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INTRODUCTION. 

1. Previous census reports of the Punjab have dealt in great detail wit~ ,...__ 
matters conneeted with religion, marriage customs, caste structure, lan,aua~ 
.and other subjecte not nece88arily directly eonnected with the statistics which 
it bas been the object of the census to collect. · · · 

. In view of the Dla88 of information on these subjects which has been collected 
in OODSUS reports, gazetteers and repo~ of ethno~aJ.lhiC and ~StiC .surver, 
it w!l!l considered unn~ry to deal wrth them ag~ m ~t deta.i! and m _t~eJr 
place enquiry has been directed towards the econonuc and mdustrial condittons 
of the two provinces. · · .. 

The census operations have taken place at a time when Deputr Colllllllf!­
sioners and ofJher local officers, already overburdened by. the elabo~tion of. th~Ir 
routine duties during the last decade, were concentratmg all therr energ~es m 
guiding the country through a critical period of change. At former censuses such 
local officers had responded nobl;r to calls upon them for the provision of masses 
of facts and information on subjects which were dealt with in the census reports: 
1 have felt that it would be impossible for them to respond to any such call at this 
time, and have endeavoured to cast as little additional work as possible upon 
them in connection with the actual census and to refrain from calling upon them 
to send in reports on subjects of general interest. 1 find that I have issued only 
thirty-nine general circulars throughout the operations, and that of these only 
three asked for general information, the rest being entirely concerned with .Wminis­
trative details of the enumeration and preparation of statistics. · . 

The inevitable result is that this report, following the lines of those prepared_ 
for Enro~an countries, will be confined in the main to an explanation of the· 
figures which have been tabulated. .. . · • 

I have spared no endeavour to render these as accurate as possible, and 
where there are any reasons for suspecting inaccuracies•! ha.~e.no hesitation in 
pointing them out, so that as far as is possible the statistics may form·a solid basis 
on which statistician.'! may base arguments and test ·theories. Not being a 
trained statistician myself I have tried to resist the fascinating temptation of 
building up theories from the statistics, though I have suggested lines of enquiry 
that might be taken up by those qualified for such work. 

2. The dates of previous censuses are given in the margin, a short account Prntou 
lot J ... uuy 111111• of them will be found in paragraphs 20 to 22 .. Some Coasas-. 
IOt.h ,J..,uuy IBBB. of the Tables published in Part II of this report repeat 
~~t ~\:= l:\: figures ~or previous censuses back to that of 1~81 : the 
••~MarohUIOL two which had been taken before that dealt.Wlth such 
IOih ~oroh lOll• • _totally di:fferent administrative divisions that compari-

son w1th them JS practically useless ; where figures for previous censuses have 
_been .rc:~roduced in this rep~rt. ~hey haye been adjusted so as to refer to exist­
In~ ~tVISions and not to the dtVIStons which ":ere in being at the time they were 
ongmally prepared ; they are thus already m a form suitable for comparison 
'vith the newly recorded statistics. . . 

~- Changes in the boundaries of administrative units that have taken Cllang011u 

place smce t~e census of 1911 are detailed .in paragraphs. 2 and 3-of this report, ,.I:U:!:" 
the only two Important changes are the creatiOn of the Delhi Province from portions 
-of th;e old Delhi District of the Punjab and the Meerut District of the United 
Provmces, a~d th~ o'!ation of the new district of Sheikhupura from portions of 
the surrounding dis~c~ of Lahore, Gujranwala and Lyallpur. 

. 4. A full descnption of t~e census operations is published in the Adminis- Opemllons 
trative Volume, Part IV, of this rep?rt; that volume being intended only for~::._Prtse•t 
d?partmental aud I~ use, a very bnef no~ on each stage of the operations is· 
g1vo~ below. Very lit~le change was made m the procedure gradually evolved · 
.and tmprovllll at preVIous censuses . 

. 5~. l ~k over ~harge !Jf my duties on the 31st March 1920, and took the bltlol 
-orgiiJli&OUI.on m hiiJld rmmedia~lJ:'· A preliminary circular together with the .a,:::­
fu:st ~tee chapters of the Provmc1al Census Code was issued on the 27th April­
D1stri·Jt Census Officers in every district and Census Superi!ltendents in everY 
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State were &J?pointec! forthwith, and general villaW' and town registers were pre-
. pared on which to lias& the formation of census divisions. 

Dl•~!':mand · 6 •. The whole cou~tryside was parcelled out into blocks in which the 
Aseaoy. ~nu!Deratlon could b~ .earned out by one enumerator ; these blocks were grouped 

. m Circles under superVISors, and the circles a~ain grouped in charges under charl$e 
SUJ?erintendents. ~he existing revenue. divisions were very generally followed m 
··fixi~;~g the boundari~s of charges and Circles, and the revenue agency was largely 
employed as Supenntendents and Supervisors. These divisions were first fixed 
roughly and then revised after the completion of h11use-numbering showed where 
miatakes had been made in estimating the suitable boundaries fOr blocks · ulti­
·mately at the time of the final census there were 172,044 blocks 13 943 ~ircles 
and 1,017 c~arg~s, and the enumera:tion was carried out by 164,425 e~umerators 
under the dirt;c~wn of 13,913 SUI":rviBOrs and 999 charge superintendents. Most 
of the sup~rVJBing st.aff WIIB recrUited fro~ amongst officials, whilst the enumera­
tors wet·e m the mam volunt-ary non-official workers ; all were appointed indiYi· 
dually under the_ Census Act and thus all gained the status of public servants. 

Boase- 7. The Census Divisions having been tentatively fixed the next step wBS 
llaaallerlnr. the numbering of all houses, this work was commenced on 15th September and 

completed within two months. Each nouse which might be occupied on the census 
night WIIB ~learly ma:ked with a nu~ber, ~ separate series of numbers being kept 
for each cucle. Tlus work WIIB earned out by the supervisors. As a result just 
over eight million houses were numbered, but to ensure that no person should 
escape enumeration many buildings were numbered which were not inhabited on 
the census night, and on that nif$ht it WIIB found that only a little over fi.ye and a 
half million were inhabited. This numbering formed a reliable basis for the supply 
of forms, and after it was completed the census divisions were revised and fixed 
finally. · • • 

The ,.. 8. In July a complete issue of the Census Code had been published and this 
niJIInarr was followed in August by a pamphlet of instructions for Char~ Superintendents 

EDumoratloD. and Supervisors ; sbort instructions for enumerators were pnnted on the coYers 
of the actual enumeration books. 

During the pro~ess of house-numbering the whole staff received training 
in their duties ; startmg from the top each census officer instructed the officers 
immediately subordinate to him so that the instructions drifted down from the 
Provincial Superintendent tc the enumerators. Test enumerations formed the 
ma.in part of the training. 

The preliminary enumeration took place between the 1st February till the 
ht :March in rural tracts, in towns it WIIB both commenced and finished a fortnight 
later. At this enumeration all persons likely to be in residence on the 18th March 
were entered up in the enumeration books ; this ·procedure allowed ample time 
for the careful recording and checking of all entries and reduced the work at the 
final census tc a minimum. The enumeration book consisted of a cover,containing 
instructions and forms of summaries tc be filled up and detached after the census ; 
a block list, which was a detailed list of the houses in the block and served to pre· 
vent any buildings being overlooked either at the preliminary or final enumera­
tion · and a suffictent number of general schedules on which the actual particulars 
conc~rning each person were recorded. , . 

9. The final census took place between 7 and 12 o clock on i:he rught of 
co'!!':.~·• the 18th :March, every imume;n:tor visited a.ll the ho~ses in his blork and corrected 

. his enumeration book by stnking out entnes refemng to people who '!ere fou~d 
tc have left since the preliminary record bad been prepared and ~y adding entnes 
for all new-comers. 'fhis having been completed every entry m the book was 
given a. serial number-the number of occupied houses, persons, males and females 
was totalled for the block, then for the circle and then for the char~,re. The charge 
summaries were totalled for the district or town at district neadquarters and then 

· telegraphed to Lahore and Simla. _ . 
use ol 1 o. The general schedule was a tabular statement of lines and co hum~.~ 

HGIIIIIbold. with a line for each person enumerated and a column for the record of each part!· 
Bobodalet. cular regarding him. In a few places, where Ew;opeans '!ere numerous and 1t 

was possible tc olltain the services of an English-speaking e~umerator, these 
forms were used in English for the recording of Europeans ; but ~ genera~ Euro· 
peans are found in small numbers in blocks containing m!"lly India~ and m s!l~h 
oases the enumerator could not be expected to till up entries concemmg them m a 



neral schedule ; to meet this difficulty Europetms were Jllli'Plied ~.few ~ys 
ttore the census with an. English form termed a "honsehold schedule on which 
to fill in for themselves the entries re~r~ them_selves ·and. other members of 
their households. In spite of very detBiled mstrnctions for. fillin:g them n_P, these 
honsehold schedules were often carelessly completed and !hell collectr.on_ a_nd 
correction wSB accompanied b;r much difficulty. · - . 

11 A few outl~·ng portr.ons of the Province are cut off by snow-covered Boa-s,.. 
. I . 'bl . M h . th a census ebroao,. p886es which render t em complete y maccess1 e m _ arc ; m ese Ceasu · 1a 

w88 held in the autumn of 1920 and the results of it treated as part of the March la......U.Jo 
Census. The dates of such non-sync~?ns Traell. 

