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PREFACE

This work covers the practical problems in Statistics for B.Sc.,
B. Com., M. Com., M. A, (Eco.), M. 8c., P. C. 8, I. A. S. and other
competitive exarinations, Problems in general, have been selected
from Papers of different Universities, competitive examinations and
. from authoritative text books. These have been fully solved. In

rethods as possible, - O\
NS ¢

1 help and mattcr from different sources. We have tried Ql.llf' best to
quote the sources for such material, as far as posszblc’:}We thank all

" the authors, publishers and copyright holders of thebooks from which
K
We are highly thankful to Dr MMR4y, D. Sc., F. N, I, Dr.

Balak Ram, Ph. D,, Dr. J. P. Agar\ﬁz}’l;;PE. P., Prof. H. S. Sharma,
M. A., Dr. Raghu Raj Singh, Ph,..I)':s "Prof. S. S. Scth, M. Se¢., and
Prof. D.N. Agarwal, M. Sc., far* giving us encouragement and
; valuablc suggestions. ) \

jﬁfg are also thaﬁl{ful to Sri. Shyam Lal ji and Sri. Raj Kumar

Seth of M/s. S. Chantl & Co., Delhi, for bringing out thc puhhcatlon
QOur thz}nks are also due to Messrg Central Electric Press,

4 such matter has been taken.

in time,
Delki, for prj;\tiﬁg the book in very short time.

We sh’zhl’;'egard our labour well rewarded if this book satisfies
those dor whom it has been intended. Sunggestions for improvements
: W@Bé thankfully acknowledged. Omissions and printing mistakes,

PF any, are regretted.

' Acra COLLEGE, AGRA _ AUTHORS
© 15t January, 1959

64061

_ " solving these problems, we have tried to use as many d1ﬂerent \

We do not claim absolute originality, as we have takcp extens:ve"'

T



WwCHAPTER 1
«“AVERAGES”

Anp average is defined as ‘a single . expression representative of
the whole distribution’ ; or, it may be defincd as, “an average isa
single simple expression in which the net result of a cowplex group
of Targe numbers is concenirated”.  Tmportant forms of averages are .
ihe Mean, Mode, Median, Quartiles, Dreciles, Percentiles etc. A

[1] Mean.—represented by (M) N

' Sy AN
(¢) Individual Series.— (i) Main Method (M)= f e O

where y=sizc of items ¢ ™
n=no. of items.{
(if) Short-cut-Method.=Am assumed mean
{A) is taken and frem'it the deviations
{(x—A) are c ]’Qu\la.’ced with proper
o algebrical sigtts,>Then it is summed up

and Mean calculated. M=A + =26
N } n
N E=(x—A).

. ‘Problem 1.—Compute the jéi:rithmctic mean of the following :

Serial No.: 1 2 ZAN4 5 6 7 8 9 10

Marks: 20 z;\“}% 10 10 30 35 20 40 45
Belution : N\

.3

= o 2udl r vevmi a_ Zx
Serjal No. | MatS () |[ T=(x—A) M by main Mcthod= e
R - - 250
1 N | —10 ST
g":\\i A 7150
\ 15 P =15 ==
N NP i 10 ' —20) marks
'\\_‘; é 318 ' _%U M by Sho,rt-cut—l\'%thod
_ 7 35 +5 M—A 25
8 20 . =10 =AF—=
1 A N v ' 50
45 ' 4-15 e ()L [—_-_
L - 3 =30+{"10 ]
n=10 | sx=250 | $f——50 =30-5
! | . =25 marks\g#

’ " M represents Mean.
Iet the assumed mean (A)::SD
(&) Diserete Series,— (i) Main Metho r-—;nﬁ where f=frequency.



4 PROBLEMS IN STATISTICS

[NoTe ;—Deviation {(x—A) can also be shown by other letters
other than £ ; 2.g., d, ete.]

(d) There is yet another method of computation of the
Mean—Short-cut  with class-interval units, The eonly difference
between Short-cut-Method for continucus series and this method
is that instead of using actual deviations of the mid-points fram
the guessed mnean, the deviations are written In  terms of class-
intervals.

Problem 4.-—Quoted from Flementary Statistical Methods—

e —— - - [ —— - ."\_

Hourly Earni Mid-Point Number of M (ass, mez:.::}_»... 2t
OULly Zarmig Cents Workers s o W
Dreviation [C\© &
a - 4] C"f 3 o

. - y R AN
275 and under 325 Cents, . 30 120 v 5 — )
825, ,. 375 ., 35 152 A\ M — 608
375 L . 425, 40 170 (N — 3 - 510
425, ., 473, 45 2144 W -~ 2 — 425
475, 5 52°5 . 50 : 430 ) —1 — A0
525, o, 353, ! 55 T ] 0
575, s BI5 ”n 60 :,'. 568 + 1 + 568
62+5 EE} w B3 3 95 & N 550 + 2 1300
675 ,, ., T3, . 76 %N 795 4+ 3 2385
5, L TS, FEN - T + 4 53660
7R, . B25 T N 45 L5 +3745
825, ., 875 ,, A . B30 + 6 +3180
8?‘5 £ 1 92'5 an < 90 . 259 —JI_ 7 ‘I’ISIS
923 L, o, 875 L (Vo5 152 + 8 +1216
975, 4, 1023 K™ 100 . 107 + 9 + 963
W25, L, 1075 8, 105 50 +10 - 508
W7o, 5 s Oh 110 25 +11 + 275

: AN/ . R —

AN L N=f291 + 17,009
— ..__._...__:_:'\"L.____________________________-_ R

Neiswan‘@,""p. 260, Source of'original table ; as quoted in the
above.xﬁz;l'erred book : *““Earnivgs in the. Manufacture of Rubhber
Produets, May, 19407, Monthly Labour Review, .8, Dept. of
{é{wf, Washington, D.C., June, 1941 p. 1503,

> (| 17029

=20 05 =138

MM’ CG— 05511353 =$0'6853 or 68-5 Ceents.
(e) Weighted Mean (My}.—For the Calculation of weighted

mean, we follow the same process as that i Discrete and Continuous
Series. The only difference being (f) replaced by () where

w==weights,
(i) a=2Xrwinplace of 5 £_/
(i1} aw or & in place of
g ar f5

COiherwize, there 1s no diffevence.

s

N
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\size’ of_ |Frequency

A

AVERAGES 5

e
\__/ff] MpDE (My).—“Mode is the value of that item ina
variable which oceurs most frequently.” . _
_ (@}~ "Individual Series.—Mode is located by inspection in the
individual series. Thatitem which repeats the maximum number
of times is said to be modal. : :

Problem 5.—Size of the item Frequency.

) ’1/ 5 .
2 10 Mode (M,) is located
3 25 at 3 with 25 as max,
4 14 frequenty.

{#) Discrets Series.—In discrete series, Mode (M) is Ioeated

Ly grouping. The process is : in ali, we make six colurns,, i(u:lil ng
frequency column. : S ' >

(i) Tuthe first Column (freq. col) mode is{ lgcated by
inspection item containing maximum frequeney.

{ii) In the second column, we group fr€duencies in t_w_o's,
starting from the top. Their totals Q¢ found and items
containing maximum frequency loeated.

({i) In the third column we do like&Cbl. - (#) except that we
start grouping by leaving thenfipst frequency.

(i) We group, in this column, fréquencies in three’s—starting
from the first frequency~{Totals calculated and the items
containing maximum‘fg'.équency located.

(z) Same as in Col. (a'z:}*,: starting grouping in three's from the
second frequency, '

(vi) Same as in Coly\(2s), starting grouping in three’s from the
third freq@fnty. Finally, we find .out the.size.of item

which repeats largest number of times, On this item,
Mode js\acated

Y Froblen 6 Compute the Mode,

Sizeof itémr: 2 3 4 5 6 7 g 9 10 11 12 13
 FrequeRdy : 3 81012161410 § 17 5 4 1

(Nagpur, B. Com., 1945)

2

!
an | imes cont.
item (1) i . (11} : (iIn) ' awv) | (V) vVT) No. of times con!

“max. freq.
9 ] % II} 1 !l : H .. "
. g . - . P
3: | io II% 22 Ii% ! ' g 2 } . 31/
: | 2 Ly . o a . kB0 } % .
& _ 16 L o30 } ?.3 et 5.
7 4 v Y : ; ?
g 1% 2%, 18 I;% * i E 35 II g 4 } 32 X]
1w o7 e [ _
| L ! : | : e
ot dm .} B s -}25 X
13 ‘;r % 5 % iy .% 10 : . Py

A



PROBLEMS IN STATISTICS

Mode is located at 6 (frequency =16}

(c) Continuous series.~—~Mode in the continuous series is computed
by the formula :

M) M, =t

L—hy .7
1“f oSz (l=h) e
where M;=Mode.

f, and [, =lower and upper limit of the modal group
7| =Frequency of the modal group.

N\
Jo ==frequency of the next lower group than the ‘wiodal
group. 2\ \
J2 =frequency of the next higher group 1ha‘g1}ﬁle muadal
group. N\
Another formula for computing Mode of gr{tipttd ‘data is
B JA N
iy My= L+ —L2 (LW
° ’ Je—J ( WO W
e :’\ >4
_ Nz %%
Q) My = L+ Nl_i_N\)..:\X 1

N

(iz) My =3Md—2M | j
where L=lower limit of the cIass-mterval

. Ny=frcguency ofi‘he next higher group.

N;=frequency of the next Jower group.

I__I\/Iacvmt@ie of the class-interval.
Out of these

xgnalas, however, the first is rcgarded as the
bcst and in Gcneral tollswed.

vf'rob]en{'l )
'\“"\Iarl\s No. of students.
\‘
o 4 : 20 .

‘{\ 46 - 40
6—8 30
o N _

M\: ®) §—10 16

(Praciical Statistics—Ziaudin, p. 31}
Solution :

By (i) formula.

_fhi—f
MI) 2f1 J‘;j f-z - !1)

=44 1‘33' :
=533 approx.



AVERAGES - 7
by (if and i1} meth.ods ?\/I.-—-L—‘— —-—N2 -x I
4 / T NN,

30
=4+ 0y X2

=32 approx.

by (iz) method. My =3Md--2M

:(gx %i)-(gxz—i— =T Al

. 33 56 A
2 5 A
==5'3 approx. ‘
Md being 4 and M being 58, 7.\

L ¥

- : ~&
\-o%ﬁ Mepian.—“Median is the value of _t./“l’a.t? ifem in a series
which divides the scrics into two equal parts,%ne part consisting of
all values less, and the other all valucs greaier’ than it.” (Ghesh and
Chandhry—Statistics, p, 99) . N

() Individual Series.~For calculating median of an individual

seties, it Is essential that the seriesdy placed in an arranged order. It

“may cither be ascending, descending or ascending-cum-descending

order. Towever, it is alwayg®afe and better to array it in ascending
or descending order. ThenyMd is calculated as :

9 nt 1Nk, :
Md=Size of the (— + —) item. ¥
. EN\/ 2
& . N\ .
Sometimes if 80 happens that the valuc of the median comes in
the fraction, sayyitds equal to 5'5th item. Then it is located as :
&

x'\il.‘ Sizc of the 5th item-i-size of the 6th item
O = e e
]
jfn’\, average is taken of the two values—the Vith and the VIth
wa}&f_@s& This gives the value of the Median. '

a\"& ’
\ 4 " (b} Discrete Series.—(i} There is no nced of putting it in any
e * arrayed form. The reason is, in this case, we have to

= find out the cumulative frequency—which auntomati-
cally places the scries in an ascending order.

{ti) Cumulative frequency is known.
coy 1 Nk, '
{#i) Value of (H—Z— item is known.

{iv) Md is located at the size of the item in whose cumulative
frequency this value of (n—é-_l)tk_ item falls. '
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If it is not just equal to any value of the emf, then the o/ next

highcr to the value of m—gl )tfz item should be considere!.

(¢} Continuous Sertes.—(i) Cumulative frequency = ulzalated,

71N
2
method mentioned in () above.

(t1) m is calculated as the size of'( item ; llowing the

(iz) On the basis of the value of m the median group is lgopted.

{tv) Finally, median is calculatecdd following this for;m{l,a of

interpolating median in a grouped data LM
!1 __tr Y . \/
(a) Md={;+ {-j ](m———r:' E N
1 4 N
: Ky
where, Md=Median N

iiand [y=lower and upper \li,:ﬁ_*.it of the median
group, AN

W

Sfi=frequency of,tﬁc‘ median group.
. nh LNtk
m=size of(;,’?g“—-‘) item.

c==gmf %0k the next lower group than the
median group.

3 ;
(®) 1»{‘3}2«2\-}-:;7(-’;——5) ya

where n:;:ti‘n’él frequency.

N 4 . .
it lower limit of the median group.

Z

{"\Yi=class interval.

o

c=cumulative frequency of the group preceding the

_ "\‘, ~ median groth.
\\"‘ o _1\___1:' o

{e} Md=L + _2_.__ _

xi
. S
_ where L=lower I_im.it of the median group.
. J=frequency of the median group.
i=class interval.
F=total ofall frequencies belore median group.-

N=Toqtal of frequencics.

There arc a few more formulas for the computation of M4 in

grouped data, but the first onc (4} is regarded as the simplest and
the best, - o
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[Mors—DMany writers calculate the value of Md in individual and
a1 Nk

. . nth. .
discrete series as size DF_Q_ item and not (—2-- ilem, ]
o ['4] QuarTires, DeciLes, PERGENTILES ETCy~
(4) They are also calculated as the Median. Difference is for
the quartiles, (n+1) is divided by 4 in place of 2 ; for Decciles it is
divided by 10; for Percentiles it is divided by 100.
(¢) Tn Tndividual series, the series is to be arrayed.

() In Discrete series, the cumulative frequency is to be galcu-

Jated, A ¢
oA
(d) The valuc given is used for muliiplication te\th€ value
+] . % N/
of (fzx --—) where =4 for quartiles, 10 for deciles anghso’on.
e.g.”() We have to compute Qi NQQ"'B is the power
| WEGLN '
4 7\
: .
Gy D, = TED SO
f Ny
iy 0, =2tL§
B
: 4600+ 1
(i) Puy x:fig(_i}“ )

\'\’ ™

{¢) for cor;gir:luous_ series, find the value of that particular item,

and so on.

L XNO . Tty 6+l 46(n+1)
as reqmredx,t{qy, d; = o %= g 5 Pu=—qg

N\W .
Q@"Then interpolate as : (using first formula)

A Vo=l { "':%ﬁ_(pﬂ_c) }

747%3_ 2 {'}-t item.

by
Q=1 {‘—-—l-o—c)}
L] 17 ﬁ 5
: L—1 '
=] __{_% 2 1 —c %
| Q=1 fi (g3—¢)
that is, in the small bracket (m—¢), we replace m by the particular
unit whese value is to be known.say g3 for finding out Q.

: [5] Gromerric Mean.—(Quoted - slightly changed —from”
Elementary Statistical-Methods by Neiswanges, pp. 287—289).

where f,,=size of the
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The geometric mean (g) is the stk root of the product of n
numbers. The formula 1n natural numbers is :

n ) I
s , Gn . Gouan
= V t 2 prerln

If, for example, only two values, such as 4 and 9, arc used., the
geometric average is the square root of the product of thesc nunibers:
4x9=30 and the square root of 36=46,

When a gcometric average of a series of numbers is decided,
the computation is best undertaken through the usc of logarithfus
log g, +loga, +log o+ a l0g an

LR S B N

The formula then becomes : g=Antilog - , £
: . »

O

N/

log a,+lag ap+-log a, -+ ... .Jog an 3§

7%y
4 a\ 3

OR log 5=

where a;, &y, ¢, are the digits of whose ¢ is toAje €alculated.
an=total No. of items in the secries. ’

To compute the geometric mean (g) oﬁ%#\\zi{xd 9, the logarithms
of 4 and 9 ("60206 and 95424) are sccured from log, table. These
logs are then added and divided by 2 (Jere n being=2).

60206 95424, «
}.Og g==- —-2 v--}". 3
log g="T7815.2%
g==6 <“ where g=geometric mean.
When the data '1r.§im frequency-distribution form, the formula

s 3
for the geometric mearhin logarithmic terms becomes :
NS A log ay +fy log aa s log ag+ . fa log an

156 dg—1 .0 :
e Sk f

d1s ag,"\s:@;.‘an represent the mid-points of classifications ; and

Fi» S fu s firsymbolize the class frequencies associated with each mid-
point. \%f=rn.

. \?ﬁfoblem 8. — (Thisalone from Praciical Stalistics by Ziauddin.

@ L

. |
| . . . H
Class-group k 1\*11_d-5¥cimt | Frcq&fjncy fog of (x) : Flogx
i :
94 3 L g o 9542
F - ) ; 4 6990 ; 17-66
68 7 50 3451 i 25353
8—10 9 _ 10 98| 9532
- e =
1 S f=n=100 ¥ floge=72397

x==ynid-points. n=3f




AVERAGES 11

oy
log g= LS 108.%)
n
_ 7273,
| =00 = 72397
Thercfore, g=5279 where g=geometric mean.

In case we have to compute weighted geometric mean {a'),
we multiply the digits by weights (w) in place of { f}—other things as
mentioned above. O

[ 6] HarMmonic Mean—The harmopic mean ist e’\;,ég:’ipro-
cal of the arithmetic average of the reciprocals of the vglgess sym-
belically : A

"G
b —— L QO
il &9

b ¢ N\ n

o

P 4

]

. " O.\' .
where a, b, ¢, ... n represent the values‘cri}\he items. 2 = total no.
of items, A=harmoenic mean. O
o
o3

1t can also be expressed ag&N"
ERY
aNY"

R S W O 1
o R i e BT RE -
ix:rc;cj}z}t)cal a__ b ¢ T n
EN/ i
L\
O 1
RS spL
b4, n { Ty
‘OR ,j\"&: — OR — =—¢ 7
e 4 5[ -

JSwhere x=size of the items ; f=frequency.

<>&

.

vProblem 9.—(from Praciical Séalistif:s—-Ziauddiﬁ, PP 34—35).

{2) Calculate the harmonic mean of 3 and “25.

2 2 )

(i) h=_1_ T =774 =33 [n=2.1
50025

1 I_SFJ‘”'_}B'" 244 1.6 2

oo L5 25 244 L 2 =

(”)k- ) = 3 -01“&——2..&.‘_6

=33 apptoximately.
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(&)
; : _
Mid value Reciprocals
Class group (x) 1 o Fregureney i
| ) ( - -—) i . ’ f, —
| ¥ A ‘ %
2—4 3 L0333 S 20 665
4— 4G 4 e 40 HRI]
6— 8 7 o014 30 4134
8—10 | Q t=-11t 16 : 1411
! - e o )
]' N
. yf=to0 50
| N\ 5=20-05
' . 100 O
(z) harmonic mean {(f)= ;= '— =498
2005 (¥
s fesnd
g =" ) N
! e
\ &

i Al =23 7= 2
(#) harmonic mean {%) Ry . 100

. k 100

ALNT T 20006
welghted harmonic mean.i{}alculated by multiplving the size of
the items by weights @) in place of (f) - other procedure is
common. O

[7] Q_UA];JI&A:TIG Mrpar, Movine AVERAGE, I’ROGRESSIVE
AVERAGE, Composife AvErace anp Dzata Rarss., | Guoted from
Elements of Steiisfics by Trofs. D. K. Sakhwalkar and M.P. Singh,
PP 149-—1%&"

QU;:\:DRATIG Mean.—Qnadratic mean is an arithmetic avcrage
obtaimned by extracting the root of the sum of square of item values
c%h\gri’sing a scries, It is also kncwn as “Reot Mean Squarce™
andvtaleniated by the formula ;

Q-rra =

Q== Quadratic mean.
a%, b2, ¢, ... n®=square of various item valuesin a serics.

=498,

r=number of items.

MoviNg AVERAGE.~—It is a form of arithmetic average com-
puted to obtain a new scries, by dropping off the earlicst item-
value and taking in its place the succeeding trading period and re-

. Deating the same process year after year. It may be on 3 yearly,
3 yearly, 7 yearly etc. basis. Symbolically—
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atbtc btotd otdte dietf

(::) 3 Yearly* """ ( E=3)’ 3 E) 3 3 .. Cte.

S vearly— 4ot dTe bdetddetf c+dtetftg
{11} 3 yearly (=5 s 5 B 5
' A -1 o3

PROGRESSIVE AVERACE,— A progressive average is a cumu-
lative average used occasionally during the ‘early years of the
life of a business.” This is computed by taking all the figures avail-
able in each succeeding year. Thus, the average for the diffevént

vears will be :
a-tb  atbte atblotd
- 2— N K1 H 4 A
‘represent the amounts of trading profits in different yéars)

N ¢
‘3 ¢\

NS ©
... ete, where ¢,/ ¢, 4, etc.

. ré

CloMPOSITE AVERAGE.—A  commposite aver‘age s an arith-
metic mean computed by taking out an averagdbfvarious averages.
Thus, if the monthly sales of a certain busingss house arc represented
by %, &g, Xg ... % the average monthly 55},1{5” r ihat year would he

S R T N !

27 >

and, if monthly sales of diffefont years are available, monthly
average sale for various years will be
E%+te...+n ' .
&*-J“— [ a=no. of items.]
& \J n
where @, , ¢, ... £xcpresent yearly averages of menthly sales for
different years. Th;‘s is known as a composite average.

A\
DeaTH RATES,—
Z i v Arebklem 1), —
,.e\git':‘};r'crup : Local Population (Town A) i Standard Population {Town B)
LR, At i
; Death
(Years) - Population Death  Death Rate Population Death j  Rate
. per 10GO : | per 1660
. | ;
— ._ we— — i___ : : - e— ! R ——
Under 10 - 20,000 . 600 30 Co12000 0 372 31
0—20 12,000 240 20 ¢ 30000 0 660 22
20--40 50000 - 1250 95 L b2000 | 1612 | 26
W60 30000 ¢ 1020 33 {13600 0 535 35
Above 3 oo ¢ 200 i} | 3,000 © 0 B0 G0

10000 3640 1 299 122,000 | 3,319 266
; : | - . :
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_Genecral Death Rate of Town A—
1 5 (20000 3)-+ (12000 X 20) + (5000 x 25}

~ 12200

b (30600 > 35 - (16000 < 507
General Death Rate of Town B—

1
132008 ({12000 31) (30000 x 22} + {62000 x 26)+4- { 15000 % 35;
-|-{3000 x 60‘ i
=266. o
{ \

Standardized Death Rate of Town A — o\

\ w4
[Standardized death rate is found by taking the popnlauon of
one town, say, town B, as standard and the death ratey; taf another
towT, say, 'Icmn A Iocal ] 3 \

= 22-000 (12000 x 30) + (30000 < 20) + (62&]0 25;
+ L >Q0.0 % 33 - {3000 % 60)]
=261, )
roblem 11.—According to the’ecmus of 1941, following are
the populationfigures, in thousands,~0f ‘irst 10 cities : Find  the

Median and quartiles.
2488, 1490, 777, 733, 522, 672 591 407, 387, 391.

Solution "\

For finding out the meghan, the series is re-distributed in either
ascending or descendmg\Q der. Here, it is placed in the descending
order. O

Cities Popu!atinp~z}s f;‘mumnd Cilies Popuiation in thousand

1 /2488 6 591
2 z"\;’1490 7 522
3 AN 77T 8 407
4 W\ 733 9 391
5, "\ 672 10 387
\ w4
\ n=10 1\»‘1d=(n;_l)--m item. where Md=median
(Iﬂ—ml th . n=number of items.
’
= ?= 5'5”rj item,
5
_ 6724591
- 2
_ 1263

=3 -=631'5 thousands

N
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nt+1NE . .
Ql =(T) item, where Ql—_-: First qUanl]C»

— II_ s item
= ) m,

=777 thousands approximately. -
. . h
{14— is more near to 3 than 2/?: O\
{n4-1} ¢k . 1.y
Q.= v 4 - item o\
& N/

33, . J . :«I
= —— 4 item==3'% item approximately.
4 Pia
\
=407 thousands approxingagely,

“roblem 12.—The following table gLVQ?‘T.TIC marks obtained by
a4 batch of 25 students in a certain cl&s}-test in Economics and

N\

politics. O
Roll No. of  Ecomomics  Politics Q Bl No. of Economics  Politics
the cludenis o the students :
] 29 36N 12 35 33
2 65 3o 13 46 80
3 33 N\N38 14 47 44
4 435 \\"' 39 15 60 85
5 50 W 64 16 30 20
G 72 N7 50 17 32 32
7 43¢/ 46 18 52 25
8 s 15 19 54 55
9 a2 42 20 56 28
10 N\ 25 10 21 58 53
1 LV o 72 22 49 35
R\ 23 3 . 40
~O 24 40 62
? 25 46 58

In which subject is the level of knowledge of the students, as
revealed from the above figures, higher 7 Give reasons.
(M.A., Allahabad, 1935)

Solution :

To find the level of knowledge and to Sscertain as to
in which subject the knowledge of students is higher, we have
o compute the median of both the subjects and on the basis of
that the result would be known. For finding out the median, the
series is to be re-distributed either in the ascending or descending

order. Here, it is arrayed in the descending order. P—
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Roll No. of Ewnamzr:s Politics  Roll No. of  Economics  Polities

students Students
| 72 85 12 46 42
2 65 80 13 46 40
3 60 72 14 43 39
4 58 64 15 42 38
5 56 62 16 40 34
6 54 58 17 38 35
7 52 55 18 13 a3
8 51 53 19 33 a2
5 49 50 20 33 30
10 48 46 21 3z 28
11 47 44 22 3 o
23 29 '..;'\\ZC_J’
24 2 N 15
25 25 z\uf; 16
Median for Economics marks : O

+NON
: Md(g}==( n—l;l___)ﬂz item, I\-Id{,,):l\/}éaian for
x:\ conomics Marks.

W n=number of items,
_( 2541 Yh it m_.la”ﬂ 1ﬁem
=46 marks. ~.‘~.,
N mbNth L
Median for Politics m'lrk\ Md{,) =( = ) item.

\\\ 7 Md(,) = Median for Politics marks.

::: / gv-:r-l _\lﬂa. iter
P \) - \ 2 / o
x'\"'. _ g =13i%, item.
'S ¥y
\“ . =40 marks,

'1hus, wvc arrive at a conclusion that standard of knowledge
eo}lomlLs is higher.

i’roblem 13,—Find the \/Iode of 1he following series :

Size Frequency - Size © Freguency
3 - 4R 13 52
6 52 14 41
7 36 i5 57
8 i 60. 16 _ 63
o _ 63 17 52
10 37 ' 18 43

i 55 19 - 40
iz - 50 i :

(Allakabad, B. Com. 1943)
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Mode of the series is to be located by the grouping method,

Wumber of times

Mode?s g::ated_

. Frequency [ 8
RBize (1) ! {I1)
i e
5 18 |
6 | o5 100
. ! ‘6
I g | %1
9 63
10 - 57 1 120
1t 25
a2 50 105
13 ! 52
14 a1 | {93
15 57
16 63 §120
17 . 52
18 8 100
19 . 40
— = —
Clolumns 5

E__E%;“ l@ | o) | oy

7 .8
i
f I
i

1 | 3

(1ID

avy ‘ (V) [ (VD)

¢ 3
D W W

PR
L™ .

3

Size of jtems contqi}x"@’g maximum {requency

(| 1) sy Lany

at 9, i.c. consisting of 63 frequency.

\Broblem 14.—Compute the weighted geometric average of

relative prices of the followin

year 1938-Price
Comenodity

V. Corn

g+ Cotton
= -Hay
u.“'heat

100) :

Relative Price Weight
128-3 1385
62:4 819
1i7:7 842
990 561

g commodities for the year 1939 (base

(Value produced in 1938}
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Commodity

9+ Qats
- Potatoes
» Sugar
o Barley
o - Tobacco
12 Rye
! Rice
; ;‘_-,Qil Seeds

Solution :

- - _— 4 Ny —
. | :
: ive Price |LOg. for Relative, : A Log. T
Commodity Relative Price 8 P?";-cc o H.‘: Weight " \ elg]in ]?;I'J(":g *
— ! = — \L I R
Corn , 1288 | X 9:4594= 35 i3gs" 3462-5
Cotton | €24 I rres0=1g IO 14742
Hay ; 177 iy 2:2480="05 g2 21050
Wheat | 99+0 . 19956--20 01 11220
Qais | 1309 (X 2:4900=25 \~ 408 1020
Potatoes | 143°5 | X 26383 =26, 194 5044
Sugar 125G X 24082 24NV gy 3408
Barloy 150-2 TR 2T =27 oo i 2700
Tobaceo 101°1 D 20045.30% 103 2060
Rye : 1162 ¥ 2909529 25 | 550
Rice | 1173 | > 2:2450=2'3 17 391
©il Seed ‘ 78.7 { L89se—=19 29 331
) {" TW=4625  YWI=1065¢1
N __\_ i -
Where ZW= summatlon of welghts
-ﬁﬁ"@ "\‘WL-‘ } i oo weight x leg of relative price,
3. ¥y \g'( _anmo 106541
P NG & q635
L9 § ==antilog 23 approximately.

Problem 15.

best unwerSIty ?

University
Examination

PROBLEMS IN STATISTICS

Relative Price

1309
143-5
1256
150-2
101-1
ite2
117-5

787

Wergh:

{Va'ue ;mdxced in rgad)
408

154
142
1€6
103

Q)

; i o 7 i
{B.Com., A}@’\ 543}

~=169'8 approximately.
"\ 3 thrc £ =weighted geometric mean,

—The following table gives the results of certain
\rkammatmns of three universities in the ycar 1936.

Which is the

A ' B l C
80 ; 75 ' 70
70 i 70 ; 60
65 | 80 ‘ 70
60 - ! 70 a0
75 l B3 75

(Cal. M.A., 1937)
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‘-Solutmn :

This question can be ‘;ol\«cd in two ways, Either individual
mnedian can be caleulated of these respective universities ; and on the
basis of it, the best university can be known, or we1ghted {weights ta
be ascwtamed by ourselves) arithmetic average is to be calculated
and then the best university is known :

Pm‘centa«e Resalts in the University ..\

3
g
)

Unixzcrsil'_\_r‘ , . ) - N\ -
Lxaminaiion | N | Wc‘lg,hts B ! Weights e Wﬂghts
! - W, S Wy o Wy
. ! | : P
. — i_ i | ; ok ..____,,\:‘P
M.A P80 10 73 100 AT o
M.Sc. . Lo | 5 ; 70+ 9 PR : 3
B.A. : 65 | a5. 1 89 335 070 4 85
s B.5¢ o6 B0 700 0 3eeNM B 30
if B Com. 75 | w65 - NBW 75 0 10
— . — _I— — - :- Lo x'.\, ». |- .- . .
: S Wy =n L_.--"' ¢ EWp= |
f - | = 10X x\‘ 100 |
l o D\ 2t

Average Result for University A, )

anmmaf:;on o, of marks we;ghis X0y

(X)W - ~fj'
MA. T 80 10 L\ 800 . _ -
M.Se. 70 5 ‘\ 350 .. weighted average for
T BA 65 350 2275 University A=ST 6725,
i B.So it 1?9 . 1500 Thus, we ascertain that’
B.Com. ?3‘1\ 20 1500 the students of N\’ Un*i'.*_.-__' )
D - chrmty secured, on an

. \zW’ ---—n_IO“ *XW,=6725 average 67-25% wmarks. w

"\Aycra.gc Result for Unjversity B :

, Q}ﬁffﬁatim oL of weights X. W,
: marks {X) (W)
COMA 7510 750 weighted  arithmetic
; M. Sc. 70 5 330 average for University
© BA. 80 35 2000 - B =%
' BSc. 70 30 2400 =730

BCom. - ] 20 1300 On an . average, the’

. _ . students of :B* University
: . *W,=100 sXW,=T300 secared ?J%Imazks.
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Average Result for University G :
Examination % of weight X.W,
: marks(3X) (W,)

M.A. 70 10 700 weighted arithmetic
M.5c. 60 5 300 average for the results of -
B.A, 70 35 2450 University C==2355
B.5c. 80 30 2400 =735,
B.Com. 75 20 1500

—_ — Thus, we find that{the

EWy=n=100 3XW,=7350 studentsofl Um\nm\mw C
secured, on an\ average,
7359, marks

Therefore, our inference is that University Oqs;thc best.
Problem 16.—Locate the Mode of thc fOllo“mg

Size of item Frequency Szaetsf item Frequency.
4 2 -\ 14
5 5 y v 10 14.
6 8 RO 15
7 9 o 12 1
B PRI\ 13 13

Solution :

. N\
Mode is to be Qcélté.d by the grouping method.

N\

\

Size of item (}?1' |F1 cqumcy i i 1 , * | " ‘ _\,1_
x'\"' a E | ' i ! i
& . 7 ! )
i

i Sall ol mn{;/uw -P-

o

L
e ]

Pt —

413 4=

N TN R IR LT

[ o]

(3]
ey
L [

o
|
1

Size of items with max, frequency in col.

I - ]I} |

I — 10,11 11 =4 times.
11 — 9,10 ! 10==53 times,
IV - 10, 11, ;é il 9Q::23 times,
\"y — 83 9:.- ! 8=ltimc.
VI -— 9,10, 11 ! 12=1 time.

Therefore, our conclusion is that made is located at 10..
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_ {Problem 17.—The following table gives the number of persons
with diffcrent incomes in the U.8.A. during the year 1929, Cal-
culate the average income per head.

Income in thousands No. of persons  Income in thousands No. of persons

of dollars in lakhs of dollars i Lakhs
under | 13 10—25 27
1— 2 90 2550 6
2-— 3 81 50--100 2
-5 17 1001000 2 -
. 5—10 66 _ A

oA
“( Lusknow, B. :CQ??:\.;JQ L))

Bolution : PN
) <
For finding out the average incomc per heads we bave to
-compute simple arithmetic average. Arithmetic. ay€rage by short-

cut meth_od : »

) H H 3 Y2 1 .
Income in X . No. of 'x":,\ _ I f:
thousands o 0 Mid-value | personga\ifi\. (z) i =

dollars : {x} lakhs LW ;

S R ,;_:}’ w - _i_ e

under 1 5 o\ 13 —17 —221
I— 2 15 N 96 —16 — 14400
2— 3 25 4N w0 —15 —1200
3= 5 0. T 117 —135 | —15895
35— 10 TN 66 — 100 —660
10— 25 - IR ! 27 a o
25— 50 (35 6 +3 +120
30— 100 | NS0 | 2 : 1575 . +115
100--1000 AN B50°G | 2 +5325 41065
- - R
:.\“:_ o N f=n=403 " E = (XA sl =—4810-5
i"\;’ i H |
\E . 7 -

]r'
—
=1
wn
+
I

7052538105 _ 3242 8044
43 = o3 —7Tapprox.

Therefore, the average income per head is &944thousand
- algllars. ' '

P‘-.,,Problem 18.—The marks obtained by students of classes A and
*B are given below. Give as much information as you can regards
ing the composition of the classes in respect of intelligence :
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Marks oblained  No. of sludesiis in class o Non of studentys G
. : clasy B
- 5—10 1 5
10--15 10 6
15--20 20 15
20—25 8 10
"25—30 6 5.
36-—35 3 4
35—40 l 2
40—45 0 2
{Agra, B.Com. o355
Selution :
4’\ Y
(a) highest marks secured in class A 15 35— 40 dily one
student. \
' 4 ’ N
{t) highest marks obtained in class B 19\40 15 by two
students. _ \\
{¢) Arithmetic average for marks obtamc}{ in clsss A and B.
— oV
’ ; i Class A W Clasz B
Marks | Mid. ! . X ,\ :
obtained | valoe 7 ) 4 > 5 T
) iNo. of siudenis\ o & Sy No. el students x g7,
| in class A (s’h:ﬂ‘ inclass B fo)
_— \:‘T‘. e : —_
510 750 N © 75
0—i5 125 L N 1250
15—20 17-5 m\ 20 3507
205 25, A" 8 1206
2530 | 275% N7 6 630
30—35 | 39 . } 97°5
85—40  ° 3Rgr 1 375
W—45 S\ 45 0 i
\O™ M fimmet9 w oie x
O ! ' | 9025 ’

() Arith. average for the marks obtained by the students of class A

\-,’ A 2\"_“’:}(‘1 .
. iy
9025 '
_49_- =184 .approximatcly.

Arith, average for the marks obtained by the students of class B.
B Zx S
g
_ 10275
45
=209 approximately.
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Thus, on the basis of this comparison, we can conclude that the
average marks obtained by class B is more than that cbtained by
class A, that iz, class B is more intelligent,

(d} The comparative intelligence can also be known by finding
out the median of class A and B, and alse by weighted arithmetic
average.

“Problem 19,— Calculate the (i) unweighted mean of the prices
i column 11T and (é) the mean obtained by weighting each price by
the quantity consumed, and explain why they differ as they do:

I I1 O
Articles of Food Quantity consumed Price in Rs, pzma’i
Ilour 115 mds. ‘b\
Ghee 36 ., 53 4
Sugar 25 ., .".\ 82
Potato . 1n ., _ Q\\ 2°5
Oil 33 NS 20 O _
: N WCalcutia, M.A., 1937)
Solation : - '\‘
{AY Unweighted mean of co]urnn 11 -
Articles of Foal ‘;.Pn.-:es in Re. {x}
Flour ANY 58
Cthec > 584  M—2t
thee & | ==
¢ '{n} 2 4
Sugar AN 82 =249
Rotdto 2-5 =189 approx.
O 200
NS Tx—=940

(Bl\\'&t:lgntcd mean—weighting with the (uantity consumed
(qh@rt-rcut method)

N\ |

} | Pricei : :

G o ! rice in Rs. WE1g)lt i 13 £
orRInodity | (X) (WY A=10 ) W\.,
Flour 58 115 I —a2 —48'3
Ghee 584 56 i 484 +271'04’
Sugar i 25 —1'8 —504
Potate 23 16 - 1 : —12
ot 200 35 1 4@ | 433

MW e 1789 Ex= (X — A) ZWE=221034
. i
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=A4 EW'- M!+- = weighted mean,
10 _AI 036 n=3W.
+ 1789 A=assumed mean—=10,
_ 1789422103
o 178G
3899 -

=179 approximately, A

=223 approximately. L\
q/i’roblem 20.—The following data relate to sizes ofshb}-s zold at

a store durmg a given week. Find the average size by the short-cut

method
_ . : — — D
H ’ i ,"\\ |
Sizeof shoss 45 5 1556 (6307 738 ga(8" o3 10 105110
_.I_ N S ;'\ -
No.of pairs ‘1 .2 14 [5 {1530 60 gg{‘g 82 75 44 23 15 4
S B o IR\ A Pl
. O (Calcutta, M.A., ry36}
Solution : .‘}’,
s, g _ . _
Size of shoes No, of, .palrs * E fE
{x) (f)
_—— [ —_ "‘\ —_— P — —_— —_ JE—
45 \\ 1 —35 —25
5 ¢ 2 —3 : —60
55 O 4 —2-5 —10.0
6 \»' 5 -2 —10:0
65 o\w 15 —1'5 —22-5
7 & 30 —1 —300
& 60 —5 —300
e s 95 0 | 0
B i +5 +41-9
“\N;‘ 9 75 +1 | +750
~LO &5 44 +1°5 +660
9 19 25 +2 +50°0
/ 105 15 | 425 +375
1 4 : +3 L1240
o |r _ i - _ _
: Mf= n=457 CE=(x—A) S fE=169+5
i "A=8 e

\1
M:A—I—%{E where M=arithmetic average.

1695

=8+ 755 =843

=83 appraximately,
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Ve
“Problem 21.—Find out the average rates of (2) motion in the
casc of a person who rides the first milc @ 12 miles an hour, the
next mile @8 miles an hour, and the third mile @ 6 miles an hour.
{6} Increase in population which in the first decade has incrcased
20%, in the next 25Y%, and in the third 449,
(Agra, B.Com., 1938)

Solution :
For (a) part we have to compute harmonic mean and for {$)

" G eometric mean. -
: N\
. . n Ve ' $
{a) Harmonic mean ()= | 7T ¢\
: _ . . ._ T ..«\.\ o~
+ b + ¥ W
: N
where n=number of items;a, &, ¢, % GEE the values of
respective 1lems. ‘€7
P _ \,\\
N”

Putting the given values we get

#

PEY- .
1 AN
0% e

& 3
s
Q 126
O
L\ 360 . 31
N\ = —_- = 7— = -
O 47 47 Ans
g b1
(b} Geometric mean {g)=Antilog []-Og a._bib—l—iogn :I
:".\.‘. .

\"4 )
L\ where g=geometric mean ; log a, log b ctc. are the logari-
thmic value of the respective sizes of the items @, b, n, ete.

ad
™%
WY

i:\;' and n=total number of items.
™ g=Antilog log 20 —J—lo_g32_§_—j—_ Jog ié
< Antog L SOI0E13970. 11683
=Antilog- 4 .334—2-%

=Antilog 1'4474
==27-54 approximately. Anms,
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. \/ﬁroblem 22.-—F0.Hc-.w_ing is the {requency distribution of yicld:
of cane in tons per acre.

Class intervals Frequency
35— 7
40— 8
45— 12
30— 26
35— 32
Solution :

Calculate th

£ ImMearn.

Class intervals

60—
65—
70—
75—
8083

Freguency

42
42
15
17

9

(Raj. M.A., 1950)-\

N s
. . B 2SN
We have to compute the mean—simple arithmetic. Short-
cut methed is being applied.  As the difference in the group-value

Class intervals Mid value (x} !F‘requenc}’(f,:!

is 5 the class intervals are computed first and then meangealculaterd.

fE
35—10 i 875 : 7 i s —175
40—43 42-3 j 8 S STy — 150
435—50) 473 ! 12 I\ — 13 —180
50—35 525 i 26 N —1 -~ 260
55—60) ; 375 s 32 QN -5 — 160
60—65 : 625 : 42 N 0 0
63—70 ' 6775 | ECAN N 45 +210
T0—755 . 725 i ol " +10 + 150
7580 . 775 N7 ; + 15 +255
30—85 | 825 A\ 9 : -1-20 +180
! A i
T o —— ) T - -
Let the asumer] , \\ |y fm=n=
average | (oo o 240

= 79 N
N
I . N

N

Z

N =

M=

62

£ a(x—A) ¥ FE =—140

L YfE
n .

< [~140
’*[ 276

—62-5+] —66 ]

=61'84  Ans.

roblem 23. -

Wages in Rs. No. of workmen
20— 8
21— 10
22— 11
23— 16
24— 0

Wages in Rs.

25—
26—
27—
28-29

) Caleulate the values of (2) the mode, {5) the-
- median, and (¢) the two quartiles of the following ;

No. of workmen
25
16 -
9
6

(Raju, M.A., ro50%
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Solution :
Wages in Rs. | No. of wrkmen { Cumulative Fregueneys
: L VSN i (emt )
20391 : & i 5
2122 : Wy i i
207 E o : 99
2524 16 7 ot 4%
U v | G A -
Y596 25 : 90
2627 : 1-?_?‘ ! 106
J7 a8 9y 1 115
B O s - 121 0 N
(¢} Tug MoDE : 5-26 w1th 25 frequchy 13 tb@ ‘modal:
group. Jg o T \
-+-ﬁ, <
Mo=1 +- ’q- AL—=1L) where? I\‘L —-mcdc
o i Zf —fo _}r4 ( 2T ' \ 0
Ii\fmd L=lower and
\'; upper limits.
¢*¢ of the mo-
}\ dal group..
_ 25—-20 f,=frequency of,
25+ 550616, (26_25) modal’
N\ group{
*, fazfrequt:ncy of next:
A lower
i\ group s
A\
= 25'%\}?1 x1 f o==frequency of next
O higher
r\) © gToUp..

“\; 254135 approximately.
\\i”" =2535 approx. Ans.

W\
A EE ) THE MEeDIAN— __
'\" Md__§1+§ “Aec) %
fr
where Md=median
I, and [;=lower and upper limits of median groug:.
f1=freQUency of median group. '

/ k.
m=size of Cfi.h“ item

¢=cumulative frequency of the next lower group-
than the median group.

Md—24-+ { 252(-}3-4 (61—45) }
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—-é4-'~ I—><16
B T
=24-18
=24'8 approx. Ans.

Ae), Tue QUARTILES —

ly—1 p,
Uit {400 Q
fi .
SN
. b{ & \..;.
where Q= first quartile and g, =size of('—iz L I)\;}\tm
Others as in (3). :\‘

B R
Q1=2~”+2('25162‘3 (30-29) }K v
N

1 '
=2+ = (¢
=23"06 approx. CA¥s.

Qu=tet i |

AN |
J1a XN
l.‘n

R

N : 3r+ 1y

where Qazthir,c{quarulc and gy=size of -—1’2—--_—1) - iterm,
&\ | *

3

Lho (27--26
QS T o1sg) |

o =26- L

; 16
_;__"_\‘,{' =26-05 appr’oxifnatel_v. Ans,
\{’}b e 24.-—~The data below gives the frequency distribution

~of shetweights of 629 Tndian soldiers,  Calculate the average weight
r,o{?@,soldicr and its standard error t—

N Weights in {bs, Frequency Weights in Ibs, Frequency
105 15 171~ 35
116— 43 182.— 16
127— 138 193— 3
138— 162 . 204— . 3
149 — 129 216229 1
150— .82

“Solution :

For the first part simple arithmetic average is to be computed ;
for the second part, we have to find the value of ?

m— = —

Vo
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Mld value Trequency . ;
fuighis in Lbs. f I 9 ¥ ! ; z
| mw n ég A fE 2
. o - W pdy C Ake P
| H H
05116 | 1105 | 15 | =55 - 825 | 45375
It a3 i T Dise doa | Gaess
w7—138 | 1325 | 138 —33 |-—-41-354-i 1lea ! 150282
198—149 1485 | 162 | —22 | 3564 gy | 78408
149160 | 1543 | 120 . —I1 | —1419; 7131 | 14809
160—171 1655 | 82 0 i g l
171—182 1765 . 85 . -1l 4 385 | 21 4285.
182—193 1875 16 | +22 14 3% 484 ‘ Tt
195—204 @as | 5 0 433 |; 165 : 1089 la, 5Md5
204—3216 2095 3 | e [ 5132 19360 \))5s08
216—229 ;2215 | oo +55 74 53, 3023\ 73025
1 3023y
- . —_— e . - |_ _: !#. - .
: . ~n=629 f=  EfE=4N O l X fe
i (X — A}—lile\ 1 =358379
N '

Let the assumed average {A)=165'5

Arithmetic Mean (I\/I):A | '—“".%J

. : D =1655—177 approx.

<\ =147-8 approximately.
Standa\}ﬂa‘Dcvmtlon {o)= ,\/ 5 fEE 7 }
, :::\.) — 398379
i\,\ | 629
& G

A\ &
NS

s,/o

=25"16 approximatciy-

0"\’ s
Nz o '

Siandard Error of the Mean (6,,} = o
v n

1003 approximately.

-
Problem 25. —Below are given the marks obtained bya baiche
of 20 students in a certain class-test in English and Hindi :—



30 PROBLEMS IN STATISTICS

Roll No. " Marks Marks | Roll Ne. Marks Marks
wof sludents  in Enghsk in Hindi  of studenis  in English in Hindi
! 53 58 1i 23 i0
2 54 55 12 42 42
3 52 25 13 33 15
4 32 32 14 %8 16
3 kIR 2z 13 72 30
6 60 85 16 51 64
7 47 44 17 435 YU\
8 46 &0 18 a3 ~38
9 35 33 19 63 30
10 26 72 20 29 \\ 36

In which subject s the level of knowledge of t,lu: 5tudem5

Tigher ?
(Pwy'ab,\&gt.,'ﬂf.A., 16051}
Bolution : \/

To find out as to in which subject the Jagel of knowledge is
‘higher, we have to compute the median of betithe scries and then
compare them, Knowledge will be hi: rher :m at subject, the median
walue of which is higher. O

The series being an individual xargc; the series (marks obtaincd)
are to he arraycd and thc median ifito be computed ;—

— = = o — ‘s - — R

"; Niarhs b.Jta.n:L,d in anl‘sh Marks obtained in Liindi

No. of students | izuxé d in ascending {arranged in ascending
I # Corder) ) order)
- - i‘;\\ o —
1 RS, 95 10
2 \¢J 28 o 15
3 O i 29 25
PPN 30 25
2y i 52 ; 30
g§>”' f 33 f 32
R\ 33 : 33
N 35 I 35
'S M ; 42 ! 38
o0 i 43 39 -
\\. il ! 46 P
12 o 47 44
13 48 43
11 51 50
13 h2 a3
16 53 48
17 ! 54 fixe
18 ! 69 72
19 | 65 - £t
20 ‘ 72 : ; 83
M4 (for marks in English’ !\f& item.
___ :.1 t item
LTI ] ) .

o E AT L
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_size of 10th item - size of 11th item

_ 45446
Y
=455 approximately.

1\Ia’ {for marks in Hindl) =size of er.l) ltcrr!,

J 1y
= 3 th item, N\

==, 105 ftem,
__size of 10 1tem—|—qlze c&f‘l}"-" item

3 \ /
_ QN
2 ‘& 4
AN
=405 approdmately.
. knowledge in English is higher. \\
Pv'oblem 26.—Compute the Mod%@ Median of the following
zeries,  Account for their difference =

Size qfit.em Freguency Szze of item Frequency
2 3 ‘;;’:;~ -8 10
3 A\ 9 8
4 10 w8 10 17
5 124, 7 11 3
5 16N\ 12 4
7 e 13 I
. \\\ {(Nagpur, B. Com. 1945)
‘Solution : RS
. {a}MODm/—
- - x'\w i !——-——- . -—i- — . i — :
Size of i QTFW?S"”CY; ap - oan oawl v ¢ Wb
‘\\ | L _ -
.‘ | . .
~0% 3 i !
i . ! 21 :
N/ 4. | }2,, i} 13 } 'gso 3
3 12 . = 5 ; g ag
6 165 Yan EU
7 SO }--:3'“-' % 1 g -~ }_;éo 3o
g- 0 }a | it igsz
¢ i : . '
TR i 22 } . 535 " }30 1%
12 | P } L T ' g -
13 1 N : g - I, ;
S R I j___' .l.iz .

Size of the items containing maximum frequency 1 —
‘Col. I —10.

Col. TI —6,7.

Col. 115 6;
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Col. IV—35,6,7
Col. V—6,7,8
Col, VI—4,56 _
. Mode is located at the size of 6t item==16{frequency).’

{6} MEDIAN.—

Size of the item ; Frequency f emf N
—_— e i
2 3
3 8 ! ‘\S\
: PN
) : 33
6 16 i ,"u\ 49
7 14 AP S 1% S
8 10 AL 73
!g 8 2 i 81
17 RN or
11 4 x\\ ; 103
12 + LAY 167
13 i TENS 108
P N i
A . g
Md —Size of(n—‘l )ik item, v\ &F Mol - Sige UL | =
~’."~“ = i3 e1% o 4, =
s 109 o AR
é 9. & 5>\ Mhc, & c8lmm o
5 54'5"*3{&7; Ipcab ey it ;‘;::‘r:”?éf‘—
;= 14 apgoximately. e R N 5
v A/ )
v Problenx%.—,—- The following table gives the population of
males at different age groups of the U.K. and India at the time of
the census\c{f}‘93l.
O
jjﬁ'}g group UK. " India
N E"\;‘* {lakhs) {lakhs)
N 0—5 18 214
5—10 19 258
1015 20 222 i
15—26 18 157
20—-25 - 16 145
2530 14 161
30—40 _ 27 257
40--50 25 1584
30--60 19 120
Ahove 60 17 10Q
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. Compare the average age of males in the two countries and
account for the difference, if any. : : : '

: (4ild., B.Com., 1936 3 Luck., B.Com., rg4r).

Solution : '

. - URK. India
Age group | -——————-———g——----------- | R Bl .
i lakhs  {Mid-value | 3 : s fakhs fz $
N ) i i S 0 ( .
S U SRR .C. s S S 7 N\
0—s5 | -8 35 —25
e 10} : 14 75 20
16—15 20 125 —15
1520 i8 i 175 e 100
20—25 16 22°5 —5
2530 14 275 0
3040 27 35 +75
40(-—50 25 45 4-17"5
50—60 i% ¢ 55 275
Above 80 . 17 €5 +37°5
n=195 | Asdon
| SO
Average age of males UK. - :
AN !
N S FE :
Mgl 2 «
O 4 ..
O =275+ To3 _where A=27"5 years,
xt\.": 27 5 +17 E
& =275-}2'12 years.
A\w ~=29:62 years approx.
_Akérage age of males in India :
Q sfE
A M=A+ fti
30375
=275+ g years

=27'5-—2:19 years.
=25"31 years approximately.

Thus, we find that the average age of males in U.K. is higher
than that of India. Mainly, the reasons may be classified under
two heads :— ’

(i) Due to cimatological factor, .

(i) Due to hetter economic status and higher standard of

living prevailing i UK.
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e Problem. 28.—The following table gives the marks obtained by
2 batch of 30 B. (‘om students in a class-test in statistics. (Marks
100} :

Rell No., M arks obi’-aineaf Roll Ne. Marks obtained

i i3 16 24
2 32 17 33
3 55 18 42
4 47 19 3R
5 21 20 45
o 50 21 26
7 27 ) 33 \
8 12 23 4 A
9 68 24 48, L

HY 46 25 53

11 40 26 ~30

12 17 27 58

13 44 28 LAY 37

1 - 4 0 O 3

15 - 62 : 30 N\ 35

Find the values of the ‘VIode, the M;Qchan and the Cruartiles.
."w’ (Ald., B.Com., 1938},

Solution : : _ o\ N/
T ek | gp | T e e
RollNo | ieimea | D 8 AN ('111} pav ™ WD
&I . |r~ - ? : !

[ Lo o
Pl om o BB i‘%lm !|
R B ) s

-5 2l u,% T % 18 ) 1)
*7‘ 32\1 i ; % 98 : 8%
5 oy iy ® l% 107 i |
9 iy ' : : g 129 3
10 ’bz\u 49 117 % | ‘ §157
IR\} i 57 (5 108 i
Y 3 ! Pl

w\)fi L ap 1 9z | 1) yea , }109

QO 5 | £ 119 ' '
/15 62 les E 134 |
I ', . |% 57 l% 79 i }“9
42 1 : ty :
ig a3 i % o ‘ au I i % H3 | % 1357
3 . | 3
;LI} ‘2% : ) 7l % 109 | / 10 :
5 5000 e s g1
2 w12 SR Y PR
25 52 3 %100 .
P 30 82 I L
fl: 30 ¥ % " JH.;.{) ) o | _
28 g&’: % 5 ’ . ! 13 l 154
2 55 - %73 e 5
o % 7 ¥ ;
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3 |
IIX
v
v
.o VI .
Modc is located at 9 Ans

I\chlan and Quaz Llles (serles arranged

35

Col—9,10
Col—14, 15

Col—13, 14, 15
Col—23, 24, 25
Gol—9, 10, 11

in asccndmg order) den N

Roll No. !Marksobtaincd Rol No, | arks i Roll No. ‘,\\Marks
i L | T
1 12 It - 33 21 * ’/ 47
2 17 12 35 oA\ 8
3 71 13 . 37 P T
4 24 : 14 38 RPN BRIt
5 26 15 38 \~\\\ 25. | 50
6 | 27 © 16, L4000 NN 26 1 52
7 30 : 17 42 N1 27 1 85
8 32 : 18 Ol w1 s
5 33 .18 L NN | 29 - 62
10 33 | 20 | ONY | 30 o 68
L § L —
‘::::”‘
Md=Size of( _;1 f‘ tem
= ., fg%item.
55’ .
= ,, Q\& "5tk item.
A\
sl;r:‘e;bf 15 item-size of 64 item
NO 2 T
O
~lL3840.
%/ P
\:?:fz =139 approx.
\. +1 N,
<> d Q,. =8ize of( 4 —) item,
30w )
= —4— e,

e 7-75 item.

-y

“

30432
z

== 31 approx.

__size of Thitem-size of 8% ltcm
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)[h

Q. =size of —— (ﬂ+1 item,

-
e= 4, —— item.

4
=23rd item approx.

=48 approximately.

\/i’roblem 29. Following is the frequency dlstrlbutzon of—}m

yield of cane in tons per acre : P \ )
Class-intervals Frequency Class-intervals . qummy
35 7 60 PR Y
40 8 65 N 42
45 12 70\ ' 15
50 26 \75 ’ 17
55 32 80285 9
Calculate the Mean. ’ - (Raj., M.A., 1949)
Solution @ ) \\
— [ N
g i Mid-yAlde Frequency | £
Class-interval ‘ \(%)\ ( f) ‘ (x—-A}_ fz
e =) — - .
5540 NS 375 ! 7 —20 —140
40—45 S 425 ‘ 8 ‘ —15 120
45—50 \. 473 12 _ —10 —120
50—5 525 ‘ 26 -5 —130
55-—6& 575 32 B! 0
6085 | 625 ‘ 42 +5 +210
5470 67'5 42 = +10 +420
(7075 725 15 | +15 +295
Y 75—80 ‘ 775 ‘ 17 ! +20 4340
7 80—a5 82°5 l 9 +25 +225
l | n=210 | A=0175 Efg_:—]-glo
Avithmetic Mean (M)=A+> fg
910
=575+
=57-514'33

= 6183 approximately.
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+/Problem 30,—Calculate the Mean of the following by short=
cut method :—

16 15 14 13 12 11

Frequency : P02 4 8 11 10 7 4 2 1
{Practical olatasiwsu—Zm ud-din, Ch. L. €. 9}

Size of the item: 20 19 18 17

Solution :

- - . - &
Size of the rem Frequency : £ | £\
() (£) (e—A) : {%‘ K
D N
— PN
20 : I ‘ +9 W\ & + 9
19 i 2 i +8 ¢4 +16
15 | 3 : IR\ +28
17 ; a ' AW +48
16 11 45N +55
15 ! 10 : +§\z, +40
14 7 , Ly +21
13 4 i S\ + 8
12 1 » +! 4 7
11 i 2 N o ‘ 0
Lo . : %~ Se s
n=50 0N A=1l : gfE=027

&
O S
N i |

NS

Arithmetic Mean¢ (ﬁf) =A+ ._.fi

\\
Viéw =11-+454
=15'54 approximately.

\J)Problem 31.—The following table gives the annual birth and
Qeath rates in the U.8.A. during the period 1931 to 1945 ;

Year 11931 1932 1933 1934 1935 1936 1937 1938
Birth Rate : 180 174 166 172 169 167 171 166
Death Rate : [1'l 1009 1077 111 109 116 1I'3 106
Year 1 1939 1940 1941 1942 1943 1944 1945
Birth Rate : 173 179 189 209 215 202 196
Death Rate : 1006 1007 105 104 109 106 106
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Calculate the arithmetic average, the median and the mode of
birth and death rates respectively. Which of these averages repre-
sents the series the hest ?
oo T e {(Raj., M.A. (P), 1954)
Solution :

Arith. average of birth rate

Year | Birth Rate | Dcath Rate
‘ (= ‘ {x1) .
L — = ._1_:6_
!i. o1 | 180 2__"“"1__: o ~
Coq932 1 174 ‘ 09 | 2728 \
1933 186 L 107 = N
Lo | owe i g | 15O
| 1935 { 16-9 10+9 ; =18"1&approx.
193 1 167 116 ! . VO
1937 _ 17-1 11-3 i Arith. average of dé:plth rate
e 66 106 R
| 199 1173 W06 L
| 1940 : 17-9 i 10°7 | W "
1941 189 1 105 3
1942 i 209 ! 10 4 | ) \ 21623
1943 1 215 109 ! .\x.} 15
1944 | 202 0 106 ~~ =10 .
95 | eb | 10 L OO 10-82 approx

— Mb%le {by inspection}
n—15  Sx=s2728 \«“_162 D f. {4) for birth rate=21-5 approx,
i ' I i (&) fordeathrate=11-6 approx’

N

Md (for birth rate)~=517c of (ﬂﬂ_l\m item,
..,\
¢ \’ —size of §t» item.
. O =166 approx.
Md (for death rate) =size of (ﬂ__—l»l)tk item
. ’,\ 1541\ .
:\\w ==, 31 ( 3 ) 1tem.
f:'; _ ==size of & item.
«\' ==10'6 approximately.
V Birth Rate Death Rate
- M = 18-18 10-82
Me = 215 116
Md = 16-6 1006

A comparative study would indicate, beyond doubt, that in
this case the mean gives the best result because 1t takes into consider-
ation all individual items. In mode we lay unduc emphasis only on
one item in the series ; which may be abnormal. Median takes into
consideration only the median (centre) value ; and it is not much
effected hy the extreme variations ; which may actually influence the
results to a very considerable extent. Thus, mean gives the most
satisfactory result in this case as it takes into conmderauon all
values.
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Vi’roblem 32,—A class of 16 boys and girls was given a common
intclligence test and the followu'mr marks were obtained 1 —

v Co
4 516 7 8!9 10|11 13 1415 16
Lt | | H H

T
1‘2 3

Mark ) i i .
(b0ys) 15 35'43 -46 4»8 48 19 50 55 56‘60 [1%3

71 | 75;80 a5

O SR N S N

MarLs ’ i H
gn’]s)| 10 ‘30]45 52 55 .38|61 61 06369 70 72|74.75;75 Qﬁ

I.|._'.l-i

(@) Calcuiate the arithmetic mean and, the medjang @i\thc
marks ohtained by boys and girls separately. (b] On thd ‘bas1s of
the above figures would you assert that girlsare mo,rs mtc]_hgcnt

than boys ?
(Q(y, M.A, 1954)
Solution:
o . N
S. No. 1 ‘ 2345l s 910'1112“»\3"14151(' n=16
B B ’ AN o A
N - ! |

§6 1.64-i?]:75=80 85 ¥ x—=880

(N N I

Marks {boys) (x) 15!33 43'46 &8'48|49 50,5

_ e
Marks {girls) (x,) 103043'52;59335rm6369;0|,2.7+7)|7J90 Sy =960

c— | ks . . J—
)

sx 880
Mearn for boys \ﬁlarks— S=T
Y \\ =55 marks.
Ny _ 960
Mcan.fm” girls’ marks = * . 16
\'\"' _ =60 marks.
l\’i ian (for boys’ marks) == Size of (n;]_)_m. item.
o) ik
”\ v = 5 —E item =8'5m' item
__  Bize of 8 item-+Sizc of 9" ixem
2 .
L. 5055 105
2 2
—~32'5 marks.
Median {for girls’ marks} =8ize of (n+1) item.
17t .
item.

:!:!'2_



40 PROBLEMS 1IN STATISTIGS

= Bize of 8'5 % jtem.

__ Size of 8¢h item -+ Size of 4 item
61163 124

T2 T 2

= 62 marks.

(b) On the basis of the values obtained by the mean and -
median, we assert that in this particular case of 16 boys and 16
gitls the average intelligence ofgirls arc higher. {

£ Q\ ®
Vfroblcm 33, Obtain the Mean, Median and pr'gi(? ‘of the
following distribution : — « \J

Marks Frequency Marks Ergq(zlé;?c)r
1025 6 s&—70 ({6
2540 20 7085 3O 3
4055 44 85—100\; 1
Solution : ' D
- - L —
Marks | Mid-value | Yrequency ey ! ' 3 i
: (<) ) g Y ' ;
o ' \ 3 B Gl —_
10— 25 175 Nl 6 | —d0 © —Iso
25— 40 32'5 20,° 26 i—150 . —300
40— 55 47°5 44 70 i 0 S0
95— 70 | 625 1 {\Ds 96 botinD -+390
70— 85 |77, O s 99 C4300 + 90
85100 92-5\\"' 1 100 © 450 + 45
R Ny | L
1 <& =100 | Sl AS4T5 N fr=tds
— R '_x“%“: — PR A — ; .
Let the assumed mean (A}==47"5
~ _ sfE
Q . M =A-4 T
Ay 45
m\.J = 47" s
Q S+ g0
4 = 47-5+-45

= 47-95 approx.
Mo =14 + - fi__f"_ —{l—1)

24
=40+ 75-x15
= 404-8:57 approx,

== 48-57 approx.
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Md =1/ + { Zﬁ}j‘ (m—¢) }

['whcrc m= Size Of(f'-;_l )th item.

_ o
= »— em.
— 50°5% item. (4055 is the Md.
T ]
i, (5540 A
— 40+ {T(so 546)2 :
2N
15 R\
= 404 5, X245 Ke

%
ool
N

= 40483 approx. ¢
= 483 approximatélyy
- 40—{—glix245 g
44 70
= 4048. SS\ap\pr()x
= 48 35 dRprox.

F/ﬁ'oblem 34.—The following s “the distribution of wages per
thousand employecs in a certain facmf'y
| TS
Daily wages in as. | 2 | 4, 6 .40 | 12 lrlv! 16 ! 18 . 20 22 ?4 |Total

: e I_ __I__ I
No. of employces | 3 15{43 102 |175 j220 ‘2% |139 69 | 25 ‘ 6 |1000
. Calculate thefmmodal and median wages, and cxplam why therc
is a difference betwgén the two.

O {dlid. M .A., 1940}
Solution : )"

A Mopr.—

Bty No. of el 112

s (Wages ;e}::'n([::}.)‘ IT I, IV Vo VI X
N I | Col. 11-10,12
el e ) ol TTT—12,14
2 3 - |
2 16 Col. TV—8,10,12
6 . s |58 } > }153 Col. V—10,12,14
0 |1 277 }497 %320 Col. VI—12,14,16
11:; ggg " 424 }599 5631 Mode is located
16 130 | §348 412 | at 12 (e.g. the lar-
18 69 | 94 208 }233 , gest number of em-
pi 2% |3 31 '} 100 | ployees are paid
22 6 | 32 |
24 e 7 : | 12 as. as daﬂywages}
1 I i' | : I
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[B] MepiaN.—

Daily wagcs. inas. . 2 ' A

6, 8 milz:

1416 " 18 | 20 22 24

No. of Employces ( f)

43 :102

313 175 220 204 139 | 69 ‘ 2B 6| 1

|
|
I
|
|
8 16|59 61 38671356 1760 699 ‘968 993 899 ygqq

i

! _
! l | S 1 IE'IOJU
Md=size of (-?%I')tk item=size ch__oogﬂi)m item. A\
=size of 500-5% item. Thus, it is located at the 536, emf.
group. ) \' N
=12 annas approximately. « W

Thereisnosignificant difference hetween thése two values,

'\’\f

VProbelm 35.—From the followin g table find\the mean, median

and modal ages of married women at first childsbirths and calculate
also the coefiicient of variation : \\“

Age at the brith of first child ; ,\ '
13 14 15 16 17 18 ¢€N9 20 21 22 23 24 25

No/

Number of married women : _%

37 162 343 390 256 433 161 355 65 85 49 46 40

. AN (Raj, M.A., 1555}
Selution : L
——— o
Age at the i No. of ma]’\K}id": : ¥ :
brith of first ! worfyen : Cmf . = N ; fe
child (x) T P a4
- .Y i R
13 I 3y 37 ! —6 —122
14 NV g ; 199 ! -5 ;o =810
15 N7 343 542 : —4 , i 1372
16 N 390 : 932 —3 —1170
1793 256 : 1188 ! -2 — 512
7169 433,/ 1621 : —1 — 433
N\ 161 : 1782 : 0 0
720 355 ' 2137 ; +1 L 355
21 65 ! 2202 | +2 + 130
22 85 : 2287 : +3 1 254
03 49 2336 : +4 R
24 . 465 2382 +5 |+ 230
25 40 : 2477 : +6 Y 240
- — _ _
20 — : -,
n.—242 A=1i9 ilf__ 3013

Let the assumed mean (A)=19

(i) Mean (M) :A+_EJ;_E.
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30131
= 19*‘[ el

=19-~1-2 approx.

=17'8 years approx.
" (i) Mode (Mo) =18 years by inspection (highest frequency
| —433)

I 3

3

2423
2

33

, 12115,

= [§ years approx,

23

3z

(i) Median(Md) =size of (-’%)‘h jtem

43,

To compute the co-efficient of variation, we, hm?é to find out
‘the standard deviation {s}.

w

Then, Co-efficient szvanatmn—m— x 100

Ny
wherc M=arithmetic mean.,

\‘/Problem 36. Find outthe a.reracre helght ofa clerk in a certain

-office from the following figures .What is t

‘how far does it differ from thc.m

Haight .
5! 6”
5f ?ﬂ
5’ 8"
59" y
5107 2O

\ b,
L-Solutm)%‘
~(;) MobE.—

G mguemy i

»1\

\o
Y

L D
N\ W

3
2

\L' } Hcight in l Freq.
1 inches 1 (I}

66
BT
1
69
0 i
71
7 )
?3
74

75 }

— s B e DD e PO e

g
{48

he median height and

W;@fg’ J F regmmcy

6!
6!
6!
6!’

T
Oﬂ

L

L4

fad ) =

_ | Col.
' (ol I11—67,68

: Col.

2
1
1
1
(Agra, M. 4., 1937)

Col. 1-68,

11—68,69

Col. 1V—66,67,68
V—67,63,69
Col. VI—68,69,70
;. mode is lo-
cated at 68" or 5’ 8°

| having highest fre-
’ quency (4).



44 PROBLBMS IN STATISTICS

(¢7) MeDIAN,—

. - : - : . . ;
Hcigh!ininchcs|| 65 II 67 .63 | 60 70 | 71 | 72, 78 74 75
! i |
i M G S A
Frequency | 1 ‘ 21 4 3 2 1 2.1 |
. i i H
S —_— et ] A
. | | | =] |
Cmf Lios !l 7| IR IR I e
: : I | !— ...... II —_ N
n=18
. n th, N\
Md=size of (—J;—l) item. =size of 12 jtem.
==size of 95 item. =69" approximately, ¢\J)
.’\.
Ur - W\
. 1 1
9-5th 1tcm=3+— (4—31 =34 - A\ 3
= \\

=35tk frequency group.
=between the heights of 5’ 8" dnd 5 97,
=5' 9" approximately. \\“
VProblem 37.—T he following is the évc distribution i candi-
dates appearing at the Matriculation apd Tntermediate Arts Exami-
natlons of the Patna University in 1937”

Age in years '12-|15 |14—15_'16417 18em IIQ—-ZO—-ZI 2 Tomi
g ¥ oA | J
- —— _.__!_ [ __|__ - [_ f ]
Matriculation 5 ‘ 48 189 .@3 500 | 474 ] — i 4811
o _i-__l - = _,\_M! | i e i —_
Intermediate — | j]\— . | 45 155 (127 |17a 871

Compare #h€/median and modal ages o_fthe Matriculation
candidates with'\those of 1.A. candidates.

Solutd \”\ (Patna, M.A., 1940)
olution.: \ . e
| _;\l e Ol L YL UL
N . Matriculation : Intermedigie
{\sm years — _ .. - — — —
i |
| No of candidates Cp I No. of candidatesi Cany
1213 5 5 . — | —
13—14 ! 48 ' 2 ' — i .
14-w15 | 189 . 242 : - —
15—16 ?03 ! 545 ' 3 . 5
6—17 | 522 ' 1067 13 ’ U
15—i8 : 980 2047 S 187 . 137
18—19 I 981 . 3028 : 127 24
19—5¢ ; a’9‘_1- 3822 . 150 :' 414
20—91 i 515 _ 4537 ! a5 : 569
9199 i 474 o 4811 ‘ 127 i G046

_ |
2223 ' - ' 4811 | 175 ! 871
’ |
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. . n+1N\éh .
m for matriculation=size of ( _,2__) item..

=y o P20 em=—2406th item.

2
ra

Md ({for Matricul:a.lima)=Zl—i—§~{'-*—:}__j (m-—c)%
1

[,, I, are the lower and upper limits of the median group ;
. . n4 1INt op
f;=freq. of the median group ; m=size of ( 2—) item ; e=emf o
RO N
19— 18 254 O
=18 32T (2406 — g >
18- { 581 (. 406 )i"’x

=13+§§;—1xﬂ%§=.1&§;b{3
" )

= years apprmfi;‘sg‘tely.

ithe next lower group]

Md {for Intermediate) =1+ { hh (m‘“b } m—=size of (rs_—é—_l th

fi
N item.
a0 th
=—_20+§~%}—‘§5“20(436—~414)}».—_ §;—2 itemn.
Q '
204 %22 {20414 =436 item.
\'\s.l 153

A\ =20 14 years approx,

/

M, (by locgtiéﬁﬁ (i} For Intermediate— age group 17—18§ vears.

\\" (it} For Matriculation—age-group 18—19 years.

Vé.&blém 38.—Amend the following table, and lucate the
median, from the amended table. T

M\:\, Siges Frequensy Siges Frequency

N/ 1015 10 30—35 28
15—175 15 3540 30
17520 17 45—up 40
22—-30 235

(Alld., B. Gim., rg4=)

Solution :

Amended size Frequency Cumulative frequengy

10=20 (10+15+17) =42 42
2039 25 67
30—40 58 125

4030 40 165



46 PROBLEMS IN STATISTICS

. AV
m=slze of (T> item.

1651y _ 166

— t 3
= » »n > . =o&f 1teni.

M=+ {5??’ (m—c) %

[/, and l,=lower and upper limiis of the median group; f =

rnt1

th .
frequency of the median group ; m=size of k_2_> item. ¢ —gumu-

lative frequency of the next lower group].

Oy
40—130 o\
=04 @ | (O
A
=30+§-1.—0><1£ 13 SO
38 j \\":’\
=30+276 .

: =32"7g approxinﬁatcl ‘:\\J
Vfroblem 39, —¥ind the modq,gﬂid edian from the the follow-

ing table : W\
Marks Students “:{*1::‘ Marks Stidenis
0—10 2 O 40—50 35
10—20 18 " 50—60 20
20—30 3Q €070 6
30—40 (43 70--80 3
\ \\ {Agra, B.Com., 1047}
Solution: (>
£
[A] Moz~
- N . : R
%’é‘gki () | Frequency iCumulative irequency (emf'}
_ AN o Ay : : .
\Y - — -
DN 010 2 i 2
p \ ) ) éﬂ—%ﬂ 18 ! 20
~ 2030 30 -
\/ 3p—140 ! 45 . ) gg
4--50 ! a5 130
H—00 H 20 i 150
B0—70 ’ & - 156

TO—50 ' 3 154

By insg:cr_‘.ticn,'_ we find that marks-group 0—240, with 45 (f) s
the modal group.  Then, by interpolation,
M, {1 =/ ol
2.,'!‘1"_.?'11 _f;‘\ =
. 43530 .
=30 an- Ty e (A0—103
20—30-35
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/
_ 15°
=130 +.—2~§ x 10
1 =30+6
=56 approx.
[ B ] Mznsan. :
— nt1Nth .
m=size of( 5 ) item.
160
== s ow T 33 It ==g0h item.
and median group=30—40 marks group. QO
ly—1 NG
Md =i+ g aﬁ L (m—c) } | :.;.\:\\..“\.
40—30 \ >
m30+ {" F (80-“50) } .m("'k’
: 0 R4
:30—[—% —;5 X 30} \i;\-t:'_-:'-. ’k:’:"}\
=30+6'66 approx. \\,
- =36"66 approx. ' \1

Vfroblem 46. The monthly incémes of 10 families in rupees:
in a certain locality are given belaw
Family: A B ¢ DSE F G H I ]
Income: 85 70 10 78300 8 42 250 40 36
Calculate the Mean, thé'Geometric Mean and the Harmonic

Mean, Which of the abckm three averages represents the figures
best ? ) o

)
\\‘ (Agra, B.Com., 1945)
Solution : N
:: i ' ’:\'}. - I | | i! ’
2 : ‘ ,\;M.‘ , : H |
A LB C DE ¥ lCG | H|TI T pe0
= i ‘Q;s./ : i , ‘
R\ - R — -
23 | | |
ra N : |
N& & | 70| 10 75 ]300 | & , 42 |20 | 40 | 36 ¥,
¢ | ‘ | ! ' 1116
Ch -
J— . S ——— —_— _ — —_
m | !
Ei ) : i i
T 19204 148451 GO0 1BTSI6000" 0031 1-6252 2987|1602 15565,
2 | |
| ' L

il

eciprecals ! Lo

- T T . _ |'_ i [ :

[ r1176°1429 | 0000 +1333 *2000 +1230' 2351

4000 ~2360} -

-
N

|
N
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; 1116
. (‘) M =Sf“ ="—1'0—=111‘6 ApPprox.
(i} G = Antilog [Iog cz-{—]ovnb-[—,__"._.legﬂ]
__Amllog[l 92944 1'84514- 141 3751}:059904- 9031+ 1-6232+-2-3979 416021 _
13565 ]
17-2312 ' -
=Antilog—" \
10 A
=Antileg 172712 \' A\
—=Antilog 5284 A \J
=52-84 approx, . : ' N
i) Ha= d R
(itz) H,= 1 1 T O
_'+'_ i "_'+‘....‘\ \
@ b AN,
' 10 /O
76+ 1429413334 2% TS5 12381 £ 442512778
10 « \J
18847 CPPIOX A\
=53 approx. ;{:’:‘

=18'87 approx. "\
= (Geometric mean re;j\?rescnta the figures best,

Problem 41. B the following figures given below, find
'the Mede, Mcdiansa Quartiles :

Age ,~;’;;0-;5 25-30 30-35 35.40 40-45 45-50 50-55 55.60
No. of pmcmr; » 30 70 160 180 150 120 70 59

\w, _ (Agra, B.Com., 194¢)
So]utm{l

S —_— — _— N _ J—

,.\::}L' | 20—25 | 25-.30, 30—35 3540 40—t 45—50| 5035 55--60
P | : ;
No.of | 59 1 5

. 190 - 8o

q @
pers 1) i 10 s 1&]0 120 70 ! 59
| PR i . - AJ.-A-) .' _M__L s :_ —_ -
mf S| 12 ; 290 00 | 350 . 670 740 . 799

|
i

(A) 1\/‘[odc-—By inspection we fmd that 33—40 is thc modal
:group.

My=1l+ T—fa O (1)
180—100

=B+ 350 100= 150 =40 35
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— 354363 approx.
—38:63 approx.

(B} Median (Md) ——11—1—%{ ' b {m—¢) %

. a1~k
where m=31Z¢ of (———,)—> T item.

i

i3

80

7 = 390¢E, iter.

40—
=35+ %-918—;’9 (390~ 220) g

—354+4'72
=39-72 approx.

o Qb 25 (a0 |

. ntl \Y;
whete g =size of ( pal ) item. { >

.’X

8 o
=— ?—40 —195 1tcﬁ‘m

thus, 30—35 is Ql\e QI group.

=304 ’%\‘g Y195~ 120)%

s\ o/ ¥y

*}b%—?a 75 approX. i
\"

—=3375 approx.

S 1,—1
DO kT 5{ ot gy %

. (1)
where gy=SIZE of ™y item.

=585tk 1fem.

—located in the 45.50 group-
-z45+% 045 (585~ 550)75

—-45-1-45 approx-.
—46-45 approx




PROELEMS IN STATISTICS

30

Vﬁroblenn 42, —From the table given below, find the Mean and

the Mode

- — [ :
Marks 1—5 | 6—10 11—15 ' 1620 1 21—25 | 26—30 3133 LB3G-—4) | 41—45
_g_ = _i_. . | - :_. —

= ' ? | |
o | | |
e 7w 16 %2 24 18 ! 10 . 5 | !
s | &
z : . I & \’:T\‘
(f}gm B'(,gm 14571)
Solution : 75 3
Marks ‘ Mid-value (x) Frcqucncv {f ) §\{O>—-A) ; f 3
[P —I— __: — R —‘—\‘,,—— i R
1- 5 ‘ 3 7 4V —20 —140
6—10 8 10O —15 —150
ti—15 ! 13 16 &Y —10 — 160
1620 | TS B 0y —'5 160
21-25 | 23 R 0 0
26--30 ! 28 I AN 18 - + 5 -~ 96
31—35 1 33 Ayt oIo +10 -+ 100
36—40 : 38 N 5 +15 + 75
41--45 : 43 I\ 1 -1-20 4 20
_ I\ S
N\ =123 A=23 | 5 fE =325
— ! i'\) e - - .. |__ —_ —
t.\\,,,
Let th;;\a}ssumed mean (A}=23.
"\{' < ftﬁ
% M=A "=
N —325
‘SN =23+ | =5
<>../ g { 123
" =23—2-64 approx.
==20'36 approx.
Md={ 4 fl”_fo e (I—L)
1 ')J(‘I_jo fz (2 1)
3216
=16+ 5~ ,
; + 2iT1604 {2016
16
=16 + =
74 w4

| =164+266

1

\ =1§66 approx.
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%oblem 43,—Refer to the following frequency table and find
__'t out the Mean, Median and Mode. p

Class interval Frequencies Class irztemal Frequencies
(score) (score)
130134 1 75 -79 39
125—129 2 70—74 29
120—124 4 - 65—69 23
115—119 7 60— 64 17
i 110—114 9 5559 11
; 105109 10 50— 54 8
i 160—104 15 45--49 6
l_ 95—~ 99 28 40—44 3
i. 85— 94 41 3539 2 A
: 80— 84 72 3034 2L
i (LR g45)
[ Solution : N
I —_— !—l—- I . - —_— —_— |— " ." y 4 _i..__ [
o |2 33 oY
: = o | — : - B w | |
g 2 |4 g o8 2 '
ER Igg_cmf(x—A) oo B ,QQ).CmfI E o1 JE
2 |21 2 3{
s |5 & S |38 \
I, -I_‘ . __Z‘ﬁ_ - —— o =
190154 182 | 11 1 1 --45 |— 45 175997 77 39 208 + 54195
15_120/ 127 | 2| 3 | —40 120 70574 72 1290 257 I‘HO 290
120—124/ 122 | & T | =33 9454652690 67 23| 280  4-15 |-+345
115110, 117 | 7| 1¢ | —30 | 42006064 62 1?‘ 297 | +20 ' £340
lio—114 112 | 9% 23 | —25 87575559 57 |11 3087 +25 +1275
105109 107 | 10| 33 | 2045860 j50--54 52 | & 816 430 4240
100—104 102 | 15| 48 —’1115‘,&720 15—40| 47 | 6 322 | 435! £210
95— 99 07 | 28| 76 14A19]-760 [e0—ag 42 | 3 525 |+40 [ 4120
ar_ 94| 87 |4t |117 5 |—585 [35—30| 37 | 2. 327 445 | 490
o o4 sz |72 18CY 0 0 3034 32 | 2 39 4504100
o [ ‘_‘\;‘_i____ - e __. P —
| Res ] s |ESES
[ I\ 0 ) A N B S
Lr:t the assumed mean (A) 82 ' n—\“ f = 329.
O L .
QO “/ M=A+
F—1923
o 0
=82--585

. ==74-15 approzimately,
Ie_'lt
Mat + {5 ) |
/nd1

=
=, 163 . item.

A and 80—24 is the median group :]

item

|: where m=size of
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—80+ {8147&

72
=804-2-66 approx,

(165—117)

=82+66 approximatcly.

%

[ where 80—84 is the modal group: O

M, =l g
+ f _.ﬁ’_fz 1)
72— 41
‘80+144 41— 35(834—H80)
31
=80+§X4

=80+193 approx.
=81-93 approximaiely.

7N, ¢
¢ \A
NS

v 4

E 4
Nows

o
(s

i vProblem 44.—The frequency distributiong "03‘ cost of produc-
tion of gur in rapees per maund for different holdmgs in two districts
are given helow. Find the average cost in ,;Eu;h distriet.

| $ o
Clost in Rs. per md. 2-—313 4rd— 5 53— bﬁ TJ?TB'B §9—10 |10—ll 11—12 12—13
|____. _ _____I o - I,
T T N I
District A 9 !32|37 2AT3E 7 s 2 1 2 ]
. i ! ;‘_' D S S
Ny T i | i
District B 21010 84 23 | Zl 14, 10! 9 5 2 1
RS |
\\" (1.C.8. 1939)
Solut:on 1 ..ﬂ“:
_ -« & - e o
\ District A : Dyistrict B
Cost in Rs. J'M) valuc o .
per md\l« ) i [ | . .
N D E @ 7E
_\# I S fm o - =
A\2- 3 25 9 | —50 | — 45 3 S
\J 3 ¢ ‘ 35 | 32 40 —198 10 —4 40
4— 5 45 37 | —30 —111 | 34 —3 —102
5— 6 55 i 21 | —20 — 42 23 —2 — 46
7 | 6.5 13 ! —1.0 — 13 i 21 —1 — 21
7— 8 7.5 7 0 0 i 14! 0 0
g—9 . 85 ‘ 50410 4+ 5 . I0 +1 318
910 i @y | 2 | +-2-0 + 4 9 +2 +13
10—11] W5 j 1 1 +38g + 3 5 +3 +15
11—12 115 l 2 140 + 8 2. 44 + 8
12—14% | 125 1 1| +50 + 5 I 1 35 + 5
e — —j—- — — : N
; n=130; ¢ fE = In=130 < fE =
: ‘| 278 4 2SEZ 5
i ' !
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Ler the assumed mean (A)=7'5 oo

Mean for District A=A -+ _2_{5_
-314

=7 5+ 75241
L 130 approx.
==5‘09 approx,
Mean for District B—A -+ -k--‘ﬁi N

w754 [”15 —75_11,
130 A A
~Bpprox.
—6°19 approx. RO
Vigroblem 45.—The following is the frequcncg‘diﬁtnbutlon of a Vv
random sample of 509 employees by weekly earnings. Calculate

the average weckly earnmgs and its sampling {rror

______ : -
Weekly carnings ‘1o|121415'13|20I22r24|2 2830323436|3840 — 42
' RPN o
— s . I__|____ _|_f |“_|—i_- _,.l_..i _|_ —_—
. No. of Employees : 42|7590|79 35|35.251913|9 7
———— P [ S I — ——
: (LAS. 1948)

Solution :

On the basis of %As_last group (40—42), we have first to place
the earnings in groupe oTRt wn:h 2 as the class-mtcrval

Weekly Earmngs PN Mtd-Valuc X No. of [ = {x—A) ] fE
) AN (%) ; meloyecs i |
& 5 ) |
N\ T | -
10— 125 11 | 3 —I16 ! — 4a
1214 13 i 6 —14 84
1416 15 ! 10 T 12 —120
1618 : 17 | 15 —16 i —150
\ NE—20 : 9 ; 24 ; — 8 : —192
20—22 o2l ' 42 : —6 ., 257
2704 23 75 4 | 300
24—26 25 : a0 : — 2 ; —180
26—28 27" 79 0 I
28—30 : 29 55 | 42 +110
30—32 ) 31 36 ! 4+ 4 + 144
32—34 33 26 : + 6 + 156
34—36 35 19 : + 8 +152
36—38 : 37 13 ! 410 +130
38—40 ! 39 : 9 : 412 + 108
40—42 41 7 : +14 +98
——— | — I, P
. 2==509 | SfE=—428
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Let the assumed mean {A)=27

428
_27+|: 509

=27—84 approx.
=26'14 approx.
Absolute error (AE) =g—e p

where a=actual value /A
e=estimated value

KoY
. AE a—e ~N\
Relative Error (R )=-— or —- « \J
l"‘k
The relative error when expressed by way ofa> percentage is
known as the Percentage Error. " m§

»
The relative crror is positive if a > ¢ andhhegative if a < o.

roblem 46.— The marks {out ol : 'in}xximurn of 100} obtained
by candidates in an examination are siiéwn in the following frequency
table. Calculate the Mode and the Q¥ithmetic Av erage,

)‘.
o i ""‘_’
z |17:5— 1225 3782 405 475, 152°5— 75— 625 b? 5—
._;3 ' 225 | 47 425 475 525 | 575 625 675 72
. R S B
£l ST
53 : |
52! D170 243 213 145 . 67 45 4
28 , |
el i - N
{Agra, B .Com. Part. II, 1954)
O
— S ) R —_— -
Mirks | Mid-value (3) NDd;‘ti‘jfn)d“ | £ © Sk
Yo\ 2 (XA —
w4 | i '
175225 | 20 = 2 | —25 . — 50
225275 25 g ' o0 ! — 160
275525 30 35 : —15 | — 495
52:5--375 | 35 80 _ —10 | — so0
375425 40 170 : — 5 | — 850
425475 | 45 743 ; 0 0
47-5—525 50 213 ; +5 - 1065
525373 55 145 | +16 P 11450
57-5—625 | 80 i 67 | +15 S 1005
62:5—67'5 65 | 35 ' 420 |+ 700
673725 70 || 4 | +.25 4 100
| a=lo00 | s f — 41965

.. . I [~ ——
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let the assured mean (A)=45
M =A—}—2

1965
=45+ 1965 approx.
=4__6.965 approx. st e
Moop o mf0 g
Mo=ht 5 7 bl ~
o, 243170 5495\
| =45+ g 03 T4
fwhere 42'5—47°5 is the modal group] ()

fe
n

73 N\
e d 0 e &N
425+ 153 %3 ON
L W
—=42:54+354 marks :i“@\prox.
=46'04 marks a Rroi{imately,

VProblem 47.—Determine Mode a{ti:\t}llc Median from the o

following figures : N\
25, 15, 23, 40, 27, 25, 23)725, 20
A\ {Agra, M.Com. 1954)
Solution : &30
Putting the fAgures in“asééi’iding order, we get
Serial No. Firegiiency Serial No. . Frequency
1 e\ 13 6 25
2 20 7 25
3 O 2 8 27
4 2\& 23 9 40
5::\'“: 25
\§§ Md-:-sizp of ({1-12- ! -)th item.
) ;{;5" = . ‘29 * item {nheing equal to 3)
\\' = ,, 5% item.
25,
M,-=25

[Mode in an individual series is located by inspection only, In é
his case, we find that the figure 25 repeats the largest number of
times. , Thus, we interpolate that Mode is located at 25].
roblem 48,— Calculate the mean, Q,, Qg D5.Ds Do Hp, O,
Og, O Prs, Pros Pags Pans Pooy Pop from the following : Hex "Q, Cerde
910 11 12 13 14 15 16 17 18 19 20 21 22 23

Earnings
3 6101524 42759079 5536261913 3

Ffﬁlployces :
I
Prrartin
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Solution :

o4 |
Earnings (x) | Employees (/) ‘ cmif £= (x—A) | FE
: i

' 3 3 —7 3
Ig 6 : 9 -6 i — ijh
il 10 ) 19 ! —5 : — a0
12 15 | 34 : —4 ; — 6
15 - 24 i 58 _3 | — 72
14 : 42 100 —2 ! — 84
15 75 ' 175 —1 _ — I
16 90 | 765 0 ; A\
17 79 ; 344 +1 ! (4\;9
18 55 | 399 : 42 o
19 36 ! 435 | +3 - 108
20 26 461 . +4 e ]
21 19 | 480 +5 Q“‘) - 95
22 13 ! 493 +6 N - 78
23 8 ; 501 i +7 80 + 56

—— | _ — N . -
n=>501 ! \J_\\\ ' Tfe=+282
! ' 2> ! o

P\ N
Let the assumed mean {A)=16 i..f&

M=a4-2% &
H R
N
= =16"46 X.
16+:01<\16—|— 46 1646 appro

Q1=SIZe§\&(ﬂ:‘I}ﬂil

P\ \4; 502
x'\w EE3 _Z b EEN |

W

{\\i’“’ =15 approx.

== 1255 itemn.

o Q y=size ofd (-”-i;]-)m ltem

502 . .
wm 3><—g % jtem =376"5 item.

=138 approximately.

D =size of 7(?2-{—1 4 item

i0
_7x % th item =351"4%4 jrem.

=18 approximately.
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D.=size of Setl)eh,
B 10

=251 jtem,

=16 approximatcly.

item

D, ==size of A4 1) i item,
10
= n n 4X§100—2 i item.

=200-8% jtem.

=16 approximately.

=753 # item.
=14 approximately.

10(s-+1)

— 1 O'O item.

Pio=size o©

=13 approximately.

5F

[+l \?.m it
={ = | item.

=4 x 502% item.

N PAY
Hg=size of 5(n6 U ml tem "\\ 3
Ik
= ,, 301 ite o, —@”‘ itcm.
=19 appreximately. \ \"
L1yth *’:}' 3 th
Oy=size of 3{’18‘ ! itém. =3><Sg— item
‘::3‘”
=188-2 % 1tcm oS
=16 appromgxatcly
£
0-,.-—~:i'.izcg‘éﬁ'\\;k néH) iten.
o
SQ)%  7xS02hitem.  =4392hitem,
, *)20 approximately.
\\\05=sm o S(rxg—l) ik _ _2;1_9:;; e
=313-7 # item.
=17 approximately.
. 15(n+13 . _ 502 th,
Pyp=size of oo Hem =13 x 100 itermn.

=502 ¥ jtem,
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) 2P
Py =size o @%gl)

item.
= 1004 # item.
=15 approx.

. th
«&g:&é—_lj item.

==200-8 ** item.
=16 approximately.

P=size of

Pyo=size of -7V .= item.

100 A ¢

&\
=301°2 ** item. e\
=17 approximately. P Y

90(n + 1)
109 itern., Vo

Pgy=size of

s.//s
/.

4

=451-8 " {tem, .\\}

2 =20 approximately. x\‘
%’ [ Q=Quartile (4) ; D—=Ddgiie (10) ; H=:Hexile (6) ;
@-Wrr O =—0ctile {8} ; le’erge’gﬁile {(100)].

AT o\
Ti——"Problem 49.—Amend _(the following table and locate the

miedian from the amended table :

Stzes Fmgzegggri?r Sizey Frequencies
1015 407 30—35 28
15—17'5 ¢ \5 35—40 30
17:5-20 \)” 17 45—-Onwards 40
22--30 x\ 25

\™ (Alld. B.Com., 1942)

Solu}i@ :

¢~ The series can be amended in different forms.  One of these

tethods being its re-writing 10 as class-interval. To keep comsist-
\sﬁcy the last unit, 45—onwards is taken within 40— 30 group.

Sizes Erequencies Cumulalive freq.
(x) {(f) (emf)
10—20 (10+154-17 =42 42
2030 25 67
30—40 58 125
40—50 40 165

Md=!1+£{?‘}i£1 (m—c) }
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.
_ [whcrc m=size of (n;-l) A item.

166
»2 _2_

=83rd item.

item.

==it is located in the 30—40 group]

:30+§?0-§3@ (83—67) }

i0 N
230+Sé x 16 .
)y
=30+275 approx. e\
=32-75 approximately. :u’?‘ i

Problem 50.—Which of the two places for whi"grh the mortality
data are given below would you describe as muoxe healthy than the
other © v .

