting work done by all the edges of the ordinary plough. 

An.d yet, inasmuch ~s the furrow opened by the suggeste.d 
pl.ough IS r~c~ng~lar while that opened by the ordinary plough 1S 
tna~gular, It 1s. ev1dent that the furrow opened has twice the cross 
sechonal area m the former case. It becomes evident therefore, 
that though the suggested ptough opens twice the anzo;mt of soil 
opened ~y tire ordinary plough of the same dimensions and 
excavatzng to the same depth, yet the force required by the 
sugge~ted p!ouih is proportionately much less. 
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E:cperimental Verification with small models. 

To verify the results arrived at by this reasoning two models 
were constructed, one resembling the usual plough and the other 
resembling the suggested plough. Experiments were made with 
these ploughs in t~e laboratory in the following way. 

Ordinary black earth was put on the surface of an experi· 
mental table. The models under experiment were put in this soil and 
were pulled by a string which was kept horizontal and which passed 
over a pulley and c~rried at its other end a pan for carrying 
weights. Weights were put in this pan until the plough began to 
move and moved through the soil. This weight represents the 
force required to move the plough through the soil. Each of the 
model ploughs was made to move in this way twenty.five times 
and the following figures were obtained as a result of these' 
experiments :-

Ordinary Deccan p!oug/1. 

Weight of plough - 822 grammes. 

Depth of furrow - r·6 inches. 

Breadth of furrow - 3 inches. 

Pull in grammes - 1,2 r6 grammes. 

A f · 3 x r·6 · h rea o section-,~ - 2'4 square me es. 

Pull in grammes for every square inch of the section of the 
furrow opened = 1:.~ = 507 grammes nearly. 

Deccan plough with flat bottom (suggested model). 

Weight of the plough 

Depth of furrow 

Breadth of furrow 

- 778 grammes. 

- r·s inches .. 

- 2'75 inches. 

Pull in grammes - 1,416 grammes. 

Area of section= 2'75 X 1'5 = 4'125 square inches. 

Pull in grammes for every square inch of the section 0£ the 
furrow opened = ~ = 343 grammes nearly. 

• ~125 



This shows that the ordinary plough requires nearly I ·6 times 
the pull that the flat bottomed plough requires per square inch of 
soil moved. 

II 

j@f'u/1. 
(Orrlinttrily exerted 

.6J iJtllfock s) 

Fig. 2. 
Ale thotf of e:yeriment wifh .small model. 

These experiments therefore in a very large mea~ure corro­
borate the result of the reasoning given above. 

Points to be considered in tl1e construction of Full Size Model 
of the Suggested Plough. 

In consequence of these favourable results a plough of the 
same dimensions as that ordinarily in USC:! but of the form of the 
suggested plough referred. to before, was constructed for actual use 
in the fields. 

At the time of constructing this experimental plough the 
following points were paid attention to :- . 

(I) To mak.e the centre of gravity of the plough as far 
back from the pomt of the share as possible. 

(2) To make the direction or"the force as horizontal and 
as low as possible. 

(3) To give the plough sufficient pitch to make the 
plough enter the soil. 

(4) To make .it as smooth as possible .. 



7 

The first two of these considerations were insisted on, on account 
of the reasoning which follows 

Ordinary Deccan Plou<;li. 

In the attached diagram, which is· a horizontal plan of the 
share as it enters the soil-

R and R represent the reaction of the matNial of the earth 
tending to force the wedge out. 

F and F represent the friction against the sidt's of 
the plough. 

The resultant of R, R, F and F must all pass through 
the same point which lies in the plane of the centres of the 
triangular faces. 

. . F1 =friction along the top surface. This acts along the 
top surface and through the centre of that surface. 

All the forces to be overcome are horizontal forces. 
The weight of the plough tends to keep it balanced and 

contact with the ground. 