11•"11'• Dutrid- So ~ n- • censUlleB are aiven in the margm.· ln additiOn &<hio KodJl ODd W&r • • ~·~~ • .,- - h 
Lahul ond Spiti .. .. 29-8-20 to these there were other tracts where t e pre-

0";:0-~~bul .• .. J4.9-20 liminary enumeration h!ld to be held ~n the 
o .. 1~ Btot<- autumn of 1920, though 1t was found poSSlble to 

Chlnl and Dodrall:uar •. IH2-20 hold the final census at the nolmal - time. In yet 
other tracts the presence of wild beasts rendered ~ght-work unsafe, ~nd t~e final 
census WSB held at daybreak on the 19th March Instead of the preVIOUS mght. 

12. Special . arrangements were made to enumerate the _perso~ travel- .=,a;t. 
lin~ on the census mght and 88 each wa.~ enumerated he was pro", de~ WJth .a pass 11a!lwa,., 
which prevented his being enumerated a second time ; the work of this sort of the ~~':!t!~ 
greatest magnitude was the ce~us o~ the ~lw~ys.. All .rail":ay stations -w~re PopulaUoa. 
made into separate block; or cJrclea m the diatnct m which situated, a speCial 
enumerating staff was posted to each at 7 p.m. on the night of the 18th March 
and remained on duty till 6 a.m. next morning or until the last train had passed 
through and the s~ation wSB closed for the night ; this staff enumerated e.v~ryone 
found on the statiOn at 7 p.m. and thereaft~r enumerated everyone amVIng at-
the station either_ by road or rail who could not produce a pass showing that he 
had already been enumerated. In this way everyone entering or leaving a train 
during the night WSB accounted for ; there remained a few people on traine running 
long distances who had entrained before the station enumeration started and 'had 
not left the train next morning ; to ensure that. these JI!IOp).e were also counted 
it was arranged that all traine running throughout the night should carry an enu-
meration staff ; this staff spent the night enumerating the passengers and at 6 a.m. 
all sueh trains were stopped and a final enumeration carried out of all those who 
had not got passes. _ 

The District censns authorities were responsible for 1Jhe station enumeration 
which was however nsually carried out through the agency of tl1e station staff; 
the running train enumeration was conducted entirely by the railway authorities 
theruselves. 

The instructions issued provided for all contingencies, and it is unlikely 
that more than a very few railway travellers escaped enumeration · the above 
description only indicates the broad lines on whicll arrangements ~ere made. 
Enm_nera.ti~g staffs were appointed to 762 stations in the two- provinces and 69 
ruurung trruns. 

. Esp~cial arrangements for fairs and other large concotirses of people were 
put m tram ~eforehand and were necessitated .in thirty places . 

. All mrun roads were patrolled by enumerators, staffs were posted to ferries, 
especial arr.angements for tr~>Ops on the march were made with officers in charge 
of· ~uch uruts. Th~re rem!'med such pe_rsons as were temponirily absent from 
t!1e.1r. houses, guarding their fields or domg other casual work in the immediate 
~Iciru~y ; the orders ~oll:templated that these should be recorded as though present 
m thetr houses, and ~t 1s :r;>robable that very few escaped enumeration. _ 

13. As e:~o:plamed Ill paragraph 9, the totals for each diatrict State and ProvJsloual 
toll~ were added up as soon as pos~ible after the census ; 'these totals included all TolaJs. 
persons whe~her enumerated at theJr houses. or whilst travelling; their collection 
from outiJUlg tr!lcts was one of coUSJderable difficulty and motor-cars 
horse-men, camel·nders, and runners were employed in bringing them in ' 

. The !\apurthala, Pataudi and Nabha States were all able to t;legraph 
t~Nr_ proVIstonal totals. on the 1 ~th March ; in British Territory the Delhi -
1 ro.\'I~ce was the first unit to report 1ts totals which "it did on the 20th · th t 
~Jonty ?f tot~Us had been got in by the evening of the 22nd March b~t thfl:t 

tmt, •n which work had been delayed owing to a mistake in a ca to 
was not able to wire its total till the 27th. The figtJres as reported by" tef~:;~ 
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are compared with t~ose finally t~bulated below, and show a high standard of 
accuracy for so humed an operation. · 

Occupiod Persona. I Mal ct. Fem~1. 
howre~. 

PUNJAB. 
5,623,0731 13,726,1J Provisional Total 25,093,794 11,367,648 

Final Totals 
DELHI. 

6,032,300 2b,l0l,060 13,732,048 11,369,012 

Proviaional Tot&J. 112,8315 486:m 
I 

Final Totala 
280,709j 208,032 

ll4,683' oi88,1 281,6331 200,665 
I 

811f,g~PY· 14. The next stage in the operations.was to copy the entries concerning 
e~r.h person enumerated on to a separ.ate s~l?· These slips were issued in five 
dlf'f~re~t c_olours, one for each of the mam relig~ons and one for all other religions · 
a distmctiVe symbol was printed on each to distm!!Uish between moles and 
femal~s, and between unm.arri~d, married and widowed persons ; there were thus 

- ~ve !Jffferent. col~urs an.d. s1x diff~rent .symbols . giving a total of thirty easily dis 
t~gwshed slips; m ~dditwn speCial slips were ISsued for the recording of infirmi­
tie.~ ; ~he other ~artJCulars recorded about each person were recorded by hand on 
the slips, a previOusly arranged system of abbreviations being adopted. 

This work was done as in 1911 by the supervisors who were collected at 
ta~il headquarters for the work immediately after the census ; as the period 
avrulable was very short O\\"ing to the majority of supervisors being patwaris who 
were required in their circles for crop-inspection, an option was given to local 
authorities to have slips prepared from the preliminary record before the final 
census. The intention of this option was that slips should be prepared according 
to the provisional entries in the enumeration books so that the only copying work 
to be done after the census would be to destroy slips for cancelled ent.ries and 
prepare new ones for the entries made on the actual census night. 21 districts 
and 10 states adopted the option and prepared slips beforehand, in only a few of 
these was the experiment justifiedby the result; slip-copying after the census wo.S 
carried on by a staff collected together and constantly under supervision, that 
done before the census was done by supervisors in their circles and was only the 
~ubject of supervision by charge superintendents when they visited the circles ; 
it was very generally found that the slips prepared before the census had to be 
corrected or prepared afresh after the census and the experiment did not result in 
the saving of time and led to a considerable additional wastage of slips. Although 
very careful estimates of the numbers of slips required in each tahsil had been 
made beforehand and a supply sent allowing a liberal excess for wastage, yet in 
many centres slips of particular varieties ran short and a brP.ak-Jown in printing 
arrangements occurring at the critical time much delay resulted ; in many districts 
it was found impossible to c_omple~ the copJ?n~ before letti1~g the patwaris r~t.um 
to their urgent revenue duties and m such distncts the copymg had to ?e fims~cd 
after the crop-inspection was over. It was hoped to complete the shp-copymg 
by the 27th J.\Iarch and this could have be~n done ~n most centres had no~ the 
supply of slips broken down ; actually th~ slips came 1~ very slowly an~ a consider· 
able number of units had not sent m slips by the middle of l\Iay whilst the last 
to be received arrived at the beginning of July. . 

8ori1Dg. 15. Central sorting offices were opened at Karnal, Ludhiana, Lahore an~ 
Lyallpur · and the completed slips were sent to these offices where large staffs 
sorted th;m according to the various heads required for each ~able of the rep~rt. 

The maximum staff employed and the dates of commencmg and completmg 
· the work in each of 

"'=· 
Uflice, l'nllpeo- Supcrvi· 

"'"· aors. 

Kamal .. 3 
LudhiMa .. 4 
Lahore .. 6 
Lyollpur .. • 

&rwn. 

~~ 
2iii 
21 

Cnmmonoc· Qn~p;etion. 
ment. 

71.> April 1921 . 2lat August 1921. 
lot April 1921. 22nd August 1921 . 
lat Apri11921. 18th July 1921 • 
6th April 1921. 17th July 1921 • 

these offices is shown 
in the margin. ·The 
Phulkian States, 
Patiala, Jind and 
Nabha, carried out 
their own sorting 
and tabulation, but 
with this exception ~ 

all the sortmg was earned out at the four central sortmg offices. 



.,. 

1 a. The results of the sorting were set forth on sorters'. tic~ets ·w¥ch.-were Compllal'-. 

sent to the compilation office in Lahore "\Vhere they were e;omp1l~d mto Distnct ~r. 
other units totals, and then finally arrang~d in the form. m which.they.a~pear m 
the 'fables Volume of this report. This office was~ charge ?f my ers= 
Assistant who had a large sta:ff of Inspectom and Compilers working under · 
Tho office opened on Ist May 1921, the first table was sent to the press on 17th. 
September 1921 and the last table was finally printed. off on 17th January: 1923 .. 
The process of tabulation is a long and -complicated one; ~any error!! m the 
prev.iDU8 operations, which have escaped detecti<!n, ~e ~ li~t a~ this stage . 