Town x (Standard) < & Town v (Local}
Agf’. in vears ——- . ¢ N : . ‘I - A e ememe
Population Drcathsg™ i Dopulation Deaths
. - . ':‘.': g _: —_

Under 10 ' 13,000 o\ 375 C10,600 300
1G—30 50,000 230 . 52,000 312
30—76 . 120,000 2 840 | 1.26.000 1,008

Above 70 15,000, LN 975 P 12,000 840
\\5 /.. —_ — ) . _ —— —— e e —
. (Statistics—Ghosh and Choudhry, p. 181)
Solution : ¢ }“'
Age ~\x(. Town x (Standard) : Town y (Local)
in :"" —————— L a— - . -——
vear { N : . _ ;
"\‘j;'; | Popu ation | Deaths D“{B}as‘{) PEY| population i Deaths | DT&SS F'
4N | 1 : o _
3 U, S . . :
Sgdder 10 15000 0 315 | 25 10,000 | 300 30
1030~ 50000 | 250 5 52,000 | 512 8
3070 0 120,000 | 840 7 126,000 © 1,008 | 8
Above 70 i 35000 | 975 65 1Zo00 | a0 1 70
| H [ —| . ’
: : ; et
i I ] _ : |
i a=2,00,000 Q‘Zréc i a=2,00,000 : 25’ 60 i

- | — ' T s Afweldis

(A} Crade death Rate of Town % :—

]_ - -
__ L 5)4 513 (120000% 7) .
Sag0q (15000 X 25) (50000 )+ )

L._EW Mewe g sl Wk&%wf 5“,,11 4-(15000 % 65)]
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20000{ » 2440000

o1

5
=122 deaths per 1000 approx.
{B) Crude death Rate of Town Y i—

i .
= TmARRAT 2 (N Q-
200005 L (10000 X 30) + (52000 6) -+ (126000 x 3
£ (120005079,
! ’ ;t\'
= S00i X 2460000 R
10 . :

=12'3 deaths per thousand appr oiiwﬁ}}tcl

Therefore, the population of Town « 15\Q;altlne*r

Problem 51.-—Compute " the Crudc\a‘nd Standardized death
rates in the following, and state if local\population has higher or
Iower death rate.

,o

L

Standard Population Local Population
Age group o ;
o DT e e e
Fears Populat 591105 Dieaths " Population Deaths
P e K%..'_.: e E.__ —_ i____ —
Under 5 ‘ 6900 150 2,500 63
3—15 _ AKato 20 12,500 25
15—65 1 542,500 .- 50 L 20,000 ' 80
Ahove 65 ,\' 7 4, 000 160 5,000 200
i"\‘ _ -.—.f.._.!_ —_
,\\~' {(Stalisiics—Ghosh and Choudkry, p. 181)
W\
Solutmn
NS — = — — —
o\ W : ] i
\ } Standard Population Local Population
Age group, ¢ _ — B
5 | | . | T
years Population | Deaths | Deathg . Population | Deaths Deaths per
| - per 1000 | ! 1000
— . — . : . — i —_ :__.. P _| [ __i — .
Under 5 6,000 150 o2y 2,500 ! €3 | 252
5—15 | 10,000 ooz | om0 % T,
1565 | 12500 | o4 200 1 og |2
Above 65 . 4,000 150 L4000 5000 0 200 | de
_— T o
| : ; T
Total 32,500 e " 4000 | |

|
Lo S i'
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I A] Crude death rate of standard population :—

—5—1,5—0-0 [(6000 x 25) -+ (1000 3¢ 2) +( 12500 +-4)

4 {4000x 40}]
~ 55~ X 380000
152
= 1169 deaths per 1000 approx. O
TB] Crude death rate of local population :— \’:"\.’
40000 [(2500% 252) + (12500 2) + (20000 ><\4)
1 o V\—r (5000x4q)]
= 4d000 X 368000 W
16 N
- \\

=92 deaths per 1000 appnﬁxlmately
TC] Standard death rate*e{ Iocal population :—

. y
= 33400 [(6300><25 2)+(10000 % 2) -+ (12500 x 4)

O + (4000 40) ]
~ A N 51200

B

MNs12

R, 5735
i
& =[3-8 deaths per thousand approx.,

:..\‘?:f’D ] Standard death rate of standard population :—

1
~—it00p " [(2500x 25)+ (12500 X2)+(20000x4)
+(5000x 40)]
1
40000
_ 147

16
=9-18 deaths per thousand approx.

x 367500

Therefore, standard pbpu_lation is hcalth_ier.
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yi’roblem 52.—Which of the two places for which the mortality
datd are given below would vou describe as more heslthy than an-
other ?

l Town A ) Town B
Agc p— - - — —_——
| Numbers ) Deaths : Numbers :' Deaths
2040 ys. | 5,10,000 2,050 bo2,95000 1,000
40—60 ,, 2,45.000 P 2,550 i 3,40,000 . 2,7§%
Over 60 ,, i 20,000 CL200 : 50,000 3,00
— _ L — _ - . :}\l\' —_ _.
Totl | 775000 5800 685000 (NS 6730
: ! . \Tl
— B . o —
{Flemeniary S!afxsi:cs—Dubq;i and Agarwal, p.114)
. ANy
Solution : N
| Town A ,\‘:\ . Town B
Ape |_ _ | b 1y i !
i Numbers i Deaths {Death per | Numbers ! Deaths Dealhs per
. | L 100p i L1000
! | fP:T?' - | e
20—40yrs. | 5,10,000 © 2,0508h 5 2,95000 | 1,000 | 3
40—60 ,, 2,45,000 . 2,550 7 10 3,40,000 ‘ 2,730 - g
Over 60 ., 20,000 | rae . 60 50,000 | s.000 | g
| _\g”‘_,_ —_ — |_
A . !
Total | 7,75, 080 \I 3,800 | | 685000 @ §,730 i
! N 1 i !

[A ]‘,\Cr\u'dc death rate of Town A

- &
O .—_~_7—7-;0.60 [(510000 % 5) 4 (245000 x 10) (20000 x 60}]

{ o 00
=8 approx. per thousand,
I B] Crude death rate of Town B

1 g
= 635000 [(295000x 3)4- (340000 X 8) 4 (50000 x 0}

1
=96 deaths per thousand approx.
Therefore, A is healthier than B.
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\/problem 53.—The following table gives the monthly income
of 24 families in a certain locality :

Serial No.of the family : | 2 3 4 g5 6 7 8 910 11 12
Mounthly income in Rs. : 60400 86 9310015011074 90 92 280 180
S. No. of the family : 13 14 1515 17 18 1920 2122 23 24
Monthly income in Rs. : 96 9810475 80 941007560082 260 84

Calculate the Arithmetic average, the median and the mode.
(P.C.S.; 1955}

Solution : ~
Writing the scries in ascending order: R
o\
S. No. 12 3 45 6 7 8 91011 R\
Tncome : 6074 75 75 80 B2 84 86 90 92 094 9§
5. No, 1314 15 16 17 18 19 20 21 22 2304

Income : 9608100100104110150180 2007’30 400600
Arithmetic Mean (M)

Zx _ 3405 N
= T a4 Rs. 141'8 ap?}i?;zmatcly
Median (Md) RYe )

i 1y : v
= Bize of (ni—] item

(24 L1y 008
wm e .,:,’ vltem

2 .
5%
T ws 2\ ltem
= \\}2 5 % jtem
Swe of ]2“’ itermn+Size o[']3” 1tcm
A 2

%

> N 4

¢4 95496 .
(= Rupees —,—- apprommately

ST g %ﬂ o

@ =Rs. 958 apprommatew

=By inspection is located at the highest freq. point.

v Problem 54 —The following distribution below gives the cost:
of production of sugarcane in differenth oldings, Obtain thc Arith-

metic Mean,

Cost Frequency ' Cost Frequency
2—6 1 18— 52
6— g 22— 36
F] 10— 2t 26— 19
14— 47 3034 3
(LAS., 1941)
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Sclution :

'I Mid-value . Frequency .: E i -
o | M i el Iz
26 4 o .18 ; — 16
6—10 | 8 a 9 —12 | ~108
0—id4 | 12 21 .3 i —168
418 | 16 17 L 4 ; 18
18—az2 | 20 ;_ 52 . | 0 ! 0
9296 | 24 : 36 L+ 4 14N
2630 | 28 _ 19 P+ 8 : - 152
30—34 32 _ 3 112 L dN3s
n=188 : L'E‘J?E: . —148
- ' o m— e N —
Let the assumed mean {(A}==20 '\\
\:M\
. g AL SSE
Arithmetic Mean (M)=A-- \
H "\ 7
448
=204 _\i‘_._
ANYB88

..—_‘\'Z'(i;—'78 Approx.
=Rs. 19'22 approximately.
vProblem 55.—Calculate® the values of (g} the mode (5) the
median and {¢) the two q’\u‘artiles from the following :

Wages in Rs. J\(a\'\éffwarkmen W ages in K. No of workmen
3 8

20 24 20
21 oY 10 25 25
22 Pa\d 11 26 15
23 \',\"‘ 16 27 9
'S M 28—29
AV 6
R\ (1.4.5., 1950}

olution :
< ’5, S——e - —_— = — . ——

| Mid-Value [ No. of workmen | Cumulative Frequency

WagesinRs, ) 9] )
70—21 | 205 | 8
21—22 | 215 ' 18
2923 ; 225 I 29
25— 24 : 235 ‘ | 45
1425 : 24.5 ! ! 65
2526 : 25°5 ; 90
26—27 : 26.5 : 105
27—28 g 275 i 114
28-29 285 | 120 .




AVERAGES 65

Mode (Mg =t + 22 F0_ (ot

2f1—fo—fa

25—20
=254~ 50 0—185 s —g(26—25)

=254 -15— =25+ '333=25'333 approximately.

- 120+1
Median Md}={4+ {—fzf—!l(m—c) E where m=— = =605
1 o
* - =60approx.
1 15_ L5 - «. 4
=24+35 (60—45) =24+ —p==2447 ,\
—24'75 approximately, : _{g\f\‘gw '
bh—l i
Q, =1+ {‘2_ (g —e) } N
7 o
where ¢, =% =30 approximately. ' \\s\
1 ANY;
— R — x'\
23+ 1% (30—29) &

223 4 1—1 approxnnate]y OF

=2334-0625 apprommately
=23-0625 approm.tg:late]y

Qs —fi-§ f\(q_d%

[Where ¢, = 2 1;?&\ @ =90 approx. |

Lasy 965

\* 55y 28

O =By

”\“\, X ==26 approximatcly.
E@ﬁmetrzc and Harmonic Means

Article :—(A) Geometric mean G is given by
1

(i) G__[X]_ }\2 ........ X,;] "
or log G= —1 log X1+100X3+

'Io.g. X,J
G= Aantilog —?Pog XI-Hogxz +Iog‘€n] :

=Anti Iog—:— Zlog X
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(i) C=ryg firxc Jos 2]
N [X1 3, 7 X:;fsx,n f ]—if
™ 1 .
or leg G= _Ej(-'[:fl log X;+4:/fs log Xo+... 4/ log Xn:l
- . 1 .
(3 == Antiley 'E)F'[fl log X,412 long—}-...-!—fﬂloan]

1
.. G=Antilog 5 Zflog X

AN
{B) The Harmonic mean, H is given by &a\.
1 1t ot | o
@ T n % % +rﬂj “C‘}‘.
13! ¢
I X N/
oy
1 i L £ { &n '1
_._._=— FLE S R S T LNk ——
(“) H f [x xz s‘ } X
_1sf &
-———?2 ; : s‘ X

vfroblem 56. Com "htc the weighted geometric average of Re-
lative prices of the fol]ﬁmng commodltxcs for the year 1939 {Base
year 1938—price 10(’&\

. \

,\)

Commeodity \ Relative price Weight (value produced in 1935)
Corn \OY 128°8 : 1385
Cotton 624 819
Hap* 1177 842

“Wheat 99-0 561

NOats 1309 408
Potatoes 1435 194.
Sugar 1256 142
Barley 1502 100
Tohacco 101-§ 103
Rye 1162 25
Rice 1175 17
Qilseeds 787 29

How does it differ from the unweighted geometric mean, and

why ¢ (® eom-, AU, 1343)
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Solution :

Relative Price X ! Weight () log X Flog X
- — - 2 . —_—
1288 1385 “ 131106 29231310
62-¢ 819 147952 14702688
177 842 2-0119 17645398
990 561 1:9956 1119-5516
133-9 408 21173 : 8638584
143+5 194 21553 418-1282
1256 142 21004 - 256-2568 £\
150-2 100 2-1761 2176100 "8
101-1 103 20043 206:4429,
1162 25 20645 5161250
1175 : 17 20719 35,2223
787 | 29 1-8960 _ 549840
— - — —_— \_;__d
Torar ii 5 f=4625 S, log X=24'5581 <'»“94-23'6263
— . - O\ €
(1) Weighted geometiic mean. AN
. 5. Ioggg‘\v
G=Antllog - "'i‘—f:.‘ "‘}
. 9498%263
=Antilog RU673
= Antilog 20375
=104
©Q
(#i) Simple georictric average,
“(:’}G:Antilog = l::g_)E
{ . 24-5581
)" =Antilog 2
&,.
N = Antilog 2:0465
:u\’“
_ r\;“' =111-3
\/
Problem 57, Tind the Harmonic mean for the following distri=
“bution. .
Class Frequency
40—50 19
50—60 25
60—70 36
70—30 72
80—90 51

50—100 43
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Solution :

PROBLEMS IN STATISTICS

i
Class Mid value Frequency ! 1 f
X (f) ! X X
- ! i _ .
|
40—50 ! 45 | 19 ! (1223 ‘ 4218
50—60 : 55 ' 25 ' 0182 4550
60—70 65 . 36 0134 ; 55344
—80 15 : 72 (133 | 9576
B-—90 85 31 . 0118 : 618
9—100 95 43 i 015 4515
! | ,' N
) | T N N
I Toran | 5 =346 | Tomar, Xk'3 #21
- B B ANV
Harmonic mean H is given by A
7 o)
1 Sy 4
‘H ™ 57 O \
hf \ ¥4
3-4421 AL
= —- —— :’\ .
246 (¢
. 246 N

= 71'4 3

V¥roblem 58. The ann¥al income of 14 families are given

below in Rupees:

180, Z50, 490,

200, 500, 240.

L 1
™I

T\

,@0,"1400, 7€00, 1050, 150, 360, 100, 80,

9 3 . .
Caleulate tl}{\éGOmetr;c and Harmonic means,

Solution : O

N W

N
Annual igkomc in
Rughy 5 K

'

’_\\,4..__
SN gs0
o 250
490
1243
4 1,4i4)
7,000
1,036 ¢
150
360
14}
84
2
500
249

!
: LOg X _}{
i 2.2553 ! 00535
! 23979 i 00400
! 2-6902 : 00904
; 20792 00833
B3-1461 -00071
3-8451 00014
30212 (00835
2:1761 G666
25563 00279
20030 : 00100
1-931 ’ 1250
23010 | 00500
269590 : 00200
2.5802 I 00417
e — ] —
: s drns |
I!. 5 logX =35 4507 T _1 05584
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Geometric mean G is given by

89

G=Antilog 2 ]Og X
35-4507
=Anti 1og ——14
= Antilog 2'5322
=340"6
XS
Harmonic mean H is given by \
L2
I o
p \
1 X S
= ,2\\\3
N\
‘05584 ’Q\«\"
=4 N
—-00399 e
; )
" He o Y
(0399 O
s’ N

. Geomelric mean— 340 6

Harmonic Mean —,2@}'6

“Probiem 59. gH‘culate the geometric and harmonic means

for the followi mg drs-t)* ution.

‘.Velght c@boys in lhs,

<\ 00— 104
105—-109
S 110114
<<;} 115—119
120—124

125129

130134

135—139

140144

145.-149

150154

TaraL

24
30
45
65
72
84

124
58
22
32

Number of boys
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Souliion

PROELEMS IN STATISTICS

Weight of . Number of
bioys in Mldixiluc bays log X Sflog X —{Z‘
ths. (f3
100—104 102 24 2-0086 48+20:64 "235%
105— 18 137 30 2-0204 60-6820 *20804
110—11i4 112 45 23492 92:2140 4318
115—1i% 117 G5 2-0682 1344330 ‘5355
120—124 122 72 20804 149-7888 : =3on1
125—128 127 84 2- 138 176:7192 4
130—134 132 194 21206 2629544 G595
135—139 137 58 21376 123:9808 :\ 4233
140—144 142 22 21523 4738 i(}b,,\ 1549
145149 147 32 21673 69 '%53& > 2176
150—154 | 52 8 2:1318 17 4;3‘1-4 ' ‘0536
i,_._ F— : "\\ 4 —
Torar I f=364 ToTaL \Q\S\{?}?}IQ 45122
1 r\k
- .. G= Antilog Ef 7.\
V<
17834372
:-An{’log N
! gs’ 564
-—Antghw? 0981
—128%
{\ ‘(‘.*L
1N X
£ T
=
O 4.5]122
t"\?ml — A
> )\i 564
N 564
o.\g, s H e
) \J 45122
‘;x\\ =1240 approx.
N
O



_ VCHAPTER I
' ¥DISPERSION)

“Two distributions of statistical data may be symmetrical and
have common means, medians and modes, and  identical frequencies
in the modal class.  Yet, with these points in common they may
differ widely in the scatter of their ‘values about the measures of
central tendency™*. Q

“Dispersion or scatter variation or variability is relatiy€™to any
typical value and is a measure of the extent to which the.individual
itmes vary. If the scatter about the measure of central, tendency is

very large, it is of little nse as a typical value,, ™\ Measures of
dispersion are also called, Averages of the Second Q‘i‘der.”‘f‘

O

Various measures of Dizpersion are—
(1) The Kange O
{1f) Quartile Devigtion or Semi-interquarite Range.
(2} Mean Devialion. ~\\
(iv) Standard Desiglion.
The Range. ~N
The range is thediffersngePetween the maximum and mini-
mum item values in the scries®

Example. A\

Problem 604 {Find the Range of the following series .
30, 85, 40070, 92, 54, 68.
Rangc%(ﬁ«fa—Mg}
't\'-’x92—30 M,=Maximum item value
Y =62 M;==Minimum item value.

S 3
NN

ngrj:i\i‘e Deviation or Semi-Interguartile Range,

ANV “When the items have been arranged according to their
\'"h}agnitudc, the inter-quartile range is the range within which the
rhiddle hall of the values fall. The extreme values do not influence
the interquartile range as they do the range measured by the abso-
lute difference between the highest and lowest. values in a series.”]

The ‘customary formula which is generally applied in the
computation of Quartile deviation or interquartile range is :

Q=25

where (= Quartile Deviation

* Elementary Statistical Metkods—Neiswanger. p. 312,
T Pragtical Statisties— M. Zia-ud-din, p. 70,
1 Elementary Statistical Methods Neiswanger. p, 315.
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0 ,=TFirst Quartile
Q s=Third Quartile,
and, the Quartile Co-efficient is calculated by the formula :

Q.—Q,
Quartile Co-cﬂicient_—__._._.%_.

Qs+Q
2

_Qs-Q,
T Q+Q, \

Example. :"\'
N
oblem 61. Calculate the semi inter-quartile range’ and
« \/

quartile eg-efficient of :

%
i

R .___.A.‘_... PR i_______. . e e e e o i..:. . ”-“ﬁ g —- -

Age No. of Members i Cu{u:la"tive frequency
— S _‘ A e .

20 O\ 3

30 ) ’:\T‘\' 64

) | ¢ 196

50 ) 549

60 \ 489 ./

70 - i)

s 542

N\ R TR

€ =age of (—-4—-) item.
O

(age of 136* item. v

\{'i" =3 v

o e o

3 ih .
ﬂ—i—l ) 1berm.

N Q ;=age of 408 item. -
W —60.
Semi-interquartile range:9 3__20- 10

1 o
(av# i U 2
e
=3, Ans, [Q.D,=Quartile
" Deviation.]

T0,Q,T60+50 110
='0809 approxzimately,

Co-¢ff. of Q. D. _0Q,—-Q; 60—350 10

.
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' Mean Deviation or Average Deviation.

Mean or average deviation is the ‘average of the devialions of
the items from the Median, Mean or Mode.” Al the deviation in this
caleulation is laken positively and represented symbolically as |4].

Symbolically,

.. slda| 17T
Mean Deviation (5,,) from the Mean:--!—-ﬂl—- |' .
n n=number of items,

3\ d| | M=Mean
- \ {d| =deviations omit,-\

Mean Coefficient Dispersion (C8,,)

P : <
from the Mean="H" ‘ tng nfg?' Re
<14 ]i signs. (¢
Mean Deviation from the Median{5,,4) ——nil-'nﬂi: NS ©
—_ L 3 N/
Mean Coefficient Dispersion from the Median {U8,,q) ‘,f"'.‘:
S £ 43 .
=£&\‘Mdr;Med:an.
e/

Mean Deviation from the Mode (8,0 ’:1%&2’-’2[, M,;=Mocde
Mean Co-cfficient Dispersion from the M:cée

W 8!11
“.’:." {SLIY) =mz

X
*

Mean Deviation for grouped dafaand discrete

series= 2 S
n
Example, b\

rohlem 62>i~'CaIcu]ate (A) Mean Deviation and (8) Mean
Cocflficient Digpersion from the Median.

_ W o \ud o
A° | Me=2500
) . .
Earmfg\s\w , 5 18] !; 5 Eg'ldmrj;'l

Y I- L i ma= "
- ebw | I 0-00 ] 8
i\ 333:‘1‘.{.{] 1 500 | 5 i
i 1300 i 700 i 30
! §26-:0 : 1 300 -
;___ . _5 ; __ 5 = _?p_?d.__ 362
i i i T - I
! $12300 | 5 16-0:0 | and 2500
| ! o —144 Ans.

If the seriesis a discrete one, or a grouped data, then |d| 18
multiplicd by the f and, finally, ¥ / |4| is calculated. On the Dasis
of it the value of mean deviation or Mean Coefficient Dispersion 1§
calculated : i

e

% Elementary Statistical Method—Neiswanger, p. 324,




74

Examplg.
Problen: 63, Calculate the

Median for the following : (Practical Statistics—

FPROBLEMS IN STATISTICS

Mean Deviation from

Ziz-ud-din. p. 71)

the

Class-inierval Frequencies Class-interval Frequencies
2—4 3 68 z
4-6 4 8—10 i
Solution :
Median=4+43(72—3)
B T
Class-intervals = Central Values | [dinal ]l i II A onel
' ] :. f N
e = —
2—a | 3 | 2 ! 3 U 6
4—6 5 L0 IS S
6—38 | 7 : 2 2 7.\ I 4
8—10 . i 9 |4 [ JLY .
| | L\\y=10 ST gl =1e
| ¢ &
- - 2;3‘ d& _ _
Mean Deviation (8,,,) =:--'-::}:;!1 ma|
14
..“.’t; :_—l—(] =14,
+ Mean Co-efficient Dis:ﬁcr-
. & ;
sion from the Mq:di;a}; (C8r) = %::__13‘}
+) My

O

=28

Mean Devia.tionf};y Short-cut Method . *

\.E;cample. ' )
Prob(ar\n 64. Cowmputation of Mean Deviation from Assum-
ed Meaﬁ\\/
_— - -
R\) i
..g‘: N ; Dev. from Assumed Mean
oo (Size i Frequenc - — et
\3 JX E]f ) ¥ i - Fld,} ;(S:grzls coém-
d i d ‘ ered)
: « . @ h
F_-_T"—i__2__—'__—-5 I__G—__ 12 —12
1) 1 —4 . 4 4 — 4
8 | 3 -2 2 6 — 6
10 L6 0 0 o | 0
12 | 4 +2 2 8 + 38
14 5 -4 4 12 | 12
16 = Lo 46 6 | ks
Assumed Mean' _ ' SSl=i4 o
@=to ", =% | et et

* Elements of Statistics by Profs. D,
Pp. 205—206. (Symbols etc, slightly

K. Sakhwalkar and M.P.. Singh.
changed),
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Actual Mean (M} =10—|—;6—=!0'2
Mean Deviaticn {rom {8;) = };Id“] = 121222'4

Difference between the two means={10:2—10)=+2
Difference betweaen the No. of frequencies below and ahove
Mean=({2—8}=4 '

~ the correction to the Mean Deviation from Assumed Mean:
(Total Error)="2 x4="8 *

N

SN
Mean Deviation from actual K \J
Mean {8 = E~”dm|'i"}Ql‘&‘i,I',rror
LV
_ 48 a0
\.'5

‘This method is called the shorgjé\ﬁt\meihod nsed for the
3 |ds} +Total Error-

n

calculation of mean deviation. Tts formwe is (5,)=

TR

Standard Division. o N

The standard deviation is always calculated from the
Arithmetic Mean. The &istomary formula of it for un-grouped
data is : N\

+8J

S ., . sa?  d=devialions of the

Standard, Deviation (o)== — items from the.
,'\..5 mMEArn,

Ve \d n=number of items.

2N\ . .
_ Fc{\{g{roupcd data, we have to find out f@* and on the basis.
ol it, the formuls becomes : .

:u\:', E‘_f"dz-
Q- A

Many authors take £ for  indicating deviations {rom the Mcan../\

&) Standard Deviation by shori-cut method —“The short-cut:
method aveids the labour of finding the Arithmetic Mean. This.
consists in taking convenient Provisional Mean or Working M_ean‘
and cmploying the formula. {45 customayy fo take @ Provisional
Mean corresponding to the greatest frequency™.

o =n/ S OF _EIDY

n

Where D=deviations of the _values from the

Provisional Mean.
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As usual thc D? is not to be multiplied byflf It i3 an indi-
vidual semes. In that case, the formula becomcs :

Gm\/ ﬂDz_\D)

(#) Tt can also be expressed i in the following forms :

(a) o =h \/Efug - vf; . | T(|

where f=class-difference

X—A

TR RS \
A=Assured Mean and X =size o?thc item

@) o=n/2E_( 7B

Where : =X——A.

(i) Varmnce — The square of the Standard Deviation is
calied Variance, add) generally represented
by &2 ~N

Relative Measures of Dispersion, O

*To'relate the measure of x:hpersmn to its average and to
convert it to percentage form, the standard deviation is divided by

H=—

X

Arithmetic Mean. This measurc s known as Co-efficient of wariation

and is given by.

.i"‘.*\G- Vn—l%(l-} ° o V.=Co-efficient of vari-
\\w * .
X ation
M=2Mean

A o=>5tandard Deviation.

w
-and is gencraeﬂ} used for comparison of consistency of two or more

-quantitles\
=} . . -
'Ihc ratio Mean 5 called the Co-efficient of Standard Deviation.
AL
\ \Some other comparative co-efficients of dispersion are given as
OWS ——
Quartile Co-gfficiont of Dnmman"Qa ~Ix 100

Q0
Mean Deviationx 160

T I —_— -~
114'3&?2 o-gfficient of Dispersion— Median (ov Arith, Mean, if med)

\;d‘roblem 65. Find out the standard deviation for the

following frequency distribution

Variable 5 15 25 35 45 55 65 75
Frequeacy g -7 9 23 15 § ¢ 4,

* Practical Stglistics by Zia-ud=din, 74,
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Solution: ) - 2 |
~Take A= .35 ﬁ—lO (ua,ss diff. 15-—3==10) (A=Assumed mcans}

[Ty iy

A
X f ‘2‘:\_,__ l ﬁa. | fu?‘
A e i B el
) 3 L —3 — 9, 27 .
15 7 i — --14 28
25 q | —1- —g g
I 23 ' 0. 0 ¢
45 lg | é 15 i 15
55 : 16 "
63 G | 3 T ! gi N\
75 4 \ s 6; Nie)
_ L : _ L\
Toraw n=75 | i 5 fi=38 | St bone
—— i i R :F"g -
= N o -
Standird deviation c—/zl\/ Ezf f ( ;{p
2 \
_10 z9 33
—7@\/249;&5 33><35
1@5_2@.
N
1268 T

R i

VN =17 appr:

Wroﬁ'lfe:;l 66. {\Lﬁd;thc standard deviation for the following
frequency distribution:

Variable .\'"'2”’3 4 5 9101213 15
Frequenby?25 37 44 59 68 43 31 23 12.

Solutzan\{}“

\\ - X-——A where A: _9 “{_assumed averagfi)_

‘:',:" |

Ay
|

2 23

3 : 37

4. ’ 44

5 54

g 6H

10 ; 3

12 i 31

1% : 28

5 | 12

—_ . -
ToTan 342
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Substituting the values from ta.blc we have

\/@f _ qu.\z

5723 (w553\
2 __ _
Ore™= "33\ 342 /

—3.76.

\/i'roblem 67 Find out standard deviation and co-eflicient
of skewness for the following distribution :

Variable
0—5
5—10
10—15
15—20
. 20—25
2530
30—35
3 5-—~4D
Solutmn :

Frequency
2

In the calculation of the mean amd _the Swiandard deviation we
take for each class its mid-value as the walte of X. The calculations
for finding them are shown in the follewing table:

| ! X4295

) A ,‘—-'.":J
_\,/

X f DU i
I oW
; — Y - o
23 ’i I Y -8
75 5 0 —3 —15
w5 7 o & —2 —14
175 . ¢ 1{‘,} —1 —13
22:5 . 0 0
27'5 S \%6 ‘ 1 18
395 = “ 8 ) 2 16
375 ING 3 | 3 9
O R A
x"\’ﬂ: T
Tozien,) 75 i -9
f{* | | |
AN “Here A=22 5, (assumed average), i=3 {class- cl;ﬁ'erence)
2 \¥; 9
\\ Mean~= 22-5— 75 X S(Formala M=A+k Eif o
=219 appr.
and o= fa,\/zf“2 S*_f_“__)
5 \/ 193 /-9 ) ,
75 75 e
=80 appr.
For mode referring the original table
: 16
=70 -
Mo=20+ 15y >
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_ MM,
==
21192276
8
=1 appr,

Sk

\/l{roblem 68. TFind the mean yield of paddy and the standard
deviation for the distribution of the results of 3061 crop-cutting
experiments shown in the following table ;-

Yield of paddy per No. of Experiments ~
acre in [bs. \

0 — 40p 236 O\
401 — 800 481 N
801 — 1200 604
1200 — 1600 370 N
1601 — 2000 419 I ¢

2001 — 2400 338"
2401 — 2800 A
2801 — 3200 O 87
3201 — 3600 AN 64
3601 — 4000 w23
4001 — 4400 AN 14
4401 — 4800 D 6
4301 — 5200 A\ 1

Y Tora. 3061 _

y (B. Com. Bombay, 1945)
R\
- Solution : : '\{v't

We take mid #alue of each class as X., A=1800'5 A~=400,
'l (assumed average) {class-interval)

\N ¢/
N X— IV

X {'\,." 7 U=_h_ Su Sfut
20005, 236 —_ ; — 944 3776
A0 481 -3 — 1448 4329
legrs 604 —2 - 1208 2416
N A5 576 : —1 — 576 576
18005 419 0 : 0 0
22004 333 1 333 333
. 26005 217 2 484 868
3000°5 - 87 5 261 . 783
34005 64 4 256 1024
38005 23 5 115 575
4200°5 14 6 84 504

. 46005 & 7 42 204
50005 1 8 8 64
ToFar 5061 15542
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Mean yield of paddy:A—;..};?}{_g.

= 18005 2638400

3061
- =1455'8 Ibs. per acre.

Standard deviation of the yield paddy for 3081 crop cutting
experiments.

N el
\/ n ( n Z\\
155427/ ogaet
3061\ 36gr/
SVAx400 N\
=83321bs. o

A\

or =400 x

A\ N
Problem 69. The fluctuations in the rafes of Kohinoor and
Tata Deferred on the 7 march are given b\cl}gw. Find cut which
of the two shares shows greater variabilityy

W

* Kohinoor-—618, 619, 616, 623, 620y°624, 622, 625, 622, 625,
626, 625.

Tata Deferred—21524, 21328 21341, 21323, 2145, 21424,
21463, 21302463, 2142}, 2050, 2135, 21521,

N/

N\ (Bombay, 1545)
Solution : {\
Calculation of{thard deviation
Ko{:’iﬁﬁbr ; Tata Deferved
N 4
. e “: - T e — — — — e ——
§ i
Prices of the “\A~= {620) £ Prices of he! E-X—A : 73
security XNMF =X —A ) security  |=X-—21425 )
— AN — e — i'___. —
il S S R 2 R 9 100
PNG9 Lot ; 1 S35 g 100
616 | -4 | 16 213425 g9y 6506
625 3 ! 9 A :>AC TR 10
620" | o ¢ Po2145 | 2:5 625
624 1 4] 16 D 21425 v c | 0
622 i 2 i 4 214625 375 14-16
625 | 5o ® a0 | Sigs | 15625
622 | 2 4 . 214625 | 375 1406
625 = 5 ; 23 Po2142s | 0 ; 0
626 6 ' 36 . 2150 75 5695
625 i 5 , 25 - 2135 Lo=TE 5623
. P | 21525 | o | 100
— ; - -
n=12 o 15 =13 —10°75 | 77118
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Kohinogr—

Arithmetic average or M= At

=622'1

. P T ¢*¢
Coefficient of variation =M = 100 A\ N

=30
622°1
=493 \
Tata Deferred— \

X100 N

Aefficient of variation = —- x 100
: "‘\’ w4
N/ 766
T 214167

x 100

On comparison of the co-¢fficients of variation, it is obvious
that Kohinoor shows greater variability.

‘ﬁ'oblem 70.—The following table gives the frequency
distribution of area under wheat in a sarnple of 282 villages in
- Meerut District during 1936-37. Calculate :— :

(@) The standard deviation, and
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(b} The semi-inter-quartile range of the distribution,

Bighas under Frequengy Bishas wnder Frequengy
wheat wheat
0—100 3 Heo— 14
100— 7 1260 — 14
200— 10 13— 16
300~ 17 1400— g
400~~ 33 1500 - 8
500— 29 1600— 6
600— 27 1700 5
700— 21 180~ O
800— * 2} : 1900 — 2600 N
00— 20 W\
1000— 8 N
contd, contd, ,\\~ i(foA8., 1948)
Solution :  We take mid-value 07 each clasg 3§ .
let A=850, A=100 {Llacs\w('uall
(assumed avc.Qa;f-)

Bigha;; under | N 5 C]‘;ﬁ:]c“' ’ X-a It
. — 7 .
wheat iv::':qucncx it .

0—106 | 50 - 3 ~.j 3 i Y 192
100— 150 AN 01D -7 — Y 343
200 — 255 .Mgb 20 —G  —- 6 360
300— 350 () 37 —5 & 123
400— #0638 90 O 528
500— 55 N 29 g9 . g — 47 261
600— | B30» ¢ 77 126 1 2 - 5t 103
700-— g?;ﬁ' ) S % B A —. 21, 21
B—  |N\ES a3 | §79 0 e 0
U— N 20 ' leo 1 20 20
1000— ¢ 1030 © 15 | 208 2 36 72
1103 \w 150 & 292 3 42 126
uoov 1950 3e | 236 | i 56, 224

1350 i 36 | 232 5 i 400
“kim‘ 1450 g | 250 ‘ 6 18 288
\1600— 1553 8 ' 268 7 56 352
1660— 1630 6 | 274 8 iy 8gd
170— 1750 5 1 279 | g 45 405
IGQO— 1850 2 | o8 i 10 a0 200
1900—2030 | 1950 1| ey 1] 121

| ! | |

— __I____ _ i l.. - -

| Torar 282 | ! Torar, © —350 4870

Standard dev_iation o=k . \/ 2.3_:;2_m(21j _rg) x
’ n 1

4870 ,—50 \#
i /(S
a0 282 283)
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=1001/ﬁ37'ﬁ—-(j34fj) L
=100x 1722

=413 approx. -
{#) For scmi-inter-quartile range.
First quartile ’
' in—F
Q,=L+ l—f—\<z
705—70 7
=500 - ETE 100 ‘
50 ¢\
= [ \
500+ O
=501+72 'N”".
Yy B 3\
Q=L+ = x4 "\&
) 5 .\\\\'

L - N

— 1100+ -2 13~208 5am0
14 70

350 2O

— 4+ Tl ONY
11004 TR
™

=1125 O

S

" . e —
2. Semi-inter-quartile gang’e:gs—c‘h

2
N\
N 112550172
& T
A —31164
r"‘;‘" Q
N (), —
Goefﬁsicrzg),f)the 5. 1. Ranget-“:T_Qf
O —_ 62328
O 162672
s?“ ='38

géob}em 7§, —Goals scored by two teams A and Bin a foor
ba

cason were as follows 1—

No. of goals scored No. of Matches
in a Mateh A B
0 27 17
1 ] 9
2 8 6
3 5 5
4 4 3

By calculating the coefficient of variation in each case, find
which team may be considered the more consisteat. o
: : (14.5., 1954}
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Solution :

M=0+1+§+3+4=2 s M=—arithmede nverage,
e o ream A T
X ; X—M f XM S (XM
_ Ny ) —_
0 2 27 fus Ly 6
1 ool : 9 Y ! 3
2 | ] ! 8 {4 i 0
3 I 1 ' 5 5 5
1 | 3 4 16 5 N
; 53 138 RIS
- : - 3 \"/ —ma—
EAX~NM .“:\ ’
For team Ac:\/ (XM, O
n \\:\\
2\/ 138 = I'(.\ '
53 7 N
¢
-. Coefficient of variatibn:%i}l(}l)
A6 [.
O 7 Koo~
O:QX . .
For team Bo==i' gg

AO0=1s3
EN\/
& Coeﬂ"zcii?:\&\f‘ of variati0n==l% * 100

> Dl

r\) =1'53><IOO
N 2
{o\'\. 2765

,’<§Hencc the team B is more consistent.
\,’ Vf’roblem 72,  The following table gives the yield of paddy i
&ﬁ\ ~§1arl‘1;1:sl];% Tire based en crop cutting experiments in a certain area |
v 4 [Py e =i,

4 1
Yields in mds. Frequency Yield in mds. Frequengt
per acre per acre E
4 24 128 |
3 4 27 73 |
6 32 30 50
9 81 33 13
12 135 36 12
15 198 39 5
I8 210 42 1
21 144

continued continued
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Calculate the arithmetic mean, the standard deviation and
median of the distribution,
(LAS., 1949)

Solution: Tet X represents yield in mds. per acre.

. Cumulative |' . X—18 Y,

X : frequency ' YT 3 Su u
0o | 4 | 4 ‘ —6 — 24 144
3] : 32 40 ‘ —4 —128 512
9 533 121 ! —3 P 243 729N \*
12 135 | 256 —2 i —270 540N
5| m | e ‘ L s d
8 20! 664 0 0 W]
21 ! 144 808 1 144 4“ \ 144
24 128 | ass 2, 256 N U512
27 75 109 3 i 219\ 657
30 50 ; 1059 ! 4 : 250 80
33 13 1072 | 5 65 325
KT 12 ‘ 1{84 | 6 )72 432
39 | 5] 1G589 7 .’:\ 7 35 245
42 ‘ 1 1080 ‘ ] \;‘\ 8 i 64
— . R .._‘_~_¢ J— _——
Total 1090 | Kt S Sfe=l1B 13 fu2—540‘?
- N
N5y
Arithmetic mean MzA”—i—k J;.
116
&;}\ — 1843 X Y55
\ =21-19.
S —g—
Standard d‘cmatlon 6 =h. Lfu _._(—z-ff u
RS, 57 T\Ss
\\ 3y, /3402 (TI8Y )
.Q\ 1090 \1080
) E\’::' =585,
\@,J‘ehrly in this case ‘Median’ is the measure of
4 it ¢
5 item -+ ( +1 ) item
. 5 . where # is total frequency
. 545 item -+ 546 item
i.e., of - - -
2
- . 18418
which is —;——— =18,
Hence My=18.

Vi’rob!em 73.—The following tables give the frequenc:y distri-
bution ol expenditure on food per family per month among working
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class families in two localiiles.
standard deviation of the expenditure at both places,

- No. of families

Range of expenditure

FROBEEMS 1N STATISTICS

Find the arithmetic average and the

in Ry, per month Place A Place B
Rs, 3— 6 28 39
I 6— 9 252 284
» 9—12 389, 401
. 12—15 212 202
» 15—-18 59 48
., 18—21 18 21 O
. 21—24 2 5 s
(PGS, 1941}
Solution @ ‘;..}\
i || Place A ! .".<\§'Place B
Mid-value 108 L . N it ¥ A S
r X |1£:JC_I§_| ‘ . \}m\. . .
e Lo | e
i ———— __i 'x:’__\\__‘_ — _l e Rt
45 - ‘ 28 | — 56, &b2 39 | — 78 156
75 | =1 292 1 —292()792 | 284 . 284 28
165 ! 0 380 o o 401 | i | 0
185 I o212 2y 212 202 202~ 292
165 2 1 59 |oJY18 0 2% | 48 96 | 192
19°5 3 ‘ 188N s¢ 12 | 21 63 | 189
22°5 ¢ F si 2 1 s | i 8
. - — ) SR e - . - -
‘ {.|\\t000 .44, 1946 1000 [ 19 1103
— N 5 R -
Place A, \\
Aul;hmehc -average=A+4 —Eg;—f
:.\‘,. o
&/ 344
O 5 0%
A = 105+ S0
R\ =10632.
~O Standard deviation =4 ,\/ vﬂ‘" (_Ef u ™~
N/ Xf Lf
~3x \/ 10467 4% \F 4+
1060 100(}
=3x /10460174
=3x /10286
=303,

Place B.

Arithmetic average=1054 —

= 10557,

3 %19
100
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Standard. deviation=3 1103 _( 19 .)2
. . 10CO 1000
=3X4/1-103 — -00.361
C=3X /1102639
=315

QP/:'oblem 74.—The values of the arithmetic mean and
standard deviation of the following frequency distribution of a con-
tinuous variable derived by using both arbitrary working origin and

scale are 135-3 1bs. and 9'61bs. respectively. Determine the act
class intervals. ' o ' [“9 As. ,!QE:"
: X ¢

o )\\" —_—

f i ,Fu : " A ?ﬁf—"
. Y N
2 4 : _ 8 RO
5 —3 : ~15 \;'.:.\ 45
R —2 : 15 3
18 i | —18 18
22 o _ A K
13 1 it A 3
8 9 ; 31‘3\ : 32
4 3 L OR : 36
—_ i ___"_\’:_‘L}‘__.__. e —
80 N —16 : 208
! O
Solution T C
o A

If u=\{{ -, then

MeM=A+ 2Ie 1353,

7
D $Fu 2
an,{\w it L (Y~

"§nbst1tut1ng the values from the table we get

’\" 16k

N/ A——gs —1353
208K 162k .
s0- " ger —00

which give A=1365 and h=6

If x, and x, are class limits for the class where the arbitrary
origin lies, we have

PR 1365 and xy—x,—h—6

“

1335, 4,=139'5
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Thus this class is 133-5—13¢

hence the classes are
(169-5—1155), .......

Wvﬁmblem 75.—

ing t\e\o series, which shows greater

Series A

162
288
236
229
184

Calculate the stand

PROBLEMS IN STATISTICS

Series B

83

87

93
109
124

—continued —continued

Solution :

Series A4
. Deviation
Size of the ! from arith.
item j average
X . X-M
!
192 —68'}
288 279
236 Co=244]
229 . =311
184 — 76
263 Po—r1
348 . 879
291 309
330 6PN
243 —_ }o?‘li

- _Aw

EX<2
n= 10(’1\\

___x\,
X -

™\ Vor series A,

.\,

For scries B,

4—538

ooy (151-5—157-5)

1784
5808
N\ 9672 |

N\ 5791

\

4 ..i.} 01

7726 |
954-8
4886
292-4

2661461

deviation..

Series A
260
348
291
330
243

EX=

93
109
124 )
126 i
126 :
101 i
102 |
i08

1059

<
-~

Arithmetic average M = .=
7
Arithmetic average M—l?g-?=1

For series A,

Standard deviation o —\/ E X__M)a

L2601

5. The class intervalis 6 and

ard deviaticn of the follow-

Series B
126
126
101 N\
102 .
108 M
(RE.S., 1938)
N
Sefie}’ﬁ’
-
i
XM (X— D)2
—229 | s34
-2 ! 3372
—~129 166-2
3l 61
181 3276
20‘ 1 . Y
201 : 4 1ER)
—49 : 2401
-39 15-01
1 ‘ 441
| 203684
05-9
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Standard coelficient of deviation

. c
M
_ o6
260010
—-198
For series B,
....... o\
5
Standard deviation o= \/ (X \’I) N
\N
..... .\.\ o
_ 22351?5}_ \/
-V o N
=14-96, \\V
2. SAV
Standard coefficient of vartation ¥ A
G K7,
14-96, .~
109
=141

On comparisgy, of standard coeflicient of deviation, it is ?9
obvious that series;B }%h ws/greater deviation. *

Problem 76/=<The index numbers of prices of cotton and coal
shares in 1942 werch.s? under :—

Month ) Ina’ex number of prices of Index number of prices
»\{\ cotion shares aof eoal shares
Jarua \“' 188 131
Febma}y 178 13
I\L‘n&cﬁ 173 130
X\;{prﬂ 164 129
172 129
June 183 120
July 184 127
August 185 127
September 211 130
October 217 137
November 232 140
December © 240 142

which of the two shares do vou consider more variable in price,
(M. A Agra, 1944)
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Solution :

. Colton Sharcs Coal Shares
| . |_ e e e
Index No. Deviation rom! = ™ i Jndex No, K\
of prices mean 194} (X M2 of price's T (X =202
Pl M- 131 /
X X—M X
i H
_ o -— = i__ S P _
188 -— B : 36 i 131 0 0
178 16 256 133 —1 AL
173 —21 i 440 . 130 — 1 \!
164 —30 | 0 | 199 — A ot
172 — 92 T T -2 e\ 4
183 —~I 121 120 —11 N 1o
T A R
5 — | | 2 — 4 A\
211 17 L oogg 1 130 R 5
217 23 520 1 137 {4 36
22 38 Cora 0 Jan g al
240 45 I 2116 : 142 I\ ¥l . i21
— = LA : _
EX~2297 ey | zlesg{i}
Cotton Shares, : l
N, - 2327
ArLthmetlc averag@ M= (5 =04,
6767
Stand \ —a /00 s
\/ ta ard de\ 00, ¢ i3 2.v8
Cocfﬁmmt of varnnon '
7 \ ,
&
i ‘\ S = 100
Ke M
xn\:{. 23-8
"xs‘.' '—=—I§4 X 100
L\ : .
SN =227,

N\ Coal Shares.

Y 1581
M= - l-,‘— =131

o="n / 492 _s.49
jv

Gocﬁimcnt of varia l10n—5—7—9 » 100

151
— 442,

From these datas we see that cotion shares are more variable
in prices than the coal shares,
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%
Problem 77. QCalculate the standard deviation of the follow=
ing data with regard to 2298 families in the U.K.

No. of persons in No. of
the family Jamilies
| 166
2 552
3 580
4 433
5 268
6 148 N\
7 77
8 43 O\
e
9 20 O\
10 8 1 \'../
11 5, N
12 I O
Torar 2298\
AN (MA Alld, 1942)
7 {'
) z;\
Solution : A\
No. of persons ‘ Mo, of .,:: N
in family ¢  families e a fi | FE:
; I3 ™
x ! 4 “i 3
:' A _ L
1 : 1657 | -3 — 495 1485
2 : B\ | _2 —li04 | 2203
3 BN —1 — 580 i 580
4 AN\as3 0 0 0
5 7268 i 268 268
& NO 1 2 296 592
7 33;'..} 77 3 231 (93
8 il 41 4 164 - | 656
1\O 20 5 w | 500
1N 8 6 48 284
Wl 5 7 35 | 245
) \\az 1 8 ‘ 8 64
7N\ . _ L -
7 Toran 2748 ‘ —1629 ‘ 7575

Standard deviation

=N/

=176,

2298 \ 2208

} Vﬁroblem 98.—A collar manufacturer is considering the pro-

duction of a new style of collar to attract young man.

The following
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swtistics of neck circumlerences are available based upon measure-
ments of a typieal group of college students : —

Mid-Value (Inches) No. of students  Mid-Valye (Inches)  No. of studenis

125 4 150 29
130 19 15-5 I8
13:5 - 30 60 1
14-0 63 165 i
14-5 66

Compute the Standard Deviation and use the critegion

. {M =+ 39), where o is standard deviation and M is arithmetic nhean,
" to determine the Jargest and smallest sizes of collars he should“whake
in order to meet the needs of practically all his customergy \bearing
in mind that collars are worn, on average, § inches larger than neck

size, - N

(BQwin. Raj., 1g4}
.\ N
Solution : W
e — — — BT e —
Neck circumfer- | No. of x-145 :’\\"
ence in inches i stadents i 4'—_'_5_' LV S | Ju?
X . X
| I ‘o
ey e — — (&= - — ‘_ N
125 ; 4 408 -6 64
1% : 19 : . —57 171
135 30 R : -6 120
14 63 RN\ 2 ; —G3 63
145 ' 66 ~ {t o 0
13 ‘ -2 N . 29 | 29
155 Lo 18 N 2 34 I 72
16 . (™ 3 _ 3 9
1645 j ’{\\ ! 4 [ 4 | 16
ToTAL +|\ N LT —124 | 544

rcumferences

- D
Mc%@f’ the neck-ci
R\ —124
' "\ M—-‘145+—-2ﬁ-->< 5
\\ v =145—"2¢
=14'24 inches
Standard deviation of the neck-circumferences
oSy n / S _/—T2AT
MG 231 231/

='SX /23528
=72 inches,
Using the criterion M+ 3g,
{{) The smallest size of the collars=M —36+2 inches,
=1424—8 % (7-2) 475 inches
=12'83 inches.

»

v
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(71) The largest size of the collars=M+3 6475 inches
=14-243-3072)4--75
==]17"15 inches.

\Problem 79. The following table shows the number of
workers in two factories whose weekly earnings are given in  column
{1}). Determine the mean values of weekly earnmgs and standard
deviations in both factories.

|
) | Number of workers
Range of weekly

cArnings
Factory A Factory B QO
A o
S R —
Re. N
4+ — 6 74 I

6— 8 376 <~359
g — 10 : 304 7N\ 363
10— 12 : 110 '\'\.“ 112
12 — 14 ; 18 18
[+ — 16 0 4 1
16 — 18 : 9 \ 3
18 — 20 9 INY 9
25— 22 0 '\s 4

D (M.A, Cal., 1936)

Solution : P\

Let X represents the mld-val'ue of the range of weckly earnings.

\" Factory A . [ Factory B

X u__X;E’ O [ ‘ _
Yy sl ‘ fu fur
5 . —a N —4g | 296 ‘ 71 —142 284
7 AT s a6 3% 319 | —3 ¢ 379
G o o) 303 [N -0 ‘ 303 0 0
1l & 110 e 1o o2 | oz o1
13 2 5 3% |07 ‘ 18, 36 ; 72
15 o) 3 0o | 0 0 1| 3:
PEQ) 4 9 30 e |81 120 48
o\ A 3 | 9 45 235 "9, 45 [ 225
\ 21 | 6 i ¢ ‘ o VI 40 2t 204
| i .
L N N T I
Torar | ‘ 900 i —297 4 128 90 | —289 1273
A B o I o
Factory A.
. 2 fu
Mean value of weekly earning M=A-1/ 5f
—297
=94 2X — 500

=834 rupees.
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Standard deviation of weekly carnings

Factory B,

PROBLEMS IN STATISTICS

o=}

M=0+42x

Y

\/ 1223
960

= 2236 rupees.

— 289
900

=836 rupees,

6=2x

D7,
940

=229 rupees.

_( ;_f_—’_?_?)“"_
900

~—89

RS

;00) \\«

%7
&
§\

\/éroblem 80.— Calculate standard deuatq@n and semi-interquar-

tile range from the following table giving LEl'\are distribution of 542

members of the House of commons.

X }
PAN
Age V! af Members
20 “:”:x“ 3
30 O\ 61
40 Ay 132
50 L 153
60 O 140
70 (\J 51
80 o 2
e {(B. Com., Nag., 1942)
\,)
Bolution : '\w )
\O A=50, h=10
o ,‘{\ . .
SNl 7 Cumulative _ XA ‘ £ } e
Q}é v ) . Frequency i_ -k | Ju | Ju
o 3 3 -3 | =9 27
a7 i Gl G4 -2 | —122 244
3 P 132 196G —1 i —132 132
50 i 153 319 o . 0 0
@ . 140 489 T 140 140
T3 51 540 2 ; 162 204
Fx] 2 542 3 i 6 18
. R e E N
Torarn | 542 | —15 |' 765
| :

Standard deviation of ages c=4

Z fi?
zf

Z _(?Ef_;)”
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) /78S 15 N
or o=10xn/ 5 5i7)
=116 appr.

For semi-inter-guartile range

tn
le;‘('{:i-]- ) item’s age

=136 item’s age

=30
;=408 item’s age
- =60 ’
Semi-inter-quartile rangé' - Ko N
— 6050 -
3wl — T M :5 Ans. N
, 2 2 ~\ o™
\‘@%ﬁiem 81, Inanyiwo sampics where the varlatcs ny and
n, are measurcd in 3ame units, LV

nt==36 {(summation} Zx% = 49438\
m=49 ( do. ) Ex%=71253
compite the values of the 5.Ds of the two samples,

What additional information is réghired to calculate the
coefficient of variation of the above twosatnples ?

N (B.Com. Luct:., 1943)
Selution : - N

Standard deviatien oj}Qm fivst sample

QO
A \/ _Fe_*x_ m\/ 49428 _ 3701

’t\'": o Nz Ti23%
~E S =\/ 1238 _35.98,
AN '\/ » 49

oA - ) e G

~inee coclficient. of variation= - X 100
"\ M

PN

h\kcfe ¢ i3 5.D, and M i3 arithmetic average.

Hence arithmetic averages M; and M, are more required to
calculate coefficients of variation.

Vg’rﬁblﬂm 82.—Compile a table, showing the frequenmes with
which words of different numbers of letters otcorin the extract
reproduced below (omitting punctuation marks) {reating as the
variable the number letters in each word, and obtain the mean,
median, and the eoefﬁciem of-yariation of the distribution :—

. Success in the examination confers no absolute right to appoints.
ment unless Government is satisfied, afier such enqmry as may be

-
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considered necessary, that the candidate is suitable in all respects for
appointment to the public service.
(LAS., 1947)

Solution :
The frequency distribution is as follows :

Number of letters  Number of words  Number of tetters  Number of words

{x) i.e. frequency () {x) i.e. frequercy (f)
2 9 7 4
3 6 8 3
4 2 9 3.\
5 2 10 A2
6 2 11 "f\t\"?
Calculation of the mean, median and 3.D, Ded
A=106 {assumed mean) '“"\“‘.
i ; : o : . \'";3\V " Cumulative
A S B AN T
: i . O !
2 5 —4 Y\ 144 9
3 L —3 .-%83 54 - 15
4 2 -2 . S 8 17
5 2 P lag=2 ! 4 19
6 3 0 AN 0 0 21
7 4 RS M S 4 75
g 3 A 6 : 12 : 1y
9 3 SN 9 27 | 31
10 2 % i 8 : ) 33
11 3 PR\ 15 75 35
IS | _
ToTaL . 35 .:; i ToTaL —18 360
i ¥ 4 .
! 3 \“} : . _ — I
X’\."; E =
Mean M = A+ —EJ}—C’
“’{:”{\ e 6_]_8__55
p \,“ B 36
O /3641
Median My = the size of the-.\ — i.e 185t
item
=5
Standard deviationo = ——z{; ._.{ \53‘?. )
_ /30 _—I8E
36 (3¢ ) =312
. . o 312
Coefficient of variation = = x 100= ~ =% < 100=356"7

M '3
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VBroblem 83. The following table gives the number of
finished articles turned out per day by different number of workers
in a factory. Tind the mean value and standard deviation of the

v A e

daily output of finished articles, and

standard deviation.

explain the significance of

No. of articles No. of workers No, of articles No. of workers
(x) (f) Cx) (f)
18 3 23 17
19 7 24 13
20 13 25 8
21 14 26 bR\
22 18 27 4

Continued Continued

Solution :

A=22 (assumed average)

(B.Com., Caly3937)
£\

b 4 f } E=X—A | o .‘.,ﬁ\' ‘ f&2
JE— - ‘_V__\, — \ | JE—
18 3 —4 ANV _12 i 48
19 7 —3 \ & 21 : 63
20 11 —2 —32 i 44
21 4 —1 NV — 14 | 14
-2 13 0y W 0 | 0

23 17 RN 17 | 17
94 : 13 % 26 52
25 8 N 24 72
26 9 B84 36 114
27 : 4 A 20 100

: N\

_ AN -
. 1034 W 54 554
i C\\ | o
ZSE
\<& Mean M=A =7

I
O =22'519
AN . N

N©® Standard deviation ¢ = 2fEt :Ejié_
Q" AT
— 354 ¢ 54NE
104 \104

=22,

v Problem 84. From the following figures find the stan-
dard deviation and the coefficient of variation 1—

Marks No. of persons Marks No. of persons

0—10 5 40—50 30
10—-20 10 50—60 20
20—30 20 60—70 10
30—40 40 70—80 4

(B. Gom., (8} Agra, 1948)
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Solution :

Taking X to represent the mid-values of marks column
h == 10 (class difference), A == 35 (assumed

average).
—— e — e ‘ — —
X | No. of persons : i X—A i
| £ =R b Sfu A
JE R [ R — _— ————

5 5 -3 S —15 , 45N

15 : 10 : —2 i —20 ! 40

25 ' 20 ; —1 —20 P ON20

33 i 40 : 0 0 M 0

45 30 1 30 (O 3

55 20 2 ; 40 .\ - 8c

65 19 3 ‘ 368 Y| a0

rE 4 4 A’Q'“ | G4
N (N Ay

139 W 61 ’ 369
O | L

A/ Nt
61 \Y; sfu
M=354+10x- OO ( = = )
Mean 3541 139 O A4k ST

=395

'y

*

&

Standard deviation c=§' ,\/ ETJ;.‘_— .i{}‘i

\ — - - .
O =10 % \/._3_69_(_61_ :
AN 139\ 139

“ —10x 4/ 2'65—20
:":\' —156
x\"

Z

A o e o
(?qé\@mcnt of variation= 5 % 100.
‘:'.“' 155
&N = =
\w\;“; 395 % 100
%A’ =392
\l ? y_.V(’robIem 85, Show that in a discrete series if the devi-

3
ations, &, from the mean arc small so that (—;& ) and higher po-

 wers Of'i\iff can be neglected, the following relations ate found to hold

approximately between the arithmetic mean, A, the geometric
mean, G, and the harmonic mean, H, (o being the standard devi-

3 : ' ;
ation and—Ij—[T- can also be neglected). [Statistics—]. C. Chaturwedi}
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o &N
) G—-M( 1-- ﬁ) Y
(i) MP—G® = o?

) H:M( 1— MZ )Y |
() MH=G2 - (33 M-2G+H =0
Solution :

If X is the variable value, we have, X— M=y, so thaj;\

X=M +a £ \‘
) QP
{i) Now if n is the total frequency \E»\ ’

%
L
3

1 ON
log G= -— X flog (x-{-M}\ 3

--—[ Eflog @Eflog(lﬁ- )

‘logM"”& f(M 2 )

Mwhﬁ and highcr powess  are
~\$~‘“
R

Ny neglected.

) '“‘}<\ but}“fx—_—.()and_ii 5 f° =g
B

A
s\ log G=log M—,

N2 2M
o o
; y' G=Me IM2 e e D)
“x\\ a2
N =M { 1~ )
AN 2M>
\ 4
(4t} From (1) on squaring
. 0.2

GE=M*,  MI

ol
=Mr(1—0)
S MG =0"
(i} now
1

11
5= 3
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N Y EAN
=3l )

| x4
o war (1wt

. x N2
since (—M> etc., can be

negiccted. ]
"

0_2 \ .

or H =M ( 1——%\5' neglecting higher
N

A\ powers (2)

R W

™
"’~ b

(iv) From relation (2) ™
MHM?—o?)
- or QH:G2 by relation (i) above

- \;/ Problem Sk An analysis of the monthly wages paid to
workers in two firms A and B, belonging to the same industry, gives
the following, results :—

x\ {
%' Firm A Firm B
\ Number of wage-earners 586 648
SO Average monthly wage Rs, 52°5 Rs. 475
Y Variance of the distribution of
' 100 121

Y% wage
(2} which firm, A or B, pays out the larger amount as monthly
wages ?
(b) In which firm, A or B, is there greater variability in indi*
vidoal wages ?
(¢) what are the measures of-—
(i) average ronthly wage, and

(ii) the variability in individual wages, of all the workers in

the two firms, A and B, taken together.
[ LA.S. etc., exams., 1957 ]
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Solution :

101
(@) Firm 4.
The average monthly wage per worker  =Rs. 525
Total number of workers = 586
Total monthly wages paid to workers = 52+5% 586
=Rs, 30763.
Firm B,

The total monthly wages paid to workers=Rs. 475 648 Q|

=Rs. 30780
From these results it is clear that firm B pay
amournt.

{6) Firm A.

LV
Varianee of the distribution of wages is " JO3
*  Standard deviation og== \/iOO_'=IO,:\\J
Arithmetic average M,==52"5

’..x\ w
Coeflicient of the standard dquizifioh of
s . ~’:_: = - 1
the distribution of wqgg?r M, 523
N =19
Firm B, o

L 3
Q%

Standard deviagipn\}b= V121 =11

Coefficient g{the: standard deviation of the distribution
el 00 _ 11 |
OQ“QQS" M, 475
',‘\ =23,

_ (Hence there is greater variability in individual wages in Firm B.

N\ ;(c) (i) The average monthly wage of all the workers in both
the factories A and B would be obtained by the following formula :
M, 4-n,M
Mhb:'_ﬁaﬁ wherg

n, and n, stands for the number of items in the two firms A and B
respectively M, and M, for the mean of the two firms A and B

respectively and My, for the combined mean of the two firms.
.M __5B6x 3251648 X475
o 586+648
=Ras. 499

2\

s out a™larger
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(i) The combined standard deviation of the two series would
be given by the following formnla —
P \/ 1aGa” g (M~ Mgy ) +ﬂb5az+ﬂb(Mq —_I‘_f_ab)
¢ fla
where suffixes ¢ and b represent for firms A and B respectively and
n, M, o have their usual meaning (i.e. frequency, mean and standard
dcwauon)

S \/ 586 x 100+ 586(52-5—49'9)%4-648 X 121 +-648(47-5--4997 9)*
8 — :

5861648 N
_ \/ 58600+-3984 -6+ 78403 + 36936 A
1234 A N?
. %5_86'_2 ,‘:}‘s. )
= 1234 O
[ W
/1177 NO)
=10'8.{ s \
-b) : x"\\"

r R
v'Problem 87. Inanytwo serigs,\where &; and £; represent
the deviation from an assumed averdse; 100,
=150 sk, =100 wg2=245320
n, =200 £5,=230"  2£;2=43850
A=100
Calculate the coe(‘t&ient of variation for the two series,
O
Solution : \\ ’
.S'ems I,
¢, \ / ‘-ral

\Arlthmctlc average M;=A+-

N\
i 180
or M;=100+4— 150

O | =1012

i SF Y
Standard deviation o= 2_-— ( _EL)
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Series 2

25,

fig
250_
200

M2=A+

=100}
=101-25

_ \/ 43850 _ (_250 2

200 200
=14+75

Coefficient of variation——2- x 100
M,
1475
10125
=146,

\/i’roblem 88. From
variability of population of Banaras arid

the figures E]

»x 100

103

O\
N >
)
A\
N
N/
wl
N
(¢
¢ X
\ ¥4

heh below Iompare the
lahabad {in thousands.} &~

Allahabad 3% Banaras
1881 160 Ny 218
1891 175 .40 223
1901 172~ 213
1911 172408 204
1921 ¢ @)’ 198
1931 't 205
1941 N 261 263
' ¢ (M.A, Agra, 1948)
Soluti_on i»\,
* ,}*opulauon PDeviation fram’ 9 papulati Deviation -
N of Allahabad| Arithmetic = PLauonl i om arith- E‘
: : . of Banaras :
AQEQ ¢ | in thousands| mean of | | in thousands ; Etic mean i
\ 3 b4 |  Allahabad RO i of Banaras o
’ | X,—M (83, 8 2 X,—M2i) | X
| : |
‘ - . ‘___. P U N —
1831 | 160 ; —23 529 218 0 G
laol i 175 | — 8 64 223 5 25
1901 ¢ 172 ! -1l 121 | 213 —5 25
1911 172 i —I1 o121 204 —14 196
1921 l 157 1 —326 i 676 193 l —20 400
1931 184 | 10 1 205 —13 169
1941 \ 261 | 78 | 6084 263 ‘ 45 202
N=7 1281 \ 1524 ;. 7596 | 2840

. [
] LR
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Arithmetic average of Allahabad is 183 thousands
Arithmetic average of Banaras is 218 thousands

2
Standard Deviation of Allahabad, Gl—'\/E M)
Gy == \/-73,?3:32'9 thousands.
Coefficient of variation of Allahabad=x h?ll
32:9 O
= 15318
Standard Deviation of Banaras, =\/2%;0
\
=20- J\ﬂlousands
\:"\
Coefficient of variation of Banaras
20 ’x:\\J
218 ’..\"
=09, ::;“

s

Therefore, the Population ofAllahabad is morc variable than

the population of Banaras, 4™

VProblem 89, GQ&ulate statdard Deviation of the

following :—

Variable : \\ Above 0 10 20 30 40 50 60 70 80

Frequency:( 150 140 100 80 80 70 30 14 O
\ /) - (Raj., M.A., 1956)
Sol ’\”
0. utun\ it
AN i | | -
N XA |
MERS (O [Frequeney (f) "7 TR | S i
Q| | |
P a - | D u
50 i 140 | -3 P —420 1260
20 P100 i —2 P 200 400
30 | 80 - —1 i —80 80
40 L 8o ! 0 0 0
50 ! 70 i +1 ; +70 70
60 ! 30 L 42 X +60 120
70 | 14 | +3 . +42 126
80 | 0 ! +4 : 0 0
_ Qe [ A —
| | i
i . Efur: Efuz..c
| ne=B64 L 528 J056
| H
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Let the assumed mean (A) = 40 k=10
Standard Deviation {c) =h \/_gifzf:——(_i.f_)ﬁ
e

- 10 \/ 2056 528_ 2
664 \ 664

3 \/ 2056 % 664—(_5282 —528)

— (664)— (278
o ,\/ (2056 664) —(278784) A

10
_ 10 /1092376
664 \/ 109

- 10x1078 approximately &
664 L, N

_ 10780
= t6a PP

= 162 approx.

7'\
N\ S

/\
{¢ ..

o
Ve \‘
VProblem 99. I'rom the iollowmg tabl'c calculate the coefficient
of variation : o\
Age at the birth =\ _
of First child : 13 14 15 .1'6‘~ 17 18 19 20 21 22 23 2425

No. of married
women : 87 162 34& 390 256 433 161 355 6‘5 85 49 46 40
(Raj., M.4., 1955)

N
R

¢ { Y
\\
Solution
P \ 7 i | !
Age at the | sNo. of - :
birth of First 4 \. Anarried xXf i & | g2 fE
ehild {‘{}\, women () | (X-—M) |
I _’,A_ M — :l_ ._‘_].._.—i...... .
A3S 537 431 fo-5 b oos 925
a\"%i 162 2168 —4 16 2592
NS 15 343 5145 ~3 . 9 3087
146 390 6240 -2 4 1560
17 256 4352 —=1 1 2565
18 433 7794 : 0 0 G
19 161 3059 41 1 161
20 355 7100 +2 4 1420
21 &5 1365 43 9 ! 585
22 85 1870 44 15 1360
23 49 1127 45 | a5 i 1295
24 . 46 1104 +6 , 36 | 1656
25 40 1004 +7 49 , 1960
I, P [ _
ZXf 3 fEe
n=2422 =42805 " j =16787
e —
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' X f 42805
= Z2/ 2 =176 = 18 approx.

Standard Deviation (o) = \/ﬂ_iz
n
16787
2422
= Vo9
= 26 approx.

Therefore, coefficient N\

[+ N

_ £ ¢
MxlOO PLe )

2:6 \
= 7. X100
260 ¢

= T7.¢ 2PProx. O

, = 147 appro;;\i(natcly.

/
VProblem 91. Calculate the caeficient of variation of the
following monthly incomes of tiwenty families given below in
TUpEEs — N

2,000 ;35;400; 15 ;5&0’3;::}500 5300;6;90;250; 20;12;
4505 10 ;150 ; 8 ; 255730 ; 1200 ; 60,

of variation =

A\ (Alld., B. Com., 1941)
‘Solution : :m>\
—_— ‘ e ——— s : \\ VA R : -
Serial No. of \ Income i Serial No. of Income
Families . NS (X} Families xO
S A\ N L —-
L 2000 11 20
\2:,~ 3 ] 35 12 12
A 430 13 450
AN 15 14 * 10
RO 40 15 150
~) 6 1503 16 8
\\ ™ 7 300 17 25
/ 8 G 18 30
b {TH 19 1200
19 250 20 60
EXN=6601

Range=(2000—60) rupees.
=1940 rupees.
M= 860 [- X ihere 3K -=6601, n=20]
20 n

=1330 rupees approximately.
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.. Coefficient of variation by Range method and with the
arithmetic average = —I: X100
[R=Range
n=3X
1940

=zeo1 ¥ 100

==29-3 approximately.

7
“Problem 92, Find the Arithmetic Average, the First Moment
of Dispersion and the Standard Deviation from the data in the

following series : O
Size of item Frequency Size of item Fmgr}éwy
3—4 3 7—8 385
4—35 7 8—9 .~.j 332
5—6 22 910 (¢ 3
67 60 O
N{Alld., B.Com. 1942)
Solution : 'x:‘t\
e e ! ~.‘.’_:£ | - : : .
$ize Mid-value| Fr equcncy! A (i E? Je fER
Xy () 5 XS eyignored) |
e |
S S U
3—4 | 35 I LAus 300 9 9 . 27
4—35 ' 45 7 ‘ Y315 | 20 ¢ 4 14 | 28
5— 6 55 | 220 1210 |10 01T 2 22
6—7 | &7 | G&\ 3900 | o, 0 o] o
7—8 . 75 @5) | 6375 | 10 1 ‘ 85 85
§—9 : 85 \\32 9720 | 20 . 4 64 128
910 ‘ 95 760 30 | 9 | 24 72
e e ]_ e — .._=:__ - | —=
RS | —217 | 14385 | ! | ZfE EfEr=
':;\’g\ T '; ! I ; -{218| 262
N S S R
— . .
R\ EXf 14385 ]
NN M_T 217———6 5 approx.
\\ Mean Deviation=- f_ﬁ
_a1g
65

$tandard Deviation==1'004 approx.

=/ 2
— 362
217
= 4/1-66
=1'2 approximately.
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Vﬁ‘oblem 93. Calculate the Mean Deviation from the follow-
ing data :—

Difference in age between husband and wife in a particular
Community,

Di fference in years Frequency Difference in years  Frequency
0— 5 449 2025 109
5—-10 705 2530 52

10—~15 507 30—35 16
15—20 281 35—40 4
(Bom., B.Com., r936)

Solution : A

Frequency ,. X f

-

;
Age-group [ Mid-value |

S
o LN
e () ‘ X~-a ; E
.! S S _ I © D
o—5 | 25 | a0 11925 A R
510 75 i 705 52875 , 3, 2115
10—15 [ 12°5 507 63375 | ANY 1014
15—20 . 175 281 - oa9175 &) 1967
20—25 22:5 109 24523 . N2 ; 1308
25~—30 275 52 14300 oNJ'17 : 884
3035 825 16 52000 gf¢r 22 : 352
35—40 3rs | 4 ISO-Q..:\ Y ; 103
! n=2129 E}xf= i *+ Signs I Z 5=
| W\ 222175 ignored 1i3.0
— "::v EX — . e — —_— =
Q=5
~\ ’
0 222175
&\ = 2139
=105 approximately.
P\ / Ef’q’
Mean Dcv:ax{an from M (8,,)=-"*~£ ">
& n
\, _ 11340
& 2129

™

A\ =5'32 approximately.
o’\-"%roblem 94. Calculate the Standard Deviation from the
folowing data :—

Stze of item Frequency
6 3
7 6
8 9
9 13
10 8
11 5
i? 4
a8

(Bom., B.Com., 1936
Nagpur, B.Com,, 1944}
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Solution :
! i . | -
£
sze(gg )nem Frv.:quency ‘ Xf (X—M) £3 fE?
— ! ! -
5 3 ' 18 -3 i 9 27
7 6 ! 42 -2 4 24
8 9 72 —1 ! 9
9 13 | 1y 0 G ]
10 8 80 41 1 8 O\
11 5 55 +2 . 4 20
12 4 ' 48 43 | 9 (%
HE— N ~
- i ; \”}‘
| z xf A hA EZ
! n=48 =432 . M=9 i . ™ ={24
' 7, N
\::\\
M = =2Xf A
n K7,
- N
432 N\
T 48 A
—9 <Y
Standard Deviation 2\,
O
Ef £?
\Y
Nl \/ 24
.\, b4
\w == 16 approximately.

Vﬁ\oblem 95, The following table gives the values of imports

'oi) certam commedities into India in Lakhs of Rupees :— v

J 1908 | 1909 | 1910 1 1911 1912 ! 1913

] ' ] . (o

| ' '
Cotton goods 3270 3282 3754 | 4120 5180 ‘ 6054
Woollen goods | 238 158 243 279 240 306
Boots and shoes 39 57 % 46 55 65 | 74

Calculate a coefficient to determine which of the above imports

is most variable from year to year.
(Elementary Statistics—Dubey and Agarwal, p. 260 ]
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(Mcan Dev;amon and coe[‘ﬁcwnt of Mcan Deviation. )

Cottonn Goods

Woollen Goods

Boots and Shoes

i
Year 'iImDrths in lakhs 3 .Imports in lakhs' ¥ Import« i lakhs g
i X | i (X0 | 1 (Xa) =
e — 7 L
1908 - 3220 1048 | 238 | 6 39 17
1909 |, 3282 986 153 . 57 A\l
1910 375¢ | si4 | 243 ol 46 10
1911 | 4120 148 279 P35 55 ,(N\¢ ]
1912 | 5180 912 240 |4 65 'f\\,-r 9
o3 | 6054 | 1786 | 306 62 #(OY 1 e
| i : i
e — E . | —— .___,_‘_" —_— e =
; X4 . s o )
n=6 | X =25610 =5§94! TX,=1464 .=%§4 ,\'ggxgzsga lggfaﬁ
H | . e i
S R . A& ) e —
{A) Cotton Goods— AN
X 25610

(i} M= =

6

{fi) Mean Dcv1at10nh

x"\<\
S tiif) GO of M.D.

\<&
(B) Woollen, Goods—

=899 approximately.

=21 approximately.

IX;_ 1464

Y.
&\"' W M=-==

(si1) Coeflicient of M.D, =~ =

{C) Boots and Shoes—

(¢} ™

(if) Mean Deviation = >

AN (if) Mean Deviation 1%

=244 approx.

=13 approximately,

(#i1) Coefl. Tof M. D,

= 4.26\8 app: cximately:

6 ==56 approximately.

3233 approximately.

==9-35 approximately-

¢ PProX-

= 16 approximately.
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?e import of cotton have highest variation.
Y

oblem 96. The following table gives the number of the
passengers carried and the amount received by a certain Motor Bus
Company durmg the years 1925—1931 :

Years Receipts in Rs. Passengers.

1925 1354 50,010

1926 2780 61,060

1927 ’ 3011 0,005

1928 3020 70,110

1529 3541 82,001 A
1930 4150 91,000 \
1931 5000 1,00, 000 A\ '~

Find out one measure of dispersion and state wh:efhcr thc
variation in receipts is greater than that in passengers, \
{Elementary Statistics—Dubey and Aga‘rwa] p. 261)

Solution : ",\
: Receipls p \\;Passcn gers
. X.
Y ears ; T R
in Rs. (X1) | g1—=(X—My) ' 2\ \Wos. (Xp) Ha={Xo—My}
; RN |
1925 i 1354 : 1811 o4 ¢ 50010 | 24874
1926 : 2780 485" /1060 13824
1927 3011 2545 i 70005 4879
1923 3020 245 i 70110 4774
1928 3541 N\ 276 82001 7117
1930 4150 .\ 885 91000 16116
1931 5000 \\ 1735 1,00,000 25116
mel | BXpefPUS6 | SE=5791 | SXp=524186 | 3E,=96700
R ! | R
—— . ___| - x'\.,,' [ ————— e — . - ————
X, .
Ar1thmet,\kgAvcragc for Receipts=-—-
A 3 _.22856
o»\} 7
N\ =3265"1 rupees approximately
=23263 rupees approximately-
. : 2ty
Mean Deviation of Receipts =
5791 .
= = 8272 approximately.
Arith. average
2

for Passengers=
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= ---5-2-47186 == 7488371 approx.
= 74884 approximately.
Mezan Deviation ,, = 9§-;00

= 13814-2 approximately.

Thus, we find that the variation of passengers are greater than

the receipts.

\Problem 97, Find the Average deviation from the h ean for

the following : — Oy
Class Frequency Class "ygr}aén@
0— 6 8 18—24 AN 39
6—12 10 24—30 L& 5
12— 18 12 ‘)
{ Prastical Statistics—Dr, J‘G Ghaturvcdl, p. 104)
\
Selution = \\
—_— | _! ‘M: P —
Class Mid-value I‘requency‘ : S XF | £ fE
x| 0. L (X=M) -
- _— R < A . -
| e .
0— 6 3 L Q8 | 24 | i 8%
= AP I B R
12—18 5 &Y I 1 2
18—24 21 XN 9 189 7 63
74—30 20N ! 5 ; 135 i 13 63
|—\/"' | e -
RS, n=44 ‘ EXf-—BIS | X signs ZfE
N\ | ignored =278
A\ . I T
A\ Arithmetic  Average (M) = E—nf
Q e
= 1"
= 1404 approx.
= 14 approximately,
Mean Deviation from {M) _AfE
n
:-278_
44

= 631 approximately,
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~ Coeflicient of Mean

Deviation = —%1"1- where 8, = Mean Devi-
4 ation from M
_ 631
- 14

: = "43 approximately.
s
L%
Preoblem 98.—Find the Mean Deviation from the Median oE\
the following :

Value of variable Frequency Value of variable Fn’gueégzx

6 4 30 5
12 7 36 Y
18 9 42 A\ 35
24 18 4
(Practical Statistics—Dnr. J.C. Chahu’l!cdl p- 104.)
\
Solution : x‘\J
! - | “:' R 9% . .
Value of vari-| Frequency | Cmf P\ i\} fE
able (X} (S ; W x—My)
. . _ ‘~ ,:Z & —— | - —
i 4 4 4 ‘~x 18 72
12 7 1IN 12 B4
18 9 W 20% 6 54
24 18, 38 0 0
30 15 ~\ V53 13 130
36 10 N 63 0
42 5. \‘T\ o 18 90
n :\6«8 + omitted Zf £
| o = 510
"’\x\' ' e -
AN th
O Md = Size of (—”‘;—1) item,
o) 69

a \Y .
\> = » 53 itern.
=, 345%™ item.

= 24 approximately.
Mean Deviation from the

Md (Bpg) = L2

= 75 approximately.



114 _ PROBLEMS IN STATISTICS

*. Coeflicient of Mean
Smd
Md
75
= 24

= '31 approximately.

Deviation from Md=

vfroblem 99,—Find the Range and the Range coeflicient of
the following :

Marks Candidates Marks C'and;dat.}s\
11 201 16 NN
12 673 ]7 ‘.’ \v/ 13
13 100 18 1
14 739 . ,\’{’x
- \:\} (Practical Statistics—

Dr, J.€. Chaturvedi : p. 105.)
Solution ..\\'
Range = (M, MJ 'where M; = maximum value
R g M; = minimum value.
= LISAIG)
) 8 “
. Range Coefﬁf{u}nt
\'\\' (MM
;’\ M,+M +MLJ
2O~ _(18—-10)
o T (184-10)
\‘ = B
- €8
% ==
\ ‘28 approx.
3 Froblem 100,—Find the Range and the Range coefficient of
<>€he following :
Age in years Frequency
5—10 10
10—13 . 15
15—-20 ' 20
20—23 5
Solution :
Age in years Mid-value (X) Frequengy (f )
5—10 73 10
10—1i5 125 15
15—20 17-5 20
20—-25 23 5
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Range = (22:5-7-5)
= |50
Coefficient from Range
_ 22°5-75
T 225475
_ 150
© 300
= ‘5 approx.

%oblem 101.—Find the Range and Range Coeflicient of the™
following :

®

Value of variable  Frequency Value of variable  Frequgth >
2 3 8 47
4 10 10 Y
6 25 o
Solution ; \:\QV
Range = (M,—M,) \\\ g
— 8 N\ &
M, ~M; \Y,
Coefl. = -t = »
Mo+ M; ‘\ “l
_ 102 «}f"
- |0+2

= fhae ‘66 approx.

"Problem 102. ——Pl \the Range and coefficient of the
following : &

Height in inches "\‘;frequen@ Height in inches Frequency
66 A 10 70 15
67 a0 71 12
{\w 23 72 4
Soiufz;iQ;“:
Qﬁange = (M,-M;)
. = {12—66)
= 6 inches
Coef. of Range Disp.== i&f :::?
7266
72166
G
= T3¢

= 043 approximately.
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%roblem 103, —Caleculate the Mean Deviation and Coelficient
of Deviation of the following :

Consumplion in K. W. Hours No. of wsers.
0 but less than 10 10
10 but less than 20 2
20 but less than 30 30
30 but less than 40 20
40 but less than 50 15
ToraL BE]._ o
(Elementary Stalistical Merfﬁoa{s-—-Neiswm)é’\c})’p. 365.)
A
Solution : AN
. 2 &Y L
Cons in i Mid-value | Frequency X7 | "\'\%“ FE
K.W.H. | @ 1w i‘\’ﬁ»’rﬂ}
010 ‘ 5 10 | >r»\\ I a1 _ 210
10—20 ! 15 25 gran |1l 275
20—30 25 30 i ANSY | ] _ 30
30—40 35 20 NJOn . 9 i 180
40--50 | 45 15 %4 ° 675 19 ; 285
! LN !
; - ;"11’90“ by Xf=2550! =+ omitted i z/E
‘ A~ | 1 — ggr\
— - e \\_ . b o
NC e
. s .\\\ M— _Enﬁ
&~ 2550
N ~ 100
O” = 25-5 approximately
“.‘.{\ == 26 approximately.
i»\‘"::’ Mean Deviation from Mean
N/ -
Q (Bn) = =L&
n
980
100

= 980 approximately.
Coefficient of Mean

Skt .
Deviation from Mean = v E
98

26
= '37 approximately.

)
9
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S
_,.V\’_”Problem 104.—From the following frequency distribution of
the size of sales of tickets, calculate the Mean Deviation ( and its

coeflicient)

Sales in Dollars

No. of sales

0— 199 2

2— 399 10

4— 599 26

6— 799 32

&— 999 8

10—11-99 2 ~
ToTaL 80 ’t\a\’

(Elemeniary Statistical Me!haa’s-—Nelswangcf p. 365.)

Solution :

_ \:"\\
. Mid-Value i Fre 9, g
Sales in § R qu- Xf o (X—M) i FE
_ LV !
NG | -
0—1-99 1 2 Mo 5 10
2399 3 10 S8 30 3 30
4—5'99 5 26 w3 130 1 26
6769 7 32 0N 224 1 32
3099 9 Ay 72 3 24
10—11-99 10 N2 22 5 10
A !
\\#'n = 80 | = Nf= 430[ + ommed| Ift—132
N IXf
x:&w M_-;!_
"\s.
\J _ 480
J‘.{\ 80
Ny =$ 6 apptox.
\ Mean Deviation from Mean(5m) =- fE
1
80

=$ 165 approx.

. . . om
.. Coeflicient of Mean Dcwatlonz-m

165
6

=+27 approximately.
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\/ﬁroblem 105. - Calculate Quartile Deviation and Coeflicient
of quartile deviation from the following :

Height in inches  Frequencies Height in inches  Frequencies
50 10 54 14
5t : 12 55 18
52 15 56 6
53 10
Solution :
Height in inches T'requencies amf o N
(X (f) R
— Ll - et D
: : o\
50 10 | Q2
5l 12 ! i N
52 15 A 37
53 10 > a7
54 it 4 6
55 18 \\:\, 79
56 [ a5
SR I o ) )
<7
n = 83 i“}\
O _
Q %ﬁ‘ze of (n{i—l_) itern
3:‘:“&— 86e item
p . - EE I }] T .
A — Rtk
_»‘;\ -——2i 5 item.
< \Q ’ :51 S(n_{_I)#h
‘j:) Q) =S8ize of 4 item.
A,
x,st e 2~f;—8=64'5”‘ item.
AV
AV =55,
“xfﬁ}l,)artile Deviation _Q,—Q,
i”\\':I’(Serni—intnerqua_rtiie range} ~ 3
\'“/\,“" ' 5551
=i

= ?=2 approximately.

Coefficient of Quartile Deviation
' ~Q:-Q,

Qs+Qy

_ 55—51

T 5551

_ 4

106

=037 approximately.
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Yroblem 106. Calculate Quariile Deviation and Co-cfficient
of semi-interquartile range of the following :—

Months Sales in Rs. Months Sales in Rs.
Jan, 53 July 120
Feb, 60 Aug. 130
March 70 Sept. 145
April 70 Oct. 145
May S0 Now. 153
| June 190 Dec. 170 A\
Solution : Ko S
Months Sales in Rs. Months Sales in Rs ,"\\ ’
Jan. 55 July 120 ) \
Feb. 60 Aug. 13‘0
March 70 . " Sept. \.w;i@S
April 70 Oct. 145
May 90 Nov. N 155
June 110 . ch:,'\ & 170
NN
Q ,=8ize of thc ( El) item,
& e -
= % 7 item=3-25" item.
——\"Rs 70 approximately
Q\.x =S8ize of the ——(‘-T_ e item.
: th
X \ ) = L, 19 itern=9"75 item.
\ |  ==Rs. 145 approximately.
> Q:-Q
Q;.Ia}tﬂc Deviation = 3-2 1
\\ ) ' _M8=70 85 ——==Rs. 425 approximately.
2
Coefficient of Sem:i Inter quartile range
=Qs—Q
QstQ,
_145-70
T 145+70
8
215

=39 approximatelys
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\/ﬁroblem 107.—Calculate the Quartile Deviation and Coeff-
cient of Quartile Deviation of the following :—

Monthly wages No. of wage Monthly wages No of wage
in Rs. eqrners tn Rs. earrers
12:5-17'5 2 32-5—37-5 3
17+5--22"5 22 375—42-5 4
22:5—-275 19 42:5—47-5 )
27-5—32'5 14 47:5—52-5 1
52:5—575 [ &\
{Practical SIa!z’sticJ—-Ziauddiri, wr77)
)
Solution e\ e
. —_ __T::_...'. -
Monthly Wages in | Mid -value ! Frt:quency,".z 3 cmf
Rs. : (X) : (f) L&
195175 | 15 ) 2
17:5—22-5 20 : \\22 ; 21
22'527-5 25 A Ye 43
27:5—32°5 _ 30 N MR ! 57
32:5—37'5 ; 35 )Y 3 i &0
375—42°5 : 40 A b 4 6
425475 45 S5 6 70
47-5—52-5 20 WS 1 i 71
52:5—573 530 1 . 72
.~<\ n=72
+8J
0 _
o th
a1 ’\‘—;-zSizc of rz_—:l) item= §=I8'25”‘ item.
o . fye
gy"\} =Size of ﬁ% bl item= 2—‘149-:54'75”‘ item.
S
N _ 2 n ..
PR Q. =+ 7 (T —¢ ) where [, =lower limit of Q, group.
~\J

\ }

5
=175+ By (1825-2)  i=class-difference

5
=175+ —2'—2')( 1625 f——-freq. of the QJ_ group.

=17°534+3'6% approx. % =value of ¢,

==21'19 approxim ately ¢—=cmf. of next lower group
i r3
Qs =L+ T(-:-—) where[%z:] in this caseis the

value of g5
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=275 (5475 43)
= iz

- 5 L]
=275 + 17 % 1175
=275-+4'19=31"69 approximately.

Quartile Deviation 31—6222#9-“10 §"5 ‘23 approx.

Coefficient of Quartile Deviation

3692119 105
316912119 5288 app&

N

>
’\\0&
O
4
P
&
‘\Q@
<Z>(\
o
0(2/\
S



VOHAPTER 111
SKEWNESS AND KURTOSIS

Skewness isa lack of symmetry. Foran asymmetric distribution
the range is usually greater on one side of the mode than on the |
other. The curve is said to have a longer tail on one side than on
the other.”’*®

A

“Skewness is a term for the degree of distortion from_swmme-~ |

try. When a distribution is symmctrlcal the wvalues of Lhe\Mcan, K

Median and Mode coincide...... N ;
“A large number of frequency distribution occmrrmg in practice ‘I
fall into four types: R&Y
(i) Symmetrical O
(i) Moderately skewed o‘;,\

(i#) Extremely skewed, or J-shaped
{tv) The ‘U’ shaped.”} \ o7

"
~ LN
NS
ol

Generally the followjﬁé’f’ormulae are used to calculate the
coeflicient of skewness (), !

(i) Goe[ﬁcient.&ﬁ}\skcwness {(H=" Mean——_I\_/_I_o_(_l_e_ 3
N . Deviation
(i) Co-efibint of Skewness (j)= 3(“93“ -Median)
2N/ '
Y, \ 4 Qs +Q,—2 Median
(m):“\':‘. (§)= Syeon

Eroblem 108.—Find out coefficient of d15per510n and a CO‘
t"fﬁcxent of skewness from the following table giving wages of 230
\ persons and explain their significance. k

Wages No. of persons Wages No, of persens 3
Rs. Rs. 1!
70—80 S 110—120 50 ;
80—90 18 120—130 45 }
90—100 35 130—140 20
100—110 42 140150 8 |

(Agra, B.Com., 1940 )
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Solution :
Calculation of standard deviation

; i i : |
'- : | | X—A ; l

Wages in mld-valuc'No of persons g : .
Rs. (f) A—- 105 {assumed meany Su Ju®
‘ - h= IU {class- mterval)

7080 . 75 12 : -3, —~36" | 108

20— 90 85 18 i -2 —36 72
-90—100 g5 35 : —i —35 35
100—110 | 105+ | 42 ' 0 & 0
S HG—r20 !l 115 50 ‘ 1 30 500,
Poo120-130 | 13 | 45 2 90, { N80
i 130—140 135 | 20 3 BUN{ 130
H0—150 | 135 B ! 4 L8201 12
ToTaL | 233 e, 125 753

[ i N ”

Arithmetic average, M=A+44 % ; N

. . SN /Zfa- 2 fu A\l
Standard deviation ) 1\/ 57 ( Ef
< _lox /755 135
\\’ 230 230
\ =17-3 rupees.

The location qf' xmaa’af group :

In this gaestion when we study the series, we find that it has
only one m”t)dc Because, the series consists of asccndmg{descendmw
order wj ne maximum flequcmy 30) as the turning point. By
1nspeut10n we locate mode at this maximum point which lies in
the iterval (110—120). Now the exact point within the ciass-
Kﬁ?ﬁl"f’d] at which mode is, is given by the formula

My=L,+ L1 X1

where M, stands for mode in the modal class, 1, stands for the lower
Himit of the modal class, f_; stands for the frequcnf:‘,r in the next
preceding group (here f_;=42), f; stands for the frequency in the
next succeeding group (here f,=45) and I stands for the class.
interval, :

M0—110+
' =115'17

45

T X1
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Now coefficient of skewness by Karl Pearson’s formula is given

by, J :M—G;\_ffn where § is coeff. of skewness.

_lig4—-115-17

73 .
=—"275 Ans,

\éroblem 109.—Find out the mean wage and a coellicient of |
skewness for the following : |

N\ .
Wages in Rs. No. of men Wages tn Rs., No. qf\, en
45 35 8'5 ~\I74 |
55 40 9-3 W37 ;
65 48 105 N 43 :
75 100 s 22 1
Solution : X 4
Calculation of standard . Qcmatmn i
i \ v ___. e !
Wages in No,of . Deviation frofn t?m . ?
Rs. ! mem | assumed ay, crag‘e {7 3) fE fE? i
X (f1 t‘,;—\?\.‘ A i
. R AW i ——
45 35 N\t 3 L 105 315
b ) \ —2 ' — 80 160 :
6'5 48 K —1 48 48
75 100 , .8 0 0 0
&5 125 %\ 1 125 125
95 &N Vi ; 174 348 :
105 480 3 129 387 :
11°5 P 4 ‘ 48 352
N | |
—\® . = R
To:r{*:{\"' 500 ll TOTAL ‘ 283 1735 _
) i e _ o
A
\M\ Mean wage, M=AL Ef 3 :
f i
283 :
=75
500

=866 rupees.

Standard deviation, 6= ,\/-E_U_“z_ Efg

2f
AL :_[283
- 500 500

=177
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Location of mode : Since the series consists of ascenchngfdescend-
ing order with one maximum frequency {125) as the turning point,
hence mode is located at this point and is equal to &5,

My=8"5 rupees.

Coeflicient of Skcwncss::-&; M,

__8069—85
177

P =—245 Ans.

*Problem: 110.—Compute the cocfficient of skewness andh,

variation for the following frequency distribution of wages: A
ne
Weekly wages in Rs. No. of men o
45125 4 O
12-5—20'5 24 o
2005—28-5 21 &
285365 ERVAN
36'5—44-5 5
44:5-—-52:5 A3
52:5—605 '\‘5‘5
60-5—68-5 Oy 8
68-5—76"5 N2
N 90
Solution : ’m
Calculation of standard ‘deviation, A=325
N\ k=8
N 2\
- | ;
Weekly  prig value | NQ Of u= F—A
wages in () ¢
Rs. ,{ f A=agsumed mean Ju Juz
¢ } : A=class interval
45125 \*:}3 5 | + —3 —12 36
12:5—20'5 NV 165 24 ' —2 —48 96
20 5—28-3.NN 243 21 —1 —21 21
28 J-—3£\3, 325 13 v 0 0
40-5 5 1 5 5
5—‘5 48.3 3 2 6 12
603 : 50-3 5 3 15 45
60 5-—68 5 6545 [+ 4 32 128
B8:5--76 5 725 2 2 10 30
i 90 13 393
Mean wage M= A—H;z ff
—13
=358 o

=30-35 rupees.
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Z,f o }_,Jr,g _____
Standard Deviatlon, o= fs\/ Efdr ( -----
or o 8,\/ 393 —13
=13-92

Location of modal group : Bince the series is multimodal as there
are morethan one point of maxitmum frequencies (24 and §) hence "',’
the modal group will be located by the method of groupmﬂr 2\

! No. of men (frequency) ?\’r{.\mf\limcs
Weekly wages o a giabp Guntalng
in Rs. | [ ST . . ¢ wiaximum
Ly | (2) 3 ! {4 ! {3 ! (6] ™ frequency
H . | i B {¢N
—_—] = ' ! . .I -— 2 .'\_';__... PR ——_—
45123 4 1200 [0 )| o) I
- 28 | e | v/
12:5—20-5 24 |§ @45 49 | , ! 4
205285 | 21 19, | ) %&a, ; ' 5
285—36°5 1B |§° g 23 0 } 4“ 9
46-5—445 5 118 = gzs \ : 1
44:5—525 3 538 P\ .:;g 13 0
52:5—60-5 2 % 13 N %16 ; ¢
60°5—68'5 8 ! § 10»;% 15 | i
5763 z o | ! 0
i N ' i . !

