
CHAPTER - VI 

TEOHEICAI CHANGE.

In the earlier chapters, we have discussed Output, 
labour and Capital — the three variables with which our 

analysis is intimately connected. This chapter attempts in 
establishing relationships between capital and labour on the 

input side and the resulting production on the output side.

She purpose of this chapter is to analyse technical change 

in the context of growth and productivity over a span fif 21 

years.

Meaning of Technical Change?

5«2 Technological change or technical change — the 

advancement in ^knowledge relative to the industrial arts — 

is an important, perhaps the most important factor responsible 

for economic growth. Technology is society’s pool of Jcnow- 

ledge regarding the industrial arts. It encompasses knowledge 

used by industry pertaining to the principles of physical 

and social phenomena, application of these principles to 
production and conducting the day-to-day operations. Thus 

technical change is the advance of technology taking the 
form of new methods of producing the existing products, new 

designs, new techniques of organisation* marketing and management 
Solow defines technical change as "a short-hand expression for 

any kind of shift in the production function. Thus slowdowns, 
speed-ups, improvement in the education of labour force and

1. E.Manafield, The Economies of Technological Change,W.W. Horton *.Uo.7..lew 'York',’"#!; W?-----------
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all sorts of things will appear as technical change.1,2 In 

a broad sense,' technical change is represented not merely 

by changes in the characteristics of capital but also includes 

increases in productivity due to better skills developed by 
labour on account of training and education an! also improve­

ments in managerial efficiency, external economies, etc.

6.3 Since a nation* s economic growth depends heavily

on the rate of technological change, the post-war period had 

witnessed growing awareness and intense interest in the study 

of technical change, we shall presently discuss the motivation 

for technical change.

Cause of technical Changei

6.4 It is possible to.establish a causal sequence where
, *due to entrepreneurial decisions, IC/L (capital per unit of 

labour) changes, giving rise to changes in O/i (output per 
unit of labour). %t the problem is* why do entrepreneurs 
change K/I» (factor proportions)? In a developed economy, 

when capital grows faster than labour, capital-intensive 
techniques come into effect to avoid recession and unemployment. 
Alternatively severe competition may force entrepreneurs to 

adopt new techniques of production to keepmp with their rivals* 
In developing countries it is very likely that rising levels 

of current input prices, sometimes as a sequence of trade union 
activities, might induce technical change. It Is also possible

2. R.M.solow, *fechnical Change and Aggregate Production 
Function*, Review of Economics & statistics. Vol.39,1957.
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labia 6.1 .

.• INDICES OP WAGES, 1ABOUR PRODUCTIVITY, OUTPUT . AHD INPUT PRICES 
. • : o ./ , ' (Base 1951—52 = 100) ;

Years • Money Real ..Wage-’’ labour Machl- Pares Preight 'Inter**' 
/Wages Goat ' • Produot- nery - • ' Industry
' v ■ “ t ivity Transport ' Purohasef

•• Equipment 11 _
‘: " ' • prices

1 ' 2. 3 '4 - 5 6

1951-52., 100,0 - 700,0 100*0 100.0 100*0 100*0 100/0 {.
»S3 •' 103,3 -98,0' 100,8 172,6 96,6 110,%- 10?,2 /
— 54 106,7 1Q2.2 • ■ •’ 90,? 710.4 . 95,4 111J

Tos.f;«5S -108,1 104.7 -.-110.5 . ' 109,0 94,9 1U9.B 105.4; »S6 , 108,6; 103.9 ‘ 1D0.0 - 109.7 9®s3 1flS.fi to5..9
, fcB? ; 109,i^ ’ 103,2 ' 110.6 111,4 98*3 711.8 717*4’’ '—68 114,5:• W 107,2 =" 173,0 714,5 98,3 112.7 123,8— 59 117.1 , 1 701,1 . • 115,0 177,0 . 9?, 7 113.7 131, .3i , .“-60 110,4. 108*9 ’121,7 119.9 97*7 ■ 115.8 133*1’-; • -61 129*0 114.7 . 128,3 ' 125,0 97,7 120,2 139*2

*52 1 131.9 172/4 131,0 128.9 105,7 ■ 123 o6 135.6 ;;' *>63 • • 139.2 '' '712.7 134.2 132.8 114.9 128,0 140.9 j
** 140.7 .108.2 ‘135.5 . 139.9 119.4 135,4 152,?.'!