· when their correction involves long and careful mvestigation which 1s .extremely 
difficult to carry out. . h : hich pg•ueaa.a 

17, The results of the census are published in fom: p~, the mont s m w 
these were issued or in which it is expected that they W1ll1ssue ~re .as follows:-

Partl. The Report .. .• .. dnrmg June 1923. 
Pait II. The Imperial Tables , May 1923. 
Part III. Appenwces to the Imperial Tables • • , .May 1923. 
Part IV. The Administrative Volume • . • . , .June 1923. 
18. The census of the two provinces has cost Government ~- 3,69,224 eeC:..OrCIIe 

which works out at Rs. 14-0-8 for every 1,000 persons enume~:ted; thlB _compares 
with Rs. 1,23,907 or Rs. 6-1-11 per 1,000 in 1911. In addition to this sum of 
Rs. 3,69,224; the total cost of the census includes Rs. 23,112-1-3 recovered from 
Municipalities on account of cost of tabulation, ~- 11,660-7-7 ~C<!vered fr?m 
Indian States on account of the cost of forms, sorting and compilation·; :whi1st 
Indian States have reported a cost of Rs. 60,977-12-10 for the enumeration that 
they themselves carried out. The Phulkian States have beeJi omitted_ altogether 
in reckoning these figures as they carried out the whole of the operations them-
selves. 

19. First and foremost a very grateful acknowledgment is due to the,~-
ollicial and non-official census ata:ff that carried out the enumeration and slip- 0 

OJlll. 
copying. With few exceptions this enormous body of wprkers gave its services 
freely and without expectation of payment of reward; ., the' non-officials were 

· honorary volunteer workers, whilst the officials undertook thl! heavy extra duties 
without additional payment. All are deserving of the sincerest thanks and of 
congratulations on the public spirit they exlubited, especial praise is due to the 
patwari staff. Patwaris are hard-worked officials and many miscellaneous· duties 
beyond those directly connected with the revenue administration fall to their lot·; 
theY, llll:dertook the sevel!' strain of census duty with very little. ~bling ~d 
earned rt through as effiCiently as they were able ~ do·; m addition to fomung 
the backbone of the enumeration sta:fftheyca.rried through the slip-copying, which 
is a monotonous and uninteresting work which has to be carried thrOugh at high 
pressure. Some small aclmowledgment of the services of the enumerating staff 
has been made by the presentation of stmads (certificates) for good work, these 
wore issued in three classes, and the numbers issued were 1st Class 242, 2nd Class 
1 ,218 and 3rd Class 7,641; in addition at the close of the financial year 1921-22 
I devoted all funds available for the purpose towards giving rewards for alip­
c?PYing, but I ?nlY had Rs. 16,000 available and only Rs. 16,047 were actually 
diBtrtbuted, w·hich only allowed .small rewards being given to the best of the 
men. · 

. D~puty Commissionem and District Census Officers, througltOut the pro-
~moos, dire~a the operations in their respective districts ; their work has 
moreas?d duru~g the last decade and it could not be expected that they would find 
much time lfvatla~le forpereonalsuperintendence;butsofar as their time permit-­
to~ ~hey t\ll contrtbuted to the success-of the operations; amongst n;:r,:ty Com· 
IUJ8SI<>ners I would ~specially wish to mention Mr. Harcourt in Gu pur and 
Mr .. Gor?on. Wt\lker m Rohta.k who took much personal interest in the work.in 
~heu· distnc~. The. _wo~k of . .Mr. Lane Roberts, who was in .charge 
!n the Delhi ·~fUUIC!pality, and· ·of Mr. Blacker, who conducted operations 
ln the trans-frontier trac~ of De~a Gh'!'zi Kh!'B, deserves particular notice ; both 
the.,e officers had ~'XIleptional .difficUlties whicll they surmounted with .enthllBi-
acnu. 1 

The darbars of the ~unja~ States ap~ted -cen.,us Supe.ri.D.tendenis to 
t.\k~ oharge ?f census· operations, m many cases these officers were able to dnote 
the1r whole time to the census, and all had more time to give to it than the bnq 

' 
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officials who had to undertake the w k · B · · · · 
anfr diminution in their other duties .Amor tm ntlsh distncts without 
~p~fuld. offiKa.cials Ihw

1
ould single out Sardar Ba~~tara s~:hpino~a~i~Ia cSyp:~l~bdj 

all m purt a a and Syed Altaf Hussain in Jind b t · h ' · 
workbof all was 80 good that I feel considerable diffid~n~ :!pe~f:llvx:~!~01- 0nru~nghe any y name. · • · 

Fiv~ Extra ~istant Commissioners worked under me in the Census De­
partment , Lala ArJan Do.s worked 118 my Personal Assistant between 21st Janu­
ary 1921 and 31~t August 1921 and was succe~ded by Sheikh Abdul Ma'id who 
had _already been m charge of the Lahore Sorting Office. The Personal A!ai.Stant 
was m general charge of the tabulation work · and both incumbents f th ffi 
worked well, Lala Arjan Das giving me material assistance i th o lie ? ce 
stages and Sheikh Abdul Majid preparing and checking the ~bl e ~~~ ~af 
wo!k was new to Shei~ Abdul M~jid? but he organised b«:oth the 8oJfn'g a:d ~abu~ 
latmg work on sound lines and JUStified his selection. The other three sorting 
office~ were also und~r men new to the work ; they were Syed Abdul Ha at 
Ludhiana, Lala B1shamber Dayal Singh at Kamal, and Malik Chiragh-uJ-din 
at Lyallpur ; the newness o!- the work led to several mistakes being ruade which 
caused much troubl~ to rectify but on the whole the work was satisfactorv, that 
of S. Abdul Ha_q hem~ rather more dependable' than that of the others. • 

~~;!'~.•! 20. O'Ymg to 1ll-health ~ was obliged to take leave from the 21st Septem· 
Cendenl. ~er 1922; prev10us to that da~ 1ll-health had delayed my work, and on relinquish­

mg. my charge I ~ad only wntten so much of the Introduction to the Report 
which precedes this paragraph a!'d Chapter I, but P~rts _II and Ill 0~ the Report 
had. been comple~d a~d were mth the Press. I relinqwsh charge w1tl10ut infor­
matiOn as to the Identity of my successor who will write the major portion of the 
Hepart and complete this introduction. 

L. MIDDLETON. 

20-9-22. 

INTRODUCTORY NOTE CONTINUED. 

21. I took over as Superintendent, Census Operations, on the 3rd October 
1922, Sheikh Abdul Majid, B.A., LL. B., having remained in charge of the Office 
after Mr. Middleton's departure. As he has noted Mr. Middleton had completed 
Chapter I of the Report, and this chapter alone contains a comprehensive survey 
of nearly all the subjects dealt with in the census. Mr.· Middleton also took to 
England and completed there the whole of the Administrative Volume, Part IV. 

· 22. My own task has been to see a great portion of Parts II, III and IV 
through the press and to write the eleven remaining chapters of Part I. Two months 
were spent in gaining familiarity with a,ll the phases of census work, and in the 
remaining five months the chapters have been written rather faster than at the 
rate of one a fortnight, so as to complete the report by the end of April. Under 
these circumstances I have had strictly to linllt t.he time devoted to the investiga­
tion of those fundamental principles without which it is impossible to understand 
t.he problems of migration, birth and death-rates, and age-distribution. 

23. Throughout the chapters for which I am responsible I have sought, 
wherever possible, to express resul~s in a precise stat~tical f~rm ~th due regard 
to the probable errors of enumeration. Neglect of this consideratiOn has led to 
the formulation of many utterly unproven and-even demonstrably false proposi­
tions. Every census report in fact bristles with dogmatic statement_s and I 
ahould hesitate to estimate how many are contained in the chapters wr1tten by 
myself. I am fully aware that that to make much unqualifiea statement~ is con­
trary to the spirit of scientific progress, and would ask t~e reader ~o believe that 
the linlltations to which most of the statements are subJect were Ill many cases 
present to my mind even when they are not explicitly s!lt forth. 

Nothing, in fact, is more conducive to dogmatic sta~ment th!ln the 
masses of statistics contained in a cens\18 report, yet no wh~ 18 dogm~tiC state­
menj; less justified or the critic~ spirit of present-day sta~ti~al doctnne more 
necessary. Indeed modem statistical methods probably mdicate. more ?ften 
what conclnsions are false than what conclnsions are tme and even this seemmgly 
:negative result may be reached only after patient and abstruse enquiries. 



24. In addition to the gentlemen whOse services have been ac~owl~ed. 
by Mr. Middleton, I wish to expreBS my thanks to' those who havespecllllly assist­
ed me, in particular, to Colonel W. H. C. Forster, I.M.S., Director of Public 
l{ealth, Punjab, whose constant advice and criticism has been of the utmost value 
in all matters relating to vital statistics and deaths from disease ; to Mr .. G. 4-nder­
son, C.I.E., I.E.S., Director of Public Instruction, who kindly devoted many 
hours together with several departmental officers to the' discussion of the problem 
oQf education and its bearing on the general.Iiteracy ()f the province ; to Colonel 
Ward, I.M.S., .Inspector-General_ of Prisons, who furnished me with some special 
ja.il.mortality statistics; to Mr. Calvert, I.C.S., Registrar, Co-operative Credit 
Societies, whose unrivalled knowledge of the industrial and rural economics of the 
Punjab has been freely placed at my disposal in the form of notes on my- draft 
(Jhapter on occupation ; to Mr. R. Sanderson, M. A., I. E. S., Inspector of Schools, 
Lahore Division, who has kindly supplied me with certain data regarding Albinos ; 
to Mr. H. L. 0. Garrett, M.A., I.E.S., for a note on recruitment.in the Ludhiana 
district; to Rai Bahadur Sir Ganga Ram, Kt., C.I.E., C.V.O., for information 
regarding the Vidhva ·Vivah Sahaik Sabha, Lahore; to Mr, Faqir Chand, Auditor 
oQf Statistics, North-Western Railway, for information supplied regarding the 
number of passengers and density of traffic on the North-Western Railway; to 
llfr. Labha Mall; AssistAnt Librarian of the Punjab University Library, for 
bringing to my notice several interesting books on population statistics ; to the· 
authorities of the "Civil and Military Gazette" Press, and in particular, to 
Mr. Gilbert, whose unfailing courtesy and energy has smoothed the task of getting 
so much material into print ; to ll'lr. K. C. Vidyarthi, Manager of the Bharat 
Insurance Company, for his kind treatment of the Census Department which 
renli?d offices in the Bharat Buildings. Finally, I· must acknowledge the great 
serVIces rendered by my Personal Assistant, Sheikh Abdul Majid, B.A., LL.B., 
but for whom the task of completing the report within the short time allotted 
would have been well-nigh impossible. The Chapters IV and IX on religion 
and language are almost entirely ~~ own, and I did littl~ more _than edit them. 
Both my.compu~rs, Mr. Abdul. Majld, M.A., and Mr. Bal'*an:t Smgh, B.Sc., gave 
great ass1stance m many labonous computations and both of them put up many 
valuable notss: ~od work was ~one by all members of. the sta:ff of whom 
Mr. Barkat Ali, Head Clerk; Sheikh Mohammad Abdul Wahid, Recordkeeper; 
Inspectors Ata-ur-Rallman and Fazal Din, and my Stenographer Bawa 
Jagat Singh may be spe<Jiall,y mentioned. · 

S.M. JACOB, 

1·5-23. 