Maximurm f'requenmes In each celumn is nnder-lined. From
above 1t is quite clear Lh\fmhe modal-class is (20-5-—28-5).

Bv inter olz;t%n My=L;+ hoL T
¥ P :. ) H 0 1 f-—1+f]

.
\.\“' o TR g8
| \§ =2393,
' \»Q:(i}:ﬁ" of skewness = 1\-1—0M0=30'?153‘—9223-93_'46 .
Coefl. of var’iation-_iix 100 = E%zoé_;gotﬁg

s
VPrgblem 111.-—F{nc_i the coeﬁir_.ient of skewness of the.two
groups given below and point out which distribution is more skew ?

Marks (-Y?’uﬂf) A Gmuﬁ B
5558 12 20
58—61 17 ' 27
61—o6d 23 25
54—67 ig 13
~B7-=T70 11 7

(M A., dgra, 1954)
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Rolation :

Calculation of Standard Deviation.

. ! Step | Group A ;E Group B
Mid-  deviation . __ | . e L
Marks | Value = X.-§2'5 I : ' T
(X) #77gr i' PR R S| o | 2
S SRS S R T N
|
5558 | 563 —2 | 12 —24 i 48 20 —40 80 \
5861 95 —1 17 —17 17 | 22 —22 228
61—64 | 625 | 0 22 0 6 0 25 0| A0
64—67 | 655 | 1| w18 1 I3 13 |13
67—70 | 63 | 2 | ot M 14 A\ 28
— e - —|_ LS DUV N S
| : . : H . 7%
' Torar. | 81 | =t | 127 87 [emesd | 143
' i | { ¢ o |
Group A. By 1nspcct10n modal class is (61--6 ):
: My=61+ 1&18\3\\\,
=62"54 "3'
Mean, M zﬁZ'S“{»% X 3=62-463
Standard deviation ¢ “23?3;(; 127 _._1)2
2\ 31 8l
NN=3T5
N\ g 14667
Coefficient of skpw(}ess =6;6T7%2 >4
N —=—02 Ans.
Greu B‘x’}?' inspection modal-class is §1—64
N
My=614.22 _x3
- ““ _ 0= 22413
S
\r\: "/ . =621
4
Mean, M =625+ _87_X3 =613
Standard deviation o =3x 143 ( 8
=36
613621
Coeflicient of skewness = T
=—22 Ans,

Hence group B is more skewed,
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Vﬂroblem 112.—Find the mean, mode, standard deviation and”
a coefficient of skewness for the following :
Years under 10, 20, 30, 40, 350, 60.
No. of persons 15, 32, 51, 78, 97, 109,
(P.C.S., 1952)
Solution :
Calculatlon of standard dewatlon

‘ Mid-Value Ng. of ! Step deviation .

Years X : persons - X35 JSu : {2
| J =T L
| ; S - .|_____ ¢\ -
0—i0 | 5 0 15 | —3 s
1020 15 17 , —2 S S 68
20—30 25 19 z —1 | AN 1 19
3040 | 35 27 0 1O v 0
40—50 | 45 : 19 ; 1 NN 18 19
50—60 55 : 12 I z v’ 24 48
— —————— ﬁ_ _____ — _——
25 o .
Towar 108 : Tgiér —35 ' 289
i : \J N S
Moan M=35510% 50
AN 109
22995
™ AR0 7 55\2
Standard Deviation g~\=10 %3_(%93)
~ =1549
The modal- g\ogp is by inspection 30--40.
19
. O — 10
o ‘\...3... MQ 30"% 194-19)(
O =35
Y ‘0535
(\‘,Q-é,ﬂicient of skewness =2&_3—-
AN 15-49
_—>05
~\" N 15-49
=—"32 Ans,

\ \/f’rohiem 113 —Explain the meaning and 51gn1ﬁcancc of
skewness. Which of the following two distributions is more skew ?

Distribution uf weckly index Nos.

Distribution of weekly index Nos.

of cost of living in Bembay : of cost of living in Bombay
1942 - R - S
Index No. ; No. of weeks | Index Neo. ! No. of weeks
' 1 —i50 " | 5 T TTae—i0 T 0o
150—160 10 210—230 i 10
160—170) 20 220—230 | i0
170—180 i g9 230—240 ! 8
180—-180 : 6 240250 : 7
160—3200 2 : 250—260 i 7

(M. Com. A;:‘Z;;ﬁo}
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Solution :
For the year 1942,
Calculation of Standard Deviation. A=165, h=10
— . i - . e o
: : . i
j . Mid-value No. of | Step devis
« Index Na. .' X weeks _ ;E’:\l ! Sfu : Fu?
3 : M= -__Jil_ .
—— I B R -
140—150 145 5 —2 — 10 | 20 N\
150—I160 155 10 —1 — 10 10
160—170 165 20 0 0o N
170—180 175 S I Y L2
180—190 i85 1) 2 | 12 \\ 24
190—200 195 2 3 | 6 {7 18
I S A = ! N _
i Toran | 52 { | V&&. 81
Efu N
Mean, M=A+4} —sz~ ‘,:\\'
O _ !
: = 1654105 ;ﬁ
; « (B2 L
; — 1663480 LA
] Standard deviation, s'zv
| cufiriy ) ELE ~( Nfu N
i' A zf 2
b N 81 ¢ TN
e\ 10X S _f _.)
N\ 52 Us2
; For the yegr }9343.
': Calculdtion of Standard Deviation
) P e o _
: ,\\w A—-225 k=10
N | ' —
I? & ) I No. of | Step devi-
} Ine% No. | Mid-value weeks ation fu Fu
T N/ Y ¥ LoX—A
: ; .
i l . 3
200210 205 10 —2 —20 40
1. 210—220 215 10 —1 -—10 10
: 220—230 225 13 0 0 o
} C 230—240 235 8 1 8 2
240230 245 7 2 14 23
i 250260 255 7 3 21 63
Torar 52 Torar 13 149
4
i —
\ 1
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Mean, M = 225+ 10 ;;

= 2273

Standard Deviation

— 10 % \/'1_2;_9_ 13\
‘ 52 ( 52 )

Locatien of modal class.
For the year 1942 by inspection the mode lies in thc \lass-

interval (160—170). O\
For the year 1943 the modc is located by groupmj \'; .
! Frequency 1 " No. of times
Index No. & a group con-
| T 0 "7 tained maxi- o
Class '] & 0 B3 BNt gy mum fre-
. . : | ) | CQUENCY
- LY -
T e i e —
200—210 ;10 %20 \¥% 3
210--220 | 10 20 g 80 5
220—230 | 10 - ; A S 98 25 | 3
240250 | 7 i 3NN E 22 | 1
250 — 260 5 7 8 QY 0

chce the modcgs\not clearly dcﬁned

Therefore mca}}n is to be determined to get coefficient of skew-
ness. "G

Detegr@i;;{ion of median (Md) B

oS ; T 1
’\../ 1942 1943
& A
. :"\‘f‘ Class _! i ! Cumulative Class Iy Cuomulative
"N frequency : frequency
—_— —_——— . . R — _.I _ | —
140—150 5 5 200—210 10 10
150-—160 13 15 210—229 10 20
165170 20 35 220—230 10 a0
L 70—180 9 44 230240 8 38
180-—150 6 50 240—250 7 45
190200 2 52 250—260 ﬁl 7 52

Median is computed by the use of the following formula.

_N_'__ F
Md=L, + E-f X1




where Md is median, 1. is iower limit of median class, F is fre-
quency of median class, I is class interval of median class, F is the
total of all frequencies before the median class and N is the total of
frequencies.

o For1942  Md=160+ _2._6_5_015 % 10

=1655

For 1943 Ma=220+ 25720 10
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. =226.
|

For 19g2.  Cocfl. of skewness e
E(P'I__"Md) i’s}'

23

Thus, the cg&ﬁ} of skewness is higher in the year 1943,
¢/
VProblema114.—Find the cocflicient of skewness from the
following dati:

™
N

.’%hts of school boys at age 5.

N . : —
0N i I |
{i}ghf in- Ne. ! Iefghtin! No. ‘Heightin| Neo. ! Heightin | No.
ipches ' i inches inches | inches |
— - |,..\,_.. N = -
28 O T O & 40 1670 © 46 | 89
29 0 8 | 59 . 4t 1614 47 | z7
00 1 . 86 166 42 1541+ 48 19
31 3 ' 37 | 344 - 43 1028 49 4
32 | 8 3 740 0 44 567 | 80 | 4
33 ! 13

‘ 39 167 | 45 . 233 51| 1
| !

continued = conti- lcontinued iconti- |continued conti- | :
| nued - Ponued | ! nued l. ‘
: : ! ! !

(af. 4., Bamb@_y; 1935)
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Solution :

PROBLEMS IN STATISTICS

Calculation of standard-deviation.

Deviation from
Height in assumed average
inches | No. of boys (40) f = FE?

X v E 2 o
28 1 —12 —12 144
29 0 —11 0 0
30 1 —10 —10 190N
31 3 —9 —27 21
32 8 —38 —64 O
33 13 — 7 —9l ”\ 437
34 40 — 6 —240 )7 1480
35 59 — 5 —295 ,: ‘ 1475
36 166 — 4 —664 9636
37 344 — % _10 O 5096
38 740 —2 24606
39 1167 — 1 Lis7
40 1670 4 X 0
41 1614 1 A6 1611
42 1541 2 2O 5082 616
43 1028 3 AN 3084 9252
44 576 4 AW 2268 anyi
45 233 5 W 1165 5525
46 89 By 534 3204
47 27 AN 189 1323
48 19 &N8 152 1416
49 4 N 46 324
50 4 PR 1 43 )
51 1 Yo i1 . 11 121

- P ¥m~\ e e—

XA T
Torax 9339\ e I e
S I—‘—vs.»?— N ! : —
7093
Mean licight, M=40 =40
,ng , + w730 5339 075
Sm{@ard deviation—
,3.} o 52045 /7093 NF
{3,’“ 79339 9339
‘<> = 226 inch.
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Location of mode by grouping.

Ne. of frequencies i

! L B o | Nou of
[ i ti
Height | | | -' | e
_in | ! : faces max-
inches | (1} - (53 I ) SR € §) (5} {6} |imum fre-
wo P : . ! quency
| :
i 3
| , : N
ag 1. S
29 a: I 2 ; L \oY
30 1 } 1 4 NN O
31 3 4 } 124 & 0
32 8 _ n 24 AN 0
33 13 21 o3 } 61 AN\ 3 0
34 1 40 : ¢4z 0
35 59 99 095 i 265 ) E\ 0
36 166 = :} 569 % 0
37 344 510 1084 : \ } 1250 0
38 4017 jons 2251 AN 1
39 1167 .y 1907 2837 } Qs:b 4
40 . 1670 : } 4451 3
42 1541 956 w} 4183 1
43 lpeg |3 2569 1505 R % 3136 0
44 567 > % J828 0
45 923 800 5 N } 889 0
46 89 322 W } 349 0
a7 27 |3 16 i 135 : 0
48 19 o\ } 50 0
49 ! 4 23 »‘}! } 27 0
50 i a e \J 9 0
i Nz I
chce m'bdc is 41 inches.
Qoéﬁmcnt of skewness
."\ . .
2 \¥/ : j= _M_"_'_Mﬂ_
\ } . G
' 4075—41
226
= "".!06. AnS-

Vfroblem 115,.—Calculate coeflicient of skewness from the

following data [ K .
Varlab]e Marks abovey 0 10 20 30 40 50 60 70 80

Frequency 150 140 100 80 80 70 30 14 0
(Raj., M.A., 1959)
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Solution :

| : | : !

Marks | F FOXf XA
% }‘(l; $ r?cj?;:nq S w2 2 fu L
0 | 150 ¢ | 1 16 0 0
w | 140 1400 | -3 L9 — 420 1260
20 1 100 . 2000 | -2 T —200 400
30 80 2400 ~1 ol — 80 N 80
40 50 3200 0 S 0 0
50 70 3500 5 +1 A 4+ T 70
50 30 1800 +2 Pog 1+ 60N 120
70 14 980 +3 ;9 RN 126
80 o . ] +4 " 16 L 0
N
CsXf= S = sses
n—664 | 1580 | ()" 5o . 72056

i I i !

Let the assumed mean (A} = 40 x',\\“'."" he -1(-}.(c1ass interval)

7

Arith. Average (M) = ==L ),

Standard Deviatic@
B =i SE AT
N Lf N2F

SO Lo Tz‘os?_z?‘zs'_—é
% 664 664 B
R .. 10 (3056 < 664)— (—528 X —528)
AV 664
O 10 1692376
R\ \/ 1092376
o ?34 1078
. 4 ‘s./ =—>< 7 .
- \’ _66-4.-_ i approx'
AT = 162 approx. .
P M, by inspection is found to be located at 10 with freq. 140

2 because at 0 it cannot be
~ Coefficient of skewness

(j) =M—M,y

-._- o

2310

“"—m—- 4ApPProx.
13 r

21—6‘;’7; approx.
='8 approx. Ans,
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Vroblem 116,—From the following table calculate the co-
efficient of Skewness.

Ago at the birth of first child :
13 14 15 16 17 18 19 2021 22 23 24 25
No. of married women :
37 162 343 390 256 433 161 355 65 85 49 46 40
{Data_from Raj, M.A., 1955)

" Solution :
' I !
Age at the birth | No. of married . ‘ E ' O\
of first child WoImen XD (X—M): g \ f g2
(X) (f) '; N
U P E— e AN
13 37 | 481 | —s 23\« 925
14 162 2168 : —4 J6 2592
15 343 5145 —3 ,'(‘9 3087
16 390 6240 —2 NN T4 1 1560
V7 256 4352 _ — K\ 1 256
g 433 7794 i 0] 0 0
19 161 3059 | B 1 161
20 355 7100 - 2 4 1420
21 65 1365 NN 1+3 9 585
22 85 1870 AN\ +4 15 1360
23 449 1127 N4 +5 25 1225
74 46 1104Y +6 36 1656
25 40 Jaoo 47 49 1960
=242 o SXfm s fEn
NS 42805 =16787
. ¢ .\\" .
SXf 49805 .
M= =220 17:6=18 fin
2422 176 approx for finding £
NS -
> . . % fE?
StandafdhDeviation (c):«\/ RN
\Y n
“{\ _ 167?8?
O e
Q~ = /69
==2'6 approx.
M, by inspection=138.
.. . MM,
;. Coeflicient of Skewness ( j}=~l—-—;- -0
17618
2:6
ity
26

=—15 approx. Ams,
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"/Problem 117. —Calculate the cocllicient of skewness ol the
following series :

Size of iten Frequency Stze of item Lrequency
2 3 8 10
2 8 9 8
4 10 10 17
5 12 1 5
6 16 i2 4 .
7 14 13 1

(Statistics 1 Theory and 1 ’m;te’ce;&osh
and Cl:oudi}r\y\p. 174.)

a\
Solution : AN
- B T\ I
Size of Ttem | Frequency | T {(“ ' ’
O W X0 dd [l
_ _—— e L NY

) | 3 i . | "2\': : - "

| r & i 5 : 3

5 | 8 ! 24 2\ 1 32

4 | 10 w0 AN 2 3 30

5 12 60 %> 33 | 2 24

6 16 | 960y 49 ] 16.

7 14 R 63 o . 0

8 10 T 73 | ! | 10

9 8 | w72 81 2 16

10 17 SN0 98 | 3 i ;{1]

11 5 o 55 103 4 ;

12| + M os o o

13 1 OO0 B0 18 ! 6 6
—_ L e S —
e | 5f%~762 f | St

: NG .' o | | =240

:o\w
AN\ 5
Wﬁ (M) =X 762_ =705 approximately.
W\

n 108

QN . th
O Median (Md) =size of (n_’_l i
/2

— 1tem,
\ 2
10841\,
= ——2—— ) 1tem.

=y s 5405tR, ltem,
=7 approximately,

Mean Deviation from the median (8Md) :?Jﬁ”’il
n

=2'2 approximately.
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-

_ M—Md
“BMd
7057
22
=022 approximately

VProblem 118.—Find out the Standard Deviation and a co-
efficient of skewness for the following distribution :

Coefficient of skewness n =

Vuriable Frequency Variable Frequency
0— 5 : 2 1 20—-25 21
5—10 k] 25—30 16 N\
10—15 7 30—-35 g8 .
15—20 13 35—40 30

(Mathematizal Statistics—Dr. J.C. Chaturvedi{p*150.).
-Solution : : N 3

In: the calculation of the Mean and the Stan&ard Deviation
we take for each class its rmd-va}ue as the value of X'

- [ p \,, T
Variable |Mid-ValueiFrequency g Or E nbcl f i I JE
Xy | (N wrgtambas | .
. —- ’:’ v R _‘_ -
0— 5 2'5 2 =20 JBNS4x5 — 8%5 | 32x25
5—10 - 75 | 5 —1548 " —3x5 0 —laxd I 45%25
1015 | 125 7 —10N"] —2x5 —14x5 | 28%25
15—20 17:5 13 A —1x5 ‘ —13xh ' 13x25
20—25 | 225 21 A 0 0 0 0
25—30 | 275 16 {N\N° 5 1x5 165 1625
50—35 325 8 I\ 10 2x5 o 16x5 | 32x25
35—40 37'5 \3\ /I 15 . 3x5 95 i 2725
- i B ST
A S T |
| Q=1 | | sE=  nfE=
| o : '{—ax5] | [193x25)
7R
. o & a5
Meaéw; =22— 5% =219 approximately.
N 9 15 9% 5V?
™« 1 3>< - ><
poand . g¥= —m5 -—(
;n\’ ”; - . .
/S . =80 appmx1mately.
For Mode
NI&—L““ f—Xt
: Sitfe
where L=20
f1=16
fo=13
i= 5
5 16
=20 %3
T 3516

-—'—22'76 approximately.
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M—M,
R
2192276
=" =
=—'1 approximately. Ans.

‘/Problem 119.—Find the Mean, Mode, Standard Deviation
and a Coefficient of skewness for the following :

Sy Co-eff. of skewness (j)=

Years Under 10 | a0 ‘ 30 ' 40 | 50 .I 60
No. of persons TR | s1 ! i giff 199
i N

(Mathematical Statistics—Dr. J. C. Chagutvedi, p. 167.)
Solution : 9 N\

_ - . £ &/ e —
!Mid-Va]ue' Freq. Cumulative E \4 Je fe
Years {(X) (f) Frequency (<j A) |
: { emf) | (A=33 f
0—10 | 5 15 15 (NYT =30 —45x10 135100
10—-20 | 15 17 3247 1 —20 | —34x10 ;. 68100
20—30 ¢ 25 19 RN —10 —~19x 10! 19x100
30—40 35 97 8" 0 o | o
40—50 | 45 19 0 N7 10 1 19%10  19x1060
50—-60 | 55 12 (a8t 109 20| 24><10! 48> 100
| \,\ﬂ =109 | —553 10 !zsgxw:}
. i \ ) r i i
NC Mean=A2SE 354 X0 o0
AN n 109
O~ Mode:L—{——"-G— Xi (where L=30, /;=19,
{\ Sitfa
A\ So=19, i=10}
~O =30+ -0« 10=35
VvV = 194197 V=70 2PP-
st ZSE_(TfEN
zf n /
=265-13—25-4
_ =239-73 appr,
SO =1547 appr.
‘Co-efficient of skewness ( j )=M;;.%
299635
1547

=—"3 approx. Ans.
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"ﬁ-oblem 120, Find Mean, Mode, Standard Deviation and
Co-cfficient of skewness for the follow mg

]
Class | 0—3 | 5—10 : 10-1:. | 1520 | | 2025 | 2530 ' 30—35 '33—40
| i |
T
Frequency |

2] 7‘13!21116%8 3
(Mathemehcal Siatutm—-Dr J O Chaturvedl, <3 168)-.

(/ .. )’ o v
Solution : N O
L P T S
Cl i F Mid-Val i3 A
v e [l o | &
_____Ii____ _ ____!_ "\‘tﬂ'
o5 2 ! 25 | o—0 | —40,77 800
510 | 5 ; 75 1 —15 ! -gZANT| 1125
10—15 i 7 | 12+3 —10 i =AY 700
15-20 | 13 C175 5 | 265 325
20—375 27 |25 0 N0 0
25—30 | 16 27°5 5 (o 80 ! 400
30—35 8 325 107N 80 | 800
3540 3 ‘ 373 :153; | 45 ! 675
| R W l
— - _I — | T{‘,&_.. — P DU —
D =75 l \: zfg__f;s |2fgz“4325
—4
Mean Ef‘?_zz 542 55
\\ 2 2256219 approx.
oY A _16
M, x{:‘:\/ _.L_I._fl;"fz Xi= 20+16+13){5
\§§ :20-4—,]22 % 5=20+42"71=22"7 approx.
TfE_(TFEN
Z /] R SR i
\\j\'c n ( n )
: _4825_ 45y
195 75
:64'3——'36:63'94
&6 =/ 63-94=8 approx.
M—M '
& Coefficient of skev«fnes,5=-l G__a
219227
8

=—1 approximately. Ans,
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. \Broblem 121, —Find the Lower and Upper Quartiles Median
and a Coefficient of skewness of the foliowing :

. Varighle No. of students Variably No. of student;
0—10 15 40—350 12
10—20 20 50—60 31
“20—30 .25 60—-70 71
30—40 24 70—80 52

{From two solved problems done 4y Dr. J- C. Chaturcedi in
“Practical Statistics’ Pp- 74 and{191.)

Solution :
_—_— =
Variable ] Mid-Value Il Frequency | %?:11 LllltT I"ii i : o
-—.————___—-——.__—_——_______ —_ = p— —’—\“__ . -
_ ] _ i A )
0—10 | 5 ! 15 13
10—20 i i5 20 (¥ 35
20~30 | 25 25 N0 50
30—40 | 35 24 y 81
40--50 | 45 125 | 96
gg—@g | 55 | 31\ | 127
—7 65 : w17 : 198
T80 | 75 N \§2 |' 250
E N ’..":: 1
Q. \*30+ 5— —6p>< 10, Bccause} =625
4 ;\ ——31'04 app
K™ 187°5-.12
Q. ) j\ =060+ = 71——-z><1 Because%\j_ 187'5
P =6852
Me_of E50+125 %, 10
\“’ =593,
N Coeﬂicmnt of skewness (_] }__—Q'_a'{‘Ql 2M‘z’
~O ~-Q;
\"§, - __ 68" 52+31 041186
: 68" 52-—31 04

=--"'3 Approx, Ans.



QﬁZPTER v
JCONTINUOUS VARYABLE

Probahility density function : Ifthe probability that the
variable x lies in the interval o to «, is given by .

f (x)a’x @ ~

when the total area under the curve gwen by y==f(x} is unitysthén
ye=f{x} is called the probability density function of x. The intetval
can he finite or infinite and the function f (x) is non nega.th D)

ol
27N
< "

Definitions - —

For a probability density function p= f(x)\{n ‘between the
limits — oc to + o

(¢} The mode i3 the value of x for whlcQ\,the frequency » is
maximum i.e,, where .
4y £
d =0 and g

(#{) The Median is the valuc of x which divides the total
frequency into two equal parts 7 & & \if x is the value of the median, it
is given by Ny

x {oc o
() dx=IN{(x)dr= xlde=
in }do\xj‘ff” b

(#{) The Meahn is obtained by finding the x—coordinate of
the centre of gravr{y of the area between the curve and the x—axis

e, b
» by \\ sz Fx) d
QO =

»&z‘zy) The Geometric \Iean G given bv the relation

1s \ negatlve

\‘: log G= f(x) log # dx

{z} The Harmonic Mean H is given by the relation

l [v.
T [ e

—oC

{vi} The value of y'n (' moment about zero) is given by

o
pn= |a"f{¥) dr = - Sincef=x--0=xg
—cx



v
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If p'n is the moment about any arbitrary point 4, its value is
given by :

oC
wn= [te=a 19 as,
—o

Note :—(i) Since arbitrary origin A is zero the first moment ny
will clearly be equal to the mean of x,
Since p/, is the mean, the moments about the mean are g{vcn
by the relation. \

o0 . ) t\«\.
wn= f (=)™ f(x)dx. o\ e
—r « \/
& Standard deviation g 4/ pt; 2\ 3
4

and Ma=pp—(p’))2 X ’\

(it} If mean coincides with mode  then (he distribution is
symmetyical, ‘O

 “roblem 122, —ping the harmonie' mean for the distribution
given by ' A\
R SRS\ .
df = _sE:EJé;E?ﬁ‘x) * drfore gl
Q (P.C.S., 1952)
. x\ (M.Se. Agra, 1952, 1956)
Solution ; \\
)J 1
Th \ 1._%._[ ) =l p—1
.1 e txc{{al,\frcquency S = (mn) f (%) % g
\M 0
a{\\.. 1
N - -_( __“)_ . B(msnj
'\ v

-1 p—g

1
B(m,_rﬁqj. Tes) 0
0
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. --/ *
vProblem 123.—TFind the arithmetic mean and standded
deviation for the distribution given by t\
’ 1 m-1 n~1
_— {1— ) : %)
df=: B(rn) (1—ax) EA: O
foroe a1 “\:\“3
(M. Se. &dra, 1954, 1956)

Selution : . \\\ Y

‘w—l n-1
Total frequency f —m) J. ( ~t—>‘

‘\
=1 "x«
*‘

The arithmetic mean, M3 J& gwen by u'y -

m—1 5—1

‘\ 1 -
S M %ﬁé@;’ﬁfox. (I—x) & dx

=1

£ i
o \\d =I¥n—1’,’3j_ Io(l—x) iy

\ _Blmat 1)

o _ Bm,n)

™ 1 m | (a1} [ md n)
;(ﬁzTn’H) T m o n
n

= itn

Since standard deviation 6= 4/’ ,— (p'[)%

m—1 =1

1
’ i S a2
where i3 2‘—-%3:;” vé-o.l . ”_ - x) X

[Taking the origin at 0}
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- Plm.at2)
f(m.n) 3
Im [a+2  {m+n)
[{m+at2) ~ Im |n

n(n-1)

= (mtntl) Yn+n) N
i A ¢

mtn )

g.-' = '\/liz—-‘\/ﬂ (H )2 ,‘\‘.

Also =

2%
L

a

(r+1) .\‘( noN\?

- '\/E;m )(m\ﬁ mn

a{m¥n) (n4-1)—n* (et 1)
km+n;\/ B> e

N~ s' ) ?????,
m‘}‘ﬂj m+n—}—l
v ~,,f«l’{(‘)blem:l 124. Find the g@.&ﬁctnc mean for the dlstrlbutwn
al 1 -1 5
- <
beﬁ Bl (1— ¥ a’xa <xgl
Selution : ,"*,\
&
Total frequén? B s
EXY
ota requ Cy . ﬁ(mn)J. (1— x  dx
O\ / .
i”\" =1
& "\ Thc geometric mean G is given by
E..\iizf’
.\ lo G — Ml =1
\/ g [S(E,n) (l—x) x log xds

m~1 p-1

1
Now j.O(l —%)  x dx =R{m,n)

differeniating both sides wi
. g 8 with respect to n we have
N -] 51

I (798 s Ly
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I
log (= Ca
5 Eim,n)

]
P Jog 8(

) log 1
o lag .

145

2 pm)

)

m |rs

I I’m—Ln)

2 — .
= a?[log ‘m+log ; n——]og i (m-;-n,):l

oblem 125.—Show that for the rectangular population "'/‘\

dfi=d x, 0Lx ]
¢'1 (about the origin)=1,
and py=73

and mean deviation=1}
Bolution :

Sltotal frequency)==
8

4 \’
& N3
A
L 3 \“/
)
/‘{O'(I.A.S., 1‘950)
\:“\\
A

Hence the function is probability dens‘it)‘r'function ;
now taking the assumed average Zero

}Ll_".xdﬁ"

&
- .5,.)
..\1 o
H
¢ ' 1
and \b}; =J- x% dx
i\s o
W
N )
x'\;..; U3 ¢
&
\x\; =1
*\ ' LY
o WA\ a2 m= gy e—(p'y)
A = 1—1
@ — 1
4 a2

= "1 w1

Mean deviation

IH =

1
Hi =iy Hg =

; D fProblem 126,—Find th
quency curve p=g sinx, for 0 { x < w

‘Since g, is the mean as assumed mean is zero

[taking +ive sign

of deviation)

» mean deviation = 1

e mode and the median for the fre-

(M.Se. Agra 1951)
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Soluiion : ' - )
Clearly the total frequency== J. % sinxdy == 1 and hence the
0

function is a prdbability density function.

The mode is given by

AP D=2 cos
e D=%cosx
4
A Xe== - - :"\
2
A o
42y N . O\
AISO f)_____ - -:._-3,‘- 5N X ”\ &
\dx?/ ) O
b =_._l—‘ "‘*’8' T —
(?_).}.. AL ncgative?ﬂ\hmn x= -, - I
sodat w (4 2

L T \J
“0 Mode is given by x=-2- K72
2 "\
o \S
The median isgiven by x if )
g o,
+ sin x dx ‘&:.%]. Losin x dy
U %""& o
or ~ {cos "L"—“l} =i[-2]
\\
or i \‘ cos x=0
S\
) \:, SeoX= 3
N
L. -
J. Median is also given by x-= Tr
hY {‘\"\'
i )%r“blem 127.—What is frequency curve ? A frequency func-
ten i the range (—3, 3) is defined by _.j ’
:w\’w
a\Y4 , ¢ a ’
\> , = s B4, w3 x4
P =35 (6-2¢),  —1 x4l
and y= % (3—x), 122 23

Find the mean and the standard deviation of the distribution.

MSe. A &
Selution : ( o Agra 1949

Since fotal frequency = 4 !
y = f_sa-s-_(3+x)2dx + [ 2to—2e as

3
+ j (3 )
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(35T o]

—3

[

r Fomy}® 3
1 gz B=2)?

L 3 1

o]

.1
S+ _3_.-1— 6_.

=1

1
6

Hence the function is probability density function.

<. The mean M is given by
-1 i £

Mf—j U (e det [ 45 (6-2% aae &
s ™ O

and gy = gy 2=y
], i
- ; }?'3-1-,1.‘”33‘25&—'—-1--‘{ (6—2x%. x2dx
n_j' A3+ ¥l | (62

3
2N/ 3
L > 1
0N +l—"’-J.- (3—~x)2, 53y

i

i 3 [S 243 | 243 ! 4
Mg 16—L""3+—2— = 8]'— —2 +—'5'— [“ E[ 4—' 5]
l 243 3,243 1 -
+“[8“3*“2—“ HP «—J

“———g[—~84+100:}
-1

J]

& Standard deviation o= 4/ =]
& Mean=0
Standard deviation=1
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V/ Problem 128.-—Show that for the distribution
! e

df= y,., ¢ oy 0<x < x

_ p,’ (about the origin)==4/2 i (ﬂj—Z );." || r; and p'y=n
(M. Sec. Asra 1953)
Solution :
&N\
ox _x2_ A ¢ ’
Total frequency f= f Y€ 2.x”']a'x ‘i\ “
% \/
n—2 . __. N
- " '\}\ k
=Ja 2 | \\
taking y, = — n-— t{{é\xfuncuon becomces
2 2 i‘ E;":t\{'
probability density function. ) g:;w
: 1 \‘.} )
then = ‘3_‘;&2_ e
o™ ¢ 2 x ax
=2
TN
%Cj
A\ 2
N\ r _
o 7/t )
o 2 '(_2
s"\:.{" i\
N4 I
R P
N\ nt
<>‘:> Putting r=1 p," = +/2— _ = _
3 |
H /]
. Ii z
Putting =2 E-L’a = 2. ——|_'2
i_}g
I3

=M.

Problem 129.—Obiain the valyes of the first four moments lor

the distribution given by dF= =constant X ¢ % de. (0 Cx < »)
R :
(IL.4.S. Part I, 1949
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Solution : . . w o,
Total frequency F=constant Xj e dx
[
=constant X ¢

1 .
& Ifwe take constant— —— the function becomes
o

1 ghx,fc which is probability density function.
'

dF=- - dx .
[o:a] N\
. 1 —xla A o
Now plr= —] x7¢ ™ d A\
6 x <\
I3 :,.\\
=Y Lf_ Ioad % N\
(’s."
1y =0, Wy=20% ', =60 and 4’ =24¢* 7,
. . &
now u, =0, _\::‘}\
r
e e \
a\J
=gt AN
\v -
g [ Cpnga”y -3 \$
=05% — 3% g% « \WJ
»"“
=2a3 v’:':x
.\';‘
’ X N 4
and p, =gy —dug 1y —QEzti"- L i
=24 518 5’26 ot -5l
oot
¢ {;s.;
. ’ . L
Wm0 =26%; =60 =240,
’ L 2 LR p— ¥ .
and H1=0:§}L§:G‘ j py=26%; ;=9 ot
\

Problem ,ﬁﬁ:;Obtain the values of the mean, standard
deviation argi‘l}tcrquarti[c range for the distribution given by
N

—

Qy’};\dF=constant><e ne 0 <2 o)

”\\'“ (L.A.S., Part II. 1949}
Solation : —_—

As in the previous question
r

W =c

Bp=a’

Mean = o
and standard deviation = '\/Ev’-;a =g
Problem 131. In a continuous distribution, whose probabi-

Iity density function is given by f(x)= 32(2—x)/4, the variable
ranges from 0 to 2, show that the distribution is symmetrical, with
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mean »==1, and variance 1/5. Show that the second and third
mements about x=0 are 6{5 and 8/5 respectively ; and verify that

uy=0.
e
Selution : (7. G
2 g 33—
Mean=u",= J. ¥ 3x(2—x) dx
@ 4
3 re. )
= 22— g Y
: = .;[u( * ) dx X .<\
=1 B ’t;\,}.
Mode is the value of x for which R {5\ .
ﬁ"l-" 3 ~
dx 4 { 22 } = () <(>/§ 3
or = I '\">
2 a \\
_ﬂ_f}' _ 3 \\’
|’Ir.1:E - 2_ ’:b
2\
Mode=1 0
L >

W/

Hence’ unction i \ -
cqual, the function is sym“m&\‘ vical as Mean and Mode are

A\
SN

*

™8 :

3
=G A &
PN

5 0
O
{\i\,}___s
o, 3 )
NO7#e T g ¥ 2
') .
N =3
"-\; 4 5 6 _!n
O -8
~
- Yariance :5,,2;19'2_;_(,]2
6
_.__5_ —1
_1
5
Now



CHAPTER V
INTERPOLATION

The following methods are generally used for interpolating
alues of a given variable for different cases 1 —

(1) The Algebraic Method :— .
ON

Let corresponding to X, X,,... X, valuss of X the values gf s
he ¥, : Y,,... ¥, Next, assume that x,, &5....4, are thc deviatighshof
the values of X from any assumed value A (f.e, x,=X,—A fogw=1,
2,..n) and J1» Das2 I are deviations of the V'l}l]t‘% 0'["‘1 from aasumed :
valne B (i, y,=Y,—B). Then, to the above values of aand y we
Jit a curve— '\\.

p=atbxtex®fon A-Fxnl ' \V o {1)

‘where g, b,......k arc constants. ' \\

By substituting from above the valudg t}fx, y we get the equa-
ions connectmff the constants of the form )

by +-ex® »{vt:.“... RN A
_}12 ""a_l_'b"’ rft‘%{_‘_.-----lex-un_l
= gLl E}}n R R SO
SRR
Solving these( équa[iofl‘? by the process of elimination, we
<obta1n the constam\q al by k. -

Thuzs, ws’?xct‘ the curve—

: *B a—Lf)("( AVt (X—AV+ L FEX AP (D)
passing, thmugh the potatz 1‘5&*, Yohi Xy, Yo (Xn, Ya) ‘\o“ to ﬁnd
any v lL;e' of Y corresponding to given value of X we subsiitute for X
dn {QJ and get the intepolated value of Y,

(2) Lagrange’s Method :—

‘Supnosc corresponding to \ralu_es X, Xy Xn of X the values
of ¥ be ¥V, ¥,,..Ynand it is required to find the value of Y corres-
ponding to value x of X. Then the required value of Y is given by
sthe following formula.

- X {x—X) ( ﬂ}

V4 AT S S
~+ hl){KZ '.u)

_(x XXy (:» n_nY |
{(Xn ‘( WX XKoo (KK )

(e Xgla— Ky {J»-X !
(XI“XZ}(XJ.'_X3} n)

Vot s ver e vae e e

Wx=
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(3) Newton’s Binomial Method ;—

Let X be the independent variable and Y be the dependene
variable and the values he given as in the following table :

N/
L 3

X Y
—_— - -
a Yo
al-f Yy
G+2f! Yg
a+3h | 'S \
at+nh | Y, N

'('z') ‘f’\’}'lcn out of these Y, Y}, Y,...Y,, values gff‘}' aﬁy one vilue
of Y is missing we obiain it by the formula : Qg
- nln—1)_ - aln~1){n-2) ,"} ,
Ix2 o2 TIx2x et =0
:Il}c values of Y, Y,.. etc. are substi{d&ed in this formula and
the missing value of Y is obtained. \$) .
() When out of these Yo, Y, ¥2..Y, values of Y any two

values of Y are missing we obtaintshese by solving the following
two equations : a"

Y.~ ”Yn—l -+

Xa—n¥, < "D ¢ Ui 1n2)
anﬂ—I 3 1)(2 }n‘“ﬁ lX2X3_'_ 3—3_]"-..:0 ;..(IJ!
and Yn_.r—(?l‘-l)Y '—2&"1”"33: 1_)(73.'.;_2_} Yﬂ_3.__(.n_.' ]. {gz__—_—?ﬂ{z:s_)_
\\ 1%2 Ix2x3
) p Yn_1+....:0...(2}'
By substituting the given values of Yy, Y,...etc. of ¥ in (1) andk

(2) we get twoNnéar equations which a : s
) re solve :
values, ) d 1o get the missing,

! (I-:t&l;‘zwmn’s Method of Advanc ing Differences :—

L be the independent variable apd
_\_ra_rﬁb;je_afci t_hc values be given as in the follawi‘fl‘gbfag;: fependent

O | ¥

a-+k Y,
at-2h I Y, -
a+3k | ;fz
: | :
atnh | Y
"

I reauired t 6nd 16 v of ¥ oeasigies
. ¢ of Y correspondine

of X where z '8 1ot equal to g, g a-24 etﬁcp fgrlga W ahny value:(.:lr

given under (3) will be tollowed ) eR the metho
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First find a parameter ¢ ( :i-_’;—) by dividing the difference
of the first given value of X and the required value by the difference
between any two consecutive values of 3. .

Next form a difference table as given below.

! Differences
X i b | - —il-- W —
1 lst 2nd ! 3rd | 4th 5th
R _ i e — ___.ll. ....... O\
i Y : . A\ ¢
r:(-zk-h Yg I g¥° . A%y ey i R\,
at+2h | Xy ‘ VIO amy L Ryt p, Onsy
a+ 34 | Ya ! ﬁyz Poary, ! gayl AN \ h 0
a4k Y, . &&,3 ATYE 2 O N
-+ 5% I Y; I t . A
I ! &/
| —-

where AYO—XluYo, /ﬁl—Ya——Y etc.
and AV, =AY,— AY,, etc. AV =AY, — ¥ ')Qeetc .y etc.

The powers of A indicate the order 0}'\ the difference ia the-
above table. P \%

Now the required value of Y is »obtamed by the help of the

following formula : A
)i

Y“ELMDd%qlzIéwﬁ%jyﬂ<l(ﬁwﬂk

where x:x}L- and ﬁf‘m AYe, APY, ete. are the uppermost:
L

value of the sécond th1\d .columns in the difference table,
{5) Newton’s method for Divided Differences :

This methdd) 15 “used in case of unequal intervals. Let Y,, Yi..
Y., Ya, ctc. belthe values of Y corresponding to thevalues «, b, ¢, 4,...
etc. of X \h«en we have the divided differences table as given:

' Divided differences

I..
[ Y _ - _I_— — = — - — __I _
; It | 2nd 3:d .
|
S N S
i i
a l Ya Yb'_Yag |
e R O = |
€ Y, : Y,—Yy! A= "25'__3 1!4‘_&3 ,_:4521‘_—@21:
d Yd Zha_ 'r:—f} 5]12- . &J“‘A_g! <L d—a |
' YV F b
! ST T
| |
i i i
i
|
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The value of Y corresponding to the value » of X is given by
the Newton’s formula for divided difference which is
Yo=Yort (s-a) Ay+{s—a) (=~ 6) A%
{x—a) (x—b) (x—c) M 5+ ...
‘where My, A3 A% ete. are the divided differences.

Note: 1. In case of equal intervals Newtons Binomial
«method and Newton Advancing Differences method are used.

2. In case of unequal intervals Algabric methaod, La.grar,;ges
method and Newtons Divided Differences methods arc use A

_ Prohlem: 132, The population of a town increases ac«i()r'ding
to the compound interest law. In 1890 and 1940 ic wad 19,500

and 34,670 respectively. Use it to estimato the population in 1929
and 1945, )
(AQd,,’M.Com., I945)
. Solution ;-
X 1890 1940 RN
Y 19,500 34,670
det us fit the curve Q)

Y—g+5X

N

1o the above data, Subsﬂtudﬁ’é;for X and Y we get
19500 =a 41890 5. o8

34670 =a-- 1940 &35, 11
Subtracting I from IFwe have

15170250 4.8,
s \J
A b:i\[}gﬁ
) A—553926

' AN V= —553926 43034
Thegefére for X—1926 the value of Yis

given by
\§ =—3553926 13034 x 1936
,;:Q’l" Y:30422'0
m\:"“\':"Again for X 21945 the value of YV ig given by
3V &’:—553926~{—1945><3{)3'4
or Y=36187
h 5 z - B
and 3"51;8%refore estimated population ip 1926 and 1946 swas 30422-4 .

Year 1548
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Sclution :

Let X denote the year and ¥ the index number

then X 1948 1949 1951 1932
Y 100 107 157 212
put x=X—1951
=Y —157
A ' x — 3 — 2 0 1
N —57 —30 & 55
Now let us fit to the above data a curve O\
p=a--bx L ox®4 dxd ,5.\,(1)
Substituting for » and y we get \5\ g
—537=a—3h39c—27d ,\«'}‘ {2
— S0=a—2b-—4c—8d 7 )
0=4-+0--04-0 O o (4)
55=atb+c-d x\\') NG
From (4) we get a=0 \~
_-19—-——b+%—9¢f ...(6)
25 =— b+ 2uX 4 (7
and 55=6- 5‘4—3 ©LL(8)
Adding {6} and (8) 36 45—8d ...{9}
Adding (7) and (8) \~\ 0=3:—34 (10)
From (9) and (zm\ c=11, d=1
G
Hence tlx*qeurvc is
* \“\~ p—43+11x2 458
ora{\ Y 157-=43(X~—1951)+ 11 (X—1951)2
_ 1 (X ~1951)° R

‘\ow to get value of Y corresponding to X=1950 we substitute
for’ X is 11

Y—157=43 ,1950_1931“ 11 (195019512
+(1950— 1951)2

of Y==157-434-11-1
=124,
RN The likely number for 1930 is 124.
;
Problem 134.—The following values are given ina table :
X 1 2 3 4 5
Y 216000 - 226081 250047 262144
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Using any suitable algebraic method, find the value of Y for
=3 ‘
(L.4.5, 1953)

Solution :
Let x=X—-4
==Y —250047
x ~3 —2 0 !
¥ —34047 —23066 0 12097
Now let us fit to the above data a curve 2\
y=a-+bxtex®+dr® ~..'.([)
Since (0, 0) is a point on thecurve &\ a=0 PR )
Now substituting values of x and y in (1} we get \,J}:"'
—34047=—3p+9c—27d ,\~ ’ (2}
23066 =m2b+dc—8d N (3)
12007=" btetd C)
or from (2) —11349=—p+36~94.L Y (3}
from (3) -—~11533=-—b—5—2c—34§i~'z . [6)

from (4) & (6) adding _«
om0 adl
or 188 —=c0¢ T
from (4) & (S)WB\H‘;iing
\’\‘?48:4::*84'

or A, 187T=c¢—2d o (8)
From @ & (8) d=1, c=189
RIPR b=11907
N )
a0he curve ds |y 1190754 18922 4 2
:~\"-;‘6r Y—250047=11907 (X4} +189 (X —d)2 4 (X —4)°.
\\ " The value of Y for X=3 is given by,
Y-—250047= — 1190721891
or Y=250236—1190%
=238328

Value of Y for X =3 is 233398,

Problem 135.—The observed
respectively 168, 120,72 and 63 &
of the independent variable, W
give for the wvalue of the [
independent variable.

values of a function are
t the four positions 3, 7, 9 and 10
llat_is the best estimate vou can
mction at the position 6 of the

(LA.S., 19507 M.Se. Agra, 1957}



AINTERPOLATION 157

Solution :
). 3 7 9 10
Y 168 120 72 63
Tet x=X—-7
y= Y120
X —4 0 2 3
B! 48 0 —48 —357

Now let us fit 1o the above data a curve

y=a-+bx+ex*Fdx® QO
Since (0, 0) is a point on the curve .. a=0 \\‘“\
Substituting for » and y we get ~\ bd
48 —4h+16:—64d N ()
48 =2p+4c+8d O (2)
_ —~57=3b+9+274 A\ (3
N
or [2=—b+4e—16d L & (4
—=h+2+ANY ...(5)
193 e
from (4) & (3) N
L 12—6e2N2d
or 2P 21 - i)
From (4) and ({K\}—?:?c—-?d .
or N\ —l=p—d : ..{8)

From {7) atrd (8) ¢=0, d=1

2 b——28
o Ec\"curve i y:—ZSx—{—x‘*
a Yo 120= — 28(X—T) 4+ (X—T)°
~O Value of Y for X==6 is given by
\} ¥ —120=-28(6—7) -+ (67
or Y — 1204281
= 147

This question can also be done by Lagrange’s method for un- -
2qual intervals,
. Prohblem 136.—If [x represents the number living at age X in
2 life table, find, as accurately as the data will permit, &% for values
of X =35, 42 and 47 ; given :
'20"’*‘512; {30'—‘439,

40 50 [I,A.S., I‘948)
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Solution :

Let Y denote {,

X 20 30 49 50
¥ 312 439 346 243
" Let xr=X—-40
=Y 348
¥ — 20 —10 0 10
B 166 93 e —103 | o\
Now let us fit to the above data a curve 2 ’\t\’
P = atbadex® 4 gyt O
2 e
Since curve passes through (0,0) a:.e{“r’g
Substituting for x and J we get '\\,
166 = =20 54-400 c8006.% e (1
93 = =10 64100 ;1080 ¢ e {20
—103 = 1056100 camiego o e (3
Add (2) and (3) O
—10=200, ()"
- £=_—"03 ,u’:"*

l"*'.rom (1) 4400 d-_—_gfjﬁfa
From (2) h+100 d= 294

T s, b — 90665
v. Curveis -\'\\';

O 7= =966 v—05:2 L0016 45

\

or :.’;)Y_346=—9-966(X_40}=‘05(X—-4O)2

2 +-0016(X —10)2
Q\ for Xo=35, Y-346 1 49,33 —125—
& =394 38 ,
& for X=4, Y=346-19932 -2 0123
\™ —=325-8808
N/ -
for X==47 y =346—69-762 2451 5490
=274:3368
. l33=394:3g, Ly =325'8808
and 34‘:274'3368

Problem 137.—From the fo10mire 10, .
mumber living at ages 25, 35 ang 47, "% e table, caloulate the

Age (in vearsj: 20
Number living 51 ig ;2 gg
(M4 Alld., rg52)
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Solation :

X 20 30 40 50
Y 51 44 35 24
put x=X—40 :
p=Y—35
x —~20 —10 0 10
3 16 9 0 —11
Now let us fit to the above data a curve
¥ o= gFbxfoattdx® I\
Since curve passes through (0, 0), . g=0 O\
Substituting for x and y we get - ' \S\
i6 == 20 b+4400 ¢— 80004 A e (I
9 = —106+100¢—1000 4 A 3 (2
—11 == 10 24+106 ¢4+1000 4 &\/ e (32
\\
Add(2) & (3) =~ 2006 =-2 \\
c=~—"01 \\
;. From (1) 16=—20 b—4—8000 dy \
or C _l=bpd00d O
.Q‘ .
From (2) —1=#4-1004 Q ‘; v
:‘—-——]. d Q “ ) L L
Curve I3 A r
. y=.~\5[>01 X
or Y—353 —(X—40)—01{X—40)°
Fon, X\;EES

Yeod5= —(25—40)— 01 (25--40)°
' _
§~' Yos=35+15—
ord \ Y5 =4775 . I
~O" porxe:
t or X=35
\V .
Vg — 35 =m=(35~40)— 01 (35—40)

or  Yy=3545-25
or Ya5=239-75 .16
or C X=47
Vi —35=—(47—40)— 01 (47—40)?
or Yo  =35—7--49
or Y, =35-7—49

or Y, =273l o TIT.
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Hence the number of living at age 25, 35 and 47 are respec-
wively 4775, 39'75 and 27'51.

_ Problem 138.—Determine by Lagrange’s formula the per-
. .centage number of criminals under 35 years.

Age 9/, number of criminals
under 25 years 52
L300, 673
b 40 11 84‘1
. 50, ' 944 "
(M. A, Agra, 183%)
Bolution : A
23 30 40 50,8
a b ¢ d\.
Y s 673 84-1 (944
Y, Y, Y, Y
- Lagrange’s formula is "‘~\
_{x—8) fx—-g{:_c_ fi)_ +(x a)(x~c) (x—d) \
" (a—b){a—c){a—d) ¥ (b\—a)(b—'c)'.b d)
{x _f‘__i‘__ii(:’f__“d)y }"—“’ (x—b){x—-c)
() e—d) D (da)(d=b)(d—e)

_ (35-30)(35— 49)(35 50)
< Yo T 5TT30)(35 <Ay (25 50)st

(35-35)(35--40) (35~ 50) _
305 25)(30—30)(30 —50) X073
(B5-25)(35-30)(35—50) _ _
730255402230y (46—50) < 8%

x“ ,(35 251(35—-30){35—40)

\\ (50 35) (‘5‘0“%(30 40) X944
O B=5)(=19) ~5)(—15)
£\ _ T .
N s ')S)XSZ"‘L -10)( 0y * 673
& LO0GH-15) o 0)s) - s
o TSN (—10) +(+25'+'20}{10) K o4
9O ~ 242 63 8“ 944
5 * 30

= = 10 - 50 475442 05*4 72
=77-405
Criminals under 35 years are 77+405.

Problem 138, —If [, represents the number living at age x In
a life table .
N 10 20 30 40
- 512 439 M6 . 243,
estimate the numbers living at age 22 and 25.

(L4.S., Pari II, 1949)
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Selution : -
X 10 0 30 40 |
a b ¢ d
Y 5i2 439 346 243
Y, Y, Y, Y,

Lagrange’s formula is

(x b‘l(Vwc"fr—d} ){_x—_—c} x— d)Y
qa——b}fa —cjla—d) (b-—-a(b—c)(b d)
(x —a)(x—b){x~d) {¥—a)(x—b)(x—c)

(a—-—a}(r:w )L’cta’)' ST d = a)d— b,(d——o)Y"‘ )\’
v, _(22-20322 -30)(22-.40) )
L (10—.,;,0){ 0—30)(10=—40)

1.5_’.2:1 )(22—30)(22—40)
120 —m)(m —30)(20—40) 439\
_(_ 10)(22—20)(22—40) O
(30—10}{30_70)(36 — 40;\
{22—10){22— 20)(22_()3
" {40~ 10){30-—20) Moﬂ_ﬁ)
- (=8 (=18} &3 o d2)(--8)(—18)
Yﬁ—(_w) o 30) 312 T (05— 10y —20) <49
(12)(2 }L“Lg} {(12}(2)(—8)
o0 T0) X316 + (30)(20) 10y <23
__acé«j X312, 12x8x18x439

A
x 512 A

ON

_|_

..’_.

X243

- N1 I 20000
S22 18%346 _ 122 8% 243
T 2000 6000
\ _ 48X512, 48X 18X439  12%18x 346
\f}; = 1000 T 1000 1006
A
R\ 32243
,\*3:" 1000
@ ) = — 24'576-1379-296 L 74-736—7776 .
N —=42165

. (25-20)(2530)(25—40)
B {10—20)(10—30, (10—40)
(25—10){25 —30)(25—40)
*‘{“0_—'10)(20—30)(20 40}
(25~ 10)(25-20)(25—40)
+30-—10}"{30 20)(30—49) X346
{25-~10)(25—20)(25—30)
+(40—10)(40 20}(40_.30 %243

x 512

X439
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. BH=3)(—15)
= (105 —20)(—30)
(15)(5)(—13)
++20(4,10 Ty
(15)(5%—35)
(30)(20){10)
_ _25x15x512 | 225X 5% 439 | 2255 X 346
T 8000 2000 2000

25%15% 243 2\
6000 A

25 15(5124-243) | 225 5(4394 346}, LD

(S)=5)(—15) o g3

¥S2+ - oyi— 10)(~2"0)

)X 346

-+ %243

00~ Um0 W

253 5(—T7554-9 785) A
= 2000 A
75547065 R
= T 16 NV
6310 Ao
16 &
=394375 W\
Iy =42065,0\
Ly =394 %7}

Problem 140, \The following table gives the number of income:
tax assessees m the,U P

RCEW
®
7

Incon;g\ I}Ot exceeding
~Rs. 2500

No. of assessees

7166
SoRs. 3080 105
LN Rs. 5080 : i%gg
N.f“v Rs. 7500 : 2050
N Rs. 10000 :
~O 21975
\Esngzozgg the number of assessees  with income not exceeding
5 (M.A. Alighabad, 1944)
Solution :
a & c d -
X 2500 3000 5000 75 d
20 10000
Y 7166 10576 17200 20505 21975

Y, Ya
Tagranges formula is
_{x—b) (x-—;;) x—-d} (x—¢)
{a—b)(a—c)la~djig—¢) (

Y3 ‘1-4 Y5

“)(x_"f)k’f—“dl( —é)
a)(&—e) (b— J(b»—e)

7 =

al
LT
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(0l =Bla—=de=0) | (xms) =B —ci(s—e) o
(c—aXe—b}o—d) (c—e) (a’—a}(d -6){d—o)(d —é)
L =)= b ) a—d),

(e=a)(e—b) Je—e)e—d) "
‘[-1000

__ (4000—3000)(4000 —5000) (4000 ~ ~7500} (4000 - 10000) <7166
~ (2500—3000)(2500 —5000) (2500 — 7300} (2500 - 10000) <

. (4000 —2500) (4000~-5000) (4000 — 7500) )(4000—10000)

(3€00—2500)(3000—5000)(3000~7500)(3000  10000) % L¢576.._
.. {4000 —2500)(4000 —3000) (4000 —7500)( (4000-10000)

(5000 =2500) (5000 3000} 5000—7500) (S000— 10000; < 7290

+(4000 2500) (4000 — —3000}{4000— 5000}(4000—10000) 20505
(75060—2500)(7500— —3000}{7500— 560047500 — IDO{]{})‘

(4000~ 2500)4000 — 3000)(4000 — 5000)(4000 < 7300)
¥ (10000~ 2500)(T0000 —3 ~3000)(10000~5000)(L0DG0—7500) < 21975

Cancelling the two zeros from each brack we get
— (40—30)(40—50)(40~75)(40— IGQT

0 (25-30)(25 2 50)(25 75 (255000 % 7 60
(402940 S0)(40—T5)(g100) |
(30=25)(30~50)(30 — 75){30 - 160) *
(402340 30,a0TS (d0—100)
(50—25) (30— 30430 75)(50— 100,
40—25)(40 —A)40—50)(40— 100)

+ ((_75_2'5'))((75\*%5 50)( (75 10p; < 20305

| OBy (0—50) 4075
T (10053){100--30)(100— 30j{1G0 757

+

or. Yygpe. ¢ '\“ Y -5
+}ey(§1.9}r 3&5}{ 69)X7166+ ;4-5}( — 1oy ,3»5'}'(-—«687

9t~5)f é s % stm
\%Ssjgg( 5oy <1704 T I,

%’E%)(%s'( 25T % 20505

L (90677 1o -2

C (B)(7(58)(25) '
5 562716610576 63 17200820505
125 157 77133

X 21975

or Yo —
21975
RV

¥ =-—3210'37+10576 8668 8——]312 32+l75 B

_—4522 694-19420-6
=14867-9]
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Thus the number of persons with the mcome not cxceeding
Rs. 4000 js 14897-91

or 14898 appr,

Problem 141.—Determine by I. agrangc s Method the per-
centage number of patients over 40 years

Acre OVET years %o number of patients
30 148
33 26
45 68 N\
55 34 .
1Y
Rolution - \ “
X 30 33 45 ¢~ \ 55
Y 148 96 6,8 ) 34
N\

. tx— 35)":(-—-45 (x—55) Y
Y= B035) (30 39) 30— 55)X148
(x—30) (x—45)(x—
(335-730)(35 = 45)(35
(x=30) (x— 35}(3&—-55 63
(45— 30y( 45—~35} 4535,
{(x—30)( x-=—35 J(x—45) 3
(55 —30)35—35) (5545 X 34
_ (10390 —45)(40- 55
T N (X 148
N—30)(40—45)(40—55)
(5)(=10)(— 50y~~~ %96

+

\/
(40 —30)(40—35)(40— 45)
\\ + (I{10)(~10; — %68
A H0=30)0- 3504043,
A\ ' (25)20)(10) ~ X34
~O . BxEX 15 x5 L5
\\;” - &ywxgsxmg“]"gx{_&z—QX%
l1
1 FO0xExs 63— T0x5xs
’ HXLB’XLE} g.sggox_’l_ex}’l
|-1
- }4_S+3,<96+ 34
3 4 6 | 2a0
=296+ 7241133136 o | .
= 8333-3996 3,.3p e
= 357,44 '
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Problem 142.—-In the following table # s the height above
sea level and p the barometric pressure, Calculate # when £=5280..

= 0 4763 6252 10593
=27 25 .23 20
(M.A. Aligarh, 1942
Solution ;
X 0 4763 6232 10593
a b ¢ d
Y 27 25 23 200N
Y, Y, Y, ~Yi'
Lagrange’s formula is N ™
=) (x—0) (x— d) Y+ (x—a) (x—¢) ( ,cw—‘d)Yg

T (@b {e—0) (a—d) "t (b—=a) {b—c); fb &
(r—a) (x—b) (r—d) |, | (x—aN=D) (x—0)

(c—a) (c—b) (c—d) Ya+ {d—BINd—8) (a’—qY*
(5280—4763) (5280—6252)%3280 10593)

S e = 0  (0—4763) (062330 10598)
, (5280—0) (5280 - 6252 16280-10593) _
(1763 -0) (4763—6282) (4763—10593)
(5280~ 0;:28%4?63) (5280—-10893) _ .
(6252--0) (62532 4763) (6252—10593)
_ (5280 —0) (5280 —4763) (5280—6252) - 20

(10393 0) 110593 —4763}(10593—6252)
o v SITXI5313x27
R GEBk 6252 X 18393
: “‘ﬁg e
320X 972 5313% 25
\‘~ " 4763 x 1489 % 5830

AN 5280517 x5313% 23
N N LA P P L et

O 5280 % 517 x 97220
N/ T 10593 x 5830 434]
Vi —— ATX243X483_ 12009725483
P20 T 433521 x 107 | 433X1489%53

4405517 x5313% 23 _ 320 47324
TRl % 1489x 4341 107 x 53 x 4341

By the method of logarithms
Yyoal == 2393+ 164847883 —189
 ==24-363—4283
=23'9347

i+ Barometric prcssure correspondmg to s 5280 is 23-9347
‘ﬁ N .=’ .

i
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- Problem 143.
from the following-d
censuses,

PROBLEMS IN STATISTiCS

~—Lxtrapolate the population of a town far 194¢
ata abouat its population during the previous four

-Census year Population in thousands
1911 473
192] 468
1931 454
1941 484
(M.Com. Raf\sg52)
Solution : KQ N
X 1911 1921 1931 1T
a b c ‘.t N/ d
Y 473 468 454 .Y 484
Yl Yg ‘{:3'\.\'. \74
Lagranges formula is \Y%
. v o fx‘— {x-—c) {x—-d} N\, (x—a) (x—.-: {x- -—a'}
® a-—b(ah-c) {a— d)\ W—aj (b—c) \o— d)
{(x—a) (x—8) (F=2d) (x~a) (x—8) (x—2),,
(6—a} (c*—b’) (c-d) (d—a) (d—b)d—o) "
. —1921)(::-—1931)(.1: 1941)
AYe o= o b
(IS 1921y (191721331 (To17 1941 X473
L. {"x’—-—IQH}(x——193l) (x—1941) 468
ADIT-1910) (19311931} (1931 — 1941) ¢
Y
G (e—1901) (v—1921) (4 1941)
\x’"(1931-1911) (1931-19317 (1931 = joqy) X 454

A Io1 1) ¢ (1941 =1921) ¢
\s‘li"&’lgaa L f1946—1921)(194651931)(1946 1941)
o\ )

&

(]946-—1911) ]945%193]) (1946

(x-—19] 1) {x—1921) (x—10931

102030

10x 1o %20

1921 "]937) < 484

x 473

=194 4es

_ (19461911 (1946 1921y (1945 1941
0x10xjy
L (1946—191}) (19461921 ) (1946~ -1931)
- 302016 )
FsxBys
01 30 468
73-5><26><1—5"X4§4
9x 19 - Sey.i}e-xl-&
Yigie =147 81254614-25_993.1- 4105875
Yiagg =532:0625

x 454

X 484

-
Yy
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Henge papulation of l94é is extra,polatcd as 332 thousands
approximately.

Problem 144.—¥rom the table given below, interpolate the
aumber under 30 years. Use Lagrange’s gﬁrmu

Ages ( years) Popufalzan occupried per 10,000
10—15 193-3
15—26 880
20—-25% 933 .
2515 1636
35—45 1201
45-35 830 O\
(Aild. M.4.,.395%)
Bolution : N
Ages under (years) 3 15 20 25 35 /49 55
g (years) ! ; - 7 \g F o

Population occupied Y, Y, YV, *:)‘ Y: Y, '
per 10,000 Y 1935 10735 20U€\5 3642:5 48635 5693 5

Lagranges Formula is \'

_ x-fa)(x*-r: Hx— d)(x—*ﬂ}{'k—-f)
¥ a—dHa—c (a—d)(rﬁ—ﬁ Je—f)

(b—a} —e L‘bvd(b-—e, b—f)
v g \Q}{x d)(x—e)(x ~f)
e—at «;gb) (—d)e—e)(o—F) X8
(35 @YF— ) (x—0), {(x—e} (x—f)
T S B e d—f)
D —a) (x—B) (v = e a—d) (x —fly.
\ {ema)ie—b}(e—-—c)(e—d} —~_}‘)

‘.~7:" (r—a) (x—b)(x ~c) (x—d)(x—e) o
~O Ty (=g (- a7 Yo i
\'. {(30—120) (30—25)(30—35)(30—45) (30— 55)X1935§‘

" Yo IS 00)(15-25)(15-- 35) (15— 45)(15=55)

(30—15)(30—25)(30—35)(30~45) (30—50) ”35
(20--15)(20—25)(20—35)(20—45) (20 —55) *
(30—15)(30—20)(30—35)(30 —45)(30—55) _,, 0%“‘5
(25—15)(25—20)(25—135)(25-"45)(25—55)

P (30=15)(30—20)(30 ~25)(30—45)(30—55)  sc0 s

TT(35-15)(35—20) (35— 25)(35—45)(35—55)
(30— 15)(30~20)(30—25){30—35){ 30— 55} 12635
"(43-15)@5 30) (45— 25)(45 —A5)(d3= {SSJX 3
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(30—-15)(30~20) (30-25)(30—35)(30 ~45) ey
(35 1_5)_('55;2@(55—25){531}35”55“43) .
oS X 15 %259 s_BEXEXEN 15 25 10735
O Yao=gr 1 2,049, ™ S o FEX 255 350

Lh

: 3 — ..'}
5 B x o x5x X25 §;2006'5 +'FS>< x5 3595

- % 36425
+lft-)’><,§r'§”< %f;}__x _lg\x. 2015 1-9 A .’.{‘:) <20
et b ‘- —
-'f5><__4’?><_5_5<‘5?$§‘5’x4%3-5+7_ G XH0x5:c5x 15
T3S0 fei p X 4 4035330502010
e = RN ey s

TRI9S 310735 1520065 I5% 36425 (G35

o Y=o 7 6 2 s
| | - N\, 35056935
K N\ 448
. D
v, 957532205 (300975 | 54637948635 17070 5
e i P S 16 T Lay

h or Y30:15'1—460'07+1881'1+i70'ﬁ%¥\4130;3'9f38'1
" or Y30=36417—763-97 \ '
o Yy=2877-73 O

Therefore the numbers un.ﬁ,‘e;'“?:() years Ages are 287773 or
2878, appr. ON°

Problem 145.1, s, ré’q’tlired to find the missing vafue in the
ja!

B following table, Establig any suirable formula for interpolation and -

find the missing value.y

Serial Ny, \ \\ Value - Serial Ny, Valus
QO 64577 53 1-7849
AN 34531 T 1-6874

N ; o
A& _ 1521 9 1-5646
NS 10 1-5232

o (L. C S, 1940
S_Q{ufi‘on :
\zﬁl 23 4 s 7 8 9 p
Y{l Yi Y. Y3 Y"l Y v . -
: - . 5 - Y‘ Y, &
64577 3-4531 2-5604 21520, 17349 L6874 16177 15645 5232
Newton’s formyy for one missing vatye js
~nY, -1, mr~T) (3
Y, ”Yﬂ“l“f" 1__>(_:-3__& st—n “-"'-'—l*gz;j--'f- Y'—a‘f"- =0
9x38 O%8x7 9 S =
Yy~9Y, 47 %5 Y, X0XT o THET NG
P Y 1,\<:><3'Yﬁ'+zxz><3‘>a'y-’*
_Ix8x7 XEXS S vgry EX5x4
AxEX3xancs vy XX 3% 558 Y
i

ER )
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9x8x?x6x5x4x3Y_+9x8x7x6x5x4x3x2
IX2X3XAX5%6%7 lx7y;x4x5x6x7x8

QXSY;{_\iﬁ.X?)‘{XSXLX] Y 0
EX2XINAAIXEXTXEXI 0*

or  Y—9Y,;436Y,—84Y, 1 126Y, -—126Y1+84Y —36Yz+9Y
=0
or (Yo=Y} —9(Yy —Y)) 4-36(Y; — Yy) —~84(Ye— ) 4 126( ¥, —
_ . _ Y‘1 —
or  (1'5232—64577)—9(1-5646—3-4531)-1-36{1 617725604\
—84(1°6874—21521) +126 (17840 =0,
or —4:9345-- 9 1"8685—36 X 90427+ 84 %4647 LA™
+126(1- 78482 Y,)=0
or  —126(1°7849 ~ Y,)— —4:9345 169965 33 91’724» 39-0348
or 126 Yy=126 178493887174 560313, \
or 126 Y, =242-057

Y,=1921 Y
..\ N

Therefore missing value is 1921, N

S

Problem 146.—Interpelate the missmg figure in the follow--
ing table with the help of a suitable formula :
1911 1912 1913 1914 1915 1916 1917
1331 17:8 2197 3N 3375 © 4056 4913
' 9 (A.A. Delbi, 1953)

P4

S
Selution : <
X 1911 ANI912 1913 1914 1915 1916 1917
WO Y Y. Y, Y. Y. ¥
Y l331~ T 1728 2197 3375  40%6 4913

Ne“\ons formula Qr one missing value is

{ I} &r ﬂ'(n_—l) (?I 2} Y.n__s"‘---l:O

\Q%”;RYMY+_TX2 1%2%3
_6x5x4x3x2 5 6xSxax3xax] o o F
1x2x3x4x5 *7 IxX2x3x4x3x6 " 7
or Ys;ﬁys_;_ 15Y,—20Y,+ 15Y,—6 Y4V, =0 .
or (Yt Y,)—6(Ys+ Yy F15(Ye+ Ys) —20Y,=0. f

or (4913--1331)—6(4096+1728) +15(3375+-2197)— ZOYs—@- :
or 20Y,—=06244—6 5824+ 15X 5572 :
or  Y,—2744 ) ;
& Missing value is 2744,
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Proklem 147, —The annual %g_ales of a concern arc given

Below : _
Years I 1913 1920 1925 1930 1935
Sales of cloth in L
of yards ¥ 125 163 204 238 282

Assuming the conditions of the market to be the same, estis
smate the sales for the year 1940.

{M.A. Paina, 1941}

SBolution : i
X OI915 1920 1925 1930 1935 1940+
' Y, Y; Y, Yy - Y, Ys‘\
Y 15 163 204 238 282 &
% Newtons formula for one missing value is ~\ g
#{n~—1) n{n—1) (n—2) D T
. Yy 157 Yoz 1X3%8 n—'3+---
- 5x<4 5,<4><5 5><4\<3/- .
a— Y
@ Yo Ve Tos Yo Yk Lo s V8
L 5x4x3%2 72\1
TR23Rdxs =0
or  ¥;—5Y,4 10V, +—IOY3+ 5¥,— V=0

Cor Yo—5(Yi+ Y10 Yy—sz)*Yg_
or Yi— 5{282~—]63}“—|-101238 204)— 12520
or Y;—3x 1194:’Qx34—~125=0
or Y;—5054340% 125
; ¥, = 380
N \ The missing value is 380,

Pr@m 148.—FEstimate the annual sales of cloth for 1933

from \"\ﬁﬂlo wing records of a cloth dealers
&Y Year 1920 5
1925 193 35 - 1940
\Baie of cloth in : . ° 1935
Lakhs of yards 250 285 328 444
) : (M.Com., Allahabail, 1944)
Selution : S
| Newtons formula for one missing value is
?
— 4. ale=1) mn—1)n—2)
.. Yn nY’n-l 1}(2 Yﬂ‘“%" -\1-;—{23(3 - X a2t :0
& X - 1929 1925 1930 1935 1940
1] Y[ Y‘ Y Y
Y 250 283 328 N a4
Yr4Y.«r.‘+---4->—<--3—Y AX3X2 . 4x3Axaut

X2 T TRans Yt i3 a¥e="?
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or Y;—4Y;+0Y,—4Y, 4 Y;=0 -
or 444—4Y,+6 X328 —4:2854-250==0
S 4Y,;=1522
o Yy=3805
The missing value is 380°5

) Proble_nl 149,—Give an estimate of the population of Bengal
in 1911 and in 1941 from the following figures. '

QN

Year 1881 1891 190} e 1921 1934
Population : L)\
in Lakhs 363 391 421  wus 467 o\ 501

(B.Com, Agrd, 1940}

Solution : )

X 1881 1891 1901 1911 .a92 1931
Y, Y, Y Y, Y, Yy
Y . 363 391 421 ) 467 501
Newtons formula for one missing valite'fs :
, na—1), _8w=1) (1--2)
R T Y""{;Z; IXZx3
S Y 5Y, 4 10Y, — [0V, ffSY;— Yo =0
or  (Yy—Yo}—5(¥,— Y 10Y;—10Y, =0
(501—363) —5(467<3391) + 10, —10 X 421==0

or  10Y z_@@;ﬁsmsﬂzio
or IOY};:{}SZ
V=452
~ _ Pophlation in 1911 is 4452 lakhs.

NQ\&”ﬁxtrapoIate population for 1941 we have the table as
btl{)\-\g?:; : :
~\§§> ©Jsst - 1891 1901 1911 1921 1931 1941
’ Yy - Y, Yy Y, Y, Y; ¥,
Y 36 391 421 4452 467 501
Applying Newtons formula for n=6 we have
Yo— 6Y5+ 15V, —20Y, + 15V, —6Y,+Y,=0

Y_n-—&”‘l’ =0

O

H

or Vo= 6{ Y5+ Y 15(Y,+Y,) —20Y,+ Y, =0
or Y—6x 892115 x 885-—20 % 445:24-363=-0 g
or Y, — 5352+ 13320—8904 363 =0
or ¥, — 14256413683 =0,

or Y, —573=0

Y,=573 '
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Population for 1941 should be 573 lakhs.

Problemn 150.-~The following table gives the population of
Indore at the time of the last six censuses, ¥

ﬁ:‘ a3
Year . 1881 1891 1201 1911 1921 1931‘)
Population 75401 82984 36636 44947 93091 127327

Fstimate the population for 1941, ‘
{B.Com. dgra, 144}
Selution :

I the given data ot population there are sudden jumps duriigs
1511 and 1931. Hence the value for 194! canhot bc c\([rclpoitft d
directly.  We will fiest interpolate the value for 1911 and tlen/for

1931 and with the help of these interpolated datas we will determine
populaiton for 1941,

-
7

(i} To determine the value for 1844, AD :
. &V

X 1881 1891 1901 I 1921

¥, Y Y, T oY,
Yo TS0 82984 86636 V... 93091
Newton's forfnula for one missing \aiu IS
Y,—nY, _|~__.n_f"n Yoo n_{:_rz-—- U (n=-2) 2oy o i =0

el 153 -3, '1 o ZXJ P e P

S YAV L 6Y, - 4Y, 4 vsw

or 93091 —4Y, 46 x 86586 - 4 5 82984 475401 0
or Y,~=80168.

4 is e
(i} Yo deterniige' the value for 1935.

X 1881‘ 1891 1901 911 1921 1931
Y, Y, Y, Y, Y,
Y ‘75401 81984 86686 89163 9309t

P m‘ug n=35 in Newtons formula we have

O Yi=5Y,+ 10V, — 10Y, 4 5Y, — Y, =0 N
AT - Y6-5% 93091 + 10 % 89168 — 10 x 86686
<\; +5 X 82984 —75401 =0.
or Yo~ 465435+ 891680 — 866860 414920 75401 = 0
or Ys—101116=9 -

Y,=1i0itts, _
(z it} To determine the value for 1941,
X0 1881 189t qop¢

§ b I81E 1921 1931 194
_ LY, ¥y Y, Y, Y, Y, Y,
Yo 70D 52984 86686 99168 93091 101}16

Putting n=6 in Newtons formula we have

G Y6 Y15 Y20 Vi 415 Vo6V oy
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of Ye—06x 101116415 % 93091—20--89168+ 15 % 86636
- —O0Xx 8298475401 =0,
Y — 606696 41396365 — 1783360 L 1300290497904
+75401=0

[ #]

e

or Yy—115904=0
or Y =115984
Hence the extrapolated population for 1941 is 115904,

Problem 131.—The age of mother and average number of
children born per mother are given in the following table. Find by
any method of interpolation the average number of children bogs
per mother aged 30— 34,

L\
Age of Mother . Number of Age of Mother J\gn\zﬁer of
Children : \ \Ghildren
15—19 7 30—34 N
20—24 21 35-30 " 57
2529 35 40--44 N\ 58
(P C. 8., 1043 M Com., 4Ld., 1946)
Solution : ’::\\“ ’
X Y N X Y
1519 7 Yo AV 3034 . Y,
20—24 21 Yy o 35--39 57 Y,
2529 35 ¥ 40—d44 58 ¥,

Newton’s method forons gl:xji:s'sfi;ng value is
. n{n—1} _, N #{n—1){n—2}
Yo—n Yoy + 1>’<’"2j§"”‘2 T Ix2x3

putting n= vehave

Y o 3y - 10Y5— 107,57, — Y, =0
58— 52057 L 10Y;— 103545 % 2 [T =0
or s-sx<i§§+10&fa_35+_10'5_-7:.-_-0
or 1%’—47‘9=0

.‘.;%s =479

\. Expected number of children born per mother aged

“N\NY O 30--34is 479, S

Problem 152.—Estimate the outflow of gold from India in
193738 from the data given helow :—

i)
I
)

.
Yocs

Average value of net exporis of gold coin and Bullion.

Year . Rs. . g
193334 895632418 o
193435 525374607 -
193536 - 311535953
19363740 o 279461 |
1938-§'9"’1 ¥ 932602068

(M. Com. Alld., 1948}
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Selution : :
X Y
193334 895632418 Y,
193435 325374607 Y,

- 193536 373558355 Y,
1936—37 278461129 Y,
i937--3 Y,
1938—39 232002068 Y,

Newton’s formula for one missing value is :
n(n—1) n(n—1){n—2) - N
Yﬂ_ﬂYﬂ=1+W2‘Yﬂ—2 T 1x9%3 Ym-a+......_q~ \
For n=5 \ N,

Y5 —5Y, +10Y,—10Y,+3Y,—Y,=0

or 232602068—'?Yl—t—10><2;846i[29—10x37?538§i5
+5 X 525374607 — 895632418 — 0

or —5Y,-+5644086393 46312219680

or —5Y,-1012864425=0 N>

& Y, =202572885, \‘

Hence the estimated valae of OLU,ﬂow of gold in 193738 is
202572885. R\

Note ©  The result, at the, ﬁi‘st ;ook seems to be wrong. But,
in reality, it is obvious due to'the fact that the values of upper 1tcm&;
are considerably higher than lower values : ; that results in this type
of somewhat urlexpccted 1 £esult,

Problem 153, itsﬁmate the valuc of imports in the vear 1913
from the data givem below

Yeap';™ 7 Value of Imports in Rupees
kglf) 39202000
A1 : ' 26510000
Or912 26163000
O 19013
QN 1914 33755000
~O 1915 32987000
V 1916 27431000
(M.A, Aild., 1950}
Solution :
X Y (Rupees in thousands
1910 %9402 Ye )
1911 26510 Y,
1912 26163 Y,
1913 S
1914 33755 Y,
1915 32987 Y,

1916 27431 Y,
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Newton’s formula for one missing value is :

Yo—nYa  + ?3,(_ I}Y” L nln=1)(n—2) Y,

Ix2x3 e =0
For n=6.
—6Y,+ 15V, 20Y,+15Y,—6Y,+Y,=
27431 6% 32987 +15x33755—-20Y, 15 x 26163
) —6x 26510139202 =0
or 965403—356982—20Y,=0

s 20Y,=608421

Y,= 3042105 L\
Value of Import in Rupees is 30421050 in the year 3313

Problem 154.—Below are given weighted mdéx numbers:

of cost of living of labourers in an industrial cexthz®” in  India..

Interpolate to find out the missing index numberdor 1933 to the

nearest integer, using all the figures :

\'ﬂz’“
Year 1930 1931 1932 \s 1934 1935
Index No. 173 149 145 131 i4t
(M.A. Agra, 19383
Solution : '.

X 1930 1931 1933 1933 1934 1935

Y, Y, L A\Y: Y, Y, Y,
Y 173 149:..,} 145 131 14L

Applying Nc‘-vton\%’ﬁnula for n=35
Y 5Y,+ 10Y, 10V, +5Y; ~ Yo =-0.
1415 1390V, — 10X 1455 % 149—173=0
or 10V f886—2278=0
or '@‘—139"
A Y, =1392
\ “NThus the index number for cost of living for 1933 1s 1392

Problem 155.—-Obtain the estimate. of the mising figures
below :

Value of X 20 2 272 2:3 24 25 26

Valuc of Y "135 .. Q1L LG 082 44
{LAS.)
Sohation : ' .
X 20 21 2:2 23 24 2-3 2:6
Yy, Y. Y. Y. Y. Y, Y,

Y 135 » 111 'l[O 2 082 074
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The two missing values are obtained by solving the €quations

-1 n{n—1)(n-2)
Yoot S Ve TNy 0oL
— - -1V — —
and Yoy~ (n—1)¥,_p+ "= P—fzﬁ&fﬂ_r-r”— ]ffi'j)é@ =3
Yot oo =00 (2)

For n=0 these equations become
Ye—6Y;+15Y,—20Y ;41 3Y,—6Y, -¥,=0 .
and Y3 5Y,410¥,—10Y, 4 5Y,— Y, =0 N\
these give ¢ Oy
0746082 +15Y,—20% 110115 % » 111-—6Y\—1 135—=0
and  082—5Y, -1 -110—1Gx - 1l +5vy,— 135* 0

or 15Y,—6Y,—818

or —SY, b 5Y,— 063 NY

or 15Y,—6Y,="818
—15Y,+i5Y :;@‘,\

Adding , +9Y 51007

. ‘,Y1= 1119

O YV,=0993

* for values 2-1 and".?"-’-l'ofX the values of Y are 1119 and

-0953 ;espcctivelv A

T\
FProblem 156.— Imeroolatc the missing figures in the following

table of rice c,ultlvat'?m

--'S:thtion :

Year Acres'ln rmlhon Year Acres in milliong
1911 ;’\'766 9t

1812 70 787 1917 806
igf}i\:\ . 1918 776

-7 1919 787
195 787 57
NS (B.Com. Agra, 1957 s M. 4. Agra, I1550)

x Y . x Y

19i1 766 Y, 916 Y.
1912 787 v, 1917 e vl
1913 s Vs 1918 76yl

¢ 7Y 1919 ¢
1915 %7 Y, BT

“Two missing values ars obtained by the €quationg

- fz_(?i——l} n(n—1) (’w-é}
‘_(ﬂ RY?¢—1+ I)%_Z_ Yﬂ—2_" - l_ 2X3 —Yﬂ,_a—[— ......... =0
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and Yn -1 ~(n——l
(n—1){(n—2) _ (n=1)(n—2)(n=3) -
+ lXZ Y . ]y2\<3 _Yﬂ-d.‘f".........‘..-_—-o
for n—%8

the equations become
Y, —8Y,+28Y, —56Y,+70Y,—56Y,428Y,—8Y, - Y, =0

and Vo 7Y 4 21Y; —35Y,4 35V, —21Y, 7Y, — Y, =0
or 787 —8 X TT6+28 X 80°6— 36,470 % 787 — 56 X 7T,
 28Y,—8%787+766=Q
and 7767 X806+ 21Y,—35 X 787+ 35X 777 — 21887
X787 {66 =0
or - 56Y 4 28Y,=--2319"5+ LN
and 21Y,—21Y, =493 . ...§::‘ '
or 2Y,~Y,=8284 \¥;
and V,—Y,=235 RN
Y,=8049 A
Y,=78"14-

Therefore in the year 1913 and 1916 the areas under Cu]tl—
vation were 78'14 and 8049 mllhon acres

Problem 157.—With the help of any formula of extrapola-
tich estimate the popu!auon of Jaipur ih 1961 :

Year D°1901 1911 1921 1931 1941 1951

Population 5 17 143 126 150 175 292

{in thousands) () _ _
) : {Raj. M.A. Old course, 195%)

PR,
Solution : \\ .
CX ANTI801 1901 1911 1921 1931 1941 1951 1961
Ny, Y, Y, Y, Y, Y, Yy Y,
FaN) 165 167 143 126 130 175 292 ¢
a \
S\ Newtons formula for one missing value is

nln—1 —1}{n—2 ,
Yo¥ui 5 Yems M 305 Yaosn 0

V7Y, +21Y;—35Y,+ 35y — 21V + TV, — Yy =0

T X 1x 17535 X 15035 126 — 21 x 143+7
Y, —7x 202421 x 17 + 20214347

or Y,—2044+421x32—35x24+1169-165=0
or Y,—2044—}-672-840+1169—-165é0

or Y,—3049}1841=0

or Yy--1208=0
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Y,.=1208.

Therefore extrapolated valve of population in 1961 is 1208
thousands. The value comes out to be very high which is due to the
fact that the diffcrences in the values are not regular,

Problem 1£8.—From the following table of membership of a
certain club, calculate the probable membership for 1943, assuming
a lincar law :

Year 1931 1932 1933 1934 1935 1936 1937 1938

Membership 508 524 539 3556 574 590 604 19

Year 1939 1940 1941 1949 :

Membership 638 655 671 690 O\
7'\ “

Is your conclusion valid 7 Ifnot, why ? .
: (Andhrg-E\Com., 1943)
Solution : ’\\ '
X 1931 1932 1933 1934 1935 1936 1931938 1930 1940
Y 508 524 539 556 574 590 604" 619 638 655
Yo Y, Y., Y, Y, Y{ DY, Y, Y, Y,
X 1941 1942 1943 NS

Y 671 690 ? -
Y Yy Yy RN\
Applying Newtons tnctlzo,&'fbr sihg]c'm_iss'ihg value we have
v M=) Can—Dm—2),
O P T R
. Yﬂ_len& Y’m—220Y9—|—495YS—792Y7+924Ys-792Y5
. +495Y, ~ 220V, 66V, — 12Y, -+ Y, —0
or Ym—l;z'x 690~-66 X 671 —220 % 6554-495 X 638 —792 x 619
“+9242604—792 < 5904495 X 574—220 X 556466 % 539 12
~L L x5.41508=0
QPN — 12X 1214466 X 1210 - 220 12114495 x 1219792
& X 12094924 x 604+ 5080
WO ot Ve~ 14568479860 - 2664204599940 957528 1 555006
\ y _ +3508=0
of  Y,—1238516--1238404 =0 :
or Y—1i2=0

Ye=112.

Therefore in the year 1943 membership comes out to be 112 ;
which iz not valid.: o ;

Because the differénces in the values of Y is not regular.

Problem 159.—Find out by interpolation from the following
data the number of workers earning Rs. 24 or more but less than
Rs, 25. ' -
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Farning fess than

Rs,
20
25
30
35
40

Solution :

20
296

X
&7

25
399

179

Number of workers

30
804

296
359
804
918
966

(U.P.C.S., 1948)
N
35 40
918 9686,

From the above wvalues of X it 1s clear that the dlﬂ'erenc;: bet-
ween any {wo coensecutive values of X is constant and hence the value
of Y for X—=24 (which lies between 20 and 25) will be detcrmmed by
Newtons Advancing Dlﬁ'crcnces Method. The forml‘rlg\ for which is

=Y5+t (AYy) +

l><2

—D (arvg s

, Hl—

where | —

INE2)

L >@>< 3
Valueof X for which Y is to be dcté(rhmec;-—-F;mt valve of X
Difference between any two' ocinsecutnc values of X

(ﬁlaYu)“f‘

and ~,Y, A®Y, ete. are determited by difference table as below :

"\ .
Rarning less No. of , #&) Differences
than in Rs. :  workers X . —
: YN Ist ‘ 2nd $rd  4th
—— V_ — - - i
|
20 | \896 Y !
2 K NSy | 505 ﬁgf | B LN T Ay, | g aey
NS TN b S RS
10851 966 Y, BLYs |
N '; L
\,WY N
/ o -8(-8 1) 8(-8—1)(8—2)
& Y =496+SX303+_,_1><2 {(—98)-}-—— 5353 X?
L B(8—1)(8=2)(8—3)
1x2x3x4
x2%x12
2964242741 252 x 98 +§--—6_~ 27
_8x 2;; 2__><22><18

=538+4+ 784+ 224 —-03168

=546"432
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Farning less than Rs. 24 is of 546'432 workers
and Earning less than Rs. 25 is of 399 warkers.
& Workers earning Rs. 24 or more bue less than Rs. 25 is
| p =5257,
% Problem 160 —Given
sin 45°=-7071,
sin 50°—-7660,
sin 55°=-8 (92,

sin 60°—"8660), £\
find sin 52°, by using any method of interpolation, A
{f}f §"; { 073)
Solution : R O
X 45 50 5550 60
Y 7071 7660 810 8660

The difference between any two conleaifive values of X is
constant and the value of Y for =52 lies, bepween 30 and 55 that is

within the interval. Hence applying LhKNcwtons Advancing Differ-
ences method we have the formula v

Y=Yo+r(mf}+-——]-’ P D) oy

where ”~:
e value of X for whic h“Y s tobe dctermmed —first value of X
o Difference between any two consecutive values of of X

wsi“‘@ —14
¢ \ N/ 5

and /\Y,; %Y, ete, are determined from the difference table
given bciow :

7%

i Y _ -
!xt\ > i i Fe
N\ Differences
?é'\\“!’ Y I —_— R — ___|. —_— —
A\ st i 2nd S5rd
NN _ _— i_. - -
a \"% . 1 !
B Yy 17071 i |
50 ¥y 7660 0589 AYy  — 0057 Ay, |
55 . Y, 8192 . 0532 AY, . Q064 Azx’ | — 0007 ASY
60 1 Yy 'B66U 0468 gvl : i L%

Y= (7071)-H (14 x0589) (‘ T?(-'ix-OOS:’)

1'd % 4x6
+( 1oy X 0007 )
== 70.#1—[— 08246 — 0015461000039
=+7880332
& sin 52°="7880532,

.
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Problem 161.—The fo]lowmq table gives the ceitsus population
ofan Indian State in 190F, 1911, 1921 and 1931,

Lstimate the population of State in 1924 making your method

clear,
Year 1901 1941 ]921 1931
Population 2797 2935 3047 3354

fin thousands)

(P.C.S., 19309)

Sclution :

: N
X 1631 1911 1921 1931 ¢
Y 2797 2935 3047 33340
Applying the Newtons Advancing DL[Tcrcnce;. method wés “have
Nt ) t—D{—
Y '_“‘In'i"tlﬁ-.Yn)+'iX (/2Y 9+ 1XK2%3 (ﬂ3¥u) {‘ =0
1924—1201 ~"
=" =23 N
I or A Yn, A Yo ctc. we have lhe Diﬁfe{e‘ncc tabIc as below !
Year Popuiation in i : o\ ‘]jl[lercnces
© thousands | 0N
X Y 1g§3 : 2nd ! d
___wol - 2;:Y _Yi?§ ______ - __‘_':__‘_"_
E 7 £y »{ 2138 LY : — 96 AW, ; . .
191 : y L% ET 0 ! Y
jot %ﬁ%gﬁf~;g§§ | Thes vy | 22 AN
1931 3354 Y _ o ;

—_—

——— - _s_\z_.—-—

23x1'3 2:3x1:3X°3
Y~Q®74-2 3138205 w26k T T X2
"?9? 431743887+ 32:5395
AV =31080695 |
\\ " Population in the year 1924 comes out to be 3108 thousands
approximately.

 Problem 162.—The following are the marks obtained by 492
candidates in a certain examination

™ .

‘Not more than 40 marks 212 candidates
r N It 45 4, 1296 »
L] 21 E3] 50 N 368 »?
2 2 I 35 429 - #*
: 60 . 460 "
LR FE EE R I . *
65 - 481 5
» EL L 2 490
3 23 5 70 k2 »

»» . s 75 N . 49?’ B ”».
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¥ind out the number of candidates who secured more than 472
but not more than 45 marks,

(M.A. Cal., 1995 ; M.Com. Alld,, 1947)

Solutior ;

To determine the number of candidates who secured more
than 42 marks ; —

X 40 45 50 35 60 65 70 75
Y 212 29 368 429 460 481 490 492

Applying the Newtons Advancing Differences mcthod we
have RA\Y;

Y:Yu‘:“f('AYuJ

4240 0
where = =g "= '»‘,\\
for AYG, A YG ete. we have the dlﬁ'epqgce table as below :
& E L & Diﬂ‘ermcg
EEQ%}' — _._';’~_____ ——
“las | il
Bl e Ist Znd ©  3rd WMk Sth Gth 7th
. E ‘
Z503 - | |
40 212Y, B4AYy s _‘ Y
E TS ?’ng'h}‘fﬁ&?"‘ A ‘—30 4 ‘
=4 4?512 GBI L AOAYRS LAY, 3UAAY 59[50?”‘120& 5y
60 de0y. S1AYal j0Aey DRyt —22 vy ~SLAMY|~ 10 ov,[21047¥0
G0 _-{-bﬁYj 21AY, & 2 —2Q31| ; 4Y| 09&5‘_( H
65 1481Y5 Ty iyt 32 SI4 5ASY &
701390Y, 51 y? {RATY| .
75 492Y i\,“ i | Lo |
ANV — e — _
¥ 4% 6x1
I 21244 % 844 bl ><12+ £><2§<<36
O LPUEXT6X26 90
\ 1X2x3%4d
)7, 4x6x1:6x 2636 5594 46X 16X 26 363 4 120
T T ix2x334%S IX2X3%4%x5xg — X

+4>< Ox 1Gx 2 6x36><46><56
TIX2XINANGx G X210

=2124-3364-1'44 4 064—|— 8324+17164-2:75543-858
=256'256=256 Appr. .
Thus number of candidates getting not more than 42 i 256,
and the number of candidates getting not more than 45 is 296,

No. of candidates securing more th

.. an 42 but not more
than 45 marks is 296 - 2356 =40,
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Problem 163.—Using any method of iaterpolation. find the
value of Y corresponding to X=21'64 (rom the following table :

X 20 21 22 23 24 25
Y 2737 3345 4041 4732 5496 6300
(£.A.5.}
Solution :
X 20 21 22 23 24 25

by 2727 3345 4041 4732 5496 6300
Applying the Newtons Advancing Differences method we havé, ™

RN ATL Gl PN s e J U SRS RE2)

1Xx2 1x2%3 > Ml
20164 —2
where i=—§4l -—0= 164 A\ 3
For A Y,, AZY, etc. we have the differencetdble as below :
—_— _.._ - — e —— - ; \:_ —
I _ Diﬁ‘erc@e\s.\
X Y | em m—m e s Q‘_ e T
| Tst I, ond N\ 3rd 4th ;b
! : ol ¢ i .
— ——— - _| . - = _'I_. - ; :_,_..': P _|_ JR— _..I e e—
0 9727 Y, | R\ i

21 . s3ysy) | 618 AYe | ey, P f

22 . 4pal Y: ‘ 696 AY1 5 AZY, ! gg §3¥u- | 161 &3Y0 _o72p5Y0
23 . 4732 Yy {NT3 ARYy g3 mayl (—111 &M

2300 AEIYs |76t D¥aN 40 pry, 00 LTV

= 74 : 804’. '-“4'” :
25 6300 Y5 ; \ﬂ\

164 x 64 [-64% 64436
J 1 rofs v oA x D&y
Y?%2;Y+164x618+ 153 x78_+ x2x3 X 3.
1A 54 x 36 136 16464 36 13632736 og,
R "&TXEZE'__XMH [x2%3x4x5 <2
AN 27274101352 +-87-73444-11:205 +-7-3899 - 58752
OF =575, :

Problem 164..—Obtain with the help of any suitable
interpolation formula the value of Y for Xm6'3' in the follow.mg
table, and compare the result with the value obtained by graphical
interpolation. Discuss l>riefly the relative accuracy and convenience
of the two methods.

Y oo | goes | ovase | awdor 24096 | 26500

e —————————




i8d

FROBLEMS iN ST

Solution :

Y =202564-2'3x 3(39151‘:@'131\

_23IX13 X7

AN s
Ix2x3x4 7024

:20-2564\%48’?4.-4515-1--0197~

21578, |
Problexi) 165, The followin

g
" candidates iI;rsq\eertam examination :

No\r@};i’e than 40 marks
';;'\ 2 45 1
_“::; EL] 50 i1
:"\’: MY 1y 55 1
.»\} e as €0 L]
oL L6

18

Find out the numb
48 but not more than 50
. 45 marks.