; . .m>6b . 150*8- / .17 73,2 ;; 132,1 • 144.1 120,0. 1139*5.' ■158. B ' l
, '“r **6§ 

j,
164,5' 119.2 : - 13?. 2/',, • 153,0 130*3 ; 141.9. 165*3.

- **€>? '177,4 125*3 ■ . '136.B' . 168*7 ' 128,6' . I
175,8 ■' - S 0 192,1 132*1 140*8 174. S 134,9 , ■150.6 192*7 ..-69 , 205.7 135.-7 • ■147.8 ■ 177.S • 141*7 , 157*8' >203 ,4 ''[218*4' 142,0 1 , 149.3'" . 184.5 140 *'6' ‘ ,160,8 202,4/i

■ 236,5 ; l 147,2 '• 148*3' , 200,0 r'142;9 ■166,6 ■ ■211 .'3' ir > «?21 "250.3 v 152,2. ' 151.6; 214.9 ' V145*7 174.2^ 222 4 0, :

Sources? (15. Cols.1,2 and 3 "are from Table 3i$»v' "• ./,/
’».• : . (21, Cel .4 is from-Table '8,3* • • - •' -V;'/

. / ■- (3)e Csls»SSf6 and 7 arc from Table 2*^*6/' : l'!/ ,r_
t (■ e * * -'' ■ vj ‘ •
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that as a sequel to demand pressures generated from other 
sectors In the economy, the transport sector will he forced 
to Introduce technical change.

6.5 Now let us examine what couia have been the probable
reason .for technical change in the Indian Railways, fable 6,1
is suggestive. By 1972, money wage index rose to 250 points
(base 1951) and interindustry price index to 222. fhe Railways
have two options before them, fhey either shift the burden to
the consumer or raise labour productivity through technical
change. Alternatively they can partially shift and have
recourse to technical change, fable 3.7 and paras 3.24 and
3.25 clearly demonstrate how the Railways had to bear a large
part of money wage burden during the time span 1951-61 and
still, more than compensate the burden through technical 

3change. Prom 1961-72 shifts of the burden to the consumer 
are relatively higher and once again technical change was able 
to make-up for the remaining burden, fo sum up, technical 
change to a certain extent appears to have taken place on account 
of the pricing policy of the Railways, fhe Railways were chary 
of increasing fares and freights - see 3.22. Not oven one-half

. ‘ i

of the burden was ever shifted to the consumer.
6.6 But the entire causation cannot be placed on wage burdens 
alone. Probably the demand pressures due to development activities

3. Strictly we should take a measure to reflect wages as well 
as interindustry purchases burdens. Since productivity is 
with reference to value added, we have desisted from using a combined measure, “owever interindustry purchases price 
index (222) is not so far removed from wage index (250) to 
vitiate the remits.

148 .
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in the maoro-setting have also exercised their influence* 

She following table is illustrative*

Sable 2.10 (repeated)

CrROWSH 0? SHE RAILWAYS- VIS-A-VIS H®M E00KOM5T 
(1950-51 to 1971-72).

Annual Rate of Growth ($) of -

Passenger
service*

Popula­
tion.

Freight Agricui- Indus- 
Service, tural trial

- Produc- Produc­
tion* tlon.

Pass­
enger
and
Freight
Services,

Real
Rational
income

p

3; 9 2.1 3.5' ' 3.1 6.6 4*6 3.6

6*7 It is obvious,from the table that while industrial 
production was increasing at an annual rate of 6.6;4, agricul­

tural production was increasing, at 3*1$. 2?hsse increases must 

have put pressures on the Railways to increase their services. 