. . 
Ill 

( 1) If the line of draught is horizontal and passes through 
the point of application of the resultant of the forces to be 
overcome, all the applied force would be useful in working 
the plough. , 

(2) If the line of draught is inclined to the horizontal, 
only the horizontal component of this would be useful, the 
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vertical component having the effect of rqi.sing t~e plough from 
the ground. As long as the :moment of th1s vertical component· 
about the point of the share IS not greater th~n the moment 
of the weight of the plough about the same p~mt,. the plo~gh 
will not be lifted but as soon as it is greater 1t Will be raised 
from the ground. . 

(J) If the force is horizontal but is applied abov~ the pomt 
of application ·of the forces to be. overcome, .there Will be two 
equal unlike parallel forces actmg at a distance from one 
another. The result of this would be to cause the plough to 
revolve, i. e., the manifest effect will be to overturn the plough. 
Whether it would be overturned or not, would depend both on 
the weight and the position of the centre of gravity of the 
plough. It is therefore necessary that the moment of the 
couple should not be so much as to be in excess of what can 
be counterbalanced by the weight of the plough. 

(4) If the line of draught is inclined to the horizontal, and 
if the force acts at a point higher than the plane through 
which the resultant passes, then both ( 2) and (3) must 
be considered. 

In all these cases it is assumed that the surface along which the 
plough moves is perfectly horizontal. 

. The conclusions to be drawn from these results are that in 
designing a Deccan plough the following points should be noted :-

(I) The beam should, as far as possible, be horizontal. 

(2) The beam should be joined to the head at a point 
which ~hould be as low as possible. 

(3) The head of the plough should be made heavy. 

Construction and Testing rif Suggested Plough. 

The plough was then constructed in accordance with the 
principle~ laid ?own on pages I and 2, and also in accordance with 
~he consJde~atJons jus.t deal.t with, and the result was a plough 
Illustr~ted dJagrammatJcally 10 figures on the frontispiece marked 
Expenmental plough a and Experimental plough b and its difference 
from the ordmary plough can be seen from the figures mark;d 
D7c~an plough a and. Deccan plough b on the frontispiece. W1th 
this mstrument expenments were then carried on in the field. . 

For this purpose lines were marked with lime at equal distances. 
The dynamometers were placed on the chains connecting th¢ 
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plough with the yokes of the bullocks. In' Figs, 4 and 5, 
A and B are the yokes, C and D are the dynamometers placed 
along the ropes G A and F B. The ploughs in both cases were 
balanced and were worked with the same speed. The readings on 
the dynamometers were recorded when one of the dynamometers 
was on a lime-marked line and the work done by this pull was 
measured by opening the furrow at a point which was as many feet 
behind the lime-marked line as the dynamometer was in front of the 
point of the share. A sufficient number of readings were recorded 
and the dimensions of the furrow were measured. The actual pull 
required to be executed by bullocks was calculated as shown in 
Appendix III, and from these Tables 1 and 2 as well as Plates 1 to 
5 and the other calculations were arrived at. By adopting the same 
method of calculation for the pull on the chain pulled by the nearer 
rope a certain amount of the horizontal force borne by the beam is 
neglected. But, in order that this should not affect the cacula­
tions, all the conditions (lengths and heights), as far as comparison 
is considered, were kept exactly the same in every case. 

Metlzods of Comparing P/ouglls. 

From the results of the experiments recorded on the accom. 
panying Tables 1 and 2 these ploughs can be compared with one 
another. This comparison can be done in two different ways : 

( 1) By comparing their efficiency, i. e., by finding the 
ratio of the work done in opening the furrow, per square inch 
opened, to the force exerted by the bullocks which can be 
measured in pounds. 

(2) By comparing their adjustability, i. e., seeing whether 
pulls differing widely from one another are required for 
excavating the same depth of the soil and consequently the 
same area of the furrow in square inches, and also by seeing 
whether depths varying widely from one another are excavated 
with the same pull. 

Field Test( by tlze First Metlzod. 