Solution :

To determine both the results tilﬁ

marks is to be interpolated,
X 40 45 50
Y 210 253 397

-

SO

er of candidates {a
marks.. (5) less t

ATISTICS

X 4 5 6 7 8 9
Y 20256 200625 21296 22-401 24-096 267561
Applying Newtons Advaneing Differences method we have
B He=1) ooy HE=D=2),
Y=Y b HAY) + 7 vy 4 D022 YO F
where = -6—‘?%_—%: 2’3
_ A
For /AY,, ATY, etc. we have the Difference table as belpw
T T T e e S DT
: |I Differences ‘“\
X i Y l —_——— . — _._ —_— _(_‘.:‘"._. ._ -
| L s 2nd i 3rd K2y R
_ ___I'_ _— — [ ___h.«}:._. _._.:_ -
4 ‘ 20'256 Y, | d
! - 369 AY, . - ;
5 20635Y, | 9,302 ARy, | ) a
6 | 21296y, | 071 Syt ety ,13§,§‘§§0 024 Ay
; SaaolYs 1605 AY) - e R ‘;‘g@\m&‘i 024 pry, O A%
24096 i . ; h DBV N 7S : !
9 | 26561 ¥ | 2465 AV, O |
- L - _ed .

3 5 .3._

IxIx3~ X132
N S P P

IX2%3xawxs ™ X
“0C063

%3024 23313 x

are the marks abtained by 492

210 candidates
253

307

381

413 -

492

LH
EL)
LERN
*3

1

}. who secured more than
han 48 but not less thap

(P.CS, 1954)

value for not more than 48

55

65
© 381 413

492
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Applying Newtons Advancing Diﬁ'crences method we have

i | Hi-- _2
where ;:@{4Pizl.6

For MY, ARY, ete, we have the Difference table as below :

Not more  No. of Differences

than can(li_clalcs e o .
X | | : | O\
marks ! 1st . 2nd i ~ brd 4th Sth
[E— e L I ,_\“A_,
40 210 Y, 2 Av. | : | O
i DYy AW IaNe g oy, o0
0 307 ¥, 74 AYy L ATV 6 Ay —TLAR 00 5 sy,
55 381 Yy 3 AY i—42 AZYy g le YAy,
60 113 ¥, Yo Ayt 14T AR N\
65 492 Yy Ats - "_.'
I 6>< 6 64
Y=210416x43+ -, =5 x1lg %ﬁx? X
16><6><4><14 ]6x6/ 41424
i 9AATA T T 222
i 2%3%4 -”Tf IR INAXS

Cor Y=2104-6884528-- 5%~l 59—2- 387
=279-53=280 Appr:y
No. of‘candldat@ securing not rmore than 48 marks is
289 e
", {a) No. ofandidates who sccured more than 48 but not
more than 50 marks 152307 280=27 .
&) Na.' oF candidates who secured less than 48 but not less
than 45 marks 9= 280—-253=27.

Prol:iam 166.—Estimate, by the mcthod of interpolation, the
Bxpectauon of life at age 22 from the following data, stating the
ﬁﬁsumgtwns underlying the formula used by you.

\ N Kge 10 15 20 25 30 35
l‘xpectatlon of life 354 322 291 200 231 204

{in years) -
{LAS., 1949}
Solution : '

X o 15 20 25 35
Y 354 322 201 260 231 204
Applying the Newtons Advancing D:ﬁ‘erences method we have
t{t— I(t 13(t—2)
Y=Y Ht{AYo)+ (lxz (A*Yo) + 2'><'3_" (A"Yu)-!— ......
22—10

where f= = =24
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For AY,, /%Y, etc. we have the Difference table as below @

Age IExpu:la.tu.u'l! Diferences
i of life in -
¢ 0 e . - _
Y lst 2nd 3rd P 4th 5th
10 354 Y, | , |
BRI AR ey,
95 260 Yy [T AY: |y MY; K &i? g eyl AR,
30 a1y, IT33AL% g fevy o N
35 2004 Y, 27 LY » O\
—___ —_— . _______4\ -
24 14 24><14§<*4
4 =243 —
Y=354-24x324 Tx3 gy - 1X2X1x4
L ZAXLAXANE o A WD 6x 16 .
1%X2%3%4 X2%3Ixaxs X
=354—7"68-1-"168 — 0224 — OJQQEL 005376

=27-85, NO

Problem 167.—The fo]lowmg Lgi‘ble gwes the quantities of 2
certain brand of tea sold at pricesfioted against each -

Price of tea per pound ) ‘Quantity sold in
(in Rs.) Q thousand pounds
1—4 —0 .\\m* 975
1-8 —0% 797
1—12-29, 659
2—0 \—30 560
2—4NZ0 49-9

A\

Esth_t‘g the probablc sale when the price is 1-—6—0 per
pound.

N . : (Patm, M. A, 1944\

S{Iﬁti’im -

Price of tea per

pound in As, X 20 24 28 32 36
CQuantity sold in

thousand pounds vy _ 975 97 659 560 499 |

Applying Newtons methnd for Advancing Dlﬁ‘erences we have
He—1)(i—

Y=Y bAYD+ 5D a vy 4 D02 o

1x2%3
2_2—_29H
0

where f=
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For AY,, AfY, etc we have the Ddl'erem,e table os oclow :

!
Differences
X .Y N e -
i Ist ‘ 2nd 3rd ‘ 41h
9“ - __i = I
2 975 Yo! 78 AY
24 797 Y, | T 24 A%Y 1 ASY,
B | g SRR nAn & e
S LRb sl gAY, as i
3 499 vy 2 | i O\
s im0 T sesrs (O
Y=—-975~5x178 — 153 x4+ Txax3 %1 :.\‘.
SxSXIEX2E AN
TIx2x3xd " 4 \:
=97-5—8-9—-54-0042+0156 Q
=97-5198—9-4 Y,
=§8:1i98 '\v

~ Estimated sale is 88-12 thousand pounds when the pnce is
Rs. 1—6—0 per pound. A

Problem 168,—Find an mterpoiatcd figure for population of
1496 from the following table ¥

Ne/

poar I8 2533?& g8 26070
Populati 25974° : -
cpatation ":‘\ (Nagpur, B.Com., 1942)
Solution : Y A\ '
X ~\J 1881 1891 1901 1911
Y N 25974 29003 32528 36070
Applyang Newton’s method of Advancing D H‘erenceq we have
t{t— 2y,) HE—1) (¢
Y\ Ym HA\Yo) - -(- — (A 1><2x5 (&3Yn)+
‘..\'.
) 1396-1881 )
\ V" wherc t=—""35 =13
For A Yy A YD etc we ha\«c tllt Dlﬁ'erence tab.l_fz_ as below_h_ B
Differences
. .
X 1st ‘ 2nd 3rd
1881 | 25974 Yo | 329 AYe | .
1861 | 29003 Y ; 4 496 AN —479 AY,
i901| 32508 Y ggi; aAYy | gy AZY 0
1911 | 36070 Y| ‘
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 Y=25974-41-5 % 30294 %;25_ %496+ | 'f;é%ixm
25974 1-4543°5-186129-04
—3073344
Therefore interpolated figure for population of 1896 is
3073344

Problem 169, —The following table gives the different pre.
miums at diflerent ages in a life Assurance Company.

Age 25 30 35 40 45 560N
Premium in Rs. 23 26 30 35 42 A48

Find the premium at age 28, ™

. R _
(Nagpur, B.Gom., 1044)

‘Solution : ' A0
X 25 30 35 40 45 50
Y 23 26 30 35 V42 5i

Newtons formula for Advancing Diﬁ'gméxﬁ:es methed 1s

Y=Yota )+ 50 (NN 622 vy

1x2 Y 1x2x3
2825 %N '
where o= T 2 =2\
5 M L
Tor AY,, /%Y, ete. jvcfh’}wc the Difference table as below :
T R e
I ) Ditferences '
L g™
« VR . O —
WA It b ond 3rd 4th - 5th
— |- _ -
25 57 74N N -
30 Sy 3 AYe g sy
= - 4 AY U0 Ay
G- > _ I i
45 Q\\‘g'g %rl- 3 MY, :IZ &2&¥1 1A SY(;L 1 AfY, —2ASY
A\ 7 AY, | 2& St 9 AsY, —1A4Y; g
AN 51 v IAY, ANE :
,..\~’ } &
x4 6% 4x1’4 2 g
Y=2346x3 X140 DTERTAXSE
ix2 <Mt TxZx3x 4 X1
_GxrAxlax2ax3e
Ix2x3xa4x5

C =23418—1240-—-0336-0457
=24'8---1993
=24-6007

Tl_'{z_tr_e_fore premium a_f age 28 is 246 rupeés. _
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Problem 170.—Find the annual premiums for ages: 34 and 36
nearer birih day respectively : R

Age nearer birth day Annual premivm in Rs.

25 : 2714 O
30 : 31 13 @
35 . 37 00
40 43 13 0 >
45 5212 0

{Andhra, B Com., 1944)
A

Solution :

Age X 25 30 35 0 B
Annua! premium O °
in As. Y 446 - 509 592 ’?01,,}. 844
Newtons formula for a“;d\rancmg Diflerences method is
1) ff‘x@}
[l+”(" Yi})+ 1 (&SD}_} ]-X\?-;XS (A3YU)+
25 K
where (Z) t-—:—34 57T 1-8 ~Nx\\‘
. 36—25 , A
(u) = - 57" = 2 _.’:’:;:‘

For AY, A%Y, efc. W& hau: the difference talle as given
below :

_+_w“_ﬁ_____m;§_ﬂ__ﬁ___ —
\.\\’;\ Differences : .
X Y \l : —— -
J|Io ¢ 2ud R |
2O | R A S —
—— g | |
£ 0 I 63 AYg | 20 A \0 i |

30 \” Y gz AT 6 n*Yg | Ly
ks 26 gh‘zY | ; - . 2 N 1]
a5 s\ 592 3;5 - 1689 th | 94 DY]‘-Z | 8 15311 i

»_\}g : 34’}; ‘;i 143 LYs | i
\' = I T
8 18 8%°2 o6
s ()X 34—446—1—18\(63—{— ;.J. K20— =553
18X 8% 2X12 o 5
Ix2x3x%

= 57354 Annas= Rs 35-13-6 o
22><12 22 1M2K 4
(1) Y33-446+7 263+ X204 F53% %0

= 611.49 Annas ES RS, 38'3'6!
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Therefore premiums for ages 34 and 36 are Rs. 35-13-6 and
Rs. 38-3-6 respectively.

Problem 171.—Use Newtons formula 10 estimate the popula-
tion in 1925 of a place having the following record :

Year : : 1891 1901 1911 1921 193
Population in thousands 46 66 11 93 101
' {Raj. M. A., r949)

Solution :

X 1891 1901 1911 1921 1931
Y 46 66 81 93 ) {gl
e
Newtons formula for Advancing Diﬂ‘erences is N
- ]) 2 t( t 2) "3} N
Y=Y +“AYI])+ (A Y + IX2X3 ', Yﬂ)"{""“‘
1925—189[ \V
where f= = __ 2" N
0 N\
=3.4 LY . \\ b
/_\YO, A Yn ete. are gwen by the follbwmg Dxﬂerence table,
_ ; : —A—
* Population .. . lefercnces
Year in | — — & _ .
X thousands . ay
; Y | st v"‘ 2nd ‘ 3rd | 4th
i__ ——— e N N | — . _|_ ____[____ .
1891 46 ¥, | .
SR R e e L
. = S R - :
1921 . B Y, \\12 ﬁg | —4 ﬁzrl | ! ﬂ‘wl .! At
1931 i 104 E | |
_ R N "\..’3_.. —_ = __4| — _——
3 x2 4 3 X245y 14
. Z 4590 e A0
. Y\461—3 X204 ° ><( =54 X% g X2
O FAx24x14x 4
~N 1x2x3x4 X,("'3J
~O =46+ 68—20'44 3 808— 5712 :
\ ) =96-8368

% Population in 1925 is found to be 968368 thousands.

Problem 172.—From the following table, find the number of
students who obtained less than 45 marks

Marks Nos of students
30—40 31
40—350 42
50—60 51
60-—70 35
70—80 31

(4lld. M.Com., rg52)
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Solutiom :

Marks more than 30
but less than X 40 50 60 70 80
No. of Students Y 3l 73 124 159 190

Applying Newtons formula for Advancing DiH’mcnccs we have

. t(t—-1) i {t—1){i—
S Yo+ 2 S Y Y.
45--40
'} U
where ¢ 10 5
r or / Y A‘ﬁ"lo cte. we h: have the Dlﬁ'crence table as be‘low
i - — — —
Marks more Differences Ny ©
than 30t but No. of __ _ . N
less than Students N
X I Lst ‘ 2nd : "xrd ’ 4th
- - _.__‘__ —|———|~'§\L- _: L
) !
40 51Yo a3 oY | RN\ !
50 - 3Y X Tn 1 Y {_\AL.Y\)I _.u5 ATy '
LT AN e ddY nal v ew
70 CaaeYs |3 AvE e :
20 ©O80Y, ' 3 P\ . !
e X5 Tswsxls .
1 ‘*:; v . " i
. ___Si :_XL5Z<. 2_5><47
N\ . Ix2x3x4
=314+ ﬂ_zif-,a\zs— 1-562—1-836
=524 '
—47437

Therel}qc, ynumber of studcnts getting lcss than 45 marks are
48 1learly§~\

%\ roblem 173.~-The following ﬁgur.es refer to the working of a
Tramw

2\ \, ' Rate per unit Number of passengers
4 iice
I' N ( }'5 } 30,000
45 - 40,000
4 60,000
35 100,000
3 150, 000

42.
L6t bable number of passengers if the rate be
Estimate the proba . o o 476 rom)
Solution : X \ -
Rate per unit X 5 45 4 3 :

(pice) _ .
No. of passengers Y 30 - 4 6o 100 150

{in thousand}
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Applying Newtons formula for Advancing Differences method
we have

t{t—1) —1)(t—
Yo Ya+t(AYu + —] XT (AﬂYﬂj I 1X2X3 (‘_ SYU)“" ......
where t=4—_%‘%5=+1‘6

For AY,, A%Y, etc. we have the Difference table as below -

Ratc per No. of | Differences O
unit passengers | __ T — e ALYy
{in pice) (m thousands) ; ! 1 &8
X Ty | 1t | 20d Srd AN #n
— - — e W
3 a0 ¥y, I 10 AY, ' : .'~.( .‘:|
. : ; ve 10 AT ' A
h Loy moaxs R AN LT 90 Ay
. | 'r2 40 [.\_Y:! Hi GYI v % 1B &:;Yl | o
35 |00 Y, 50 AvE 10 A IS
3 Co1s Y, - : \ i
- N

304 16148640448
=50-8—1088
—49722 thdusands.

&

Therefore prabable number of passengers if the rate be 43 are
49722, N )

Probleri}\ 174, —Estimate the expectation of life at the age of
16 years 1?5 the following data : :

Age in years 10 15 20 25 30 35
; Eg’;pectation of life 354 323 292 360 230 204
\\ {in years) -

Y

} ' T (P.C.S., 1951)
Solution :
X 0 15 20 25 30 35
Y 354 323 292 26 232 04
Applying Newtons Advancinc Differences method we have
R
Y=Yort (0¥ [T (arvy + LN g

where {= —-5— =12
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For ~Yg, A%Y, etc. we have the Difference table as helow :

| i -
Age | Expectation Differences
i oflife in | __ .
Years vears : !
X % Ist ‘ 2nd | 3rd 4th 5th
_..m | ) 4‘(_ ..... . ._.__i T _
' 34 Yy _a.
15 , 323 ¥, 1 AYe g vy, . _
, 2L 3l AYY —1 A¥Y, .
20 | 292 Yo ) 1.1 AZY, T, st | 6 Ay, -
. e =32 AV, 4 Tavh DAY | g wavt | =1 ANY,
25 | 260 Yy 2Dl fryy DRI payy :
ha.0 v —28 AYg ays —4 DYy | 7T -
a0 232 Yy _28 AY 0 AZY g O &N\
35 | 2004 Y, 4 | \
I R _ : 12 -) 8 o 1-} —’?\g_
22 LXCIXBX I
. =354 1 14 rES En Bl 2 -6
A Y=35—12X 31404 ST U LET
232 X8 X LR 28
P2 2X BR300

IX 23 3KWX5
=354-—3-724--00324-00864 -+ 012
=,=31.7. . . x.\\;
Problem 177.—What do you undefstand by interpolation ?
What are its uses ? Describe some mcthed of interpolation known

10 you, and apply the method in calggi’aﬁng the expectation of life at
age 24, using the following data : &3

Age 10 % 20 25 30 35
Expectation in life 3545 2220 29:06 26:03 23-11 2041
2 (P.C.S., B.Com. Nagpur, 1943)
) ~\
Solution:
X 19\ 15 0 25 6 35
Y 3545 3220 2906 2603 2311 20041
Applyin%ﬁév}vtons Advancing Differences method we have
o t(t—1) t (i—1)(t=2) , .5
Y—'\Yal:’t {AYo)+ _gx_l (AFY o) + Ix2%3 - (Ao,
O :
o) 2410,
Where =" — =28
AY 5

\\ ) For AY,, AFY, etc. weizaﬁ. t__lfle Difference t.a.ble as Pelow 3

i i Differences
Ag;e ! Ex.pecgation! [ p— —_—
T “‘3}‘“" st | 2nd 3rd .. 4 5th
i | |
e b e e N
10 | 3545 Yo |_3.95 AY, o e
15 ! fhat; - 0 -]l-&‘Yo o !
20 | seee V1B AL ar a2y AT 0 AT | g asy,
25 ‘ o v =303 AYR Ly pryyl (§ AT en atYy |
2 | 2003 Y3 997 AV, 09 ALYy A A%, B
30 Y 23'11 Y.; __2‘70 &Y; 3 .
20-41 v, & ; -

35‘
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28x18. . R
1> 2 X'1E+04-0

Y =3545-~28%325+

. . . -y .
L ZBXIBX 8212 w11
IX2x3x4x5

=35'45—9'1 42774004

=26'63.

Problem 176.—State Newtons formula for interpolation for
equal intervals and the assumptions underlying it. Use it to find the
annual net premium at age 25 from the table given below : Q)

Age 20 24 28 32
Aunual net premium. 01427 01581 Q1772 81996
(I_‘A‘S., 19560 ; Agra MM 1956)

Solution : R

X 20 24 28 O 32

Y 01427 -01581 01772 01996

Applying the Newtons Advancing. Differences method we have

Yo=Y, (/\Y)_[_._t_{t___l). {AZY,) R { .f*_’. }(t—2) (ATY,) 4
R D P A NS P BRI R R

where tz?sl-i—z(-)ﬁ—’—{];'%

For A Yy, AYjetc. we hayé';ifl_e Difference table as below :

: L~}\ Differences
Age Annualnet g -—
premium \+‘ ’ : ' T T
X i Y A\ ‘ Ist . 2nd . 3rd
20 ANSRT Yu 0154 AT I !
94 ' %&581 Y, oolol RY0 1 00087 A%y
o8 (ym72 v, o0 DOIOLAY, Q0033 Aay® | —00004 ABT,
52 AN 01996 V) 00224 AY; | AN
e _
AN _ ] T
\m; 2. Y=01427-4125 % -'00154+L21-->§2- 00037
125 %25% 75
e X:00004
:'01427+'001925+'000058—]—'00000]6

=-0162546.

Problem 177.—Estimate the population in 1925 of
having the following record ; . Pop - F’ a place

Year 1891 - 1901 1911 193]
Population in thousand 46 66 81 93 1?8}
' (M. A Rqj., 1950)
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Solution :

x 1391 1901 1911 1921 1931
Y 46 66 8l 93 1ot

Applying the Newtons Advancing Differences method we have
¢{t—1) ¢ (e=—-1){t—2

=Y} . ey oy o TN AT
Y Yoit(i\Yu)[ 132 (A ‘—’{:)‘1—_ P 2% 3 {(/A7Y o)
25—1891
where tzl—%—s- -&:3'4
10
N
For AY,, AZY, ctc. we have the Difference table as below:.
‘. J—
e P
| Population in ! Differences W
Year | thousands _ _ _ N _
< 3 — B,
| Lst 2nd "gﬁk" I 4th
S IS S NN
e ] ! \
1891 | 46 Y, 90 AY, AN ,
1901 66 Y - 0L =5 ARG sy |
i |8 v DAy b3 aph 2R | o Ay,
1921 | 95 ¥, 8 AY. | ThAY o
1931 ‘ 101 ¥y | Bl W _ !
I I . M
34334 34x24axi4
F__ . —_— - o —— 1
Y=d6+34x20 —~2 X3+ 7% 2%3 ®2 |
A _3ax2ax1dxd g
\/ 1x2x3x4

=46 4-G8-30-4--3'808 1714
—95:694.

Probléiﬁ”l?&——'"{‘hc following are the annual premioms in a
certain lifesiasurance Company for a policy of Rs. 300 payable at
the death'with an agreed bonus :

) “Age Next birthday Annaal Premium
O Rs. As.

25 : 2410

30 27—I11

33 3i— 9

40 36— 6

45 42— 5

Calculate the premium at age 36.
(M .Com. Luck., 1942)
Solution :

X 25 30 s 40 45
Y 394 As. 443 As, 505 As,  582As. . 677As,
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Applying the Newtons Advancing Diflerences method we have

Y=Yotinvp+ U Doasyy oD oy

36 5
where { 5 23 =22

For MY, AY, etc. we have the Difference table as below :

Age Next | Annual Pre- | Diflerences
Birthday ° mium inAs. o _ o Y o Y
| '
X Y st | 2nd srd (N
I S N €
. — — o
25 | 394 v, o
00 sy, b @ol | o3y, 2oy
35 i S05 Ya e ,5‘;’1 P15 AfY i 3.'[_\‘2Y0 1 ATY,
40 P 582 Y; 95 Ay: 8 A, i
45 Y £l \V
]
JR— — - . i |

i \ L
A Y=394422x49+ __><_2_ 45 2?2}22{;2 >

. :::‘ __f’_'2><1'2><'2><'8

o8 1X2X3%4 ~

o3

=3944-107'8-+17 .15+ 176 0176
=519118 Annas N

Thus the premlum\at age 36 is Rs. 32 As, 7.

Problem I?9\—From the following data, estimate the number
of persons earning ‘wages between 60 and 70 rupees E

Widges in rupees No. of persons in thousands
Below 40 250
\i 7 40— 60 120
A\ 60— 80 100
A\ 80—100 70
NS 100—120 50
.»\ W (M.Com. Agra, 1g5I)
Solution ;
Wages in Rs. below X 40 60 80 100 120
No. of persons . o
in thousands Y 250 370 470 540 590
Applying Newtons Advancing Diflerences method we have
, l) We—1)(s—~2
YeYothaYo+ T tiarvg 1 DDy,
where ;_70‘_40__1.5

20
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For &Yy & YD ete, we have the leference table as below :

Wages in No. of persons | Differences
rupees  in thousands .

X ! Y | lst 2nd :_ 4rd i 4th

— e —. - l — — — ! - . |__
Below 40 | 250 Yy |l 120 AY. i | [
» B SR Y 70 BYs | ! | 10 Aey, |H AT
. . 540 Ys 50 AY ‘“'90 r_l.z ! . O\
. 120 | 00 Yy L |
. B} 545 1 55X S k
' 1 5>; Sx $5 15
" 3
f§2x3x4 x 20

=250+ 180—7"5+625 4--46875
=423 6 thousands. N

Thus 4236 thousand persons earn w%es below 70 rupees.

. No. of persons earning wa,ges‘bctween 60 and 70 rupees
are=4236—~370=536 thousarxds .' A
Problem 180.—The fullt)wmcr table gwcs the quantitics of a

certain brand of tea demanded at prices noted against each. Esti-
mate the probable demansl:when the price is Rs. {—14—0 a pound.

Price of leca pen\gou'hd Quantity demanded in
Rs, As. A _ thousand pounds
I__-— {~.x n~‘ 82 5 .
£ B 708
Y12 - 631
-0 550
R\l - 489
RO (M.A. Al'd., 1942 ;
D ' RBaj. M.A., 1956)

~O
\Soiution :
Rs. 1/14{-=30 annas.

Price of per X 20 24 28 2 36
pound in annas. ' _
Quantity demanded Y 823 708 631 550 489
in thousand pounds

" Applying Newtons Advancmg differences method we ha,ve
y=spraavo+ F oD vy S R a4

TIx2x3
where = 3—04£-_25
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For A Yy, APY, ete. we have the Difference table as below :

Priccufi Cuaniity |

tea per ;. demanded Differences
lb‘ iIl in th(.)'l.lsand | _— e e e — . ..._..I [ R |__ e
annas Tls. : . 2, I
< v ‘ Ist 2nd i . 3rd | 4th
S P e -
20 BYE Y, . . -
24 0B Y, | -7 2ev| 4 pny, | ot oy, |
28 631Y, | Tot Ry, —rawg | i B0 | 68 adhy
39 590 Yy L TEi o0 2 Anyl | A%y |
36 B89y, Yy '

i N ’
| | | R,

.- — . — — — N
) 2IXTS 2S5 -5
Y825 -28x 1174233,y 2 ) 22; 2444
_EPNSs xS
' M 2x3x4
=825—2925+7'5-~1'375 42656
=35911 thousand pounds, \ -

.. - Thus the estimated demand ofy\ féﬁ_at a priée of Rs, 1
is 5911, ONY

Problem 181.— The lengih® of
March 19th ;14 hours on Aprl 18ih,

x68

i14 .n":"

the day was 12 hours on
and 15 hours 40 minutes

value of (z) the length
of the day on May 3rd (’bj‘}hc mean length i
period, March 19¢h tB\Mé'S} 18th. {
Sol_utiop s . R4 . .
(a) Since&the number of days between {9th March and

18th ApriHﬁY*;" 30 and also between 18th April and ]8th May
number ofdays dre 30 ; hence this is  the case of cqual intervals and

Newtous;:fdrmpl’a for Advancing Differences is applicalle,

\Also 15 hours 40 minules—15'65 hours=157 hours approx..

S0 X ‘March 19th April 18th . May 18th
Y 12 14 157

It is required to find the duration of day on May 3rd.

Formula is

Y=Yyt 1A Y+ D oy ey

x2x3 (LYo .
May 3rd—-March 19th
h. = e F_ 07 R ] .
where " Aptil T8h— Marcly 19:f

ASdays
T30 cTaﬁ“I 3
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For g_”_;Y[,\ f_\,zYo etc. we have the Differenice table as below :

I | Differcnces
Date of ohservation | Length of dayin . e
. hours I ’
‘ ; st i 4nd
: :
T e _|_. _ — _
March 19ih 12 ¥, - I
April J8th ] 14 Y, : 1.3 gzxu \ —3 A%,
May 18th | 157 Ya : 1 i
_______ — o = — o
. 1'5%°3
V=124 105%2— 5. 5 X3 SO\
+13 [x2 . _ \)
Y=1243—~1125
< 3

—14-88 hours appr.
=14 hours 53 minules approx1mately~

Length of the day on May .jrd \(J 14 hours 53 min.
approximately.

\

7

L¢
1230444157
(b) Mean length of the day= _’i;ﬂ‘“

-'—:4-‘{3—7 hours

hours

ad
‘«

" =13'9 hours.

N

Hence mean leng\rh ,nf day is 139 hours.
Prohlem 182:—The Gross profits of the Buland Sugar Co.,

Ltd. are gwen bc}qw :
Gross profits in Lakhs of Rupees

1.8(3?',5"\ ¥
19350536 1%85?1
38 _ _ .
~1§7P 13-68
A0 —42 1665
\"\ 1943 —44 23-29°

Make an estimate for 1942-43 and 19 44-45, o :
(B.Com. Raj-; _1949)

Solution : .
X ' Y
1935--36 436
193738 1264
1939 —40 13:68-
1941 — 42 1665 -
1943—44 2329

Applying’ the Newtons Advancing Differl?ﬁCl??f:_:mCt_.HOd we

have
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E—1) (t—: axr
Y=ot ta¥y 071 ey o i s vy

where ¢ year of mterpolatlon—war of origin
ere f= -

Time distance between "éd_]mnmg years
i for 1942-43

. (1942-43) (193536, =T _ 35
(1937~38)—(1935 236y — 5 =

t for 1944.45 . N\
A1944-45) (1935 _36) o - 45 &y
(1937-—38) (1935-36) Ty ‘}
For AYO, DY, ete, we have the Difference table aﬁ below
— T . .&-——-———-——
| L Dlﬁ"erenccs
Years | Gross Profit i )
X | inlakhs ‘T ————— ———j\' T T ——
. | of %vs, . I| :]St : i Znd '\\ 2rd : dth
193596 | 4ap v, .- | k:
193738 196y, | ;(“;f;f AYY 83 Aty, 867 Ay
1939-40 | 1368y, ! 297 Ay |93 Aby 174 2200 —693 Aty
1941-42 1665 v, | 664 &1 1. W 867 szg AFY
1943.44 | 2399 Y} s

(3) hstlmate of the Prc}}t for the year 1942 43,
Y= 486+35x7?8~\ 35X25_ X674 4 - 35x25%15

2 1X3Zx3~ X807
% _SX2Sx 1S5
’\. ) : IX2x35%4 — X693

=g &:527 23.- 29 4884-1% 936--1-895
-—Iﬂ 63 lakhs of Rs.

(ze) Estimate of the profit for the year 1944-45

Ve 486—[—45><?78 45?{3—5 X 67

-“45 i_x_‘zs 45x35><25><15
P ThaaxT - X867 IX2x3xq — X693

=486 - 35:01—53 (734+-36'897—17-054 °
==2604 lakhs of Rs, ;

- Thus the gross profit- in (1942, -43) and (1944-45) respectively
are 19:663 Jakhs of Rs. and 2644 lakhs of Rs, o
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Problem 183.—Estimate the probable number of incomes
between Rs. 20 and Rs, 25 from the following data :

Income in Rs. No. of tncomes
under Rs. 18 20
Rs. 10to Rs. 20 45
Rs. 20 to Rs. 30 115
Rs. 30t Rs. 40 210
Rs. 40 to Rs. 50 15
(M.Sc. Agra, 1955 ; M. A Raj., 1955 ;
P.CA)
p ;t\’
Sclution : _ o
Income in Rs. under X 10 20 30 ;'4’9 50
No. of incomes Y 20 63 180 /390 503
o\
Applying Newtons Advancing Diﬁ'erenccs method we have
—2
Yo b Yo e 4 &2 D (A e
* 2
' 25-10 . Z
where (=" g = *5 {:} »

For A Y, &ﬂfu etc. we ha\(e thc Dlﬁeren(,e table as below

: <\ Differcnces
Tucome in  No. ofin- _\} . .
Ks. . comes N\ j : '
X I Y M \ 1st 2nd rd 4th
[ -4 & };' I — |_ e e
under 10 p {10YU 45 [AY - wur !
under 20 x:. 5 Yy s YU : JQ ;’3"_&9 ! 9%, By i ) .
e 300180 Yy sl Ayt BANG g By, —215 81V
under & L3900 Yy 1i5 &Y; i—85 APY, ; i
unclepb 505 Yy . ) |
_\ S D = = - . ! s =
"\ N/
15X >< 5 1'5%5%°5
N Y204 1545 = T 12200% 25
_155xSXES gy
. . Tx2x3%x4
: =20—[—67'5+26'25-—1'5625'-—5-039

=117-15=117
Ng. of incomes under Re. 25is 117
No. of incomes between Rs. 20 to Rs. 2518
117-65=52. |
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Problem 184,
at 43-50 and 5(.55,

PROBLEMS IN §TATISTICS

~—The following are the numbers of deaths in
four successive ten year age-group.
¥ ge-group

(}aiculat_e the number of deaths

Age-group Deaths
25— 13229
35— 18139
45 .. 24225
55— 31496
(P.CS., 1952 ; M.Se. Agra, 1956)
N
Solution :
Exact Age X ' 25 45 o 55 ‘ ’\ 65
e L [ 1| _
Sum of deaths | | ; R
from 25 to Y ' 13229 31368 | 3539?\\ | 87089
- age stated

./L‘q:.piymnr the \Iewtons Adva.nmng Dﬁ}:re}rces mcthod we havc

Y=Y, It(/\Y}-Ir-m U (ary fL \13{1— (O AT
50 35 15’
xxl‘{t;:_rc = iny __.J:{_) = 1-

For [\10, A YO etc. we havc thc Drffcrence tabie as below

Exact | Sum of Deaths |

L Diflerences
Age | from 25 to Age ¢ ——— e
| stated T
'S % \ Ist | Ind | 3rd
i f——— 5 I A
35 1330, ¥, ! .'
B gNery; i BB8ay, oo
3 2425 AV, | Dod 1 pis as
5 | g3 }lz BB AY, | Tlaw; | M AN,
—_ _..“_{',__ —— — I
Q 15 % [5xsxs
O 5 .
) Y=132294 051813941 253 gngs 15058
) %2 Ix25x3~ X185

=242645-7 = 42646 appr.,

Thus nussber of deaths from 25 to 50
number of Deaths from 25 to 45 and from 25 ¢
31368 and 55593,

No. of Deaths between 45—50 are==42646 _ —31368=11278
~and No. of Deaths between 50— 55 are—55593. ~ 4264612947

~ Problem 185.—Given log;,654=28156 . s logy658 =2-8182
0g1y639=28189 ; log, 661 —2-3207,
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Find log,656 using two different interpolation formulae
available for observations at unequal intervals, say, Lagrange’s
formula and the formula for divided differences.

(1.4.5., 1956)

Solution :
{{) Lagrange’s formula :—

a h ¢ d

X 654 638 £59 661 2\
Y, Y, Y, Y,

Y 2:8156 28182 28189 2:8202 LN

Lagrange’s formula is

V- {x——b){:f_—_r_(;_c _E_(x_ a){x —c){x—a) Y
e b a—e(a— a’) 5 (h—a) (b—c){b— —d)

E.'\: a)(x--b)(x—a d} (x—a)(x-- E‘}R?v“f}yg

(e—a)c—ble—d) Yot (a1 ayd— b (dmo)

(656—658)(636— 659}(65(_:66___1_))28156
8 (650 —658)(654 - 630)(654 661

(656 654)(656— 639)(GI8-651) .o o

+ [E5E—653)(655— 630%858— 651) % 18182

656 —654)(656 —68B)(656 —661) 5 100

(659 = 654)(659-5653)(639 - 561}

655—634) (6% —658)(656—639) 5 oo
661-—65‘&; 61— 638)(661 ~659) -

(' }}f 5) 5 2
= 4)“‘5‘( 7} 8156

\*"( J(—l)( )Xz 8

‘. ‘.\+<2‘(_2( 3
\\‘ (5)(1}( 2)

' CH-=2(=3)
- (7)( Ty X820

28156 5% 28182
or Voppme 2XAN00, DB 5, pg1y94 2428202

— 6033 +7-0455 — 56378+ 8058
=2-83168 .
i 10g10656-——2'8168.

(i/) By the formula for divided differences :—

X 634 658 659 661
Y - 28156 2:8182 28189 28202

+ +

X 28189
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The difference table is as given below :

: Divided Differences

X i Y et e— —— — = e . —

Ist i 2nd i Srd
654 2-8156 o ot i |
9% 28182 28156
=T e = 00065 0007 0085 )
658— 654 = &34 O\

: =-03001

658 2 8182

' Csebonnzy
£, 2818928180 _ 03, e
#7 Tes9-gag 0007 ![,, OS5 —0007 | N DB1—-654
i | AT

N 0000038
, 661 65 K - 3 00033
NG i ' =} i
659 52 8189[ ___2"8202—38@gﬂ_00055 i 007 "\| \
T ™l i i K
661 12:6202] ’

— A -

Hence A\ ="00065, A% —-00001, 4;3\=~ 0000038

Formula for divided dlffcrencas as d

Yose=2 8i56+(656 654}'><‘ 00065
—[—(656 .QS4)(656 658) 00001
~\

65&-,654 ) (656 658)(656—659) 3¢ (- 0000038}
=2 8156+2x 00065+ (2)(~2)("00001) 4 (2) (—2)( —3)

Q (0000038}
=2,8186-1-0013 — 00004 — 0000456

. {{."g\xé’l 69— 0000856

8 =2-8168144
NS

< “Hence leg14656=2'8168144.

Problem 186 —By means of divided diﬂ"ercnces, find the valye
of ¥,y from the following tahle ;

X I1 7 21 23 31
Y, 14646 83526 194426 279846 923526
Solution :

X n 17 21
Y 14646 83526

23 31
- 194486 279846 923526,
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The difference table is as given below :

!

Duvided Diﬁ"ﬁrcnces:

X : Y . — . — = — — - e =
o lst Znd i 3rd i Ath
il 14646 Gas80 |
B i
=11430 | 52, 16260 |
17 83526 110960 10
Prgme 110960 1626 864 A
QY A
o | omss O VT )
= . o B - & ¥4 .k"‘—";
| e D0 a0 g 1288 25
42650 A gy
S R amen | =925
23 279846 as680 (DETTI0 RO
=g | =378 Q" |
! —80460 | T i
31 | 93526 | | 73 5
! | l A\ |_

I
— A

A, —11480, A2 =1626, A%=72, A=l _
Ylu=14646+(19—11}><11~¥§G+(19m!l}(!9~17)x1626

(19 —11)(19 - FAN9—21) X T24-(19—1 1(19—-17)
N (19—21)(19-23) x 1

1464648 % LI480F 16X 1626+(—=32) x72+128

—. 14646918404 26016 —2304+ 128
=130326: \*
~ Problem 187:—Given
(H0

X 42 44 45
Y M43833 46568 49431 50912
Use dividedt differences to find ¥ for X=-43.
Solution 3\*},
O 40 42 44 45
R N 43833 465.8 49431 50912
& “The divided differences are obtained from the table given below:
Vo o T Divided Differences L
XY T " 2nd | 8d
40 143833 | e I i
‘ /&1=27—;J=1367-5 | o [
! 3
49 i 46568 | : PR =16 -
RPN L SPPE IR * S S R
; | 2 95 5
4 49431 181 AR =165
i '| M= —-f = 1481
45 | 50012 | ‘
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M= 13675, AP =16, A% =
By the formula for divided differences
Yy =43833--{43 40} < 1367'5-+)(43—-40)(43 —42) % 16
+-(43-40)(43 - 42)(43 - 44) x -1
=438334-4102°5 4483,

=47983 2.
Problen: 188,—-Given A
Y 5p=303 Y 432234 ; Y,=38; Yiy=42 e &
e
Find v, e L
¢ & ‘:}
Solution : . . . "\\ 3
&v
X —30 —13 ' 20 18
¥ 30 34 33 42
The difference table is as given be‘k&{:'
: ; X g:Qi\Fided Differences
X . v i__._. oo L ..L\.t.:?".i e o 1= ———
! Ist Q A\ "‘ .End_ _ ' Ard
~0 1 0 R o
i A 2 3. N
. | AR Ty !
; : W= 235 P R
~13 1 3¢ - D>, T 8
A ?ﬁfg=_i'§ - =03045 B 00805
. xo\k,.l =25 I 016 AT 48_
i 2 L2, 016 2= 000001
3 \33} ! . o ST ;
gy 4 , =00051
S\ AT % i
. ‘:3" : ==26h . i . oo
\\ boa2 ! :
&/__ S S D i

Aa==235, A% =-00046, 4%, =000001
Yy=30+(0+30) X235 1 30 ¢ 13 ¢ '00046 =30 13 % 33000007
=30-47-05+1794— 00117 . | .
—37-2294—-00117
==37-22823,



"6HAPT ER VI
VéﬂRRELATION

According to Profs. Croxton and Cowden, “(lorrelation, also
called Coo-variation is the casual rclationship existing between any
two variables depicting separate characters, the connection being
that of direct cause and effect or of mutually reactive causes or the
like, the Go-efficient of Correlation being its numerical measures
ments’’, N

In the words of W. L. King, “Correlation means that hrtwecn
two series or groups of data there exits some casual connection:’”

When twao series or groups of data are compared, the\ one that

is taken as the standard of measure is called ‘Subject2{and the other
H LN . - ¢ foen? \\ |

which is compared is known as ‘Relative’s \

Croxton and Cowden has mentioned in  thelr book ‘Applied

Ceneral Statistics’ that the theory of correlation involves three kinds

of measurements : o\ '

/N

(4} An estimating equation which describes the functional

relationship between the t¥e variables.
{b) A measure ol the amoy-n%féf variation of the actual values

of the dependent variable from their estimated or com-
puted values. Tuds called the ‘scatter’, or standard error

of estimate anq~i$\calculated as :

) Vi 30—

o o= N
A/ y—y,=dcviation from the
O estimated value.
\"“\ N=Total number of
O\ observations.
_ oyy=Standard error of
O estimate.

/70 X
\¥
) 3 . . . - -
N\ {c¢} A measure of the degree of relationship, or correlation {r)
between the variables, independent of the units or terms in
which they were originally expressed, '
Some of the common formulas that are used to calculate
Correlation are as follows ¢ :
ptd
m o=

R. 0,0V

s—=Comefficient of Correlation.

4 n=number of observations.
cr—>Standard Deviation of X series.
c,—Standard Deviatior of Y series,
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[ Zxp is positive r=positive ; if Zxy is negative, r=negative]
Zay
P
L V- EJJ
3) = 2:-"7.._?3__0193’
N n G, 0y

A—assumed mean of X series,
B=assumed mean of Y series.
-E£=deviation of X from A

_ O\
r=deviation of Y from B

Co=true mean—~assumed mean of X series. {Mﬁ.\—\k]
O’r‘— 13 . T 3 IY] Y 3 IM@
() o= IV (o) RS

24 N\
no.o, &O
@ =true a\\%;}s.vc of X series.
t3=tru c\ax«'eracrc of Y series.
= a,ssfimed mean of X series.

)J‘*a umcd mean of Y series.

2xy— n[ .Ld’ FZd"]

dy=deviations of X series, -

¢ ,\ dy=deviations of Y serjes,
The above f‘cﬁ’n\mh {5) is als» written as
:\..,;' ., ‘\_' z?: . _EQ ..E‘r;, )
) : R
= {6) = ;)—é—_] r——_' _{‘2;]:2 ST
o, &/ 2_ L= —
\‘3 \/ [Ea Tw oL 7
”;'\\ where ¥= dcwauons of X series.
NN 7=deviations of Y series.
~NO

$V {7)  Corrclation from tabje :

© = \72_1:“2__ _E_H\/ q-sz >_:

{using step-deviation method)
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u=23 —assumed mean
p=Y —assumed mean
Xf=n

(9 " Rank Correlation:

[T SRl EOTa ’ 6“3:&12
P=i s
p—=rank correlation
d=rank differences

n=number of Observations.

—n

[The highest value is ranked 1, second highest is to be rargkéd
2 and so on for both the X and Y scries | AN

(10} Co-efficient of Concurrent deviations. S

i $[57] 3

rea—Co-efficient of concurrent deviations.
¢==the number of concurrent deviatiopg’
n—total number of observations. "

In this calculation, the differehces are indicated only
by -4 or — signs. Then the total nusper of concurrent deviations
for the X and Y series is counted ¢} and then the coeflicient of
concurrent deviation is calculatgd™S :

Nate :—=(1) It shonid bg’rﬁﬁiembcred that the value of r must
‘fa11 within the range of iCl\to +1. If the value crosses I, then the
3 .

7

caleulation is wreng. &>

(ii) CorrelationNs also kaown by graph, If the graphs of
the subject and thexelative move in eympathy, there is 4 correlation,
if they move in opposite directions, then negative (—] corrclation,
if one curve p\}"thc other, then there is no correlation at all.

'(iiilo%{jf:ﬁnding out the walue of Sxy for the tabular data
(Formuia™ 7 and &) the following poinis may be taken into
cosidetation : .

m\.J .
\J (& Mid-values of X and Y scries can be known to make
the calculations easier.

{(h) Products of £ and 4 should be placed on one corner of the

value table,’ 400 | | say 400 in this example. Then

6
2100-» |

multiply 400 with 6 which gives the value=2400.

Then count the figures of the extreme corner (2400} for the
whole table and place it in the column x.y or f£.fn.
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Sum it up, which will give the value of 2y or 3 fE% or Sf ¥

(i) Except the formula number 9 and 10, which are meant
for special cases, any of the other formulas may be used for calculat-
ing cosefficient of corrclation,

roblem 189.—The fo‘lfowing table gives the index numbers
of the whloesale prices in India and.the Bombay cost of living index
numbers. Calculate the coeflicient of correlation :

Index Numbers of Bombay Cost of lizing

: . wholesale prices index numbers
April 1953 385 342 A\
May 1953 308 346
June 1953 406 353 O\
July 1953 408 355 L™
Augusi 1953 410 ' 53 N
Sept. 1953 404 353
Oct. 1953 394 - 350
Nov. 1953 320 34
Dec. 1953 390 CaN342
Jar. 1954 399 ’ W 346
Feb. 1954 305 N0y
March 1954 394 . Qg 332
P\% (M.A., Agra, 1955)
Selutiom : A
__.___.____l__y_ —— v?'.'_"_:..__—___.__ _——— . _
X Y | (X:.4D4.J I‘v(:'y’;ﬂ%o) | £ 12 =
i i ! ~ | ) .
e P ———— —— - _ R
385 342 e\ -8 1 31 64 50
¥/ 346 1 _LTg) -4 35 6 94
e M g 0 7 I 5 6
030 85 IN4a 1 4 .16 1 95 | 20
4tp ¢ 38 G NJL B + & 56 : 64 48
or | e | 8 A
384 35007 _qp . 0 163 9 0
3% 3 —14 — 6 PoIEs 35 ad
39 L o3y g ~8 o196 ' g 112
359 ;,\\3'4-6 - R S RN TR
395 A V331 1 g A S TR BT - H 171
A A T, S S - 324 g
¥a _ = . - — e ' )
) === ———_ =5 1T —4 ¢ AsL i Tess T T gy
N Let the assuied mean in X and Y series be 404 a;d_Sg{i T
£=X —assumed mezn {404) :
%=Y ~assumed mean (350)
Co efficient of corrclation —¢
SEy 2220
n
F=rmo o2 '_--{E—y_.z—-j_—'_;""—'(_—;?—,-'
. _Ca LB b J_‘T
fx/ _Zi , [En Y _|]
. 'fgmethod would be helpful for those who have not sufficient mathemati-

cal background,
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12

(=75) (—48)

% \/[1151—---—-7-54 ][988. 48}2]

$17—300

= V{131 4697985 —192]
517 : s

VE82x 196

517

T 26 1% 282

_ o7
= 75602

=470

211

S
Al

O

\

This shows a hlgh degree of pesitive correlation ik th‘c changes
in wholesale prices and cost of living index numbers ¢ ¢

roblem 190.—The following table gives thé mdt:x numbers

of wholesale prices of rice and  wheat -

forNthe year 1953-36.

Calculate the Co-efficient of correlation betwesh the index numbers
of wholesale prices of rice and wheat.

W

Month Tndex N umf?ers of wholesale Prices
. Rice \J Wheat
April- 1955 B30 400
May 1855 3405 350
June 1935 b 2410 365
July 1953 . 455 415
Aug. 1955 \“‘ 490 490
Sept. 1955 () 510 410
Oct. 1655 \\ 490 430
Nov. 1933\ 475 470
Dec. 1955 465 505
Jan. (1956 450 530
Feb, {1956 470 525
M\rc:h 1936 505 545 .
. & . (M. A., Agra, 1957}
_Solution’ e — RV '_
x JY 0 g(x—e6l) dy? ‘ dy : 42 B dy ()
41 400 —51 2601 N a7 g9 | -239"7
405 | 350 —56 3136 | —87 9409 ‘ 15432
410 363 —51 2601 ‘ —52 6724 14182
455 | 415 — 6 3% | —a2 1024 - 192
490 | 420 -+29 841 . —27 729 | — 783
510 i 410 +49 2491 —37 1369 | —18i3
490 | 430 29 841 =17 289 | — 493
475 . 470 414 196 123 599 | + 322
465 353 + 4 16 +58 3364 -+ 232
450 ¢ 350 —11 121 =83 6889 ‘ - — 913
470 i 523 - B 81 +78 6084 | + 702
505 545 44 1956 198 9604 +4312
e i écxzz T e _‘_ xy: —
5535 5865 | 1 . f4807 | 58123 +13769- -
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Arithmetic Average for X series —_—EX

n
_ 5335
i2
=461-25
=461 approximately,

Y N\
- .
AN
_ 5365 - O
12 « \J

=447 approxjmately

Arithmetic Average for Y series

Zrandard Deviation of X series (05) = \/Eé*&

A =V123; _appmxir.nat_ely.

\,.:3;:‘“ =35 approximately, ©
s 4 o ay AR
tandard Deviation of qurles (o) = -

n

¢(\J cam A

K _ . /48233

VT
AN/ =4/4019 approximately,
"\xi\ : =§3 approximately,

AN W . )
Co-ejﬁﬁﬂnt of Correlation (r) _—p

i"\?“ n.r}x.;:rg.; :
\r\“l _ — _ +13769
/ - 12% 35563 2PProx.
+13769 X
=_2_'64_66' approximately.

=45 approximately.

Thus, we find that there is a positive correlation of 5 moderate

high degree between the index nunbers of wholesale prices of rice
and wheat. ’ .

\/Problem 191.—Cal:_:u]ate the Co-efficient of correlation bet-

ween the ages of hushands and wiyes according to the daty given ;
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Ases of Husbands Ages of Wines  Ages of Husbands ~ Ages of Wizes
33 18 ' 30 29
27 20 31 27
28 22 EX) 29
28 27 33 28
29 21 36 VA"

(M A. Agra; 1950)

Solution ;

U T, FaN

Suljeet (X} ages of husba nds Relative (Y} ages of wives - Ppaduct
. L or
- e - = _tl_ — "__i&iiﬁ\/ia'lions
Ages of © Deviation . Square of Ages of . c‘[:_in?ns Squamm} "’bnf iéu‘s—&
:‘;:J.s?ands fr m;g a'\rtr‘:ge deviation WJZ;: ‘average d_\ev,iaﬁon? :\2‘:;3:
years - (LY years) - S {21 years} ,.,'\'\~“ | ages
—_ JE— S— — —— ———e — —— S — e T Fm—r
. \y/ i
my % i AR my S P\ e €5)]
e — L e x:‘\\' .
39 T (. |\—3 L
27 . — : + 20 Wo—1 L ; 4 2
28 5 —I 1 228 7+ i i — 1
a0 1 l PrAN I o 36 —_5
29 : 0 i} ] : o ! 0 ! J
30 4101 oy +8 64 | +¢
31 412 I 4 w27 +5 36 10
33 +4 I16 A0 29 +8 64 +32
3300 18 | 36N w47 | & ot
35 . 7 P da) 9 +8 | 64 36
ST T TN e S
N2 2=128 Sma=250 @ syr=32t | P

T

% \ p &/ . - _a_
Sta@a\pd Deviation of X series ()= ,\/ %
L\ ' n

oY T
N/ )
=4/]28

=35 years apprmiiméte]y,

gtandard Deviation of Y series (a,) == ,\/}ia_

/3
10
=+/324

=56 years approximately
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Co-efficient of correlation (r) =, _-f—:?-}—-

. 1 2
_ 133
10x35x5%
13
T 196

= 46 approximately,

16 indicates 3 moderately high positive degree of correlation
in the ages of hushands and wives,

’:x\.
roblem i92, T, students got the following percedtige of
marks in Principles of Economics and Statistics \¥

Student - 123 45 6 20% ¢
. Marks in Economics « T3 36 98 25 75 g3, 062 65 39
Marks in Statistics : 84 51 91 60 68 6286 53 53 47

Caleulate the co-eflicient of correlation, \
N (M4, Agra, rgsr)

¢ '\'
Solation ; : \
Let the two subjects be denoted byX and Y. Then eputting
them in a tabular form, we have-—“":‘a

X
"l

| _ -y B

X I! Y e N T oo g2 i %2
. i o~ e : C

R I R e S
L~ RS Mt YR 161 25
3% | 351 | gg\\ 17 782 . 91 289
9% | o —1 R N 256 | gog
A P A S 4586 3249 64
75 ' 68 o dl? : ] G i 49 0
B2 1 62 W o 6 0 o 38
O PR N Y- 144 ! 64 324
62 1 st T ‘10 200 b a0 oo
65 | 8, 17 s B :+- S 225
P s e g

BRIES R R
Tota 1% C 1170 T2 3044 | gopg 2964
PNW i - |
- N X . .__.____.________.__.__________._._____._._.____.__.
Applying the method of deviation Correlation: let
E=82-_X
3=08—-Y

Hence, applying the short-cut method of the caleulation cof
correlation—
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17{}>\2O
o 0d— ._
\/ [ 8288— ._170 ] [2264__ 20 ]
_ :.o_ﬂf__f;rgaio | -
-_— T = = 28900 —__460 [
»\/[ 8288 2 J [2264”, o
B 2704
) = T sWsIIzM]
_ 2704
T 74xa4rl O
2704 A
== - 3—45—?‘_'_14‘ . ""}Q\.w
= %Z—gé— approximately. _ ,\\~ !
7% approx. Ams, \%

vProblem 193.—Calculate the COHC{‘hmetﬁ"of correlation for
the followmg ages of husband and wife : \‘

» 4957 . P\ ) —
ﬂusba.nd s | i i ! ap & W1 L oas .
7 1 99 | 29 s08[)%r ¢ 33 33 36 39
e R T\ S Il Tl Bl
R A\ | — _
Wites age 18 | 2 2 240025 26 | 28 i 2 %0 | 32
R A ' (MA Agra, 1952)
Solution : %;{_} o
s | Agesof Hushangs\ {X serics) ! Ages of Wives (Y series) E
3 N e T _ 2
t e @y | 4 ETHRE
¥ g %8 ' g o AR el
2 ANV, - I RT 23
5 1 AN fen | w2 ' F 0 Eme | 4 it
3 =t i EgT | vE ;B I Eger - wg ST
S e - 3T 0l a = 5.3 Z H
GefJe | BEZ 22| & BEa | 25 £V
Ay L EE | g |2 R g3 e
oy et | 4y | % Gms [ 4,1 & 1w
S R T T
2 "9 1 -3 | 9 | 2 -2 1 4 @ +86
3 | 28 ~9 4 23 -1 | 1 + 2
4 ‘ 29 i [ 24 Qg iy 0
530 0 0 . 25 +1 |1 0
61 2 +} 1. 26 +2 4 + 2
7 ‘ 33 0 43 9 1 28 . 44 N
8 ¢ 35 +5 | 25 29 . 35 23 425
9 36 +a 36 30 +6 36 +36
10 ‘ 39 49 8l | 32 48 64 +72
B i | [N
n=10j 311 5>:dﬁ——-215| 257 | Sdi=187, f'_";”g;‘

5
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Arithmetic Average of X series = --‘-7;](;—

=231 (g,)
and assumed average of X
series = 30(x,}

257
I “

= 257 (g, IR
and  assumed average of Y o

scies = 24 () ' ”E,\'

Arithmetic average of Y series =

Standard Deviation of X series = {o,) ;\/_Z._d “7\‘,

D
. €S
= ,\/':‘\ “5:"
N
VTS
N Nt
‘—t{'ﬁ@}pproximatcly.
&Y

% N/
Standard Deviation of Y serieS=(g,) = Sy
N\ n

it

N\ - _il}?‘_
& L
O =1/187 .
\ b\ =43 approximately.
k. :
NG _ . ) __§§;yfnj’a3 hxl){agéxg}
Co-efﬁ%{@of‘ corrclation {r) = - __rz'deTcr_j;_ =2
&) =197-10(31-1—30)
10> 45%
AN 1971001y 1 7
"/ 10x45x43
197127
1935
:_184'3
‘1935
= 4+45 approximately,

(257-24)
43

This indicates g very high degree of Positive correlation
between the ages of hushands and wives., - :

_ v'f'rableln 194:—0,-245 4ng a;=3'9 are the standard devia.

tions of two groups x,, x,, Ygirceay and 3y, gy gy Jn and Zxy—
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4800, n=1000. Calculate the co-eflicient of corrclauon betwéen the
above two groups and also give the probable error of the co-cfficient.

(Statistics—Ghosh and Choudhry. p. 5:)‘/

Solution :

=45
Gy=3'0
Zxp=4800 .
2—=1000 . N
2xy O\
& CoeefBeicnt of Correlation (ry==—=* D
m G 53 :"\ w
: W -
. 4800 PR
Ti1000x45%36 _'.':.“\ 2
N/
4800 .\g}\
16200 NN

= 3-'296 appt oxl'ndtel}\
~N

S 3

N4

) —y?
Probable Error = 67 45 - W
: VLR

D
a/ 1006
C 912 384 Y

= &5
‘67 NS
Ny 6154030080

O T e ™l

i

;‘\ . -[}613403008 approxmlately. Ans.

'\w
V/l:m 195, -Caltulater from the following table, and
mdlcate\\s probabie crror :

;"\‘* Net area sown ih No. of ploughs in
<\ et lakhs of acres lakhs

© U.P. 359 52
Madras 310 44
v Bombay 283 12
Punjab 275 24
B. & O. 257 C - 35
C.p. 245 16
Bengal 240 ' . .48
Assam o4 : 11
Sind 48 o o 3
N.W.F.P. 23 ' )
< 25

Average for India 211
(P.C.8., 1943)
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Sohition :

| Net area sown in lakhs of acres || No. of pIoun'hs in fakhs | Produet
Hnwnmsr“———r‘“— P —— T — - | .
: E=X-211" gz |y 0=Y-25/ 2 P
i l ! . 1 S .
R T - T_'____'_'T_T'_"._ =
U.P, 359 M8 gigpe s S 399i;
Madras | 310 | 989 ' Toor g 19 361, {4
Bombay = 285 4 5476 19 I =18 168 | gy
Punjab’ | 275 | 64 1 2AT6 201 0 | 4y
B&O. | 257 1 4 2160351 59 g0 {50
CP. ! 915 |3 | i g e R Y
Bengal 249 3 SH 46 91 b 4 /609
Asam | 64 | ~147 | 91600 1] =M 196\ 2058
Sind | 48 | _ |53 | 26569 {220 T 4B 1 ape
-N.W.F.P.‘ 23 | ~188 | 35349 i 2 J' -2 82 [ 4324
——— 1 - ~\
| I - - ._!__._____\_li.j:______ -
=10 i ; Bi= | £ "]289[2.' I Er\-_.—-a |‘3“r-—-3091| ¥n=15382
—_— _ : ¥ ), _______._ _

S SE= 4 e :128917 Sne H\ Sr=3001
SEp=1558 " ¥I=

s\/

O 15580

N/

& A 1389704 "4V 30353
%‘ __lssso
D V3981397704
*i}' _ 15580
Q 199534

=78
Probable error (P. E,):-674517_‘?_2
7
-—6745 1—(78)2
= 6745 710 -
e I»—(‘6084}
S P
=0835
r =78 and P.E.-=0835,
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Blem 196.—The following ‘table gwes the results of the
Mqtnrulatlon Exammatlon held in 1936 :

Age of
Candldales |

‘13—i 14— | 15— | 16—

P‘““mgcuag 21406 | 434 342

of Lailures | | |

f

19— i

|
20— 2122

|
392 |
|

459

471

545

Lalgulatc the coefficient of correlatmn and estimate its probable

error.
corrclated with age ?

Solution :

From your results can “you definitely assert that failure’ is

(P.C.S., 1_940)

Agc of Candidates

Percentage of Failures

Class- ’\/I1d value
interval |
15—14 135
[4—15 | 45
15—16 | 155
16—17 | 165
17-=18 | i7-5
18—18 i85
19—20 195 |
2021 | 205
21~-22 215 |
_ i_ —
Toran 1575
<
\‘
’§w
D

e

N
\ Product

i _
=X L M=y ! "N
Zi75 | zE Y —206 (W2 £
! AN
4 16 | 392 —2 196 | 456
-3 = 8 406 | AN\D 0 i
T i1 | aa 1 Des 784 —56
—1 1 34 2 Ze4 | 4096 64
6 !0 366NN --40 1600 0
T S - A S 196 | —14
2 1 4 | 489" | g3 | 659 166
3, 9 |w\7! 65 | 4275 195
4 16;.: V545 139 19321 556
0 \\60 ‘3‘33 7 | 183 |87307 | 967
\\ SE—0, TE—60
Y Sn=183, In2==37307 £X .
n=9, Zn=96"7
E;ﬂ Eﬁ 3
,\/\;;z \/ E 2 3“])
0x183
96T — ——
_ - — —_ —— 9 — ——_— e —— —
— B

T V60 /33586

=681

97

/01516
_ 96T
= 1419

v

| /
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Probable error (P.F, J=-6745 —

rz

—{68)2

4 O

l--- 4625
3

'\.

67 b

6745 -

67451793

6Pk

here we see that r 2
corrclated with age,

\/ﬁroblem 197, —I‘sychologlcal tests of intellj

metical ability were applied o 10 children, Hék is a record of
ungrouped data :,bomng intelligence - and Y arithmetic ratios,
Calculate ,
____I_____ —— — _-‘_--____._._I_._¢\_£ - e —
Child |' A B ¢ !'p.g 1\‘ G im !l ij
i D — .~’._!._.___'___ i o
! | i : S T
LR 105 a0t g0z |01 | Jag, T 9 | g | 96 | 93 | o
T ! : . N ! "
_.___..._._.—_-_!__._;_.—I__ ?‘—;— —!_—.I—-_-—|__ .|—___'_._,._ —
ar lior Ds iy WA 95 196 1 10g | gy | gy 94
| P ;“_“._'.__'___'__ L .
M{\ (.M' Se. Agm, 19 50}
\,\g& ) (M.Sc. dgra, r 954)
Solution : O
— _Hj\ 4 N T e e —
[ ,’\Ihtdh genee ratio | Arithinetic ratiy :
Child - Ny " ——— e — e i
11 N/ ! Pr
\\\ XM - - YoM, I| Oxf]yl“:t
[ X =X-98" Y g 98" e |
I I |
- _*_"S_T_____._ I I _._I—-———-—-l ————i-___.__'___.__
N | . . .
\é} s A R T B B T
DL - S - ;103 50 s g8
¢ oy 3 . g o9 2 7y §
Do ) 3 % i o g 15
EL w0 1 Loooes s g —3
¥ I 9 i 0 | (L 46 R I 4 0
G ey 6 1 36 | _g
H % 1 5 | g 9 —6 | 3 | g
i j E N R— O v A B [ S
I S 49 1o 0 5 B s
- e —--'h____l[ ____7_‘i! e - —-f';————i—'— —
n=10 i 990 0 | 1w gy 0 || 149 1 g9
—_— — e ————

e\
N
« \J

N

7296 hence it cannot be s thag (ilare is

gcﬁc; ‘and of arith-
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990 " 980
M,=" . =99 A,=5 =98
10 N 10
S 42170, 5y%=140. Zay= =99, n=10
; _?ﬂ_ _____
VI A5
B
A/ 170 4149
2
159 N
='622. A\ ¢
\é &
roblem 198.—~From the following data calculate the\ coeffi-

cient nf Corrc]atlon and fmd its probahl(—: error : A

e == T T T O -
| 1 i - .

Mean annual Birth Rate pcrl o i A ! ot !‘t_gﬂs\m ~ 3 ! i
1000 of prpulaticn |3 . 8 = i = l g 'R 8S = i & | @
[ A S & B S NN EE S

i : ! | .IOg.; I| | ! [

\lean anmual Death Rate (@ % - @ 2 e | BT

per 1030 of population i = i = i = ! =2 {:\E ‘iﬁ l A |2

e — e — e — —— T T —_— ——Is— —_— E— —_——— ——

‘»,:x“ ” (MA RG_}, 1955)
Solution : N
Mean annual Buth Rate per "" \Jcan annual Death Rate per
1000 of popu]atwn 100 of popu}ahon
= \‘__ _ P . Product
| o
X ..»,—x 26 3. ;\z Py n#Y—lG-S‘ "

_ __._’__"\..;' _— T _— - —— -
4y gEWr| 7225 208 ‘ 45 2005 .05
a1 | Ledr | oarsy M9 Bl | o6l | 2077
sie N(EE 28 g9 Lo26 076 1196
35 N 37 i 13690 ¢ 187 ) 244 | 376 &84
AR\ S S S TR ¢ SR S 5-50
AN ros | w0 o —-3 0 09 | 42
2687 | — ] . 25 147 | —t6 256 -20
2356 | —32 P12 143 o2 40r | 640

1 —67 Arge . 144 | —19 1 561 12:73
199 —6a 1 476l | 1wz o —4l @ 168L +28-29

167 —irl 10201 | 12+1 | —42 1 1764 . 42°42

e i — = — R S —

! ! ' .

2648 0 a6s20 1792 —-l ggos | 1742

i

| I S ——
M, =268, M= 1629 (nearly).
a=11, $5=0, TE2=3652. Tn=—"1, Sr2=89-05, ZEn=174"42

SEsp
242 TEEy

\/ SER—

T
L

fom——
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— Y
h sy 0 ,\/_ _(Ip
\/ 3652~ 8905~ "
a4
TA/3653 /5905
17442
/32520960 O
]7442 A ¢
=S07 A
=306 % \/
.
1-- (3062 o
P.E. = g745 — 300 R4
VIl X0
91 N
T 5 7
1613795 o
3316 O
="185.

size of haldingsin Uttar Lradesh during the
¢“\

June 1945 ; &
(\J
Size of holdings in . \\ Total number o persons  Tola! area in thousands
acres () in thousands . of acres.
0—1 A 4639 2481
1 —'3:..\’?.\“ 3635 6734
3-mSn 1695 6608
510 1563 10822
Olo—1s ' 392 : 4752
”\) 1520 ' 167 2836
2025 _ 70 1570
above 25 115 5310
12275 - 41113

Calculate the coefficient of correlation between (he total area
of holding and the total nympber of persons,

(MA Ryj, 1955



CORRELATION 223

Solution :

Total number of persons in i Total area in thousands of
Size of- thousands , acres _
holdings |________ B i Product
in aerer I R T
X E=X-1534 ¥ .==Y—5146|
| - —
| e I
-1 4639 3105 9641025 - 2481 —2665 | 7102225 -—8264825
1.--3 3635 2101 1414408 6734 1588 2521744 3336388
3-h 16495 161 25521 | 6608 - 1462 2157444 255382
510 1568 29 g4l 10822 - BTG 32216975 164604
i+ 15 392 C-—1147 1304164 | 4752 | — 394 {55236 4490478
15--20 167 —1367 ; 1868689 2836 | —2310 : 5336100 I5TF70
2025 | it —1464 —383576 12787776 5‘735264
over 25| 115 | —14i9 | 2013561 : 5310 164 | 26896 |4 §2715
— 4 ]21411392‘ | —55 6228‘4397' 4081815
_ 1 ,\ .
8 = 4— T£2"21411892 Skq— 4081
Sq= 55, Eq?=62284397 R 081815
2”2 70
s 3 "
e \/ (-
A $1 55
408 1315’—- i
T/ 2, [ nsean—3.
,\/ 2[4\11892——- 2
__\_ 40818425 '
= 3/2141'1390 /622843939
C\ J 4081842 5
'\ \/13?3626590903471
OF _40818425
LN T365188525
=11
~\ R}

y=1l.

\ \,P’;'B‘B—ém 200,-—Calculate the cocfficient of correlation of the
short-time oscillations for the following indices of supply and price of
a commodity:

2 — N -
Year 1!2|3|4!5|6‘T.8i9-10-11f12313‘14!15

Index cn" 126

| 7 |
g 168 IDGI 166 178! 186
UPP]Y |

13-'1- 13t:| 154 ]92 210 216 a4 194 234

’“lilri‘c"f' 222 223 232! ZISI 200| 196|208 21+| 204 192 185 1e4| 190‘ 195 182

(M A. Ryj, 1954')
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NGO
- ‘;\'\"'_4648.“ 4x4
,,:\i‘,g . N )
N/ 10230 ¥ \/ 3664 2
A\ 1 15
A
QO —4649-07

V10236:93 V366753

 —4649-07 o
RV 37475180 4249

—4649-07
612169

=759

PROBLEMS IN STATISTICS

Index of Supply | Index of price i Product
Year . : i
e — e

X z:x.—ls:e‘ £ Y oe=v—203 | 42 |

— T S — — s o i - -
1 186 - 4 16 292 i9 | KT 76

g - 168 —14 196G 298 25 ! 425 —-480

: 156 26 676 239 29 84l |, A7s4
1 166 —-16 256 216 13 ‘ 169\
5 178 —4 16 200 —3 2 AN 12

6 & 186 4 16 196 — 7 17 ¢Q) —a8
7oL 154 —28 . 781, 208 5 ‘ 2 ”\| —140
8 77138 . 46 ' 91is I 214 1 eI e

9 154 —28 784 204 1Al g
10 19 005 10 qo oy N B S Y
iyl 210 28 784 | 185 =18 V824 —a0e
12 216 3 116 me g «J\ 361 | —646
13 204 22 484 | 90 AN 169 | —285
14 191 12 L 1 L 49 ‘ — 84
15 234 IR L PN T T I T

_____ e = - L _ Y . i

T : T } | R B —

me13 2734 4 | 10232 |3049~ Yoo 3664 ‘ —4f4y

i X X Cy A w4 .
“ PN\ \
n=15, 3f=d, Zpi-4, 2;»235-10232 Tt --—3664 3% = —4648
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*\ﬁoblem 201.—The following table gives the population of
two towns at the time of the last seven censuses :

Year . 1881 ‘ 1891 ‘ 1901 1911 | 1921 | 193 | o

Agra | : , . . .
(The figures are . 160 | 189 | 188 0 13¢ | 16¢ ' 905 214
in thousands) | | X ; I|
| '; ! '

B R I S
Kanpur ! | ; ’ : | ‘ Q|
{The figaresare | 155 ¢ 194 | 208 | 179 | 214 243 | 289
in thousands) | : | _ _ 2 N
Calculate the cocfficient of correlation between the p}gﬁﬁlation
of Agra and Kanpur, . (M. d\Hay., 1948)
f . PN .\"
Solution : . \
. Population of Agra (in thousand s)! Popuﬁ:;n;;),géﬁr)lp ur " Product
Year!] - —.‘ .... e e — — I PR | .;.\A~—‘.T_____._.!
| X ¢ E=X-189 22 | ¥ pPesY-21 : 2 B
. __:ﬂ__:___ . | o R e P ....;f__.. —_—
18811 160 ¢ —29 |8 . {55 ‘ —56 ¢ 3136 | 1624
18911 169 —20 C400 '*zylédr . o-=17 | 289 ° 340
961! 188 | . — 1 _ INR%203 |~ 8 0 61 | 8
1911; 154 —35 | 1228 1l —32 | 1024 i 1120
19211 164 — 25 . &350, 216 | 5 1 2 | —125
1931, 205 6 j2es | o230 s 0% | A2
1941 284 95 ({9025 = 287 | 76 | 5776 | 7220
| N | S
——— e — _| P - :s \ I.___..__... i P . : - .I -
n=71 1324 | 07 | 12873 © 177 | 0 | 11338 | 10699

n=T, Steel] SE2—12373, 590, S?—11338
& SEq=10699

ca  (ZE)? )
t\/ ch—— E __\/Enﬂ_..wri_ .

TV 137386/11338
o 10699
+/ 14028348668
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10699
1184413

=-‘903.

\-'Problem 202.—The following table gives the annual birth
and death rates in U S.A. durmg the permd 1931 to 1945 :

Year

935 1936‘1937 1938 1939119}[] 1941(1947 1943 164 1 1345

_— — - T T i e e e A

\ |
Birth Rate 180 174!16 6 17 2‘169 16717 1166.17- 3|I{}918 120G 9 31 Q|202 156

—— '_| | <2\, Y. i

Deal.hRdlC 111 109|IO 7 I i|109 11- 6 11- 5‘106 106|10 fll() -5 lﬂw’q»PO!BlIOb 106
| .

G‘ilwlate the coeﬂjcwnt of corrclatlon“betw n bm:h rates ﬂnd

death rates, NN A Ry, 1954
Selution ; PN
———I—-——.—______ —_——— _.___T.x&\'_.__ —_— -—l

| Birth Rate | #N\ VY Dcath Rate . Product
Year i % ~ JE— .._|

| ox e x_m{ 2 AW [ evone | |

T RS R
1931 180 IR BT E ‘ ‘5 29 15
1932 174 _ 3 o9 109 3 1 g !- 09
19331 166 — 11 }\ 121 107 1 0t — -11
Paear2 o s O a5 0 (VT 3 |25 |- 25
1935 169 i\ B4 109 ‘3 69 - g
1936 | 167 210 IR I 10 00— 100
TN SRS R R ; 7 L4949
1938 166 | P51 121 | 166 0 ol o
199 173 N | L | 106 | o I 9 0
1930, 109 O 68 4504 | Tog I |01 |- 68
1941 | 1g-9© 12| 140 b0s —1 01— +12
1942 | 2 32 ligos | q0n 1 T4 e 1T
1943 s 39 1444 109 3 | 09 | 114
1944 '\ Jg0e 25 623 | 106 ¢ 0 u
945{ V96 ! B9 a6 16 ! 0 i 0 0
'"\_“l' e —— i______|______l___ __._|'__
| ! | Lo

%15 2658 4 jeres | os2s i’ 35 ‘ 237 |_296

m=15, 303, $20=8798, 5y 35, w23y
Zin=—226
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'3X35
— 226 — |
\/ 87 23—(—3)- N2 237— 83
15
—233
T A/BT 174155
—2:33
TV1351135
233 o O\
TI62 _ N

-2, )
YProblem 203.— From the following tahle calcylgzte thc co-
efficient of correlation between the value of the exports,6f raw cotton
and the value of the imports of ¢otton manufadtired goods.
Lalculate the standald error of the coefficient of ¢dryclation also

|
Year '1913-14 I1917—[8 191) 20 1921 2 ‘h&f% 24 |1929 -30 (1931-32
| | S S VA, 4 i
¢ ; N\ |
Export of raw LY, [ !
cotton (In crores 58 ,:~+ 55 89 ° 93 66
of KS) : : ) ! ;
i ! ,.}‘& [ i
Import of manufac-! i ) I !
tured cotton goods | 56 ! 43\ - 53 | 38 . 65 | i ! 58
{(In crores of Re) i | :m> : i i i |
!_ . K 4 _\1:'_. L . : - ! JS
' Y ) (M.4. Cal., rg37) ; (M.A. Raqj., 1956);
- {B.Com. Nagpur, 1944)
+O | N |
VQXP"” of raw eotion (in crores ' Import of manufaciured |
Year U, of Bs.) ) cotton goods !
N . ] Product
AN [— : = e o
O\l X G X—64 [l B2 1 Y iqeY—59) 2
3 : |
_— I o e ——
191314 | 42 - —22 ¢ oas | 56 | — 3 9y 66
1917.18 44 —20 | 400 49 —10 ‘ 00 1 200
1918-20 | 58 ‘ -6 ' 36 33 — B 36 36
S1921.22 1 55 -~ 9 . 8l 58 — 1 1. 9
1923-24 ;&9 ? 2% . 625 . 65 6 . 3% 150
1929-30  © 98 | 3¢ |l156 | 76 17 | 288 ! 578
1931-32 ' 66 : 2 } 4+ - 58 = 1. - 1 -2
R |_ — e !i____._ — ] ; e
n=7 i 432 f 4 i 2786 ‘ 415 2 . 472 | 1037
i . .

n=T, SEmd, T5?—3786, Sn2, Sted12, Seqm1037
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_ 10356 Q-
V13123291196 .
“‘\\o
_103586 \,}
114536
=904 >

N,

x/'
»

: l—p2 ¥
Standard error =< LY

ij."
L-ir (904)2

Y

AN 1= (817216
" _ 182784

2 2645

x'\“' =069
\\

.\" S =904
O

"\‘?{’ *And Standard Error— 069,

\”}“ \,P{obl_em _204 —From the following table,

ﬁnd out how far
rices correspond to the amo

unt of money in

| _—
Year |IS‘12 1913 19]4|!915|1916 1917 1918||1919r1920||1921

. —. _.__.__I_ | - — ——
gf)rf:‘;ld Notes in czrculatmn in | 248 956 248' 266 297 338 407| 463| 4“|. 303

. i i
e — !..__. — ===
Index Numbcrs of prices

(1873_100) | 13.=. 143 147| 152| 184 196 225‘ 276 281| 260

(B. Com, - Agm, 1937)



CORRELATION
Solut:on
Rs. aﬁ; Z\Totesi_n “circulat.i_on Index Number of Prices
Year in croves (1873=100)
S e " Produet
X E=X—332 g2 Y !-q::Y—L)oo; 72
i ’ :
S P e R Y I
1912 243 —84 ‘ 7056 137 | —63 | 3969 | 5292
1913 256 —76 5776 143 ‘ —57 | 3240 & 4332
1914 ;248 84 ‘ 7056 - 147 —53 ‘ 2809 | 4452
1915 266 —66 4336 ;152 . —48 | 2304 | 3168
1916 297 ~55 |25 | 18t | 16 ! 256 | &Bo
1917 338 6 ! 3 ¢ 196 | — 4 | 16 |04
1918 407 75 5625 . 225 25 | 625 d\e75
1914 463 13 | 1716) ‘ 976 76 . 5778\ 9956
1920 411 79 i 6241 | 281 | 81 | 63601 6399
1921 393 61 | 3721 " 260 60 | (3600 - 3660
———— _‘_| '.I&" —
I 1 : ‘\=' -
a=10 . 3327 -, 7 56253 i. 2001 ~T}129163 39670
i i ! v
n-—lU =7, zra;_séiss Sy=1, 3* =29065, TE7=39670
¥ ¢
EE"}"‘Z 2.7‘ ‘\
n \V
yr= — . s, NT—— e
,\/252_ zé) e (¥)*
) n RS v n
: o Tx
39670— 0
\/ i%mh- \/29165-w
10
396693
SOTVERaET T A/ 290649
'S_v _____ 396693
\,, A/ 1698800011 69
OV 396693
"\ 412165
@ 2 = 96
12
P.E. ‘6745
745 v
1--(-96)2
= §745.-_NT8F
¢ V0
. —9216
== 6745 162
= 6745 %0248
= 01672760
6 P.E. = -1003556 .

since ¥ > 6 P.Ii,

229
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hence the fluctuations in prices
money in circulation to a very great

PROBLEMS IN STATISTICS

correspond to the amount of
extent.

Problem 205.—The following table gives the hirth rates of a
ew countries of the world during the year 193] :._
BRI : - e e |

| ; : . l ! : i E i . |
£ 3 ﬂ:l | o 8 B | m:%;—g;,glgll_;'
DB ; ® g ; mooHenl® 302
IR REAL NN SO TNV BN Y S35
° Al in 51y 8 s p R gl 8BRS
Vool - _.I'-_ _.—____:—__I-___.- I ____i L __..__i _ _I_____i___ll-;__il o=
é : | !I : !. ) _' I :i P ’Ii\} i
S 402019 3308 g 18!20;lt3:40|2(}; 13153‘;: 15 17
E P AT, O
I L b N
: ! o i | . : 2,300 i
R T e B B kT P
g0 0 DR O\ & LA |
- I R N P
£ 1271112 24 19 11|16;14!12&3;:9u,8|23|12111
N N R S RN I SRR
g, , ) / i
S | L |~.\l\ b
i ; ) | | | P )

Find.r between the

AW | i ! |

Birth rateland Death rate figures,

N (B. Com. Luck, 193 6)
Solution : ~
Q
N
B TP ¢ L M -
| BN\h-Rate' Il Death-rate
N |
AN o i - _._._| —— - —]
Country ! X II e | i v f\% 0 Froduact
K > |X2-25 | | Yn_ls i 4 i
(N | | - |’ \
- __T>|:._ — _i_ ___i ____i_.__.___[!—__._..i'__ — I"}__ —
Egvor O\ 44| 19 | g 27 12 4 9
Canada\N" | 24 © . || T i 2
Usasd® | 1ol Tg 1 5 121 —3 1 g4
Indig ) T L S 1 | 8 8L ! g
‘}%P:n .32 7 a9 Ty I 4 16 ' o
Gesfnany B B S | B i — 4 16 7 35
France ! 18 I — 7% 49 16 i iy
ILF3, 20 TS50 23 14 1 _ 4 i 5
U.K. o -9 g 12 1 3 9, 2
Russia ' 40 13 225 | 18 | 3 g 45
Australia W1 —5 1 5 | =6 36 ' gy
Newzeland 18 i -7 49 i 8 — 49 49
Palestine 53 0 28 ' g 23 1 8§ g 224
Sweden D V- S R S B S VN 9 i T3,
Norway T L R 32
S !—————__i-_.____'|_____|_.__' :
: i .| P T
neels | 385 il,‘\ 1o | 1994 | 227 2 4% ! gy
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n=1j, =10, 5:2=1994, Zy=2, sn2=476
zgﬁ__wgf_gk
RV \/z e
N
1052 O
821 —— 7 \\

\/ 1994-;-

N
_ 21133 N\
T V109466  VaT6 29
¢

_ 81967 (N
v/ 19874 X 4758

819- 6?‘:‘“
+/§45845°802

m\
— 8 ‘
~ 37235
e -342

~&

n\// 476-— —%%$

em 206.—Calculate the coefficient of correlation  bet-
ween. fhc cost of living and the weekly wage rates from the follow-

ta 1 —

mah
&

Date
_ . i

—
Cost  of f | E
living 151 § 110|102 101 103 100

Index : . s
; i

Index of : |

95‘87I84|81

|

weekly wage
Rates

. 99 935101{101

102 100

99

99 \93 ‘96 ‘94
|

T (MA, Al 1957)

: _ o - | S
1920 1921 1922,1923 192‘1—!1925 1926 1927|192811929 1930193111932
| I i ¥
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Solution ;
——— T e
Cest of living Tndex i Index of weekly wage
| Rates
])arc T T [ — _| T I’mdml
X = | = -~ . iy,
' X—100 | | Y |\--104
B S I B i
1920 | 151 511 ggey | 155 1 511 gen v &by
1921 110 0 | 100 | 120 T 256 1 \Van
1920 132 2 ; 4 | 99 — tho‘N’_.]{]
1923 101 1 1 88 | — g |, 360
1994 | 103 3 9 I oqor o g Oy
1925 06| 0 O 201 g i Ny 0
1926 I 190 AN 1 S N2 g
1627 | og ~ 4 | 16 © 1o — N i6 16
1923 i 9% | —5 | 25 |} 9% U 25 o6
1935 2. =5, 25 1 g N AL 25
1930 Loy 1 g3 | 169 | 98 o ! 3 0 o
193] I S 256 \ T
1982 a1 b-le e | 93\\ =10 i w00, o0
- i — \ i _".!__'__'_'.!"'—‘
=13 | 1305 51 3567 Nrdsa | 10 | 3206 | 3508
—— L __‘;_.'_ 1 N
n=13, S5, ve;~—35(z, §°r—~10 223206
2E -:3198
E
2}%\&_& .‘n
\/&z‘w(z ) ,\/‘dre _éﬁ'
AN
oY 5xi0
A 3198~
= ____ kb e
AV N/ 35575 A/ 320610
r‘\&./ _-1_3 ) 13
?[98 3846

v/ 356508 o8 v 3198 3

— 3194154
/11402195554

3194-154
= 33767

= 945,
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oblems 207.—~The following daia gives the index numbers of

* Industrial production of Great Britain and the number of registered
unemployed persons in the same country during the years 1924-31:

Year Industrial production Number of Registered unemployed
{ Index Number) : (Hundred thousand)
1924 100 113
1925 102 124
1026 104 14-0
1927 107 -l
1928 105 12:3 N\
929 112 1272,
1930 103 - 191 O
© 193] 2% - 264 \ #
Calculate the cocflicient of correlatlon betweea *producuon
ard the number of unemploved. (B Cmr’b Lick., r944)
Solution : ' v
' Tndustrial Production . \lumbm Q‘ ;};féﬁemd ; _
Vear ! (Index Number) Hu;}h‘cd thousand) i Product
SR Loann e
X i E=X—103 'T 5=Y — 148 I 22|
l !_ e —_
1926 | 160 r -3 —35 1295 ' 4105
19251 102 -1 —2+4 576 | 24
1926 104 1 o\ — 8 64 -8
1927 ; 107 4 N 16 —37 1369 ! 14- &
1528 1 105 2.4\J 4 ~25 . 625 — 50
19291 112 RN —26 676 | —23-4
1830 103 0 A 43 1849 | 1)
1931 94 P 4 B 13456 ;- 1044
N : . | I : ’ '
- 50 — e - = ==
cw8 | 827 00 3 193 5 1188 4119840 —135°5

u' . R -

grr\b TE 3, SER 193, Sy 4, T2 1984

~O iy =135
EE‘:}—-Z-E 2
,\/v 2 (_22)2\/ s (Zm)?
Z n - T n
3x-4
_1_35 5. (N
\/ 193 g_\/ 198:4— L4
13565

VITIE §75 19838
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_ 13565
4/ 38064-1625
~—135°65
1951
= 695
o F o= — 693,

roblem 208.—The [ollowing table gives the wholesale price
Index numbcrs for Calcutta and Karachi for the penod 1927-1941

sSSP
- Rt :
Year 19"? 1928, 19)9I193O 19%1-1932 13'33 (93¢ 1935 1936 193?:1938 1939 1040 1941
| i I i | : | ! &£ q:..___._._.
—— '.___-_-.m__'—__-!'_-“ _‘_‘-l_'“hh-_ ._._,.___I_.-,._,..____ TR, ¢ '
Calourta - ; ' f : : : ; : | !1\ ) ) '
Index : ) "\ |
Numbers i I48| l‘i-.) ‘41 Hb 9"' Di. 8?' 84 ! (91 81 ; U'?l \9:' ‘ 108l 120' 139
{(Base: i | : : : ! : !
Julyioney | | Co o “.\‘ b
1 e . ! [ [—— $ I —_—
B I_—"—":'_""' T I_h'- T RN _.""",‘_’ Y
Karachi ; i | } | . i | | l .
Tondex | ; | I l \J ! !
Numbers | 1“37 137' 1351 108! 95 ag 9! 9% | 99, \IUZ 108 104! 108 116 120
{Base : | i : | . i RO\ | i i
July,lgm)- o . NOT \ I! b
i i ! | : A ‘,.’ : i | I i !

{u) Calculate the coefﬁment oft correlation between the above
two series and state wh&w it indicates.
/£ * () Point out whether the)'Calcutta indices are more variahle
than the Karachifanes.

_ N\ (B, Com. Alld., 1944)
Solation : \
i .
| Cazlcuita IndgxﬁNumhcr : Karachi Index Number !
e e Pt
X ERX-1100 5 ; Y =Y 110 2
IR . o S S S S
i \\’| _ T i
1927]  J48% | 38 . 44y - | 137 27 | 719 1026
1928| b 3 . o12s ' 137 27 | 799 945
1929#"\ 141 31 | 96l 133 23 | 529 713
} 116, | ] | 46 e 0 — 2 ! 4 —12
3&1 96 | —14 1 195 95 1 —15 | 225 210
1932/ 81 ~19 ! seL 99 i —11 1 209
1933 87 : —23 - 529 ! 97 ' —13 | 169 299
1954 g 1 —21 . 441 9 . —1¢ ' 196 ! 294
1935 9l 19 551 g - —1l 12t 2009
1638 g1 1 19 a6l ! i02 -8 64 ! 152
1927] 102 | ~8 6 | 108 - —2 4 | 16
1938 95 o --15 . 235 St S— . 36 o0
19590 w8 L — 2 A s =2 -4 4
1940 120 ¢ 10 . 10D e ;6 36 60
1641 139 120 o84 | 28 ;W . 100 299
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=15, SE 0, SE2aT149, Tyom, Sir? 3067
=450
2 .
P

n

TR

450554 K
=VIOTEE /306738 o )

TV 71436 % 30616 O
. '::\ -4
44996 \s.

T /218708457 76

‘,o

44996 N
Z4676'6 AN

S 2

-

£
7

='962 A~ ’::‘
\
* 1—-f’3

Prohable error%’ﬁ%

'\a [ —(-962)2
AN R Sk et 2
O =675~

NOT =05
\ — 6745

o 075
NW — 6745 _.2)
@) 674 s

0505875
T 3879
=013, -

Since r =6 P.E, hence, Calcutta Index Number is correlated to
Karachi Index Number to a very great extent.

Since standard deviation of Calcutia Index number is greater
than standard deviation for Karachlﬁmnr:c Calcutta indiceggre more
variable than the Karachi ones. . \ .,N-

U L
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Vévo lem 20%.—The index nmumbers of prices of all commodi-
ties in Bombay and in Calcutta were ag under :

o S T I T T T
- - ioe I er, o .
Month 32 £2i25 1986855158103 63 o3
AR e <@ 0 Z—ir_‘l“pﬁ‘: S

e e TR R KO S

“Index Number of Commodity . : i [ | | o
prices in Calcutta | 169r! 182|! 132i| 192! 198:,. Qogi. 227 2331. 250° 253

— e e

. e Tl e

Index Number of Commodity | [N {096 aao N\ T
" prices in Nombay 201 222, 225 228] 229, 233 249 266 255 2°
: ! . i i PN

— — «\__..._‘_ o —

Bombay and in Caleutta are E"cirrelated 2
o (M A3 Agra, rg44)

Do you think prices in

Solution : .“‘:\\'
. —_— e e _ —_ = —_ T ..' . — — _I_ —
il Ir;ln;lex ngmbe_r 0(r“ clommo- lIndex:ma}nber of comme- |
ity prices in Calontt di€y Grices ; X
Month | 3’_ e :"' |I p Hi(.zpncm in Bombay : Product
i , . - . _I',‘-;T - — —_ _I_ e — oy E_’l‘
: , =0, SO o i
X x e IR O t2
e — e - _--‘:‘-- . __ - T — o —
May 1942 | 169 | —41 | 168 . 904 . -2 676 |
June 3942 182 | 98 iaGgs gy ' D00 676 . 1o
July 1942 182 1 _pg MNggp ¢ 55 — 5 25 140
Aug. 1942 182 ' 190N G505 555 -2, 4 36
Sept. 1942 . 168 | _{5N, 4 T -1y 19
i A 1 233 31 9 —3
A S 1 T R T N
o0 784 266 | 36, 1206 1008
40 | 16u0 235 1 95 gay 1000
B 1848 235 | 35 495 . 1075
= e e T
: : 1
0 6240 |, 2366 66 - zpss 4o81
e S U _
A7 =10, 350, 28240, Zy~C6, Tr2= 3685
\”‘; SEy 4881
Z: - T
S T2 LA
n
= et
n
- 48810
.'_:____2
A/ 8240 N/ 3636 66
10
4881

T V/82304/3686 4356
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LT ' : ,

4881
\/ 36783296
4881
31752
=943

‘/f'roblem 210, — Clalenlate the coefficient of correlation from
the fo]l(mmg table, and Hltci_l)rf:t if. O

Year 192J 1926 19"7'1928 19291930 1931| 19321933|1934

| 3
Average daily No. of la.bourchms 384 335 3(‘1 |34? 384- 39:) 4h3 |400

____|_;,___

385
(in thousands) : .
I | IR ‘L‘ R S
IR i
Lakhs of Baies consunicd by mills 22 | 21 - 24, 20 N ’b (26 1 u9 | 28 | 27
D PP T B
\ v (B. Com. Agm, I941}
Solution : ,‘.‘ hd
Av daily No. of Iabour’era L’vkhs of Bales consumed ; i
¢ o (i thousands) ; by mills Product
car R _T LAY e— e — ___.._i S—
E o I I ; ! e
=8 3 v v , fj= o : =1
DX | T e
1995 368N —I3 | wo | o2 —2 | 4| 26
1926 | 38K a .9 2 =3 | 9 I —9
1927 ¢35 4 | 16 | 24 0 0 | 0
1925  ¢N861  —20 | 400 20 ) —4 16 80
1929 \wsw D84 s |os2 o -2 | 4| 63
1939 N 384 3. 9 ; 2| 2 o 6
83> ¢ 3%5 | 14 | 1s P26 0 2 4+ | 2
Atz 403 | 22 444 . 20 5 | 25 1%
ANNE3 0 400 19 . 386! ‘ 2 1 4 16 | 76
NJ1es¢ | 38 | 4 16 | 27, 3 9 12
i | | |
— __| ..... — l_ —_ _l ..‘.__ ‘
n=10 | 3812 2 2816 245 5 g1 397

n—10, T £=2, $E2=2815, zqu S ~91
DEn==397

'\?: . . :
S 282
b3

NN
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2xs
S
B e -
'\/ 2816 - - l o
~_ %6
T VI8I56 4 85s
- 396 ~
T V2491306 R
O\
49918 A \/
=793 A 3
A

. . ’ . . NN
Since the coeflicient of correlation i Postitve and very great
hence, this shows that increase in the numbennf labourers foliows
with the increase in consumplion of hales anth\iice versq,
: °C

Vroblem 211.—Explain correlatiéh’:}nd calculate co-efficient
of correlation between ages of husband’s»and wives in the following ;

~\\
- M e
Age: ?f;wn-’cs In vearg
3

N (M.4., 4gra, 1g53)
—— - —— _.____——___%i__.__ e T L

T C i T . Total
30—40 40—350 I 50-—8p ! :
I .

15—25 6 N ! &
2535 BN 1w g i 29
3545 Y, o 15 7 | 32
5—-65 /N i 4 i g
T S H ,
—_ _3-_;_____ P ———_ _ —_— — — | —_ _. —_———_
\ I | ! |
Total N\ 9 | 29 J 32 21 | 9 I Ion
N N _ __1 !
R -l e P S
8 ion :
. . H—assured mean,
Let &= .__.___.__z__ LI
when § i the difference
between two intervais
5 = Y=asumed mean_
"= :
Let the assumed mean of the X sepjes == 40. N
s ar LH) » Y » o =35 TT?\I - /}‘
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L3S (wro20{z0T030130 1040l40 7550|5070 0| T AL 0F £ & F; é. f g2
sces 0P SX| (15) [ (25) 1 (35) | (45) | (25) ) f g
570 25 B <
6 3 9 -2 4 {-18 | 3¢
(20) 24 ¢ : fzal . :
2571035 (& HH | ;
3 & He 128 | ~f I |-29 | 29
(30) 5 wl o 221
af 9] [a] i
BEEL [ ls [ 2/ 0lo0lolo
(40 oo e | ©
45 10 55 N o AN
7 Mo [Tae |2t |+ ] 1 | 2r | 2t &
(56} . ol Tl 7 8l T o .
F [IA
5570 65 —2 _mg s x| 4 1 el
{£0) _ ‘ TN
gl 20 (28] W
ToTAL 0FF 5| 9 2[9 sz et | lwg ) o [oad -8 | 122
fze]] {22] gl (el fzn (o8 & [

7 20101 |2 o ’f ‘
2 ' 'Qﬁ*mé
a4t o1 4 |lnee

fo -8 l29 | 0 far | gy -8

= Ay

T 136129 0 | 2L N38 | 122

Lng ‘chfn_

s [z q:'\BU-}—Z/_—{—IS—C—”S = 9%

& (=8)x (—8)
| NN S )
:"\;:‘, r - --v_.. -
O (122~ M] [122——
64
P
T 64
22— 6
98—'64
12264
9736
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9736
12126

= -+ 502

Thus,
bet::tj? the ages of husbands

and wives.