Since track expansion 13 relatively more costly, and the same 

track could carry larger loads with technical improvements, 

technical change became inevitable*

We* therefore, conclude that the cause of technical 

change was partly due to the rising input prices and partly 

due to the pressures put on the Railways oh account of overall 

increases In national output*;

A study of the relationship between capital-intensity 

and labour-productivity will reflect the cost of capital
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Intensity to achieve higher productivity* &et as therefore 

study the nature of teohnioal change i*e* the functional 
relationship between K/& (oapltal intensity) and 0/£ (labour 
productivity).

&o»-a a*- geohn teal Jf hangaa

6.3 2hree types of technical Chongs are usually visualised, 
vis* neutral, capital-saving and capital-using. Generally, 
it is believed, that in developed economics the technical change 
is neutral* Shis is the result of empirical research of Phelps 
%own, Simon %anets and others** In many theoretical models 

like that of Kaldor, %s* Joan Robinson and others, neutral 

teohnioal change is assumod* Holder through his technical 
production function proved that neutral technical change was 
a dependent variable, and not merely an erogenous factor. 
Modigliani for a different reason concludes that 0/fC is constant.*

If 0/it and K/& are increasing at the same rate,
Obviously o/i divided by K/£ must be constant. Shis means
that 0/t ratio should be constant* In graphical terms, under

neutral teohnioal change the shift in production function is
such that all the techniques would be on the same radius
vector* If the shift is to the right of the radius vector,
it is capital using and to the left it is capital-saving. Neutral
teohnioal change Is nothing but unit elasticity of substitution 
between labour and oapltal*

' --. . - r. . . r-j. . . . -. . . . --■*■. . . . . . . . . . . . . . . . .  -_ _ _ _ _ _ _ X

4* See Kaldor, Assays on Economic Growth and Stability.
Gerald Duckworth, i960. ... 1 ~...".. .""...............

5. P* A* Samuel son, Economies. MeGrafa-Mll, Kogakushan, Hew 
Delhi, 1975, p.Bs.
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6,9 2!be following diagram illustrates the different types
/' f

Measurement of feohnical Changes

6.10 According to strict theoretical considerations,, it is

extremely difficult to measure technical change and the
methodology is still being discussed. However, conventionally
the residual effect on increases in output is attributed to

technical change. It is argued that partial productivities of
labour and capital are responsible for a certain level of output;

Anything that is not explained by these partial productivities
is assigned to shifts in production function (technical change).

¥e have the 'Cobb-Douglas and Robinsonian production functions
(apart from several variants) based upon neo-neoclassicaL school
and the poet-Keynesian schools respectively.' Asit Banar^ee6 7 

7B.H.Pholaltia and several others have used Solcw’s methodology 

based on neo-neoelassical school. Solow concluded that of the 
total growth of productivity per man hour in the USA during

6. A.Banerjee, ’Productivity Growth and Factor Substitution in
Indian Manufacturing*. Indian Economic Review. Vol.6 (Mew Series). 
Ho. 1, April, 1971. ----------------- ------

7. B.H.Bholakia, .Sources of Economic Growth in India. Good
Companions, Barod'a,' ‘1974,.pp..S4I -246. ''.......
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1909-49* one-eighth was attributed to capital* per man hour*

the remaintag seven-eights (residual) was attributed to shifts
nla production function. If this were to be true the most 

Important factor responsible for growth Is the technical 

change;

Q
On the other hand Jorgenson and GrUlches commenting 

10on Denison* s work remark that there is no residual to explain 

after corrections for aggregation and utilisation ratios*

6.11 Since there is ho accepted methodology for measurement*

we have followed Solow* s method which has been followed by many

researchers. However* we have put forward an alternative

method* based upon Joan Robinson’s and Kaldor’s earlier

theoretical works* though they now repudiate the very concept
11of production function and incline towards macro-economic 

theory based on income distribution.