For both of these we cannot take into consideration all the 
pulls recorded ; for some of the pulls which occur rarely are due 
to accidental causes, such as the stiffness of the soil and others. 
These·cannot be. included in comparing the two ploughs with one 
another. We cannot also go by the mode• alone, as in doing so we 

• .T.ho' Mod~ '.i~ tho pull w~tich,oc~urs most £requcntly. 
A zoa-2 
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shall have to neglect several pulls very close to the mode and 
which are too numerous to be neglected. For the sake of com­
parison we shall therefore take into considerat.ion the pulls included. 
in the rectangles on Tables Nos. I and 2, t. e., those pulls and 
those depths which are sufficiently numerous. 

For the comparison by the first method, i.e., for comparing 
the efficiency of the one with the other, we find out the area 
excavated by the plough with different pulls. 

In the suggested plough the pull of 6'5 cwts. occurs for 
21 times. The average depth excavated by this pull out of the 
depths that we are taking for comparison is 7'45 inches. The 
width of the plough is 9'25 inches, therefore the pull of 6·5 cwts. or 
728 lbs. excavates a furrow 69'94 square inches. The pull per 
square inch is 10'40 pounds. 

The pull of 7 cwts. occurs for 35 times ; the average depth 
excavated by this pull is 7'68. The area of the furrow is therefore 
7I'04 square inches and the pull is 7'84 lbs. ; therefore the pull per 
square inch is 11'03 lbs. Similarly for a pull of 7'5, 8, 8·5 and 
9 cwts. the pull per square inch of furrow opened is 11'98, tt'85, 
12·64, 13'62lbs., the pull in these cases occurring 92, 31, 38 and 
21 times, respectively. The average pull per square inch of furrow 
opened in the case of the experimental plough is therefore 

:::::: 11'93 lbs. per square inch. · 

·This differs from the pull per square inch judged by the mode 
only by ·os lb. Treating the case of the ordinary plough in the 
same way we get the following results :-

The pulls of 6, 6·5, 7, 7'5 and 8 cwts. occur 17, 55, 113, 
38, 19 times, respectively, and the average depth excavated by 
each IS 7'59, 8·o8, 8·q, 8·47 and 8·31 in the several cases. 
The area of furrow opened respectively in the case of the above 
pulls is 35'1 t, 37'37• 37'79, 39'18 and 38·44 square inches. The 
~verage pull required for opening one square inch of furrow is 
m each case 19'14, 19'48, 20'74, 21'43 and 23'34 respectively. 

The average of these averages gives the pull required on the 
part of the bullocks to open one square inch of the furrow and it is = 20'65 lbs. per square inch. 

This differs from the pull per square inch judged by the mode 
only by ·o9 lbs. 

Th~se result~ are extremely satisfactory. By actual tests 
made w1th a full s1zed plough constructed to my design after the 
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suggested pattern, the pull required to open one square inch of soil 
area was reduced by nearly half-from 2o·6 pounds to 1 1 '9 pounds. 
Judged by the first standard laid down, the suggested plough is 
thus a very great improvement indeed. 

FieZd Tests by the Second Method. 

On the second basis of comparison it will, however, be found 
that the experimental plough is not as easily adjustable as the 
ordinary plough. The calculations showing the standard deviation 
from the mean are as under,-in other words, the extent to which 
the plough was affecled by casual differences in soil, method 
of driving, etc. :-

Depth 
Experimental 
Ordinary 

7" 
·6o 

'49 

rs" 
('93)? 
'53 

8" 
·6o '57} ·so 

This shows that with additional accidental resistance the force 
required to pull the experimental plough varies in larger proportions 
than the Deccan plough. 

CIJnclusion. 
• 

On the whole it seems that the· experimental plough requires . 
much less force per square inch of furrow opened than the ordinary 
plough. It is found that it can be run straight, can be balanced 
and worked as easily as the other plough. The method of yoking, 
working and all other things, though not as perfect as in the case of 
foreign ploughs, are exactly like those things for the Deccan plouah 
and hence the cultivators require no training at all. Thus this 
plough is the ordinary plough, simply in an improved form which 
can be adapted without the least difficulty in any village. 
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TABLE I. 