APPENDIX 1. 

'T.IDI EBBOB I111 VJT\L 91',TI9TI0i AS DBTimHIBED II'BOII OBNSIJS ENUHBBATIONS, ON A l'BO· 
BABLB HYl'Om£818 AS TO TBB BBBOBS 01' TBB CENSUS. 

-"'--0-

Let liB call the number of persons recorded as 

immigrants at auy census as I' n , where n is the year of -> 

f 
•• 

the Census. W ~ will call the recorded number o 

-emigrants E' • . 

Let I. be the nnmber of immigrants in the nth year. 
Ea , , emigrants. , , 

births Ban u '" " 
Dn , , deaths , u 

Then if the intsr·censal rise in population is R, 
R=Sum (I. +B.-E.-D.) 

B-D=R-n(I-E). 

A 

I o.-

A 

Ia. 

t~rovided that I. and E. are coDStant throughout the decade and equal to I 
-respectively. 

Now assum migrants enter at the mid-point of the year, we have 

(I) 
and E 

, "ii •i I 
I.+ .. =I'n 810+1.+1 e + n+18 +·······~·I··•"'""'"."""""""""+I.+loB 

-where 8 is equal to the proportion of survivors· after one yeaT, and assuming a constant 

death· rata. 
Hence 

• I.+ 10=1' n 8 '"+sl (I. +Io+sln+ 1 + .•...•.......•............ _ .. s• In+ J 
<BSSo.ming that immigration is constant from year to year and equal· to I per annnm. 

8 10-1 
1~+ 10=1'. 8

10+Ts1--
8-l 

' or I =-:J (1.+ 10-1'. s 1 ~). 
8 {8 10-1) 

• •i 
E' -E' '"+E 8 +E s · E i n+lo- 0 8 n+t n+l +· •• • • •••••••••+ n+to 8 

(II) 

'Similarly 

.assuming as before equal survival rates, and again assuming constant emigration,. 
· 8 1"-1 

E' E' 8 10+E81 
--n+to== n 
8-l 

(ill) 

Where E is the annual rate of emigration. 

8-1 { } I-E=~- . :r.:+u-Eu.+to-11'" (l'._:.E'.) . 
8 (9 10-1) ' 

'Thus 

.Call the ~ter-consal gain by migration M, 

'rhen, 10 (8-1){ } 
M=-1 -- (+lo-Eo+to-8 1

" (1'.-E'n)' 
8 (s 1"-1) 

This result (IV) ~vea the llllloulated gain fro~ miliration from tha number of 
~corded at each een•n• as having been born iu•ide a given area and enumerated :do~ 
{E') and hom outside it and enumerated inside it (I'). ou e 1

• 

{IV) 
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· The e:ssumption made of a survival proportional to the numb · · 
at each age 18 probably not so true aa the BBBumption of a d finite er of persons bvmg 
of popnlation, especially between the ages of 36-76 (vide page 92 e Ce ~nstant decremen'­
and Wales 1911). Call the annual decrement 8. Then our equ~tio:::co:ort of EngLmd 

1' n + t o=l' o (1-lOo) +I. +1 (1-91<) +I. +I (1-818) + 
. + lo+lO (1-!8). 

W ritiDg as be foro 

immigration 
I.+ 1 =I. +I=I. + •""In+ •· • ... ·. • · · ........ =I for the annual 

I . 

Io+to=l'. (1-10ii)+I (10-50~) 

therefore 10I (II A) 

' 
and 10 E 

E.,+ 10-E'0 (1-108) 
(III A) 

1-5~ 

these equations give the total migration (emigration and immigration) during the decado. 
If we put 8=20/1000=1/50 

' , 
10 I=(I. + 1 0-1' • 4/5)/(9/10)=10/9. I•+ 10-8/9. I'. 

' =1/9 (10. I. +1.-s. 1' .>. 
. We ~ve seen bow an approximate calcnlation of the immigration and emigration 

durmg ~n mter-cenaaldecade.may be made, leading to formnlae ll and ill based on a 
geometric decrease of populatiOn, and to formnlae 11 A and Ill A baaed on au arithmetic 
decrease of population, with age (Middleton's assumption.) 

Let us writo the total immigration and· emigratis>n in a decade as i and e 
.respectively, then if b and d are the true number of births and deaths and R the inter-censal 
rise in population 

R=b+i-d--e 
so that b-d=R-(i-e) (IV) 

Let B and D be the total number of inter-censal birthe and deaths from the 
records of vital statistics. Then in general the recorded number of births and deaths 
will be less than the trne number of births and deaths, so that b> B and d> D, and w& 
may write 

, b=B+k andd=D+k', 
where k and k are both greater than zero. 
Hence k-k'=(b-d)-(B-D) • 
Thus the error in (B-D)is k-k'; but this alone giv.ea us no information aa to the error of 
B or D separately, and the deduction (made in para. 25 of Chapter I of the Report) that 
when k-k' is positive k' is zero, and when k-k' is negative k is zero, is not justified. 

It is now necassary to re-examine the whole question from thep oint of view of the· 
probable errors of the census returns. 

For convenience let us write the total number of immigrants and emigrants during 
the decade as ' i ' and' e ' respectively, and the immigrants and emigrants enumerated 
at the two censuses as i 0, i, e 0, e1• Then we have from the previous equations (II A 
and Ill A.) 

1 

and 

i,-i. (i-100) . 
----- =li 1-mi 0 

l-53. 
es-e0 (i-108) 

e~----- le,-me. 
1-58 

where 1=1/(1-58) and m=(1-10o)/(l-5c), 
then 

b-d=R-1 (i 1--e 1)+m(io-e 0) • from (IVl 
Oall the exoess of immigrants over the emigrants a 0, a1 at the respective ~nses. 

b-d=R-!s,+mao 
oJ b-d=p,-p.-ls,+mao 
Oall 11, the standard error of any variable x, then (~ being the correlation between the. 
errors in any pair of variables) 

e • .!. =ll'p ,+9 'P. +llfl 's 1 +mlfl's,-2rllp ,9p,-2r!9p 16s1 +2rm9p ,Bs, + 
2rlllp ,ps 1-2rm9p,6s,-2lf11r6116s, 



Let the proportion&te standard errom be 
v for p, and P1 

s 

w for a, and •a. 
and let r be the same for all pairs of variables. 
We aasume that there is no error in l and m, so · 

0 !, =v•(p. •+p 1 ")+w•(l"s 1
1 +m'>l0 

1)-2rv"(p,pJ-2rvw(lp 1ss) · 

" +2rvwmp •"• +2rvwlp,s 1-2rvwmp,s,-2rlmw 's 18 0 

where all the p'a and s's are mean values. 
9,~=v"(p, 1+p 1 '+2rp,p 1)+w 1(lfs 1 '+mfs, 1-2rlms0s 1) 

~2rvw(lp 1s 1-lp 1s0 -lp,s 1 +mp,s,) 

Let WI take a special case and put 
p.=p 1=p anda,=a 1=B 

then 
9,.!.,=2 v• p' (1-r)+ w••• (l•+m"-2rlml-2rvwps (J-m-H-m) 

. =2v•p 1 (l-r)+wfs 1. (l 1 +m"-2 rim) . 
· te 9' -91 9' - 2r' 9• 9d and ~r' being the correlation in 

":su::g :h~ err":~ th;-bi'rl.hs and deaths are erro:m of the birth and death 
proportionate to their numbe:m figures. 

Now 

9.~d u• (b•+d"-2r' b d) 

where u is the proportionate error in b and d respectively 
Putting in our speci~ case b=d 

B.~= 2ulb 1 (1-r') 

therefore. 
p• (1-r) s• (Z•+m"-2 rZ m) 

u•=v• b•. (I r') + W\a • 2 (1-r') 
(V) 

This formula gives the· proportionate standard error in the birth and death return 
(u) in terms of tho proportio!late census standard errors (v), in the standard' error of enumera· 
tion in emigranta and immigrants (w), in the correlations in errors of the various census 
returns (r) and in errors of registration of births and deaths (r'Y • · · · 

In applying the result (v) difficulties arise owing to oar ignorance of the probable 
errors of the oensus, and of the values of the correlations. 