6.12 We shall now present measurement of technical change
' / 12

adopted by Hashim and Dadl based upon Solow* s analysis* They
start with an Identity: g * X + .<11 +

*Where g Is rate of growth of output, X rate of shift in

8. R.II. Solow, on. oit.
9. B.W,Jorgensonand z.Gr filches, ‘The Explanation of Productivity 

Change** Review of Economic Studies. ?ol.34, 1967.
10. E.P.Benison.' The Sources of^ jooncmiC Growth in the United states

anl the Alternatives before us. doimittee for loonomic 'develop­
ment* new.York* '"1962.................. 1

11 • P. A.Samuelson. op.clt.. 1973. p.758.
12. S.R. Hashim and fOO^adi* Capital-output Relations In Indian 

Manufacturing. M. s.University of -Baroda* '^aroda, 1973.



15-3

3! a bln 6„ JJ

if® lass as o/l# ■y/r A / .u AND 0/K RATIOS.

YEARS
o/l

Id
l/l

(2)

0/1

(3)

1951-52 100.0 1 Q0o0 100.0

-56 108.0 99.1 109*5

-61 .123.3 103.5 124*0

-66 137.5' 114.7 '119.9

-72 151.6 125.3 ;120.9

/
Trend rates 
of growth 
1351-72.

o0 023 0.011 /

/

/

Tables 3.4 and' 5.4<>Source



15 $
tables fu3

HAT1 Of ISCKSIGAL PROGRESS.,

A ( 'j«-»_ . -X \ h s < A (t)

TSARS
kit)

(I) //■fc \
^ & /

951-52 to
1955 -56. 0,084 , 1*0 oO-

1965“66 to
1960-51. 0,1 71 1 , 08S;

1 9 60-61 to
1 965"6 6. - 0.02? •S '> ,?'1 *' , a i >y

1965-66 to
1 971 -72. 0,070 1 ,50a

Soux’oe : 0 ora pul; eel from Tabl 6u 2
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production function or rate of technical change over time,
<X 1 is rate c£ growth in output due to growth in employment

and P jg is that aue to growth of capital. From the time series

data, gil.k can be directly estimated. have to be
, functionestimated from a production/as given below

G e f (li, &,t) where t is the trend variable representing 

a shift in the production function. Assuming constant returns, 

to scale, the function in the Cobb-Douglas form can be written 

ass

g . AS^ <K/U>

Hence log | . log A tt> *ft log (k/l).

fhe Incrementals can be expressed as

a log G
li « a log A(t) +/3Aiog (I/l)

or approximately
a(g/l)

(g/t»)

Where is the share of surplus in income.

6.13 .fable 6.3 (derived from 6*2 table) reveals that over a 

period of 21 years, the contribution of technical change is 
about 30$* Pereas the contribution of other factors is 70$. 
Actual contribution of technical change should be higher than 

30$ since the output figures are net of depreciation to a certain 
extent - see para 2,10. fable 6.2 reveals that 0/L has risen 
faster than X/L. fhus a capital-saving technical change has
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talcen place in the Hallways* The contribution of technical 
change is not remarkable though not insignificant* During 
the 1955-61 period, the rate of technical change was very 
small, only 8$. The largest contribution (20$) is during 
1960-68. The results are not in consonance with solow*s 
conclusions with resect to the American Economy where 9C$
of the growth of productivity is attributed to technical change*.

\

Vte should remember that Solow*s data referred to the American 
Economy and he had not precisely adjusted for capacity utili* 
sation* But we have adjusted our figures for under-utilisation 
vide Table 5*4* Had we not done so, probably we would have 
had more impressive contribution of technical change. Hashim

15 ,and Dadi in their worlc ' conclude that about one half of the 
growth in output in manufacturing industries in India is 
attributable to factors other than labour and capital namely 
technical progress* Compared to Solow* s figures, the conolusions 
of Hashim and Dadi are not depressing. One of the reasons could 
be that these two researchers hare probably not used Imputed 
labour* 1

u-

£et us turn our attention to alternative measurement based 
upon Robinsonian production function.
Alternative Method 8-
6.14 • The diagram shown below gives a graphical idea of the 
Sind of production function we have in mind* It is not identical 
with Robinsonian production function since her S/fc is the real