,gt

establish a formula for
assumed means.

we find that therc is o high degree of positive correlation

roblem 212.—Define Pearson’s coefficient of correlation, and
it taking into account deviations from
Find its value for the following table :—

! i —
Y - 0=3 ' 5y I—15 15—20 _| 20%25
L BN
O & ) 1 2 J\ 2 .9
— - - e i — - — N
o, 48 :I 4 i 5 \& ,?!
_ e SR o \ N -l
8-—12  *i i Ly \ -
] B\
1216 \i! L "”‘|| \ RS i: 1
T e e No— — L _ —_—
N (M.Sc. Agra, ros1)
Solution : N PR~
Using the step-deviation tmethod we have RS
S o7 o 2
N 0-5 | 510 {1915 |15-20|20-25) P 4 uf | fut
Kl =1 T
2 0-4 1 ICe 21555
SErmg .
4-8 |ty 4 5 |8 171 ¢ oo
NS - R 1 T -
8- 1173 [ 4 811 |8 s
e | BT ———
Qe 2 el tstlelwlz
oL f 11 ] g 8 114 ] 3 |35 |romn] 13 33
u Sre o |1 (. if;gﬁi)“
V-fr5- 5
v s ]ass o] s 26 | Y= “‘%‘Q
T T I DR R A e SMALL SQUARES
{v S 136108 [0 |3 | su|cemesenrs
. _J PRODUCT 2722
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Zfu=13, 3fu?=33, Sfo=—26, Ifi®=-50, If=35

¥ Fuvm=3X D) 2% D (—1X D4 (=2X D)+ {—1X3)
- +(— 4><9)+(2><1)

=344-2-2-3_§42— 6

Zfuy— qu Efd
N u)? pY
’\/\Z(f’\/zfz(fz) QO
18% 26 Oy
e T A
. S Y \/ ]
V4 33——\/ 50— 26 A
e\
365 365 NY
T ————— _ — - == T 1 \
/865126 294 N
. 4%
r="12 NS,
W

Vfroblem 213.—Calculate the %tk
: aahae of the coeffs t -
lation for the fcllowmu data :— .xa ciiicient of corre

XJY 1618 AB20 2027 5994
e N a-ad
: ¢.& &,z ’ _ = = -
10-20 2 2 1 1
20-30 3 3 :"‘:.“') 2 3 .
> N 2
30-40 ¢ - W 4 5 ;
p f, .
40-50 ¥ \)2' 9 5 .
50-60 x\ i 9 )
2

AP.C.S. 1952 ; MA. Raj. 1952 ; M.A. Aligark 1941)
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Solution :

Using the step-deviation Method for Grouped datas we lave
the table as below :

STEE
Y g 18-20120-22122-24 7’?‘” DEviaro f_cz /zf

EI N IR €3
I 1 12 |-8 1 s

X

i0-20

20-30 2 3 2 e -1 -0 RN

4]
2
2]
3
2 N 7 R 1 B iy T
0401 3[4 (56 |mw]|o N o
o P B T T
40-50 [ 2 EIN BTN S TR

50-60 T 2T 2 w0 |2
25 B ) I 1) B Fy e '

60-70 ARSI I BT
1ALy 10 | 1| ™ s | osp 07| 15 | 93
e B N
STEP » A _ _ X-(30-40}
DEW(;; U N I |Tomy u= T
o e R N ye Y=(20-20)
fo byl o | sl 6 z

R - SMALL SQUARES
SN0 | ] oo | s 66 § REFRESENT.
K | _ PRODUCT 1 2+

£\
\"\f from the taple we have
Ef!t =—*15, b % =193
Eﬂ, :"'16, Ejf%2=66 and 2f==52

Efrw=(4><2}+(2_>< 1)+ (0x D+2x3)+(1 X2)+(0x%3)
+{—1 ><2)+(0><3)+(0><4)+(0>< 5)+(0 % 6)
F(=2x2) 4 (1 ><2J+{0><2)+(2><2)+(_3>< 1)
+OX2)+(3x1) '

:8+2+D+6+2+0~2+0+0+0+O—4~“2+0+4—3
+0+3 :
=14
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‘The Pearson’s Goeﬂicient of Correlation is given by the formula :

S fmr, Efa;_]fﬁ’

- 186
4/ 887 V6I'1
186 _

T /541957 |

18-6 o\
?3 6 “{:1;

..\‘
=25 ) ) RS
Hence, Coefficient of con,lation is+-+285,

vProhlem 214. —Pro@s.

that the coefficient of correlation hes‘

between -1 and —1.

Clalculate the szh'ﬁe for the followmg table :

\w _ R

N v 5\.225 275 825 375 425 475 525 575
SR . e o

175 |~\1§ 62 19 3 1

22\5’:} 6w iw 34 6 2

275 | % 165 59 18 5y ]

325 ! 3 2% 33 14 g 3 2

575 1 3 8 9 6 4 3 1

425 H 3 5 4 3 2

475 1 2 3 3 2

525 1 2 2

(P.C.5. 1954)
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Solution :

Using the step-deviation method for Gro uped datas we have

Y [, ;
5 |2eslers
X
ef [ 2]
75 - N &2 ]
E| B I
225 & | 220 | 190
L3 I
275 46 | 165
| -1
385 3|25
T T d] 2
irs 1 3
42.5
475
S N N | —
ag-8 e
ToraLf 117 332|402 | 1sg | 47 26577 | 14 | 7 lwoe |rom |- 371 |15
P e L aWe s L g | s e az--:i"-‘—';ll‘"
. — 1 8N L
o N . e Vo525
fu "L fed-q03] N 47 | s2 | &/ 56 | 35 |-g7
S A P e e
53 liae O 1 47 | 1 83 | 224 | 17 3, EFRESEN 7
i \aﬁ 7 249|175 |2385 PROMUCT (o ar

SMESIN, Spem1ss
Lfux 876, 3 fr—05gg . ZJS=1000
N
AFF=6X T4 62)-+ 23 19) 4 (—2 1)+ (3:¢6)
N X290} (— 12 6) 4 (—2%2) (2 3)

\g~ F(=IX25)+(1X 14+ (26) 1 (3x 3) (4 2)
F{—AX 1} (=2 % 3) 41 X9)+-(4x6) {6 4)

+ (8 X 3) H(10 % D+{3x3) —f-(6><5)+(9><4)+(12><3}
IS+ (8X2) 4(12%3) + (16 x 3)
20X 2) 4 (15X 1) +(20% 2) - (25 % 2) '

Of = fuv=66+2484-38 24 184 4404190 — 6. 4 ~25414
FI24948~4-6494-24424 1241 104.9.1.30
+364 36430+ 44-164-36+48 440+ 15 £ 40150 _

=1471
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The Pearson’s Coefficient of Correlation is given by the
formula

% fup——k
O

—371 x —876
14_?_1 —ioo |

T [ eay B3TE \/ ecs BT6F Oy
VALIEE V=S 1000 O

—— 171324996 -
41393359 /1818624 O

~ 4/2533996°118016
11467004 N
LR QN

="' ?2 A~
A\

A\ N
Pearson’s Coq‘{@eﬁt of Correlation is 72,

Aefioblem 2}5;%;"'i"he following table gives according to age
the-frequency of.pmarks obtained by [00 students in an intelligence
test : N\ . :

PN\
- A@.._ T e

e OYEATS! 18 | 19 : 20 21 I Total .
Macgs O3~ "
10820 4 2 2 8
20—30 5 4 6 4 19
30-—40 6 8 10 11 35
40—50 4 4+ | 6 8 22
50—60 2 4 4 10
60—70 ' ; 2 3 1 6
_ I

Tomax | g 2 3 Y28 100
i

Calculate the cocfficient of correlation between age and intel-
ligence, (P.C.S. rg955)
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Solutien :

Using the step deviation method we have :.

X Y s se |20l 2 ”"J’Er‘”_zz | fu | £

T a1
10-20 4 2 2 8 | -2 [-16 |3

2] EH ) i
2030 4 5 L4 [ g | | -19C%Wi9

—

ol ) ]| 0] W W
3040 | & a HIN 35 O™\ 0 0
— 2 [-1] of . i} ~\'\’

050 [ 4 "2 e s | 2290 22 | 22

50-60 24 1448 | 2 | 20|40
S R ] 3 M A
60-70 213 e |z |54
100L g9 | 22 1NSY L e | o0 OTAL] 25 | 167
o\

vool-2¢ \'\&f 0 | 1 |17 zz:i}g—o-
X v X = (50-40)

f voNS8-e2 | o les |30 70

AR _

F——— SMALL SQUARES

AV REPRESENT
WO 76| oo 2 7
f }\S{ = 0 |28 lize PRODUCT 172

\ 2fu=25  Sfir—|67
N/ : '

Zf=100
2fo=—32, =124

S = XD 2X )+ (2X5) + (I x ) (1 X4) 4 (—2x4)
+(~—1><4)+(lX3)+(-2X2)+(2X4J+(-3x2)
+(3x1)

:16+4+10+4-4—8——4+8—«4+8- 643
=27
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3 fu y_}::f;_.?}_ri

NJ/Ef““‘”—fﬁ—‘ \/fzf”t‘“ijr_

25x —32
e (.
_28° ,\/ _322

\/ 167 25 126~ 7o N
_ 35 &

Vv 16075 +/ 11576 - O
- 35 N\
1369 :\~
== 95 \M

’\\0'

*. Coeflicient of correlation is '25..'\1'

wBroblem 216.—Show that 7y \the' coefficient of correlation, I |
cannot numerically exceed wunity. 3%
&Y
Calculate from the data. Teproduced below pertaining to 66 se-
lected villages in Meerut Bistrict, the value of r between ‘total
cultivable area’ and the ‘area under wheat.’

)
th&ultivabla Area (In Bighas)

\' {0— 500— 1000— 1500— 2000—2500 Total
1-— i -~ 1

K A00— 127 6 TP L o 18
£a &%"200_\ 2 18 4 2 | 27
20 0= .. 4. 7. 3 14
Bl 600— . .. 1 2 1
FE B0—10004 .. L2 3
< Total 14 2" 11 8 4 66
24" .

(1.4.8..1749)
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Solution :

Using the step-deviation method for grouped series we have
the table as below :

. -1raraL &
X Y io. 500-ji000- is00- B35 v | fu | fu

] 0]
0= i2 6 181 -1 |-i8 /8

L1 7 SN 7] I )ty B

N\
200~ 2 18 4 2 I 271 0 4] Q \
oy DY 2
400- 4 703 1 gDis
2l Ear AT
&00— i 2 ! 4 2\ '8 6

800-1900 I 2

TOTALf | 14 | 28 | 1 8 DWCE [To74L| 13 | 75

Vool | 2SS frm| u-Xoooy
N 2 = ¥=(500-)
foeo o | n A |2 s 500
p e T SMALL SQuaRFs
4 REPRESENT
fv° | 1 0 \ N7 | 32 | 36 | 93 PROGeT

b S Fui3, Q) = fut=y .
Efz;:gié“.’ Sf 2=93 Zf =66

Efubfz)
Zfuop-
\?’§n— p—

RV
O N T

\ fuz-(l ><1(2 +()1>\7) H2X 3 (424 (Xl)*r(‘SXI
!

=1247 64846462118

=63
1325
, O e
Y ey DT
A/ 75- A - 6
5808
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5808
v/ 6050:9132
5808
7775 = T
sy =74
Wroblem 217.—The correlation table given below shows the
ages of hushand and wife for 53 marricd couples living together on
the census night of 1941, Calculate the co-coefficient of correlation
between the age of hushand and that of his wife. ~
Age of husband Age of wife \
: s ISﬂ—IES 25 -—135 35—45 45—55 55—65 65— 78\, T otal
15— ' . . ™

25—35 212 [ SR & R Y-

3545 4 10 1 S VT

45 58 3 6 Loy . 10

55 .65 2 LAY 2 $

65—75 \Y4 2 3

Totui 3 17 14 9 O 6 4 53

| K7 (L.4.5. 1950)
Solution : \
Using the step-deviation method(fef grouped datas we have
the following table : N

AGL OF ] R 2
A Y 1525 25353545 4588 5565 16575 m}"" u | fu | fu
HUSBAND i 3 .
. 2 I - A A ¢

15-28 ; P AN 2 /-2 1-4| 8

N CRENE Y
2535 72 NN 15 |~ (5| s
l{’J BECHE! —

35- L) i ; -
35-45 RS | o | 7 S0 70 0
45-551 T3 (6 [ 4 0l

| EIRT R
»\5§\65 ' 24 2 8 2 |18 |‘32
4 - . - [&] _-"J - 1
65-75 t 2 s | 3|0l
ALY 3 |7 i | 9| 6 | 4 | 53 || se }92

~ {3545
v el o | 2| 3 | u=XEEE
— —— .. ¥-A3545)
fo im0l lmimln -
- b} snms SaUARES

2 J: }
i REPRESENT.
&t o] o 24136 | 98 | Cenper uv
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2fu=16, T fut=92, 3§y 1, 2/ 0%=98, 3 /=53

Sfun=(4x D+E@X1D)+2%2) 4.0 X2} (1% 6)4-(2x 1)
+(2><2)-J.—(4><4) —f-(6><2)+(6><l)+(9><2)

TA2 A 12464 24441641246 4- 18

Vi’roblem 218{3The correlation table given below shows for
each of 78 towns((l) measures of the amount of over-crowding
present in a givew'year and (2) the infant mortality rate in the

Quéculate' the coefficient of correlation hetween over-

same year. ¢
crowding '@d"infant mortality rate :
Infant ?ﬁ&)&ﬁ@ Percentage of population in Jamiliss living more than
»{&@' ) lwo persons per ropm
\ 4 . I.S—" 4'5""‘ 7.5‘— ]0'5*—- 13‘5-— 16'5‘——195
36— 5 . ]
46— 9 1 e
56— 19 4 1 1
66— 4 7 3 2
76— 2 5 4 i i
86— 2 2 3 I
96 1 2 2 1 1
106 —115 1 1

(LA, 1949 (17) )
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Solution :

Using the step deviation method for grouped datas we have :

- o e o ATOTAL 2
3 Y |7 g5 | 75 0-5-1se- fesisel 1| u | fu | fu
i{
36- 5 5 -4 |20 | 8¢
I ENEE -
45- [ 9 [ 1 10| -31-30| 90
I i .
56- [0 4 [ 1 Pole |2 | -324\6%
R4)
B I T ) B ' N
66—t 4 {71 52 8-t {78 |18
] S TR 7 R AN
76~ 2l s 14 |7 |y 389 | oo
.. Qj -ﬂ ;ej lJ e i = L
86- 2l 213 P AE | 1] 8 | 8
R () I 7 R T B TR
96~ rle b [ aRD 712 14|28
@ T ) i
0615 i RN P23 |6 |18
roracf | 3ol 2t | N | 2 | 3 179 o2 | 306
N e
v stlod\d | 2 3 g |wm Zf=£—€~?~—)
a\i e Y-(4-5-)
fr 30480 | 14| 8| s |2 | 20 3
. AN —1 SMii L SQUARES
v 2 ' 24 REBRESENT .
/f ?’\:" \BD O | 7% | 36118148 ] 6 PRODUCT &
S '
BFu——T2, S5 2=306, 5 220, f 1146, S fe=79

\”;, # 0= (43X 5) 4+ (3X 92X 10) (=2 1)+ (—8 x 1)1 x4)
(=1 X5) 4 (=2 2)+ (1 2)+ (2% 3) (A% 1)+ (2X 2)
+@AX2)F(EX D+ EX D+ (6X 1)

=204+27 420 —2--8+4 =54 424 6+ 44 4+8F6-F8
+6
=96

= -— mm——— - E - — — :
S _
N e L [ e G

Zfu U—E—‘&J Zfv |
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—72x90
I Ao
732 202
\/306_-73 \/146—- 70
= e—— . eme e I]4 2 —
v/ 240 4 A 140°64
_fua2 A
4/ 33881675 N
_ _.1132._ :":<<>§
T 1545 \ ™
= 73 ' v,\}& >
O
--- s ,,,___.739 . \\\
N
o’(,
o\

Wroblem 219 ~—Define Pearson’ sa‘?ge"ﬁicwnt of correlation and !
deduce the suitable formula for call;ulatmg it from a correlation }z

table, (lalculate its value for the {O\D‘éwmq table :— §
kb 1618 20 20~22 2224

10—20 2 Q\ i 1

20—30 3 g\\ 2 3 2

£ )
30-40 QX 4 5 3
WO

40--50 },\rg 2 2, 3 4

50— Q% O 2 2

6(2,5% ! 2 i

<> . (M.Sc. Agra, 1956)
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Solution :

Applying the step-deviation method for Wrouped data we
have :—

Y _ ToTAL| STER 2
6-1 2O 202212824 DEVIA-| +U i
X 8 {8 20 f THION T f f :
] 2] Bl
10-20 2 f f 4 -2 | -8 G,
£-[ M 2' d_’; i o \\\'
20-3¢ 3 2 3 2 {0 -7 =f0'\ o
Tl e o N

30-40 { 3 41 5 6 18 agopy o 0

40-50 | 2 [ 2 [ 3 [ 4 [ N7 Vb

9\
2 S 10 R ) B S\

50-60 T2 eSS e 1020

k EXIR TS T |
6070 T2 |43 236
o o | e | s | sz o] 15| 95
oEv 0N —2:‘.\—1 o | 1 lwnl ,o X£30-40)

2 . - 0

N

_ Y-(r0-22)
fo Pzoln Lo |5 (e | YT

SMALL SQUARES

AL
o2 REPRESEN T

| »\lr GO OIS 68k propuet u

N

Yfu =15, $/u2=93, Tfy=— 16, I f?=66, 2/ =52

T fuo= (4 X 2+ (2% 1) H2X3) {1 X2) {1 X )+ (—2X2)
F(—1X 2+ (I X4 (—2% D)+ (2X2)+(—=3X% 1)
(3% 1)

=8+24+64+2—2—4-244 244343
=16
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. @@f'\/ 2 SR
\/ Zfu EF Zfo 3F
15x —~16
e
1“5_2\/ ..___16“"
- Oy
= — 2:._6__ ",\.\ o
'\/541 '5? \ N\
i\.“
206 O
= ’28 o\\:
\\
r=="28. P 3'

/
. M

™ R

‘/ﬁroblem 220.—Find th\e*wvaluc of Pearson’s coeflicient of
correlation, r, for the followmg»rable

X |‘ LT T
. | 04-5 | 9655 985 J«m}’?) [ 102:3 ! 1045 | 1065 ]08 5 IIU.J
Y \\ X z | . |
:&xyu__ﬁ_n—__—_muaah_ﬁ_qﬁmh
I Y 3 | ! 4 i ! | 1
T-}———|~~—-| I e L S
6 | 18 6 4 2 3

295 1 . )

(M Sc Agm 1959 ; MSE Agm 1955)
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Solution :

Using the step-deviation method we have the tabic :

[ A - .
o2 fees|ses 3.5 GO TYOE 5065 | 1065 1085 (1) 54 A
[ E T = i h =)
. 29-5 4 3 4 i H i3 )-2 |25 | 52
I - P A O T R T
595 11 (3176 (g rg 23 |77 49| -1 1-40] 29
S A I M I "‘FJ S
gas | 7 3 i& | s 4 “f 1 f 52 0 L I ]
B ST I TR I RNE] 4] i ' N
s [slalwle 2 12 3t | 3g)as
. - : 1"
ECT L - ] ’ E]] i [ < | N/
M35 31518 [ ! | EN ;,;1‘ a6 | 72
] R 7 B B o ""_ N
784 4 2 3 ! 3 J 3t ' )
NEL T I N ) ) T——
2095 | 4 [ 4 I S 4 { s r|,’44
ST : '.\\\: —]
2395 [ 1 | 1 ¢ 2| 5 |w ' 50
WAL 125 | 3 |46 a6 ) 16 {15 ] 4 AN s [ rar [ 75 lges
I . _
@S2t | a0 e | s we Y2895
a7 s NN
fa |52 a5 | o | w30l | 20| s s} 4= X—:’)
2 I ) RN ]
fu {ees|ize | 48 NGB [ 60 [ 36 L an |75 lese

&
Sfu=—90, Bt=662, S fr75, 3 SR=495, % 191

Efw———(4§4}+ 2><3)+( —2X A+ (=X D)+~ 10x 1)+ (3x 1)
‘x3)+(1><6) (=1X6) + (—2x9) + (— 3><2)
Q\( L4 3) o (— 5><1)+( 3K 4 (2% 9) +(—1x10)
‘,—}(I>\2)+(3>\])—r (4X 2} +(~6x3)+-(—4x5)--(—2x §)
"} FEAX D H{—9IX )+ (—6%2) + (—3x3) Y+ (~12x4)
\‘: F(—8X ) (— 15X D)-L(—10x 1)
=16+6~8—-4—10+3+616—6-18—6—12_5_]5—18
~10424 348182016 4+4~36—12--9—48—32
—~15-—10

=274
S fuo— Efu Lj};

\/m {Efu) \/W" (zfv}
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L= —44, QS

. FROBLEMS IN STATISTICS

—903x75
191

a L o \/ . 7s
p . Y
'\/[Jﬁ_ i9; 405 (9]

L T27144353

6196 V4655

_ 2387
V/288454+78

274

o =287 ~A9
53708 W

= —44 | ON

~N\Y

N\l

|/Prohlem 22i.—Calculate  the cq-";ﬁicicnt of correlation
between the m?m}?ly incorae and the, expenditure on food from the
correlation table given below for CERtam 43 working class families in

Kanpur.
explain it where necessary, o™

Arran i ' i
ge your numenagl “work in a tabular form and

O ' |
., o N\ 2 Pt ' 6
=4 9, P !
Firl i?\i' P2 s 1 11
g / v/ . . H
-] A i ! 300 .
gt 2 ] 1,3 g 8
5 o | |

<?w/ | | | i : 2 1 |3

I o i ! I H

_Ui
_
[#]
LN | ’
-1
ra

43

(M. A. Raj, 194‘9—)
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Solution :

Applying the step-deviation methad for grouped datas we
have :—

Y. R . Tome 2
X 2402832 3640|4448 | 52 | fu ﬁi.
Elriy '
s 1y 2| 35 |-6]8
4] q
5 2 4 62| 2|24
AN
2] ] i [
/8 3 2 5 I oo AN«
R®
o i [ o \} °
21 3039 [ 2 2o | o
B i i 2] ; \
24 N I S g i'iv 4|8
N
R ‘S
27 AR N0 oy B R
TN T
30 o) N P N
\7
wrif b | s |7y | e | s o] e 821
S\ R
e B B A I B IS I T R P ) wo XoE
o ls gl e [ A ele e | o Y-36
. - "” 4
feT o fea s [Ny ze s | 52 | ses

S fiu =203 id=82, 3 p=15, 5 fit==123, 5 f=43

S fun== (O H(EX 1) +(4X 2) +- (2% 3) 4+ (I1%2) +(~2x1)
A3+ (2K 16X 2)F(8X D)+ (12X 1)

(S94+6+8464-2 24 34841248412
N -
V=72,

AN P>
O
e S T BT
o= _ 1619
\/ 89 j%a\/ 123_:5;‘ \'/9270'8.6
= 363 =T
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\/Problem 222.—The following table gives the [requency,

according to age-gronps, of marks obtained by 75 students in an
intelligence test :—

Test marks i | I B - Torar
_ 19 20 , 21 | 99 23 |
B N T b
0 to 20 e e |y iy 1200
20 to 40 . 3 ' 5 4 5 2 | g i 16
40 to 60 3 6 8 1 5 3, (s
60 to B0 i 4 | 6 L PN
— i _ . ! ' e
| | N, ot
ToraL S S B A/ S T T [ 75
—— i o — L |

Calculate . the coefficient of correlatign™Petween age and
intelligence, ) (M.A. Raj., 1955)
Solution :

20 {21 | 225 SR u | fu | pf

0-20 4 [4 [ 2 &7 1 ||z |24]ag

Bl
20-40 | 3 5 AN 2 2 6| -1 |-161¢ 16

40-60 (2 N6 [8 (513 |zsio|o]o

ST T . — -
6080 N" | 4 |6 [ 8 [ 4 |ez| 1 |ee|en

’\n i . N
ol | o |19 |20 (6 |10 | 75 [rom| g | g

) i - ;
P ¥ (2l |lo|i |2 lwa y - Xo(0-60)
: : |- =

fo |rzo|-m | o |6 |20 -5) wovoa

ol o e lao|us

Tfu=—I8, XTfir=86," T fu=-—3, If?=115, =75
2 fures (A XA 2 A) 4 (= 2X D)+ (—4X 1)+ @2 % )4 (L x 5)
T IXDF (=22 2) - (— U x4+ (1 X 8) + (2 x 4)

= 16+8--2—416 452441518
—35
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Sfelfo
3 e
frw f

v zﬁ; Ea ﬁ;) ';7_? e (Efg}a

- —~18>< —3

259

35—l Y
\/86——— /\/1 5 e
A
_ 35—72 O
VBIE8 /19488 O
) ,\N"
3428 4
T V118337983 A
_ ol
= 10878~ *)
—~-31 N
w“;"
r="31. :'
~{

yf’roblem 223.-431{}0'»'& that Pearson’s, coefficient of correla.

tion cannot numerigally exceed unity,

of correlation betweeh two variables ?
correlation betwesn' the ages of
table and ﬁnd‘{l“? probable error,

%«
3:’3;\ Ages of hushands
N
A N e e
Nefs of wives  20—30  30—40 | 4950 . 50—60
—_— il _I___} —
15—25 A | 3
72535 | N 25 | 2
‘35—45 ! g S | 2
45—55 ' g L4 B
55-65 | 4
.......... I __ _E__ L ___’-._._ .
ToTax 500 20 | 4 94

How far is » a true measure
Calrulate the coefficient of
husbands and wives from the following

P 60—70 |TOE[‘AL

[
37
| 15
5 .35
2 | 8

7 106

(P.C.8. 14935)
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Solution :

Y o ol TOTAL 2
X 20-30130-4040-50 50-60|50-70 £ | fulfu
R U
-25 | s g [ 3 17 =1 7| 17
o)
25-35 res| 2z 137100l o
CIR (A ' -
35-45 iz e s |0 | s s
IR Of
45-55 41655 25 2 4356 | o
Ei T
55-65 402 63|54
PTALE {5 | 20 |44 |24 | 7 \,:;?;?o‘ TorAL| 66 | 186
¢l b0 | | 9% X-(25-35)
o\ U= 12 00)
X T
fv 0 20| o R B B v Y-(40-50)
A T

2 N
A 20 | 20 0524 128 |2

3

L{u — 66, zﬁe =\86 3fo=8, TA2=92, Bf=100

1fir={ (23504 1v9)+{1>\12) 252+ (2K 16)-4 (4x 5)
4\(3><4)—|’6><2 .
§\0 9 17’14%?¢29T12¢12

i &

W =111
4 ~\’ ¢ r"\
0”\‘ v 3 ] E (\ \l
Y Efu 2@ -/t .
r=- S S
'\/ SR —(Zﬁf)g \/i 2 (—f? )
zf b,
66 < 8
- I I ! 100
b i . 661 V =
\/ 186 55 02" 190
Hi—528

T 386450 4/09 64
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_ /_f 0572
V14294 % 9136
,i'('ij-;) . 1. i ¢
= i iE Wge
_ 10572
T IT2-07

o %W WU*:’ 116,

)
" 792 Oy
O

. Pfob’d.ble l'}l"l ar Or ‘.h(.." (:OCHiC[ ol © } t L] . [J. V
} ) . Orreiat; n.( E ) 15 gl 211
‘i‘_?,‘_) \

VI oWV

=

PE.=6745

1— (9212 \
=745 LT T ¢
,‘/ ]00 . Y \v

1-8464 W\
10 . :?;;

— 6745 x -0153"@{
—-0104 {apqib'}

Wpcc pr’gb\’a"r}ﬂf\: error="0104 (appr.) )
rch. %"224.—— he following table gives the frequency

accordinr’\éq ge groups of marks obtained by 67 students in an
inte]liggi@e test t— .

="0745 X

»\ik\,“ Age in pears
Test Marks 18 19 20 21 Total
200250 4 4 2 1 11
250—300 305 4 2 i
300—330 -2 6 8 5 21
350—400 6 10 21
Toran 10 9. 20‘ 18 67

/Ts there any relationship between age and intelligence ?
(B. Com. Agra, 1442}
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el Y oraLl S
N R R 7 ' u | fu |
N E2 N e B T ' T
200-250( 4 | 4 [ » f -2 12zl ag

2] 7] 4] 7]
250-300( 3 14 |2 40 =1 =14 | 14N
C R G T /] B ] KN
3003501 2 | s [ g 501271 ¢ o .
B A (T T ST
S50-q00l 1 T a [T [ 1 27 par oz
TO7AL f 0119 | 201 78 SINFOTAL) /5§ 79

0 | 7 Mo X-(300-350)
QO U == D220

- 50
Fe 20 (-9 o WNg | U=Y-20
. 3
Fut 19 50 | 18 |77
2fu =15, BRA=T9, 3 fom 21, /277, 37— 67
3 fures 4 :>§.3)'-e—{2><4}+(“2><1)-;-(2><3)+(1x-5)+(_-1 % 2)
AEL—-2% 1)+ —I><4)+(I><JD} :
N
NE1648-24645 05 4410
"\f \' =35
N |
= Equ &
——— TS
T T
'\/Eﬁt"—— {_i@‘_r\/ - (_zj_r;d
35 _15__>_<___3'1
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303

V565 Vo4
303
V532727
__ 303
=729
=41 ' O\
‘O
, - O
Probable error (P.E.)=<"6745 © W W
. LAE N
D
1— (41} (Vv
= 6?‘1’5 —_— i 2O
V7NN
O
L= 6745, 52 &
81800

Ii

06745 vlappr-)
«:’.‘ g

<

> 3

P
[ ]

Since ‘416 % 06745 QN

ien r>6PE L0
'\'\.}
Hence the corpélation is significant i.e., its presence is strongly
suggested.: &
x";"; :
‘/I‘robl (~ 225.—The following table gives the number of 1~
, students haiqn’g different heights and weights.
AN §

~0) : Weight in pounds
Heightn | S A
%hdhcs | ) i Torar
8080 90—100 100—110 F10—120 120130
555 - ‘ 1 3 7 5 2 18
55—60 | 2 4 10 7 4 i 27
60—65 1 5 12 10 7 y 35
65—70 ‘ 3 g . 6 3 20
ToraL ‘ 4 15 37 28 16 109

Do you find any relation between height and weight ?
(B. Com. dil., 1940)
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Solution :

To7AatL 2
X Y 80-90[50-100|100- 1D (io-120 120130 f- i fa flf.

£l 2) |9 2] 4
50-55 / 3 7 5 2 8 | -2 |-36| 72

2] H o] RN
s5-60 [ 2 |4 [0 {7 [ 4 |27] -1 |-27|27
o o} PIOE o e G
60-65 f 5 112 io 7 35 0 .?‘“.“ a
T ~N

£5-70 3 8 & 3 20 | ! 20 | 20

q4

NS

mm][ 4 | 1537 |28 | 16 |\ romii-43 1 1

N

o:~\
v el o | 1 p@Tom) | X-(60-65)
b o, 1
fv (-8 |- | o |2 32|37 v = Y-(100-710)

70
2 S
Fv 6 15 LOV|28 | 64 | /23

o~
)

Ef:IO’O\i}}f—- —43, E =119, L fese3T, Zﬁ;B 123,

z zeg;(4><l)—{(2 <3y {— 2>\5)+’\—4><2)+(2\<2)+{|>\1}

s F(=1xT) (=2 ) (-1 X 3) (1 x6) {2313}
NV '
N\ =44 6—10--8+4 44T —8—34+6+6
, :'\’:; =6
) )l :
A7)
— ._‘ . '3 el 3
\/Efz (Ejj” \/Eﬁﬁ (jf';’-
—43x37
—6~ 100
Y
’\/”9*1"00\/'21 L0
9-91

g s a e
/16151 4/109-31
VI
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© /110960581

901
= 0535

054

1 —{054)¢
/100

P.E.=6745

1 — (084

6745 X 09912

=067

‘\'

Since r is not greater than 6 P.EA hé nce there is no relation-
ship between the heights and woiwhts Also we see that 7 <3
hence the fact is further proved. ¢ A\

N

Vé’oblem 226.—Calc };te r bebtween production of Pig. Iron
(percentage. of trend,, { 897—1913) and Industrial Production
{perccntao'e of trend, P@?-—-Igl?a) for the fol]owmg tab]c —_
£ >
..‘\

L >
o

- ANO — — e

Qv ,.. i

Pig Iron Production’

W\
Industriahlgy 50 6070 76--60 80—90. 9100 100—110,

. i
110—120.120—130iTorar
Produ.c’okﬁ 0: |
/“\,l I _——
\/ ! T . | 15
i20—13% ! . N
119—125! 6 54 1] 41
10-~110 ! 5 51 & 62
o0—1601 . 3 33 1 | . 37
8090 ! i 2 .24 3 .. 129
70—80 S - i 9
6—70 2 1 i : 3
50— |6 2 : | | 8
_..__.,,_...,I--.._...__i_-_‘..,... — : = ——— . K '
G F T ST B 3 58 ‘ 40 \ 16 204

Torat

(M4 Cal.,

1936)
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Solution ¢

2T i
\{ S8 6@-?01}19’—3.'; 80-30| S0 106 06~ 10| i5-120}e20-130 r}f u oy fufu
e
120130 | s s 2 |30 | e
: R
10-420 s 3¢ 1 a1 {ar |
. C] a & ] B
100-410 5 51l s 62l o te|o
s &N\
O
90-100 3 [ 330 9 37| 1 | 5N 3
3 RS
80-90 2 23] 3 _ 29 | -2 {58 | us
CLEE: T
70-80 712 | g3’ 271 81
< N
IEI T N\
8070 2 [ & |-4|-12]48
B | N,
s0-60 | 6 | 2 AT 8 | <5 {40 |200
e
. X ;
oLl 6 L4 0| 291 41 | sedNY 16 | 204 |Toral|-i03 | 583
TV s s e oy | 2 s e = X=(100-110)
0N - Xm0
Fe o4 |z |20 (-2 89 | 58 ) 50 | 48 | 2y = Y-(90-100)
— T
2 . ; .
FUT | 96 | 38 | appes| o | s :60[:44 563 :

N\ -
2 fu=—103, T fu*==583, 2 fv=10l, = f =563, % f=204
[ uv=(@X15)+ (1 X 6)+{2:x34) - (3% D4+ {Ix3)+(=1x1)
\:,+(4><2)+(2><24)+(@><7)+{3><2)+([2><2) +(8x1)
20 x6)4 (15x2)
§~ ' =904-6F-68-1-3 -3 ~1 +84+48-+424+ 642448 4+120-4-30
R\ =455 '

*

~O S fu y_z_f;_zf"_

——— S
\/ gfaz_LEJ_;j?}_ ,\/ ot _@EJ:_‘;)_& ;

—103 <101
R

o o, 103® /.. 1012
,\/ 5835_,,2_01_ /\/563—~3m_

. 4554-50-99

T V531 A/303

. S06

T V372403
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Lor =96
Vﬁ-oblem 227.—Caleulate the co-efficient of concurrent devia- [
tans from the following data :

n or aumber of pairs of ohservations == 47
¢ or number of concurrent deviations= 16
[ Statistics—Ghosh and Choudhary. pp. 439].
Solution : A\
Co-eflicient of concurrent deviation (r)

e
- = —'(_—53'1.)'\7;‘.\

=—'55 Ansn)
rohlem 228.—Calculate the coetifeient of correlation from

the folfowing data : PN
Year Supplits Price
1921 2%, 146
1922 W52 140
1923 “\ 80 130
1924 RO 117
1925 AN 133
1926 X\ 85 : 127
1927 o 89 115
1928 ANV 96 95
19295 93 100
O” . (M. Com. Alld., 1943)

Solution \'\\
Calctlation of coeflicient of cotrelation by the method of con-

currgn Jeviations —

Supply (X) ! Price (Y)
Year ' | Deviation signs from : . !, Deviation signs from
- Supply the prCCCdi‘b; gycar | Price "' the prmcdg'lg year
I . e — e e R A
1921 ) 80 : © 146 i
ieze - @z + . 140 : -
1923 . 86 i + I 130 -
L EL O - 117 [ -
1925 43 —_ 133 +
1925 85 + 127 ‘ -~
1927 : 8 - 115 i -
1928« 06 + L9 -
1929 | 3 - S0 | +
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“oellicient of Concurent deviation ( r) + \/ J:(‘“'_”

where c=concurent deviation==0

n=total number of ohservations.

=t/ 02
=~/ -]
9 N\

= /4] approximately 3‘
=1 approximately. Ans. N

\/f’roblem 229 -—Galcalatc r fmm the follé@;ng table
...... T

\./

Year i Average No. of-daily Iabourers ’L}khs o' bales consumed Ly
i (00rs) '\ : miiis
S L B —_— —— NS
- B S5y ol o
1926 384 &N ; 21
1927 : 385w\ ' 24
1928 . 361 0N 50
1929 | 3Ry : 22
1930 i pSfl 16
1031 , i 36
1932 &\ms 29
1953 . \ 7400 ' 28
1934 . 383 27
IR © DU . e
\ . (B. Com., Agra, 1941)
Solution : x'\“’
- ,_,_'\\ _____ —_— —

Year J\; ge daily No. 'Deviatlom over the Lakhs of bales con- Deviationo\-'er the
kS 4]

urers ((00) ¢ preceding year sumed by mills preceding year
— ’.’.\_.‘__.' —_— e . — —
\;\5 368 : 22
381 + i 21 —
1927 385 . i + . 24 -+
1928 361 ’ — 2{} —
1629 347 — 29 +
1930 384 ) + 26 +
1931 385 i + 26
1932 403 : - 29 +
1933 400 ; - 28 -
193¢ 353 ! —_ 27 —

(2~
Co-cflicient of concurrent deviation (r}= + \/ F(e—n .
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= ,\/ +.(l_2‘“10 , where ¢=Concurrent deviations=6

. 2

e/
=+ +}

=y2

= a2 approximately. Ans. _ . N\

n—total number of observations==10

N, ¢

£
\Iroblem 230.—Ten studentz got the following pct-cen'{‘?age of
marks in Principles of Economics and Statistics :— '

Students 1 203 4 5 6 JEO ‘8 9 10
Marks in Heonomics 7% 36 98 25 75 82 .90 a2 65 139
Marks in Statistics  : 84 5L 91 60 68 6Z\86 38 53 47

Calculate Rank Correlation Co-efficie ntay
> {M.A., Agra, 1951)

W

RS
Sclution : . éB‘SC . ,4??_0.

In this case, the total numbct\ Of ohservations (!\)_._10
N 64

Rank Corrclatm‘h is caIcuIafed by the formula ;P =l

S (78 — g4)+(36§§1)+(93 O1)+(25--60)+(75—68) )
+(82 61)} 0—-86)-+ (62— 58)-+ (65—53) + (39--47)]2 -~
=[—6—-1047-3 +T+"0—[—4+4-{-12——8j|~

I 64+,54]2 ' !

Pu\tma the value of Z¢? in the fnrmu!a we get

2

9 O [ 12{%100 - where p=Rank Corr_t]ation.
_,._ 50
~ 7990
20
=1- 33
33-20
~ 33 r _
13 . 0‘53/
=33 Al "

= 439 approximately,
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rd

Problem 231.—Ten competitors  in a beanty contest are
ranked by three judges in the following orders ;

First Judge : 16 510 3 2 4 9 7 3
Second Judge: 3 5 g 4 7 102 1 ¢ 9
Third Judge : 6 4 9 8 1 2 3 10 5 7

Use the Rank Correlation Cooefficient to discuss which pair of
Judges have the nearest approach to common tastes in beaunty.
' (M. A., Alld, 1952)
N
Solution : A o
Sew . . ¢\
I this question, we have to calculate three sets of rapk\cofrela-
t1on coefficient with the following groups : O

{1) First and Second Judge. (&) First and.y:Ti;ird Judge,
{¢) Second and Third Judge., A S

_——— T T — — — AN ——

|
First Judge's Opinion | Seeond Judge’s Opin

: _—
ion’;\\' JThird Judge's Opinion
¢ ¥ . - - . .

W

]

X | Ranks | Y || Ragks) Z Ranks

|! ! l »". Y |
1 {1 3 Lavs 6 5
b ) 3 R N 4 7
5 6 § N 3 9 2
10 ! 1 | T QY v 8 3
3 | g | A 4 1 ‘ 10
2 : 9 T4, | i 2 _ 9
4 i 7 NS 9 3 , 3
9 | 2 (W1 i0 : 10 | 1
7 ,' 4 6 i 5 g 5 6
8 | 3 N 9 . 7 - 4

i 9 ""f : ! i . .

—— —_— . _‘\,x T e e

[A] Regk,Coeclficient Correlation between the opinihns of first
and second(judges :

zg.ﬁ%[(m—&+(5—~6)+(6—3)+(1“7)4;_(8"_4)+(9'_1)} v
NN SHT— 9 H2—10) + (4 5) - (3--2)2 _ )
Q~ =[~2-143—6+4+8-2-8—141p

mr—-6]2 \\\‘ .
=36 \\
b >
Po=f— ?6325; e x\vhcre #=~Cloeflicient of rank correlation.
_ 6x36 N
=T 60010 .
;216 N
— T 990 AN
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990 21 6
’ 990

=7 appmmma tely.

iB] Rank Coefficient Gorrelation between the opinion of first
and third judges : ".__

Ed2—[(10 5)1»(5«7)+t6 2y 4-(1— 3) (8~ 10)£(9—9)
HT=8) Y (2—1) - (4—6) - 3BT
=[5— 2+4-¢2—-2+0- I+1-2-17 S
=[l0—T0 % . X\

=0 (There is rin difference in their approach) p ,\*\3

[C] Rank Coefﬁmcnt Correlation  between the opm}on al
‘Second and thlrcljudces ' £
g 8 5H—(6 74 (3 D 4(7— 3)—{—(4——!0)—,1—@ 9)
~8)+(10—1~)+5 6)+ (2= (3N
—{3 I+I+4 6~ 8»—[—1-}- --1-2p
—[18—~]8]2 '.‘ ¢4 Ng

=0 (There is no diffefence in theng\appmach)

Thus, we conclude that the [B] and {C1 pairs of judges have
the least disparity in their ap proach m L beau ty

lf ) =
£ LT TSRS
. s 'y
om0 S, owatel . (¥ A
RN TR EEE A Evd"- bj ot
1 : hl
A ¢ - B oot <



VUHAPTER VII
\}{EGRESSION

‘There may exist almest perfect correlation berween the two
series, but the proportional movements in the two may be very
different. ““In many cases, a measure of this proportional variation
can be usefully employed and proportional variation for both series
having been obtained, comparison of the two by means of a watio
gives us the ratio of variation®. This line of variation dhay be
regular, or irregular.  As the economic forces are alwavs .dynamic,
so the line of variation is almost always irregular. Tihs line of
variation may be plotted on a graph, known as the ‘Gateon Graph’,
or it may be calculated mathematically,

A

“If in the Galton graph both the subject gnfl 3’\rclative change
by equal percentages, then the ratio of variatiogh'is equal to unity
{one) and the line drawn through the plott@é"points will be a line
at an angle of 45° to the horizontal {case"T).” When the relative
shows a tendency to change less than thésubject, the line will be at
an angle less than 45° to the vertieal (case 11}, Ifthe relative
changes move proportionaliy than the ‘subject, the line will be at an
angle less than 45° to the horizastal (case III).  This line is known
as the Regression Line. The neardrthis regression line approaches the
vertical, the slighter the degréedof corrclation *

Y | 2 \\

LAQOX =45 to horizontal

£YOB=less than 45° to vertical

£00K=less than 45° to heri-
zantal

N\ (VERTICAL)

o {HORIZONTAL) X

FEquations of the Lines of Regression. —

The cquation of the line of regression of ¥ on X is

y—y = }T (x~7%) and the cquation of the line of regres-

o e B
sionof Xon Y is: z—i= &; (r—7)
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Where 3 and 3 denote the means of X and Y series.

7o ro
y= - ‘*——.xandx:—-i’”—.y
Oy Gy

It is also expressed as :

If X is the independent variable and Y isthe dependent vari-
able that is for given value of X the value of Yis to be dete’rmincd\
then Regression coefficient of Y on X is

e M
ZEZy oA\

“;’.‘-q - =
oy Zxp ® O
== Fy ——- = _z __ —_ <EL A % N/
O Zx - ZEND P !
Lt —?—: N
\"

Where r is coefficient of correlation ; 6y, oxares/standard devia-
tions ; x, y are deviations of the values of XY l{c;(n their respective
means M, and Ny ; and &, 7 are deviations, 68X, Y from assumed
means ; z is number of items. o\

Also Regression equation of ¥ on, Xis

Y—M, = r 2% (XM, 08 )
O N

If Y is the independent variable and X is the dependent vari-
able then Regression aka'fﬂc’icnt of X on Yis

O _'C\'ny_ . ZEy— m

Qx’_\h"' D 2 37)2
:~\::. . Zy ﬂ( "

oo/

and Regression equation of X on Y i

) ‘..\':o
QOX-M=r -2 (Y- M)
¥
vProblem 232.—Heights of fathers and sons are given in
inches :—
Heights of father 65 66 67 67 68 69 71 73
Height of son 67 68 64 68 72 70 69 70

Form the two lines of regression and calculate the expected
average height of the son when the height of the father is 67-5
inches. o
. (M. Se. Agra, 1957)
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Deviation of Deviztion of |

Height of Height of Y from assu- | Y from assu- £y
father  son . med mean | medimean
X i Y i £3 68
l g : 7
! i

65 67 i -3 —1 3
66 68 | —2 0 0
67 ; [T —1 —4 4
67 | 68 1 0 0
68 | 72 : 0 4 0
69 i 70 i 1 2 2
71 69 | 3 1 3
73 i ' 5 2 10

=
B — 2

i s NOW r __Gy:_ —_— “:_:iﬂ R
S Gy . N ‘&2(;; 2
(=)
o \'\72}_ %X_4
N_T 8
¢ \:.w _ 2_ 2
RaERNes
{\.{' o _21_“
<§¢' qg5 = 1%
AW Lquation to regression line of YonX is
AN
a\" g,
V Y—M, =r —Gi— (X—M,)
or  ¥—685="424 (X —68-25)
Sty 2220
. G > n
Again ro—= .. %

wn( Y

29.2%4

2 g
!
i
i
9 | 1
4 0
1 {16
1 0
0 0% 16
LAY 1
a9 1
35,7 4
=42
L \_}. _j
.\\}/
O L T2
e :
R 1
i o
e :: (1)



REGRESSION 275

21

Equation 10 regression line of X on V is

X—M,=r 2*(Y_M,)
Ty

or X—6825=525 (V~68'5) (1)

Next to find the height of son (i.e. Y) for given height 675 of
father {i.e. for X=67-5). N\

Stuce X is given and Y is to be determined therefore eguation
{t) will be used. Therefore expected height of son is.gﬁ&n by

Y — 68'5=424 (67-5—68-25)

or Y —=68-5—-424 x 75 A
Y ==0818 inches. W
" VProblem 233.—A study of wheat priees at Hapur and
Karanchi yields the following data :— PN
Hapur,”}\\' Karanchi
' RED” Rs.
Average price per maund 2463 2797
Standard deviation w1326 207

Coeflicient of Coorrelation Between two prices - 774

Estimate from the abowe data the most likely price of wheat

(1) at Hapur corresponding'to the price Rs. 2:334 at Karanchi
(2) at Karanchi corrigbﬁding to price of Rs. 3-052 at Hapur.

\ (P.C.5. 1938)

e, (4ild. M.Com. 1950)

N/ (dgra, M.A., 1953)

. 0o,
Selution &

~(Ij o get the price at Hapur we must take it to be the
depf:\ni;lbnt variable Y in the equation, :

' O~ Y—M,=r % (X—M,)
Substituting the given values we get
463— 326 s, :
Y—2463="774x g7 2 334—2 797}
or Y =1+899, app.

(2) To get the price at Karanchi we must take it to be the
dependent variable X in the regression equation

X-My=r-2 (Y-=M,)
Oy
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Substituting the given values we get

. 794207 .
R=2797=774-1.0 (3-052—9-463)

or X ==3-086,
i : .
1 VProblem 234.— Explain the concepts of ‘correlation’ and
L ‘regression’ and compare their usefulness. _

Calculate the coefficient of corrclation and obtajn the {ines
of regression for the following data s N

A
X 12 3 4 5 o RN,
Y 9 8 10 13, 1 314 16 Us

Obtain an estimate of v which shonid cqrr,éé}%%nd on the
average to X =62 (Y (145 1955
XN\ o

\ ¥

Seletion ' x.\\.2
Caleulation of coefficient OFCOI"I‘e]a‘t&}I; ().

| -
I . A !
i Deviation of X | Deviatiar of v ! ! i

X Y i from ;}can a ) frgmidmean 12 boay k2 32
. S i | :
' ™} !
—_ J|———— —————“—'-1.";-;;————————|—————-i- e R
1 9 —1 -3 |
N\ 12 16 9
2 8 .. 3 N —4 12 91 16
30w =z?o\\,, -2 I 4 | 4 1 g
¢ ) 12 = 0 I S 1 0
N T N 0 | —1 0 ol 1
6 ] 13 o 1 i ! bl i [ 1
I - SN 7 i 2 b4 4 4
- L G N = + Izl 16
SN IR s 4 | 3 S O 9
’\‘s. | | :
P e S e P R
=45 v ¥ N g, ix ’ |
2= xS 0s | SO R0, 5 y2=60
— ;T\*%___-—.__.__ —_— T ——— - ! ___,_______hh
a\4
v mean M, = 35 =35

mean Mﬂ,:ggg:u

Cocfficient of correlation r— -..—2@_.—_—-
Sx® Zy?
- 57
RV 6060

=93



REGRESSION ' 277

Sy _ Ty 5T,
Now T o, Sa =60 95
and y Eo 7 = 95

oy = Zy? =60
The two lines of regression are

Y M, =7 gff (X—M,)

and X -—M,=r Z* (Y—M,)
¥

or ¥ —12="95(X—-5) vee (1) O
and X—=5="95Y~-12) .. (2) RS
Now to find Y for given X=6'2. Since Y is'd:sﬁéndcnt vari-
able therefore using the (1} equation, v
Y —12="95(62-35) x1\\:
or Y=1314 v

V’Prablem 235.—The following marks have been obtained by a
class of students in statistics (out of IGO}

Paper I 80 45 55 356 53 60 65 68 70 75 85

Paper II 82 56 50 48360 62 64 65 70 74 90

Compute the cocﬁicmﬁt of cerrelation for the above data,
Tind the lines of rcgresmon d examine the relationship,

(1.4.5. 1945)

Solution : ) . ( Aﬁ" 8 gf’ H 6}

Calculation of coefﬁment of corrcldnon (r).

s $

_ _I ___________ p !
P "\ Deviation of X | Deviation of ¥
Papr:t\N

Paper I from ass. mean - from ass. mean | % iz ' 7®
X) | &N (265) : @
- :‘:_,::' -4 _ —— . . ! S i J— _I - _|_ -
aq " 82 15 17 I 2535 | 225 . 289
5NV 56 ~20 -9 e o400 | e
55 50, —10 i —15 P 1a0 o0 [ 22
56 48 -9 ; —17 I 133 | 81 | 288
58 | 60 — 7 - —~5 a3y . 49 1 25
50 62 -5 —3 o152 |9
65 &4 s — 1 | & | o 1
65 65 3 0 9, 9 -0
70 70 5 5 ‘95 | 25 25
75 74 10 9 P 0 | 100 31
85 90 20 23 ‘ 500 ‘ 400 625
_ —r e e » !; 2_
- Zin 5% 8 37
=z Sm=6 ‘ =143 | <1213 | Z165p
. | i
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9
meat M$=65+}—-1—=65‘18 appr.

mean My==651 %-——65‘54 appr.

Coeflicient of correlation (r)

EET}_Ea%n
= _ . _ L
m ] S
e == e N
\/E"' M(J’z)’\/zyi ’ﬂ’\n)
: £
O\
03258

or : TR 7o
\/1414—11(-[;-%“2)}/’1551~~11(1-?)
T

T4/ 1414 6> 1/ 1651--327

1 ’i%l

T V18364 % 164773

~O 140191
Q; 1413-64

Again Y—=
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140191

1647773

—+85
Hence the lines of regression are

Y--M,=r %(X”M"} -
and XM, =r 2 (Y—M;J"
% O\

or Y —6554="99(X ~65'18) .
and X —65'[8==85(Y—6654) _ )

and () regression equations. Why should there be two “keqression
equations ?  Write down the two regression equatlons \;“ha.t may be
associated with the following pairs of values 1—

(X) + 152 114 138 154 144 153 14} 117 156
(Y) : 193 300 414 594 676 5497 %‘ZO 483 481

N
g’i’roblem 236.—FExplain the terms (a) correlation .cocfﬁc:cnt}f/
f

’ \\ (148, 1951)
Solution : A~
R i . N a | —_— —_ _
‘Deviations from ass. De’vratmns of ¥ : ;
X Y | mean MOof X F'm,m ass, mean 445 Iy g2 Lot
‘ @ ) ; |
. - o
— ) |
152 193 - 2'\‘..} | —952 —3024 | 144 | 63504
114 300 — , —145 37701 676 | 21025
138 | 414 | A2 ' — 41 82 4 1681
154 594 rp A4 149 20861 196 | 2220]
144 BT i NS 4 231 924 16 53361
153 549 LA 13 _ 104 13521 169 ; 10816
131 | 320 .7 1 | —125 ~ 125t | 15698
117 488 { —23 38 874| 529 % 1444
156 | 481 1 16 ' 36 576 | 256 ‘ 1296
_ ..__Q ”' .” | _: [ES— JE— —_— i —_— _— —_ | ——
’"\N | [ ¥ i
\¥/ E_. —__ . Ev"i 2 2 2
) | 38=9 ‘ 2n==5 . | &5 iser |190953
i ! ] !

mean Mw=140—|—%= 141

mean Myx445+:5:x444-45

pr E
Eia— el
;.

S ()
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6515 -

Ix=5
i

k4

190953—9( - ;;—5)
6520
19095023
034

=329 appro
The two regression lines aig, S
X 1412034 (¥y¥ 44445
and Y—444-45—3 29 {X~+141)
Vﬁroblem 237, Calcu]ate the regression equations from the
following data 1 ™

Age of Husband :,{18 19 20 21 23 o3 24 25 26 27
Age of Wite : «\ 17 18 18 18 19 19 %0 21 34

(M. Com., Alld., 1g9571)

Solution : RS,

> \4 |Deviation of Deviation 0f|

Age of \Age of | X fromass, | Y from ass, | i3 | 2 S
Hushand\w Wlfe average 22 1 average 18 : ; ’
. ,;\_ S _ ‘ I
A\ i I : | ! ' T
Qs . | ! ' |
p \ W8 17 —4 —1 - 6 { | 4
NJs b —3 —1 9 i 1 3
20 13 -2 0 2 S ' R B
9t | 18 —1 0 1 0o I g
22 i 18 ; 0 | v} 0 | 0 | 0
28 .19 i T L N T B
24| 19 2 oy 4 1 IJ 2
25 12 3 2 b9 g :
26 | 21 i + | 3 | 16 9 I 12
27022 b s B L 6 | 90
; | ! T
, BE=S | Sw=9 | x5=gs | E7?=35 | BEq=48
i

Mean Mp=224+ 1 =225
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Mean M;=18+—?0 —189

>
Sty — =50
. N S
' 5%9
B 8- 5
=g
;_ 8 A
3 A .
A\ ¢
_ 48—4'5 N\
338 Dl
43 &)
—— 5 't\\
249 R&
=174 Q¥
O
e ZE . E‘q_ 9.\
° L n S v
Again ¥ .;"..-:_ PR e \T-:‘(V}
L S R
(= A
or o — _4313__ ,:?3{:‘
Te 3L 22N
vi LT 10
P\ ‘g'g .
ﬁfa}“f-u oL
"I‘herqf:a‘m?thc regression equations are
O oy
My (XM
S
AN
<>""ﬂ’nd XAM'-F:"_GJF' (Y—M,]} .-
3 f;!v,r .:(z\__
or Y—189=142 (X—-22:5) (1)
and X—22-5=1-74 (Y —-18'9) (11)

\/I‘roblem 238.—¥ind the equations of regression in its simplest

form of the following :

Ages of Husbands and Wives at marriage.

Hushand’s Age :
Wife’s Age :

23 27 28 28 29 30 31 33 35 36
18 20 22 27 21 20 27 29 928 29

(Punjab, M. 4., 1950)
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Solution :

‘Deviation of ;Deviation of |

Husband’s | Wife’s . X from ass. ' ¥ .from ass. | E2 o By
Age |, Age average 29 average2h [ :
Xy S ’ |

— R S L

23 ! s g S A AR R B N B
27 ég —2 I' —5 : 4 25 | 10
i) : -1 —3 . i | 9 3
R T 1! 2 b 4 L0y
29 21 o —4 \ 0 ! 16 i o
50 | 99 4 ; 116 0N 4
31 | 27 2 2 4 | L7 ¢
33 29 4 0. 16D 16
35 28 6 3 3% ! 9™  a
. SR S AN BT
| CONE=10 - 3y=0 izii’-—_—]f}(\f}fﬂ:lﬁdf |55 =129
| ! :’s 7! '
10 \\ :
. Mean M,=294+ = =30 ™
14 €%
TRNS
Mean My=25-}——l—0- =25
0\3
iy o8 3
Oy o
or N 3E N2
ToE()
\ "o/
g\.;\_.?m_o
N 100
SO M8 —
e,
S, __ 123
{\{,, 138
N/
O = "9 appr,
™ = X
AN S5y _2?'_2'_’3 _
Q Again F—Fee. _ B
Gy Sp2 H(_ZQ_)Z
' n
___12370
T164—0
=75

.~ The Regression equations are
Y~ My= r (XM
G.?J

and X — M= r -2 (Y—M,)

Gy
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or  Y—25= -9 (X—30} (1)
X—30:= 75 (Y-25) . (IT)

Vfroblem 239.—1In the follewing table are recorded data
showing the test scores made by salesmen on an intelligence test and
iheir weekly sales.

Salesmen 1 2 3 4 5 6 7 8 9 10
Test Scores 40 70 50 60 80 S50 90 40 60 60
Sales 000y 25 60 45 50 45 20 55 30 45 30
Calculate the regression line of sales on test score, and estimate
the most probable weekly sales volume if salesman makes a scordbf’

70, - {L A 3.31946’)
Solution : ¢ \:
i Deviation of Deviation of | i ,gj"-: ™y !
Test | Sales X fromass. Y rom ass. . £ it OF | w2,
Scores average B0  average 4 5. W\
Y ‘ {£) TR v ;
i ! _ — N _ ! -
. i ‘ AN
40 C25 : —20 —2 i ‘\'&u I 4 o4
70 . 60 0 . 15 NNV 00225
50 45 -1 0 AV o 100 0
60 50 0 By W ¢ . 0 25
80 43 20 PR 0o 40 0
50 20 —l0p @A 28 ) IO 626
20 55 30 1 Nl 30 (1 |
40 30 20 X150 | 30 400 ¢ 225
60 45 Om:’ 0 0 0 [
&b 30 o\ —15 | o o 225
O\ }\ :
k= - p— ‘ Ebn_l‘!U'EQE—Q‘IOO o 22
; | =8
! L |
N 0
Megno = 60 4 -——_:60
®
N M, = a5+ T g0
R\ 10

S

»\./Regression line of sales on score that is of Y on X is
) 4 X .

Y—M, = r- % (X—M,)
G

. 23:‘?_, ._E'; %’]
or Y-—405—- “- ( z,. )2 (X—60)
140 — - OX(IO45) _
or Y—405= - (X 60

2400 - 10 ("1'6’.}"
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05 . 140 -
o for X= 70
140
Y 405 == m {(70—60)
. 1400
or V=405 e

= 4'633 appr,

PROBLEMS IN STATISTICS

N

N

% Most probable weekly sales volume ;f sales{qé}f‘\makes a

score of 70 is 4-633.

N/
!

\/frohlem 240.—The following data are giv&éﬂ"'for marks in

English and Maths, in the 8. L..C
certain year :

Mean Marks in English
. o Maths, LV

7 between marks in English ant Maths,

Standard deviation of marks,in-Funglich

RN \in Maths.

$

1 3

N

Form the two lines oﬁi';:gr:ession and explain why

equations of regression.

P

& .

Solution : O
If X and ¥ represents the marks in 1
pectively theg
:”\.Q.
., ¥ =42 :
...\’:, )

\\ *" The regression line of Y on X is

Y= M, =% (X,

Gy

or Y—476= 43 —;g
or Y ~47 6= 657 (X—395)

The regression line of X on Y is

X~M, =, 0= (Y~M,,)

D

_,g._ (X—39-5)

] Examinatigs’a\iﬂf the U. P, jna

=395
=476
—-42

=108
=169

there are two

Galculate the expected average marks in
Maths. of candidates whorreceived 50 marks i, English
\J

(UPCs, 1941)
P@vm 8.5c. g

rglish and Maths, res-

M:=39 5, M,=47-6, 5,—10-3, 0,=169

I
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< 10-8
Qe _ Ay Y 47
or X—305i= 42 169 (Y—47-6)
or K—395= 2068 (Y—47'6) {an
For X =350 using formula I we have
Y —476= 657 {50—39-5)

or Y==476-+69
=543,

~  Expected average marks in Maths. of candidates who
secured 50 marks in English are=54"5 : P \\\'

Prohiem 241,~-The following data are given for mgr‘ks in
_subjects A and B in a certain examination ; Y v

Mean Marks in A :3,925

Mean Marks in B : =475

Standard Deviation of Marks in A =108 .

Standard Deviation of marks in B N =168

Coefficient of Corrclatlon between A and\B == 42

Draw the two Lines of Regression and cxplam why there are
two equations of regression. K\

Alse give the expectatiens of rrrai,ks in subject B for candidates

who securcd 50 marks in subject A An
" (M. A., Pb. Sept., 1g951)
Q (M. Com., Alld., 1946)

Soletion : \'\\': ( 4?—/& 3.5'3 {980 }
- Let X denotes subject A and Y subject B.
1;3=39\.53§1v1y —47'5, 6,=10°8, oy 168, r="42

Two Lines ot Regression are

SOV, =T xoMy)
o) o
E%I]d X-—-Bf = ¥- i N—M }
< =T XM,
or  Y—4T5— -42—&%— (X—395)
and  X—395= 42100 (Y—473) |
or  Y—d75— +65(X—109'5) e (D)
and X395 27 (Y—475) (1D

Heare equations T and T1 are two Lines of Regression, There-
fore expected marks of B for 30 marks of A is given by

Y475 ‘65 (50— 39'5)
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or Y—475—6:825

or Ye=54-325,
meblem 242 —
2) Given X Series Y Series
Mean 18 1C0
Standard Deviation 14 20

Coeflicient of correlation between X and Y series is 48, Find
out the most probable value of Y if X is 70 and most probahble value
of X if Y is 90, N

<\N)

{iﬁ If the regression cocfficients are ‘8 and -6, Shat would be
the value of the coefficient of correlation, N

< 3
A, M.A,, 1952)
A\ N
Solution : : 3

(2) Mo=18,  M,=100

Regression equation of Xon'Y is

X—Mamr 2= (y_M,)
. A Y Ty

5 A _
or ’{X}-IS—:-SES— (Y —100)
¢ \\.'
or \ X—18=56 (Y —100) 1
Regrgssi&i"cquation of Y on X is
::&“: - a,
\;} Y —Mf,:n—.ré (X —M,)
QO 20
o vor Y—100=-g% 22 (X—Mp)
:“\‘.‘; 14
\\ or Y—100=-114 (X—8) oI

Value of Y if X is 70 is from 1I
Y—100=1'14 (70—18)
or Y=159-28 LLIIT
Value of X 'Y iz 40 is
X~ 18=="56 {90—160)
or : X=12-4 : LIV

o . f"iz-g, OV
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r2==-4f
r="69 -

vgroblem 243, —Given the following data, calculate the expect-
ed value of Y when X is 12.

X ' Y
Average 76 14:8
Standard Deviation 36 25
?—_--‘99 Z\
(Alld, M. Com., 19%5)
(Raj., M.4,{7g51)
Solution : ) o
M,=76, M,—1438 N
G,=36, Gy=2‘5 '.'\:‘,
r=09 O
Regression equation of Y on X is '\\;
Y—M, -r K- "\/Ix}\
or —148_.39—(23{ ?'6
or Y-—l48—-68'8 (X—76) ' I

expected value on x(hen X is 12 is given by
1@8 -688 (12—T7'6)

or —14-8 =-688 < 44
or ’C\Y =14-§4+3'027
'\ 4 =17-827

”\5
‘,/Pru%kem 244.—Given the following data, find what will be
the proh‘& e yield when the rainfall is 29 inches :(—

o Y

Re N Muean rainfall=25 inches
\”\ t Mean production=40 units per acre.

Coeflicient of correlation between rainfall and production—* 8
Standard deviation of rainfall==3 inches

Standard deviation of production==6 units per acre

Explain your method.

(M. Com., Agra, 1947)
Solution :

Let X denotes rainfall in inches and ¥ production in units per
acre, Then

=23 inches,  M,=40 units per acre
G,=13, _ g, =06, r="'8
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Regression equation of Y on X is

Y ~My=r (X —M,)

or Y — 408 g (X—25)
or Y—40=16 (X--25)
Therefore probable yicld when rainfall is 29 is given by
| Y—40=16 (20—25) \
or Y =464 &y
N\
probable yield is 46'4 units per acre. \ ™

Véroblem 245, — Calculate  regression cqu{ﬂbns from the
following data : O
Mean height=50-07 inches - 3t, Dev., of\leight=526 inches

Mean Age =998 years St. Dethof age =259 years.
r=+-896 N
Ke) (Raj., M4, 1950)
Solution : Aj.‘:‘;.’z

If X represcnts height and Y age then .

M, =5007, 6,526

My =998, () G,=2-59

XN p—-g08

. O\ + . -
Regression gguation of Y on X is
N4

A Y My 2 (X My
&\ G‘ .

\&;
QO v— 99y 898259 (x-5007)
& 536
~O Y—9 98442 (X—5007) 1

Regression equation of X on ¥ js

X-—-szrg‘—” (Y—M,)

: e en 898><526 :
or X -5007= = g (Y~-998)

or X—35007=1797 (Y—993) : LI

Therefore the iwo regression £quations are o
_ Y —998="442 {X--5007)

and X—5007=1"797 {Y—998)
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‘{roblem 246.—Explain what is meant by a scatter diagram 7 £

p

and line of regression. Why should there be in general two lines of J
- regression for cach bivariate distribution ?

You are given the following results for the heights (X) and
weights (Y} of 1000 policemen of U.P. ;

M_,=68 inches, ©M,=150 lbs, g
0y =2'5 inches, oy= 201bs. 7™

Estimate from the above data (a) the height of a_ particular
policeman whose weight is 200 lbs., (b) the weight of particulax -
policemen who is 5 fi. tall. :

(P. C. S, (t952)

'\
Solution : ' e

Given M,=68 inches, M,—=150 Ibs., . p RS
oy=2"50 inches, 6,—=20 lbs, ' R

The regression line of Y on X is

o AN
YoMy=r ¥ (XM, R
20 O
or Y—130="6 o (X—68)
OF Y 150=4'B(X—68) aborrererrirrrrrrnnrerrens .
The regression line df\ai on Y is
.= 0‘-“7‘1'? }'_.

x.—Mx-_—?’—:c%\(Y M,) _.
or < X856 3—3 (Y—150)
OF KB T5(Y-U50) corvvveemooeooo It

(a)\to'find the height of a particular policeman whose weight
is 200 3bs. '
\”'\: »  Y=200
X —~68="75{200—150)

or X=105"5 inches.
{8} weight of particular policeman the height of whom is 5 fi.
X=60 S Y —150=48(60—68)
or Y=1124 ibs.
Height of a particular policeman whose weight is 200 Ibs,

is 1055 inches and weight of a particular policeman whose height is
00 inches is 112+4 Ibs. e
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Véroblem 247, —Tilustrate the methodology of computing the
cotrelation coefficient and the equation of the line of regression of
Y on X by using the following data : —

X 2 6 4 75 oy
Y 8 8 5 6 2 '

Incorporate checks on the arithmetic in your work, Show
that the coefficient of correlation lies between —1 and 1.
: (M.Sc. Agra, rg48)

N
Solution : .
T T — 2N
T | | AN
: i Deviation of X | Deviation of ¥ | I N/ |
X iy - from ass. from ass, | & prat : e
| average4 ‘ average 5 ‘ | )
- ‘.___.i __ & __ A _4\_\“_ _| -
2 g | —2 | 5 N AP B
6 | 8 | 2 | 3 | 61 4 | g
2] 05 ¢ ! 0 .\\.D . b ' 0
70 6 3 i A
5] 2 1 | AR e N T S S -
___| e e :7_ — i
i Si=¢ | -E‘ﬁ?-f{i':. i 3En=0 | ZE%=18 || Iqt=28
___'_\_'__ﬁ_____!_..,ﬁ:é;_‘.._...-_ _—
™ SET
N 257}_ _i_-'q
CNELE iy
a5 = (5
‘; ' X4
%, s
N EE B s
&N AL S
\© |
O =32
o N v 148%x248 )
& 4
N/ =32
1915
= ——-'167.

The equation of the line of regression of Y on X je¢

Y—M,= 7% (X~M,)
Cp
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TEn— 23
7, n
N?w r O'_j= ) §2
e (2
4x4
-— 0-__5-_'
R P
=&
. ____.3.2 s"\
= lﬁ '\a\.
= —21 PR
~ Regression line of ¥ on X is : Y
V58— — 21 (X—4'8) O

o RY
g F/Problem 248.—In a partially destroyed labgvatory record of
an analysis of correlation data, the following\l;esults only are legi.

ble :— PN ,
Variance of X=9 ’..x\ g ~
Regression Equations— O
8X — 10Y 4660 N\

40X —18Y==214.

™

What were () the mean values of X and Y (6) the standard
deviation of Y, and {¢) the coedlicient of correlation between X and Y.

o\”} (I’A‘S' Ig‘i”?)
Solution : \ . .
{a) Calcu]afi\’o’ii"c';f the mean values of X and Y, -
AL8X—10Y=—66 N
40X —18Y = 214 - II

On fﬁg these equations the values of X and Y so obtained
gives Mpand M,.

muitii;yr:ng I by 5 we get

N\ 40X --50Y=—330
40X —18Y =214
subtracting
—32Y=--544
o Y=17
substituting the valueof Y in I
8X—170=—66
or . : X=13

o Mp=I13 and M,=17
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(¢} Galculation of the coefficient of correlation between X and

Y
40X —18Y =214 e 1)
8X —10Y==—66 . (i)
From (i) X="45Y4-535
* Regression coefficient of X on Y s
G .
¥ GTT’,— = 45 2\
From (i) 10Y = 668X KON
or Y="8X-1-6.6 O
< Regression coefficient of Y on X i R, "
P2y '\\
Ty - 4
- r = \/ r &’\}(r B
_ _":&v_ Ty
=V 45508
=60}

al

1f from (1) we deterrqing?ﬁcgression coeflicient of Y on X ang
¢ from {#) Regression coeflicight of X on Y then the value of rowill
i comie out to he greater than 1 which is impossihle. Hence the Re-

gression coefficients of X'on Yand of Y op X will be determined
from {5) and (#) rqsp\éc},ivcly. '

{8) Calculation of standard deviation of Y
Vq:;iali';ﬁé of X that is 6,29

::\‘“: 0" c:t:‘:
\Y
'\\‘/ r _O-ﬁ — 45
R\ %

AN v g [T

~\J AT
- 6x3
= s -

<~ {a) Mean values of X and Y are 13 and 17 res
() Standard deviation of Yis 4,

. (o) Coefficient of correlation between X and Y is 6

pectively,

-

\—z{j{;-oblem 249.—Two lines of regression are given by x+2y—-5=0
and 2y4+3y—8=0 and o2 =12, Calculate the value of %, 3, 6,2

and r. (dil., M 4., Ig52)
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Solution :
2x43y—-8=0
x4-2p=-5=0
Solving these equation for x and y we have
x=1 and y=<2
& x=1, Ty=2

The above equdtions can be written as

¥=—2y+4 A
and p=—3x & : A o
J gx -3 O\
e\
™ ?'E:—g % \,,/’
Cy N\
G AN
and y—¥=—-3% LS
N 2
& N’
a__8__ \
multiplying #2=3="75 AV
T ?‘:'86 “‘\v
. 4
. a s Oy OO
Dividing we havc—g———:S D
= oy R
J.ooyi=4 . ",té.'

Hence x =1, » =2, <— 86, o f=4

general {wo rcgressxon It

: ~N
\//ﬁ'oblem 250, —W. ab are regression lines 7 Why are there in .l Lo

If e is the acyt angle bctween the two regression lines in the ™»
£

case of two var:ables and Y, show that ! A
", 1—r2% Gy G, g
taff 8= —— v _ !
C\ " T a+0, i
J

w}{&'\.e r, a; and o, have their usual meaning.
,\\,' (M.Sc., Agra 1955)
Solution : |

If 8,, 8 are the angles which the two regressuon lines makes
with the axis of x then

)
tan §=r—"- -
. Oz

Oz
cot fa=—r—-
Gy

Oy
e tan f,— T’O’;
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Now tan a =tan (Ba—9)
tan f,—tan 4,
= I tan B3 tan g,
Uy . ?'O'y
19, g,

‘1 4. G0y
100,

G0 —r9 "
I S o
)

a2 |

/ Problem 251, The following statistical mﬁsﬁicients were de-
duced in the course of an €xamination of the ’relationship between
vield of wheat and the amount of rainfa]] ;A

Yiela in 1. per'\déﬁl Annual rainfail in inches
Mean 985 i2:8
Standard deviation 701 ) 16
7 between yield and raingl +52 '

g

from the above data, calculate;(zj} the most Iikely vield of whea

. t per
acre when the annnal rainfallf:‘is 92 inches, (&} the probable anngal
rainfall for yield of 1400 1b. Per acre,

KN
)Y

£\

(M4, Agra 1938)
Solution : N\

O
Aand XM, “E(Y—M,)
w\',/ !
N/ 16
Cer Y2 8—_:-;2 7o (X-985)
and X~ 985--5p --719}61—- (Y—12:8)
or  Y—I28=01(X.gg5) e @)
and X-—-985=‘-22'8(Y-——12‘8) \ (&)

(@) The yield of wheat Peracre (X) when i
is 92 inches is given hy (£} (%) whe Al rainfa) )
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o X—985=22-8(9-2-12-8)
or X=902-92 lbs.
.. yield of wheat per acre when annual rainfall is 92 is
902:92 Ibs.
(6) Annual rainfall for yield of 1400 Ibs, is given by (i)
Y —12'8="01(1400--985)
or Y=16'95 inches
<+ Annual rainfall for yicld of 1400 Ibs is 16-95 inches A\

\A‘oblem 252.—Find the most likely price in Bombay cerres-
ponding to the price of Rs. 70 at Calcutta from the following
data: — QO

N/

Calsutta Bozrdm}}:
Average price 65 67
Standard deviation 2-5 %5

Coefficient of correlation is -8 between «the two prices of the
commodities in the two towns. s,
AN (M. Com., Agra, 1951
OY M.A., Agra, 1954)
Solution : Ny
If X and Y represents the, }if’i’ées at Calcutta and Bombay res-
pectively, then regression line 98 Y on X is

Y—M,= r&8(X—M,)
(o2

N 335
or Y618 5 (X—65)

or )f\:—\f:r 12{X—65)

. m”f}é‘at Bombay corresponding to price Rs. 70 at Calcutta
is given b%w ‘
N Y--67=1"12(70—65)
~O Y=6745%
N\ ) or Y=72'6 Rs. approximately.
Hence the price at Bombay correspending to price Rs, 70 at
Caleutta is Rs. 72'6 approximately.

Vé'oblem 253.—Vitai statistics of the U.P. (in thousands)
Years  Fevers  Respiralory  Dysenlery and  Others Total

diseases diarrhoea
1931 1025 37 16 228 1306
1932 853 34 13 176 1076
1933 698 35 12 160 905

1934 970 47 18 260 1295

o
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¢ Find out 7 of the deaths from the fevers and total deaths
' given above. Calculate standard error of thig coeflicient and the
line of regression of the deaths from fevers on total deaths.

(M.A., Agra, 1937)

Solutjig;_: :

Deaths | | Deviation | Deviation | : !
from thei Total of X from of ¥ from ' £ . 2 ! 72
fevers  deaths| ass, averagel ass. average! | fLIN
Y 885 1 1145 | ;
'”’ | E L] || A o
- _ [ __|____ —_ _|_ - ____||__ e _'|;\T\__ —
] N o
1025 11306 ' 140 16t 22549 | 1960g™ 2592]
853 1076 | —52 —69 2208 | 1024 4761
€98 | 905 —157 1 240 | g4ggy | 34969 | 57600
970 1295 | 85 150 1 12730 | 5098 | 22500
! ' : | & & h
- It |- — —— . _i|._ ______ll—-—____._‘!':..,‘%_\__.__l!.__ _—
|| |' Xi=6 || 29=2 | Zry—g2378) St2=~62318 1Zn2=2110782
_ N

e — _._,‘é;-l_.._\._ B
$
4

- Nt
ey (B

_255

V o G s (55
n W B

Fe

> PR 2
e B G)
\/ 623184 (_2_)' \/ 110782~4(-§.)2
AN 83783 '
- MERBTY it
S0 s
N V6809 (10781
W 82375
\' 83414-9
} =087
Standard Error of the coefficient of correlation,
S 17 | |
vn
_. L (o7
WV
1—-974
==

=013
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mean of the deaths from fever x=885—[—761—

=886°5 deaths

mean of the total deaths M, =1145 1 _i.
=1145'5 deaths
. ggﬂ_.zﬁfﬂ
. QO
¥ }mz——ﬂ(— A\
J X
n :\('\;}
A\
82378 62 \ O

_ 4 'Q\‘z
- e K

J— . 7 (,

110782 4( 4) &7

i N
_ 837 S
= Tio782—1 Ko

82375 " \®}
= Tio7st N
N

=74 N

N
N
~ Regression line of }/(\OQY is

X—Mf_—r% (YLNI{O(\

o

or X—886-5="T4(Y—1145'5)



CHAPTER VIII
GRAPHS

In the construction of graphs, the fellowing points may, be kept
- . £
in view : _ N\

(1) A complete and accurate fitle should bhe, given to the

graph constructed, {™N

(2) The constant factor should be shown c@(th? OX axis and
the variable factor on the OY axis, )

(3)  Fixation of scale. Tt js perhaps the \most important phase
of the construction of a graph. /50

(i) The scale should be soNadjusted that the graph is
neither too small, nor’toe’large.

(i7) Find out the total ampunt of space available on the

OX and OY respediively, and the total amounts to be
shown on them3® Divide the tota] amount by the
space availablepwhich will help the fixation of base,

as :
Space available ony the graph (say OX axis)~¢"
Total amount go\{& shown on this axis =6000 units.

I’ o,n\OX axis will represent _ﬂ;__ =1000 uni{s.

The@%c process is (o be followed for the fixation of scale in
the OY@S.

M2 25 to be remembered, kowever, that it 5 nof essential that 51 should
'g{w@f be a wholenumber. Jt may be in fraction.]

9 ) (iii) If there is a long difference between the value of O
and the starting value, then a Jalse base ling may be
drawn, leaving a few lines from the OX axis and
drawing a line paralle] to OX axis,

This Line will indicate the minimum valye :—m

Year Exporls in croves of Rupees
1950 540
1851 610
1952 725

In this case, the point (on OY axis) where from the false hase
line is drawn, will give the value of 540 crores.
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Problem 254.—Draw a graph to represent the following data :

Years M anufucture of shoes (pairs) at Agra per day
Pre—1913 500
1914—18 6,000
1919—-32 15,000
193338 8,000
1943—14 50,000
195556 16,000
Solution :
(7} Take years on OX axis. )
{11) Show pairs of shoes on QY axis. N\
(i#f) Draw a false base line. A\
Scale :-— AN,
(0.4 ams—-—]én — one different year to be representéd,
OY axis=y%" — 1000 pairs. £
T I T 0000 0 A £
Y 1 = U 1‘ T t _l‘ T R ENREdE ___l___ T+
.ﬂl H AN {_ _[[_ kR
i m L T TR
~ . ot e
55 g R s oe mouR e
i I 1.4 B 4 . i' ey
i L % - . _
| LI N ;
L ] | u'" 1 i
TS - i
71” [ ] N |\ ; i__
HH- Simbq maaul SEEALN .
BASaEe
7o) T j
N { !
y ¥
H-+ 8 3 . I!
Fa N s ! n
1= 1 [ |
NS I ’ { ;
r/ - \L : i"lf
EASRE: X :
1] I T muiE
y N i
i I
m
’ |
T
et - - T
¥ = St P FALSE BASE
Sl T 1T 17 N
) 1 | EEEsERaRatece!
PRETSIS 1973 18 190-3% 03758 199543 1956-56 A
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Problem 255, - Represent the following on a graph paper on

natural Scale. Figures indicates employment of labourers in Tan.
neries of U, P,

Year Labourers Engaged in tanneries af U.P,
1929 745
1939 ' 1679
1943 3800
1653 2496
19354 —_—
Solation : ' Q)

Take years on OX axis and labourers engaged in tanperies on
- [  § N
OY axis. Draw a false base line, )

Scale (— A s:\
OX axis — 1"-=one representable yeaps
OY axis - L."_ 156 labourers approgsy,

+‘f_;l_ljlflfl

[

[ |
i )

I
Lt H e
0 858 1939 1943 1953 X
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Problem 256.—Draw a graph showing the number of workers
engaged in leather goods factories of UL.P. (organised sector) over the
mentioned years.

Year ' Labourers engaged in leather goods factories
1929 2301
1939 2763
1943 90562
1953 . 3640
1954 ——

Solution :

Take years on OX axis and labourers engaged on OY axis MAs
usual, draw a false base line to save space. A\
Scale 1— AN
OX axis - 1"=I representable year. .\
OY axis — 5" =186 labourers approximasely.

Y ] TP IT
Il |- ____\js_~ 2
r T RN |
: :-' — ~\‘ R : "
- 1L NN ] i
. I
_ i A & - E
i z N i f\ i ;
13 ERN ';/. |\\ = ] -
Bl - ‘ B
! X 2
NS 4 hY
1 \
i ' I r
BENENS - U y CITET
Rl i Y T
b Fi L R I
ASLF i N : ;
4 ri . ! _1_]_
! 4 4 : R ]
NNEN 1 o Yo HE
;.I: \\ : EEREN
' Sl & T i!l___
- . 1 i -
7 v T
= i Ti+ pal
ol mNEREN g
T = FALSE BASE]
B *_1 a }lj
: man L
0 1929 1939 1943 1953 X
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Problem 257, —
come of a man over ;

PROBLEMS Iy STATISTICH

Year

1953
1954
1955
1956
1957

Solution :

—Please draw a
Herent years,

graph to show the yearly in-
as mentioned helgw,

Income in Ry,

3046 —
4444
12682 .~
6184
6096

Q!

Draw the graph with years on the OX axis and Incomé on OV
axis, ¢\
Scale :— O '
OX axis —» 1 =1 year. N
OY axis — 1”185 rupees appréxnmatc]y
\
YE A ! J'_j[r---’_Hf_‘—-l—L-
G R
J_L _ B —| --_J__—___-'_'L’“_..I..I
e e e oA
S en s B NS sy R
o T e
_F}'T'l'ﬂh« "‘r; AT - Bins
B e T T o
:J_T__i - L —f 1 |_r | -+ = A+
- gl H o ot
‘_E'I_.'E:IIW TR J_rf;r T fatass
HHAHHE yo® fudkd b Ra Vnp R
SRSt o Gy SRS ER R e n
RS S e A fmas
= B L A bt 1_ P T_._{_{
Nt AT .
W R e
A T A
PR *]f_l_"I:m:r I T i
P P T T .
I
ST T T e
B s nnt ki
—— L ] - ot = . ] _I_ . _J_
[ A T T ,_;__f_ I 1_L_|_.|, } _ N
- iy R I B Lo | I
Ssnais r‘r*e—ﬁl& LFFI j'_Lﬁ—rtr
e '*H ,JIL_ JJ:L l‘i’ FALSE BASE ]
oLl J":{:r L |'_'_|"1' ﬁ —'l:[ "_—T—'l—']_ im‘f I
1953 1954 1955 1957 X
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Problem 258.—Represent graphically the percentage trend of
the use of goats for milk purposesin U.P.

Year Percentage of goats used for milk
Burposes in U, P.

1930 27

1940 30

1945 26

1951 : 23

Solution :
Represent years on OX axis and percentage of goats used%or

milk on OY axis. N
Scale :— AN
OX axis - 1"=Representable year,, ™
QY axis — 4"=1 percent. N
T Y A
YT TH f ! N E RS
- T
| BN
- | | I
OR4MRRNN S REN ARREE® -
0 B P O R 1]
g 5 A A | ;
! 1447 ! ' :
T
i |
T N & !
et ] T
| k! o]
N ye : P
HP SN k ; N
l 1 7 i e
% 1 Tl T
n e ™
R v I
T X !
2 L
- 4 +—— -
oo forbegif
4 f "'f'f"H"’_
B |
: faaransa
N T
NP ' T
/ ! T T
; ' e
- T i |r : 1 I: | T
,‘ i T NN
# T ! ! { N ; l‘l s
ot : g 1 bt P g
1930 1940 1945 1951 X
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Problem 359,

—Represent raphically the g of Cow
(percentagc) in Bengal for milk purposes, aver the mentioned years
Year Percentage of Cog used for milk Dburposes
1950 73
1951 70
1952 74
1953 77
1954 © 50
. Q
Solution : :
Take years on OX axis and percentage of Cow st for milk
purposes on OY axis, Draw g false base. .\

Scale ;—

OX axis — 1”—one meationed year,
Y axis — .7 ohe parent.

~NY;
A
11 .__' {l_ Il H T L l_. 'I"I‘l 1’_+
H T LR
% Lk iHL—Ft] HE }H—ﬂ h[rlT T
. R R T B
R JCLTl_,ILL Jq Ty -LTTI—F ’Jf
1 L3 ! i I ]
T_.l ‘I_|_ _._| L L.___T . +_ e L il
o ;
J:rkrt'i_j; T £ 3G SRR Ry s
T S o ‘
JERESERCedntTLEuiEaE
i

Fﬁi—ﬂ—" S Copii: :,._
; A PALSE BASEH T +H BT
i ot o o S L O O At s J i
(T T i ] T it
S R
1950 1951 1852
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Problem 260.—Draw a graph to show the following data on a
graph paper :

Year - Workers Engaged
1913 : 1,000
1918 12,000
1932 25,000
19338 10,000
1944 60,000
1956 20,000

Solution :

(@) Show years on OX axis and workers engaged on OY dXIS. \
() Draw a false base line.

Scale 1— R\
0OX axis — -1—(,— =one mentionable year. (W
OY axis — +%"=1000 workers. N
YIT i }H'ﬁ!'r'rwl - [J n;l]ljl 1
e N SaTaaasey
T LA i
L _ | ] 'I‘ N7 ] ......}__,. I
|
I I:
[r L L LT i 71 I ]
i. i N T
- W S e
SRRl SuRARRERARS]
_ - i’ / T+t .!_T.l l] [
| |\“&H ([ I. ] ERNN NN R
. ¥ HHH -H RRE
| ] |
e T | ‘
EREEC AT f 1
N | ;.i ','!'k I} ;
i D : _\‘ L _‘Ei}'
B T
i i
T []
£ X 1
/ Y11 T
i i
L !é
H "
: i 1
A ! |
I :
F
I ('% - | IL
" FALSE BASE
- ) ; o
i i ; 8 HTH
1913 18 1932 1938 1544 1956 X
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Problem 261.~Represent graphically the growth of bacteri:
per c.c. on different degrees of temperature from the following
data :

Temperature : Count of basteria per C.C.
50°C, 1,10,00,00,000
30°C 87,90,00,000
20°C 21.80.00.000"
10°C “T,08,20,000,

Solution :
Represent temperature on OX axis and count of bacteria
per C.C. on QY axis. Draw a false base line.

Scale 1 — . A
. £ a W)
OX axis—>5y = 10°C 2\
OY axis—%" = App. 200 crores of bacteria per'c£:
Y T L T
4 - =t - $ .} dEENENN E’ _.g., | —3
] ,’/" ““-—jr “}”“
H T 1 o " IRRERE
mERauE PafuaNnnE T
i — LT E ¢
] : A A - E
: ] i s
s i T TN
¢ i i
g e
e e
SRR |
-+ ; T RRNE! o
[ R Py £ 6 Y 1 } ! 1 1 [ |
s T | ¢ & j H IR 11
SN A ERER. : -
- b i e ety : ]
0 2 3 ! i e e i .
TR T BN R ! TIIT
; N T AN R i 1
1 A 7 1 O A RANERN
B ; : Ll .
. R Y R A T
SESaNAEEEaREs e ta :
i Iy H 4 et et
Y S N M
. SESEERNN/ ENEERNEEAE ;
.\ N I ! :
} RNy S 7 -
SEESN 1 ;
7 AR R MAREES
i O
- i
it T
il I "
| || 13
T H i T
Eaanaa
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(T i I
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T HETTHT
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Problem 262.-~Represent graphically the following data on

natural scale, _ “
Hours of incubation  Count of bacteria_for c.c. on broth af 20°C with salt

0 10,600

i 11,200
2 . 11, 500
3 . 11,300
5 10, 800
4

2 60, 100

Solution :

Represent hours of incubation on OX axis and count of bdes
teria per ¢ ¢, on broth at 20°Cl with salt on OY axis. Also diawN'a
base line (false}. ¢\

Scale :—

OX axis » %" =1 hr. GO

OY axis — [J&" <= 1000 app. Count of bacteria, &

10
00 0 0 |_J|g~rti.'“|[|rj||
[ T T e
: ] | RN NSRS
ERN | T ]
i ’ EN 1] I ! i’ I _| !r}
TN T i
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N 1 1 f’
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o 4 /I T
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Problem 263.—Represent graphically the following :

-~ Year (Balance of trade Ry. Crores)
1950 420
1951 +32
1952 —14
1953 —20-
1954 +18
1955 — 6

Solution ; A
Represent year on OX axis and balance of trade on O¥\akuis,
mbers

Positive nu are to be plotted on the upper side of BX" axis
and negative figures below OX axis, A\,
Scale :— « \
Ox axis—> %" — one year,

OY axis»> 17 o ¢ crore of rupees, g\




'-‘éHAPTER X
v/ASS('.!CIA'I‘I(.’DN
WIHEORY COF ATTRIBUTES

\

I. Notation and Terminology.
(A) Attributes :— o

“Attribute mears the quality of the observed abject. . When we
collect data with regard to definite qualities and place thQI{fl.\"i}l one
group, it is said to be classification according to attributé, )~

Classification of attributes may be in one group, which is also
krown as the simple classification of atuributes, té¢hnically known
as ‘Dichotomy’ (cutting’into two). It can alsobes placed in more
than one group, which is known as multiple attribute classification,
as for example, in the Census Report, there gre many classifications
according to attributes as age, education,’€mployment, civil coridi-
tions, ete, N :

"

(B) Notations and Terminology 2l

For theoretical purposes it i¥necessary to have some simple
notation for the classes formediand for the numbers of observations

assigned to each, N\

The capitals A, B{€."... will be used to denote the several
attributes. An object©% individual possessing the attribute A will
be termed simply, A\ NTheir totals' are represented by putting the
letter within bragkets as (A) will indicate the total frequencyspossess-
ing the attribut@' A '

Generally, Greek letters o, B, 7, .., or small letters a, 5, ¢ .
are used toy‘denote the mnegative attributes. For example intelli-
gent stt%nts are represented by A and not intelligent students by
a ora.\ The frequency of these negative attributes are also Tepre-
seated by putting them within brackets. '
e \ ¥

) In the computation of association problems often we have to
put different aitributes together. They are represented as

follows : —

Say, intelligence is represented by A
wealthy persons by B -

then intelligent and wealthy persons will be represented by
AB and their frequency by (AB). In the same way we can denote
intelligent and not wealthy persons by Af or Aj and their frequen-
.cles by (AB) or (Ad). :

Similarly if there are three attributes to be represented they
will be depicted as ABC and their frequency by (ABC).
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{(C) Order of classes and class-frequencies :-.

If a class contains 4 attributes, it will be spoken as a class of pi
order and the frequency as a frequency of the £ order.  For
cxample A, AB, AB(, ... €lc., are regarded as attributes of the first,
second, third __, etc., orders respectively.

(D) Ultimate class-frequencies :—* v

Any class frequency can always be expressed in terms of class.
frequencies of higher order. For the whole number of observations
must clearly be equal to the number of A’s added to the numhber® of
a’s ; that is R\,

N=(A}4{(a) where N=universe or whole number
of observations, N

Similarly, the number of A’s 1 equal to the ﬁ.llmber of A’s
which are B’s'added to the humber of A’s which areb’s, {.¢,

(A)=(AB)+(Ap)
Similarly (AB)=(ABQ) 4 1ABy)

and s0 on

It follows at once from the results we have Just given that

every c_lass-frequency can be expressesiin terms of the frequencies of

the highest order; i.e. of order . JLor any frequency can bhe analy-

sed into higher frequencies, and (process need only stop when we

have reached the frequepcies ofhighest order. For example, with
three atiributes, — Q )

(A)=(AB)+ («;QQ{)
=(ABGIEABY)-(ARC) + (Agy)

The classes specified by attributes, t.e., those of the highest
order, ase termed the ullimate class Jrequencies,

N

%7 2. Consistence of data
~

Any %@ss’-frcquencies which have been or might have been
ohserved within one and the same unjverse may be said to be consis-
tent with'ene another. They conform with one another, and do not
mang way conflict.

4

Condition of consisfence ;—

The necessary and sufficient condition for .the consistence of 2
set of independent class-frequencies relating to a particylar universe
is that no ultimate class-frequency which may b€ calculated from
them is negative.

Thus to find out if a number of given frequencies are consig-
tent or inconsistent, all we have to do is to find ont all the ultimate
frequencies. If any ultimate frequency is negative, the data are
inconsistent, If no ultimate frequency is negative, the data are
congistent,

‘ﬂry of Statistics by Yule and Candall page 13,
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-Consistence of positive class-frequencies :°

Generally the datas are given in terms of class frequencies
hence the conditions of consistency are given in terms of these fre-
quencies by expanding the ultimate frequencies and applying the
condition that each expansion is not less than zero. We will con-
sider the cases of one, two and three atiributes in turn

1. If only one attribute be noted the conditions are
(A) >0
and (¢} > 04. ¢ (A} N,
2. If two attributes are noted there are four ultimate fréc}z}én-
cies (AB), (A @), (¢ B) and {(aB). The following conditiohs are
obtained by expanding these nitimate frequencies and applyifig the

condition that each of these ultimate frequencies Ate Jpositive.
Conditions are  ~

R
(@) (AB) >0 Q
(5) (AB) > (A)f-(B)~N JUSLY
(c) (AB) < (A) R\
(@) (AB) < (B) BP\®.