We might expect the correlation of the errors in the populations at different eensnsea 
'o be mach smaller than th038 of birtba and deaths, the ~tter being based on returns 
made by tho same men. 

We may put as _an example ,1=0·4 and r'=0·7 
p• a• l'+mlC.... • l m 

u 1 =v 1 - ·J+w1 - • , .. b1 b' 2x,•, 
as afb ia small we may neglect the ~nd tenn and wciting pfb=3• 

. n 1=18v 1 or u-vylll 
•' 
and if v=l % u=4·24 % 

u givea the oaloulatsd percentage standard error of the births or deaths in the decade 
determined from the oeu311S figures, which latter we hsvo assumed to have a standard 
percentage error of unity. 

Lower limii of error in vital Siatisiica. 
We get two groups of equations from the typioal form 

b-d·(B-D) =0. 

which may be wcitten ea 
b-B-(d-D)=O. 

where we will tao b> B and d>D, i.e., that the error in the vital statistics ia alwaya 011 

the aide of omission. 
Call Ea the error in the number of births. 

Eo ,. •• deaths. 
then mppoae we find from the census returns and the retuma of births aDd deaths that 

E8-E, =0, where E, and E, are both>O 



•hen we get (i) if C>O 
E 8 >0 

(ii) if 0<0 
Eo >0 

• 

Hence if we take tog!ther all those districts for which 0>0, we find on the avenge tb t 
Ea /B>O aay ; and If we take together all the diatriete for which 0<0 we find on U:. 
average tl.at E' 0 fD'>C'. ' 

• Now it seems to be ~reasonable &88Dmption that in thoae disttieta where we know 
110~ s:bout the erro.r 1n t~e ~eath-rate, that it amoUDts to a fraction • k • of the 
lower !im&t of the error m the diatriete for which we have 1Uoh knowledge. 

T8 -
Eu /D=k. E'o /D' and En -E0 +0 
E'a /B'=k. Ea /B 

andapptoximately B D andB'=D' 
Bence, Ea /B=CfB+Eo /B 

=C/B+'Eo /D 
=C/B+k. E'0 /D' 

Similarly 
E'n /D'=C'JD'+k._E8 /B • andE'n =E'8 +()' 

.,.Q'/D'+k. CfB+k. 1.E0 /D' 

~~ (1-ki)=C'JD'+k. CjB 

.E' /D' = C'/D'+k.C/B 
D l-k1 (lV) 

If we a88Ume that k-i, this ia eljuivalent to saying that t:be aror in the death­
rate in the districts where the birth-rate error is inellcesa is half the error in the death­
rate In those districts in which the death-rate error fa in e:rcesa, IJ1d the bhth·rate ia 
asslllllP.d to be whoUy free from aror. 
. Putting C'/D' =7·4 aud 

E'n JD' =9-4/1=37'6/3=12·5 %· 
CfB=4'0 

(error in death-rate) 
and E' 8 /B' =11·1 

E8 /B=(i•O+i xN)/1=10-3% (error in birth-rate) 
and En JD-6·3 

· thus the percentage errore in the birth-and death-rates in the diatricta where the 
birth-rate is more in error are 10•3 and o·s. aua in the districts where the death-rate 
iB more in the error are 5•1 and 12·11. 

The average error of birth and death-rates is thua 
10·S+6·S+5·J+U·5 ' 34·2 

= -~8·5% 
• "4 

Another alternative is to assume that where the birth-rate is more in euor than the 
death-rate, the uror of tba latter is k times (k<1) the former, and !>ice flef'Ba. 

We shall then have, 

E8 /B=CfB+k·En/B 
E'0 /D'=C'fD' +k.E'n /D'. 
E8 JB.=C/B. 1/(1-k) 
E'nJD'-0'/D' 1/(1-k) 

Assuming that in the· districts where the birth-rate is 
rate that the latter is half the former, we get 

k=l 
En/B-20/B 
E'0 /D'=20'/D', 

-and asauming the same values of C and 0' as before, we get 

In Districts where the error in birth-rate is greater 
In Disttiete where error in death-rate is greater. 
<the mean of these results ia 

. · 8'0+4·0+14·8+7'4 = M-2 .., 8·11 % 
4 4 

more in error than the death-

Errore in 
Birth-rate Dtath-rate 

s-o% ''~~% 
.. a·s% 7''% 
.. 

Qn an average therefore 1 birth or death in 13 is uot recorded. 



The figurea givm below are the percentage errors on the reeorded births. The aetual 
birtho will nun~ber 108·6 to 1VO reconled. · 

Tbe percentage errors on the actual births will be 

8'5/108·5=7·8 % 
that ia about 1 in 13. 

Thua we reach the conclusion that the vital etetimca of tbe Punjab are likely to be 
about 7 or II per cent. in error, and that, provisionally, errors of about 11 r-er cent. in the 
birth-rate and of say 5 per cent. in the death-rates DIBY be adopted as probable. Finally 
it is clear that the cenaua ligures of 1911 and 1921 do not establi..b the accuracy of the 
vital atatiatica to a greater degree of accuracy than 7 or 8 per cent. of error. 

Since JD&king the above deductions •light aritbDietical erro:a were discovered in. 
Hr. Middleton's table on page 54, and the following roviEed table Dlust be adopted instead:-

Oalculatima of 1M perceniiJge ttror•·of the lnrtla an:l ilealh retumt (Ill Ills a&sumplionl 
th«l ill any one district one al ktul of the return1 i8 abaoluttly correcl. 

. 

Pert%11t4ge ezce&B error of 

Districts. 
Birth-rate Death-rate 

. C positive, C negu.tiva 

-
1 Hiuar . - .. .. . . . . 3·4 
2 Kamal .. .. .. .. . . l•il 
a Jullundur .. .. .. .. 0'9 .. 
' Ludhiana . . .. .. .. .. 3·8 
11 Ferozepore .. .. .. .. 0•09 .. 
6 Lahore .. . . .. .. 1"7 .. 
7 AIDritsar .. . . .. .. 0·(8 
8 Simla 

. . .. . . .. .. 145•2 
9 Kangra 

.. .. . ' .. . . .. ,.~ 

10 Ambala .. .. .. I., 0•26 
11 Hosbiarpur .:: ... .. .. .. 427 
12 Ounla"Pur 

.. .. .. .. 8·5 
13 Sialkot 

. . .. .. . . 8·0 
1& Oujrat 

.. .. .. .. 12·61 
15 Jhelum 

., .. .. .. . . . ----· 9·36 
16 Rawalpindi 

.. .. •• . .. .. .. 6·18 
17 Attoek 

.. . . .. .. .. . 
16·6 

18 Montgomery 
.. .. .. ... .. 22•6 I 

19 Shahpur . 
.. . . .. .. .. 25•4 

1!0 Mianwali 
.. .. .. .. .. I 9·8 21 Lyallpur 
.. .. .. 

I .. .. 9·7 23 Jhang . .. ·- .. .. .. .. 8·0 1!3 Multan 
.. .. .. .. 5•79 24 Muzaffargarh 

.. .. .. .. .. .. .. .. 7·29 .:!5 Dera Ghazi Khan .. .. .. 13·3 . . .. .. . 

_.. 

Total .. 195•89 132·9( 

Average .. 32•65 7·0 -

instea.flor~"t~!!~ae corrected values o_f the. e.-.cess enora in ths birth an~ deatb-ratea 
. values, then excluding fimla, the fercentage exc:e£8 error ia 

10·U %for the birth-rate · 
'l·oo % for the death-rate. 

Let li8 take theae as 10_ % and. 7 % respe.:tively, 
i.e., CJB=IO and C'fD' 7 



(i) Then on the aasumption that tho error in the death-rate in the diatricto where til& 
birth-ra to error ie in excess ie half the average error in the cliatriotK where th& 
minimum can bo fixed. • 

(ii) 

We get 

Average 

Ea/B=O/B+l E'/D' 
E' D/D =C'/D' +i- E/B 

Ea/8=18, ~/D=G, E'0·/D'=12,. E'8 /B'=9 
18+12+6+9 11'211"' 4 , •. 

On the I.ISsumption that the error in the birth-rate; where the death-rate error ie iD . 
exClOIII, ia i tho error in the death-rate, and 'lliu t>el'8a. 

Wege~ 

Average error 

E' /D'=O'fD'+iE'DfD' 
E8 /B=C/BH. E8 /B 

E'tr/B'-7. 

Taking tho moan of the two Jllllulta we may say that the average error of the ---bitth and death-rates, aBsuming the cemtl8U are con-ed, ie 12 %-
If we treat thie aa the staadard error and adopt an eatimate of 1 %for the atandard 

error of a census, the standard error of the birth· and death-rate• ie f!iVIlll by 
Ev 1=(12) "+(4•24) 1 

=144+ 18=162 
Ev=12•7% 

Tbia is the percentage error on the recorded births and deaths. Assuming the errur& 
are alwaya in defect the percentage error on the actual births and deaths ie . 

12·7 X 100 • . ·-·---·=ll·3 % 
. 112·7 - . 

This result is still more unfavourable to the accuracy of the vital statistjca, and it 
may exaggerate their incorrectn..._, 

However it is clear that iwhatever the standard error in the vital statistics is, whether 
li, 8, or 11 per cent., we are tery far from being juatilied in aaauming these statistics to h 
•eally cloae to the truth. • 

I 
• .Hot.e that clubtalndl~ate Uaa'! w al'e dealing "With dletritta in which the dcatb-rato error i11 ln eseeu. 