13. S.R.Hashlm & M.M.Dadl, oo.cit. p.SOi
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capital ratio. However capital intensity reflects the real 

capital ratio*

Let capital intensity (x/Lw) he marked on X-axis and 

G/lw on Y-axis. Let £ be the initial technique and Q represent 

the later technique. Let 8 andA be tfee angles which P and Q 

make with X-axis at origin 0. Let PR be parallel to X-axis.
3!he distance PQ « v/^V+_QI? # 2his can be easily measured

by finding out a k/l and A 0/L, But we have not only to measure
■ /

the distance PQ (shift in the technique) but also the shift in

the angular movement of OP to Qq,

How San e « M
W

Sand;

Tand 
Tan 6

iH

§♦ m■r

on onm
m . OH

t m
m Coefficient of growth of 0/L f 

Coefficient of growth of 2/L.
Thus when Q lies on OP, then Tan 8 « Tan <L .

Sand-
Tan

Unity, which is defined as neutral technical change.



When q Ilea to the right, as In the a Ingram fanA Is less than

unity which represents capital using technical change* when the 
ratio is more than one It represents capital saying technical 

change*

6*15 It may be noted that fan 4 and 2am 8 represent respective 
output capital ratios* fhe proportion of later output capital 
ratio to the initial ratio can be used as ■weights to the shift 
(2q in the diagram) to measure the change in technique* $hus 
the correct measure of shift (S) would be*

fo/K)# $ (O/K) where

(0/K) and (O/K)* are the initial and later output-capital ratios*

We may ada that economic intereet lies in the space above 
OPR. Any point below this line Is an inferior technique*

Once S is Known s/OP in the diagram gives the annual rate 

of technical change, given the time period for technique q to come 
into operation* In the alternative methodology, oapital end output 
are measured in relative prices - see para 5*36* In the same 
manner output oan be measured* It should also be noted that the 
ratios are not k/l and O/l but X/j&w sad °/l>w i.e. capital ana

output are divided by current wage bill* m have presented only 
the methodology but have desisted from making computations since 
the relative prices in our data do not reflect the true position 
in view of the pricing politer of the Railways - vide para 3*22*
We shall now discuss description of technical change in the Railways*

158
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Description of Technical Change;

6,16 In any transport enterprise, the trend of technical 

change is generally in three directions —* bigger vehicles, 
higher speeds and better use of rolling stock* How let us 
examine the behaviour pattern of the Mian Railways oyer the 
span of two decades* the following schematic diagram illustrates 

inter-relationships of variables* ^

A) Diesel Electric Engines.
(a. ) Bigger vehicles 
(ag) Barger trains* 
(a^) Higher speeds

^ Sturdy 
—7 trade.

B) Multiple"®rack, 
Innovations in 
Signalling and 
Tele -o omimmioa- 
tion.

. (a^) Increased frequency,

y- '
<bx) Higher speeds.

HoteS Other manifestations of technical change like improvements 
of marshalling yards have not been discussed.

These are consequential changes that come into operation* 
once the independent variables (A) and (B) come into effect.

Diesellsation and Electrificationi

6*17 The use of more spacious wagons and the operation of 
longer trains* discussed in para 6*18 below* has been possible 
due to electrification and diesellsation* It is a well-known fact 

when steam is used as motive power, the space and weight occupied 
by the engine are relatively high* Given the strength of the track 
steam operation has a serious constraint due to the weight of the 
engine, cost considerations apart* Thus electrification and 
diesellsatIon is the most important technical change which we have
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Sable 6*4

goods train ms. wagons and a®c sonisb kms.

(Millions)'

Good 8 
Train 
KMp.

Wagons 
\4 wheel

Net
,ets) Tonne 

Ms.