3. Now consider the case of thred attributes. The number of
ultimate class-frequencies are cight ¢hus giving eight conditions.

() (ABG) >0

(6) (ABC) > (AB)+(A€)—(A) [From condition (AgY)"> 0.

(¢} (ABCQ) > (AB)—HBC)—-(B) [From condition («BY} > 0.

{d) (ABC) > (Aqsqc(nc)_(m [From condition (afC) > 0.

(¢} (ABC) < (AB) [(From condition {ABY) > O.
(f) (ABC)<{BT) ~ [From condition (ABC) > 0.
(g) (ABG (AC) [From condition («BCY) > 0.
(k) (@f@}f < (AB)+H{AC)+(BO) — (A)—(B)—(C)+N

& [From condition {=gY) > 0.

_ In tiﬁesc conditions {g) to (a‘)' gives the minor limits and from
{e)4\(B) the major limits. It is clear that none of the major limits
should be less than none of the minor Iimits.

Comparing {a) with (&), (8} with {g), () with {f) and (d) with
(¢) we obtain the following new cenditions :

(AB)-+(AC)+(BC) > (A)+(B)-+(C)—N

(AB)4+(AC)-(BC) < (4) -

{AB)—(AC)+(BC) < (B)

—(AB)+{AC)+(BO) B(Q) <.,

These (1) to {4) conditions are used to determine the consis-
tency of datas. If any two frequencies of second order are given from

these we can find the upper and lower limits of the third frequency
of second order. -

S P Y
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iy \ .

These conditions may be applied to the examination of n.
complete data. For they may allow us to assign limits of the une _
kriown class-frequency.

3. Association of attributes

Association means some sort of relationship between two or
more attributes or objects, Association may be complete either in
the form of positive or negative, T may also be partial or, in  some

exireme cases this association js practically nil, which is technically
known as ‘Independence’. N\

{A) Independence : O\ .

In some of the ohserved cases, we find that the aftual observa- -_
tion is just equal to the cxpectation. It is. known »a8 *the indepen- .
dence of attributes, i.e., there does not exist any association between -
the two or more observed attributes. In such alcase, if A and B are
two attributes, we get the same proposition Bf) A’s amongst B’s as -
amongst f's, _

Expectation of (AB)= (2 X (B) RS

: N . \ v
Expectation of (af)= (“_)%,(Q ol

But (0 =N2{a)
(@)=N—(B)

Attributes A anth\B may be regarded independent, if we find
that the actual obsqw'ation is just equal to expectation,

(B) Partial ASociation :

PartiaPaisociation means that the atiributes A and B are agso-
ciated to eacH other in any way. It may be positive or negative.
But, in\mo- case, it should either be perfectly associated or
disassp&iﬁ]‘.ed. _

: A
e If (AB) >@)T\?ﬁ)
Vo | B
or (AB) <@)_§.(_1

we can conclude that the two attributes, A and B are associated to
each other in any form. In the cases of Partial association, often
we find that they are mutually associated due to the presence of a

third atiribute, C,
- )i\.('c) Association and Disassociation :

I we proceed to study with two attributes A and B, and find
7 that they “appear together in a larger number-of cases than is to be
expected if they are independent”, they will be termed as associated.
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Association of attributes, in general, is divided into two parts :
(i) Positive Association @ ¢
If the two attribules A and B are so related that

) > DX
it will be known as positive association.
{1i) Negatwe Assouatnon g

1T the two attributes A and [ are so related that
(A (B)
N .\:\'

it will be known as negative association. £\

N/

(AB) <

[Note : It should be remembered that negative ctssoc'aﬂbﬁ is different

from independence because in Indcpendcvme (AB) (‘J—pg (B}

. or { [3)- cc)\ (® but in r{;%étfve asscciation (AB)
N \ &
\y W'}Sb/

(D) Co-efficient of Association‘: ™

Yule has given the followmg formula as the simplest to calcu-
late the Co-efficient of assdtiation,
_({AB) (2B)— (AB) (aB)
QTAB) (o) F(A8) B)

wherc O;—Cfo efficient of association.

The ta&uiar form, given below, elaborately simplifies the finding
out of tk ¢values of (AB), {@B), (aB), (AB), (N}, (=), (B), (A), (B)

etc.

..” A -4 Total
AN . _ )
O ) (AB) («B) | [B]
\ i - . . . ~.
B (8B {aB) Bl
Total [A] [«] ! [N]
- i ]

If there are three attrxbutes, we will form a table with four
divisions each, horizontally and vertically. {In the above case, there
are three divisions.}
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. Vi
. (1) Notation ang Terminology “

Problen, 264.—The following are the number of boys ob-

served with certajn classes of defects AMONESt a number of school-
children, A denotes deve]opment dcfccts; B nerve signs ;G low

nutrition,
(ABC) =149 {aBC)=204
(ABY) =738 (eBY)=1762 .
(ABC) =223 {apQ)==17] N\
(ABY) =1196 («8Y)=21842

¢\

Find the frequencies of the positive classes. 7

'S )\
(Talgt and Candall)

Solutien : o _ :‘
N=(ABC) 1 (ABy; (BC) - («By) e +(ABY)
- +(2BC) 1 (apy) \
:149+738+204+1762+22{‘—L~\II96+171+2}849
=26287 -

(A) —-fABH"fAB)=(ABG)jfj'(ABy)+(AﬁG)+(AI37)
=14947384235 1 1196 - ~
_—‘23(1‘8 v :’v
(B):=(AB) 4(4B) {ABC) T{ABY) -+ (aB(y +{aliy,
=149+ 738 120041760 :
=2858 N |
D=0 Fo0) - (ABC)+(ABC) + (#BG) 4-(ap ()
14949251204 4 17 :
=340 :
{AB),%{:&BCH(AB;/):149+738=88_?
(BE=(ABG) + (aBC) 1494204 353
x J=(ABO)+(ABC)-_-_-149+225:374
ARBO) =149,

4 s . . ..
§3Problen§ 265.-G1v<_3n the foHowmg Positive cIass~frequencics,
find"all (he ulllmatc--dass-h‘equcncies. :

o~

N=23713 (AB) =387
(A)=1618 (BCi =428
(B)=2015 (ACH=335
Q=770 (ABC)=15s.

(¥ule ang Carzda!l)
Sclution : J
(AB)=(ABY)} - (ABC)
. (ABY)=(AB)—(AB() t

=587—156=43] - "'



THEORY OF ATTRIBUTES kIR

'(Ap0)= (AC)—(ABC) v

—335—156=-179
_ («BQ)==(BC)—(ABC} -
=428 —156=-272

(«BC)=etTN .«
—(1—A)(1-B)C.N
={C—AC—BC+ABC). N
={C}—(AC)—(BC)+(ABC)
=770 —335—428+4156.
=163. =

(ABY)=ARY N= A(l-—B}(l-— Q)N
=(A—AB—AC+ABC)N
={A)—(AB)—(AC)+(ABL)
=1618—587 3354156

=352. g

Similarly (aBy)=(B)~(AB)—(BC) +(ABG) 0
¢2015 587 428156 w\s
—11%6.7

(am) =N~ (A}— (&) C)+»(AB)+ BG)-}-(CA) —(ABC)
=23713--1618— 2015 1704587 4+-4284+335—156
050'} ".’;
%roblem 66.—Show thas for » attributes A, B, C,........M,
(ABCL.... M} [ (A)+ (B)#€) + oot (M) 1—(n—1) N.
where N is the toté{‘ﬁ'equcncy
K (M. Se. Agra, 1949, 1955, 1957)
A\ (PGS, 1954)
Solution : :\"'
We ha‘{@ JaB)=(a) —(oB)
=N—(A)—(B) +HAB)
S’hce no frequency can be negative,
CHence (AB) 3 (A)+(B)~Nueerrrerrerewens (I
Thus we can write
(AT) 2 (A)+(T)—N
Putting T=BC, we have
(ABC) > (A)+(BC)—N |
2 (A)+(B)+(C)—2N
Now assume that it is true for m values A, By.ooooeveicnens S 5 50
thiat
(ABC.........8) 2 (A)+B)+..-...oet +(8)—(m—1} N
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Now putting $==RX we have

(ABC.....RX) > (A)—#(B)—f—;.....-i—(RX)—(m-l)N
Z(A)+B)F oo +(R) + (X) —m N

Thus if theorem is true for n=m it is found that it will be true

for n=m-+1. Butitis true for m=2 hence for m=3 anq kence for-
4, 5,...... and 30 on in general, |

- .y a - . . 44 q
- ~AProblem 267.—At an examination at which 600 candidates .

. appeared, boys outnumbered girls by 16 per cent, Also those assing

the cxamination exceed in number those Faih'ng by 310% The
rumber of successful boys chocsing Science subjects wasA3WU0 while _
among the girls offering’ Aris subjects there were 23 failores. Alto-
gether only 135 offered Arts and 33 among them failed, ) Boys failing-
in the examination numbered 18, Obtain all the £lass-frequencies,
. N (LAS., 1953) .
A '

Solution : \¥;
Let the Boys and Girls be denoted by »A and «, Passing and
Failing in examination. by B and 8, offi 210p Secience and  Arts by G
and ¥ respectively, we have the foﬁhwing data in the order of

question, Y :

N:=600 "{}."" g .

1 s " '.}6 SUO X . .
(A) —(a) :QISS"X 166 ;2§ (1)
(B)~(B)=310 ' (2)
(ABQN-=300 - _ (3)
Hep7) =25 (4)
O (=135 (5)
NG (Bry=33 ' - (6
LT (Ap)=18 ] (7

N\

AN N=(A)+4(a) (B} +(B)== (C)4 ()
WEFrom (1) (4)=348 , (a)m25)
()" From (2) (B} =455 , (8)=145

J  From (5  (C)=qss.

From (7)  {AB)~(A) ~(ag) =348~ 15~ 330
From (6)  (By)—¥)~ (@
' =135—-33=102,
(BC)==(B) — (BY)
=455_102
=353
(ASY)=(8Y) —(a8Y)=-33_ 253
(ABC)=(A8)~(ABY) =188 =10
(AC)=(ABG) +(ABC) =10 +-300--310
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{AY) ={A)—{AC)=348—310=38
{(«C)=(C)—(AC)=465—310=153
() = (o)~ (2(}) =252 —155=97
In the same manner the other class frequencies may be
obtalned

Vi‘roblem 268,—100 children took three examinations. 40
. passed the first, 39 passed the second and 48 passed the third, 10
passed all three, 21 falled all three, 9 passed the first two and failed
the third, 19 failed the first two and passed the third. Find how
~-many children passed at least two examinations. :
. (P.C.S., 1938)
S

Solution : o : O h
Let A, B, C denote the passing of first, second and th:rd exa=
mination resperhvely, then l. - B U va‘
~N=IC0 L : -
A= 40 L RSS2 rd} RO, 1 Qe el @L_
: RS
v(B)= 39 - RN R e T
g TR R B D A ey ) (R
“{ABC)= 10 LT ey g BE)
ViafY)= 21 b
(ABy)= 9 S AN o vt A
(aBC)= 19 ) B e

To find the children wh;hoh passed ab least two examinations
i.e. to find the value of :

(ABY) +(ABG) +\ch +(ABC) -

Now (ABO)+ (£BY) +(ABC)} + («BC)

=(ABC) + AB}-— ABCY 4 (AC)—
\ ( + ((ABC) ( (580)

| .;\\“ —(AB)+ (BC)--(CA)}—2(ABC)
Bylt\~:. (af7)=N~—(A}~(B)—(C) -(AB) + (BC)

5 +(CA) —ABC)
\f r 21=-100--40—39—484(AB) +(BC) L {(CA}—10
(AB)+(BC)+(CA) =58 i -
and - (AB) -+ (BC)4-{CA)—2({ABC)
=38 —20
=38
Hence the number of children passing at least two examma- :
tions is 38. - © TN

~Problem 269.—In a very hotly fought  battle 70 per cent at ./
least of the combatants lost an cye, 75 per cent at least lost an car,
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80 per cent at least lost an arm and 85 per cent at least lost a Ie
How many at least must have lost all four,

(P.C.S. I‘QSg
(M. Com., All., 194

‘-/Solution H
Let N=10&

Let A, B, Q, D denote respectively lossing an €y¥e, an ear, ar
arm and a leg. Then from the given datas :—

(A) 70

> Oy
B) > 75 )
(O > 80 O
D) > g5 Y

Now those persons which lost a1 the fodf will be dencted by
(ABCD), o
Now  (ABCD)=(A)+(B) -+ (D) — 38
=70+754 80485300
=10 YON°
Hence those who lostall' the four are at least 109,
Eroblem 270, — @ven that (A)= (Bi=(Q)==1 v
PO =(py), ‘ -
Show that‘ \2‘\(*ABG)=(AB)+(BC)+(QAJ_§ N. \.//

i (M. Se., Agra ; 1940)

, and

Solution:?\:"'; ’ o
;\::\’: SEEY)=(1-A) (1-B) (1. §
R\ =='N—_(A)‘—(B)—-(CJ+(AB)+fBCJ+(CA}
A~ ARG
\;.u - N . -
\ or 2(ABC)=N _—_2_ - “gl - %i +{AB)+(BQ)
. ' +(CA) -
or 2(ABC) =(AB)+ (B 1. (CA)—1 N

« Problem 271 ~—Measy €ments are made on 4 thousand hys-
bands and a thousang wives? 17 the Teasurements of the hushands
cxcecd' the measurements of the wives is 800 cages for one measyre-
ment, in 700 cases for another, and in 660 cases for both measure-

ment, In how many cases will hoth the measurements on the wife
exceed the measurement on the husband ?

{(Yule and Candaly)
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Solution ;

Let A denote husband exceeding wife in first meaéuremez:t ;
B denote husband exceeding wife in second measurement. Then
data are as given helow.
N=1000 (say)
(A)=800, (B)=700 ~

(AB) =660
to find « B.
(af)=N—(A)—(B) + (AB) TN
=1000-800—700+660 O\
=160 . s Nl SN
W *

Hence in 160 cases both the measurements on wifeswill] exceed
both the measurements on husband, AN |

L , S
Preblem 272. —In a war between white and\Red forcés there -
are more Red soldiers than white ; there are Imete armed whites
than unarmed Reds ; there are fewer armed Reds with ammunition
than unarmed whites without ammunitiong {3how that there are
more armed Reds without ammunition tgél unarmed whites with

ammunition, QO .
N (Yule and Candali)
Solution : o ' :
Let white soldier be demoted by A, armed by B, and possessed

with ammunition by C resge“ctively, we have from given data : J,—-f

(@ >a00" -
(ABYDY (aBC) o3

NewAve have to prove (aBY) > (ABC. /

From (1), (o) + (eB) > (AB) + (AP)

Ao (@B) + (oB) > (a8) + (AD) from 2
O o B>
N or (aBY) + (aBO) > (ARY) + (ABC)

or (aBY) + («BQ) > (aBC) + (ASC) from 3
or («BY) > ¥l A PCJ
.

~ Problem 273.—Show that if A oceurs ina larger propdljtio{l of
the cases wherc B is than where B is not, then B will occyr in a
*larger proportion of the cases where A is than where A is not, i.4. given
! B
_(AB ) . (_@B)’ . show that (.{\_P_)l > {a_) ] ;
(B) {8 A ()
: . : (M.Se. Agra, 1948)
(M.5¢. Agra, 1950)
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Solution : _
(AB) _ (Ap)
® 7 @
or (AB) (B) > (AB) (B)
or (AB) (N—(B)] > [(A)—(AB)] (B)
or (AB).N > (A) (B)

e

(AB) _(A)
T TN O
__.(AE).__ _ @A) L\
> B)(AB) T N(A) A
ar (}_&B) >_(‘jﬁ) ."}} -
(«B) 7 (x} ON
(AB) _ (uB) o
N7V N v

. a\J
.-»/‘ » Problem 274.—In a free vote in tl(e;}Iouse of Commons, 600
/n;cmbers voted. 300 Government Jdembers representing English

constituencies (including Welsh) votédlin favour of the motion. 5
opposition ~ members representing ¢ Scottish  constituencies voted
against the motion. The Goveriiment majority among those who
vated was 96. 135 of the_snembers voting represented Scottish
constitucncies. 18 Government members votad against the motion.
102 Scottish members yfted in favour of the motion. The motion

was carried by 310 vetes’ Analyse the voting according to the = -

nationality of the ce{@ﬁt’uencics and party. (Yids and Candatl)
. N ule and Candall).

Solution : :U};’
Dcvpﬁ}}gw the Government members by A, voting for the

motion by~ B and English members by ¢ respectively we have from
" the giw,gpn data : .

AN N=600
\‘ (ABC)=300
(aBY)=25
(A)— (@) =96

r)=135
(Ap)=18

(BY)=102

(B)—(8)=310

we wish to find the ultimate class frequencies. This is the
case of three atiributes hence there will be 8 ultimate class fre-

quencies in which two are already known, :

e
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N={(A) +{a}=600
(A)—(a)=96
(A)=348
(x)=252
Similarly (B)==455

(B)y=145
(C)==N—(y) =465

We have thus found all the first-order frequencies.
Again, (AB)=(A)—(AB) \ ’\“"\
- =330 AN
(BG) =(B}-- (BY) PN\ 3
=353, m' ¢
Also  (a87)=N—(A)—(B)—(C)-+{AB) 4 (BE}F(CA) ~(ADC)

or  25=600— 348455465+ 33001353 - (CA) —300

(CA) =310

(ABY)=(AB)— (ABC)=30%\

(zBC)=(BC) — (ABC) <63

(ABC)=(AC) — (ABER=10
(B7)=() - (BYJe>33

(AR =07 -<~(,r£{3'>’) =8
(aP) =127

(aBC) o) — (oB7)=102.

N=the sgﬁn’of uttimate class frequencies,

\M
v .- Byy=72.
QO

\{(Ij‘i'oblem 275.—A market investigator returns the following
%}t‘@t' Of 1000 people consulted, 811 liked chocolates, 752 liked
toffée and 418 liked boiled sweets ; 570 liked chocolates and toffee,
356 liked chocolates and boiled sweets and 348 liked toffee and
boiled sweets ; 297 liked all three. Show that this information as
it stands must be incorrect.

(M.Se. Agra, 1956)

Solution :

Let A, B, C denote the liking of chocolates, toffee and boiled
sweets respectively then data are

N=1000
(A)=811
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(B) =732
(C)=418
(AB)=570
(AC)=356
(BC) ==348
(ABQ)=-297

To show that one of the ultimate ¢
negative for incorrect information,

Now  (a87)=N—(4) — (B)— 0y 4. (AB)+(8C) - (4 @)= (aBcy
=1000—811 -—752——418+570—,'—356+:§§8 Z297
i €

ass frequency m\ll be

' 4 "'(
A :

since this ultimate class frequency iy hegative “hence the infor-

mation iz pe correct as there shoulg not béany negative ulrimate
class frequency,

%

2. Consistence o{’D\ata

Problem 276,—-Ifa report giveé;t‘}fe follawing frequencies as
actually observed, shoyw that these st be a misprint or Mistake
of some sort, ang that possibly the  mispring consists in dropping of
a 1 before the 85 given as the fegquency (BC) :—
N=1000, () =510, {(B) =490, (Cy=427, (AB)=189,
(AO}-—:IQO and (BC)=85
-, 0 (L4.5, 1949)
~
Solution : X

N\

From the,cotidition for consistency we haye
(ABI+(BC)-+(AQ) > (A)-HB)+(C)—N

s8> () 1By g0y (AB) ~(AC)—N
~f«‘ >SIO+490+427-~189—-140—1000
AN > 98,

\ ' But 85 is legg than 98 and hence 85 cannot be correct value of

(BC). 1r (BCY s taken ag 185, we find that all the remaining
conditions are satisfied since

(AB)‘{-(AO)—-(BCJn 144; which is less thap (A)
(BC) +(AC)— (AB) =136, whith is Iegs than {C) ang
(AB)—!;{BG)——(AG):QM, which is lesg than (B).

Problem 277.2_1f (A)=50, (B)~gqp, (C)=50, (Ap)=s,
(AY)==20 and N=100, find the Breatest and Teast Possibl
v v

€ values of
(BC),

) (M.S:. Agra, 1952)
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Solution :

(AB)“(AJ —_(Ag) 45
(ACH=(A)—(AY)==30.

The foliowmg four conditions for consistence of data will give
the limits of (RC)

(AB)+(BC)-+(AC)>(A) +(B} 4 (C)— ol
(AB}+(AG) — (BC)<{A) | 2
(AB)—(AC)+(BC)< (B) ' R
—(AB) + (AC)+(BC) <(C) 4
From (1) (BC)>504604 S0—100—45—30 O
>_15 \*
From (2) (BC)>45+30—50 0
25 o\
From (3) (BC)<60+30—45 N\
<45 K7\
From (4) (RC)<{504-45—30 N
<65 >
Since 63 is greater than 45 and 2:) is greater than—15 hence
the value of (BC) lies between 25and 45 ; i.e.
“95'< (BC) < 45.
* Problem 278.—If m) =50, (B)=60, (C)=80, (AB)=35,

(ACQ)=45 and (BQ) %‘2 find the greatest and least possible values
of (ABQC).

'..j.“. (M. S¢. Agra, 1949)
A</

Solution : x\: 4
Thé\grcatest value of {ABC] is given by the relations
SOV (aBoygaB)

AV (ABQ)<BC)

(ABCY< (AC)

{ABC)<{(AB) +(BC)+{AC)—(A)—(B)—(C)+N

(ABC)< 35

(ABC)<45

{ABC)< 42

(ABC) <35 hence greatest value of {ABC) is 35

O

The jeast value of (ABC) is given by the relations
(ABC) 20
(ABC)>(AB)-+(AC) —(A)
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L4

(ABC)>(AC)+ (BC)—(Cy
(ABG) >(AB) + (BC)—(B)
(ABC) >0
(ABC)>354-45-50>30
(ABC)>454-42-80>7
(ABC)235442—60217
Thus the least value of {ABQ) is 30 ¢\ -
Hence 30<(ABC)<35.

Problem 279.—50 per cents of the imports of ba\rl::)" into a

country come from the Dominions ; 80 per cent of the total imports
go to brewing ; 75 per cent of the imports are growd i the Northern

hemisphere ; 80 per cent, of Northern-grown barldysoes to brewing ;
F30 per cent. of foreign Southern-grown barleg-gbes to stock feeding.

Show that the foreign Northern-grown barleywhich goes to brewing
catnot be less than 30 Per cent nor moxeythan 60 per cent. of the

th

total imports. [Tt is assumed that brewing and stock feeding are

e only two uses to which imported lqaﬂ*c} is put.]

N/

(M. 5. Agra, Igng)

Solution : AN

B,

<N

Denoting Imports from Dominions by A, going to brewing by
and grown in Northern Hemisphere by C we have,

N=10Q (say)
then (4)£30, (BY=s80, (C)=7s,
\ 80

&) ’ [as 100 per cent of foreign )
\”ﬁh‘ld («¥)=(apy) % southern-grown barley
\ L goes to stock feeding J

O\
o find the limits of («BC).

O Tet (oBC)=¢y

then (ABG):(BG)-(&BC)
=60 —x
Al (B7) =N —(A)— (B) — (C) +-(AB)t- (BC)
" +{cA)—(aBO)
and  (a¥)=N-—(A)— (C)-+(AQ).
Gomparing we get (AB)+(BC) =( ABC)+4-(B)
or (AB}=80 5
Using these values we get
(AB)==(A)—(AB)
=30
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and (aj —{A)—(B)+(AB)
: =50-—x
Since these frequencies cannot be negative hence
30 < & < 50
A,--" Hence the result.

‘\//Problem 280.—The following summary appears in a report
on a survey covering, 1000 fields. Scrutinize the numbers, and point
out if there be any mistake, or misprint in thcm — QO

Manured fields 510 Ko N
Irrigated fields 490 o\
Ficlds growing improved varieties ) W 427
Fields both irrigated and manured N 129

Fields boith manured and growmg 1mprovc,d\var1ct1cs 140
Fields both irrigated and growing improyed varieties 85
v (148, 1949)

Solution : i xj\\“

Denoting manured fields by A, ir;ig:a;téd fields by B, and fields
growing improved varieties by (0 we have
. N=1000. o3

(A)==510,  (AB)=]8%

(B)=490,  (AC)=140

(@)—427,  (BC)=
Applying the coﬁ\éiéiém for consistence of data we have

(AB) +(AD) +(BO) > (A4)-+(B)+(C)-N
or189+-l40+(8b) 51044904427 1000

G\> 28,

bt,rt'%wen value of (BQ) is 85 which is less hence there is
mlst;akv; ‘or misprint in the data.

a \
N\ ) Preblem 281.—Given that {A)=(B)=(C) w----N—~ and 80 per
_cent. of the A's are B's, 75 per cent, of A's are (s, ﬁnd the limits of
the percentage of B's that are Cs. .
Solution :

Tet (A)Z(B)=(0)=—I§—==100
then (AB)=80
(AC)=75
To find the limits of (BC}.



326 PROBLEMS IN STATISTICS

we have
AB)H(AC)+(BC) > (A) 4 (B)tycy-N (1)
(AB)-(AC)—~(BC) < (A) e (2)
(AB)—(AQ)-L(BC) < & (3)
CAhrAG+Ey <@ 4

From (1) (BC) = —55

From (2) (BC) = 55

Frem (3} (BC) L 95

From (4)  (BC) « 105 Oy
Hence 35 < (BC) < 95 . oY’

Hence the value of B's that can be (s ljes betweén'§3 per cent
and 95 per cent. 4,
N

Problem 282.—Among the adult popiddion of a certajn
town 50 per cent of the population are male, Oyper cent are wage
carners and 50 per cent are 45 years ef'age ofdgVer. 10 per cent of the
males are not wage-earners and 40 pet cenboof the males are under
45 years. Can we infer anything abpue’ what percentage of the
population of 45 or over are wage-earners ! __—

"
Solution ; o8

Denoting the atiributes niile, wage earner, and 45 years old
or more by A, B, C respectiyely we have the following data :

A N=100 (say)

(A)=50, _ the)— o X 50=5
40x50 .
By=p (ar)= H1X30

(©)<%0
We have to find the Timits of (BC),
ANAB)=(A) ~ (AB) =45
O (AQ)=(A)—(AY)=130

\ ‘Applyin_g the conditions for consistence of data we have

(AB)+(BC)+(AC) » A F®B)+-N (1)
AB+@a0-so <@ 2)
(AB)—(AC) +(BC) < (B) e (3)
—ABHAC+BG <@ 0 T (4).

From (1) (BC) »-15
From (2)  (BG) >25
From (3) (BC) 45
From (4) {BC) 65
25 < (BC) <45.
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Since (C)=50, we have as two limits of (BC), 350%, and 90%
of (C) ; i.e., the perventage of the population of 45 years old or
more who are wage earners lies between 50 and 90 per cent.

\Problem 283.—A penny is tossed three times and the results,
heads and tails, noted. The process is continued until there are
100 sets of threes. If 69 cases heads fcll first, 49 cases heads fell
seconrd, and 33 cases-heads [ell third. Tn 33 cases heads fell both
first and second, and in 21 cases Leads fell both second and third.
Show that there must have been atleast 5 occasions on which heads
fell three times, and that there could not have bheen more than A5
occasions on which tails fell three times, though there needwiet
have been any. O\

O
Solution : O
Let A, B, ¢ denote the heads felling first, sec,ongi vand third
times reSpectwc]y then according to given data : )

(A)="69, (B)=49, (G) =53 "

(AB}=33, (BG) o N =debY
to prove (ABC) = 3 x..\\.
and (2 B 7) < 15 A\

X}

From the conditions {or consisten:c}} of data we have
(ABC) > (BC) +(AB)—(B)
= 214338249
> 5N
Also
(«57) :Nfe:(A\, ~ (B) —{(C)+(AB)+(BC)+ (AC)
—{ABC)
+=N-—(A)— (B} —(C)+(AB)+(BC)+(ACB)
,}——l’;’-{-(ABC) :
Now\ HC) =(C)—(BQ)

=32
Aﬁ\u‘ AC[% is sub-class of (3C) hencc
o) {ARQ)
\ ) (o) < —17+32
S < 15

A i/ Problem 284.—The foliowing is a summary of the statistical

features of a census of ration cards —

ftem No. - Category Total number of cards
belonging lo the cafegnry
1000

Consumer of rice among permanent residents 140
Males consuming rice

1. The whole of the census

2. Permanent resident 516
3. Males : 490
4, Consumers of rice 427
5. Permanent male resident 189
6.

7.
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Show that the entry against itemn No., 7 is inconsistent with
entries against all the Previous items, namely, 1,2,3,4,5 and 6
taken together,

(LAS., 1947)

Solution

Denoting Permanent residents by A, Males by B, and con-
sumets of rice by C we have '

N = 1000 : N\
Ay = 59 )
(B) = 490 O
() T 427 N

(AB)  — 139 R<4
(AC) = 140 \S}
(BC) = 97 A

‘From the condition of consistency w&éve
(ABJ+(BC) +(AC) > (A)D(B)+(C) N
o BO > (A 4(B) 10— (AB)—(A QY
= 510-+490 44271000 - 189 — 140

> 98 S
But 97 is less than g:%l}s\hence eniry against item 7 is not con-
sistent. &«
- W\
*y " Problem 285,>-Given that (A)=(B)=(C)=1N, and that
4’,/')‘( @I\?): @Ng) :’:\:é;énd what must be greatedi‘and least values of g in
order tha§\\&\\§f:3\/;1:my infer that Q%G_) cxceeds any given value, S4Y, 4.
\ (Yule and Candall)
SoTusibn |
ution :
\V
(BG)
N 7
we have
ADTADHEC) > A B)H@-N .. ()
(AB)+{AQ) - (BC) (4) (2)
(AB)—(AC)+(BO) (B) (3)
~(AB)+(AC)+(BG) < (G) @

From (1} {‘];'q}- = t—2p - (5
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(BC)

From (2) N 2 2p—1 (6)
From (3) & ) S <1 . )

N

Since (EI;G—) shounid be greater than ¢

hence from (5) =% =9

or pLivig - o O
and from (6) 20—% = ¢ <O
: \M
or P=itg+ 2 atS)
. (‘s."
e B9 ) RS
N N “ '\\
Hencep < 3 ..\ (10}
Also, p cannot be negative hence lowc\ﬁhlt of p is zero.
i.e. >0 (ii)
Combining (8) w1th (l {) we havg, O
SPS -1.‘{1 —29)
Comblmng {9) with (10) \yt\havc
e

}"/ Problem 286. _5\1@2 that if —{g—}- —, T)t ., ((‘) 3
’ _
and (AB)_(80) _(S)

NN N
the valué'\f neither ¥ nor y can exceed 1.
\\ (Yule and Candall)
Solutn;m..\
A

\"\,The condition of consistence are

(BC) > (B)4+(C)~N 7
(AC) 9{0)+(%) —N (D
(AB) > (A)+(B)—N

Also (Efg}s E(B] ‘L @ A
: {} [since (AB), (BC), (CA
(AB)<C (A)J | are sub-clzass(es of (A),)-}
L(B),(C) rcspecnve]y J
From (1) y 2 =1
y = 4a—1

» 2= -1
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TFrom (2) ¥ o< 2%
Yo dx
o X
See-1 <y g x
This shows that
x 2= Sxee]
or dr < 1
= QA
or x5 4
ey
Heuce » and y cannot excced ¥ ™

Assaciation of Attributes AN

Problem 287,— (iven (he following ultima "(_;Iasere{.]!rcn(‘ies,
find the frequencies of the Positive and negafive classes and the
whole number of observation, N :

(AB}=200 ; (Ab)=100 /o~
(@B)=160 ;  (ap)=.80_ L ¥
(S!aiéa{&:}f(}ko.yiz angd Choudhry, pp. s08)
Sclution : N )
To find N, A, B, 2 and .33

N=(AB)+(ab) + (aB) 1~Fkp)
=200+100+160 A 8O
== 540.

N
A=(AB) L AR
=200+ §05,
=280 a6 -Fattributes

B = (ABP{Ba)

= 2005160 =360

a<N(A) =540 -280 =250 .
;’{;*T—-(B) =540--360 =180 j—«—attrlbutes.

.‘.\'TP.i'oblem 288.—Find the association between eye-colour of
Jmgband and eye-colour of wife from the following data :—

Husbands with light eyes and wives with light eyes =123¢0
Husbands with light eves and wives with not light eyes = 856
Husbands with not light eyes and wives with light eyes —= 528
Hushands with not light eyes and wives with not light

eyes = 476

(Statistics—Theary and Practice—DBy Ghosh and Choudhry pp. 506)
Solution :

Let husbands with light eyes he represented by —A
hushands with nog light eyes =a
wives with light eyeg ==
wives with not light eyes =}.
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Thus, we get :— AB=1236 ; Ab—856 ; «B=528 ; ab=-476
(AB) (@) —(48) (aB)
(&B) (a9) |- (4b) (aB)
__[1236x476] —856>528]
T36 % 476] L [856 % 528]
548336~ 66768 _ 521568
538336166768 655104

Co-efficicnt of Association ()=

= '8 )
. + ~
..~ That indicates a high degree of positive association between
gyc colour of hushand and eye colour of wife, oA

. . . o\
Problem 289, —Investigate the association oetween darkness
of eye-colour in father and son from the {ollowing datag™\

Fathers with dark eyes and sons‘with not dark ¢vés =237
Fathers with dark eyes and sons with dark ¢yéy =150
Fathers with not dark eyes and sons with durg eyes =267
Fathers with not dark eyes and sons with'mot dark eyes=-2346
(Statistics— Theory and P?'actice-—ﬂagw & Choudhry. pp. 455

Soluticn :

Let Fathers with dark eyes=AXS
Fathers with not dark cye§r,':v?£°

Sons with dark eyes =B
Sons with not-dark eyess  =b
Aba—\{{g'}'
AB=150
W aB=267

N ab=2346
."\‘. . i

AN - _ (AB) (ab)—{Ah) (aB)
C?{FmClCI’lt ofassocmtlon (Q,) - (AB} {ab_}"‘|" {A_b)- (GB)

\ g

O __[15032346]~[237 % 267)
V : [150 0 2346) +[237 x 267)
__ 35190063279
T 351900363279
_.288621
415179
=] +'69
Thus, we find that there is a positive association of high degree
in the eye-golours of fathers and sons.

-
\{Pfobleln 290.— Can vaccination be regarded as a preventive
measure for small-pox from the data given below ?
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‘Of 1482 persons in a locality exposéd to small pox, 368 in ail

were attacked’,

‘OF 1482 persons,
were attucked’,

. -
Solution :
VI

A

' 33
Let attacked =A g
not attacked =4 51 4,
Vaccinated =B ; 368
not vaccinated=4 ! FA]

| 403
Net vaccinated and attacked

Vaceinated and attackeded™

~ <
N
«d
) §

~

The Co-efficient ofassgéiat{on (Q)
o\

\\ Q,~:

O

‘”\;'Thus, we find that
dq{gn;é’ of negative association,

& Vaccination is a
degree.  Ans,

Problem 291.—From the
compare the association between
rural and urban areas,

preventive of small

343 had been vaccinated and of these only 35

{(AUd , M.Com., rgeq)

aB [i3e N
30 | 'fé}&’
- _ - _.‘_\ >
ab ~\*
MDY 11se
v’ | N
\\1[51 [4]‘
e il -
Aas)y =368

=1482

_. (AB) (ab) —(aB) (Ab)

" (AB) (ab) + (aB) (A})

- [35x771]—[308 x 368]

(35X T711F1308 X 368]
26985—113344

= 269851113344

86359
140329

=—615

vaccination and small pox are in a high

pex of a high

figures in the following table,
literacy and unemployment in

Urban Rural
Total adult males 25 lakhs 200 lakhs
Literate males 10 ,, 40
Unemployed males . 12
Literate and uaemployed males 3 . 4

(Alld., M A, 1937, Patia, M.A., 1943)
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Solution :

Tet literate males be represented by A
non-literate males by a

Emploved males by B

Unemployed males by &

Total by N
() Urban:
A a ™ o
! = — — A
B (AB) {aB) {B) A
7 i 13 20 AN
e O
L (an) | (ab) OB
b 3 ; ) : \,\ " in Lakhs
: !_ "\"\' |
o — N —
{(A) r (el ::\\'(N}
N &
i 10 150 25
i i i” ‘_:_ ...... !

Co-eflicient of Association {{ Qj Ej:g)_{(gg)] {((3}%_(‘:_2_

N\ _{Tx2)—(13%3)
Q T{TX2)+(13%3)
O _14-59
. \\ T14+39
O ~25 .
f\:: : =5 = —47 approximately.

o . . -
Thmswe find that there is negative association hetween
htcracy\amﬂ unemployment.

(n \R«a\ral _ .
“ A e N
\/ ___ ____.|._. . .. | .__.___. —_ |_
| (AB) | («B) (B} ;.
B | 16 | 152 I s |
| .
| | .__‘
LA b I ' :
b (@a4) ! (ab) . @ ‘ int iakhs
__ 4 8 12
S — — -1 —
N (8)
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_(AB) (ab) —(aB3) (AS)
(ABJ (ab) ¥+ (aB) (Ab)
_36x8)—(152x4)
' (36 % 8)+{152 x4
__ 288608
72884608
= ;Séq =—35 approximatfil\y.
Thus, we conclude that () In both the urban and rural dwlas,
there is negative association between literacy and uncmployaneht.

Coeflicient of association { Q)

. R ;"\\ )
(#}) Inurban area the literate persons are less . imémployed
than in rural area. N

Problem 292,-Tn the course of anti-mala i work quining
was administered to €06 adults out of a total-Jiopulation of 3540.
The inddence of malarial fever is shown Niclow.  Discuss the

preventine value of quinine. \\,

o S R -
| JEever No-fever Total
|;;'_ - — —

N
Quinine o 19 B8y 606
No-quinine N 193 . 2741 . 2934
T} i : :
PR —_— "_":, . ;_ _____ PR :—— _ ---—:_. -
<\ Total | 212 ; 3328 ! 3540
. ) ] ’ R —
LA (Calentta, M.A., 1935)
Solution : N
Let fever :tjgs\'fepresemcd by A
\’\ No-fever by a
\\' Qninine by B
o No-quinine by b
o : Total by N
L Y S D S
p- (AB) {«Bj L)
19 587 | 605
, | (a8 {ab) | (6
193 2741 i 2934
S I
A | (N
N (A) (a) _ ‘ (M)
212 328 8540
| ]
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(AB) (ab)—(aB) (Ab)
(AB) (ab)+(aB) (Ab)
(19X 2741)—(587 % 193)

(19X 2741 F (387 % 193)
52079113291
T 52079+113201
LY
165 70. -
= —37 approximately,

Thus, we conclude (7} Quinine and malaria are negatively assoc\ated

Co-efficient of association (Q )=

N

(#) Quinine is preventive of fever cquu"zicnt to
*37 degree. N

Problem 293, —~The male population of the T R\ls 250 lakhs.
The number of literate males is 20 lakhs, ansd totalnumber of male
criminals is 26 thousands. The number of literatdvimale eriminals is
2 thousands. Do you find any associatioppbetween literacy and
criminality ? AV
{dgra, M.A., 1947)
\J (Azra, M.Sc., 195:)

_ Splution ; N
Male PopuIation {N) 250 lakhs.
Literate ma{ts {A)=20 lakhs.
Male cnqnnals (B)=26 thousands=13/50 lakhs.
. Literate male griminals (AB)= 2 thousands=1/50 lakh.

afie on-literate males J=N-{A).

R =250—20 lakhs,
AN =230 Takhs.
.f;l': b { i.e. Male non-criminals ) =N —(B)
~O° - =250~ 13/50 lakhs.
N/ —=249'74 lukkhs.

AB=1{50 lakhs.
ab=(230x24%-74} lakhs,
aB={230x13/50} lakls.
Ab={20x249-74) lakhs.
Co-efficient of sssociation (Q)= (:f)\ (NI)’] s_;g%_{{ig
_ [;0 X{230% 219 74)]——I("3D>< Jf20><249 4]
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- 1148:804--298589-04
1148-304 +-298589-(4

= 7297440236

299737844

=0 -a}iproximately.

Thus, we find that (i) There is a very high degree of negative
association between literacy and criminality.

(¢} Literacy checks criminality to a vel:} large

extent, A o
(N

Problem 294.—Investigate if there is any assogigtion hetween

<

extravagance in father and son from the following :4 ™
7%
Extravagant sons with extravagant I‘ather.g ) 400

Miser sons with extravagant fathers &€ 150
Exiravagaat sons with miser fatherd) 170
Miser sons with miser fathers 1150}
N
Solution : \ g

Let extravagant sons be represented by A
wiser sons by ¢

extravggant fathers by B

Wuiser fathers by &

N\ Total by N

AN e N
) T T T Ty
o} Ay . (aB) | & ;
D> 40 5o | 850 |
.s\}l__ ____.___|____:
AT :
PR @) e i
\\\“ 170 1150 | 1320
N L ,:' N I__'_"__|
»\’\, N (A) ; (x) {N) )
50 1300 e |

(AB)(ab) - (aB) (Ab)
(AB}ab)+ (aB)(AD)
(400 1150]—[150 % 170]
- [400% T150] F[150 % 170]
460000 — 25500
460000+ 25500
434500
T 485500
= '89 approximately.

Co-efficient of association (Q)=
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Thus, we find that there is a positive association of high degree
in the extravagance between father and son.  That is, in general, an
extravagant father have an extravagant son.

Problem 295.-—In an antimalarial.campaign in a certain area,
quinine was administered to 812 peksons out of a total population of

37248. The number of fever cases is Skown below : N
Treatment Fever No Fever
Ciinine 20 792
No-Quinine 220 2216

Discuss the usefulness of quinine in checking malaria. QM

(Agra, M.A., #4953}
(P‘CfS\-"\I'Q‘fr)
Solution : :"3’«.\"'
Let TFever be represented by A m’\.'\f
: No-fever by « )
Quinine by B \
Ne-quinine by £ Ky N
) -
i [ A\
. Treatment . Fever ¢ No Tever | Total
i i :3¢”; |
| IS N
| Quinine I @B | (oB)
| B ii:”\m 792 812 |
i No-QH.i:n:i}le | (AD) (=p) !
ANy a0 2216 2436
iz, i
NGO i (AB)(aB) — (AB){aB)
Yale f%-aﬁment of association (Q) (AB)(aB) T (AB)(@B)
m:"\'j' =[£Q>_<2216]_—[220 X792]
\q ) [20 x 2216]4-[220x792]
44320174240
~ 44320174240
_ —129920
T 218560
=—58

The above shows that the quinine treatment and attack from
fever are negatively associated.

Thus, it may be concluded that quinine is effective in checking
Malaria. )
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\T, | Problem 296.— A tensus revealed the following figures of the
blind and the insane iy two age-groups in a certajn bopulation.

Age-group Age group
I5-25 years over 75 years
Total Population 2,70,000 1,60,200
Number of biind o 1,000 2,000
Number of Insane 6,000 1,000
Number of insane
among the blind 19 9

(2) Obtain a measure of the association between blindugest and
insanity in each of the two age groups, A
. € N\
{8) Do you consider that blindness and msanity ars dssociated
or disassociated with each other in the two,ape-groups, ar
more in one age-group than in the other &4
CAMLA., Agra, 1955)
N (P.C.S., 1948)
v (Raj, M.A., 1954)
AY;
Solution : D
(i) { Age between 15 ¢ 25 yegéﬁs;\j
Let Blind he expressed by W
not blind by « Total Population==N
Insane\by B
Sane by 4

. | ' ;
. . 4 l | 1 ¥ T ! !
i' | ’M‘th il Not Blind I N \
i - i 2\J | | |
! A 7 |
| —_——— ._:T_;!__ —— _.___._,lg____ ———j
| (a8} | a5y | 3] .'
| Insang/ | ! : |
I 19 lI 5581 b 6000
| ":\:_ _ ____!!-_ T !I e e
N | [A8] | [as] "oy =
ol Sa i ! !
RN 5 | 981 263019 264000 |
N e L ;
} P ' I ST
! N REYRES | [a] I [N]
| ' 1000 Iil 269000 il 270000
—_—— 4 e
Co-efficient of association (€} :—@-B—} {at) Z[AP) (aB)

(AB} (ab) (AB) (aB)
_[19x 2630197 —[5981 5 9817
T I19% 2630 191415981 % 083 1
_ 9997361 —586736]

4997361 + 5867361
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. ~—870000
© 10864722
= 03 approximately.
(i) [ Age over 75 years | -
— i s
| Blind | Not Blind | |
| : : N
| S
i_ i N I i
9 - (AB) | (@B | Bl 5
i Insane ' :
bR i 9 P90l 1000 P
| i I I L
. :~\!. o~
(A9 (ab) Bp
Sane 7 %

B ' 109} 157209 1593003
e : — e _MQ:_..__H_
'  [A] [} WEN] !

2000 158200
WIEPaN 160200

e . A~ -

QRE) (ab)—(AD) (aB)
\ {’AB) {ab) + (AD)
19 % 157209] —[991 » TH91]

1y

Clo-effick nt of association Q)

¢

AV T B 157209) -4 [991 < 1991]
A 1414881—1973081
o 1414881 31973081
L\ _ 358200
o 3387962

O\ == —-16 approximately.

Thus, wefind that there is negative association between blind-
o« TNV . b .

ness and }\r{amty in both the cases. The degree of negative asso-

ciation i 1ess in the age-group of 15-25 and is more in the over 75

age-group.

‘&ﬂ‘i‘;ﬁén of (b) part :
g AXB

HAB < & then A and B are negatively associa-

ted, or simply disassociated. Our
example is of this type. Over 75
e years age group is more disassocia-
ted.
\_~Problem 297.—Calculate the coefficient of association bet-
ween extravagance in fathers and sons from the following data : —

Extravagant fathers with extravagant sons 327
Extravagant fathers with miserly sons 545
Miserly fathers with extravagant sons 741

Miserly fathers with miserly sons 235
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Solution ¢

Let extravagant fathers be represented by A
miserly fathers by 4

€xtravagant sons by B

miserly sons by 5

i Extravagant : Miserly
. fathers | fathers ! i
! A e .' :
|'_ _____ X ' . O\
| e — e =t
| Lxtravagant | [AB] ' Lok 1 R S
! sons | I | o\ I

B 327 ;™ o (e

. Loy :
Sl S S N
P Misaly | fas) faby . 0% T4] |
I soms : ! AN _
| b | 545 =N, 780 |
T e AN T
| i D ‘

, . fax,

B R |]

Pooarz AW 95 g 1848

f

/
T s & ... I _—

Applying Yule’s formu]a.ﬁé’:’énd Co-cfficient of Association
{Q), we find— A\

TAB) (ab)—(aB) (Af)
L ENAD) (@b ) (as)

¢\

L 3272351 —[741x 545)
o [B27X 3514 741 x 545]

JO7_ 76845— 403848
¢ © 768451403445
& _ =327000
N ~ 480650
\”\: - = =67 approximately

Hence, we conclude that there is disassociation between extra-
vagance in fathers and sons.

Problem 298.—Calcujate the coefficient of association bet-
ween extravagance in fathers and song from the following data :

Extravagant fathers with extravagant sons = 237
Extravagant fathers with miserly sons = 545
Miscrly fathers with extravagant sons EI— 741
Miserly fathers with miserly sons = 235

(Luck., M. Com., 1947)
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Solution :

Let extravagant fathers be represented by A
misetly fathers by &
Extravagant sons by B
miserly sons by &
[

5 BP) . (®) 'i-[-B]
287 | 7l . o78
_ i . _ &\
: |
b | (A8 (ab) ! (2] O\
545 : 235 80 ()" |
{al [2] L{Iﬂ
782 ;' 976 W 1758
| . :
BN S
6 Applying Yule’s formula to find co-cfficient of assoclation Q)
we find -~ N

o = (AB) (o) ~(EB) (a0
(AB) (ab)h{aB) (Ab)
_ [2374285]—[741 x 545]
[237 % 235] 4741 x 545}
_155695—403845
NNy 556951403845
—348150
NOT T 40590
oy =T8T
Thit :'::i:licales a high degree of negative association between
the e:gtg?.vagance of father and son.

o Problem 299.— 1660 candidates appeared for a competitive
xamination, 422 were successful, 256 had attended a coaching class
afd of these 150 came out successful. Estimate the utility of the

coaching class.
(Agra, M. Com., 1047)

Solution :

Let the tota! candidates be represented by [N] (1660)
Successful candidates by [A] 422)

Unsuccessful candidates by [a] {1238)

_ Candidates attending coaching class by B (422)

Candidates atiending coaching class and successful (AB) (150)
Candidates attending coaching class but unsuccessful (aB) (106)
Candidates not attending coaching class by 6 {1238)
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- A . —_ [R— a — m—
s | 4B (al3) - ®
150 106 256 :
— e
|
5l B8 (ab) @)
272 1132 1 4
— : A
(A) (@) ‘ [N] \
422 ‘ 1238 ' 1660 e .
i ._I__ R % ..\."'.
' | B) (ab)—(aB) (A )
Coeflicient ol association (Q)= (A )--@6—) ¢ (&B)(Ab”

 (AB)(ab)<NdB)(AB)
_ Ll__SO_>§__I _1_32] — [10_6 X 272}
[L:SQx\«;’ VI32]-4-[106 % 372
8980028832
AVE9800+ 28832
AL 140968,
N 198632

\\ = +709 approximately.

This indicates i$:11§‘at there is a very high degree of positive asso.
ciation between opAching and success in the competitive examination.
That is, coachi’ngc%clps in success in the competitive examination to
a great extent,\. ’
A\
Problem 300.—In an experiment .on immunization of cattle
from tubérculosis, the following results were obtained :—

O Died or affected Unaffected
w\ Mnoculated 12 26
¢\ Not inoculated 16 6
~O
\/ Examine the effect of vaccine in controlling susceptibility to
tuberculosis.

(1.4.8., 1948)
Solation :

Let Inoculated be represented by A
Not inoculated by ¢
Died or affected by B
Unaffected by &.
Inoculated and died (AB)=<12
Inoculated and not affected  (A3)=26
Not inoculated and died (aB) =16
Notinoculated and unaffected (26) =6
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Yule’s coefficient of association is given by :—
(AB)(ab) —(Ab){aB)
Q= (AB){ab) +(AF) (aB)
_ [12x6]—[26x 16]
12X 6]+ [26 % 16]
_ 72416
T T2r416
=344
=4 A
== —*7 approximately.

N
o\
Thus, it indicates that there is negative association (bétwéen
vaccine and susceptibility to tuberculosis.  That is, vaccme: ‘prevents

the attack.of tuberculosis to a very considerable extent,
roblem 30f.—The following table is repro\duced from a
memoir written by Karl Pearson.

Eye coloir in Sons

Not light ¢‘not light Light
)Y 230 148

Eve colour in fathers : o\ &
Light .:3: ) /151 471

Discuss whether the Loloui‘ 0f the son’s eye is associated with
that of the father.

A\ (148, 1949)
Solution : X\ -

Let I1ght eye colour of father be represented by A

> Not light colour of father’s eye by

“\"\ Light colour of son’s eye by B
A\ Not light colour of son’s eye by &.

O\ ;
«\ " Not light eye colour of father and son (ab)=230 %’
#\% Not light eye colour of father and light of son {(aB)=143
W Light of father and light of son {AB)=471
\ Light of father and not light of son (Ab)=151

Co-efficient of association {Q)= éig;(ii ((ii))(i];)) '.'W”‘V“'?

_{471><15rt [151 x 148]
T ATIx 151)+-[151 X 148]
7112122348

T 1121422348
48773

793469
=/-b'§{p§t;dmatcly.
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* This indicates that there i a fairly high d

egree of positive
association between the eye colour of father and son

Problem 302.—(ian inoculation be regarded as a preventive
measure for cholera from the data given below :

“Of 593 men in a locality exposed to cholera, 147 were
attacked.

OF 593 men, 137 had been

inoculated and of these\ only
4 were attackeg”,

(P’C:-&': 1951)
NS ¢

Solution : \

L 3
ol
7

Let total number of observations be represefiter] i:)y N {593
People inoculated be represented by B\

(137)
People not inoculated by & W (593 137=4356)
People attacked by A (147)

Feople not attacked by ¢ ,x',\\': (593 —147=446)
Inoculated ang attacked by AR ™

(14}
Inoculated ang not attackedvby Ap (137—14=123).
A o\

_ Ny

B ii {AB) '4}:’(513) I IB]
N I’ )

I T

i;.___ _‘m’\'f‘_. e :
6, B | @y U |

le N, 123 |! 8881 45
\ '\'L} "___ —_—— e '_.__.__.._ .: - L - -
R
) i

\V !
'xw: i 147 ? | 448 i 593 i
¥ ¢ | - i .

%

T o
S

iﬁ.Co-echient of association :..-_(_é]?l}_(‘_’b_}_':'__‘%) (aB)
\‘z v (QJ (AB){a) F-(A%) (aB)
= U4x3331 1123, 123
WIB x123]
— 466215129
4662415129
— —lo467
19791
=5 approximately.

Thus, we find that_inoculation and attack of

. . | D : cholera are nega-
tively associated. That 15, Inoculation checl

5 the attack of cholera.
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-~

Problem 303.—Calculate the co-efficient of association:
between intelligence in father and son from the following data : '

Intelligent fathers with intelligent sons 248
Intelligent fathers with dull sons 8
Dull fathers with intelligent sons 92
Dull fathers with dull sons 579
: (Raf, M.A.; 1948)
Solution :
Let intelligent fathers be represented by A ~
Dull fathers by a \
Intelligent sons by B A
: Dull sons by &. A
AL 4 .. s
| (AB) (aB) Ny ,;f :
| s 92 (3o
- (ab) bany D
' B sl | 660
M: !
— oS A e—
W@
s 8N et 1000

) SR

Yule's co-efficient of ,asihmghition Q)= E%g))((i?) T ((i?)(&?)
& 1248 5791—(81x92]
3 T[248 x 57914181 X 92]
A\ : 1435927452

N\ = 14359247452
Q _ 136140

N ' 151044 . e

7N\ o

mJ =-+ // j/?f

"/ This indjcates a high degree of positive association between
the intelligence of father and son. That is, the intelligence or
dullness of father effects the intelligence or dullress of son to a very
considerable extent.

Problem 304.—In an anti-malaria campaign in a village -
quifiine was administered to 600 adults out of a total population of
3000. The number of fever cases is shown below :—

Fever No-fever Total

Qninine 19 581 600
.No-quirine 186 2214 2400
Total . 205 2795 3000

(Raj., M.A., 1950)
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Solution ;

Let administration of Quinine be represented by A
No-quinine by «

Fever by B

No-fever by

— A e
1 I 7
. (AB) . (aB B I
K  (aB) L] PN
B i IR lgs 205
:i-- T T T e — T T T = \}
(D) ! {ab) i [5] Q
| B i 4 1
Y L 2o 2795
p— — — | — = — _tﬁ,: __'
i [A] Ii [4] W) il
! . ! i: ) 2 i
60 2400 S 3000 !
_ i _ (AB{aE)—(Apy(am)
Co-efficient of association (Q) _-‘;('J_%BJ(_rzﬁ)_—}-_{Eb_j{_é_BT
L9 22141551 1565
N “‘[19><2214]+{581><_E€J
A\
O 42066108066
L\ 420664108066
_ —66000
A\ T I50132
N
\\' = —'43 approx,
‘:'i’hus, we conclude that quinine anpd malaria zre negatively

associated. That is, quinine prevents malaria agtack,
) 3

-'Problem 305.—From the following figures, calculate the co-
efficients of association between Unemployment and literacy in rural
and urban areas separately : -

Urban Ruray

Total adult maleg 50 lakhs  40p lakhs
Literate Males 20, 80 ,,
Unemployed Maleg 5, 12,
Literate and unemployed males 3, 4

(Raj., M.4., Firal, 0i4 Course, 1g35)



THEORY OF ATTRIBUTES 347

Solution :
[A] Urhan—

Let Literate males be represented by A
Illiterate by «

Employed by B

Unemployed by b,

A A il
@B | (aB) K
B ! vl e s PN
I i L
i ; . 28N
o o wm s®
b -~ 2 5 |\
[A] [+] [N} 0
|l 20 | 30 : b \\'
S R S~
et o (AByab) S@YaD)
Co-eflicient of association (Q)-_{AB}(a.b‘); lAB) (aB)
_ 17 XF1-[3% 28]
T IXTFB3X28)
o384
\mg\ 34;;84
N =T
e\, 4 =— 42 approx.
Thus, (ﬁﬁ& that literacy and un-employment ar¢ negatively
' associated,\\'ﬁat is, educated people are more employed.
W
(B] l@ggalm
”'\j W A I3 o
\/, I ¥ . R - - S
: (AB) | eB) | [B] ‘
Bl 76 | sz | ses
| il I
| @ | (e [ | in e
b i 4 ‘ 8 | 12 !
|
| £a1 | [ LIND
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Go-efficient of assoclation (Q) =((i§g g%ﬁ%ﬁ%

_ [76x8]—[4x312]

T {76 x 8]+ [4x312]
~ 608—1248

T 60841248
640

. T 1856 A\
==-— 34 appros.

Oy
In the rural area the literacy and un-employment areviegatively
associated to the extent of —*34 approximately. AN
N
Problem 306.—Find the co-efficient of assoeiation between the

type of college training and success in teaching(from the following ,
table 3 )

Instruction Successful K ﬁ\”b’ﬁ‘mcm.gfal Total
Teacher’s College 58 "4 \ 42 100
University 49 O M| 100
Total 107 93 200

(Raj., M.4., 1956

ad
N
-

Solution :

Let teacher’s Gollegc\be represented by A
y \‘z Untversity by a

N Successful by B

Unsuccessful by &

‘\,’ L A a

Ke — i T
\;"\." - ‘ (B) ‘: (aB) [B] i

AN B | oy
K\ : - 58 | 9 107 ‘
A T e
\\ "/ 5 (Ad) () [5] ‘
| 42 | 51 93 i
| 4] I [A] | m |

100 L 100 il. 200

Co-efficient of association ( Q)=@§)_f£é_}_—_(Ab) (aB)
(AB) (ab)-}(AB) (aB)

58517142 x 49)

[58 % 517-+[42 % 49]
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_ 29558—2058

T 2658 +2058

.00

5016

= 4--17 approximately..

Problem 307.—Find out the coeflicient of association between
the use of contraceptives and infant mortality from the following
figures :
Children born Infantile deaths Survipegs\

Users of Contraceptives 1000 250 750
Non-users of Contraceptives 00 A 140 (860
e\
Solution : ‘,Q}‘ )

Let the users of contraceptives be represented by OA
Non-user of contracepiives’ by a
Infantile deaths by v B
Non-infantile deaths (xsu\lwivors) by &

A N 4
AN ;e
(as) VB | 18] :_
B 250000 | 140 i 390
—AY A
A
. <<Ab; (ab 61
L o 860 | 1610
NN S
PRSI [A] N
A\ ,
O i 1600 . 000 |
N | 1600 | 2 i

o \ —

A\
TheHici iat; _. (AB) (ab)—(Ab) (aB)
(dg}e\fﬁcmnt of association ( Q)_-.( AB) (o)L (A6) (aB)

~O 250 B60]-—[750 X 140]
y [250 % 86011750 % 140]
__215000—105000
~ 21500+ 105000
__110600
"T320000
1t
32
= +-34 approx.

Thus, wé find that the use of contraceptive and infant mortality
are positively associated. ,
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Problem 308.—Find if there is any association between in-
oculation and attack of typhoid from the following :—

Attacked Not attacked
- Inoculated 12 674
Not-ineculated 47 1122
Total 59 1796
Solutjon :
Let inoculated be represented by A O
Not-inoculated by « A\
Attacked by B R\,
Not-attacked by & O
A a 'R \
e (#B) ¢ '\ | [B]
B 12 ' 27 39
RN 11
' 674 1 2 | 1796
@ L] L
P T 1855

KA ! i

\ . — —_— —

(AB) (ab)—(Ab) (aB)
: (AB) (ab)-+(AB) {aB)
o _ [12x 1122} —[674x47]
. \d T 12X 1122] % {674 % 47]
13464 —31678
§ = 13464-+31678
NN —18214
\ \; N/ :—45m_.

= —'4 approx,

¢ )
i . X\
Co-efficient; oiﬁssociation (Q)=

Thus, we conclude that inoculation and the attack of typhoid
are negatively associated, That is, inoculation check the attack of
typhoid to some extent,

Problem 309.—Do you find any asseciation between the
tempers of brothers & sisters from the foliowing data :

Good natured brothers and good natured sisters=1230"

Good natured brothers and sullen sisters = 850
Sullen brothers and good natured sisters = 530
Sullen brothers and sullen sisters = 980

(Agra, M.S¢., 1957)
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Solution :

Let Good natured brothers be represented by A
Sullen brothers by «

Goed natured sisters be represented by B

. Sullen sisters by b

Thus,
AB=1230
Ab= 850
aB= 330
ab= 980

Co-efficient of association { Q) 2%:23; EZ?;;E‘:’Z}) Ezg; ) s\.

__[1230x980] {850 x SSQ]‘
T [1230 % 9801850 ><,539 .
__ 1205400450500 °
~ 1205400 +45050@
754900
165590Q \J
=45 & o
Thus, we find that there is positive™ association between the
natures of brothers and sisters. That ig), W general, good natured
brothers have good natured sisters anghgive versa.
“vProblem 310.—From the foHowmg, find whether blindness
and baldness are associated ;—

Total populatsQn = 16264000
number of bald, head*ed = 24441
number of blind\\» = 7623
number of bald-headgdyblind = 221
< (M.St., Agre, 1956)
Solution : RS

N represents the total population
S0 Attributes for bald-headed
\B==Attributes for Blirds

Hen(:e'"\ 'N—16264000
T (A)==2444]
(B)=7623

(AR) =221

Now (AB)y,= -/~

24441 % 7623
16264000
186313743
T 16264000
= 11'4
Since (AB) > (AB), hence there is positive association.
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Problem 311.—If in a collection of houses actually invaded
by small pox, 70 per cent of the inhabitants are atracked and 8§
per cent have been vaccinated, what is the lowest percentage of the
vaccinated that must have been attacked, '

(1.4.5., 1953)

Solution :
Let N = 100

Denoting the inhabitants invaded by small pox by™A and
vaccinated by B we have

(A)=70 R O
(B) =85 O
To find the minimum value to (AB) ~‘ )
We have (AB) > (A)+(B)—N o
> 70+85—100 N
> 55 \’\\

$

& lowest value of (BCY) is 55 v/
But the inhabitants vaccig&itc& are 85,
ie (B) = 85 .

»

hence lowest percent%ige of inhabitants vaccinated which have :
been attacked ~.< :

\%\% %100
\, V= 647 per cent
L Pro{n}em 2. —Investigate the association between darkness
< of eyescalour in father and son from the following data ;— :
O\ .
A Combination Frequeacy
(" Fathers with dark eyes and sons with
. \"4
\ ) dark eyes 50
Fathers with dark eyes and sons with
not dark eyes 79
Fathers with not dark eves and sons with
dark eyes 89
Fathers with not dark eyes and sons with not
dark eyes 782

What would have been the frequency of fathers with dark
eyes and sons with not dark eyes ; for the same total number, had
there been complete independence ? :

(LA.S., 1954)
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Solution 3

{A) Let fathers with dark eyes be représented by A

21 ,» not dark ,, PO TR
Sens ,, dark eyes o » B
»». 5, DOt dark eyes 0 » B
A : o
l
pl 4By (=B) | (8] |
50 89 139 .
S : e
:,.\\ v
B @apy () [£] « M
79 782 8&K
e (&
\:"\ _
[a] [o}] g
I 129 87t 1000
[ S DDA, . SO

Yule’s Cecfﬁciehc of Associaticn,.f.g‘):
__(AB) (af) <8P) (=B

T (AB) (e (Ap) («B)
 [30%(782] —[79%89]

509 78:1x 79X 89)

%29100 7031

(S 39100-+7031

N 32069

N T 3893 My
W/ — -82 approximately.' "

- "i""! -('«-,

W\

¢ ~{f‘ffus, we find that there is positive association of a high de-
g{é‘g hetween the eye colour of father and son.

(B) Taking the attributes independest, the frequency of
fathers with dark eyes and sons with not dark eyes for the same total

number = {A B)":-“(A_T)q ®)

329 x 861
1000

=11] approxi;,pately.
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\Problem 313.—Show that if (AR),, (aB), (AR, (a3,
,q (AB),, (“B} (AL)y, (8),

“be two aggregates corresponding to the same valies of fA), (@), (o)

aed (B),

(ABJ“(AB)Q"-_-(QBH“‘(“B)l:(AE‘h (AL} = (9'3) —ai,
, { .1')‘:1' P44}

Salution :

(A)=(AB); +(AB), o
Alsn {A)=(AB);+(AB), ) :\
(AB); -+ (AB),=(AB),-+ (AB), O

or (Aa)l—(ABJF(Amz—(As)lw

Similarly the other parts can be proveday

OV vfroblem 314.—Adopting thc nsual. Aafation prove that
, o= BE){14D) @»a i)

N (B) 2V (@) _.
Q 7 {(M.Sc., Agra, 1948)
Solt;tion : ' ‘:{ :'j‘
_ {B)g (AB) _ (AB)
RS “l{ m )
QB () [(AB B) ~(AR) B)]
(B)(B)

O =+ [ (ABIN—(3))—[(4) ~(A))(B) |

\:
& =] @ N—(A)®)]
A A)(B
\,\:\ —~ (AB)— f i)\l(_'}_
= (AB)—(AB},
=§.

HNote :—In the similar manner we can prove the result

_ (A [AB (WB)
S -5 ]

Y Hroblem 315 —Show that ;ré (AB)—(AB), ;
(AB)EHO@J”—@(BJ“ {AB)P=[{A) ~ (a)][(B)—(B)]-+2 N&.
[M.Sc., Agra, 1946, 1948, 1954].
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Sofution :
R.H.S. :[(A) — (a)){(B) — (8)]+-2NG.
=[(AB)-+-(AB)— (aB)— (af) [{(AB) + (<B) ~ (AB) —/of)]
+ N[ (AB)— -(_‘ﬁ}fBJ_J_

—=[(AB)P-—(AB)—(oB)2-+(af)*+ (AB)(xB) — AB ){(AB)

. —(AB){af)+-(AB)AB) +(AR) (GBJ AB)ap)
—mmmm+wmmm (<5) (o) ety AT)
—(aﬁ aB)—}— aB)(AL)]+2[N ( AB —(A)(B))

= (AB)*—~(AP)*— (4B)?+(aB)?4-2 (A) (aB) — M%%@
+nAm+mwﬂm+mmmm 3
—2[(AB)+(ABNAB) +(<B))

=(AB)?—~(Ap)®—{aB) +(ap ‘ ‘{S\V
=L.H.S. N
\/
Henee proved. O
NS
OF
) t:&«
Q8
Ve N
0'\/\\
\’\.3
N\
L))
e\ 4
WO
a\)
tl
O
N/
O



CHAPTER X
INDEX NUMBERS )
“An Index Namber is a number which indicates the level of a

certain phenomena at any given date in comparison with the level’
of the same phenomena at same standard date’’. '

N i
Index numbers are mostly expressed in the form of pereentages,’
compared with the base year index, which is always equal o 100,
NS ¢ . ..

According to Prof. Secrist, “Index Numbers .are’ a series of

numbers by which changes in the magnitudes of as“pHenomenon are
measured from time to time, or from place to phibe ”

&/
Construction of Inﬁex Numbers \

Index numbers are constructed in mirly ways. Some of the .:}
important types and formula are givch\ ow :
(¢} Simplest Method. PN\
Commedity— A, RO

Base year Price={6y-
Base year Index£:100
Caurrent year Price=15/-

Currerlf\year Index Number
¢ J

\ Y

A _ Gurrent year Price 100
" ~ Basc year Price
& | -———i% X 100
R =150

_ \'%’E): Chain Base and Link Index Numbers,
(Refer to Problems 318, 327.........)
~O GGi) Weighted Index Numbers, .

3

Index Numbers for current year= ziv

Where I==Price Relative
V=Value (weight).

{(iv}  Weighted Aggregative Method.

Index Number for Current year= %ﬁlgl x 100
[y 1)
Where, #,=current year price
@y=current year guantity
By=Dhase year price
9o=base year quantity.
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~ (#} TFisher's Ideal Formula

-~ X_E‘P_lﬁ_
Zfoa oy e
Values as in {fz) above. To calculate current year index it is
multiplied by 100.

{zi) Time Reversal Test.

P {Ii K Plgﬁ ]
Where P, =Price change for the current year on the base
yeat.
P,,=Reverse of Py, N .
- A
Again, Py, = e o 001 O "
Zpugy 2}70_9’1 AA
pum n /] S 20 Py
N Shin | 2o N
(pii} Factor Reversal Test. v
X1 :'\\;
P, X
0 X Qo= Stoda,-
- Zhoh X, nX, 2ﬂfh{h
Again P XQ.O = Eplgoxzﬁlglx 4%
g T ’ Zpoto Eﬁcql *2?0?0 Zpl‘?n
2‘;’4’1971‘< X n
5 Podo X ZPad0
- Zha
R@:‘h
.,_ <o :
(ot} Pa _\ : }“Po% Laspeyres formula.
i Py, 11 Paasche formula.
(ix) o1 :”\;"F‘ Shdt
{x) P;? = ;‘b 1o —l-gp 1C’“]——Amthrr-c:tu:: cross of Las-
“pode 2oy peyres and Paasche for-
o D mulae. |
4 _ 'Epl_g sp g L
(xt) Pa = ,\/ ' 191 Geometric cross of (vii) &
ZPoo ¥Eﬁnf}1 {ix)}.
< .
(xif) Py = :%o-"-!-_i:gl;?l——Arithn}ctical]y, cross-weight ag-
2MoTI/Pe  gregation formula.
{xiii) P = 2\/90 fify Geometncally cross-weight ag-
v goqifo  gregation formula.
: . Zpga “to which
(#iy) P = [ge=quentity for the year to whic

Zfuga wc;ghts relaie.]

N



358 PROBLEMS IN STATISTICS

There are approximately 135 formulae to calculate index -
numbers. Different formulae are used in the construction of different
types of indices.

Problem 316.--Use the following data of industrial produc-

tion in India to compare the annual fluctuations in Indian industrial
activity by the chain base method :—

Index numbers of Industrial Production in India,

e

Year . Index No. | Year | Index 1\'\0
H N
1919—.20 ! 120 | 192627 |G
—a1 ' 122 : —08 ! 150
—22 | 16 i —99 137
—35 _ 120 —30 Ll 162
—2¢ 120 ! —31 Y 1
—25 ' 137 ; —32 ) 160
—26 _ 136 | SUTAN 160

Sk, M.Coms 1953
Solution : ;'\ -

For the construction of Indcx Namber by Chain Link Method,

we assume the Relative for 1919-20 as 100 and then construct the
other index. N

LS

e e N
' Index Nb. ! Tndex No.
Year 3¢ : i
Base: 1919-90-100 © [ fagy 0] Year o[£ e ]
’i;f?o} : . i Fo
_— £ \‘“ kS —_— e [ L. -
1919—20 A 7 100 1926—27 i 1096
1320—=21 L\ 101 66 ‘ 192728 104-7
192122 H ) 9503 _ 192828 : 87-3 s
19222380 1034 192930 1ig-2
19234 : 00 _ 193031 ' 9i-) |
192459 1416 193152 ; 1074 |
192826 9927 193233 100

—ax Y T T T e ee— — —_—
— s

».\I"“\:;"Problem 317.—The following are the group index numbers
\ahd the group weights of an average working class family’s budget.

Censtruct the cost of living index number by assigning the given
weights,

Groups i Index Nos, Weight

|
Food i 352 48
Fuel and Lighting i 220 . 0
Clothing : 230 : 8
Rent : 160 12
Miscellaneous ' 190 15

(1.4.8., 1950)
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Solution ¢ S
Clonstruction of cost of hvmg index by Family Budget
Method :—

Cirou {ndex No.! Weights

roups o L) (V)
Fond ©ossz | 48 | 168%
Fuel and Light om0 10 - 2200
Climthing . 2 i
Rent . b e | 1920 « <N\
Misc, | w0 | 15 | 2850

e S I
| , ‘ ZV=98 | s 225706

25?06

\«~ 276'408 approx.

Problem 318.—An cnquiry into thévbudgets of the middle
class families in a cny in England gave the followmg information :-—

i :
Expenses | Food Rent ¢ .‘Clothmﬂ - Yuel | Mise
on boo35% i 15%‘ N0 0 10% 20%
- e ———— . ...i [ ———— ——N —_ Cr—————— - ; . e . ) —— e m—— —_—
Prices (1928) © £ 150 \L£~\30 ‘ £ 75 £ 25 | £ 40
|
Prices (1929) | £ 145 N30 £ 65 £ 238 . £ 45
 What é_}_langcs.zn cost of hvmg ﬁgurc,s of 1929 as COmparcd
with that of 19{& are secn. {Luck., B. Com., 1944)
Solution

Ind’& \Iumbers are constructed here based on ﬁxed bhaze
. ystt@ and regardmg 1928 as thc base year
S

: . Prices | Index ; Prices : Index (1929) ‘Expensm o
Articles (1928) i {1928} (1929} [ jaal 4 10(}] {IV)
i : : V) :
| :
| | |
Food £150 100 - £ 145! 97 approx. ' 35 3395
Rem £ 30 : 10 , £ 30 100 15 1500
Clothing | £ 737 100 | £ 65§ 87 . ‘ 20 1740
Tuel £ 25, 100 ° £ 23 92 | 10 920
Misc - P k4D | 100 | £ 45 113 ' T2 2260

_____ S _._|4_‘___7
i ; : ! ‘ S V=100| 51V=9815
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Index Number for the current year(lQZQ):%%Y
_ 2815
100
= 98'15 approx.
Therefore, we find that as compared to the year 1928, the
prices have been gone down in 1929
Problem 319.—Given the following data, what index num-
bers would you use for purposes of comparison ?  Give reasons, A

Rice Wheat J?‘x?‘§ R
Year ] — : - \'? -
Price ’ Quantity Price ‘ Quantity Prite 7| Quantity
1927 $3 | 100 64 BB -8 ‘ 5
1934 45 96 37 N 27 s
e . . ov_
- Prices and quantities are given in arbitrary units,
. P\ % {M.A., Cal., 1937)
Solution : N, :
¥ . N o |
= Base year Curreptiyear .| i
(=] " ' H
E ! - - Poto . 190 pom P14y
6 Price Oty. : ‘SPrice Qty. i
. —_ }\ 2 —— | —
Rice 93 | MO0 ! 45 | 90 9300 | 450 | 83770 ¢ 405.0
Wheat &4 1711 37 010 704, ‘ 407 ; 60 | 379
Jowar g s 27 3 255 ! 135 | 153 g1
. ."\‘. - ;
"\ B N —— — ——.—_‘___ — .
R\ 1 Zpogs | Siprge | Som
N <1023 =51613-2i o a4
) [ _ _ .

\ ) For making the computations safliciently éasicr, we take these
in the form of- approximates as P 2pyge = 1026 ; Sy, = 504 ;
Zpogy = H6and 3 py ¢ = 450,

Endex No. for the current year = 100 x \/ _zﬁqi—x_z_aﬁi
Zhde  Zhet
= 100x » / 304, 450
162~ 916
= 100 S_(Ex 450
1026 ~ 916
= 100492 app.
== 492 approximately.
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Problem 320.—Constract Index Numbers for the year 1904 on
itie basis of the year 1902 of the following :

Artlclc 1I

Article T ‘ Acrticle TIE
Year N T
: Price lQuantity ‘ Pricc Quantlty Price [I Quantity
w2 | 5 | 1 | 8 6 | 6 3
1904 4 op 7T s 4
- i
(Agra, M. Com., 1947,)\
Solution : ,';:\'
NS @
Year 1992 is considercd as base {100}. A
' ‘ ‘
Let p, represent the price for the base year (l9,02)~
&y - L, quantity 5w 24 \
Fl 3 ar I}I'JCB TREET] turr@{&b}’eaf (1904)
g1 23 T qua-ntity TR ,",\n 31
pa— — —_—— !__ ‘ | —— —— ——————————
: 1902 i 1904‘ ‘ I \
Article T T N _ fo 9 | Pod | £1 qo :
Price |Q_uantit§| Price™ Quantlty o ' | ‘ Pras
(Po) '| (g0} }L@ (g1} |
D o ; \ AP NN . e
I < \T . - \
I 5 JOKN 413 50 60 - 40 | 48
11 8 | 7 7 48 ‘ 56 49 45
ur |6y o | 5 | 4 | 8 2¢ | 15 | 20
. P\ |
| x\;\“ Total ‘hE_;’_u_u_ ‘ Ztof1 ‘ Ehﬁ' fati]
’\»' 1 ==116 =140 =07 | =117
O ! | | |

J— e
N

=100 Ipgy St
Shoda * b
—100xn/ 27 1T
_ 1167 140

—100% 4/ 83 %83 approx.
=100 -83 approx.

=830 app_roximately. Ans.
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Problem 321. Construct with the help of data given below

Fisher’s Ideal Index, and show how it satisfics

the factor reversal

i Harvest Price per maund in
: District Saran

- R ."\'—-——
s 80 3o 20
2—0—-0 _ :I'\—..‘M—‘O
2—8—10 :..\]_.12_{}
(P@F&E§5xﬁrf.A.J 042}
'\ﬁ."
oV SUS

,'(bE\S;E ' {Base {Current (Current

‘y"ear year | year year

N\ Price} ; Driee) x: Frice) x price; X

* (Base (current ;. {base {(Current
year year | vear year
quantityhgquantityjiquantity) Guantity)

tiest.
| -Estimated total produce in 000 |
| tors in District Saran
Commodity . e
[RECIE: 1932-33
Winter Rice| 71 24
Batley 17 93
Maize | G2 48
Solution :
[ T
= | DBase year | Current Year
=2 (1931.32) | (1932.33)
oo}
g | . L —— | -\
g Price in; | Price ind & 3%
o nP. perOnaotity! nP, per Quantity
md, ! | md, Ry
S | N
fe ‘ ! m\% | 1
LA PP 6 A A
| i
Winter 350 AN 312 ¢ 75
Rice . | .
Barley 200 407 187 a3
Maize. 236 () 62 175 1 48
IN” i i
R s T L
\¢
..'\
NS
,..\~";

Fisher’s Ideal Index Number for the

current year==100 x

Loo ‘ v ‘? 190 ha
$24850 | 9100 ‘ 22152 - 8112
21400 | 16600 | 20009 15591
18872 12268 | 10850 8400
i .- I _____ —
3 fuge 3 | -y
2y S Tl 2
Shis Shan
Zpods” Tbol
=100 53011, 32033
621227 37988
.~ /1693101363
=100x T
2359890536

=100 x84 approximately.
=§4,
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z .
Ir Pﬂle“iz‘igﬁ , then it will satisfy the condition of Factor

Reversal Test, where

Py [ 00 i g
Lo 2P
Ome=n [/ ot S
Spete g 2\
Sode St Son S (Y
Now, Py Quen [/ 2o s 2Pt Zhoflt o i (D
P e " Spode Thodr Zboflo 2Pide i"}\
_ /SR, 4033
=n/ §a122” 37988 " 62122853011

/3203332033 N0

TN 6212862122 ©
Cae O
=63122 oY
_ SN

R

¢\
Hence provc;l\ti}dt it satisfies the Factor Reversal Test.

o N/

Probleﬁf’éH.—Construct approximate index number to dis-
cuss the ﬂuc?ttfé.tion in the export of raw cotton from India for the
period\Qsﬂﬁi to 1935-36, using the average of the period 1926—30

as bqs'q\

O Year Quantity of Raw Cotfon

\: g in thousand tons
1926—30 609
{hase)
1930.31 701
1931-32 423
1932-33 365
1933-34 504
193435 623

1935-36 607

Value of Raw Cetton

in Rs. lakhs

5941

4633
2345

L2037

753
3495
3377

(1.C.S., 1939)
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- Solution :

For 1926-30 (as base),
this, we have to construct

ndex number is 100,
index numbers s

| Raw Cotion
Year | Quantity (1000 tons) Value (Rs ]akhs) Q)
|— —— . .:'__ —_ —_ —_———a . N
i Quantity | Index Numbers || Value Iumc T‘J’uml:lcrs
T i I __'_‘.‘_'_'_' T
[ | 1926-—30-.-100 | .:"«r 1926——30—100
1926-30 | 609 [ 100 I 5941\ _’ 100
{Average) || | - .
798y 100=1157 ‘1‘333x100 =781 -
193031 | 701 iLog ]| 'y 5941
423 . 2345
_ 1 2355 0o
1931—32 I 423 | g X 100=69:4ChN 54110
| . “T 2345 i =40 approx.
193233 | 365 60 apprby 2037 3¢,
193334 | 504 | g3 “RRE 2753 i
193¢—35 | 623 102 .85 3495 A T
19953 | 6o7 J %w\t Lol @y B "
_____'..____,_____________“_ - —_ —_—— —_—
A\

Prohlem 323

is satisfied by Fisher’s Ideal Form
Number Gonstrﬁcuon

%

N/

I'{ow with the help of the foliowing

On the lasis Of: ;

data that o
ula for Index

Commodigy\i “" Base year Base Current Gurrent year
‘\'\\” Price yeqy Quantity.  yegr Price Quantity
N (Rs.) {Mds.) (Rs.) (Mds.)
.u\.‘o .
\'\; A 6 - 50 10 56
B 2 1o 2 120
C 4 60 6 60
D 10 30 12 24
E 8 40 12 36
(Alid. M. Com., 1646 ;
Punjab, M. A, IQKT ; (Seﬁ)
Deli, B, Com., 1953)
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: "1 Base Current,
i Base | Current| — oM
= year year | year year
Rt I
E i (Rs) (Mdt) (R;) |(M§s) Poto | pot
=4 !
© | o g0 i 1 71 :
e o L I S
I . i
A 6 50 TR 300 @ 336
B | 2 00 2 | 120 200 | F40
Q4 60 | 6 60 240 | 240
D | 10 s |12 | 2 | %0 20
: g - 4 | 12 | 36 320 | 288
- I I D !
Zhedo= 120
| e

Fisher's Ideal Formula 13
\\

Z oo

Zpog =4 \Eplﬁo— }EPH =

F150

fq

500 ‘ 560,
900 | 240N
360 |, 360
360 {288
489 0 432

s

1900 | IBBO

2?1?0 3] ‘Eﬁlgl

zﬁof]t

The condition of Factor Reversal:'gcét is said to be satisfied if

: Eﬁl‘?x “""..
AN where
Eﬁ'u{?u N

“Shits o b
Spede | Zhoh

2'45091 E}h‘h
Zf64a Zﬁl% o

}‘ﬁ';‘h
Eﬁu‘h

Po X Qo=

and

QOI
,\

Theref({ifé Pcu X Q= s—g&ilgo
70

\~
K\ _, / 1S T8R0 134
\ 1360 1344 1360

_ \/ 1880 < 1880

1360 % 1360
1880

= 1360
_ Zha
Zhedo

- To find out the Index Number, by
current year, we have to multiply it by 100., 1.2:5

Zﬁ'a?o

Hence proved.

o 100)( _g_&_‘hx_zﬁlﬁ,
; N Spte | Loy

EP(IQI ] zplql

0

1880
1500

Flshers Tormula, for the
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Probiem 324, —The followine talie gives the average whole- _
sale prices of the commndities A, B, G, D, K during the vears 1940
to 1943, Find out the index number Ly reference to 1940 as base.

Commoiditio Average Wholesale Prices in the Jears
rge 1941 942 1943
A 30 32 306 40
_ N\
B 20 22 25 o N30
Oy
& 40 44 46 ~N 50
. \J/
D 435 50 {3.’; 55
L 55 60 R 65
.\:\}
\)
Solutiol_l : \

(Base year ; 194 =100}

TR Y

ANl
. R <N — e
J— R W

Pcrcq‘n{a’gs or Relative with 1940 as bage

C oo dilies Coe o N | g P — - —em e e e diam
omme 190N e qean | 1943
e 0 NS . T~ — | oo

™ | 32 | 36 | 40
e I 200 | sp %100 |2 e
A S 100 =106 app. | —120 i 133 app.
R &) ST 10 | 7125 app. 150
¢ 2 100 L 11 S b -
K ) il 100 e, : HE ., 12z,
N 100 y ‘ o ., qg o
'y H |
ST St T S N e ———
. o | ‘
«(ﬁs“{ai of Rela- | 500 si56 | ses | 648
7 tives ! ‘ I i
. - :\— R i_ —_— I -
Index Number | | | ]
as average of 100 109 117 129

Relatives ‘ | ) |

‘/Problexn

325.—From the fixed base index numbers given
below, preparce chain base index numbers,

1940 1941 1942 1943 1044
267 275 280 290 320
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Soluiion :
{1940 is taken as base=-100)

To construct chain base index numbers from the index num-
bers given, based on fixed base sysicm, we have to proceed as
such :

Fixed |

Fixed base index numbers i: Chain base
Years hage Index | changed to chain based i Index
Numbers : index numbers ’ Numbers
. L S P o
1940 267 ! 100 * &0
275 —
1941 275 263 x 100 W
2830 Ve \
1942 280 By x 100 . N0,
1943 200 29 100 SN0 w0,
750 K25
320 T N\ !
1944 3?0 9.0 % 100 AS o4,

\ﬁoblem 328 From the cham ba\ ‘hde‘c numbcrs given

below, prepare fixed base index numbers:

1600 1801 1902 »"1903 1904
80 110 120}; 90 140
R\ (Pigures Arbitrary)

Solution :

1900 is base{yg\raru— 100

Chain Bage\,
Ycars Inde#? ™
’ Numhbgrs
N
1900 §' 80
1901, 0N 110
P
#1002 120
1903 93
1904 140

% -

Chain Base index numbers |

chained 1o 1900 as | mdex
base \ numbers
- —=
. | =0
0 '
100 ® 110 a8
. 80 110
i 10(} X 100—)(120 105 app.
80 ., Mo 120 ? '
o & 110 19 90
BV G Y
| 100 100 100 100 140 133

Fized Dbased




s
VCHAPTER X1
*THEORETICAL DISTRIBUTION

In this chapter we will deal with the following three theoreti-
cal distributions :— .

1. Binomial Distribution. .. 7
2. Poisson’s Distribution, . N\
3. Normal Distribution. - N
o . - » - - - 4 A \
A, Binomial Distribution N\

Let there be an cvent, the chance of being its sucig:eés is f and
the chance of its failure is g in one trial such that pofg¢=1. Let the
event be tried n times and the resulis tabulated to form one sct in
which there can be only once a success, two S0CCESSES. ., ...72 SUCCESSES,

We assume that events in the series of trials\\re independent i.e., -

the chances p and ¢ are the samc for each/gyent and remain const-
ants throughout the trials, Let the set.jef“n trials be repeated N
times where N is very large.  In thebe N sets of n trials there will be
a few cases in which there is no success and a few cases in which
there is one success, two successcsdnd so on. If we classify these
cases in order of success, we wilbget a frequency distribution of the
form A\

" Np{ef successes frequency
:tnt\ 0 xﬂ
\'\ - 1 . ) Ay
\ 2 Xy
p. < :
O 4 ¥n

Now, on the assumption of independence of successive events
the ¥alues of xg, #1, %,......4, can be determined theorctically also
a0 thus nature of the distribution may also be determined.

h

\/  The probability that in a particular sct there are exactly r
successes is *C,pg"". Hence in all the N sets, the frequency
(number of cases) of r successes are N.*C,p"g" ", So that our distri-
bution becomes .

No. of successes Frequency
0 Ng»
1 N=C 1 qﬂ—-lp
2 WSl 2 g-n—-ﬂ 2
7 NACpp”,

e T i e

s gt AT
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Hence for N sets of 7 trials, the frequencies of 0, 1, 2;..c.0eo0n
successes are given by the successive terms of the binomial expansion
of N (g4+p)7 6., N(g*+"Cog™p+"Cpgt P+ e +4-7Cpp*). This is
called Binomial Theorem.

«{2) Poisson’s Disiribution

The Poisson distribution is in a sense a particular limiting form
of the binomial distribution in which the proportion £ of successes is
very small. We may suppose our number # large enough to render
np itself appreciable though p is small ; and we ate thus led to co
sider the limiting form of the binomial as >0 subject to the condix

tion that np remains finite, and equal to m, say. O\
Under these conditions the term O
Al Prqn—-r=_i.i_-.__ mn 7’[ 1— o nf"’? R
’ =t 7 \'n A A

_ m’ { _m R n* \
k’-"_( n) _:l'%gﬂ(l—%)r

. m\"® & W
Now lim ( 1—-- ) =" o
R—>CC n "}: 3

and by Stirling™s formula for 1'% viz. lim | n=1+/2% n. a® ¢" we have
Y 5 o =
K f1— 02

3

+§
lim AN
f— CC Ty — ¥ N~
[ Ay
o (1-2)
N A/ 2®n L 0"
\__.i'\iilm ...... R
NI G i (m—=r YT, g g, L
QO /Zan—r) (A1) e n (1 n)
\:"\‘."’ B 1
S
N/ s g (1 — ' )ﬂ H%'O _my
_ n n
_r YR
n—cc T T i Nt g, moN
RN
i
TTeer I=1

Hence limit »C,p¢"" _ m" ™
i CC ' ,_"_
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Hence the successive terms of the binomial become

m‘.‘! mt
T T e N
and the limit of (g-+p)" is
m mr m”
—m (1 +;l_+i__2___+ . """+ir_ ........ )
This is called the Poisson distribution. &N\

Note :—1If we take, in place of p, ¢ very small tending o zero

such that »¢ is finite we will get the same limiting distribu{"lc}n.
3, Normal Distribution ‘,n’."‘ y

The normal distribution is a continuous dislxﬂ_&ﬁ'tion which may
be derived from the binomial distribution in s following manner.
In the binomial distribution N{g+#}* the freguency of r successes
is given by N
f?_:N ﬂCrprgn——r ;.x\ /

and {requency of 7+1 successes by
Sra=N "G, 4, prilgr—t

*l

Now fr+1 "é,:fr “:;f.,v
N "Gy pigr

if N'@rgn—r_
Cor 7. b -
;‘,\ o 71 ?_‘“/“1
P\ or 7(p+q) T np—g
N z
O~ S or 7 Tmp—g

Fiet np be a whole number then the maximum frequency

30O fur=NCop 7 . g™ [since ifr=np—1
\ 4 ‘n fs:+1 >fr
_ ._-_'__:_ —_ipregne | i r=np
'np {ng i Sy

L=« fup is highest
. [
The frequency of np-+x siiccesses is

W vyt g

Jrptza =N P ppye. pRVIE i i

Hence
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Since # is large enough tending to infinity hence applying
Stirling’s approximation we have

Sorte_ VI np (npyh o o/ Twng (ng)" 6778 g8
fﬂp Vzﬂ{np:i:x}_ '(ﬂ!} +x)ﬂp+x- g—['rzr-'+x}' a\/zﬂﬂ-(ng—x}
P e
1

__(_1'_%?)@4:}4‘%( I__:g_)ﬂa_-&'i-%' A '.“\
Y

log 22t — — (np--+4) log ({15 )—(ng—s-+1) lod N — )
:\.’S

fﬂfp
x x?

2 N

or log j;_}:;i:..(np—{ x+%}[_ﬁ__#_2r§fﬁ2-}“3—:{95&'%"“"' ]
nwf-*__*% » #

~{ng—-x-+3) [ ng Zn%\é?tw SRTQ?’_ """ ]

X e @N oforder - and hi
=gy dupy T[S Of order g aud bigher.

.

Since n is large and g-p‘igf’l\‘?ery small hence taking further

approximation we have N\
..\xg
lo 5 "ﬂ’i'.”..:w\r
8 Jap .\’\{‘.} npg
] Jooka 2t [where ¢ is the standard
or 1o tf;‘ 242 deviation of binomial.]
::\‘,,.’ %2
~E g
o§~~"or Srvra=Snp € 2a
R\
#This can be put in the form
\\ - 5%
vr

Jz=No ¢
Where y, is the frequency of np+x successes [or else of x
successes if the origin is transformed to np successes, ].
xa

The curve =% ¢ 2_62 is cailed the Normal curve.

Generally the total {requency is taken to be_—t'—l. and therefore
the value of y; can be determined by putting j y =1
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o At
orJ.y,] M S
—C

of I “Ca/Tn =]

|

S g =

v 2
Therefore the standard form of the normal curve Is O
i x5 r\t\’
2ot e\
o = - e £ \/
7 cy/ 2w A\

It the total frequency is N, the correspo;1@n§ standard form
of normal curve is O

2
) ¥ T
o . N ’:t\\"e_:jsg.
.y 0\/2’&'{‘\\' .
( If the origin is changed to, ‘tHe point (e, 0), this equation
i lLecomes, R\ \\d
i\ RN ey
L i ::—,.———N—_— . )
L & oy o
. O . - ND A5
: p; NN Examples. ’ /\«)‘ § R

v S Problem (327.—With the usual notation, in the binomjal
distribution MNC{y+5)", compute the value of the mean, the standard
deviation, goefficients B; and B;.

~C % g (M.Se dgre, 1950, 1951, 1953, 1954)
Solution : S

(O In the Binomial Distribution N (g )" the frequencies of the
M\O, 1, ?, .. €te. successes are given by the successive terms of the
expansion, .

N[+ Cp ¢ poternnn e BC g™ B £ ),

NOW, ‘31 = —Hd:—'
Ha

— e
P = P’
Mean == g; = p'; [about the origin at § successes)
Standard Deviation = e

To (_‘letermine ft3, tha and p, we have to determine first y,’, g, and
#4’ i.e. moments about the arbitrarily chosen origin,
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Now take an arb1trary origin at,{) successes. The successive
values of the deviations T are 0, 1, 2, «...ui, +u-..n and hence
o S8
i - N
% - —
-3 Cg gt [hercﬁ—r
r=0 ' f=rC q . ]
5 ”Mn_”(ﬂ“fi;'f dn=rtl) 2 _
_____ . :"\
n—1 R—F v—i A
=npZ Cg - § ‘\\’
A\
-1 O
= np () AN
— np . n:\ ’ 2
\\\/
Mean M = np [Since arbitrary origm\\f'ero}
2 \l
" Similarly p's =-§—:1{;E’ \v
or Wy = 3 7Cq . 1 ff.\i“’
=10 "‘:z'

= 3 c,g 5 [r(r--lH-T]
nll)pﬂ (n—2(n=3) . . .. (a=74+1)

- z\\ |2 : .

Rt T :iK
\; - g P
{\w s 1k (n- (n—1)(n—2) . (n—f-{—l_}__ p’_l
O~ 1._’:‘_ _____
’Q\ _ . A2 -7  F-Z -1 -y =1
N\ = nin—1)p22 Gy g b A zZ Cyg b
,,,\i:\/ -1 "

A2 -
A = an—1)p2 {g+p) +np {9+5) 1

= a{p—Uf"tnp

SR = n{in—1)p*+np

. fE
N

=1 T

= Eﬂﬂc,- i P 73
u—vﬁ ’
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!