' 
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APPENDIX 2. 
Tht nlationship between deDSity of rural populalion per aquan mile with Ute Dutriet 

pereea!age of cullivated area. 

Briefty, there· is, 118 Mr. Middleton states a clear ll88ociation between density of rural 
population and percentage of cultivated area in each District, but the conclusion that de~ty 
of population increll8es faster than the percentage of the cultivated area, can hardly he srud to 
be established without a laborious analysis. Speaking statistically the Jaw of density could 
ooly be accepted, if it were shown- ;. · . 

(o) that the regression of density of populatioli on percentage of cultivated area 
is not linear. 

(b) that the regression curve is concave upwards. 
Now, the testing of these points, making allowance for the enors due to the smallness 

of the aample, is a considerable tBBk ; but we can get an approximate result by fitting the data 
with second and third order parabolm. If this is done we find (calling "D " the rural density 
per square mile, anti "k" the percentage of cultivated area) ,.. 

D= -23'260+6·989 k-·026 k 1 

D= 23·741+4·005 k+·023 k'--'0002 k• 

These equations show tha- . 
(a) the relation of density to cultivated area is expressed very nearly by a straight 

line, both the square and cubic tenDS being small up to a percentage of 80 
for the cultivated area, which is above the limit found in this data; 

(b) as judged by the quadratic the curvature is convex upwards, which is exactly 
tho opposite conclusion to that reached in paragraph 18; 

(o) 88 judged by the cubic, there is an almost negligible concavity upwards for 
values of k less than 38 per cent., but that for higher values of k the curve 
io once more convex upwards. . 

It is by no means certain, >yithont a much fuller analysio, whether the curvature would 
be positive or negative, if the errors of ~om sampling could be eliminated, and it is not 
intended to set up any Jaw in opposition to that of Mr. Middleton. Unless, however, he hao 
used other and wider material than that discussed here, judgment ao to the nature of the 
divergence from linearity of the association of density of population \md cultivated area must 
be sus ponded. In fact one might in slang phrBBe say that the data give a very good imitation 
of linear relationship. • 

. ' 

The data and the quadratic and cubic Jlllrabolm are shown in the diagram below--· 

ASSOCIATION OF DISTRICT DENSITY OF RURAL POPULATION AND 
,DISTR~c_T. PERCENTAGE OF CULTIVATED AREA. PUNJAB, 1921. 

--..,-------1""' 
t.QUATJtiN OF QUADRATIC PARABOLA. Va 23·Z60+&•989 .. 02.6x1 - --:...- ~ 
tQUATION OF CUBIC PARABOLA .... • 't'-25·741•4-00Slt'1'"023•2-Q002xJ ----- r5 
POINT. OF' INFL.LXION OF CUBIC A.T ~BX OF CULTIVATE.D ARE,\ • 

~r-~~-~ .. ~r.----~r------.--~--.---~TT------,-~0~~------~ooll If' ; ' v ~ 
~~~ • ' I ' l " ~ -•'o, -

~ ' - '---~ 0 cP 300 

! ~~ ·, 

... ~ - ---/--
~ V<··'loo . i 0 0 0 

~ -~~~~'------t-------t-~----t-----~ o,~- -..._ .. 
~""'~si!Y 
~~~· 

0~~-L~~~~~~--~t.-~~~--~~----~----~-----~ a,' 10 •o o ... .. ' --~.10 -•. 40. . 50 60 10 10 
PtACtNTAGt OF' CUL 11VATE.D ARt." IN tACH DISTRICT 

0 

0 ... 
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APPENDIX 3. 

Ut ua ftnd the mean scalar distance of a triangle-· 
! ~ -

A B 0 from the A~. A. 

The value is given by 

J Jr 1 d6dr 
if _ Jl• ~(J ~ r _' ~tegra~d _ov:: the :e.:_ of_ ~a-triangl~ __ 

The limits ofr are 0 ,.nd p sec. B , for 0 < 9 < P 
The limits of r are 0 and p seo. II , for 0 < f < a 

B 

c 

whlll'O .. aud Pare the angles which the perpendicular p makes with the sidee A ()> 

•nd !B respectively. . - ·· · . - 1 • , .. 
Oall the area 0f the triangle A, then 

a 

p see. 9 J r•dr dll 
0 

f 
p sec.ll 

•• ih dll 
0 

= J p• ":c.• II 
d9 + 

p • • . ' J p• ~-· 11 
dll 

0 0 

-:~ [r. 
'Now I sec. • II d.8 = I sec. 6 d tan II 

= sec. 6 tan 11-I tan 9 si~ 9 eec. • 9 d 6 

= seo. 9 ~II-I sin• lliree. 1 9d 9 

• = sec.ll tan 11-I dB sec.~ 9 + I sec. 9 _a II 

9. sec.Btan s+ log tan ( i. + :) 



Thus 1 

AS= 
.As= 

+log tan( : + /)] 

10 

·= -p;( sec. a tan a+ see.p tan. ;J+logtan ( ;. +_)")tan f ~+g).] 
If the triangle is isosceles a = {J, and the mean scalar di!tance is then ' ' 

• S= :: [ sec. a tan a + log tan ( f + : ) J 
· Now we have for the triangles formed by' joining the terminals of a side to the centrtt 
the following values of a, . 

Figure. a Seo a tan a 
Log tan(~'+i) 

(1) .J!L (3) (4) 

Hexagon .. 30" •666667 '5493061 

Square .. 4G" 1'414214 '8813736_ 

Equilateral kiauglo oo• •, 3'464102 ' 1'3109577 

Now call Q the whole area of the fig"!", 
i. e., Q=6A for the hexag~n 

=4A for the square 

811m cola. 
4 and 3. 

(G) 

1•216973 

2'29GG88 

4'781060 
' 

=3A'for the triangle (equilateral) I 

For a circle from the centre s/v'Q=·376126 

p3fA'' a fJtvA. iitvQ-

(6) (7) (8) 

2'279607 2•771819 ·377197 

1 2•295588 '382698 

1/2"279507 2'097410 '4031l!17 

Retuming to the general for~ula, a graphic method of determining the mean:sealar­
distanoe, applicable t.9 an irregular boundary, will be developed. 

We have , · 

J jr• d(J d ~ 
ii , integrated over the whole area of the figure. 

Jjr ~9 dr 

' Let 0 be the point froll! which the inean scalar 
distance is to be determined. 

' 
Let P be any point in the boundary. 

Let Q be a point on 0 P (produced if necessary), 
l!_uch that 



then if 0 Q-R, we get 
and 

3 r• 8 r=2l. R 8 R 

ffi1Rd9. dR. 

8=------
. J Jr dll ch · . . · . _ 

where the integrals extend over the outer and the ~r curves respectively. 
Calling A the area of the original curve 

A' the area of the constructed curve_ 

S = i 6~ I . A . . 
and the mean scalar distance can· at once be obtained ·pJanimetrically. 
Let I be the nnit of length on which 0 P is measured 

I= 0 P• . 
. 0 Q• 

and where 0 P=O Q we get, 
1=0 P=O_Q. 

In order to calcnlate graphically the mean scalar diatance for any contour from any 
point, it will suffice to measure the area of tho two curves in tho same nnit, and mnltiply 
two-thirds of their quotient by the distance adopted as nnity, for which the two radii 
vectors are equal. 

The contours of 4 villages together: with the semi-cubical curve for the calculations. 

·-------~ 

DIAGRAM. SHOWINnCTUACVJLLAGE BOUNOARYl,_ 
. AND CURVE ~~-O~E RA~IYS YECTO.R ltJHE S;_Ml CUB§] , 

. . ~ . - ..... :DFC:-~. ·----
. tK!T OF THE BOIIND!RY FOR THE DETERMIK!TION OF TilE NE!N St\I.AR OISTANC~' 

· · ·- ·lleolo-llnd!(" IN',._;·····---· · -·--·····~ . - ... ·-~ -- - .. 

Ylll.la SIJJHDII.\ TAHSil, AM!Al.l ., , 

EAN SCALAR DISTAHC:C•o-sllll 
REA OF VILLAGE • lfl SQ. Mlt!l 

; ERC:CNTAGE I'OSITIONANDIHAPC 
:;_ EFF/tJCI'(Cr IN RELATION TO HE~A 
)_· ON(IOOI•Bl'f. . 
~- ~.. . 

of the mean scalar-

distance are shown 

in the attached 

diagram. The rela­

tive data f91" these, 

' and 2 other villages. 

• 
are given in the-

statement below, 

and . the figures in 

col. 7 of this state-

ment. show that the 

shape of the villag& 

boundary and the 

position of th& 

abadidar from 

being as favourable 

to agricultural: ope­

rations as they 

might be. 
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~ 8..!. ~ ... ~ 
"B g.g 8 :::: ,<u ..,._-

- a • "<l ~ X 

~ ")'"1:1 iii - ~3 ~"CC{7! 
VillajO). Dialrlol. Tabail. • S~§~ li ~irl fo~ ,;- R!lUUI • "" ;:Bll'Cl • -;.~ !1. 8."' .s r<- Ill H ~ 3~ ·~:z 

d II 
~5Jj u ti-lj ~ 

' •• < 
t __ 

:z. • :>loll ~ 0 o . < - ------------ -- ----------1 • 3 4 & 6 7 8 9 - ---~- ------ ...,.......---~ ------ - --
I Juglan ... Biaanr ... Biaaar . .. li·78U t•tU817 NDB937 7("8 

2 Ram bah ... Kamal . .. Karnal ... 6•0986 "981677 !•037789 89•8 

3 Sun doh ... Ambaln .. Ambala . .. 1'6478 •483944 •5798~8 ·83·5 

4 Malna ... Roht.&k ... Robt.&k ••,'!, 3•1480 •657831 •7J8:J;il 9lil 

6 BuneL ... Lndhlnno ... Ludbian• ... 2•8Gl8 "687840 1188661 02•4 

6 Ladbewall ... Jullnndbar ... Jnllundhar . .. 1'1872 •402082 •4J5822 oo·a 
I 
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APPENDIX 4. 