Index
■ mim i— nrmix ih<i ng mm0oi«i

numbers

fi ,-i*? O \J U.4,

OX

Qol,5

(1) (2) (3) (4) (5) (6)

111 o 5 0.0206 44117 100,00 100„00 100.00

133.0 0o0235 53576 119.2 114,3 i55,00

1619 2 0.030,1 87680 144® 5 146 * 2 19S.7

1 92 „ 5 0,0395 116936 172.6: "i 92 * 2 265 * 1

20 6 o 5 0.0442 133265 135*1/ 215.1 3 02 o 1

’ £*>3 ian Railways 1971 -72 D Ministry of Railways, 
Government of India,, p,24«

2, Supplements.



161

noticed In the analysis. She most influential factor responsible
/ , ■ 1 *

for higher labour productivity is the change over from one kind 
of traotion to another.. In 1950-51, only 2$ of the track was 

under diesel and electric traction and by 1972 it was 56$ — 

see para 1.25. Sill 1960-61, the combined share of diesel and 

electric traotion was only about 0$ of the total train Ma operated 
and by 1971*7? its share increased to about 40$.^ Ever since, 

the oil crisis, there have been regrets in different quarters
' <, j

whether,the Railways did the correct thing to introduce this kind

of technical change. In fact, in the background, there is a big

controversy between the Railway Board and the Hanning Commission
15of India on the use of diesel-electric traction.

If it were not for the somewhat bright picture of oil 
prospects at Bombay high in recent months, further dieselisation 

would have to necessarily progress in a tardy manner.

Size of wagons:

6.18 Here we find two types of changes, vis. trains are 

bigger and each wagon is also bigger in size. Table 6.4 

illustrates the point, Col.5 divided by eol*4 for 1971*72
1 t * / *

(215/185) gives us a rough Idea of the growth in the size of the 

goods train which works out to 1.2, i.e. the average size of 

the goods train in 1971-72 was 20$ bigger than in 1950-51. The 
increase in wagon size is arrived at by dividing col.6/ col.5 
(302/215) which works out to 1.4. This means wagon capacity 

has increased by 40$ aad each train contains 20$ more wagons.
14. A Review of Performance of the Indian government Railways. 1973

Ministry of Railways, Seili; p.45. “................... —
15. See, The Economic and Political weekly. Sep. 1, 1973, PP 1590-91.
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6,5

AVERAGE TRACTIVE 25PFORT Of SKGIHBS OF ALL TRACTION.

(Kgs.)

/
.r»T* i fc mifjiyj —.n*+ ti. if >i i-j1 ta-- stt+r*

* ■q n.
15 e‘J7& M.C. Sja&os of Index of

YEARS. Colal Col,2,

■ ' (1) (2) \
\->; (4)

195u~51 12 SCI 7497 100,0 100*0

“,0 S 15672 ' 7341 ■ 106,8 : 1 04 o a

} 14755 ' 82 Cl 115.0 / 109,4

-66 15906 9110 /
t £ 4 * > ; 121 f, 3

“72 17463 9686 » vvoy 129*2

Source; Indian Railways,., 1971 ”7^* s 
Government of India 5 p„27\

i-inlot27 of Railway a*



163

1 c- g; 7 p;. i~ a J 26.0 15*9 H.G
\ )’t ^ y ,* (25.7) (14.5) (12.7)

31.0 25.5 16.1 14-2
(31.7) (24.8) (14.6) (12.7)

“io 32.2 26.8 1 6.8 14.4
(31 .2) (26.1) (14.9) (13.2)

70 32.3 27.8 18, 6 16.3
(3108) (27.3) (1609) (14.3)

-•-roe: Supplement a ,
Spaec ta calculated by dividing the Dotal Train 
i-lis (excluding Departmental) by Total Drain 
I,egtne Hours \excluding Departmental) Figures 
in oarenthesea represent speed of all trains i.e. 
ixc'_ ao ing departmental trains.

Table 6*6

SPEEDS OP TEA IKS 

(Average of all Tract Ions5

(KM HI)

assofig',r Trains

2.0. M.O.

Goods Trains

B.t M.O.