ORDINARY DECCAN PLOUGH. 

NUMIIER OF TIMES VARIOUS PULLS OCCUR AT VARIOUS DEPTHS, 

Total Number of Tests-299· 

Pulls in cwts 
Depth in 
inches. ~~-·------,,....-,.--,.1 ---,--- Total. 

5 5'5 6 6 5 I 7 . 1'5 I 8 I s·s 9 10 

-.-.. -]-:- -, ~··· i --1 - ... - -:-1-=- -=--=-
5 

5'5 

6 

6·s 

7 

7'5 

8 

9 

9'5 

"' 
10'5 

Total ,. 

... ... ... ... ... ... ... . .. 
.... 

3 

8 

6 

5 

4 

• 

7 

II 

18 

6 

II 
I 
• 

13 

17 

35 

6 

13 

9 

8 

5 

• 

3 

1 

5 

.. 
.. 

... 
7 

4 

31 

4• 
88 

45 

48 

19 

n 
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TABLE II. 

EXPERIMENTAL PLOUGH. 

N!.!l\IBER OF Tll\IES VARIOUS PULLS OCCIJR ·AT VARIOUS DEPTHS 

1'otal Number of TestS'-JOJ. 

J.>ulls in cwts. 
Deptbs,io 

• b -~~~,---~--~----------.---~~-,---.-- ToW. 
"UlC es. n I I 
__ ~ _: ~ _:~/_1_ . 7'5 I 8 , 's·5 ~~ _:_ •o·5 u 

· .. 1'5 _ ... ' .... 
... 6 . , I , I. • 1 ; 

6'5 

4 3 

. 7'5 •• 1 .J, on 

. ... ... . .. 

..... .. . .. 
9'5 ... 

·~ ... 
10 

. •o·s: ~ ... ·~·· .. ; 

4 \ 

•• 

6 

• 
6 

3 

3 

': 

... ~ 

I - ... ~-... I~ ... ... ····I" ... 
I I I I ... J~ ........... . 
4 

4 

8 

14 

4 

.: 1·". 
8 I 5 

I 
3s 1 •o 

t6 

9 

8 

6 

I j 

2 2 ,,, I ... • .. 

2 2 l ••• ... • •• 

6 3 1 u• "' ••-

6 

3 

5 

'I 3 .•• 

I 3 . 3 I 

3 ' 4 ! I •u 

:if .... ~l··~ 

... : : ... !; ...... 

..• • .. i... 2 

... :· ... I , ., ·~·, ... I "',, 

: '\ 

6 

9 

27 

35 

39 

91 

51 

34 

s 
4 
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?u/1 in cwfs. . 
Frerf'IIIIKJ ol Y"'rious pulls w/fll 'f/1~ 'fwo Plot~jlt.s. 

&ff 7 il'lch.r rl4j0th. 

IJ4',Pfh 7 tiu.-fu. 
Blllck /ine.l' :- Orcliit.!!1''7 f'lolljh. 

/)offer/ lines:- £9erlm~nhr/ f'IOI!Jit. 
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APPENDIX I. 

It has been stated on pa~e 6 that the plough should be as smooth as 
possible. The reason for statmg this is that a very large proportion of the 
total force exerted by buUoeks is spent in overcoming the friction between 
the sides of the plough and the sides of the furrow. The proportion of this 
friction to the total force exerted was arrived at by a laboratory experiment 
with a small model. 

The following are the details of the experiment :-

The weight of the plough ••• = 536 grammes. 
The distance of the c{lntre of gravity of the 

plough from the end of the share ... = 2'37 inches. 
The weight of the soil standing over the . 

plough ... ;:: 176·6 grammes. 
Distance of the centre of gravity of the 

plough from the end of the share ... "" 3'2 5 inches. 

The sum of the moments tending to balance the plough 

536 ·x 2'37 + 176·6 x 3·25 = 1844'27. 

1.-Determe'ning the p~sition of the plane along 
whick the resistance acts. 