MORTALITY J'ROH V ARIOUB DISEASES. 

(A). Tho aontal doatb-rate from 1867 to 1921 (inclusive) from (I) cholera. (2) small-pox, (8) bowel 
*»m.p!aint.., (4) plague, (6) fn-en, (6) alP' other., cauaee,-and (7) all caaaea, (B)--The .~eaaooal vartat1oD of the 
de•""' from tho above causes for tho 2 F•riodo 186o-1896 (30 years) and 1897-1921 (25 yea,.). (C).-A 
compariaon of the urban and rural dtatb-rat.ea from the causes enumerated in (A) abuve. 

The object of this Appendix is merely to summarise in convenient form the broad sta­
tristical features oft he deaths as classified in the Public Health returns since 1867. 

The three sections into which the Appendix iS,divided will be taken seriatim. 
(..4).-The annual death-rare from 1867 to 1921 (inclusive) from (1) clwlera, (2) Bmall­

poz, (3) buwel complaints, (4) plague, (5)fevers, (6) aU" other" causes, (7) all causes. 
The death-rates have all been calculated afresh from the original data of mortality from 

each disease for the Punjab (British Territory) as constituted from time to time, the North­
West Frontier Province being excluded from 1900 and onwards. The actual census returns 
for 1868, 1881, 1891, 1901, 1911 and 1921 have been used for the years named; but for the 
inter-censal periods the population has been found by intercalating geometric series, whose end 
terinB coincide with the actual census populations. The whole set of enumerated and cal­
culated populations is shown in the table in statement 1. For the sake of comparison of the 
growth of the population before and after the separation of the North-West Frontier Province 
the figures for the territory comprised in this Province have been added to the Punjab figures 
since 1900 (inclusive). The figures sufier from. the defect (so far as co'llparison goes) of the ex­
clusion since 1911, of the part of the Delhi population which lies to the west ·of the Jumna 
for which separate figures are not available in the tables. 

The interpolated population will differ from the actual population, sometimes by large 
amounts, and it would have been better to use the vitalstatiatice of birthe and deaths to deter­
mine the population at one census from that of the preceding census, and then apply a· geo­
metric progression to the residual differences between the calculated and ob.erved populations 
at the later census. 

10 
:1: 

~ 
Ill 
Q 

80 

i. 

80 

•• : 0 

04 0 .. 
z 

: .. eo 

0 
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The diagrainB may now be consulted. 
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NUMBER Of DEATHS IN THE PUNJAB :PER MILLE OF THE POPULATION 
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(B)-Th<l BI!IJBonal ~ariation of death8. 

The seiiSonal m?rt>lity bas been studied by Newsholme's method, in which the average 
daily death-rate is determined in two ways (1) by dividing the total mortality of the month 
by the numbor of d1ys in the month, and (2) by dividing the total mortality of the year by 
the numbor of daya in the year. The ratio of the quotient in (1) to the quotient in (2), e.>< pressed 
as a pJrcentage gives a m•asure of the relative intensity of the disease month by month, aa 
comp~red to the avara5e intensity throughout the year. The percentages for each month 
year by year. having been determined, the mean monthly intensity and the standard deviatio~ 
are readily determined for any particular group of years. In the present case the statistics 
for 1861-1921 have been divided into two groups, namely, 1867~1896 (30 years) and 
1897-1921 (25 years), the objects aimed at being (1) to obtain eventually a comparative 
series of groups each of 30 years' duration as the figures for future years become available; 
(2) to distinguish the pre-colony era from the colony era that was inaugurated by the start­
ing in 1897 of the Llwer Chenab Canal, and (3) to discriminate the seasonal variations 
which arise from chance from tho3e which are basic, and may, therefore, be expected to be 
common to both groupe of years. 

The diagrams b3low give the means and co-efficients of variation of the mortality rates 
calculated in the manner described for each month for the two groups of years separately. 
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(C) CompariiMI oftlle urba!l and mral tltllth-f'altsfrom carious tlistllB<I· 

h di · · I and urban The full sbtementa of the deaths year by year from e~c thfullm :ora ults are 
.areas are too Ienc,>thy to be re_produced. From the tables o Y e owmg res 
lloted :-

Cholera (1877-1021, euluding 1888-1888) • • 

8mAIJ-pox (1877-1021, ezcluding ISI!S-1&8) 

Pl.apl (1901-1021) 

Jlo'"n (18n-1921, ozelodiog 1888-1888) 

Bowel oomplainu (18n-1021, ezoloding 1888-1888) 

Boopiratory w.. .... (1902-1021) •• 

Jojurioo (1877-1021, ezoi..Ung 1888-1888) 

All "ot.bor" catliN (1877-1921, excluding 1895--1888) 

AD oaua .. (1877-1021, ozoluding 181lll-·1888) 

~ 

. .. 

A nRAOB 011' TIIB 
,unroAL DZATB·IlArD 

pe~ mille. 

~nral --··I ToWII8. 

0·30 0:66 

O'CJ. o~-

6'6:1 ol"':: 

22•88 20'09 

0•66 2'61 

2•32 6•77 

0'36 0•40 

6•80 11•20 

36'04- oll·os 

-

We may summarise tho st~tistical conclusior_m indicated by_ the ~ cla&ses _of figures in 
~espect of each disease. Tho medical expert must mterprl't them m the light of his own tech-
nical knoll ledge. • 

CHOLERA. 
Gcnerai!J'end.-The mcrtalit-y !rom cholera shows no rigns cf general diminution in tl:e 

Jll! yP.Ill8 !867-1921. . 
Seasonal variation.-Cholera is most evident during tl·e summer months ; though there 

is a very marker! diffcroure between the seasonal ,-ariation in the l•t and 2nd group of years. 
During 1867-1896 tho cholera mortality CUr\'e had a double hllmp; but-is orJy singly humped 
in the later years 1897-1921. Light is thrown on this phenomenon by considering separately 
yean~ of high, morl!u!"• and low cholera mortality! as it !S found that the years ~f medium and 
low mortality exhibit a double hump, the first m May or June, the second m September; 
while years of high mortality have owy a single maximum in Augnst. · 

The variability of deaths from cholera (shown by the dotted lines on the diagrams) is 
very high, as might have been anticipated from ita epidemic character. . 

Urban an<l rural ar<~M.-·Cholera produces 11 much greater mortality in towns than in 
villages. Out of 39 years the rural areas had 11 greater cholera mortality in owy 7 years. 

SMALL-POX. • 
General trend.-The seasonal variation curvea for 1867-1896 and 1897-1921 agree 

very .closoly : so do their variabilities. Maximum mortahty is to l:e exfected in May. 
December is the month in which there is the greatest uncertainty as to an outbr~ak. · 

Urban an<l rural aroos.-Small-pox CRUS•·• ll times the proportionate number of deathe 
in bwns than it does in villagea. In owy 8 years out of 39 was there a greater rurul than 
urban mortality. 

BOWEL COMPLAINTS. 

General trend • .....: There appears to be a very steady tendency for d~e.ths from bowel 
oomplaints to diminish, and Rinco 19CO the death-rate has not exceeded I per mille. 

SMSonal 113riatw11.-The incidence of bowel complaints is greatest at two parts of the 
year, May and October. Tho -:ariability iBlow, in no case exceeding 25 per cent., the causes 
which produce bowel complaints being apparently more or less similar in character and inten­
sity from year to year; 

Urban and ""'a! aroos.-Town dwellers are essentially more subject t.o bowel complaint-s 
than residents in rural areas. Out of 41 years 1817-1884 and 1889-1921 in no single year 
was the mortality in urban less than in rural areas from this cause. ' 

PLAGUE. 
. Ge!OOJ'al tren~-S:o far ~ any s:ner:-t tendency is exhibited by a disease which appears 

first 10 recent Pun]~b !U•tory m 1901, 1t nugh~ b~ supposed that plague is dia&ppeulng. . . 
Se~~sonal vana11011.-Th• data are too linuted for a secure determinaticn. 
Urban and rural art<I8.-Rural areas sufierod more than urban areas in 12 out of 21 

yean ending 1921. 
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FEVERS. 
Genera! trend.-Since 1885 the general tendency appears to be for a constancy of th& 

death-rate from fevers :tho high mortality in 1918 is due to the Influenza epidemic. 
'Seasonal ooriation.-Two maxima appear in the seBBonal chart. One in ·May-June 

is due to relapsing fever-the other in October-November to malaria. The variability is low 
for the most part being below 30 per cent., consonant with the endemic character of th~ 
diseases. · · 

ALL "OTHER" CAUSES. 
General trend.-Thi• appears to have been upwards from 1867. to 1908, with a slight 

tendency to diminish since. · 
Sea~onal v2ria!ion.-As might have been expected there is very little variation from 

month to month in the deaths from " other" causes, which includes deaths from all sources 
except cholera, small-pox, bowel complaints, plague and fevers. Agreeably with this the 

. co-<>flicients of variation are very small ;·in February, July and August they are below 10 
per cent. in both groups of years. 