S 0C,q | p (rlr—1)r—2) 4 3rlr—1)be]

= a{n—1)(n—2)p*+3n(n—1)p* +-np

"
v o B
= ¥ ”Gr gﬂ’:f pr Fi
= 2 “er c P (r=1{r—2)(r—3) -+ 6r(r—1) (£=2)
+7?’(rv~1)+f]
= a{n~1)(n—2)(n— 3)p°‘—[—6n((n—l(n—«2{p
+7:;(w—-1)p2+np
Therefore y,=0 ““
e = plh—(n)? .'»s:\'\'
=  n(n—1)p?4-np—n2p?
= ap(l—p) 7 \d
= npyg ™ Nt

'
/

& Standard Deviation o= Y( ‘az ~_ v/ npg

HsZP’3—3;L'2$-L’1+ 35)."1;}5’&:?’_. w8
=M 3_3,“-2 Hi +2p iv
==l =B ”3"‘“3”(’1—1)192%-@*-3[%(% g2+ np
_znpa “)Q‘R_/‘_np
=203 = p) +np(1—4)
=afig’=2nqp*
gLl —2p]
7\
s Ny =npgl g —p]
'{i{a f:‘ lg }? r
WP = Ay R Oy R

~O =g A0y 4 6p, 02— 3p
N/ =n(n-=1) (n—2) (n—3) p*+-6n(n—1}) (n—2)p3 +Tn{n—1)p*
+np
—d[n(n-1) (n— 2]p3+3n(n-—1‘ap3+np] nﬁ+6tn(nw1}ﬁ2
+aplutpt—3ntpt,

=npUnt—6n%4-11n~6—4nd+ 1252 —8n + 615 — Gr2— 3r]
+Onp*n®-—3n42— 202 2a4 0?1+ npTn—"T~ 4n]-Lnp

=0 3n—6] 4 6np% —n+2) L np?[3n— —T]-tnp -

=3’ p*— 2pH 11+ 6ap*[—p2+ 26— 1)+-np (1 —p)

=3n%p*(| —p)?—6np?(1—p)* +npg

__3?32?292 an2 +ﬁﬁ‘?

=3n"p*¢*+-npq (1 —6pq)

[ S
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Using these values we get

[31 — .'u_azz (q___ﬁﬂ

wt npg
Pa 1—6pq
= =34 A
b iy * npg
A 1--6p4
Also V= L o SR VS W T i &
17 '\/ E'l. ‘\/ﬁpq 2 32 npq
Problem 328.—If a coin is tossed N times when N is vé;}
large even number, show that the probability of exactly \I%-}— i
heads and—lz\-T— +p tails is approximately R ¢ s
PR o
(w) N
(M.$iAgra, 1947, 1947, 1935,
O 1954, 1958)
Solution : R\ -

In tossing a coin once the probability of getting head is 4 and
probability of getting tail is aleo' 1. Hence the probability of U, 1,
2, ... heads in tossing N affnes will be given by successive terms of
binomial

<O
ST anN

Let N—2#9;2nd let £, and fm_, denote the probability of m
and m—p hq{dﬁ fespectively. Then

i..\;i. fm=2mcm(§) m.(%)m
K’&y Frep=2"Cp _p(3)™"7 (3ym+e
."\‘:';"" & - :m&(%}_gm o
.\ N " fm-p 2me‘_p.£%} e
: ot fm _pop Imtb
fm-—g - lm |m;

Since m is very large hence applying Stirlings approximation
we have

fa _enmepnt VI e YO
fm—p g—m.mm-l-%.\/ﬁ . e_mmm+%-‘/_2?r
[_m_‘FP_ ?
fm [(m—p) (m+f’),]m+é:__?£—_ﬁ_

or T
fm-p m R-+1
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R
ﬁ?s J) ol i--:--. -
o pooe = (e A W B m
£ -to-tebr 2
m
or log S — (m‘|“—1 )[Io I » v P
Sos 2 Lo (1= 0 )1+ 2]
1+
+4lo Lme
4 1__{)- “'\
or log ﬁ“ = (m+1) JJ_ 2?(—- }’2 _ fff:} ]

_i_ﬁf_g (_f’____ _g_%,__ + )]

A N
or o - _(—_""}_ Q)} 2}2 ‘i-hlgherpowers

m

{a
~\
PN of - L
’M; m
or log ff_ﬁ — ‘“ ; i
g 2= = mx rkeglectmcr higher powers of —
Copt i
- fm m .
Py o=
\ 7
or :"‘(“fmwm =fn "¢ o
p. N &/ 2
Nowyd S =@ 20
A\ Cm m
. {Qﬁlnﬂ' stirlings approximation we have
‘r:: ‘ ™ 0 A
{‘/ fm 2@)2-:»_ ei(_z?ﬂziﬂ-_% ‘_\/ 21
<> o™ (m)ym+y. o/ 2 2
1
- VEm
| 2
. fm—;]l = e — 4 &
v wm
, u =
or — L L )E 2 N
I N ( aN )
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N
where fN denotes probability of exactly —-—¢ heads
_..2— ...—p

. and %—Hv tails.

" Problem 320.—Derive the normal distribution as a limiting .
rase of binomial distribution when p=4¢. b
(M.8c, Agra, 1948, 1954 ;
LAS., 1956}
N

Solution !

Let the binomial distribution be N{p4-¢)*. Since peg=3,
therefore the distribution is symmetrical. Let us assume {thatn is
an even integer say 2k where & is large integer. There jﬁ'j{lo loss of
generality in assuming this as » tends to infinity ultimately. The
Binomial distribution may be written as N{F+3), { Fhe frequen cies

of r and r+ 1 successes are given by v
1 :
frz%cf(§)ﬂ xo\\.;
af 149 ny
and Fri=5Crn (2)% N
now frn o0 <fo AWV
according as N\

#C,y (R
TJG:(%}%I!“ = ar < ‘

2:’5{-1'
or o‘?}f > or << 1
or \ N

Ifr=k—10; “forr = fr
Ifrff,\?’ fo > frn
hQ{Q‘e'f; gives the maximum frequency fet us assume it .

)
A o=nCa(E)

R

\\ * The frequency of k-|-& succestes is given by
S Cigar (1)

. N
h o HGHE)*
_EE
oot ez

2%

.
e

T Laaans R g _gf g

(using Stirlings approximation)



378 PROBLEMS IN STATISTICS

1

or w2t (ktat Do 142)

| —(k-—x—l—;—) log ( -2}

VT S

22 o I
== neglecting higher powers of'? ~
2x2 AN ¢
= -—‘—H‘- 2A\A
O
_ 2xa ".} \ W
Je=¥ = O *
¢
__ P \V 1
14 g2 H 2\ —_
or Yx=pe 2o [sm(:f:-\q;--np =4 "

This is normal distribution. \ x\

'\/If’roblem 330.—Skow that «if two symmetrical binomial dis- |
x4 tributions of degree n (the saae” number of observations) are so -
PR /& superposcd that the #* term gf'the one coincides with the (rH1i)*

term of the other, the distribution formed by adding superposed
terms is a symmetrical bidmial of degree (n + 1}.
o) (M.Sc. Agra, 1949, 1953, 1957)

O

For symuhgtrical distribution p=g=1L.
Let "t\h}EiinomiaI distribution he N (341)n

Selution : .\

ORNN==NICy )50, (1) 1.
Q G @ O ) 4 Ca 3]
f:} ) or N:'N(%}n[ncl]']r_ncl + ----- +ﬂcr—1+ﬂcr+ --oﬂcn]

N
h
3

N\ The other symmetrical distribution with same number of
ohservations is

N=NE"Cot"Cyt. ... 47Cyy +7Cy b, 0]

Superposing the first distribution over second as required in the
question we have

IN=N@)"["Cy+ ("Cot-"C) + ... - ("Cpry +C,)
F Gt "Crg) o ("G g +7Cy) +#Cn)

or IN=N(G [0, +7HC, $ 10, 4 . 120, .., ]
or N=N(%)n+1[n+100+n+lcl+n+tcz+__._i_n-{-lc_r_i___.+n+10“+1]
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or N=NG+3™
Wl}ich is 2 symmetrical binomial distribution of degree (21}

sProblem 331.—Show that if np be a whole number, the
mean of the binomial distribution coincides with the greatest term,

Solution :

Let the binomial distribution be N{g+#}"
then we know that mean=#np

Also as shown in the article for normal distribution the maxizs
mum frequency is also for #p successes. Hence the result.

Problem 332.—A perfect cubic dic is thrown a large .n{i).:\tigcr
of times in sets of 8. The occurrence of a 5 or a 6 is called a'success. &
In what proportion of the scts would you expect 3 succesges®
_ (M. Ss{;.Agffa. 1948)
Solution : S

- . o\
The chance of getting 5 or & with one d}e\\s‘—ﬁ— or—;- .
. 7 \ gt
. f’:%} q::%‘ N\NY
_ Since dies are in sets of 8, hen‘gpf'.,thc binomial distribution is
N(%‘l“%)s' :’v )
Frequency of getting-thiree successes=N°Cy (§)° #F
Proportion of the sets in which three successes are expected

_NEEr.G)°
A\ N

O 8xTx6x2
P\ IRIX T
v 1792
o Tesé
A\ _1792%100
\: 1 =T 6561 per cent
A =2731 per cent.

%roblem 333.—A perfect coin is tossed 1000 times in sets of
12. {4q) In how many cases should we expect to get 8§ heads and
4 tails. (#) In how many cases should we expect to get 8 heads at
least. : .

Solution :
Here p=4—13
Hence the numbers of successes 0, 1, 2,...12 are the terms in
1000 (-4
£ 1000[(2)2 112G, ()™ (3) +2Ca (B34 B
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(@) The term giving 8 successes and 4 failures is
—1000.12C, (4)5.(3)?
=1000.13C, (412

:4000_12X11X]959

495
" 3696
495000 QO
= "T4096 »
2N
=120-84¢

£\
\/

=1000

=121 approximately. .\

{6) Here we require the sum of terms withi&}@, 10, 11 and 12
successes. Hence our expected number is S
=1000X{%)12[1208&3‘_1209—'—120&#12011+12G
1000
=096 | “CotCotugHrEC ]

_ 1000712 11X 10 %9 12X 11X 10 | 12X 11+ 1241
Ta096L. X3 3Ixz F 2

12}

= e 220466+ 12+
~ 405 | S3LW+66+ 1241 ]
_ 100G5 00
4095
294000
{4096
02193847
\ \§ =194 approzimatcly.

W Problem 334.—The following data show the results of throws
”in:g.’IZ dice 26306 times, a throw of 5 or § reckoned a success. -

$

. . | T f \ T —_— L ———

| H | .
No. of successes | 01 213 _| 4 5t6 |7 8 | 9 | 10 & over
! i | ; | i

| I e

PN N i

Frequency | 185i1I49l'3265i|5475!6114|5194l3067‘1331‘ 403; 105‘ 18
| o _ _ )

Find the expected frequencies and compare the actual mean
and standard deviation with those of the expected distribution.

Solution :

This iz a binomial distribution in which p=2=1, ¢=2%, n=12

and N=26306.
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The expectcd frequencies for 0, 1,2, succc»ces are given by
the successive terms of expansion A6306(2 12 which are obtained
as below @

Successes

k|
=
a
e}
i B
o
=]
3]
-

0 26306 (2)12=203
96306 1204 ($)11(3)=1217
26306 12C,(¥) 10(§)>=73345 I\
96306 12C,(3)¥{3)3=5576 A
6306 12C,( 1)8(3)4=6273

-

96306 12C5(2)7(})5=5018 N
26306 120 (2)8(3)8 =2927 .w\\f
46306 12Cr(5)5(3) 7= 1254

26306 12Co(3)43)5 59‘*

26306 1Ce(£1%) ,xﬂxm

10 & over 26306 *2CsolH b Y i

— _,_~__ e

The expected uﬁlﬂe of mean=np=12x}
—4

) ,\S}?ﬁdard deviation= \/npq =4/12%% ><§
N\ =163

N\

- Let us nt:iw ’determine the value of the constants from the
actual ﬁgures ‘abfained by the experiment:

- T I B~ LB T S B o

s A N\Y f | f=x—d | fE i fe
_"__,‘% Sy . -
P N ! - ! ! |
R o185, —¢ : — 740 i 2960
O | e -3 o sy 10341
2 D 3365 | =2 1 —6530 - 13060
3 | 13 =1 o Zsers | 5475
4 o Bll4 ] ) . 0 i 0
5 | slor i ! 5194 \ 5194
G L3067 ! P ! 6134 . 12268
7 | 1331 3 : 3993 11979
8 403 | 4 | 1612 5448
9 105 | 5 525 , 2625
10 and over | ia 6 | 108 ‘ 648
T | | '
; —_ [T — [
i : |
| 26306 ! . 1874 70998

Actual mean= 4—!—,)1;;(;16“4 05

e ———i————
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PS8
Actual standard deviation == \/ {;(; .__( Eszi_
70998 T,
26306 — (0%
= 4/ 269890025
=v/ 26564
=164, A

Problem 335, —In the previous problem, find the (Sghation of
normal curve, which has the same mean, standarg}'(f}eviation and
total frequency as the observed distribution. z

2%

\
\Y
A\ )
;O
\\

Mean=405 o0
Standard deviation 6&1'64:;\ v

Solution

The equation to the normal’cirve with origion at the mean
is given by Nl

where 3, is to be dc"t;e“{’;ninccl.

(\J
S
Now A 72 J. T G2
Q) o Je e dx=26306
o o«
AN 2 j —f
O 7] 0 e VT sdi=26306
o) [1f x= /2 o]
/*\: w4 . . 3 .
/ Or N ‘_/2?‘.4/2 526306
_26306_
Yo 'V) 2_6’\/ ™
__ 26306
164 4/2
Hence equation to normal curve with origin at mean is
2
26306 T 2(164)8

}’“"—‘16472?; &
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The equation to normal curve with origin at zero success is
(x—4:05)2.

26306 2(T64f

‘/ 164+ 27

¥ Problem 336, —Assuming that half the population are consu-
mers of chocolate, so that the chance of an individual being a con-
sumer is 1, and assuming that 100 investigators each take ten indi-
viduals to s¢e whether they are consumets, how many investigators

would you expect io report that three pecple or less were consi- g

mers.
(Yule & Kandall 10.4 Page 709,
Solution : NS

Ny

P=?=% It n==10 ¥ N=100 ] . "‘:

. TN

This being a binomial distsibution - 103 {344)° ".';;hc number
of ipvestigators to report that no person is consdiner=100. (3)*°

' \ _ 100
/ O = 71024
the number of investigators to report thatetie "person is consumer
=100 C; (§)°. (-;\)z%gg - the numbc:r~bi‘ invesiigators to repott
Sy, 4500

that two persons are CoNsumMers = 1093C, (3)°= the number

\ 1024
of investigators to rcport that three persons are consumers=
12000 .\
10 Iy _— =0T ¢
100 Ca lg:] 102&,\.&

Total investigators required

N 100+ 10004-4500+-12000
AO == e —

O _ 17600

' 1024
M =17 (because the persons
oy 9 - » cannot be in fraction.)

o T

¥ Problem 337.—An jrregular six-faced die is thrown, and the
expectation that in 10 throws it will give five even numbers is twice
the expectation that it will give four even numbers. How many
times in 10,000 sets of 10 throws would you expect it to give no even
numbers. _

(Yile & Eandall 10.5 Page 194)

Solution :

If p is the expectation of getll. £ an even number, then
1005 p5q5:21004 p-l-(‘ﬂ

.10 '
e pEg5_. Y P
or t5 5 PQ“" 4 6 f-"i’

—— . —_—
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oF 5773 8§ 3
5
p‘_“'g'
_3
Q'_g‘

Hence the required number of times
=10000 X 10C, (5)° ()1

_ 10000 3% KN

== ."—.8-]{] ..... . :‘" :

_ 36905625 A0
67108364 RS

=1 appr. N4

\/Problem 338.—What are the cti\r}%'itions under which a Pois
sonian distribution can be expeeted 7 Calculate the mean, the

standard deviation, and the third¥ind fourth moments about the

mean of such a distribution. AISS prove that M&Y,¥,=1, where the
symbols have their usual meaning.

(B7Se., Agra, 1944, 1045, 1950, 1953, 1956)
' (LAS., 1949)

~

N

Solution : ¢ im’\

Poissonian\distribution is expected when one of the chances
say p or ¢ betomes very small and n is sufficiently Jarge so that
or ng rerjals finite but not necessarily large. -~

‘S o RECCSSANLY

-

“
ST -

',~T’i}“r85pcctive frequencies for 0, l,“2, successes of the
Po;{{ori’s distribution are given by
2 \ 2
A\ m
AN Ne™» ; Nev™. m ; N, TD Taeereen, ; Ne™ o e ¢its
O i o
N\ Let us assume the origin to be located at the first point of the
distribution, then the values of the deviation £ are given by 0, 1, 2

...... #yeeeand we atonce obtain
m Far
’ o ., ZfE
#'=32, g, P ' = N
mﬂ’—l
= ~% — e
me™ T i7—1
. m\r—l
=m g™, g _ since 3, i; i...=gm

iy
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Hence m is the mean of the distribution

28
lg X
=Xg" L P
f— I
g S M =14l
T
T 'r 1
=g ot n + e_"‘. m3 - -———l-- : .
—=mm A
7 ' _?-}c_g_:’}. "\\\“
3 N \}
' 4 “‘
S g mr_ 2 :\\ ¢
=R A\
—m S [r{f-—l)(r- _:!:__3:'(?'—1 —QQ\
T y N
mrr_S 7~ g§_' r-—l
Y ] m'& i ‘;: gmm 3m2 E‘d _]_e-m m.
f~—__§ : > 1= : r—1
=m3+ 3m?--m R\
5! N
Iy 1—"%' ) ‘3::2
=3 & .——I—:’A;\\r‘
¢ .{}._z
=X ¢~ Pn"
[‘r(‘r—-l (r--2 (r —3)+6r (r=1){r—2+7r {r—1)tr}
N T e
x"\’”' :
& _3
\;’:):e"m mt Z- m? —i—e—mﬁmsﬂ ----- e T
O -4 =
?3‘ =2 mf-—l
i'\“ X — +s"’"‘.m§l|rﬂ 1'—

<>T"/ ' | | |I f_._'-z : (-

A-m“—i—ﬁms-{—? m*-4-m.
If d is the mean then we know that the t* moment about the
mean is given b} the formula
T ' =0, .U"n—ld"t‘nGE .u'.n_.zds-— ........ cieeas seavaen
but d=m
Sy — W= —m=0
NOW {hy =Ry —2Chlt - m+-2Cy ty' . m*
==m? +m—2m+m’
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Standard deviation= VTL—:\/ m

py=ity —3Cy o mH 0oy’ m2—3Cy. "

=md43m*+m-—3 (m?+m}). m+-3 mP—n?
=m

By =1y — 401!*’3-??3‘5"02#2’?”2“—403!"1???3‘5“404[1’1”?4
=m*-+6md 4+ TmPtm -~ 4(md 4 6m2fom).m - O(m® 4 m) .t

—4m*+mt
=3m+m 2\
2 a 1
ey _ome A L
Now f= P«:s wm O\
\
9‘12 _3??’12‘{"?3 =3 _l_._ \/
fa 15 m2 + m N
) 1 s ,\'..
Vo=V, = o o)
1 A
72:@2"_3: - - ’:'\'
m ..x\ W

»
/

Now to prove M ¢ ¥,Y,=1 O
3 1

al
NS

=1 N\
=}&"I:I.S.

Hence mea %‘m

LH.S.=m i

Standa.tj:;:c}eviation= Vi
Thicd faoment about the mean—=m
E u\th moment about the mean=3m?-tm.

;X ._f'oblem 339.—{a) Obtain the two B. coefficients for the

Pqiﬁon distribution.

N

~\/ (8) Letters were received in an office on each of 100 days.
’ Assuming the following data to form a random sample from a Poisson
_distribution, find the expected frequencies, correct to the nearest
unit, taking e~*=-0183 '
Number of letters 0 1

g 10
Frequency 1 41

7 8
6 2 0 1
{M.Se. Agra, 1648)
" Solution :

(@) For B-coefficients see prevoius problem.
(8} total frequency N=100.
2fx

mean m="-

N
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__0+44-30+664-84+100+48--42+16-40+10
T 100
=4

T
The expected frequencies are given by N ¢m .@;- or

100 ¢ 'I 4; for different values of r.

Now r+=0, 100 ¢4, =100x-0183=1:83 A
r=1, 100 r4l41—~1-83><4 ~732 O
— . &\
r=2, 100 ¢ l% —183x8  —1464 Y
o R4
73,100 -0 —183%°2 =1952 O
3 3 79 S
red, 100 -2, 0 2183 22 =19’{5§\ )
7 14 30
45 128, O
— -4 = N ==
=5, 1005 - =183 X G 15616
G
r=6, 100 e~ 46—=1 B g_f-ﬁ_w 41
2. & 5

47
r=7, 100 r‘\:}—"-—l 83>< —=5949"

B
r—3, 1004, [-5183-=1-83x-_8_. —2:9745
w8 18
O\Y 49 49
Qeg, 100 9—4.|-9 .—183><\9 —1:322
¢ \ ] 1
\\"\ r=1o,1ooe-4l—470 183x|10--_529

Hence we have approximately

- Number of letters 01 2 3 4 5 6 7 8

’ cxpccted frequency 2 71532020 16 10 6 3

l/ .

\/ Problem 340,—Fit a Poissons distribution to the set of £~
observations :

Deaths 0 1 2 3 4
Freguency , 122 60 15 2 .1
and calculaie the theoretical frequencies,

(M.Se. Agra, 1949, 1954 1957)

9 10
11
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Solation :
. Nu=122-4-604-15 42} 1=200

| G-+ 6043016 | 4
’f ~ - ¥
f:’g » ‘NILTH’I m 900
CalO: S
s : 1 s
=, =
TN (5 _(5p
B Toorer SEICORET [N S N R N S b5
B Now £ 1 ()ilz 3 Foi
LY < P QO
' | — 1541250208 4 vy
N - =6l nearly. Oy
The gﬁ'corutical frequency for r deaths is ; O
Ne—w, ™ 2’0035'-61('5) - AR
r ) |7_ @\
gy \/
—122"%" '
ir A
which gives frequency for r=0, 1827.....as 122, 61, 15, 2 and 0
respectively, AV

L D
-

. g,élfroblem 341.—In IOOQ}tt‘bnsecutive issues of the ‘Utopian
Seven Daily Chronicle’ the geaths of centenarians were recorded,
the number x having frequedcy f according.to the table.

x  0aA1 2 3 4 5 6 7 8
f 2%9\‘35 257 119 50 17 2 1 0

Shew that tl\é\d"fstributiOn is roughly Poissonian by calculating
its mean, and fhen the frequencies in the Poissonian distribution
with the samextan and the same total frequency of 1000, Also
calculate ti@\Wariance of the given distribution and compare it with

the mcap\*.':‘\[Given e 1 =2231 appr.] (M. 8., Agra, 195F)
Solp{%ﬁ':
B N=1000

-4

\/ Mean m=2§

_ 032551443574 20085+ 124-74+ 0
P o {660

1500
“1o00~

now ¢ 5='223]

15

The theoretical frequency of Poissonian distribution for 7 successes

F

the theoretical f_reqﬂ;:ﬁcies as below.
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Expected frequency by Poissonian distribution

Nem  —1000x-2231  =2231
1 No—mm=2231x 'S —=3347
] - 3
2 N -F;. =2231 % (—'g’ =251 -
3 Ak
3 New " =3ix [ =15
-~ T A
.T-m_mi N Q. (15)4 — -
4 NG .J 4 —22J1><I‘——4— —4?]. A .r’,\‘:\:
5 Noom md . {1-5%5 . \ \/
[ .|—5-—L223 ].X—| 5— =141 ™
P s RS \
6 Nenm W =2231x {|I X =350
16 e
7 57 AN
7 New D =2231x (ll';)_ e
| \N\/
5 158
g Ne- - 2223 I x ST =2
|8 R

027 04325410284 10714800425+ 72+ 49 -0
S 5410281071 48
' ' S — (15
QI e
N 1000
i"\.‘:
<\ = 377225
’ =152
mean ==1*5

. variance=152 -

:___Vﬁroblem 342.—In a certain factory turning razor blades,
thore is a small chance giy for any blade to be defective, The
blades are supplied in packets of 10. Use Poisson’s distribution to
calculate the approximate number of packets containing no defec-

tive, one defective and two

signment of 14,000 packets.

defective blades respectively in a con-

(M.8z., Agra, 1955)
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Solution ;

N=10,000
m=nq approximately
: i
=10 X 205
=02
- (o Q
2
e P=g 02 = 1—02 | L2 A
= 9802 appr. NN
The respective frequencies are given by ) :"TK
Ne=™, Ne-mm and Ne=™ x Ez; ' "’\\

Substituting these values we get 0, g’ Q}d 2 defective blades in
nearly 9502, 196 and 2 packets respectn&]y

rohlem 343.—Find the mead and standard deviation for the
tabIe of deaths of women over 85 yyears old recorded in a three-
year period, )

No. of deaths N
recorded ~n
inaday (N0 1 2 3 4 5 6 1
No. of days, ,{ ) 364 376 218 89 33 13 2 1

Find the extpected number of days with one death recorded
for the Poisson, scrics fitted to the data.

P \% _ (M.Se., Agra 1959)
Solutior!{;.\ } '
\'\\' N=1096 {Total frequency)
¢ \ Calenlation of mean and standard deviation,
'<\‘ (Numbsr of deaths) Frequency

per day
x i fr Sit
0 364 0 0
1 376 376 376
2 218 436 872
3 89 267 801
4 33 132 528
5 13 63 325
6 2 12 72
7 1 7 49

1295 3023
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e 123
= 1096
fe
2
3023
Toos —i®”
= 2758--1-392
= 1366 : A\

a= 1'17 appr. .

2N
e e 111 4 (U187 IR
= g t¥= 1-1'18 + — -5~ l__3">>i’

(-

= 118

2__

ot = d®

= 307 A
R
Expected number of days with one death penday are Ne ".m
= 10963¢-307x 118 AN
= 3971 A

_ -"‘-!_:i-'-“fmblem 344.—1In 1000 extensiqc‘éﬁfs: of trials for an event of
small prohability, the frequency f ok ‘the number x of successes
proved to be SN

% 0 1 233 4 5 6 7
f 305 365 2{0 0 28. 9 2 I

Assuming it to be .a"I}\oissonian distribution calculate its mean,

variance and expecteﬁ\\ir&equcncies for the Poissonian distribution
with same mean. () {Weatherburn, Page 61)
e N\ 4

\Y;
Solution : O

N

Gak\ﬁ]}ﬁon of mean and variance.
O

¥ | Jx 2
AN 0 305 0 0
~\J 1 365 365 365
N/ 9 210 420 840

3 80 240 720

4 98 112 448

5 9 45 225

6 2 12 7
7 1 7 49"

T f=1000 3 fe=1201 Efs*=2719

= 1200
Mean m= _Ejfi = -1 506= 1-2 approx

' Efﬂ__ )
Y

P Y
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_ 2719 e
= o0~
=2-719-144
=1-279
Cl ) By Jy [ (l 2 (]2‘\’3 .
& M=rg 1--1-2 4 - |2 '.3_+
==+3012 g
Expected frequencies are given below A
S Expected frequency (f) A L
0 Nemm=-3012x 1000=301-2 LD
1 Nemmm=301"2 x I-2=361"4 AN
m? (1-2)? . ,~< R
2 Ne—m- . —30[ 2 x - =216 £
I_ é_ _Z \~"\\
3 N\ %4
3 New 23012 x AP <86
(g il I
e Y _ag12 x (2
4 Ne ‘I__4_’ =301-2 X I,iwﬂ": 3 6
fpme T2 X2
5 N B 3012>\h. 5 6-2
mb N (1:2)8
6 Ne ™, - —==30M2 X =77 =12
3 3 |6
EN/ a7
7 Newm o312 x 2
, Kod |7
Y Problem\?ﬁa —-Obtain the first four moments of the Normal
dlstrlbutionmﬁ hence the values of (; and £,. (FA.S. 1g48
’\\~.¢ _ - M.Se., Agra, 1548, 1953}
Solutigh
w\/ The cquation to the normal curve with origin at the mean is
O i’
1 T
- .. -
4 £ V .
We have the n* moment about the origin as
o 2
u'e == j‘ 1 L e_ 26 gy
S/ 2w _
—

(i) When n is odd this integral vainshes. Hence in a normal
distribution all moments of odd order about the origin are zero, i.t

l""l""'”’ 3= Jrrz PRI H—-El'rgf—*—;:O




{11) When n

then u'gy

putting n=2, .\

n=4,

ar
also

Since the
are . y,

- e
Problem
frequeney but

other, show that the maximum frequency of the first is

the other. ;E}f”‘c

THORETICAL DISTRIBUTION 303

is even say 2r
: [od %
1 2% e
— 2 ——— & wodx
L‘*\/ P4 *
o
d: .
odf
= - =T ¢t off 2 — = -
sy 2¥ j @) v/ 2t
0
. 2 A
o ey, BT
= — . -—J. et 1 dt ¢ \A
G4/ 2% ¢ o\
« \/
2r62r — N
e A )
,\/_1;' - |l %) ""\g’“
! A
__ﬂ ! <
_2F e 1 o
Ve ¢
) ] 252 - _3“_ '.:‘:2252 1 Jp—
ey = e g N i =g
SV N EZ A
25t G 4ot I .
py' =-—m A8 = e G e =3aq%
v P R A
PR D S 1 Vo =
K S _ - = x =1
W 2T v

1

mean is at the origin itself therefore all the p’
N/

e
Ha=Hg =0

“431154’ =3'1'-7L

”_1:”:!:@5'—" e . =0
. TR
=t =0
L VO
‘52—“ uf .—' at’ =3
I},l:'\/ 31 :.0

oy y==fe—-3=0i.e. the normal curve has zero kurtosis.

_If two normal universes have the same total
d deviation of one is & times that of the
P that of
(.45 19473
P.C.S. 1952,
M.Se, Agra, 1947, 1951}

346.
the standar
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Solution :

First universe Second wniverse
Total frequency. N ' N
Standard deviation Ko o
For first normal distribution is
a2 ’
¢ 222
I=h
O\
for which y, is the maximum frequency. A
For second normal distribution is \\\
a \../.
_*
g g )
3= &0
N\

for which maximum frequnecy if 3,

\ 4

Since the total frequency for both the'\distributions are same
9\

hence ¢*¢
* _ © 2O
I Yo £ 2e® 4 l e 2" gy,
— o . “.{;_‘3&:
o %2 %:’{“ o xr2
By, ooy [ ar
or 2}!,][ ¢ & dx = 2y, J. e 20 i
0.0 0
N\ e N —
In L.I€:§i})ut—2P-&2—=£ S dy=4/ 2 ke odi,
\<& e
InARuH.S. put S =2 di'=7/""2" odt’
oy &/

’\ "/ o

' \ Lo _ . < —Fe gy,
N\ 2/ 2 kcr-f e dt =2y,"4/ 2 c-[ €
”\;:\ o _ 0
Y% or Jo k=2
or max. frequency of first = —Ik—x maximum frequency of
seconds

“Problem 347.-Find graphically or otherwise the point of
inflection of the normal curve, and show that it occurs at a distance
¢ from the mean ordinate,

{Yule & Kandall 10'7 Page 194)
Solution :.

Let the normal curve be
2
X

y=yp e 2
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We know that at the point of inflection

Ay
dn®
x2
Differentiating _%x_ = __:;'_ ‘;‘g‘z—x
Again differcntiating
2 N\
I S SR
i o X . € ot e{\?s“"

7%
< 3

A
=me g [z ]

For the point of inflection s\
. AV

X \ ¥
1 =% =ONY
) N/

b2

)’:"
ore\Y= L6
al a3

4 the point of inflection occurs at a distance o from
mean ordinate. R

¢

#\J
The valuc of the ordinate at point of inflection is given by

the

o«" s/ o
O™ a2
AN/ _,2_2
\ ¥ 2 a =% € G
‘:\" J .yo
N\Y - 1
W —ar
N\ ot

R\
Y i{ml:nlem 348.—5000 candidates appeared in a certain exami-
maximum of 100 marks, It was found that

\\;i'étion paper carrying 2
the marks were normally distributed with a mean 39°5 and with

standard deviation 12°5. Determine approximately the number of
students who secured a first class, for which a minimam of 60
marks is necessary. You may usc the table given below.

The proportion, A, of the whole area of the normal curve
| lying to the left of the ordinate at the deviation -%.
* 15 16 17 18
a .
A 93319 94520 95543 96407
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Solution :

¥ = 607_ 39 521'64 as x is deviation from mean,
5 12-5

Interpolation of the value of A for z =164

3 ‘ Differences £\
..6 A | e R\ S
! 3 . .:t\..\..3
| . o) » |
e — . ey O — -
15 ‘93319 : , N
ST R G
) 05543 | , —o039\" .
18| 06407 ooses | N
L64—15 14 4O a
o A—ae _ vbd— o Rt g
- o pEh
(-DXN =D u-2)
Ho=gott At T A et T T A
— 93319+ 1-4X91201 — l42>< 4 00178
)
«\™ A od e
: :\ 4.1 .4..*64_><_6_X-00019
={933194-016314--0004984—......

~E
W= '95 appr.
§ PP

N

,~ *:&Iy_ 5%.

/ 5 ' o
N ‘)\*’)/l'roblem 349, —If skulls are classified as A, B, C according as
the length-breadth index is under 75, ‘between 75 and 80, or oves
./~ 80;find approximately (assuming that the distribution is normal)
the mecan and standard deviation of a series in which A are 58%, B
are 389, and C are 4%, being given that if

3 "Thus number of students getting 60 or more than 60 marks is

then . f (-20)=08 and f (175)="46 .
(P.C.S., 1954}
M.Sec., Agra, 1949; 1955)
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Solution :

Let m be the mean and o the standard deviation of the distri-
bution. Since the total frequency is taken to be one ; -hence fre-

p

quency of skull A, whose length and breadth index\is under 75 is
'58 ; the frequency of skull B, whose index lie berween 75 and 80 is
-38 ; and the frequency of skull ¢, whose index"is over 80 is ‘04,
Therefore the total area to the left of ordina‘t:%f\ Qis '58, area bet-
ween ordinates RQ and ST is 35, and aveaMo the right of ordinate
8T is ‘04 OY

~ Therefore the area between.grigin  and x(=75—m) de., area
PROM is="58—'5="08. N\

i.6., area t:orrespbhding £O\i= Z§ c-‘__—m is 08,

ne
\Q,I
But X(20) =08
“} :
Hencé)y” 1_5;.."“:. =20 .. (D)
,,'Ag\ain, the area between origin and x(=80--m) i, area
PSTEM is : :
™ =08+"38="46

\ )

. . . 80 .
i.e , arca corresponding to i== ~— 18 '46.

But F{1M75)= 46
Hence 80?_-”3 = 46 {2)

From (1) Datm =T5
From (2) 46 o4 m= 80
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Solving these two we have
m=74"3
= 323

Problem 330.—If the probability that a deviation lies bet-
ween x and —x is given by

dlhx)=- ;_2 B _r g-hiwd fa.
A B

O\
where ¢ ( )= 2.--—r V2 gy : O\
Ve oM
g-v2 1 1'3 ']‘\3(5
show that &{y)==1 — . [ | e el «ing M FN :!
4’(3) y\/“' 2% T (2E e, yf}:l t+
Qf‘& Agra, 1945, 1957)
N
Solution D
.(.‘:’\
o iw ’v'
Since L 22-[ e“i’z‘d jtx -
VRN
. N o y .
we have s/n:{-\“?‘n ¢(y)=2 I gy 2 J eV dy
WK 0 0
“\t\»:)\.} o
N =2 I e dy
o)
&
™ on
PN 1 .
\\W = I et 4% drif yt=t
;
Integrating by parts we have
[o'ed oz a
B - - - - ¢—1- v--—2
Voa—v wd f)’)=[ — gt %] 2 J-e“. 7 dt
4 H
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Successive integration by parts give the result

N 7
—%g PR S S
|
or v —vEd ) =t [ 1= gy -
¢t 13 '
U N oY SO - N
$O=1= 5 [ 25t P N
e wProblem 351.—If the probability that a deviation ligsﬁbt?m’;:en
"n and—# is given by \V
x N
2 _h3xt O
¢ Um):\_/T'zr e hdx 20
0 .
¥ ,".\\;
Where ( )"_2“__[ g0
ered {y W w ) )
0
Show that . ::}’::'““
N\
AN 1 I
¢ { ,?) :—’%‘Gf'ﬁ )l: 1+H3_.. (2y2)+__3._5_, (gyaz)a
‘ 1 218 )
.s\‘:;" . +_3.5.7 (2}’ ) B T J
”\‘?;w (M. Sc., dgra, 1946: 1955)
Solug:ﬁr§-
\i.\‘f'{‘
40\ V4 —y o
\/ Let Ie Y dy=e Pt
Differentiating we get
- -2 —y2
V= ¢ 7 _ —2yte ’
&
L {1
or dy 2yt=T1...... | {1}
as ¢ (3} is a function of 3, e-¥%¢ is also a function of y hence put
;=J+a)3+.,....,,. _ (2)



400 : - PROBLEMS IN STATISTICS
[Since lower limit is zero, ¢t will have no constant term : also

no even powers of y will be present since we have taken probability
from -—y to » which is

y F
:j ............. =2j or else{)].
0

s
From (1) and {2} we get
{1430+ 5k T 1~ O+a+...... J—1= /\
Equating coefficients of different powers of » 0&}116 two
3a—2=0, 56—2a=0, 7¢ ~26=0....c0...c.. O
2 )

sides. we have \I\ ) ‘i
3 3.5 i\ l

e
¢
A
O
Q¥
.\31‘1
S



CHAPTER XII
GI_H—SQ,UARE (X?) DISTRIBUTION A

_ ' NS 7
Chi-square distribution was discovered by Helmert \in~1875,
and rediscovered independently by Karl Pearson in 1900, who applied

it as a test for ‘goodness of fit’. R
The Cﬁiisquare distribution is used :(— O ‘
) 2 . , £ :\ W
{1} Test of goodness of fit o\
(2) For sampling purposes . QO
3) For finding Association, }%’nti relationship between atiri-
butes. | )©

Definition :—If f {is.ffhe observed frequency and f; is the
thecretical {requency (o{\expected frequency), then the- Chi-square

is defined as N
)l .
R
.\'\ - 2 . .
g or X3=E—ﬁ ~- Zf © (since Zf=Z2f})
N _ .

1€ X2 is zeto all the ( f—f: ) are zero, hence the actual frequen-
cies coincides with the expected frequencies. As the value of X?in-
creases the correspondence becomes poorer and poorer,

Determination of theoretical freq'ueﬁcy in a contingency
table :—

s obtained on the null

The expected frequency in each cell i
es are indge

hypothesis i.¢., on the assumption that the two attribut
pendent i.e,, not associated. S

~ .
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Let the classification of the A be p-fold and that of B’s g-fold .
as shown below -

\ Ay : Ap (e | Ap i A
_ II. —_ I:_ — -ii--— [— ——— !! PR .. _—
By | (B | | (By)
By ! !I (B9
- _l__ .............. I, . [ N O —
, ! | | : LSy
o i ' NS ,
- | : | 2 |:s,,.
. | ‘ | ! \"f".!
L | e,
R SR P NN e N B
B, ' i L (ABID) ; (B
R S R, xbf o R
o A R
: ’ i \ :L:‘ ;
a =~ IR
N L | . -_.i“’}\ _ ‘ I(ADBG) i (By
IR Ny , R B
- A S _
Total | (An).[ L tA2) e (A0 ‘ ‘ (py N
W i [
N .
The values (A;), (Ag)-.......etc. and (By), (By)...etc. and total
fre%\\c«ﬂéy N is same as that of observed frequencies.
7 Now AB,= (A2 I_z;_u}ﬁ)_

where (A,B,) gives the expected frequency corresponding to the celd
comrnon to the rth column and sth row. Similarly other expecte
frequencies-can be obtained. .

Degrees of freedom,—If the table consists of p columns and
g rows then number of cells are pg and degrees of freedom

(p—1)g—1. . o

The calculated value of X2 is compared with the table value-at
either 5% level of significance or at 19, level of significance for the
given degrees of freedom. ~If the calenlated value is greater than the
table value our null hypothesis is not correct and if less the h_ypﬂt_he'
gis §s correct. If the value is approximately equal the difference may
be due to sampling fluctuations, ' o
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Note. The theoretical frequencies in case of 2% 2 table can be
determined very easily as below :
Let the attributes be A and B then table is

‘ l, A % Total I!
| B {AB) {Bax) (B}
s . -
¢ (AR) («8) | B \
Total a () | N \ \“'\
(AB)._—(A}X(B] “{.}‘:
(Bx)=(B)—(AB) "

{Aﬂ)=(A)—(AB)
(aB)=(a)—(aB}
Thus we have to calculate only ( AB) and others can be obtain«
ed directly by subtraction method. PAN
Clo-efficient of Contmgency

The co-efficient of contmgency“ is given by the relation,

C= \/ ~ 5 where N is total frequenc
N x\ r

The value of G l\egbetwcen (and 1,
Problem 352-The table given below shows the data. obtamed
during an eplderm@ of cholera.

F N\ Attacked Not-a(tacked Total

Incculated A& 31 469 500
Not Inogulared 185 1315 1500
N\ 216 1784 2000

:'\.

\ Test the eﬂ"ectweness of inoculation in preventing the attack of
cholera.

[Five percent value of X® for one degree of freedom is 3-84].
_ (1.4.8, 194r)
Solution :

Considering the two attributes as Independent we have the
following theoretical frequencies,

Theoretical frequency for Inoculated Attacked

AL 2000 % 216 =54



Attacked Not-altacked
Inoculated 54 446
Not-inoculated 162 1338
216 1784

. \ written by Karl Pearson :

404 PROBLEMS IN STATISTICS

From this the iheoretical frequency table is as given below: .:

Substituting the observed and theoretical frequencies in the -7
formula \ B

xﬂzzi.f;_f‘)fﬂ 2 \:\ .
f‘ '\.\ " :-
(31-54)2 (469—446)  (185—162)7 (1315—13%]s
=5t aas T k) T I
_Q3p 3 (22 @2y
54 246 162 RN38
-1, 1 1 a\J
- 3 R DS T S N
3 53 aast e T as :I
=(529) [*0185+'0022+0062+ 0007] .
= 5 29 X .0276 ® :'” - ’ F'
—146 £
The number of déétces of freedom i
= (2—1) (2A1)
:1 )

& i

But thq}alue of X2 for 1 degree of freedom at 5 Percent e
3-841, which'is less than the calculated value of X2, This shows that
Hypothesi§ is not correct, and absence of attack from cholera &%
ing“c{u:}ation are associated. .

A\ Problem 353.—The following table is Published in a met

Eye colottr in Sons

Eye colour Not light Light
in not light 230 148
Fathers light 151 471
381 619

—— ——

X Test Wl;lcther the colour of Son’s eyes is associated Wit
of the Father’s {you may use the fact that 5%, value of cht-8
1 degree of freedom is 3'84.)

Solution :

‘ C9nsidering th_qt Eye colour of Fatheys and Sons arc not 4%
ciated, i.e., they are independent,
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Theoretical frequency for not light eye colour of father and
not light colour of son.
378
W x 381=144
The theoretical frequency table will be as below :
Eye colour in Sons.

Eye colour Nof light Light Total
in not light 144 o34 378
Jathers light 237 385 622
] o i —— ‘\
381 619 1000
—_— — N
Substituting the observed and the theoretical frequencieéii\n the
formula _ N
X3=zg_—_“‘):t}_s '\.\.'
(230 144)z (148 —234)% (151—237 Ell:%S)z
L E LI, S
_(86) (86)"  (86)* , (86)" N
=T4¢ T 234 72137 385 W
66" [ 4+ st ot 355“}

— (86)° (1006900424 ‘0042+-0026]
=7396x0179 &
13164 \'\‘ /
The number of degrees of freedom 1s
—{2 1){2L1)
'\

T e%a]ut of X2 at 3%, level of mgmﬁcance for } degree of
frcedom i+ 3841, The calcuia.ted value is much more, which leads
us o' thc conclusion that the hypothcms is wrong, and the- colour of

onig“éyes is Associated with Father’s eyes.

697 " Problem 354.—In an experiment of immunization of cattle
f om tuberculosis, the following results were obtanied :—

r
Died or affected Una fected Total
Inoculated 12 © 38
Not inoculated 16 6 . 22
28 32 60

———- — —

Fxamine the effect of vaccine in controlling susceptibility to

tuberculosis.
. (LA.S. r948)
14s- 126>
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Considering that the two attributes are not associated, they are ':
Independent, Hence the theoretical frequency for Inoculated and -
died will be

38 266
=65 <= yF
—18

The theoretical frequency table will be as below :
o Died or affected ~ Unaffected « {Total
18 20

Tnoculated A 38
- Not inoculated 10 1%\ 22
28 p ..’}‘32 60

Substituting the observed and the theoretical frequencies in
the Formula

. 7.\
X?e¥ (f,}_‘}-ft) i : } -
S B SR O
G

—(6)? [%i%Jrf—(ﬁT]z]
X2=36[:085+05 4 01 4--083]

—36"0'198]

~7128

”gf’\Degrees of freedom’is
oY =e-ne-y

=1.

The value of X2 for 1 degree of freedom is 3:841. -The calcu-
lated value is greater than this, Hence the Hypothesis is wrong.
Thus it is established that the vaccine is eflective in controlling

susceptibility tfzberculosis.
=

Problem¥333, — Genetic theory States that childern having one
Parent of blood tvpe M and ihe other of bloed type N will always
be one of the three types M, MN, N, and that the proportions of
these types will be on average as 1 1 2: 1. A report states that oul
of 300 childern having one M Parent and one N Parent, 309, were
found to be type M, 459, type MN and remainder type N, Test -the
hypothesis by X? test.
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Solution 3

The observed frequencies of type M are 30% and of type MN
45%, and the remainder is of type N. The observed frequenties are

Children of type M S0
Children of type MN 135
Children of type N 75
By the Genetic theoty they are in the ratio I :2: I Therefore

M _MN_N_MiMN+N

i 2 1 )
M _MN_ N _300 A
SR S . O
Children of type M =75 A
Children of type MN =150 "G
Children of type N =75 \\
Substituting the observed and the theoretical frequencies in
the formula N
N 0
H & -
{90—75)2 , {135—130)* (15752 . .
D LA T R L _,
_ (15 Qi}i}...o S .
s TI50 T 75 A e T e
225 225, 0 L\ '
=5 Y150 7L
=3+15F0 N
=45 "

The numpet of degrees of freedom is 3—1or 2. The value of
X2 for 2 degteps of freedom at 59, level is 5*991. The calculated
value is léss.than this igure. The hypothesis holds ground so far as
the X2 test is concerhed. -
NN
“W\Problem 356.—In an experiment on the immunization of
g}at's from anthrax the following results were obtained. Derive your
inference on the efficacy of the vaccine.

Died of anthrax Survived - Total -~
Inaculated with vaccine 2 10 12
. Nat inoculated ) 6 - 6. .12
8 6 2
(LA.S., 1943)
tas 196>

Solution ¢ _ : L o
Considering the two attributes as independent we have the

following theoretical frequencies, ’
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Theoretical frequency for Tnoculated with vaccine and died of

anth.raxz—-l—g- %8

=d,

From this the theoretical frequency table is as given below,

. Died of anthrax Survived Total
Inoculated with vaccine 4 8 {NI2

Not inoculated 4 8§ N1
ER 16 )y &
il A kil
Substituting the observed and theoretical (f'i'équcﬂcies in the
formula 4
2 %)
Xi= \'_{_f:_d.f‘_)__ v
el ﬁ .\\“’
VLY __afd _d4ye a2
= =47 4+ U087, (6-4)*  (6-8)°
4 8 4 8
=l+i4143 (W
=3. N

The number of degrg-;.;{:.;:‘;}' freedom
=2 )(3-1)
== I,‘\ . -
But the valu’t\é)ff{z for 1 degree of freedom at 5 percent is 3-841

which is greater™than calculated value for X% hence hypothesis is
correct that is.\m;rvival is not associated with inoculation of vaccine.

Problem 357.—The following table gives the results of a series
of controtiéd experiments. Discuss whether the treatment may be
consid%cd to have any positive effect.

= ' Positive Ne effect Negative Total
N Treatment -9 2 1 12
<‘; " Control 3 6 : 3 12

(1.4.5., 1944)
- Solution :

Let the two attributes experiment and effect are independent.
Theoretical frequency for treatment and positive effect

12
= 75z X 12=6.

Theoretical frequency for treatment and no effect is

=12 o
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- From this the theoretical frequency table is as given below :

Positive No e ffect Negative Total
Treatment 6 4 2 12
Control . 6 4 2 1z

~ Substituting the observed and theoretical frequencics in the
formula '

X2= zif”f* »
Je Q)
_O—6P, -8, (-2, (3-6P  (6=4) (-3¢
= Sty TR T ,{._:\_ A
ct 1434 Al
6. ' ..'f A
Degree of freedom={3~1}(2—1) ."’g\\

=3,
P~
But the valuc of X?for 2 degrees of¢figedom at 5% level of
significant is 599 which is less than calculgtéa‘value of X2 Therefore
the hypothesis is not correct that is the! experiments and effect are
associated or the treatment has positivejeffect.

Problem 358.—From the, fotiowing table showing the number
of plants having certain characiérs, test the hypothesis that the
flower colour is independent(d{ flatness of leaf.

, z"ﬁl‘at Leaves Curled leaves. Total

White flowers _ XN 99 36 135
Red flowers (N 20 ' 3 _ 25
e’ .

You :nq'{(}{ée the following table giving the value of X* for one
degree of freedom, for different values of P.
RAN 499 95 ‘90 50 10 *05 01
AT 000157 00393 0158 455 2706 3841 6635
\mz - ) (1.4.5., 1546)
(Punjab Certificate in Stalistics 19¢6)
(M. Sc. Agra, 1957}

Solution :

Considering that the flower colour and flatness of leaf are not
associated. - _ _
The theoretical frequency for white flowers and flat leaves
135

=100:4
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From this the theoretical frequency table is as given below ¢

Iiat {eaves Curled leaves Tolal
White Howers 1004 346 135
Red flowers I8-6 64 25
119 41 160

Substituting the observed and theoretical frequencies in the
formula

(f —fe )? ~
Xe_. 3 M TS )
7 \
— 9-1004)%, (36--346)2 (20—186)° (563"
T4 T aee T g T Ted
UL (e (e
1004 tsge toige Yy O

1-96 1-96 [-96 1-96

T 1004 346 Trige Tgg O
= 019540566 41053+ 3062 (‘¢
= 4876 I\

'The number of degrees of frcedom
= (2—D)(2-1) o

=I, N

The value of X2 fof b degree of freedom at 5%, level of signifi-
cance is 3-841 which is\greater than calculated value of X2 hence
hypothesis is correct®and the flower colour is independent of the
flatness of the leaf/\

Problem\359. The normal rate of infection for a certain
disease in catsle’is known to be 30%. In an experiment with seven
animals injéeted with a new vaccine it was found that none of the
animals's\@ight infection. Can the evidence be rcgarded as con-
clusive}fat the 19 level of significance) to prove the valuc of the
new-yaccine,  Use the tabulated value of X2 (for g=1)=6-64 (at 19
Ievel of significance).

(L.A.8., 1942)

N\

Solution :

Since the normal rate of infection is known to be 509, and
7 animals are injected hence theorctical frequencies and observed
frequencies are as below.

Infection Net infection
¥i 0 7
Ji 72 7/2
Using these datas we have X2 by the formula
xesi=f*

S
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= T —+ T
2 2
7T, 7
=3t
=7
Number of degrees of freedom
={2-1} Q)
=1

O\
But the value of X? for one degree of freedom at 19(level of

significance is 6:64 which is less than calculated value. Herice the

evidence may be regarded as conclusive. A 3

Problem 360.—The normal rate of infectiom\In a certain
disease in animals is known to be 40 percent \dIn”an experiment
with 6 animals injected with a new vaceihe it was observed
that none of the animals caught infection, ,Calcuiate the probabi-
lity of the observed result and hence or_.othierwise explain whether
the evidence can be regarded as exclusiye ¥ percent at- the level of
significance to prove the value of the vagcine,

. &N (LAS. 1949 Part I1)
Solution : D

Since the normal raté‘efinfection in animals is known to be
40 percent and total anixﬁsﬁ‘s experimented are 6 in which none of
the animals canght disease, hence the frequency distributions are as
helow, \

< Tnfection Not infection

f\ 0 6
A 6x 4% =24 36

Up{ﬁ\g these datas we have X7 by the formula
N® F—f)3
e ez (=)
S

N _0-247  (6-36]
24 ¥
(247
36
=244+1'6
=4
Now for one degree of freedom the value of probability for X?=4
is from the standard tables=-04530 which is less than P="05 hence
the hypothesis is not correct that is infection is effected by vaccina-
tion in animals which proves the value of vaccine.

=24+
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Problem 361,—The following data are observed for hydrides

of Datura :—
Flowers wiolet, Jruits prickly 47
2 " vs Smooth 12
. white brickly 21
I i} 1% stooth e 3

using X? test, find the association between colour of flowers and
character of fruit ; given that
P=-402 for X2—-7 "
P=399 for X271 O

(M. Sqmégm 1956)

€ N\
Solution : O
The observed resul(s may the tabulated as hc'lo‘v.v

Fruits pmk!y Fru\g.s‘moazk Tolal

p=]

Flowers violet 59
Flowers white 2[ 3 24
6
68 RS 15 83

---,‘ —_— —

Considering that there is no assocmt:on between the colour of
flowers and character of fruits. .

Theoretical frequency fpr’wolet flowers and prickly fruit is

N 39
—-ﬁXGS =4834

From this the 'tﬁforetical frequency table is as given below :—
N Fruits prickly Fruits smooth Total

Flowers mo!et 48-34 1066 39
Flowers zpftzte 19-66 : 434 24
N —— — —
' . 68 15 83
\© -5

,\

*Substituting the observed and theoretical frequencies in the
fo}mula

O o5 (/—f*
>

(T8 3R 01-19662 | (1210466, (34342
=g T gt 1066 T 434
(U342 (4342 | lasp | (134
~1%34 Toeg +(1066 RvE i
_ 17956 |, 17956 |, 17956 17956
4834 71966 T 1066 434
==-0371 +-0913 41684 44137

Degrees of freedon= (2.- 2—1)=1
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The value of X? for 1 degree of freedom at 4029, level of signi-
ficance is '7 and at 39-99, level of significance is-71. Now the value
which is calculated Js slightly greater. Hence this is due to sampling
fluctuation.

Problem 362.—The following table shows the result of in-
oculation against cholera :

: Not-attacked Attacked
Inoculated 431 5
Not-inoculated 291 9
Is there any significant association between inoculation and

attack ? Given that N
_q [P="074 for X=3- R\,
y==1 | P="069 for X?=33 RS
{M.Seq Agra, 1958)
&7

Solution :

The observed frequencies may be tabulated/as below :

- Not-attacked . Btbdcked Total
Inoculated 431 ANV5 436
Not-inoculaled 291 3\ > 9 ) 3Q0

722’5 ' 14 736

Considering that the éi% no association between the inocu-
lation and attack we hayg'the theoretical frequency for Inoculated

and Not attacked —ﬂgx 722=427-7

N3
From this’the theorctical frequencies are obtained as below :
" Not attacked Attacked Total
oeulatsd 4277 83 436
Not-inoculated 2943 57 300
Ay 722 14 736

PN

O

The value of X* is obtained from the formula?

(f—AP
Kooy 7 27
N
e _ {4317 7)24_ (5—83)7 | (291-—294-3)%
. 4277 g 3 2043
4O~ (9 5 i

(332, (¥ 3)2 (33 | (33¢
=a377 T g T 2943 757
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__ 1089 | 1089 1089 | 10-89

a7y Yog s
=-0254-1"312++037 +1-905
=3279

No. of degrees of freedom=(2--1) 2—N=1
Since X*=3"2 corresponds to P— 074

and X?=3'3 corresponds to P= 069

Hence X?=3'279 corresponds to P—-0704 appr.

KON
The X2 test shows that the hypothesis is incorredt “and hence
there is association between inoculation and attack,, \ :

(o> Problem 363.v/fn experiment on pea-ﬁreéding, Mendel
6‘[;‘ Jobtained the following frequencies of seeds ; 318 round and yellow
\'" 7101 wrinkled and yellow ; 108 round and gfden’; 32 wrinkled and
green, Total, 556,

Theory predicts that the frcquenc{ﬁs}}liéuld be in the propor-

Q"

tions 9:3:3:1. e

Find the X? and examine the Jorrespondence hetween theory
and experiment. N

For r=3[X2=-35 for.H%—"QS, X*="115for P=99 ; and X?="6
for P='9], AN

(Agra M.Sc., 1952)

Solution : o)

The obsermea\}rcqucncies are

A_Bound and yellow 315
B \Wrinkled and vellow 101
M "Round and green 108
\::\D Wrinkled and green 32
. ':f"h'ne theoretical frequencies are obtained as below
NOMALB _C_D_A+B4GHD _ 55
AN R T N T

% A Round and yellow = 31275

B Wrinkled and yellow — 104-25
C Round and green = 104-25
D Wrinkled and green = 34-75

Now X2=2_(J‘:frﬁ.22
Ji
2 (3153127512 (101—104-25)2
7 7 10425

{108 ~104-25) , (32—34-75p -
10423 3475
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Q252
31275

(3:25)2
+ 0435
50625 10-5625 140625 . 75625
31275 T 10425 T 1oaas T
0161 4101313482176
="4698 ="47 appr.

The number of degrees of freedom=4—1=3

+ 104 25

3475

(3-75;% | (2757
+-
3475

415

The corresponding value of P is *943, hence there is very high

degree of correspondence between theory and practice.
Problem 364.—
angwers to the questions (-

(2} Do you drink ?

(#) Are you in favour of local option on sale of hQuor ?

were as tabulated below @ "

Question {(a)

Yes No ~"‘;\\'
€ T 56 AN |
5 ’
E @
.E Nﬂ I8 N\, 6
& — O
Total 74 X " A 37

—®Buppose that, in a public opinion

AN
A\

Total
R7

24

111

Can you infer that opmlon On local option is dependent on
whether or not an individual drinks ?

Values of X? on levels of significance P

Degrees of freedom ¢ ¢\J P=--05 P="10
s 1 O\ 3-84 271
2 O 599 4'60
3 & 782 625
t,\:“.‘ (P.C. 8 ros9
Solution : S

o

Question (b)

Le|\ ére be no association between local option and an indi-
vidual dnnk

1s~—m X 74==58 (appr.)

\The theoretical frequency corresponding to observe frequency

Hence the theoretical frequencies may be tabulated as below

Question {a)
Yes

No
Tos 58 29
No i6 8
Total En 37

_—

Total
87
24

in

Q]
survey
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From this the value of X2 is obtained by the formula

(f=f*
Xa_ 3\ T
Jr
_(56—58)2  (31—29)0
K T

— !6)_2 (6—8§)
58 6

a8

o g
4 4 4 4

TS T3t gt

=0689+1333-£ 25 1 5 A

—~+9522.

N

Degrees of freedom=(2—1)2— =1 R Y

Value of X2 for 1 degree of freedom at 5% ,le’f.;c\f‘of significance

i3 384 which is greater than calculated valuehenice hypothesis is

correct that is the local option is not degendent on individual
drinks,

Problem 365.—What is the X2 testof goodness of fit ? What
cautions are necessary in using this test @

Find the value of Chi-square:foi"‘the following table :—

B

¢ | p ' g
—— N S
Observed frequency | . % } 29 | 4w } 5
T DTS e B e o
Theoretical frequt‘%x ] 7 , 24 ‘ 38 I 24 l 7
‘ 4 (M.Se. Agra 1951, 1955)
N\

/AN

\‘;

Solution 3~

{Sih"ce Some of the frequencies are less than 10, we regroup the

data‘as in the following table,

o Class | AandB C |-[ D and E
Observed frequency l 37 ‘r 44 / 19
Theoretical frequency ‘ 31 ‘ 38 | 31 _
—_——— N —_—
Using the formula
2
Xy (=12
A
or xe=072300  (4-38p  (19—310

31 38 3
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62 62 122
R
=]1-164+-951 464
=675, appr.
Problem 366.—~A painstaking experimeter rolled 12 dice

26,306 times, observing at each throw the number of dice recording
ajdoraé., Hereisa table of his results : :

: i ! ! ] r : T
No. of suceesss < 0 | 1 | 2 | 3 | 4 (516718 9 4and
i ' . I g \dyer

T | : 7\
5475| 611*1-I 5194|I 3067|' 1331 403 1™M05 [ 18
| i N

Observed frequency| 185

1149}3265
I

N

obtain the correﬁpbﬁding theoretical.i‘;é_c]_;f-:“rl_r-;_i;;a;‘.l.d hf;frce calculate

Xe, - (M. Sendgre, 1944; 1950)
C{P.CS 1954)

. AN/

Solution : \\

If the dice are unbiassed, the change of getting a 5 or a 6 with
one die is . Hence the theoretical frequencics of 0, 1, 2, 3,......etc.
successes in throwing 12 dice 26,306" times are obtained by the
successive terms of the binomialexpansion 26306 {3 3)'* which

are tabulated as below : N\
- I | .. _:'..A__‘_;’.'.[.. - | | | | - : 16_
No. of Successes ;' 0 [ 1 ¢ 2\ [ 3 || 4 | 5 | 6 | 7 | 8 | g ioa‘::g
PR | _5 _\L_’_’_,_ | __,,_,| | —
}heorﬁﬁQal | 203 ﬂ1217|3345155?61627315013 2927-1254!392 L og7 }14
requencies N r| | . | [ ; ;
— s LRI

FI'CIH'II thcs{vélucs X2 is obtained by the formula

z\{f\—iﬂig
DG ¢ Ll
RN/
SON(185-208) (114912172 (3265—3345)°
QO % S S V1 AR A L VT
(54755576 (6114—6273)° (5194—5018)
ss76 T 63 T T 5018 T
(3067—2927)* | (1331—i256)* | (403~302)2
2927 T I35z v 393
(1058712 (18—14)2
LA A S TR
(82, (68 L (80)2 , (1012 , (1597 . (i76)
=505 T 1217 T s 5576 T e T s018
(402 | (7 L (12, (18P, (4F
tor tase T ter T s
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=159643'300 +- 1913 1-1-829 4.4:030 + 6173 4-6:696. | 4728
+-3094.3-724 1143
=:35'94(
The value of X2=—3594!.

Problem 367.—Five coins arc tossed 3200 iinmwes and the
following results are obtained.

No. of heads 0 1 2 3 4 5
Frequency 80 570 1100 900  s00 L 0su

- . . N\ A
l'est the hypothesis that” the coins are unliassed ¥ ou can
make the use of the following data in drawing your C:'JEibﬁlllSIlel.

Degrees of frecdom i 2 3 4y 5 6
X2 value at 5% level AN
of significance 3841 599( T7-8159-98 11070 12392
\MAitd, AL Com.., 1952
‘Solution : N
IT the coins are unbiassed, thewhince of getitng a head from
one coin is . Hence the theoretisd] frequencies of 0, 1, 2,......€tc.

heads in throwing 5 coins 3200 ghnes are obtained by the successive
terms of the binomial expausiom 3200 (14-1;® which are tabulated
as below :(— &N .

«S
2§

No. of heads D 1 2 3 4 5
Expected frequebey 100 500 1000 1000 500 100

From theset B'Qihi'%s X% is obtained by the formula
X = &) (f—=fi)*

} St
PN
£u(BO—100)* | (570—500j2_ (1100—1000)° , (900—1000)*
TRTT a0 T s T e -t o0
. "'\ + {500—500)% (50— 1_00)_2
B - U TV}
= 4498+ 10410--0+25
\ =58'8-_

Number of degrces of freedom=(6—1)=35,

. ..The value of X* for 5 degrees of freedom at 5% level of
significant is 11070 which is very less than calculated value hence

our hépothesis is not correct i.., the coins are not unbiassed but
biassed.

Problem 368.—The following table gives the results of a dice
throwing experiment :— . .
12 Dice thrown 4096 timeé, a throw of 6 reckoned a success.

Na. of succesess 0 1 2 3 4 5 6 7and over
Frequency 447 1145 1181 796 380 115 24 ¢
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Find X* on the hypothesis that the dice were unbiassed aned
heace show that the data are consisient with the hypothesis so far as
the X2 test is concerned.

(Theory of Statistics, Yule and Fendall)

Solation :

On the hypothesis that the dice were unbiassed, the clhiance of
getting 2 6 with one dic is . Hence the expected frequencies of
0,1, 2, successes in throwing 12 dice 4096 times arc obtained
by the successive terms of the binomial expansion 4096(% 4 112 which
are tabulated as below. O\

No. of successes 0 - 1 2 3 4 5 6 7andwver
Expected frequency 359 1102 1212 808 $65 116 27 8 L

Since no frequency should be less than 10 for ithe jz{ppfir-at.ion
of X7 test, we get on regrouping the datas 1— S

Observed frequency 4147 1145 1181 796380 115 232

Theoretical frequency 459 1102 1212 SQ& 34 Ils 33

From these value X2 is obtained by the {(’Jr}nu!a

2.____\;1_(-){—1;_-)2 . :‘t.x
e ﬁ ’

_(47-439)% | (U145~ 1102 (18] — 12122 | (796—808)*

or K=" 450 102 08Y T TpoiaT  F T g
(3803647, (US=T16), (32357
LA F\ e T s
P, A RN PR (I G
=T:‘i_9_—}-ﬂ1_)2\3'\1_2"ﬁ+'808 T 36d 6 T35
= B4 G8F 79418471 401 426
=394,

7N\
No. ol'Qs[ég'rces of freedom=8—1--7

2\ . B :
Thewalue of X7 for 7 degrees of frccglom at 59, level of signifi-
cance #\[4°067 hence the calculated value is very less than this. From
N

thi\wl; ‘come to the conclusion that our hypothesis is correct and the
datas’arc consistent with the hypothesis.

Problem 369.—Tive dice werc thrown 192 times, and the
number of times 4, 5 or 6 was thrown were as follows :—

No. of dice showing 4, 5 or & 3 4 3 2 1 0
Frfqz}{n@ : 6 46 70 48 20 2

Calculate the value of X2,
(Agra M.Se., 1945)
Solution :

On the hypothesis that the dice are unbiassed, the chance of
getting 4, 5 or 6 with one die is § or }. Hence the expected
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frequencies of getting 5,4, 3,......... successes with 5 dice in throwing
192 times are obtained by successive terms of binomial expansion
192 (3+4)°, which arc tabulated as below.

No, of dice showing 4, 50r 6 5 4 3 2 1 0
Frequency 6 30 60 60 30 6

Since for the application of »* test no frequency shonld be less
than 10 hence on regrouping the frequencies we have

Observed frequercy 52 70 48 26N\
Theoretical frequency 36 60 60 36
From this the value of X2 is obtained from the fomlula

iy (f_*f#__) s

Jt ¢
2__(5_2 36> | (70—60)> (48— 60K (22367 2
or X T R 60} T g
256, 100 , 144 | 1967

=36 "% "o . 36\5

=711 16642 4—1—5 44 .
=16"61.

Problem 370.—Fiué;dice were thrown 96 times, and the num-
ber of times 4, 5 or 6 were thrown was :—

No. of dce sfzatg"u;\a 4 5016 5 4 3 2 1 ¢
Frequency S\© 7 19 35 24 s 3
Calculatgathe value of X? upto 2 places of decimals.

¢ \. . (M. S¢. Agra, 1945)
Solutiods

%onmdermg that thc dice are unhiassed, the chance of gcttlng
4, 5 or 6 with one dicis ¢ or 3. Hence the cxpectcd frequcnmes of
gaﬂtmg 5, 4, 3,...successes with 5 dice in throwing 96 times are.
) obtained by successive terms of the binomial expansion 95 (3+3)%
which are tabulated as below.

No. of dice showing 5 4 3 2 1 0
4 501 6,
Frequency 3 15 30 30 15 3

Since no frequency should be less than 10 in the application of
X2 test, hence on regrouping the frequencies we have

Observed frequency 26 35 24 3
Theoretical frequency 18 30 30 18
From this the value of X? is obtained by the formula

o S
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s (26—18)" | (35-30)2  (24—308 , (11—18)®
or Xf= 15 T 35 +_._30_. R g

__ 64,25 36 49

18 T30 tn T

=355483+1-242272
=83,

Problem 371.—The number of males in each of 106 cight-pig
litres was found, and they are given by the following frequency,
distribution :—

Number of males per litre 0123 45 6 7 3nial
Frequency 0 3 9222526 11 4\ 106

Assuming that the probability of an animal being) ‘male or
female is even {i.e. p==g=3), and the frequency distribution follows
the binomial law, calculate the expected frequencieg©fthe nine clas-
ses. [Find also the value of X? to test the goodngsiiof fit.

(Punjab ADA. (Maths.), 1G46.)
o
Solution : \ -

Taking the hypothesis as correct fhit is the probability of an
animal being male or female is even,thé chance of getting a male
animal is §. Hence the frequenciesyof getting 8 males, 7 males,......
etc. in 106 eight-pig litres is obtainéd by the successive terms of bi-
nomial expansion 106 (3 +4)2 which are tabulated as below :—

No.of malesper  Q&F 2 3 4 5 6 7 & Total

{itre e Z\J

Frequency K4 33 116 232 29 232 116 33 4 106

Since-no freguency should be less than 10 in calculating X3
hence regrouping these frequencies we have

Observc(}}e?;’uen@ 14 22 25 26 19

Tﬁe’a&'{iml JSrequency 153 232 29 232 153

Fi;n}m these X2 i3 obtained by the formula
\ D xe_s ;ft)_g__
} a t
P e (1415312, (222322 < (25292
T 23 ’ 29
1 (26—23-2)2 (19-153)2

15-3

232 133
- A2y 42
T 153 + 2372 + 2’9_+ 153
169 144 16 , 784 | 1369
=3 "t tast 53
='11+0624+"551 4338+ 895
=1956 '

(3 (287

(e
37+
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No. of degrees of freedom == (5-.1) = 4,

The value of X® for 4 degrees of freedom at 59 Ievel of signifi-
mnce s 9488 whicl is very ]'11"1‘6 than caleulated value henee our
hypothesis is correct or the fit is good.

Problem 372 —200 digits were chosen at random from a set

of tables. The frequencies of the digits were 1—
Pigit 0 | 2 3 4 5 6 7 8 9
Frequency 18 19 23 21 16 235 22 20 5‘1 5

Find the value of X? and give the significance of this xa‘luc
(M. *Sﬁr\“f:s’fl 1947}
NS ©

E 4
N/

Solution : :‘”s
Ifwe take the hypothesis that the di: TlLb\?vCI"C distributed in
equal number in the tables, the expected fwdghencics of tlie digits

would he : N
Digit 0 1 2 3. 5 6 7 8¢9
Frequency 20 20 20 20~\ 20 20 20 20 2020

Yrom these values of observcd and cxpected frequencics we
have X? from the formula ,}’w

.~ -

et (f=f?
2
£*3¥20 _ ._(19_—_?—0)?_ (23209 , (21207
SV Tty P
SOy (16—208 |\ (25-20)2 | (22~20)°
AN R 20 20
y ...: ,J _ g _J} 2 __’)
A0 4. (20-201 | (1207 |, (15-—20)
\O 20 20 20
\ .
N 4 1,9 16 . 25 | 4
Ay 20 Tan T T T Tt e
~O
) 0 1 | 25
N T2 Tag T
AT 1625444041425
20
_ 86
Sl
=43,

The number of degrees of freedom = (10—-1)=9.

The value of X2 for 9 degrees of freedom at 5% level of signifi-
cance is 16°919 which is very large in comparison to mlculated value.
Hence cur hypothesis is correct.
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roblem 373. -—Show that ina 2X 2 contingency table wherein
lhf" f‘rcqucnmes are’ —2, X? calculated from the ‘independence’ fre-
quencies is
({a+-b+ot-d)(ad—be)?
{(a-+b)e+d)(b+d){a+tc)
(81.5c. Agra, 7948, 1554)

‘Solution :

Let the frcquencles be tabulated as bclow 2\
: i | e ———
s | s Fe)
— P o\ N
A B ath \»
- | . ( «|
-3 ¢ | d : \”b}’gi |
—
L ote | b \“+b+c+d :
S N S .._..___A_________ .
, _ . (aPBjte)
1.xp.ected. f'rgquent_:y for AB is (a+_3+c—i—d
L a\(2+b)(b+d)
Cme e m A& et htetd)
¥ . (etd){ate)
» » ,y,\\“B ¥ letbtetd)
L\ (c +d)(b+d)
” ’1 oap s {atbtcrd)
Now tlwc{alue of X2 is given by
\d' X2~v(f fi?
O
’f‘:z a,—|—b a+c :] [ {at+58) b—f—d)
~ Br e ‘: (a+b+ctd). _____a+t5+c+a'}
N (a+8) (ato). (ake) (b+d)
{a+b-+4c3-d} C{abfc-d)
(¢+4d) (a J [ fc+d) (b+d)
+[€, (atbtetrd) L~ tavbtetd J
T (eHd) (ae) {et-d) (8+d).
o (afbtetd) {at+btetd)
. fad—be]*. [be—ad®
T atbtotdiatbieto) (a+b+otd)ib+aNatb)
[he—ad)? o [ad—bc]”

(a+b—1—c—l—d}(c+d} @Ta)  @tbretdietdib+d]
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“‘? bf)2 l: . ! {___ 1. + .- R
(a+b+ﬁd) (a+b)ate)  (b+di{a+b) ' (crdiate)
|
T eFouTa
_.(ad—be)?
{at+b+ctd)

[(b +d)etd)+{ate) (C-!—dH-(a—l-b)(H"rf)-___F_(a-i-b)(_é_l:!—j)_ ] |
(a+d)a+tcHb+d)c+d)
. lad—be)® [(H_-d [6+d+at-c]+(a+b) {a+r+b+\g’)]
(a+btet-d) (a+b)ate)b+di (c-+4),
lad~be)?  [{atbtc+td)atbtotd) ]
( 74 b—I—c—i—d) (a+bla+tc)b+Dc+d)
(a+b+o+d)(ad—be)? O

= @tha+ab+ At dy

’ »“\\'
\/Eéblem 374.—Prove that for 2xn t&ble,
[N1N2 (” 1 W\) ]
K=z .

"’Ir + E‘LZF‘

where b, o, are the two frequenmés in the ¥ column and N, N,
are the marginal sums ofthe WO rows.

>
‘,"

(M. Sc. Agra, 1949, 1953)

N\
e
Solution : ’\\"'
Let the fr,eq:uencies be tabulated as helow
. — :! . e
| A”{'\ Aq . || A,r | Ay, | i Ay iTGtal
e i S L A S
T i 5 ;
\91 . ‘ oy ‘ Blarty N | Ny
O S N W i
\ i Hosl Kaag ‘ Haar b1 | pom N
S N W S i

Total

| e
Ha1tBasy ég152+p“2=2 | ; |”'1rr+i-’-2 T D 1t | %Ehm"l-.uz-n |EI\1I
. : ! S N ey o +Na

. N
Esxpected frequency for A, B, is ZN,‘_—JI_N" (T T,

3 B ”» A1 g is HN_I—]-N (E-lm'i-ilzu}

(1] ey
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Expected frequency for Ar B VSN LN —j—N (Basr F ase)

N
53 'y » Ar Bz=ﬁ?:ﬁ2 (Bpar+ thase)

Now XE=EM2
_ f

Ny ?
e 3o d LT, (] &
N_l__(illu'f‘l_lgq) - "l

N +N2 ’:~:\

N a
[“"' N, £ f“"‘“?f’_)]_
‘Nﬁ”’pr + f-‘ﬁsr)

’\\;I{ o [N2 Pan — N 9231]
Nl (N.l"f'NB)(y‘l[ I E"'Esl}

a \ ,\, ) [N}ty +N, P P _ }
Ny (N3 +Na)(eya 1+ pa)

§ (NE p‘bl_Nl [‘L132}2 } +
Ny N (Bp1t+tan) e

P B VP
m{ (R ) } e

i

(n‘xsx‘f’ﬂz'r)

: _tr By N
=E Nl Ns Nl N2 —
(Foy +ita)
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Prohlem 375.—The following tuble shows the association,
among 1000 school boys, bLietween their gencral ability and their
mathematical ability.  Chileulaie the cocflizient ol contingency bet-
ween the two.

General ability

£ Ceondd Fair Poar Tutal
= Good 44 22 4 70
RS Fuir 265 257 178 700
e Poor 41 91 9% 336
i A -
= Total 350 370 280000
(Pz.:njab M‘}i (Malh.), 1g45)
Solution : . "‘\

Assuming that the two attribates the General ability and the
Mathematical dhlllty arc not assaciated V\}l ave thL {ollowm r theore-
tical frequencies :—

_ P \‘
Genera} aB ility
2 Gﬂptf\ Fair Poor Tuial
= Good 2455 259 19-6 70
2 Fair . w245 259 196 700
3 Poor « 80°5 750 644 230
s QL B e =
= Totg ,OO° 350 370 280 1000
A . R i -
NDW Xz'.a_E ff—ff
O o (#4—24'5)% (22-225°9)2 (4—196)  (265--245)%
W =TT s TN g T s
O | (257—259)% | (178—196)7 | (41-—80'5)F  (91—751)*
..{f{" Co25 T 19 T 805 75
v/ (93 —64-42 S
644

_(195¥ L3 9)°+(15 6)2 202 2 n (18)3_{_(32@)_2_
24'5 259 196" 1335 259 1196 805
(13:9)* | (336)°
- ' BTN o
—15524+-594-12, 424 1634024165 +19-374- 33741753
=721

Now the Loefﬁuent of contingency is obtained by the Pearson’s

formula _
- '\/ NIixz
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2
00721
=

0721

|

I

P! e

Il

V067
26

N

Hence the coefficient of contingency is -26
Problem 376.--Discuss the resemblance of flature of pare(’™

and oflspring from the following :— .
Parent \ N,
Very tall Tall Medium Short .\ ol
Very tall 20 30 20 2870 12
ey lall 14 125 85 R Ve 236
£ Medium 3 149 165 U253 433
S Short 3 37 68 N5 259
g:; _ : AN o
Total 40 332 3134 ¢ 290 1000
O (1.C.S.0 1936)
Solution : -

Assuming that the two af;iibutes the stature of parent and the
stature of offspring are indp{mndcnt we have the theoretical {requen-
cies as below ;= A

)

#
\

\\ o Parent

.‘fl,;fe{v tall Tall Medinm Short Total
Very tall N 2°9 239 243 20 9 72
o Tall NS 94 784 798 684 236
= Medinm 173 1438 1464 1255 433
& \/ : 9 §7-5 : vi
g s \e%\ 10°4 _85 7 . 752 59
oS Total 40 332 338 290 1000
.n\; ”,‘ A — —_————— —_—— —— - ——————a,
Now =7 _{ f:—ff )
Je
o (20—29° | (30239 , (20-243)*  (2-209p
or Xf=""h9 T aae T T T 0T T 200
(- 94y | (125784 | (85-79°8)°  (12—684)2
EE Y i e T e e LA
(3--17:3)2_, (140—143-8)® | (165=116:4}*, (125—125'5)
T T 4 + 1464 + 1259

(3—10 42 | (37—859)° | (68—875), f1517;_?2_5__:%>_2_

LR T i T
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_UTDE L sy, (43 (189) | (46)2 | (46:6)2
X TR 2’4-3"+'20-9' - g4 T 784
(5218 | (5642 | (14:3)2 (382 |, (86)2
+ 794 T 684 T 17:3 1438 V1464
(52, (74)* (48:9)2  (8-5)2 (758)2 1
1955 " o T 859 T gTs T s
_ 293»41_+_§7-2| L 1849 | 35791 21°16 v 217156
= 29 239 ° 243 7 opy 94 784N\
L2704 | 3180-96 20449 1444 306
{ 798 + 684 + 173 1438 .ﬂ:\‘r%-h"

5745064
125- 10-4 859 T g5t 750
=1008+ 155+ 764 17094225 1.27-694-81 1 46-5

1182+ 10451 + 00452619783 83 -1- 7640
—~31973 OV

Now the coefficient of Conting\‘}\éir is obtained by the Pear
son’s formula OO

\
. - ] b
L3S 476, 239120, 72:25

L

6@)@3@?3“

NS 531973

SN Ty
@F v
x,\;..: —-48
2\
\Tﬁe value of G thus obtained shows that there is
between the stature of parent and stature of offspring-

QO
§"\. <
. \"4

N/

association
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678—66 -
="3o11 - V10
_ 18x3162
3011
=189,
_ Interpolation of value of P corresponding to #=1'89
=19 P=-055
difference=-1 difference =008
For -1 difference in £ the difference in P is -003 "\:\.
; . AN\
For 09 " " @8{{_@9 R \/
0072 O

For t=1'89, P—9542=954 appr. %)

The value of students P comes out to be ‘95¢\"thus the chance
of getting a wvalue of ¢ greater than obse'n@” is 1—'954 or -(H6.
The probability of getting ¢ greater in absolite¥value is 2x 046 or
092, which is greater than -05. This indicates that the value of £ is
not significant and hence the mean heightan universe is 66 inches.

v/ Problem 378.—The nine itqgi::{ of a sample had the following

values :— o\
45, 47, 50, 52, 48,47, 49, 53, 51,
‘Does the mean of t}}%nine items differ significantly from the
assumed population mqa.n\‘ p47-5? Given that :
_g [ P=i045"for =18
V=0 | P£4953 for =19 _
2N (M. Sc., Agra, 1958)

Solution @ ”\‘:\"
Galc%ﬁén of the mean and standard deviation;

1\}@;’6}' Sample value : Deviation of x from Square of deviation

N X |' mean 491 (x— 72

Y, |

1 45 —d4-1 1681
2 47 —21 441
3 50 9 81
4 52 29 841
5 48 —1'1 1-21
6 47 —21 441
7 49 — -1 -0t
8 53 39 1521
9 51 19 361

Total i. Sa==447 E(r— % 2=54'89
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Sample mean . — % =. .({42 =491 appr.

? T

Standard deviation g, = \/ N {x- 5 )2

n—1I
=/ B
8
=686
=26 appr. A\
On the assumption that the mean for the universe is 475,
¢\
- f‘(_:shi vn R O
491475 AN
= ! e — ,v”/&\
__1'6x3 v/
26 .\\,
=185 appr.

The interpolated value of P for =185 comes out to be 949,
thus the chance of getling a ;gf@lﬁ'c of § greater than observed B
—949 or -03!. The probability of getting ¢ greater in absolute value
18 2% 051 or *102, which {sagreater than -05, This indicates that
the value of ¢ is not significant and hence the mean in universe 18
475, Q B
\/I"roblem 3785~Find the student’s ¢ for the following variate:
values in a samiple 6f eight :—
O —_4: '“_23 _'2; 0; 2, 2, 3, 3.
taking thaJtiéan of the universe ta be zero.
A\ (M.Sc., Agra, 1949)
Solt\fi"(\)ﬂ —
N\ " Calculation of mean and standard deviation.

N

N\ . |
o\l oo : Deviation : Square of
\ y No. of item Va“at: value i from mean ((:I]eviation
P (x— =) (x—x)

1 —4 i —4:95 1§:0625

2 -2 —2:35 5-0625

3 2 —~2:25 50625

4 0 —25 -0625

5 2 | 175 30625

6 2 ' 175 ! 30625

7 3 ' 9-75 ' 7°5695

8 3 | 275 | 75623

Total i Sa= | ! 495000

: | -
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pral S S
Sample mean x 5 g = 25

Standard deviation o,= i~ x )

-

= /7071438

On the assumpticn that the mean of the universe is 0, we

get ' A
e

25 0 N
= qugr V¥ @
== *28 appr. ’”‘}

Note :—To discuss the significance of this va.le of t, we find P
from the table for 7 degrees of freedom. [THe~ value comes out
nearly -6, thus the chance of getting a valueN t greater than ob-
served is 1—*6 or 4. 'The probability of getting ¢ greater in ab-
solute value is 2X-4 or '8, which is greatér than -05. This indi-
cates that the value of ¢ is not sngmﬁcant and hence the mean of
universe can be taken zero. .w.

roblem 380. —Ten mdwi‘duals are chosen at random from
a population and their helghts are found to be, in inches, 63, 63, 64,
65, 66, 69, 69, 70, 70, 71./~Discuss the suggestion that the mean
heigiit in the universe ns\ﬁi‘mchcs given that for 9 degrees of free-
dom the value of studenl.s tat 5 per cent level of significance is
2:262. (M.Se., dgra, 1957)

 § \
Solution : 3

Galcula:tiéh of mean and standard deviation,

AN W e
.(\‘ !
i Heights of indivi- | Deviation from Square of
No. of u{dwldual ; duzl » ' mean height deviation
2\ . ) {x— x )} (x— x )2
N S e i_ .

1 63 ) —4 16

2 63. -4 15

3 64 —3 9

4 65 -2 4

5 66 —1 1

6 69 2 4

7 69 2 4

8 I 70 3 9

g I 0 3 9

10 71 4 16

Total | Sx=670 i | (x— x )*=88

N
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Sample mean x = i—t = 61:(’)0 ==67 inches

r—x?
n—]
/88
o
= A/97778
= 313 inches N\

Standard deviation g,=

On the assumption that the mean height of the wfilkrérse is 65
inches, we have NN

‘\”/
1= _tf_\I_ Vo “.s' \’.S

67—-65 AN
= T VIR0

_ 2x3162 o
330 \‘

s§’

:—_20) £

N

The calculated value oftgs less than the table value, hence
the valug of #is not ‘lgnlﬁc‘@mt showing that mean height in the
universe is 65 inches. 3 .,

 VProblem 381 ﬂE‘md student’s ¢ for the following variate values
in-a sample of IO\ —6, — -3, -2, —2,0, 1, 1, 3, 5, taking
m to be zero, anckﬁnﬂ from the tables the probablhty of getting 8
value of ¢ as great or ‘greater on random sampling from a normal

universe. 5\ {Yule and Kandall 23'1 Page 460)
N
Solutioq\i

X’ .
C@lmlatmn of mean and standard deviation,

N R —
S | | T
No. of item ‘ Variate value Deviation from mean Square of deviation
& N | X | r—x : (x—2)"
\ Jo e — ——— . B ———
1 | —6 53 * 28:09
2 —_ | —33 : 10:89
3 -3 —23 ! 529
4 | -2 i3 - 169
5 —2 —13 | 169
6 0 7 49
7| i | 17 289
8 1 17 3-89
9 3 37 1369
10 5 57 . 3249
R B
Total D=7 | S (—E=10010

i ;
1 e
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— sy =7
S l _—— =t
ample mean x n 0 7
Standard deviation o = N/ =P
n—1
_ . Jio1
o 9
=4/11"1222
—334 O
On the assumption that the mean of the universe is z{r}\);}ve
have D
FeM
== Ve @
—T—0_ == NN
— T IVI0N
334 '::\\,
_ T
3
= =664 "

v (degree of frecdom) 5.-%1'(‘)'—1;9

The value of P for & dégrces of freedom corresponding to
value $=="664 is “738, thus-the chance of getting a value of ¢ greater
(han ohserved is 1 — 738 6r'262. The probability of getting ¢ greater
in absolute value is 2 X262 or *524.

ing significance,of difference in means when the samples are (¢} sma
and (b) largey™
Th‘é\yiclds of two types, ‘Type 17’ and ‘Type 50°, of grams
in pc@)’as per acre at 6 replications are given below. What com- ¥~
ents' would you make on the differences in the mean yields? You
g@g; assume that if there be 5 degrees of freedom and P='2, tis
approximately 1-476. : .

Aroblem, 382 —Why should there be different formula for test- } g
13
L

Replication Yields in pounds Yields in pounds
(Type 17) (Type 51)
1 20050 2486
2 24+60 2639
3 2306 . 2819
4 29-98 3075
5 30-37 29-97
6 23-83 22'04

{LA.8, Igjl}i
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Solution ;

Calculation of the mean and standard deviation of the diffe-
rences in yields of two types of gram.

| !
Diilerence in Deviation from:| Square of

No.of | Yields in  ° Yields in
Repliea- Pounds Pounds yiekls iomean value 1 deviatipn
tion Type 17 Type 51 x o L (=)
e e I : o .
! 2050 | 2486 | a3 272 | 730m
2 2460 7 2639 179 i ‘15 | -02%5
3 2306 . 2819 513 I 349 N2 1801
4 2098 | 3075 77 — g7 (™ 7569
5 30-37 29-97 — 40 204 NG 41616
6 2383 | 9204 ‘ —~1-79 P 340 117649
| | O |
e M
Total | _' ‘ Se=986 | ol ) . 36284

72

&

Sample mean of the difference of ;he yigds is

=" =1-64pounds appr.
n 6 (&

Standard deviation of the differefce of the yields

St )2
G, =— /\/%_T)_

_ Y s

e 5
PANY _
(V72569
N =2'69 appr.
On thedssumption that the differences in the types has got
no effect onvylelds i.e., the true mean of difference 1o be zero, we have
'S =M '
"/ =T w/n
,\'\\ - Gy \/

RN\ N _ 1640

~O = 5gg VO
N 16452449
269 |
_ 401636 o
269
=1493
The number of degrees of freedom=6—1=5

For 5 degrees of freedom P="2 for = 1476 indjcates that the
value of ¢ at 2 per cent level of significance is 1-476, which is less _‘
than the calculated valye showing that our hypothesis is not correct
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Hence it scems that at this level of significance there is a difference
in yields corresponding to difference in the type of gram.

|/5roblem 383. —Nine patients, to whom a certain drink was
administered registered the following increments in blood pressure :
7,3, —1,4, —3,5 6, —4, 1. Show that the data do not indicate

that the drink was respon51ble for these increments.
{Weatherburn, Page 200)

Solution :

Calculation of mean and standard deviation of increments i >
blood pressure.

N

R NS
‘ Increments in Deviation from . Square of d'q?iation
No. of patient |  blood pressure mean ((‘,‘_;{}2
& r—x | 79 é
B IR B »
1 | 7 ! 5 L\ ¥4 25
2 ! 3 1 J 1
3 ! -1 i ~—3 .'\\w'! 9
4 | 4 ' 2 & 4
5 i 3 | =S| 25
6 | 5 i PAE 9
7 6 | M 16
a ‘ — R 36
g i 1 oGS —1 i
Total | =18 i T(x—x)2=126
I . _.__I___ e e e
[ .._____'im_}\ :
Sample mean of th\c\fricrcmcnts in bicod pressure
O 18,
N \ $) =" 9

x\"
Stansk"a Qeviation of the increments in blood pressure

- \/ 5 (x—x)t
\\ n—1

e
Q~ ,\/ T2
= 1595
=396

the above values are regarded as a

On the null hypothcsls mal p{}pulanon whose mean 15 zero,

random sample from a nor
we have

_;.'_ 1‘\:_ i ‘#‘ \(;/.‘

f=
Gy
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= 35 V9

= . 6._.
3-96
=1'515
Degrees of freedom—=9—1=8

The value of P for 8 degrees of freedom corresponding to
t=1'515is *915 appr., thus the chance of getting a value of £ preater
than observed is 1 —9]5 or ‘085, The probability of gettina greater
in absolute value is 2 x 085 or ‘17, which is greater than )52 This
indicates that the value of # is not significant and hende“Mhe drink

do‘cs/n?ffect the increment in blood pPressure, O

roblem 384.—In testing the superiority gft \L‘caks deill over.
the Ordinary drill, plots in the form of long st{iF{g were cultivated,
two adjacent strips being allotted at randomds ealk’s drill and the
Ordinary, For ten such pairs of plots the Yilies of the excess of the
weight of grain from the plot treated by.I.8aks drill over that obe
tained by use of the Ordinary drill we e 24,10, ‘7, 0, 11, 16, L,
—*'4,'1 and 7. Show that the data {urnish strong “evidence of the
superiority of Leaks drill, O
' A\ (Weatherburn, Page 206) .

Solution : ™N
Calculation of mean, and standard deviation of the excess of
the weight of grain. o~

——#8_3 J—

% g — N
. Exéﬂ of weight | Deviation from g iation
No.of plots | (") of grain | mean , mduare of d_ﬂ ae
< x | ¥z | {x—x)2
—_—— e N -t e .
1 9 24 ’ 157 i 24649
O ] ; 17 i (1289
7 —15 . ! - ‘0169
R\ 0 . —83 i 6389
N5 . 1] I 27 ! 0729
W) 6 i 16 f 77 . *5929
N 7 ! 11 | 27 ; 5729
\ 8 ; g —1'73 , 1-5129
9 | -1 -—75 54529
16 7 —13 ) ‘3169
_ : _
Total || Sr=g3 ! . 60010
S N I
Sample mean of the excesg weight of grain is
= Zx
x=
83
= —— .- =83
10.
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-Standard deviation of the excess of weight of grains.

o =n/Z5= 2
n—1

60010 6:0010

=/ 666778
=816 .
Y
On the null hypothes:s that is the type -of drill do not effect
the productlon of grain we have the irue mean of €xcesgs (af weights

of grain to be zero, we get

t . " .”‘:\i.’
= _ie . ‘\/n ‘ J
5 \\w
_83—0., L
= Q16 '/1,0
_ 83x3162
- "8“16 o
e 3,:.2
~\

Degrees of frecdb&- 101 =9

N \
The comspondmg value of P is 995, thus the chance of getting
a value o {N”’gtrcater than observed 1s 1 —- 995 or ‘005. The probabi-
lity of getting ¢ greater in absolute value is 2X'005 or *0l. This
value helongs to about the 1% level of significance giving strong
evidénec against the nuil hypothcms Hence Leaks drill is superior

O\Ordmary drill.
<

Problem 3835.—The table signifies additional hours of sleep
gained by 10 patients in an experiment with a sleeping drug :—

Patient 1 2 3 4 5 6 7 8 9 1o
Hours gained *7  1-1 2 12 ‘1 34 37 -8 18 2

Assuming that the hours of sleep i1s a normally distributed
vanablc, calculate ¢ for the above table,’ _ .
(M.Sc., Agra, 1953)
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Solution :

PROBLEMS IN STATISTICS

Caleulation of mean and standard deviation.

i I Deviation from Square of
Patient No. Hoursxg,amed mean duviation
i x— x ; {x— A )2
H ! C ———
1 - -8 ¢
2 1-1 — -4 ! 16
3 2 —1-3 BB\
4 12 : -3 -{19
5 1 -1 a6
6 34 | 19 &
7 37 | 2:2 SRLL
8 8 | — 7 A\ 19
9 1-8 3 N
10 2 5 25
I A\
- —— — NN — e —
I N H
Total Sr=15 . \ _ 13-82
. . Y, \ A S
. o — 2k 15 '
Mean of the additional houps'ef sleep, » = - . i 15

%

Standard deviation of ad@it’iénal hours of sleeep

::\m
"\ W
\‘w;
"\
R\
AN
~O

<
N

" ;'}3’;;\/ Z(x—_ x )
O -l
A\ 1382
N\ 9
== 4/1-535556
=1-239

then == ;:—M vn [ On null hypothesis
4

i.e. Zero mean ]
=150,
=g V10
4743
T
=382

Problem 386.—A random sample of nine from the men of 2
large city gave a mean height of 68 inches ; and the unbiassed estls
mate 52 of the population variance found from the sample was 4
in2 Are these data consistent with the assumption of a mean
height of 68'5 in, for the men of the city ?
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" Solution :

Given
x =68in.
y =9—1=3
Therefore on the assumption that M=68'5 we have
f= —J-‘:—M— ?;_
5
68—68'5 5 Oy
=5 /9 o
L (“'}s .
2 K7, i
= 707 o\

The value of P corresponding to 1="707 fc\r[fB degrees of free-
dom is from the table *748, thus the chance of/Selfing a value of
greater than observed is | —'748 or -252. The” probability of get-
ting ¢ greater in absolute value is 2 X 25208504, which is greater
than -05. This indicates that the value off is not significant hence
the mean height of the men of city is%8°5 inches.