The pull is exerted along a horizontal string attached to the beam which 
is also kept horizontal. In this case it was found that the plough, instead 
of being moved through the soil, was raised up from behind when a force of 
726 grammes was applied at the end of the string. 

At this moment the overturning moment due to the force must be equal 
to the bal~ncing mome~t. If in the following figure P represents the pull, 
R the resistance (R bemg equal to P) and X the arm of the couple tending 
to overturn the plough, P x X will be the overturning moment • 

. ................ , 
X 



As p = 720 the overturning mom.ent IS 726 x X. This i_s equal to 
1844'27 the balancing moment. The ~rm of the c~uple therefo~e rs eq?al to 
2"54 inches, z: e., the plane along. whtch the res· stance acts IS 2".5.4 mches 
below,the point at which the beam IS fixed to the held of the plough. 

. . II . ...:.. Determining. the fqtat resiltance . . 

' . The pull is exert~d ~ong a. hori~o~tal string attached to .a nail dri_ven in. 
the plough so that the strmg should he m the plane along whtch the resistance 
acts. In this case it was found that the plough wa.s perfeCtly balanced and 
moved in the soil when the tension_ on the string was . r ,6r6 grammes. The 
depth of the furrow in this case is r·6o inches: The tension on the string 
represents the total rtisistance offered'to the· movement of the plough. The 
total resistance for evel)' inch'of depth excavated is therefore r,oro grammes. 

If 1.-Det;rmini'ng the resistance due. to friction. 

-The pull .is exerted as in I, alo~g:a. horizontal string attached to a hori. 
zontal beam which is 2'54ini:Qes-above the plane along which the resistance 
acts. lq this case_ it was Jqund as in I that the plough was overturned before 
it began to move. This was clearly due to the fact that the overturning 
moment was greater than the balancing moment. It was therefore necessary 
to increase the balancing moment and make it equal to or a little greater than 
the overturning moment in order that the plough may be perfectly balanced 
and move in the soil. This was effected by putting a weight_on the head of 
the plough. The· distance of. the head of the plough from the end of the share 
was 8 inches. The balancing moment was increased liy eight till)eS the weight 
put on ~he head olthe plough. _ · . . . . . • . 

. . A number of experim~nts was made to determine the exact wei~ht which, 
when placed on the head of the plough, would balance it while moving m the soil, 
As a result of these experiments it was found that · when a weiglit of soo 
grammes was placed over the head of the plough, it was moved through the 
soil and was perfectly balanced. The t;nsion on the string was.2,41 r grammes 
and the depth of the furrow was 2 mches. It has been found in II that 
the total. resistance fa; .evel)' inch of· depth excavated is r,oio grammes .. 
The pulltn the above mstance where the depth of the furrow is 2 inches 
should haye been 2,020 instead of 2,416. This shows an increase of 396 
grammes m the total resistance. This represents the frictional resistance 
caused by the extra press?re of 500 grammes. This shows that for evel)' 
1 oo grammes of the we1gllt of the plough the frictional resistance is 79·2 
grammes, 

. In this cas~ the~~ weight of the plough is r,o36 grammes and the 
wetght of the sot! w.hich Increases with the depth of the furrow is 220 grammes. 
The total. pressure ts 1,256 grammes. The frictional resistance due to this 
pressure IS 994'75 grammes . 

. *The total frictional resis!f1nce is therefore 41'17 per cent. of the total 
re~tstance to be o~ercome. It IS therefore absolutely necessary to diminish 
thts as far as posstble by making the surfaces of the plough vel)' smooth. 

*It should be noted that the 'I tak f h' · · force had to be exerted t SOl en or t IS expenment was loose sod and therefore less 
friction is therefore a !itt!~ ;;::~e the cohesion of the soil, The percentage of the force of 
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APPENDIX II. 