Urban and rural areas.-Deaths from "other" causes in towru; always outnumber 
proportionately the numbers of deaths in rural areas. 

ALL CAUSES. 
Genera! trend.-The general death-rate whether due to physiological causes or to a 

better reporting agency, rose, on the whole, fr?m 1867-1890; since then it appears to be on 
the average fairly stationary, though there was great mortality in 1908 and 1918. 

Seasonal v3riation.-Deaths from fevers constitute about 75 per cent. of all deaths 
in the Punjab, and the seasonal variation accordingly follows the fever chart fairly closely. 

Urban and rural areas.-The general urban death-rate is greater than that in the rural 
areas in 37 out of 41 years. 

STATEMENT 1. 
Statement showing the population of Punjab from 1867 to 1921 (calculated), 

No.I Year. Popu1ntion of the No. Year. Population of the Populo.'ion of Punjab u . British Punjab . Br.t~h l'uojub. compri!l£"d ptior to 1900. 

I 1867 .. 17,611,498 29 1895 .. 2l1l88,470 

2 1868 .. 17,611,498 30 1896 .. 21,&16,766 

3 1869 .. 17,703,839 31 1897 .. 21,806,210 

4 1870 .. 17.796,665 32 1898 .. 21,966,822 

5 1871 .. 17,889,971 33 1899 .. 22,128,624 

6 1872 .. 17,983,770 34 1900 .. 20,330,339 22,291,614 

7 1873 .. 18,078,079 35 1901 .. 20,330,339 22,455,819 

8 1874 .. 18,172,864 36 1902 .. 20,294,517 22,h86,175 

9 1876 .. 18,268,143 37 1903· .. 20,258,756 22,717,205 

10 1876 .. 18,363,932 38 1994 .. 20,223,066 ' 22,&19,156 

II 1877 .. 18,460,214 39 1906 • 0 20,187,437 22,981,802 

12 1878 .. 18,657,006 40 1906 .. 20,151,859 23,115,212 

13 1879 .. 18,994,310 41 1907 .. 20,116,362 23,249,408 

14 ISSO .. 18,752,107 42 1908 .. 20,080,926 23,384,367 

15 1881 .. 18,850,437 43 1909 .. 20,045,531 23,520,113 

16 1882 .. 19,042,'975 44 1910 .. 20,010,217 . 23,656,644 

17 1883 .. 19,237,493 45 1911 .. 19,974,956 23,793,983 

18 1884 .. 19,434-,000 46 1912 .. 20,0l4,848 23,983,764 

19,632,514 47 1913 .. 20,115,000 24,175,091 
19 1885 .. 
20 1886 .. 19,883,045 48 1914 .. 20,185,372 24,367,918 

20,035,631 49 1916 .. 20,256,004 24,562,201 
21 1887 .. 
22 1888 .. 20,240,271 ro 1916 .. 20,326,895 24,758,210 

20,447,022 51 1917 .. 20,398,026 24,956,677 
23 1889 .. 
24 18110 .. 20,656,866 52 1918 .. 20,469,356 25,164,737 

20,866,847 53 1919 .. 20,541,026 25,355,392 
25 ·1891 .. 

21,020,552 54 1920 .. 20,612,896 25,557,64-1 
26 1892 .. 

21,175,384 66 1921 .. 20,685,024 25,761,500 

:I 1893 .. . 
1804 .. 21,331,364 

-
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APPENDIX 5. 

CIIABOII 0., SUBVIV.AL I'OB (l]IJLDJIBN BORN Dl V.&lllOUS ~ (Q' VABRJED,LII'B.. 

Take a single parental pair who haV:P h~ marrird. ;a: ·:ream. Let the chance; that a 
child hom in the pth year of ma~age 8li?V1Ve till the beginnmg 01. (p+I) th year, be R .. 
(Properly R. will vary with the ordinal No. of the ehild, ehilchen hom after the fust; having 
a better survival rate than the firat·born.] •. · 

Let the chance, that a ehild bom in the pth year of marriage lim from U.~t beginning 
of the qth np to the end of the qth year of ita age, be R.,.. . 

Then· the children hom in the 1i:rst year of married life alive at the end of the 1int 
year are-

f 1 R 1,, 

· The ehildren alive at the end of the 2nd year are-
f 1 R.,, R,,, (aged I to 2) 

+ f 1 R.,, (aged 0 to I) 

The children alive at the end of the 3rd yuor are -
£1 R,,, R,. 1 R 1, 1 (aged 2 to 3) 

. +f 1 R.,, R.,, (aged I to 2) 
+fIR... (aged 0 to 1) 

The children alive at the end of the ::a:th year &re -
11 R 1, 1 R 1, 8 

+f, R.,, R,, 1 

+f 1 R.,,R.,, 

(aged.x-I to x) 
(aged ::a:-2-to x~l) 
(a.,aed x-3 to x-2) 

+f. R .,, . . · 1_<aged ~ to 1) • • . . • • (I) 

Th · th · " (x+l) di1J R' .. h . · f . · f 30 ere are m e snmmation 
2 

erent s. ~ at JB or a mamage o years 

dnration the nnmber of R's will be 465. By putting all the R's equal to each other we are 
therefore making a pretty liberal assumption. It seems. however, necessary to do so, in order 
to get practical conclusions. 

Pu• 

.. -
R,, 1-R 

Then the nnmher of children alive at tpe end of the ::a:th year ia (from 1 pair of 
parents) 

+ .. .. 

(aged x-1 to x) 

(aged x-2 to x-1) 

+ f, R (aged 0 to 1) 
bogott!ln by parents who have oompleted x years of married life. 

. Now: we are gi~ the number of marriages in their xth year, and the nnmber of: 
children ahve of mamages in their ::a:th year. · 

Let 1,. = number of children alive from parents in their ::a:th year of mattiage. 
m. - nnmber of parents in their ::a:th year of marriage. 

Then 1,. - m. x ,1,. 

•. ..!!_ = f, R• + f 1 R•-• + .. 
m. 

Take the values of 1,. and m. from the tables. 

For the Oth zecorded year of marriage x=1 
, lat recorded year of marriage x=ll 

·and eo on. 

+ f.R: (Aj. 
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If b "" total number of children bom to . paren•-
. marriage. ,. now in their xth yeu of 

bb ... m,. (f.+ f, + 
nf =f 1 +f 1 +fa+ •• 

• 
H .we go back to the general 

X= J, 2,3, •• •• 
l, 
·- = f, R 1, 1 ml 
~~ . m ""f• R.,, R.,, + f 1 R.,, 

I 

• • f,) 

. . . f. 
(B) 

expreBSion (1) ww ha- . 
•u lllcceBSively, by pntfina 

l. f R R m, = 1 1•t .,. R., 1 + f, R1,. R.,, + f, R,,. 

•••• 
0 

0 •••••••• 0 ••••••••• :. 0 •• 0 ••• 0. 0 •••••• , ••• 

= f ,R ,,, R ,,, .... Rt.z+f,R.,,R.,
1 

R R + .. .. . . . . . .. ·-· ....... . 
+f,R,, 

This gives u.s x equations to solve x (x + 1) 
. 2 unknown• 

R,, 1 . R.,, R.,, 
R.,. 

Rl, •···•••••• Ruz 
Ra, •· ..... •. R., ,._,. 

·R::·;:················ .. ··· 
The • rs' are given· by equations (R). 
No\v it seems. reasonable to assume thn.t the snmval rate of children in tbcir fltb 

year. of age born 1n the mth year of ~nr~age of their P!lrents, is tq ual to the general 
•urVIval. rate for the. nth yea~ of age multtplied by a factor de1~ending only on the duration 
of mamage at the time of bu:th. 

We then have · 

Rm,n=Km R. 
Thu.s we get 

.!.! = i 1 K1 R, 
m• . 

.1.! = f 1 K,• R, R,+ f 1 K, R1 m, 

.!.! =f 1 K,• R,R 1 R0 + f 1 K,• R, R, + f 8 K1 R, m, . 
. i~ ........ ~ .............................. ·:.:.i .... (C) 

- '= f 1K 1 R 1 R 1 R 0 •••••••• Rx + f 1 K 1 R, R, R 1 •••• R.,t, m, 

+· ............................................ . 
+fx Kx R1 

We may now put in (C) the actual survival rates for the general population R, R., 
•••... R. and the values of the r. dP.termined from (B), and we 'have X equations to de· 
termine the z unknowns K 1, K 2, K 0 ••••••••• Kz. which give the influence of duration of 
marriage at birth on the sul\~vnl of the children at all ages. 

If we call L, the number living ut age x according to tablo r of the actuarial Report 
for the Census of 1911 (p 187) in our notation 

L, 
Rx =-

Lx-1 

So the values of R, R ......... R 10 , should be found from this table and then 
substituted in equations of type (C). • 

To start with takt> all groups together. From Table P, Life Table Punjab, male1 
page 187, Cens118 of India Report 1911, vol. I, part I, the survi•·al ratts R are given by 
subtracting the percentages in col. 4 from 1CO and expressing as a decimal, i.e., 

R, = •7021 
J? 1 = •9061 
R 1 = ·9323 
Rt = ·9503 
et..c., etc, . 

The f's are determined from rquations (B) and taking tl1e lrrtility fo1 the first ten 
years only, equations (C) then give 10 equations (or the 10 unknc\\ns Kv X v·. • •. · Kl6' 
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ln8oxion, pointe of-in life table curve . o 
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