C
M

v-n
• *C

T\
~"

4
4. 

•
O

-l*

ro
ro

s.n
 \j

n
» eH
 >1
 **

jZ
ro

 ro
 

ro
vo
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Thus each train in 1972 was carrying 80$ more load than It used 
to carry in 1952.

6.19 Obviously, this is reflected in more powerful engines 
being used for tractive effort. Table 6.5 gives a rough Idea of

V j, ■■ ’ ‘

the increase in the tractive effort per engine. It is evident 
from the table that the tractive effort of B.G. engines is up by 
3©5 while that of M.G. engines by about 30$ during the two decades 
period, Though the tractive effort has increased by 30-35$ yet 
each train is carrying 80$ more of net weight. This has been 
possible because net weight increases faster than the tare weight
as wagons become bigger.

■ . \

A good description of the technical change effected 
in the railways is neatly expressed in the following sentencet-

"202$ more let tonne KMs of freight traffic were moved 
with, an increase of only 119$ in the number of wagons owned (in terms of 4-wheelers), 77$ In the number of 
locomotives (in terms of tractive units) and 30$ In 
track KMs." 16

Speed of trains t

6.20 Table 6.6 is illustrative* The results are not very 
impressive. With slight variations, the speed of trains has

*almost remained constant. Thus, among the two factors bigger 
vehicles and higher speeds — the Hallways have not been able to 
significantly improve the speed factor though there is some increase 
in the speed of trunk route and express, trains which is not impressively

mirrored in averages.

16* Indian Railways 1971 -72. Government of India, Ministry of Railways. 
l)eIhi, p.2&.
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Table Go 1 • ,

SI»&IBp DOUBLE A M0LTIH.il AKD RUMING TRACK’

(OOs SMa)

Route Kilometres
Running Index of

io are
Single

Double
and
Multiple.

Total
Trade. ' Col.4

-»‘ \JL/ (2) (3) (4) (5)

£ “ -- - > 485 
(90.4)

513, ' • 
(9.6)

i 537
(100)

594
i'1000, .

0 498
(88.?)

520
(11.3)

‘ 550 
(100)

609 1025

-61 495
(88.0)

673
(12.0)

563
(100)

636 1071

™Sb • , 491
. (84.0)

' 935 
,(16.0)

' 584 
■ (100)

684 . . •
1 , „ ',

'/: 1151 ■

-72 ' 485
• (80c 7)

i 1 6 ■
■(19‘*3)

' 601 
. (100)

732 1232 /

.Uo'cs: (1) Figures in parentheses, represent percentages,/ :

(2) Totals of cols# ,1 and 2 always do notadd up / 
to col.3 due to rounding off*;'.;.',;, /;;.„>,'V •'
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Track and Telecommunications

6.21 In Railways, the improvements in track acfl signalling 
equipment play a vital role in raising productivity. Multiple 
traok which was about 10$ , of the total route Kilometrage in 
1951*52 increased to about 20$ by 1971*72 vide Table 6*7. This 
is not very impressive. To our mind, relatively speaking, 
diesellsation and electrification are far more important 1̂

6.22 As a result of expansion of diesel and electric 
traction, changes have been effected in the track. Heavier 
rails are being used, the rails are welded upto one Kilometre 
length on important trunk routes, concrete and steel sleepers 
are laid with double elastic fastenings. These are all changes 
that get reflected in productivity by increasing speed and 
frequency, but we would consider these technical changes at 
secondary and as consequential changes to diesel-electrification. 
let us now’ discuss technical changes effected in signalling
and telecommunication. Inter-locking of stations, multiple 

• aspect upper quadrant signals, expansion of microwave system, 
centralised traffic control, etc. are all changes that have 
taken place in this area. These should properly get reflected in 
the speeds of trains. However, we do not find aiy significant 
change in average speed of trains, vide para 6.20.'