On pages 7 and 8 four different methods of exerting the pull for drawing 
the plough are given with their respective advantages and disadvantages. Of 
these the fourth is the one which always occurs in practice, and therefore is 
important enough to demand an experimental verification with a small model 
An experiment was therefore made, of which the following are the details :-

Weight of the plough = 686 grammes. 
Distance of the centre of gravity of the 

plough from the end of the share . .. = 4'2 5 inches. 
Weight of the soil over the plough ... = 277'86 grammes. 
Distance of the centre of gravity of the soil 

from the point of the share .•• = 4·83 inches . 

. The sum of the moments tending to balance the plough 
= 686 x 4·2s + 27r86 x 4·83 = 4258·56. 

/.-Determining the pos:tion of the plane along wM&h 
the resistance acts. 

This was arrived at as explained in Appendix I, step I. In the case of this 
plough this plane is situated at a distance of ith inch above the bottom of the 
plough and I' 5 inches below the point at which the beam is fixed to the head 
of the plough. 

11.-Determining the total resistance. 

This was obtained as explained in Appendix I, step II. In the case 
under consideration the total resistance was 1,488 grammes when the depth of 
the furrow was 2 inches and its breadth at top is 3' 5 inches. The sectional 
area of the furrow opened is 3' 5 square inches and therefore the resistance per 
square inch of furrow opened is ~25'14 grammes. In this case the re~istance 
being equal to the pull, the pull IS also 425'I4 grammes per square mch of 
furrow opened. 

I !I.-Effect of applying the jol'ce as explained :'n method (4), page 8. 

The pull was exerted along a $Iring fixed to a beam which slopes upwards. 
· The inclination of the beam to the horizontal was gradually increased until 
the maximum inclination, at which the plough could be balanced and worked, 
was obtained. This inclination or slope was 2 inches in 12'5 inches. The· 
vertical component of the pull is ,:

5 
or ·16 of the total pull. Under these 

circumstances the plough could be worked with a pull of I,639 grammes 
along the string. The depth of the furrow was I i inches and its breadth 
at top was 3'5 inches. The sectional area of the furrow was 3·28 square 
inches. The horizontal component of the pull which only is useful in working 
the plough is 1,367 grammes or 416·77 grammes per square inch of furrow 
opened. This is almost the same as the pull required for doing the same work 
when the pull was exerted along the plane along which the resistance acts . 

• 
"'102-:J 
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In this case the overturning moment is 
27~ X 7'~5 + I367 X 1'5= 4022'5 

~~ ihe b;llanci~g moment is 4082'52. Both these are almos~ equal to one· 
another,. · . . · · 

· It was further found that when the inclination of the beam . was made 
steeper than this the plough could 11ot be balanced ~nd worked.· · 

· The. statein~nt made in .method (4),. page 8, is thus clearly proved by this 
laboratory experiment. · · 
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APPENDIX Ill. 

This is intended to illustrate the way in which the actual pull exerted by 
the bullocks is determined from the recorded readings of the dynamometer. 

In Fig. 5, page 8, A and B represent the yokes. GA and FB represent 
the chains along which the dynamometers are placed. The positions of the 
dynamometers are also shown in the figure. 
· The heights of F, B, G and A were measured from the ground and the 
lengths of GA and FB were also measured. lJ 

~~~ 

' _ . .!.. ,.--------1:1 .. ------
l"~J ,C 

Fi.f· 7 
In the above figure FF' and BB' represent the heights ofF and B above 

ground. 
BC = BB' -FF' and FB was actually measured. 

Therefore the angle BFC of the right angled triangle BCF could be 
<letermined. The angle BFC = the angle DBE. BE represents the direction 
in which the pull is exerted by the bullo~s. We want to find the relation 
between BD and BE, i.e., between the tension on the chain which was given 
by the reading on the dynamometer and the actual pull exerted by the 
bullocks. · 

C BD BD 
os D BE = BE Therefore BE = Cos DBE · 

The actual pull exerted by the bullocks is equal to the reading on the 
dyn.amometer divided by the cosine of the angle made by the chain with the 
honzontal. 

The same method is adopted in calculating the pull due to the tension 
on the chain GA. 
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