6.23 Technical changes mentioned above should normally be
\

reflected not only in the speed of trains but frequency as well.
*

Superficially, it might appear that the causation for increased 
frequency is higher speeds. This might not be so. Between two
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Sable 6* 8

JPOWOK o? TRAIN KILOMETRES:

(Mill ions per annum)

"-assenger & Good a aa<3 Index 11 ambers of
Proportion proportion
of Mixed of Mixed
(inolv.fi ing) experiaep'"

-tal)
0ol(,1. Col.2.

(1) (2) • 0) ( A \

158.9 117.6 1 GOe-Q 100.0.

1 Q'6* 8 . 133.0 110.6 113,1

^lvc j 161.2 121.4 157.1

2 31.4 192.5 142.9 163.6

253.2 206.5 146 B 4 175*6

led tan Railway a 1971-72* Ministry <>1 Railways,,
Government of India.
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points, mope trains might be ran at the same average speed 
and thus increase frequency. Alternatively* on account of 
increased speed, the same train might be able to cover the 
distance more number, of times,

6,24 £et us now study with the aid of table 6.8, thi s 
particular aspect — frequency, it is obvious fro® the table 
that passenger train KSSs have gone up by 46$ and goods train 
%s have increased by 76$, Since there has been an increase 
of about 23$ in running track KMs (vide Table 6.7), frequency 
can be Budged by dividing 146/176, the end figures with 123.
Thus, making allowance for track Increase, it can be roughly 
estimated that frequency of passenger trains has gone tip by 18$ 
while that of goods trains by 43$. These statistics point 
towards a conclusion that the track utilisation has improved 
on account of increase in frequency. But in para 4*18, we have 
noted that the utilisation of track has decreased in spite of

' / - i

more trains running on the sari© track — a paradoxical result. 
However, we have to point out that there is no contradiction 
between these two results. On aooount of improvements in signalling 
and telecommunication, the capacity of the track has so much 
increased that in spite of higher frequencies, utilisation, of 
track has come down - vide foot note 10, chapter 4»

To sum up, the contribution of diesel•electrification 
appears as the Chief contributing factor of productivity.
Innovations in signalling and telecommunication seems to be of ' 
next importance. The thi id in importance seems to be multiple track
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with the proviso that the productivity of the track itself Is
1 . - ' . .

favourably influenced by Innovations in signalling and tele­

communication. Thus* it is not really possible to isolate the 

effects of track improvements from the Innovations in signal 
and telecommunication. Hence* the most important contributions 
are aieeelisation-eleotrification and improvements in sipmal and 

telecommunication. However* it looks as if improvements in 

signalling and telecommunication have not been fully exploited 

by the Railways because the speed of the trains has shown no big 

changes. ,

Wagon Turn-Rounds
, ‘ - • , . i
* ’ * ■

6.25 However* there is one contributing factor to increased 

productivity which depends on the behaviour of the consumer and 

the managerial efficiency. To illustrate, the wagon turn-round 

is an important factor* especially for the good s vehicles. Some 

rough figures are available which are presented below*

' . WAG0B TORN-ROOT (BAYS)

leafs
Gauge 1950-51 * 1955-56 ' 1960-61 1965-66 1971-72

B.G. 11.0 10.5 11.2 11.8 13*5
M.G* 6.7 7.2 7.9 8.4 10.6

Source* Indlan Railways 1971 -72. Government of India, pp.34~35

These figures indicate that the utilisation of the wagons has been 
a little tardy. But these turnround figures depend upon the 

average load and other technical and demand factors. The percentage 
of specialised wagons has got a serious effect on turnround of wagons*
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For instance, a specialised wagon lifee (TPC (Oil tanKer) when 

it goes on onward journey, many times has to he returned as an 
empty* Same is the case with coal wagons* In any case, a 
higher wagon turn-round 1b detrimental to productivity^

Effects on Employments

6*26 As discussed in para 2*10, Operation staff (trans­

portation) during the 21 years has not only decreased propor­
tionately but also absolutely* The proportion of Civil Engineering 
staff has decreased from 26 to 21$. Signalling and Tele-communi­
cation staff has increased by 157$ during 1956-72.