Problem 3387.—A random&é?nple of 16 wvalues from a nor-
mal population showed a mean 6f 41'5in. and a sum of squares of
deviations from this mean equal to 135 in®. Show that the assump-
tion of a mean of 43-5 in.\{@; the population is not reasonable.

Solution : C
Given /M
\x'\"'? = 41-5 in.
2 — x )? = 135 n=16
Wehave
~O° N TEn
\ 3 Ts Sl
=/ 13
15

=3
Therefore on the assumption that M=a43-5 in.

We have
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_ 41'53—43'5«/16

=— 2667
Degrees of freedom  =16—1==15

'The value of P corresponding to this value of ¢ for 15 degrees
of freedom is *991 appr., thus the chance of getiing a valge Sof ¢
greater than observed is 1-'991 or 009. The probabiligy, .of get-
ting f greater in absolute value is 2039 or *0(8, which (19/less than
"05 ; hence the value of £ is significant showing that &ssumption is
not correct and mean cannot be 435 in.

a
<

Problem 388.—In a Test Examinationgiven to two gron ps of
students the marks obtained were as followsN\V

First group :— 18, 20, 36, SO49, 36, 34, 49, 4l.
Second group :—29, 28, 26, 33,730, 44, .
Examine the significance o‘f;d.iﬁ:erence between the arithmetic
averages of the marks secured™by the students of the above two
groups. o&NY (P.C.S. 1g51)

«ad
N

Selution : - | x}

Calculation 6{\]&: mean and the standard deviation of the
samples for first group and second group. '

—_— e - s

,jEirst group ) Second group
\M ) o
Mar’k} Deviation S.quare of | Marks ! Duviatioﬁ ‘ " Squareof
gbf'a}‘ihcd= from mean ; deviation : cbhtained | from mean |- dcv'i:lt_inn
...\1 \ x x—x (x—=x2 | ¥ : -y | {(v—3)
B 19 | s | e | s 25
20 —17 285 | 28 : —B 56
36 — 1 1 26 —8 ! 64
50 13 169 | 35 1 1
49 12 144 30 —4 16
36 — 1 . 1 44 : 10 1060
34 — 5§ 9 46 12 144
49 | 12 K 144 :
41 4 16
KN TN T R N
—333 | Zx—x)2 - | 20-p?
Zx=383 | Zli3g | =288 A -5
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Mean of first group x = e m}gﬁ =37
Mean of second group »—fi 2;§ =34
H

nl+'n3—2
11344386 \
9—{—7—'} '.\:\.

B \/ 150 A\

B 14
—+/108°57 D

=104 o)

Applying these values in the formula ¢ NG

¥ J\/ mony N
?11—1;—:12 O

- 104 9+7
_ 3793
104&
——5?
\)

The dcgrees b}'freedom_9+7—2==14

The va mofP corresponding to this value of { for 14 degrees
of freedomyis £737, thus the chance of getting a value of ¢ greater
than observed is 1—-737 or *263. The probability of getting ¢ grea-
ter in ahsblute value is 2 X 263 or 526, which is greater than ‘03,
Hepgeithe value of ¢ is not significant and the two groups of students
art: of same standard.

Problem 389,.—Two independent samples of 8 and 7 items
respectively had the following values :—

Sample 1. 9, 11, 13, 11, 15, 9, 12, 14

Sample = 10, 12, 10, 14, 9, g 10

Is the difference between the means of the samples significant ?
Given that'
13 I: Pe=--674 for t=1-2
YT p=892 for t=1'3
(M. 8., Agra, 1556)
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Solution @

Determination of mean and standard deviation of samples,

Sample 1 ' Sample 2
Size of | Doviatien | Square of Size of Deviation | Square of
item . from mean . c]cviati_pn i item from mecan dcvia__tion
* (xms)  (x-m? ¥ (y==2y  (y?
e - e e L O\ ——
9 =275 75625 11 —43 A 1848
I 75 a0y 12 157 ¢\ 24649
13 | —125 1-5625 10 —43 N 7 149
| —75  -5625 14- 357 W 127449
15 } 3-25 105625 9 — g 2-0444
9 | —275 75625 | 8 AN 33 5948
12 ' 25 . ‘0625 - 10 '\\,_43 i -1349
I+ 225 | 50625 ! AL
1 v
—_— i \ D —
i — g | e\ —y
=094 | P Zar—a)* | " 2% . ' Z{p—y)
2x=9 i -_--_33‘5) }‘3’.}/3 © o =123:4143
Mean of sample 1 is x:zf“ = —%-—zll'?S
\ﬁs’;ﬂ;_ 8
N =
Mean of sample 2isp =2 = z-§—=](]"43
A\ My 7
Standard dg\{é\tﬁm of the combined items is
O §= /\/ __Ect__'rjﬂi_; =2*
N - n,—2
R — 3334234143
Ol M
N ~ /569143
{n\.‘; 13
w'\) w4
\/ =4/ 43780
=2-09
From these values weh ve
t= 20 )
i) ‘\ ﬂl'!—?lz
IE75-19-43 8x7T
- 1'32x193

rog
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_ 25976
2:09
=121
The degrees of freedom=84+7—2=13

The value of P corresponding to t=1'21 for} I3 degrees of
freedom is *875, thus the chance of getting a value of ¢ greater than
observed is 1—'875 or *125, The probability of geiting ¢ greater in
absolute value is 2 X125 or "23, which is greater than ‘05 hence thé\
value of £ is not significant and hence the difference between the
means of two samples is not significant. L\

7NN ¢

Problemx 3%0.—The heights of six randomly chose;m,s‘jai\l"c;rs are,
ininches: 63, 65, 68, 69,71 and 72. Those of e\ randomly
chosen soldiers are ; 61, 62, 63, 66, 69, 69,70, 71, 72 s@d’ 73. Discuss
the light that these data throw on the suggestion tha"f:;.scldicrs are, on
the average, taller than sailors ; given that \

[ P=-530 for t—:I"
{ P=527 for =208

o‘ N

y=14
(M. 8., Agra, 1956)

a)
~

Solution : N

*

Caleulation of mean and standard deviation.

ay

Soldiers x"\\ : Sailors
| ’\\(\"” P
. i Deviation | Square of 1. Deviation I Square of
Height i from mean L. 'de¥iation ‘ Height from mean | deviation
x *— x_; ) F Ae— x 32§ 9 —y I (—3 )2
- :”\‘.“ I P R
- 61 *‘ng 1624 ‘ 63 -5 25
62 | s 83-54 | 65 —3 9
65 I*'Z;—Z'S i 78 ' 6B 0 0
66,00 —1-8 | 324 ‘ 63 1 1
69\ 12 1-44 71 ! 3 9
\%: 1-2 144 ) 4 16
2:2 484
71 32 10:24 |
721 42 1764
73 | 52 27:04
|
o et - .
678 153-60 ;408 | B0
| ! '
. . .= Z 78
Mean of the heights of soldiersis x -_—TI“F_= -11-50--- =678
1
' . . . — ' 408
Mean of the heights of sailors is y = % = =68
2
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Standard deviation of the combination is
5 = \/ 2(x—x}? -}y y)2
My s — 3

— /15360160
10462

- ,\/*_?__ 60
4

=1/152571 \

-

=39, A0
R4
The value of ¢ is determined by the foinitila
- = AY
P X Ty V(‘&‘z._’.?zs_
o 3 XY 3 ?31 +n3

NN

_ 678468 6
&Y 1046

=~7£:i “_7_2_X1‘7_4 .

~ 39x4q

&

.\'\‘w’ = — 099

Degrees\'éf‘freedom: 104+6-2=14

: T:lis’:}orresponding value of P is '538, thus the chance of getting
a val})\’ ! greater than observed is I—*538 or *462, The probability
ofgt;q}ng ! greater in absolute value is 2 w 462 or *924, which is much

reater than 05, hence the value of ¢ is not significant and hence the
\g@gestion that soidiers are taller than sailors is wrong.

A 16,10,8,9, 9, 3
B: 8, 4,509 124

(P. C. §., 1952)
(M. St., Agra, 1945, 1946, 1951)
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Solution :

Calculation of the mean and standard deviation,

Characler A |

Character B

! f !
Size of ‘ Deviation | Sguare of | Size of | Deviation from Square of
item | {rom mean deviation ' item | mean deviation
® ' — % ‘ (x— = )2 P : ] : (r—yp
_— S f ) P
16 5 36 | 8 | 1 , 1
10 o | I —3 | 9
—1 4 I —2 i 1 O\
9 ] 1 g | 2 i 4\_ ¢ \..“\
9 —1 1 12 5 %)
8 —2 . r . -3 g
i i ! ‘O
| ——— JE— - e N et
| o | & 4
60 ! | % a2 LY =
ANY; 60
Mean of items of character A is x = 2225 20 —10
;rzS 6
o N5 42
Mean of items of character B i 1531 —Em— =7
e p

k.

Standard deviation of cornbmattmn is given by

Py zx —2)2S(y—

Ko mtn—2
Y o5y
. ::0,: ' 6+6
N4 —_
ALO7 =V 9s
% = ¥13.

Fm}n these data thc value of { is obtained by the formula

“\' —
O y \/
\\. . ,31_1_,33

= 10--7 6% 6

313 646

3Ix1-732
=231
=166

Degrees of freedom =646 —2=<10,

Note :—The value of P corresponding to value 1-66.of ¢ for 10
degrees of freedom is *936, thus the chance of getting a value of £
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greater than observed is 1 ~+936 or "064. The probability of getting
¢ greater in absolute value is 2 064 or 128, which is ercater thap
*03, hence the value of £ is not significant and  the two characters
comes from the same universe.

Problem 392, —For a random sample of 10 plgs, fed on diet
A, the increases in weight in pounds in a certain period were

10, 6, 16, 17, 13, 12, 8, 14, 15, 9.

For another random sample of 12 pigs, fed on diet B, the
increases in the same period were 7,13, 22,15, 12, 14, 18, 821, 23,
10, 17. A *

¢

Test whether diets A and B differ significantly aswegdrds their

cffects on increase on weight.  You may use the fellowing extract

from statistical table : — N
Legree of freedom Value of L%gnificant at
7038l of provability
19 O 209
20 T 2409
2] " N 208
22 ¢ .t v 2-07
23 AL 207
N (1.4.5. 1954)
Solution : ~

Calculation legfh} mean and standard deviation.
— AN D

Onddist A i. On diet B
NG - _ ——
Increase in? ADeviation Square i Increase Deviation Square
weightid \["  [rom of I in weight from of
pounds\ i mean | deviation | in pounds tean deviation
K3 (x—x) = (x—x2 | ¥ Lo« J—F
N, N P e _‘.._. e S USSR
N1 -2 i 4 . 7 ! —8 _ 64
N 6 —6 b3 13 | —9 | 4
16 4 ) 16 22 7 : 49
17 i 5 25 15 0| 0
13 ! 1 X 1 i 12 ! —3 . 9
12 [ \ 4o | 1
8 | —4 P16 ; 18 | 3 _ 9
14 | 2] 4 | 8 ‘ -7 49
15 I 3 , ] | 21 6 i 36
9 | 3 ’ 9 23 | g ‘ 6%
: | 10 —~5 25
! i 17 2 4
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Mean of increases in weights on diet A is xr= _Ex_zgf_(?_
y
=12 pounds
, . . . L= Zyp 180
Mean of increases in weights on diet Bis y = _—ﬁ_ =_I.2.
2
=15 pounds
. Standard deviation of the combination ~
5= \/”“_" 2 &y
rsl+n2—2 o\ e
« \/
— ,\/1—2075_314 . N\
w4122 4D
\
=4/21"7 \Z
=465 D
S

Yrom these values we have the vath;‘ oft by the formula

R --y\zf }zz
ﬂz‘i‘ﬂz

QL 15 12x10
(46 12+10
SO L 3X28
O 465
> =—13

A&
Dégrees of freedom =10+ 12—2=20.
At
N“The value of ¢ for 20 degrees of freedom at 5%, level of signifi-
(:}fce is 209, which is greater than calculated value. Hence the

difference is not significant.

}zllroblem 393.—Show how you would use Students’ #-test and
Fieler's z-test to decide whether the two sets of observations

17, 27, 18, 25, 27, 29, 27, 23, 17 N g/g/ ( .

and 16, 16, 20, 16, 20, 17, 15, 21 rx l/

g . 7
indicate samples drawn from the same universe. ==

{dgra M.Sc., 1949)
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Solution :

Calculation of means and standard deviations.

| ———,
Firat Set Sccund Set
_ - —_— . I ———
. . Deviation ~ Squate of o Dieviation Square of
Size oi ftem from mean  Deviation S'Z(’}?“tem - from mean deviation
(x—2x) —x)? B A B ¢
—— ___ T e e
17 —633 40-0669 16 —1+63 26369
27 3-67 134680 16 — 163 (5" 26369
18 —533 284089 2 23N 56169
25 167 27889 16 —163) 26569
27 367 134639 20 3T 56169
29 567 321489 17 £ *3969
27 3-67 134689 15 203 69169
23 33 1089 21 (N 337 11-3569
17 —6'33 40-0689 \/
. (N 37-8752
210 1840001 {4& 3
3,
Mean of the frst set d ———2—51)2 = 2333 appr.
N
Wo S 14
Mean of the second™set y =—Ry_ =.?l.. = 1763 appr.
” ]
: ,."~\\
Standard d{{}aﬁon of first set
A0 o= p [ BlE—x)t
P },/ ?31—1
N
N\ 184
AW o=y =23
R\
NN 37:8752
\M\;W' Similarly aly=-- 7? — =54l appr.

Standard deviation of combination i given by

1y + flg— 2
- /TS0l s
15
w4/ 147917

=384
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Students® t-Test

f== X T

i Ml
s #ytn,
_2333-1763 /9.8
X VA T
_ 57%2:06
- 384
=3-05,
The degrees of freedom==9+8 215 A N

N

We find the value of P from the tables corresponding to this
value of  for 15 degrees of freedom. If the value of Pis" such that
{ is significant, it will be indicated that the sampleswd6 not come
fyom the same universe. [The value of P is ‘9953 thus the probabi-
lity that £is greater in absolute value is 2x{E5995) or ‘01 5 which
is less than 05 showing that ¢ is significant. \\ ’

Fishers® Z-test

o\

23 o0
z=4log, s i\

— 11512 iogl.,-s?jl-

= L1512 logy, 4251
S 1512% 6248,
oy =T193.

The dpgéés of freedom are 8 and 7 respectively. We can
find out forthese degrees of freedom the value of 2, from the tables
for I and$ per cent points of significance. Comparing *7193 with
these valiues we can decide if this value is significant or insignificant
aftcr\iw\hich we can draw a suitable conclusion.

b 3

Problem 394.—The heights of the ten men of a random sam-
ple from an unknown population gave a mean of 69 in., and a sum of
square of deviations from the mean equat to 42 in®. Another random
sample of nine men gave a mean height 68 in., and sum of squares
of deviations from the mean equal to 36in®% Apply the ¢ test
to the hypothesis that the two samples are from the same population.

Solution :
% =69 ; S(x— 2 #=42; n,=10

¥ =68;2(y—y =36 n,=9
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AT SN .3
The standard error .rﬁ,\/ My—x P2y )
|

nl-n, 2

__\/42~+-36
17

=214,

The value of t is obtained Ly the formula

t—'x" - Rty
2 A
s \/ oty

69— 68 90 )
T2l 1 O
=1-01. RS

For 17 degrees of freedom this valucéé\r‘fot at all significant,
Hence the two samples are from same popylation.
)
Problem 395.—A random sam ft’:})f 13 pairs of values from 2
normal population gave correlation”&)-eﬂicient of ‘6. Is this signi
ficant of the existence of correlatim};fﬁ the universe,

Selution : N
X T%;?ﬂ: ﬁ':l(‘]
we have x"’$\ -
\\‘./ fom !?:2
\ V1=
_ VI 6
PRy Vi=fs 1o
Nl =Vl - §
R\ _3317x3
D T4

=2'488 appr.
Degrees of freedom=13—2=11;

The value of P corresponding to this value of ¢ for 11 degrees
of freedom is *984, thus the chance of getting a value of ¢ greater in
absolute value is 2 x (1 —-984} or -032, which is less than 05, Hentce
¢ is significant. Thus our hypothesis that the variables in the normal
population are uncorrelated is not correct.

Problem 396.—Find the least value of r, in a sample of 27

pairs from a normal population, that is significant at the 5%, level.
(Weatherburn Page 193)
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Solution :
Degrees of freedom=27—-2=25

Value of £ at 59 level of significance for 25 degrees of freedom
is =206,

Hentce for r to be significant we must have

T2~ 26

4/1—r
or s 206
VISE : O\
or ! 412 o
V1T > (”}K
or y2 Y (1_'?'2}><'1697 '\..
or 1°1697 12 > 1697 \
or ¥ > 145 \
s lri > 38 R4S

Problem 397.—Twelve pictures subrmttcci in a competition

}v)ve]re ranked by two judges with rssu}ts as shown in the table
elow :—

probability

TAB;EE
Pictures A BTC|D EIF G'H|1?J!K|L
| ' N, T .
- SRS P ¥\ SR N S S,
Rank assigned by first i\\iw : ‘ S | :
judge 5|7‘1|3‘4 12i2 1110 8
» H ! ! ! i
R S Ll S Tl
Rank assrgned\ by o ‘ | : :
sccond judge,. 5;8!911-3:12'10 4 12 7.6
\O IR R B T
Oak;\}atep Is there a lack of independence in these rank-
mgsf\ Ny
Q) ~(Assume that on the hypothesis of independence of two sets of
# rankings, —_ﬁ\/ S follows the ¢-distribution with n—2 de-
grees offreedom).
Given that
b e e —
Degrees of freedom ) 10 | 11 ‘ 12
_ — - ; D
Value of (2) significant at 5 per cent level of ‘ 2:23 ‘ 2290 | 918

(1.4.8. !gj_ﬁj
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Solution :

Spearman coefficient of rank correlation is
1 624t
p= n{nt--1) _
Where 2 is the number of individuals ranked and J is the
difference in the ranks assigned to the same individual.

Sd2=04 1494164+ 4+4+4+4-+4 414944
0

« pe]_ .. 5X60
A VN L ,
30 ",\"
IRTER A0
=1—209 A\
=791

; A\
Assuming that the two sets of rar{(‘ip’,\g are independent we have

P ._”:_2:__
=R S

Ve
= 191 x 517 ¢
=4-089 {‘}\
Degrees of %}c\edom-—-— 12-2=10
Value "t;ff"z"for 10 degrees of freedom at 5%, level of significance

is 2:23 whieh is less than calculated value, hence the ranking is sig-
niﬁ(:%t.\}'

,,},\\Prpblem 398.—In a random sample of 28 pairs of values
~Arom a bivariate normal population, the correlation was found to be

7. Is this value consistent with the assumption that the correlation
" in the population is *5 P

(Weatherburn Page 202)

Solution :

=7, p=+53, =28

147
—1 . .
=z loge |
7
T
=1'1513X]Og10 —"—?-
1-_*

10
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=11513x log,, 17

=1'1513 xlog,, 5666

=11513x+7533

=867

£= % logz%{_g"

=1"1513 X log,,®

=1"1513 % 4771

=549 - O
S Z—Y="867—"549 ‘o)

=318 '

. 1 {
The standard error of Z is ;2_5.—.=°2 ,..\’\\’

Since {Z--0) is considerably less thanp twice the standard
error, its value is not significant. So far €his test goes, the corre-
lation in the population might very well'he *5.

Problem 399.—The first of m{o: samples consists of 23 pairs,
and gives a correlation of °5 ;eWwhile the second of 28 pairs, has a
correlation of 8. Are these values significantly different,

Solution ;

On the hypothesisuti%.t they are from the same normal popu-
lation, the standard{r'\for of the difference of the Z’s is

O 11
-1 L
\& m\/ 207 25

:o\,,: . -'—__
\z'\.:‘ -—\%/ 09
& 7

O Now  Zi=} log, ;!

.\ Y4 —n

N/ =11513 xlogy,?
=+549

Zy=11513logy, | 172

=1-15]13x 9542
=1-098
| Zy—Z, | =549

" ‘Which is little less than'2¢, and is therefore. not-quite signi-
ficant at the 59, level, - The hypothesis is not. discredited,



\/CI'IAPTER X1V
\VPROBABILITY

Definition.—1f an event can happen in ‘@’ ways and fail in
‘b ways, and all these ways are equally likely to occur, then the

probability of its happening is and the probability of its

a

aith
e b N

failing is Tagb - (\\

Thus, if it be known that, in the long run, out™of every 41
children born, there are 21 boys and 20 girls, the probability of any.
particular birth being that ofa boy is i: . ....j\.\

Note 1.—It follows at once from the\definition of probability -
that if p be the probability that any everfshould occur, 14 will be’ :
the probability of its failing to accursgs

Note 2.—If the odds are in favolr of the events as a to b {or .

*

& to a against it) then chance QF;' its happening= ik
N i

1. Mutually Exclusive Events :

Deﬁnition.—Eve{}ti\are called exclusive, if, when one of them
does, no other on %n‘happen. For example if we throw an ordi-
nary cubical die.‘ab viously any of the six faces may be uppermost
when the die cofugs to rest. Total number of possible ways is six
for a single thréw. The different cases are mutually exclusive, since
no two fageg'ean be uppermost at the same time.,

\V
Lieatem.—If an event can happen in more than one way, all
waxs.bﬁng mutually exelusive, the probability of its happening at
allig'the sum of the probability of its happenings in the several ways.

wiled p=p1+pat .ty
3. Independent Events :

Definition.—Events are said to be independent, if the occur-
rence of one does not affect the occurrence of any of the others. We .
can define it in the following manner also.

Two events are said to be muiually independent when the
probability for either is the same whether the other happen or not.

Theorem.—The probability that two independent events shoul_d
both happen is the product of the separate probabilities of their
happenings. Thus the probability of the occurrence of two indepen-
dent events whose respective probabilities are p, and pais py X pae
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-

Crl If b1 and p, be the probabilities of two independent
events, the chance that they will both fail is (1—g,)(1—#.), the
chance that the first happens and the second fails is p, (1—p,), and
the chance that the second happens and the first fails is (1 —p,)p,.

Cor. IL Ifpy, paseee.n. #n be the probabilities of n independent
events, then the probability that they all happen will be p xp,......
~ #» and that they all fail (1-~p(1—po)......... (1—pa).

3. Dependent Events :
LY

If two events are not independent,.but the probability of ¢
second is different when the first happens from what it is when ‘the
first fails, the theorems for independent events will still hold*geod
provided that p, is the probability that the second event. happens
when the first is known to have happened. e
4. Use of Binomial Expansion : "G

When the probability of the happening of anivént in one trial
is known, the probability of its happening exactljence, twice, three
times...... etc. in # trials can be at once writter with the help of bino-
mial expansion. A

_ L
For, if p be the probability of thédiappening of the event, the
probability of its failing is [—p=y¢., Then the probability of the
event happening r times exactly in g frials is "C,p7g"~7.  Thus, if
(p+¢)" be expanded by binomialk theorem, the successive terms will
be the probability of the happc:tﬁr’zg of the event exactly n times,
n~1 times, n—2 times, etc, in'n trials. .
Cor. I The probability of the event happening at least r times
in n trials is \<
pﬂ_i_pcl Pn—lqﬁ_ncz Pn—egz_i_"__”_'_ﬂcr )bl‘qﬂ‘!"-

Cor. I1. "Roﬁnd the most probable number of successes and
failures in nagials it is only necessary to find the greatest term in the
expansiOQ'Qﬁ(w".

5. Us®of Multinomial Expansion : _
N Tt a die has r faces marked from 1 to r, such n dice are thrown,
“then the chance of getting a sum 5 is *
_coefficient of ¢ in the expansion of {x+p+......4an)"
bt SRR AL

6. Expectation:
The value of a given chance of obtaining a given sum of
money is called the expeclation.

Thus if —-—ab-— is the chance of obtaining a sum of money
a

: . R a :
M, then the expectation 15 g M.
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‘f’f. Inverse Probability :

IfP, P,....... Py, be the probabilities of the existence of n causes,
which are mutually exclusive and are such that a certain €vent must
have followed from one of them, and let p,, Pos...fn De the respective
probabilities that when one of the causes P, P, ..., I, exists it will
be followed by the event in question ; then on any occasion when
the event is known to have oceurred the probability of the r* cause

¥
is P=—= o l.r.f’r )
Py o1+ Py pyt-..... P, b,
Q!
\/kxamples O\

B

v 52 ; what is the probability that 3 will be black and et ?

Solution : \‘ ‘
6 cards can be selected from 52 cards’in *2Cl; ways i,
52 Ko
6 ja6 W ¢

X 3
NN

Now black cards are 26 a.rjd'“'out of these three can be
selected in *°Cy ways ; similarly 3@ cards can be selected in 2Cy
. wa}:s. &Y

*

Now required chan."c;-:;gg - of favourable ways
AN

total No. of ways

s \J

T BCxne,
.~~ by E_--Ez_és .
2O 26 X[26 x| 6 x |46

7. , (3 3 epr
\ oY - = =7 =
\l“ sz’ )
"M% Problem 401.—One of a pack of 52 cards having been re-
~ movedyfrom the remainder of the pack, two cards are drawn z}nd
:}& foufid to be spades. Find the chance that the missing card is 2

spade.
Solution :

The missing card may be, and is equally likely to be, any one of
the pack except the two drawn, i.e., any onc of 50 cards. Hence total
number of ways are 50. Also there are 11 remaining cards of spade
from which the missing card may be. Hence number of favourable

ways arg 1. Therefore required chance is %{])
Vgroblem 402.—From a set of 19 cards, numbered 1, 2, 3......

..., 19, one is, drawn at random. Find the chance that its num-
ber is divisible by 3 ar 7,

"LVf'roblem 402.—6 cards are chosen at random fromla pack of.

T T TP T TP

P T Ty SR AN S SN S
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Solution : ' ' -

Total number of ways in which 1 card may be selected out of
19 are 1°C,; or 19.

There are 6 numbers (i.., 3, 6,9, 12, 15, 18) which are divisi-
ble by 3 and two numbers (i.e. 7 and 14} which are divisible by 7.
Hence out of 8 cards we have to select the 1 card so that its number
may be divisible by 3 or 7.

B Number of favourable ways=*°C,=8 "

1'9_0 ’\\

{

required chance=—-

roblem 403.—From a pack of 52 cards two are l;i\rawn at
, random. Find the chance that one is a king and the other’a queen.

(A‘g{z;.fvf. Sc., 1957)
Solution : \%

Two cards can be drawn out of 52 ,iri_%g ways.
A king can be drawn in *C, ways o4 ways,

- - « RS
A queen can be drawn in *C, way$ or 4 ways. Lo
~.A king and 2 queen can-bgtdrawn in 4x 4 ways. S .
R 'I 1 -

N

4x4 _ axe 4§
CFC, T 26X517 T g

%""bl"m 404.—If e draw 4 cards out of a pack, what is the |
chance that they ea&@\b’élong to a different suit ?

required chancte=

Solution \ 3

4 card9ett of 52 can be selected in %2C; ways, hence total
- number\gf Ways are 52C,.

. There are 4 suits cach containing 13 cards, hence number of
waysiin which one card can be selected from 1 suit is 13C, or 13.

o) Similarly for other three cards of different suits number of ways
\are 13 in each case.
Hence total favourable ways=13x13x 13 %13

. I3x13x13x13
S required chance = e,

4
_13xd4x3x2x1
T 52X 51 x50%49 -
N
= TTxsx8 7
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=g l/{roblem 405.—T'ind the chance of drawing a king, a queen
and a knave in that order froin a pack of 52 cards in three consecy-
tive draws, the cards drawn not being replaced.

Solution :

The chance of drawing a king is p,=

52

) ) 4
The chance of drawing a qUECH 1§ flp== 5 A

. L ¢

. . ’ \\\‘
The chance of drawing a knave is g, = 50 R
Since these all dependgﬁt_‘ events ) (..f;:

— 'QKQ.’

required chance::plpzp3=52 o6 50 ¢

~+\VProblem 406.—What is the probg:bﬁi’iy that a specified player y
will get a hand containing 13 cards of-dnd’suit at a single deal at a
game of bridge, P\

Solution : oON

There are 52 cards and ™13 can be chosen from them in 2Cs
ways of these ways onlyfour will contain cards of one suit.

) 4
Hence requited, probability =- .
N\ S{ 520,
‘.\..} "/ _ _4;>< “-3)\’_3_9_
N T s

.\/‘@t;blem 407.—A pack of cards is separated into four packets,
viz. b3 hearts, 13 spades, 13 clubs, 13 diamonds. What is the chance
,.af drawing the ace of clubs ?
- \éolution :

The chance of drawing a card from the packet of clubs is ¢.

Then the chance of drawing ace of clubs from tﬁé paﬁkct of

. 1
clubs 1s - 3

Hence required chance is i K==
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‘/V{n-ohlem 408.-—What is the probability of getting 9 cards of v
the same suit in one hand at a game of bridge ?

(I. 4. 8., rgs5#)
Solution :

Since each player should have 13 cards hence total number of
ways of selected 13 cards out of 52 cards is ¥2C,,.

Therp are four suits and each suit contains 13 cards hence
nuinher of ways of selected 9 cards of same suit is G, % 33G,,

After neglecting this vary suit there remains only 39 cards

hence the remaining 4 cards he can select in %G, ways. \
¢\

Hence favourablc ways of selecting only & cards of samey suit

are 1C, x B0, x ¥, N\

7%

. 10, X 130, X 390 o\ 3

Reguired chance=- s Ralgh k O
Cs NN

. V{roblem 409.—A and B stand in a ripgy wlth ten other
persons. If the arrangement of 12 persons ma\ “random, find the

chance that there are exactly three persons between A and B.
NN (M. Sc. Agra, 1g51)

Solution : JON

Let A occupy one of the™S"
12 seats ; then B can ocelipy
either seat B, or seat By, (Hence
there are only 2 favousable” ways
for B to occupy a scat stich that
there are exactly 3° pérsons bet-
ween A and .Q\Tn all B can
occupy any.Qf\}I seats hence enly
11 ways. &

Hsnce the required chance

w\\: v 2
\‘ = _I'l_a

“Prohlems 410.—An cx?criment succeeds twice as often asit
fails. Find the chance that in the next six trials there will be at

least four successes.

(M. Se. Agra, 1950)
Solution :
Chance of getting a success in one trial is p=3

g=1%-



"\

O Now the coefficient of 2 in (x4-32Lx3fxt45-F25)4

i
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Therelore with the help of binomial expression (% -+ 138 we hay
the chance of at least 4 successes in 6 trials is

— (335G, (3)8 ) +HCa(R) ()2
641924240 496
729 729 7 _‘,_:
'V/Problem 411.—Tind the chance of throwing an odd nurber J
with an ordinary die. : .

Solution : N

There are three odd numbers (i.e. 1, 3, 5) hence in\J-ways we :
can get an odd number.  But to select one number ouf\0L%6 we have
total 6 ways. .

N

Hence required chance=§==

vProblem 412.—Find the probabifity"‘bf\ throwing one 6 at
least in six throws with a die. !

1o

Solution : \\ .

The probability of not throwjri;gx\ﬁ is § in cach throw. Hence’
the probability of not throwing a % in six throws is {})%; and there- -
fore the probability of throwing.one six at least is

SRS
A ‘::J; T (_6-> :
‘/i’roblem 413':-<£F'ind the chance of throwing 10 with 4 dices

ne
Solution : N\ -

The whale number of different throws is 6%, for any one of six
numbers ¢afibe exposed on each die; also the number of ways of :
throwing\}0 in the coefficient of x1° in {x 41>+ s3fatad4a9), for
this cgefBcient gives the number of ways in which [0 can be fl‘l_a-dc
up by\the addition of four of the numbers 1, 2, 3, 4, 5, 6, repetitions .
being allowed. .

el N4
=coefficient of 21 in x"'( } ; )

==coefficient of x1® in a* [1 —4x%+6x12,, ... )1 + x4 102>
4X5X6xTxBXI 4

""""" TIX2Ix3xAX5X6 ~
- Froerr e ] _
==coeflicient of x1° in xt [1"‘4-"64'6-*13--.][1+4x+...—|-84x"~]----] _
=84 —-4=80
5

Hence the required chancc:-—E? = 81
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: \}roblem 414.—What is the chance of two aces at feast bﬂng‘/
thrown in 3 throws with two dice.

Solution :

This is the same as throwing 6 tlmes with one die, and thcn at
any one throw, the chance of one ace is %, and of noace is &,

B
The chance that no ace is thrown in 6 times is (v—g—) i

L 5N,
" . only one ace o Is 6(?) X—6 <N\
6| &3 e\
The chance that 2 aces are not thrown =5—i:6 X\
s O
T6% ¢ \'\'

The chance that two aces at least are thrown‘is
1 h258
\ “6

\Aroblem 415,—2 dice are thrown what is the probablhty
that the sum shown will be 7 or 11. 3

s

R

Solution : S

The sum 7 can be shown i 6 d:ﬂ"erent ways (e [-+6, 245,
344,443,542, 64 1) and thé€ 3um 11 can be shown in two ways
(i.e. 5+6, 645) hence totalfavourable ways=8

Total number of \Q\Ays = 62=36

Required chance = 32— =%.

‘/Probl m"\416.——A die is thrown 12 times ; what is the pro-
bability tha&th“e face 4, will appear just twice,

Solutloq
\ _The chance of getting face marked 4 once with one die in one

trial is —é— and not getiing is % Hence with the helpn of binomial
1,5\ . .
expansion (?-{——6_) the chance of getting the face marked 4 twice
. . 1 2 5 14
in 12 trials = 26, () (%)
' 12X11 1 N2 5 NI
T 2x1 (?) X(_ﬁm)
x50
Toer
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‘/'Problem 417.—Compare the chances of throwing 4 with on
Ve die, 8 with two dice and 12 with three dice. :

Solution :

(a) 4 with one die can be thrown in one way only.  There are'_';
6 waysin all in which the die can be thrown. Hence the chance of
getting 4 with one die =5
N
(6) 8 with two dice can be made of R
6, 2 which can be achieved in | 2 ways or 2 -w\s@s.\
3, 3 which can be achieved in | 2 ways or.2 ;?\?E:)‘s
4, 4 which can be achieved in 1 way :\ :
hence total ways of getting 8 with 2 dice .afe'$ and total numbet of_;

ways in which two dice can be thrown age6?— 36
N
Hence chance of getting 8 with ‘wo dice =
(¢) 12 with three dice can'ﬁefr;nade up of
6, 5, 1 which can be @chieved in | 3 or 6 ways

6,4,2 ,, SNE » 13 or 6 ways
P 3
6, 3; 3 7] imt\ » n __J:Q-__ or 3 ways
WY o
\ X |3
5,52, no- » 3- or 3 ways
PN\Y; |__2
&:5)43 3 1] 13 ) ’_3 or 6 WiYs
'\’\\w' 4: 4, 4 i s 1 1 way
,..\n","" .. Total ways of getting 12 with three dice are
o) 64643 +34641=25
. . . 25 _ 25
.~ Chance of getting 12 is & =316
‘o T R -
& Ratio of chances A I
or 36 : 30 : 25

\/Problem 418.—How many throws with a single die mlt:t_
V” a man have, in order that his chance of throwing.an ace DY’

be—l??
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Solution :
Let x be the required number of throws. His chance of not throw-

. . . 5 .
ing an ace at one throw 1is ra Therefore his chance of not throw-

X
ing an ace atall in the x throws is (g—) .

s N
1“—(_6—) ) 2 '\:\
E 4 \ v
or (_2_)1 ;‘ «
log 2 o
Hiog 6-log 8

=3'8 (from log tables) xo,;\.i
This shows that there is no exact nugnb?rsc.mf throws in which

1 . A\ . .
his chance will amount to 5 but, if hg\thifows 4 times, his chance

A W 4

will be a little greater than —;—.‘ ;‘{:1:‘

\/l:roblem 419.—Find tk{éschance of throwing 7 at least with \/
two dice in a single throw,.\x . e e
Solutlon :

7 can be th{o“\\\rﬂ with two dice in 6 ways hence chance of
getting 7 wilQ“t;&i"o dice is ,;—6
8can be thrown with two dice in 5 ways hence chance of
AS

tng?B is

9 can be thrown in 4 ways hence chance of getting 9 is — 36

similarly chance of getting 10 is

(5]
&l

chance of getting His

1

chance of getting 12 is 3%



468 . PROBLEMS IN STATISTICS

Since these events are mutually exclusive therefore the ck
of throwing 7 at Jeast with two dice in one throw

S5 4,3 0
“36 T3 Tag tag Ty 36

e .
YProblem 420.—Find the chance of throwing 15 wit 4
dice. - "

O\
Seolution :

"\:\~
15 with three dice can be made up of O
6, 6, 3 which can be achieved inj!lf}.‘
: N
6, 5, 4 which can be achived 'in:'] 3 oré ways
5, 5, 5 which can be ach{e{cd in I way '
Total ways of getting 15with three dice =3+641=10
', required chancez.._:_’_:lq___: 5
T 6X6%6 108"
' \q-{': Problem 421,— A dfirows 3 coins,
w chance that A will threw'a greater number of heads than B.

‘or 3 ways

Solution : 24

PN\ % . I8 ]
LQ":A throws three heads chance is (— 2-—~) =-

2\
,§~{“§;) A throws 2 heads, B does not chance is

S e () < e

8 f
(%) A throws 1 head, B throws 2 tails -—302(-—1—)(—1 ) X

TNITA2 ) T
=2
3 _
| | 11y
In case of A we took help of binomial expansion (T+ '3)

. . 1 12
and in case of B the €Xpansion (T“F——Z-_)-

& Total Probabi]ity :%'+§g+ 3 _16_ 1

322 73Ty

32 2°



PROBABILITY 469

VBroblem 422.--In two bags there are to be’ put altogether 2 -
red and 10 white balls, neither bag being empty. How most the .

balls be divided so as to give to-a person who draws one ball from
either hag, (1} the least chance and (2) the greatest chance of draw-
ing a red ball. _

Solution :

The least chance is when one bag contains only one white ball,

and the greatest chance is when one bag contains only one red ball,

the chances being ill— and —f—l respectively. )
. ¢\
\_é’roblem 423.—A card is drawn at random from a pa¢k)and
replaced, then a second drawing is made, and so on. Haw - many
drawings must be made in order to have a chance of 1 that the ace
of spades shall appear at least once. (¥

Solation :
. AN
It is assumed that the cards are propéily suffled after each
drawing., The different drawings are, «thus, independent events,
with the same probabilities each time. . The chance that the ace of

spades will never appear in n drawingﬁ“s (%)“ . Therefore the

chance that ace of spades will apgear at least once in # trials is

i}:g"(.-% n
N e
S G IS
;.;\\“ " o 2 leg 5T
> =36.

- '\v/Problem 424.—TFind the chance of drawing a red ball from a
bag which contains 5 white and 7 red balls,
Solution :

. Outof total 12 balls one ball can be taken out in 12 ways ;
but there are only 7 red balis henve number of favourable ways are

7. Therefore the required probability = 17?

\ﬁroblem 425.—Two balls are to be drawn from a bag con- &

taining 7 red and 1! white balls, find the chance that they will both
be white, °



470 PROBLEMS IN STATISITICS

Solution :

Out of total 18 balls two can be drawn in 18C, ways. Total-
white balls are 11 hence favourable ways are ugG,. '?-
110
the required chance = --ia—c‘*
2
11x10
18x 17
_ _és "‘)?/ Q"
1B 183 N
- O\
Véroblem 426.—Find the chance of drawing 2 @ylte balls in
succession from a bag containing 11 red and 13 whitg Hals, the balls
drawn not being replaced. AR

al ¥

N
Solution 3 ) |
The chance of drawing a white b\aill}}}st time is ]2_2 ; and hav

ing drawn a white ball the first timpe,vthere will be 11 red balls and-
12 white balls left, and thereforéthe chance of drawing a white ball -

: . . 2 o3 .
the second time will be -z “These events are dependent hence the -

~ 3

probability of drawing( white balls in succession will be 3 x—l—
PRN 24723
& _1
K& 5
\.érobl‘em 427.—There are iwo bags, one of which contains 3°
red, and % white balls and the other 8 red and 12 white balls, and 3
v balhjg to'be drawn from one or other jof the two bags; find the
cha’&e of drawing a red ball. ' |
pa ;’b:‘i)lution :

Y

The chance of choosing the first bag is % , and if the first

bag be chosen the chance of drawing a red ball from it is - -15-2—; hence
. 5
the chance of drawing a red ball from the first bag is % X ISQ— =35 -

Similarly the chance of drawing a red ball from the second bag s

1 o
%‘ Xl—35 =T0" Hence, as these events are mutually exclusives the.
chance required is 214 +—110 273.2%.
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P

roblem 428.—If a bag contains 3 white and 7 black balls, and a

ball be drawn and always replaced, show that the most likely result p.- -

m 10 t_rials is to draw 3 white and 7 black halls.

Solution :

The chance of a white occurring at any one drawing is 1%

The chance of a black occurring at any one drawing is ~130—.

Hence we have to find the greatest term in the expansion of

(3+7)

. ’.\:\
Now T, 12T, in expansion of (x4 a)", PR
accordingly ax I’rI‘ﬂ Z1 ) N
. i 4
R\
n—r41 a - O
Or _‘“'r“"_‘ . P = ]_’
mtDa (D
< 7 a &
Or ST 2O
; < (0417
In this case r > 758 3
T <~71
& 10

= Bthtermis, thc\greatest term, and to this term corresponds

the chance of a is@:n'bination in which 7 black and 3 white balis
occur, \

\'/é-oblen:i\ 429.—There are 5 white and 7 red balls in a bag,
what is the'shance that a white ball is drawn and then a red, the
first ba&‘ﬁﬁ‘t being put back ?

N

Solution :
S

PR

9 . . . 5
V) The chance of drawing a white ball first is 7

w7
The chance of drawing a red ball afterwards is 3T {

These events are dependent, hence the total probability is

5 1 35
127 %1 T

blem 430.—A bag cohtains 3 red, 4 blagk and 2 whitg,
balls. \K‘ﬂlat is the chance of drawing a red and a white balls, eac& :
ball being put back after it is drawn. .

.
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Solution :

Case I—IH first ball drawn is white and second is red.

. 2 3 2

The chance is X ="07"

Case II-- If first ball drawn is red and second white
. 2 2

The chanc; s G X g 9g N
These two ways are mutually exclusive, hence rcqu\ired pro--
g sl 2 2 4 K\
bability is 77+ 59 = R O

V/Problem 431.—A bag contains 5 white ballsant 7 black balks
Find the expectation of a man who is allowed{té/draw a ball lrom
the bag and who is 0 receive one shilling if ¥e )draws a black ball,
and a crown if he draws a white one,

P
Solution : . v

X}

The chance of drawing a l;}a:ck’ ball is -—1?2—, and therefore the
expectation from drawing a.]:a'l'ziék ball is 74. The chance of drawing

a white ball is T ; and th’éréforc the expectation from drawing -a':.

white ball is 2s. 14. Heuce, as these events are exclusive, the ‘whole
expectation is 2s. 840

o s
vBroblem»432.—There are three urns, of which, one containd
4 white and 2yred, another 5 white and 1 red, the third 3 white and
, 4 red ballsg and there is no general reason why onc urn should be
v selected fagte than another, or one ball from an urn more than any
othcr\ﬂiﬁlf from that um. Find the chance of a red ball being
“dra@n’ - : :

PR Solution : .

N/ Since all the urss are equally likely to be drawn from, there
fore of any number of drawings one-third will be made from ecach of
ithe urns. :

The chance that red ball is drawn from first urn 5

2 1 i
| $X3 =g
The chance that red ball is drawn from second urs is
1 1 1
67373 .
. - The chance thgt red.ball is drawn from third urn B¥
# : 41 4 ) .

TX3 =7
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- 1, r 4
required chance= o +1g Tor
| -5 _ 3
126 T 147

D Problem 433.—A bag contains 6 white and 9 black balls,
Two drawings of four balls are made such that (g} the balls are
replaced before the second trial (¥} theballs are not replaced before
the second trial. .

Find the probability that the first drawing will give 4 white and

the second 4 black balls in each case. (LA.8., rgd5)
Solution : - _- ' O
(&) The chance of drawing 4 white balls in first drqwiﬁ\g
_ 6 N
=15gy, 7
N

) 3 B
The: chance of drawing 4 black balls in seoont drawings=“—(é':

{since balls ate replaced)s These two cvenl‘@}r’e independent,

. . SO ‘ ) 9C,
Hence requird chance = SEa% e,
L6, % °Cy
(T G
N ) _ . ¢C,
(6) The chance of ({rawing 4 white balls in first drawing= g~
-~ ]
e

Since balls are‘not replaced hence only 11 balls remain in the
bag. Hence change of drawing 4 black balls in second drawing

o 9
AY¥ __.,_.9‘

p ,\ 9 IIC‘ .
’[“l{\é;}‘é.re dependent events
\ }i{encc required chance =-1-:'G—‘>-<F?&-.
N C& P 11 04

) .

\H‘; "Vfroblem 434.—A and B draw from a log containing 2 white

2nd 3 black bails, the ball being put hack, after each drawing, until

a white-is drawn, what are their respective chances of drawing a
white. : : '

Solution 3 o

. : =

‘The chance that A draws a white at the first time u? .
- The cﬁancc that.B has a. drawing at all is thg_ch."mce that 11

. . 3
draws a black at the first ume; t.6. — . -
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The chance that having a drawing, B will draw a white, is 2.

573
therefore the chance of his drawing a white at the second drawingis -
32
3 X ? .

The chance that A has a second drawing is the chance that A

H .:";
and B both draws black balls, which is (—g ) ; therefore the chance %

_ 3, 2 oS
that he draw a white at his second drawing is (g ) X A
AN

Hence A’s various chances of drawing a white are(")

ENED R E

and his drawing a white at any one time excludes the possibility of
his deing so at any other ; his chance of a whife'ball is

(3 L]

~2 RS ]
Tt
5O

Simixlayl'}?‘;.l’;’“;chance is %— X §—+(%..)a X%—+ ...... o
& AT e
_3 .2 1
»\}“\ 573 xl_(%)s -

roblem 435.—In the previous problem, what would be their
Y" respective chances, if a ball when drawn is not put back ?

Solution :

The chance of A drawing a white ball at first is g—.
“ If B gets a drawing, there will be 2 white and 2 black balls
hence his chance then will be L ; '

2
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» B’s chance of a white at his first drawing is %— XI% ;

If A gets another drawing, there will be 2 white and 1 black, hence

his chance then wil] be —%—. But his chance of getting another draw-

ing is -3~ 1.
g 5 N 2 ]
A’s chance of a white at his second drawing is —;— N\
Similarly B’s chance of a white at second drawing is ¢ \\\
. 03 1 1 O
5 7 70 N

Therefore A’s chance of a white at ¢ither draw{ng is

and B's chance of a white at either drawmé\ is ¥
3 .1 2

10 10'" 5

\J/\:‘/{roblem 436.—A and B throw with one die for a stake of
Rs. 44/- which is to be won'by the player who first throws 2. IfA
has the first throw, whg’t}.re their respective expectations.

’\\”’ (M. ., Agra, 1954, 1958)

Solution ¢ )
A Canj\biﬁ in the first, third, fifth...... throw while B can win in

second, fourth. ... throw,
w{The chance that A throws 2 in the first throw is 3
N\
m\J
AV The chance that B has a throw is ( l-—mg—) or —2

‘The chance that having a thro~ B throws 2 is —é—

5
. The chance that B throws 2.at the second throw is % x- 3
- 5 2
The chance that A has a second chance is (6—) therefore the

e .1
chance that A wins in third throw is <X (6—
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Hence A’s chancc:-é_ + é x(i )24_ _Elj_. % ( g )4 N
o
- 3
(5 )
-6
Y 2\
B’s chance =—2- b l?—{— (%)a Y tIS +(‘%>ﬁ\x é_.*."
- _fgf__*_ é '\’1:m
lq(.g.)’a : Q
5 Ko
BT

Expectation of A = EL"‘X 41=24/

NS
e

Expectation of B2 ;51 X 44==20/-
>4 '
Problem 437.:50ut of 2n+1 tickets consecutively numbered,

‘/ ‘three are drawn at}a}ldom. Find the chance that the numbers on

them are in aritHmetical progression, _
N\ (M. Sc., Agra, 1950)

> B, 1991)

\ 4
W

Solutio{{}
"\

-

gf&gupposc the first selected number is 1, then the possible groups

M\ar 14 _
C1,2,3; 1,3, 53 L4, 751,595 e,
giving n possible ways.

SBimilar grouping will show that when the lowest number
» 2r~2, 2n—1, the number of favourabl_e

\

1, n+1, 20413 |

selected are 2, 3, 4, 5,......
‘ways (i.e. such groups) are respeclively r—1, n—1, 1—2, n—2,....5
I, 1
-, Total number of favourable ways
=2[14243+...... +{n--1j]+n
n—1 ' .
= 2“‘-(2—— Xatn

2

=R
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Total number of ways' =21C,
_ 2n41) 20 (2n—1)

I3
n* X—3
= Required chance = Gt I T
. 3n
U i

Aoblem 438,—What is the chance that a_leap year, selected
at random, will contain 53 Sundays? O\

(M.Se., 4gra, 1955}

\
Solutmn : N

W

A leap year consists of 52 complete weeks and '2 «days over.
These two days can be, AN

(I). Monday & Tuesday \
(2) Tuesday & Wednesday
{3} Wedaesday & Thursday \\
(4) Thursday & Friday RS
{(5) Friday & Saturday \S
Saturday & Sunday _ \
{7) Sunday & Mondag

of these 7 likely cases only n are favourable (ie. 6* and 7
‘cases)

2
Hence required c}gaftce =5

5/ Problem 439.\Three groups of children contain respectively
3 girls and 1 bop girls and 2 boys; 1 girl and 3 boys. One
child is selectedat’ random from each group. Show that the chance

_that the thxs’; sc]ected consist of 1 girl and 2 boys is ?l)g
' \§ A (M.Sc., Agra, 1955)
Solution : Neoooo

\\‘“ This can be done in following three mutually exclusive
ways: —
(1) girl from ﬁrst, boy from second, boy from third chance

_3 1 3

B R M )
{2) boy from first, girl from sccond, boy from thlrdlchansce

3 _-_1 —_—

? uf"j o 4 X !
&"' oy (3) hoy from first, boy from second, girl from third ; chanc;:
L =3 X7 "y
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. 9 3 ) 11
;. Total chance= 45" + 32 - W
_ 13
= 5 -

\/Problem 440,—Eight mice are selected at random from a
large number and then divided into two groups of four each—group
A and group B. Each mouse in group A is given 2 dose ‘a’ of a
certain poison which is expected to kill enein four. Fach mouse in
group B is given a dose ‘¢’ of another poison which 1is cxpected to
Lill one in two. Show that, nevertheless, there may be fower deaths
in group B than in group A and find the probability of theAhappen
ing. (™

. {]AS 1952)

‘~

P

Solution : K7,
Favourable cases are “\
No. of deaths in B Weo! of dealiis in A
(1) 0 N 12,304
(2) 1 A\ g 2,304
(3) 2 PN Jord
(4) 3 i 4

chances of 0, 1,2, ... deaths in groups A and B are given 188

> I
pectively by the different tenms of the binomial expansion ('%'+T)
1 £
and (iz +17) “\
A\

C:}{z}ﬁ?é‘for (1) case = (; )‘ X[ iq, (- i)S

X
{ ’\ +4C, ‘i )2 X (-%--)E-F‘Cs( i )
N

j( 1‘)3 | j
)]

EN S|

o
w\ - l._ _103 54 . 12 ] L] .
A% 16 L350 T3%6 7556 T 256 -_
= 175
16256
Ly 1 3y LY
Chance for (2) case =4C, (i) X o ><[ 402( 4_) (4)

(3T
[k +a ]
- 268

16 x 256
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sty e =i 1Y(1 Yo (L)
+(4)]

12 17
= Y6256 256
w18
16x256
Chance for (4) case = G, ( ) )I:( )] N\
!6><256 ;\'\"'\.

\ W

These ways are mutually exclusive hence required change

_ 175426847844 o\’l’:
16% 256 e
525 \
~16x 356 \\\“
525 .,fj.x

N T

\d"roblem 441.—A and B casty each with a pair of ordinary
dice for a stake of £61. A wins ifhe throws 6 before B throw 7, and
B wins if he throws 7 before A theows 6. Find their respective ex-
pectations if they cast altcma{ely, A beginning.

N\ (M.Sc. Agra, 1945)

Solution : N\ A\
A can throw® (442 or 244 ; 541 or 1+5; 34-3) with two

dice in 5 diﬁ”cr;eQ’t,.ways hence his chance of throwing 6 in first trial

.5 N\

18 '3-'6—- \w'

{f )’( fails B will get chance. Hence B's chance of getting a
5 31 .
th{ow is 1— T

If B gets a chance he can throw 7 with two dice (443 or 3+4;
5+20r2+45;6+10r 146;) in 6 different ways,

Hence B's chance of winning if he gets a chance at all is
6 1
% s

Hence B's chance of winning is % X é
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of get-

480
I[ B also fails A will get again chance hence A's chance
3
ting second trial is 3é X 2 . Therefore the chance that A wins in "

- | 31,5
second trial is 36_X '36): 6

fails B will get a chance hence we can prove in v
5 1

If A again
2
similar way that B’s chance of winning is (gé ) XZ s and so0
ot . A
' 5 5 KT B B Iy 31 3
8 (%)

. Total Cham:eoff’&:;a6 +36 ® 36" 6 .ﬁq\ﬁ

50
_ % N
(3t 8T
360506
5x 65\
_-'§6’1:6_
I
“&\ 31 1 1 3 1
£ %
Total chanc{\bf'B=—j6_x _6__|_(__36...) X'_IS"X .
~O N 5N L
QO +0%)X(€)X6+ """
i"\:.:' . _3__1 1
AN : 6 < 6
.\ ——
Q‘:‘:; 1 31 % 5
AN A
36 76
)

. Expectation ofA:--g?— X 61=30%

Expectation of B:;lI % 61==31L

%robler‘n 442.—The odds against a certain event arc 5 toz‘
and the odds in favour of another (independent) event are 610 33

find the chance that one at least of the events wilt happen.
(M.Sc. Agres 1949)
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Solution :

Let p, be the probability that first event will happen, then

Hr= g 5 hence q1=1——2T=—;—.'
Similarly ifp, is the chance that the second event happens
then p2=—6— ;7 -
T
The probability that none of the events happen is
3.5 %
NEETT T T - O\
Hence the probability that at least one event happens o\
=2 52 ~\
77 - AN ?

Vﬁroblem 443.—A, B, C, D cut a pack of car&s successively
in the order mentioned. If the person who cut$\as spade first re-

ceives £ 175, what are their expectations,
.\’.:\\(M.Sc‘, Agra, r944)

Solation : \O
13 1
S 2 I

The chance of cutting a spade =

A will get first, fifth, mnth, N trials

Hence chance of A=\4 + ( )-!- 4( )+

L §

T" 64
3

\\

~fﬁ (5

B will g&bsecond sixth, tenth,...... trials

1T

N\ _ 3 1 ERUR
,\;;\ chance of B-—sz—_-{‘-( 4) x-4—+......

N
g N

o N
a\" 3 1

N %% M,
=T

)

G will get third, seventh......trials

S chanceoff‘( )X —1—( )x4

()X}I 36
(

— 3)‘ =175
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) , 6t 48 6
5 D’s chance== 1 175~ 175 175
_27
=175
, _ 64 . .
& Expectation of A= 4 X 175=64 £
. 43 .
Expectation of B= X 175=48 :
175 ~ ;.
. 36 . 3
Expectation of C=- ¢ X 175=36 £ O\ |
AN
. 27 . >
Expectation of D= 175 X 175=27 £ N

Problem d444.—Pcter and Paul play.'ak\a:m: with two dice. -
Peter plays first by throwing the dice togetlien “If the total number &
of points is a piime number other thag\Zhe wins outright ; if it 8
even he throws again under the same obditions ; in other cases the .*‘_'I
throw passes to Paul, who throws uhider the same conditions,  What
is the probability of Peter’s winning? : s
(M.Sc., Agra, 1947) )

(From Kandall Vol I, Page 169

Solution : A~
R -
It is to I:'Ei;hfsﬁumed that the probabilities of throwing a1y -
number 1 to 6w th either die are equal. The possible throws are
2,3, 400000 .{2and the number of ways in which they can ocour
arc :— \ 4 .
Total poirths™ 2 3 4 5 6 7
No.q{@dy: I 2 3 4 35 &6

\ }.‘\Thus the probability

v
o
—
<
=
—_
j s

14
(1) of throwing a prime other than 2 {i.e. 3,5, 7, 1) is 357

' 18
(2) of throwing an even number (i.e. 2, 4, 6, 8, 10, 12) 8 35

(3) of throwing neither ie. throwing 9 is _346_ C

These threc events are mutualiy exclusi.ve. Let P be the ];Y;I;':
bability of Peters winning, Now if Peter throws a prime other thus |
2 he wins outright, and the probability of his doing s0 is tho

1
3

bility of winning in this case is 18 P; if he throws neithen th

36

g— ; if he throws an even number he throws again, and his proba- :

¢
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throw passes td Paul, whose chance is then P, so that Peter’s chance

I .4
qf winning is —g- {1—P).

Thus we have

14 18 4
P=3gt36 P3P

18 _ 9
_ 22 it’
ﬁmblem 445.—Eight letters to each of which corresponds an

envelope, are placed in the envelopes at random. What is th
probability that all letters are not placed in the right envelopes ?

(M.Sc., Agraf 1947)
Solution ' O
Fight letters in cight envelopes can be put igr~Ff§_ways in
which there will be only one way for posting the lettérscorrectly.

H 1 m'\ j 3 -Lu_ |
Hence required chanccmjlz . ( N b / /‘n/

+/Problem 446.—Goddard, the captain;?}'Wcst Indies cricket
team is reported to have observed thegule of calling “heads” every
time the toss was made during the five #hatches of the last test-series
with the Indian team, what is the probability of his winning the toss
in all the five matches ? R \
How will the probability be affected if he had made a rule of
tossing a coin privately to detidé whether to call ‘heads’ or ‘tails’ on
each occasion. 24

giving P=

o) (L 4. 8., 1950)
Solution : \\"
The chanr;c:c;f‘winning the toss in one match is —:12—-
ANY¥

Since the-result of one match does not effect on the tossing of
other henés these events are independent. Therefore the chance of

o dNY . 1 N\®
winnifig the toss in all the five matches=(—2. )
O _L
\/ a2
These events are mutually independent hence tossing privately D =

will npt effect the result.

\)/I)’(roblem 447.—p is the probability that a man aged » will die .~
in a year. Find the probability that out of Smen A, B, G, D, and L
cach aged x, A will die in the year and be the first to die.
. , (1. 4.5 1954)
Solution :
= pis the probability that a man die in a yean Hence the
chance of failure=1—p.

-
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The chance that ny man die out of 5 men A, B, G, D, Lk

(1--p. :

Therefore chance that at least one man dic out of 5 i 3

1—(1—p)b,
1

Thus the probability that A is first to die— p [I—(l—p)5)

\/Problem 448.—A, B and C in order toss a coin.  The first :
one o throw a head wins. What are their respective chances of
winning. Assume that the game may countinue indefinitely.

(1 45 955)
Solution : L\
AN
The chance of throwing head = 7 O
A can win in first, fourth, seventh,...... trialé’; ’
B can win in second, fifth, eighth,... wials
C can win in third, sixth, ninth,.... . tgals.

chance of A= ; - 12 (%}Zx}—z (}2—)6 S

chance of»B:; 12—- (%\k—; (% )4 + ":;-(—:12—)7 v
O !

) _ 4 _ 2
N = Ty a3 T
\\ I- %_) !
:\%w" chance ofC:% . (—;—)2 —|——;- (—£~)5 Forriinns
'S 3 ' 1

V _ &8 1.

f\'\
\L"’&’roblem 449.—If 4 whole numbers taken at rando{n are
multiplied together, show that the chance that the last digit 11 the

. .16
v/ product is1, 3, 7 or 9 is 55 (M. Sc., Agrd 1945)

Soluntion :

Method I The whole numbers can end with any of the 19
digits 0, 1,2, 3,4, 5,6,7, 8, 9.

The whole numbers having last digit an even number i
2, 4, 6, 8 when multiplied together will end with the even
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numbers, Similarly the whole numbers, ending with 0 or 5
will not give 1, 3, 7 or 9 when multiplied together.

Hence we conclude that only those whole numbers which end
with 1, 3, 7 or 9, when multiplied together will give the last digits
1,3, 70r9.

Hence out of 10 digits the end place can be occupied by any
of these 4 digits. The chance of which for one whole number is
4

o O %- Similar is case with other threc whole numbers also
"\
) 2\ 16

Hence the required chance—(—s--) = 25" \

o Method II, Lastdigitcanbe 0,1,2,3,4,5,6,7, 8, 90

Chance that any of the four numbers is divisible b§™2 or 5 is
% or —g Hence the chance that it is not divisible Ky¢2 or 5 is —%— .
Chance that all the four numbers are not divisih¥é by 2 or 5 is

1 \
(%) . This is the chance that the lastdig ;t’in\tllc product will not
be 0, 3, 2, 4, 6, 8 that is the required chqm}é

\-éroblem 450.—1f three square Yte chosen at random vna o
chess board, find the chance that they'should be in a diagonal line,
NN (M. Se., Agra, 1946)

SN g

Solution :

There are 64 squargsiin a chess-board. The total number of
ways in which 3 squaresican be chosen out of 64 squares="4C,.

Now we haveyto Mind
the chance that they should A
be in a diagondl line.

Consider “the diago-
nals pariié‘k‘ to diagonal

AB. Diagenal AB con-
tains & Nsquares. On both
sides™of AB the number
OB Nequares  in successive
diagonals are 7, 6, 5, 4,
3, 2 and 1. Similar is
case for diagonals perpen-
dicular to AB.

Therefore the favour-
able waysie. the ways in
which 3 squares are dia-
gonally
Z2[*Cy+2(Cy+°C, + °Cs

_ +4C; +3Cy)) ; i j j ;
=2[56+42(35+20410+4 B
+1)] N

=392
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392 39232 7

required chances wiy g4 630 744

WProblem 451.—If m things are distributed :uuong ‘a® men and
omen. Show that the chance that the number of things received
f men is odd is

1 (e (b —a)”
2 (b-f-a)™
(AL Se., Adray 1953) .
( ROy 1787
Solution : O _
'y <\}S
- . . E.."
Chance of getting the thing by men lia?{?f

Chance of getting the thing by wemdén is ’
A a4-b
’..\ v .
If ‘a’ men get only onc thing\dtt of # and other things go to
women then the chance for men 15”7

G‘(aia)(aj b )m_l

N

If ‘@’ men gct"’@ee things out of # then chance is

. :\\'\2;03(%{?5 CH

5 \oe?
V4
N

If,‘{f’"men get five things out of 7 then chance is
i"\.:’ m a 5 ___‘_;’___ m_5
Q - cﬁ(ﬂ& ) (a+b )
3% and so on _
\”\;”; ad Hence the chance that the number of things received by men i3
o .
b =1 NG b m~—8
= L@ \\ — m _a -
l(a—l-b/ a—l—b) 7 (a--&) (aﬁ—b) t
) m-5
mo -2 Y (b
5(a+b ) (a-i-b ) REREE
1 .
== W [”’Clabm“l—l—mcaaabm”s-l—m05a5bm*5+ ------ J

= el (t+e) = (6—)"]
L Gtam—G-ar
> i Tm .

=
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V \/ﬁroblem 452.—An ordinary six-sided die is thrown 4 times.
What are the probabilities of obtaining 4, 3, 2, 1, 0 faces’ ?

' (M.Sc., Agra, 19s8)

Solution :

Chance of obtaining an ace with one die is —1—; hénce chances
of obtaining 4, 3,2, 1 and O ‘aces’ with 4 dice are successive terms
. L 5\
in the binomial expansion (%-}- -6—) . The result is tabulated
as below : ' \
No. of ‘aces’ 4, 3, 2, 1, o

e 1Nt 71N 5 INer 582 2 NS5O 75y
posasiy (> 4(5) (5 ) () (5) 6N (%)
b Problem 453.—Two players A and B want respeetively m and
n points of winning a set of games ; their changes of winning a
single game are p and ¢ respectively, wheré\the sum of pand
g is unity ; the stake is to belong to the player’ who first makes up
his set ; determine the probabilities in faydur-of cach player.

{Halbaud Knight Algebra, page 388)

TR
N

Solution : N

Suppose that A wins in exdctly m4-r games ; to do this’ hé must
win the jast game and m<1 out of the preceding m+r—1 games.
The chance of this is "W,y p7"¢7p or mir=10 B

Now the set Sl necessarily be decided in m+n—1 games,
and A may win hi§ r games in exactly m games, or m+ 1| games,...,
or m+n—1 gandes’; therefore we shall obtain the chance that A
wins the set by giving to r the values 0, L2, n—1 in the ex-

pression "FAC,—p"g"

LN\
+Thus A’s chance

$
.

O = tm ™ et

Similarly B’s chance

tn—2
-=q"|: [np+ ’ﬁ‘-ﬂi-ﬂpe+...;..+,|— il S ] |

m—T i

_/ Problem 454,—Two players of equal skill A’and B, are play-
ing a set of games ; they leave off playing when A wants 3 points
and B wants 2 points.  If the stake is £ 16, what share ought each
1o take. ' (M.Sc., Agra, 1948)
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Solution ;
Since the players A and B are of equal skill, the chance of
each winning is o - Now the game must be decided in four games

out of which A must win the last game and two of the remaining
three games.

Hence probability of A’s winning

o (DAR(LY

1 5 (\H |
= e 'S\
=16tg =14 O -
|
Hence A’s share= 156 X 16=5 £ ~ !
B’s share=11 £. )
Wtoblem 455.—A problem in“sﬁal;fstics is given to three stee
\\7/ Aehts whose chances of solving it afc:.’i , _;. and —i . What is the

probability that the problem ﬁ}izﬁe solved,
RN\ (M.Sc., Agra, 1957)

Solution :
”‘\

e\J 1 g
Probability that first fails to solve the problemzl.——z—=-—2—
N { 2
» AN, second ,, . . =1- 5=
N
\v hird 1 1___1
\%, » thwd |, ' " =l-7==7

AN The prolability that none could solve the problem i
\ 1

\M\]‘af&blcm is not solved = %— e 2 3

IXg=y )l
H il : - ()
ence the probability that the problem is solved -
: e LY b
el 3 - (b

. \lfroblem 456.-—-Suppesc a white ball has been drawn from one
\/ of the three bags,
4 first containing 3 white and 5 red balls _
the second containing 2 white and 7 red balls
the third containing 5 white and 9 red balis
What is the chance that it was drawn from the third bag.
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Solution :

Method I.—Let these be n drawings, of those —2— will bé_ made
-from the first bag, and of these —g xhg— will give a white ball.

- 2
Simifarly g X -;:— will be the number of occasions, on which

a white ball be drawn from the second bag ; and% x—?;—will be. e\

number of occasions, on which a white is drawn from the thirdbag.

S
Hence out of every (% + % —I—% ) Y %occasiongoh'which

a white is drawn, it will be from the third bag Q’i'—:’Z x—’;
occasions. : Q
Hence the chance that, a white ball beistg drawn, it comes
from the third bag is \ &
IV -\ g
. a3
T3 2N 5 n
(Tf‘f@f’*ﬁ)x 3
_ s
’ PETIN
- NMethod I1.—By fticle 7 we have _ Can
N D g, o oot HRIE
- i N et b
O . N e
N3 » 5 ,L _ .
NEOarRECaE M T Iz MF\‘A e
O e

N s
NS . 47y

SN required pec gy g ey g
9

3 Xt Xy g
180

. A
;i’ Problem 457.—A bag contains three balls, each of which

may be either white or black ; and a white ball is drawn.  What is
the chance that the bag contained 2 white and 1 black ?

Solution 3

This preblem may be interpreted in two different ways, which
we shall discuss separately.
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I If each ball is equally likely to be white or black, by take

. . . N t
ing the terms in the expansion ol ( S ) , wt lind  the probas

"

bilities it three cases :—

)
{(a) All the three balls are white probability is\ i ) ar é
5) 2 balls are white probability is ¢, ( L) e
(b) alls are white probability is ,(2-/ 3)or,"%,— .
. . o ey i
{¢) 1 ball is white probability is *C, ( 5 2} o~ 5
! 3 3 O
P1;= 8- ; P2=‘8 ; 1)3_ {‘} .M:\\,..
2 RN
£1=1; fro= 3 fs= 3'4\\'
o\,
‘:,f 3 ) o)
s required chance = ~3% 8 3
WY 32,8 )
RN I T B I
A1
\ —
.aff;\

X\

11. The bag'may either contain (1) all white, or {2) 2 white
and 1 black, ps\{3) 1 white and 2 black, and there is no general a
priori reasomfer supposing one assortment (o exist rather than an
other ; weithérefore assume them all three to Le equally likely

O

1
N P=Re=Py= -
AN
\./ 2 1
Q pr=ls po=-5, b=
required chance = — s T i
_ LY S S~ G
g I g Xy Ty Xy
_ 1
= 5

Problem 458,— A bag contains 5 coins which are known 10
be either SDVcreign or Shilli[]gs. Two coins are drawn and are seen
to be a sovereign and a shilling. If these be replaced and two
again be drawn, find the chance that they will be a sovereign and 2
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Solutien :
We can have four different kinds of bags,
(1} Containing 4 sovcrelgn and I shilling,

(2) ] 3 E] 2 32 3
(3) 33 2 3 3 3 3
(4) 11 1 » 4 »

We assume that all the bags are a priori equally likely.
Now the chance that a sovereign comes at any drawing, fr({n

(1) is lo,from (2) is l‘f),frmm (3) is l‘;,and from (4) is - ios)

Hence the chance that the bag is of first kind is O
P4 ,.}‘ -
I 4\ 50
4 ( + + +10

3 \«
. \
of the second kmdl(} , of the third Xind - J’Q G of the fourth 5

Hence the chance that the bag§ is of first kind, and that a so-
4 4

vereign and a shilling are drawmagam =5 X5 =50

Similarly for second k‘ind chance = i 6.2

Y ¥ 10 10 50

N\ 3 6_9
‘h{‘d” nooom =10 10 ~ 50
X : 1 4 4
¢ = wro %

,{ }“,fourth s . 510 =50

Thesq\i:vénls are also exclusive.

:"\:‘. 4
,\\w 5= ok o g +50

" 1

1y

Hencc thc requircd chance

50 ' 500 T50
R N 13
'"\ 7 £ 25
N V{rohlem 459.—A ball has been drawn at random froma bag
containing 99 black talls and 1 white ball ; and a man whose

statements are accurate 9 times ouvt of 10 asserts that the white ball
was drawn. Find the chance that the white ball was really

drawn. -

Solution :
The probability that the white bali will really be drawn in

i any case is %ﬁ’ and therefore the probability that the man will truly
| ! _

' : 1.9

| assert that the white ball is drawn is ]ﬁﬂx i
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The probability that the white ball will not he drawn is-l%% ,
and thevefore the probability that the nan will falsely assert that

. . .99 1
the white ball is drawn is 140 ® 1

Hence the required probability

by
1007 10 i
= P9 9 ] O
et - e A
100710 ' 100 10 Ko
7'\ “
1 \J
n = \
2- :"’a

B

e

v

a
\ 3

\‘/ roblem 460. — A ‘;p('a.k‘; the truth tln’t'} times out of fOl_lf:
and B five times out of six ; and they agigelf stating that a white
ball has been drawn from a bag whigh\avas known to contain
white and 9 black balls. Find the (,hanc that the white bail was.
really drawn.

‘s
oo/

Solution : R ,’:l

| The probability thax ﬁxc white ball will be drawn in any cast
is 10° and thercfore thc probablhty that A and B will agree in
. 5
truly asserting th\at‘a‘ white ball is drawn is 110 X i— Ko
The p(obablllty that a black ball will really be drawn in any |
case is \190\ ¢ and therefore the probability that A and B will agree in

I
iiz}!sc?iy asscrtmg that a white ball is drawn is l?} = —l" O
A
v Hence the required probability
L 3 5

_ B 10~ 476
35 96 11

—w TS+ T o — K —
1 P RN S el

5 5
NG

roblem 461.— A spoaks truth three times out of four, a“ﬁ
. B ﬁve times out of six ; and they agree in stating that 2 white bzltls
has been drawn from a bag which was known to contain 10 ba
all of different colours, white being one. What is the chance that ,a
white ball was really drawn ?



PROBABILITY 493

Solation :
The probability that the white ball will really be drawn in
.1
any case 1sl—o—,ancl therefore the probability that A and B will

agree in truly asserting that the white ball is drawn is
1 3 5 1

[ A TR
" The probability that the white ball will not be drawn. in any
case Is o The probability that A will make a wrong sta’temént“\

is 4 , hence, as there are nine ways of making a wrong statcm“mt
which may all be supposcd to be equally likely, the chance Ghat A
;

wili wrongly assert that a white ball is drawn is —— X —4 ™ ﬂ There-

4. 9
fore the chance that A and B will agree in falsely assc?tmg that a
9 i ] ] \
= = %o
wh}te ball is drawn i X - 7597 60 ZLQQ
Hence required probability is L&
1 ¥
_ ]6 »:’, e
o TN
16 “+2’l 60
asse i
BEN
,\\‘,l
) W CD’J'“M}P

~L e A
L 3 i ,.-—{)'V\ -
?\“a A oo . oy LB
J;i\ Y Jh&m ; Saak o Moo chaor e
’ B - v T
on\”.,
N/ Y e
LT 4 3
=t
7 -

N



\oéIAPTER XV

WURVE FITTING

Method of Least Squares:

Let us suppose that we have # pairs of values N, Y seonen Vi o o

and that we wish to represent them by an equation -t the type Y
b 1 A :
Yemaytay x-faa® - b ELAR SN VI

N e L
Now we have to determine the values of the constants By, 4.
a, in terms of the given values X, Y, 50 as to get the bhasty\possible fit.
N/ LA

Substituting X, X,,...X,, for x in equation (1§ W get

i =ay+a Xyda, X2 4., + ap XJ‘K;;
Yo' =aytay Xy tay X2 b 4, Kg?

3

J”n:'&'o‘i’ al Xrl+az X2n‘|’: :‘ ces +a31 an
Now define a quantity U sueh that
U=3 (Y,—y/)? wherer=1, 2,..... n.

The values of Y, —Mor different values of r are called Resi
duals. The best fit 131 t for which U is minimum.

But U= (¥, "0, ~a, X,—ay X’y......— g, X,7)°

The condition that U may be minimum gives

PY _ U _ U _ v __,
\I}B'aa 94 Qay T dap :
yl‘:‘v\?hich gives on simplification
.n\'o
\”\. X2Y,=nay4a; B X, 4o X2t
EX, Y,=ay S X, +a; E X% 4, BXI 4.
X% Y, =g, 3X2% g 3 Xta, T X4+ ...,
EX% Y, =0, 5 X2, 40, S X9 40, £ X5, ...

et
........................
...................................................

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

Weriting these equation in general forms as
= Y=ﬂao+a]_ E K‘f"ﬂ'a z xz_!_ ............ +ﬂp 2 XrP
& XY=gy 2 Xta X Xta, 2 XA ta, 3 X4
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T XW=0a,Z X?40, 5X%40, £ X} a, T Xr48
XY=, 2 X344, X 40, T X4 .., g, T Xot3

These equations are known as Normal Equauons and are 2+l

in number. They can be solved like simultaneous equations to give
the #+1 constants.

Cor. I. If we have to fit a curve of first degree viz. y=day+ax
then normal equations are ¥ Y=nag,+a, £ X A
E2XY=ay ZX4aq 3 X2
These two equations will give the constants ¢, and a;. )
Cor. II. If we have to fit a curve of second dcgree w\z
Y=d,+ a; ¥+ 4 x* then normal equations are _
S Y=naygta, T Xta T X :
3 XY= G S X+a 3 X2+a 2X3 N
I XW=ay I X2oy 2 X4, T X
These three equations will give the conm\mts ay, 4y and 4a,.
Ny Vﬁxamples ‘x\

vgroblems 462.—Fit a straight lige to the following data re-
garding X as the independent vanab]é

“.

X 0O I &8 N 2 : 3 4
¥ 1 [N 33 45 63
' < (M. Sc., Agra, 1949)
Solutlon
Let 1he stralght\hne be
F= aﬂ‘l"a;

then nqimal equations are
M= nagta, T x
\Exy =ay Bi-+ay Fx?
here n=>5 .
S \ Calcu]anon of 2%, Zy, Zxy, and 32

] - —
\ 3 . ;
. . |e

x ¥ x} I wl
— } e
0 0
18 1
66 4
13-5 9
252 i6
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normal equations become
16°9==3ay-+ 104,
471 =10¢,+ 30a, 1

~ Solving g;="72, alx1'3_3.‘/.

. . . A TR~ A E o
hencc the required line is S R R S

Ty 72410335

: s./'l’roblem 463.—Show that the line of fit to the following data

is given by y="7x11-28.

x 0 5 10 15 20 25

y 12 15 17 22 24 30 O
Solution : L\ _
We see that the values of x are equispaced so that}crwﬂ xn-—ZS |
and k=3 Ve ~\
M __x1+§ﬁ - 25 ,’?’“ ‘
3 _____._2. ——— ~_~2—., .."\‘\.\\.
and t M. =123
k .f’.:,x-'f'\
Let the line be ~C
J ﬂ“n‘i‘“x‘
hence normal equations ani
Zy -—naa+a12t
Zty -:%Et-{;ilt*
Oalculatlon of Eé\}‘.gy, 2t and X
i Ke ) T -
. I (™ | 5 l o a
ﬁ \
S R -l - — -——
9 NG —-15 H 12 | —30 : 625
5 07 —1s l 15 |~z : 225
w Oy -8 17 R 73 25
15\ \'| ‘5 23 l 11 _ 25
200 | 1-5 24 . 36 ; 2495
28 | 25, 30 \ 75 ; 625
o e
Y | Zt=0 Ty=120 ! Sty=61 [ $2=175
i j I
Normal equations become
120=64,+0 S a,=20
6i=0 -+17'5a, S ap==348
& lineis
y=20+3'48 ¢
or 9=204348 "_‘_:_:?- 5

or p="Tx+1128,
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V]‘roblem 464.—Fit a second degree parabola to the following
data taking x as independent variabic.
x 0 1 2 3 4
¥ 1 18 1-3 25 63

(AL 8- Agra, 1956)

Solution :

Let the parabolic curve of fit be

Yt a1¥x+02x2
then normal equations are N
\)
Zy=nayta,;Sx+ta:2x® e N
. O
Bxpeag2xt-a, Ex? 4+ @, v? N\
Salyes qpZal a3 gt ,\ >
\:“‘\
The values of Zx etc, are calculated as below N\N\Y
e e e e e : P :'.. \; e e e i e -
x > oy x2 2y LV a0 x4
O .
0 1 L6 0 a® 1 0 o0
1 18 18 | 1 V18 11
2 13 26 | 44y 52 8 . 16
3 25 75 o' 275 27 . 8l
4 63 | 252 . J,ﬁ:' 008 5% | 256
i : | e B
TR=10  Sy=129 ‘ 571, «;:F 30 1303 00 | 35¢

Substituting tbc,éé.,\:alues we get the normal equations as
<;,J'ﬁ-9=sau 102, +30a
37 1=102y+30a; + 100,

\\\ 130-3=30a,+ 100a, + 3540
Sb,h};ng we Zet
O

ay~=1'42, a,= 107, gy="33

& parabolic curve of {it is
y=1'42~1-07 x4 55x*

Mﬁroblem 465.—Fit a second degree parabolic to the following
data :

X 0 1
¥ 1 5 10 22 38
(M. Se. Agra, 1958)
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Solution :

Let the parabolic curve of fit be

F=ayt-ayx-f-ax®
Then normal equations are
Sy=nay+a,5x+,5x°
Ex)’=aozx+alzx2+agzxa
S =a,5x 40,508 g, 58
Calculation of Sy ete, - \
e e oL .= T —
x ‘ > I| Xy e x2y LN \lh £2
| \J/
— T : A e
0 | 1 o o 1 5 N 0
1 5 5 Y A !
2 1o 0 e 48" g i 16
3 ; 22 66 - 9 R NS 27 81
¢ 1 33 12116 | gug 64 | 236
- |_ ——— ;_(_?bf _ e
| 1 & ® :
10 76 | || 30 AN 851 100 ¢ 334
Normal equations becomie
76=6a,3104, 304,
243 =104+ 304, + 1004,

8515300, +-100a, 4 3544,
Solving we get, ‘“z
Y %=T5, m="83, e 106
Hence the required curve of fit is
~O J="T54-"83¢ 4210652

oblem 466.—F;¢ 2 parabolic curye of regression of y on x
to thg@x en pairs of valyes,

N N TV p U520 25 39 35 4y
~O 3 T /13 16 29 5 34 4
4 N2 S (M.Sc. Agra, 1954)
S o

Solution :

I Method : Let the Parabolic curve of fiy be
Y=apta x4 g2
Then normal equationg are
E_y:na,,+alzx+a22x2
Txy=q,5x +a,2x24 g,5x3
Ex2'y=a(,2x2+a;2x3+ 248
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Calculation of Zx, 3¥2,,.. . etc.

2

: ¥ ! Xy a2y Py x4
— R L
Lo | 1l 10 1 19 10
1-3 1-65 2:25 | 2925 3-375 50625
16 i 32 4-0 64 80 L]
2-0 50 625 | 125 15625 ' 39-0645
2-7 [ 9-Q i 243 . 27 i 8LO
34 59 12425 | 4165 42-875 150:0625
41 154 16:0 656 I 640 2560
— | — = &
162 4165 | 5075 . 154475 | 161875 ‘ 54871875
- — —— B __—-—\-'—%——-_Q”' =z
Hence normal equatlons become A
4 ’¢‘
162= Tao-i—l'}' Say450°75a, O\ °
A1-65=17"5a,+ 50754, +161-875¢,. L ©
154475=5075a+ 161°875a, -+ 54418754,
Solving we get .:f\\;
=104, ag=—2, _ fo="24
% 3
Curve of fit is )
y=1"01—" 2x+'24 2
IF Method - A\ ;
¥
Put U= f‘v%-s—h-—- S H
and let the curve\c@ﬁt be
y=agtau-Faut
Then normal equatlons are
,\~ », Zy=nay+a,2u-4 g, 2u?
i~\x}~ . Zwy=aZuta 2+ g,
'\\“' Zuly=ayZu®+ay Tt f gy Tt
C’alculatmn of Zu etc.
~© ) e Ly D ow o ow
N R A I 5
| ; !
—_—— ] . ! . j—- —_
10 -3 ' =33 ' 9 ! g9 , _97 81
15 -2 -3 - —26 I + ¢+ 52 — 8 16
20 —1 16 —16 i 16 i 1 !
9.5 o 20 0 | 0 | 0 0 0
30 1 ‘ 2:7 27 1 27 1 1
35 2 34 68 | 4  i36 | 8 16
4-0 3 ‘ 41 12:3 i 9 i 369 27 81
0 196

izuzo‘ 162 | 143 i 78 iﬁg-g




L]

500 PROBLEMS IN STATISTICS

The normal equations become
16°2=Tay+ 284,

14:3==28a,
69-9-—=28a,+ 196,
Solving a,=207, a,="5t1, a, =061

Hence curye is
}r=2'{)'1"+'511[2.14:&5)+'061(?,~:—5)2
or 3=1"04-—2x 24" A

\/f’rnhlem 467.—Fit a second degree parabola to 1hc« fallowmg
data taking x as the independent variable :- '

x—— 1 2 3 4 5 6\ 7"' 8 9
y—— 2 6 7 8 10 11 N 10 9

\\{M Se. Agra, 1953)

Solation :
v - o
ut u=x—35, Na{-vv——S
and let the parabolic carve offitbe
vzn‘ojv’m;} aput
Normal equations areg » ’
o= nag+a,2u-+ apZut
e :\Euvz ag2n +a, 2ut -+ ag2u®
LA V' Zute=aZut + g Tut 4 gpiut
Galcul.asi{m of Zu etc,

—x G i _ —
% L\"\.’i S ‘ v ‘ w ‘ u® B 3 o
— N - L —

~N : ‘ |
é\ l % i _g P —6 24 16 —96  —64 25?
\ =30 -2 | 6 9 . —18 =27 8
3 .7 . —2 -1 i 9 4 i 4 8 16
i | : —_ —_
4 s | -t | o o | i i
| L 0
2 ‘ . : 0 0 v 0 0
S S S B 5 0 9 1%y 1 1
7o 2 36 ¢ |2 8 16
9 ‘ o ; 4 | 9 18 27 056
| A R | 16 16 61 z
- I—- - : i____ A ! D | R,
| | ° 2 0 st 60 | —0 o 708

\

Hence the normal equations become
2==%a, 4 604,
31=60q,
—69=602y+ 7084,
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Solving ay==2-002, a, =85, ay=—-267

Required curve is
F—8=2002-485(x--5)—267(x— 52
or y=10-002+85(x — 5) —267(x—5)%

”
\Problem 468.—The profits, £ 100y, ofa certain company in
the xth year of its life are given by :

x 1 2 3 4 5
>y . 25 28 33 39 46 « O\

Taking u=x—3 and v=y--33, find the parabolic regressidndof
2 on # in the form 'S\

v=a-bu+tou? \_/'5 \,n'?& i
(M 8 Agra, 1952)
o\

w

Solution : \
Since curve is v=gt-buted A s\\'
The normal equations are \ \
' Sv=na+bsy-heSu?
Zup==aSy f;:‘{:‘uz—}— eZuy?
Euzﬂwa.ﬁ;vﬁ“é— fou® fesnt

Calculation of Zu etc{i

/o

7\J | P T
x [ 3y |[ u 1\\ e | w ! u? ‘ néo w3 u
! . e o
| | ....;Z‘,'? E— N |
o 23 I | -8 16 4 -3 | —8 i 18
o | o2 31 ! I3 5 1 ‘ 5 O 1
3 35 0 0 0 a 0 0 0
Ol 1 1
P & L 6 6 1 | 6
5 \ig ‘ 2 13 2 £ ® 8 | 16
1.;. | _ -
~O S0 6 | s o ;o | oo | 3
2 i : :

Hence normal equations become

6=5¢+10: ~
53—=10& '
21=10a434¢ -

- a==-086, b=53, e=="643

.. Required cutve is
v=—"086-5-3u-+2643u>



~CHAPTER XVI
‘THE THEQORY OF SAMPLING (LARGE SAMPLES)

Random Sampling :

The selection of an individual from a Parent universe is random
when each member of the universe has the same chance of being
chosen. It is, so to say, a lottery method in which individual
units are picked up from the whole group not deliberately, but" by

some mechanical process so that every unit has equil prohatility of
entering in sample. a\

Simple Sampling : N
By simple sampling we mean Random Samplitg in which cach
event has the same chance of snceess, and in whish chances of success

of different events are independent, whether Qr;vious trial has been
made or not. ? .\

7

The theory of sampling can be sgt{ichea under two heads (1)
The sampling of Attributes, and (2) Thésampling of Variables.

(13 The Saxgp}t{n’é of Attributes

In the sampling of attritites we are concerned only with the
possession or non-possessighyof some specified attribute or characteris-
tic by the individual seleeted in sampling. For instance, in sampling
from births we may Béconcerned only whether the child is male or
female, The chogsing of an individual in sampling may be called
an ‘event’ or a ftxidl’, and the possession of the specified attribute
by the indiyidtal selected a ‘success’ and the non-possession @ .
“failure’. /0~

S\\gﬁééc now that we take N samples with »n events in each.

The chatice of success of each event is p and of the failure 7= 1—p;
thedithe frequencies of samples with 0, 1, 2,... successes are the terms

L.ifi the cxpansion N (g4 p)".

I

\/ The expected value, or the mean value, of the number oi_‘ suce
cesses is therefore np ; the variance is npg, and the standard deviation
(or the standard error) of the number of successes is 4/npq.

The standard error of the proportion of successes is
~n/ .
bl
Note. If the observed number {or proportion) of successes
differs from expected number (or proportion) of successes by more
than 3 times the standard error of number of successes {or proportion

of successes) then the hvpothesis is not correct and the dcviati?n bet-
ween the two values is not due to fluctuation of random sampling.
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Comparison of Large Samples :

Let two samples give proportion of As’ as p, and bo the
nembers in the two samples being #; and z,. We have to find if
the difference p,=p, is significant of a real difference between two
populations with respect to the given attributes. On the hypothesis
that the populations are similar in this respect we can combine the
samples to give the common value of the proportion of As' in the
population by the formula

po= Pttty
! i Q
If E;, E, are the standard errors in the two samples thea ()
NN “
Elz-———p—'ﬂ—“— and Egz———:ﬂ'g‘)— & M
By b N

|

Let E be the standard error of the parent univeg% then

. l I ~'
2.2 2 LI
E —.El +Eo*=pogo ( ??1 + s ) '\\:
If pywpe>3E then it is not due to fluftutdtions of the simple
sampling, but is due to some other reasom,\/

If the proportion of As" are not, ‘tl’ic same in the material from
which the two samples are drawn, bat 3, and p; are the true values
of the proportions, the standard girors of sampling in the two cases

A g P

are Fy=2-2,
- 3] g

8 J
X N\pe D161 Pafe
t‘hén El= ny +

If the diﬁ‘crégééﬁ,‘pe <3E, it may vanish on taking fresh
‘samples because this difference may be due to the fluctuations of the
simple sar%lfng.

O (2} Sampling of Variables
("We will now consider the sampling of values of a variable, such
Mh‘aeight, agé, etc. Each member of the population. of mdw_ndua]s
rovides a value of the variable, and we thus have a population of
Ealues of the variable, and the frequency distribution determined
by it.
ling Distribution. Ifwe take a number of samples
from as T;‘;gerseg and calculate some statistic, say mean or standard
deviation, of each sample, we shall get a series of different values,
one for cach sampte. 1f the number of samples s reasonably large,
these values may he grouped to give a frequency distribution.  As
the value of the number of samples becomes larger this distribution
apf;):'c?achcs the ideal or the normal form of a continuous curve. Such

a distribution is called a sampling distribution.
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The standard errors of some important parameters when the
parent universe is normal are given below :—

S.E. of Mean=
1
. ,» Standard deviation=- —
2n
»» sy Variance—=g? 2
n ~
.. . [ x
5» s Of cneflicient of correlation=- o \H
"\
» »» of coeflicient of variation {V)= ’&7?2”\/ 1_|_...‘.‘1\0..
(2n

N\
Comparison of Means of two large samples’:*

Given two independent simple sampiesdof 7, and », members
respectively, we may wish to examine whéther the difference of their
means may be accounted for by fludtthations of sampling, the two
samples being regarded as drawn from’ the same population of 5.D.o.
The Standard error’s of the mean§3of samples of a2, and n, members

from this population are - G.;"a'ild _z. respectively. Hence, on the
Ty fiz
assumption that the san:(?les are ‘independent and drawn from this
population, the S.E.E,\i(}b' he difference of their means is given by
N b 41
O™ B M
2X
The sampling distribution of this difference has zero for its
mean, apthis approximatcly normal if 7, and n, are large. Conse-
qucntIvy\\if the observed difference of the means exceeds 3E, it can
hardlysbe ascribed to fluctuations of sampling ; and our assumption
thatithe samples were drawn from the same population is almost
“gertainly incorrect.

N\

If the two samples are known to have come from different
populations, with variances 5, and 0,% respectively, we can test Ly a
similar procedure whether the two populations may have the same
mean. In this case the S.E. of their difference is given by

On the assumption that the two populations have the same

mean, the distribution of the difference of the means of the samples

" has zero for its expected value, and is approximately normal for
large samples. The significance s tested in usual manners as above.

*From Statistics by Weatherburn.
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.Examples.

Pmbi:tm'%?.—_—f\ coint is tossed 1000 times and the head
comes out SJO_tUncs. Can the deviation from expected value be
due to fluctuations of simple sampling ? '

Selution

Chance of getting a head, p = é—
Expected frequency =np==1000 X -;—=500 O
. [ . __,_,:\.:_\,.
Standard deviation = \/ npg = ,\/-;_:j&mﬁo
151

2

. o
The difference bétween observed frequency. arﬁ expected fre-
quency:550—-500="50 : :

Since difference is greater than thre 'tlr}es the standard error
and so it cannot be accounted for by i}ziﬁhlati(ms of simple samp-~
ling. O
L N
| PFoblem 470.—A certain giibical die
and & Sora 6 was obtained 3340 times.
random throwing, do the data jhdicate an un

was thrown 9000 times,
On the assumption of
biassed die ?

Solution ¢ i"\\

Assuming that'die is unbiassed we have chance of throwing a

S5orafbisy &
K 1 2
,-'\:“\;‘. p= _.3._, =" 3_
O
-~ e) "Expected aumber of successes=nf=9000x" ;
~ ==3000

The standard error of the number of successes is
o —
=4/ npyg =I\/ 9000 % 5 = 4472
The difference between observed frequency and expected fre-
quency ==3240— 5000=240
Since difference is greater than 3 time
she deviation is not due to simple sampling fluctuatl
is biassed one. '

s standard error, hence
ons but the die
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Problem 471.—1In some dice throwing experiments Weldon

threw dice 49152 times, and of these 25145 yielded a 4, 5, or 6, Is
this consonant with the hypothesis that the dice were unbias.cd ?

Solution :

- . . o
The probability of getting 4, 5, or 6 with a die is 4 hence the
. . 1
expected proportion of successes is p == B =="5. N\
; L\
The vbserved proportion of successes is ——igiig O
=-5115\")

. {
'The standard error of the proportion is "‘\

) Pi_ \/ T LS seinsos
=/ Pl=0 / 2 x oxo AN 00000508
N w 2 5 " aepss Y

=X 00225

Difference between the obée:r.iféd and expected proportions of
successes—="J115—5="0115 %

3 times standard error bf})roportions= 00675

Since difference iggrcater than 3 times standard error hence
the deviation is not{dueto simple sampling Auctuations but the dice
were biassed and fipt unbiassed.

Problem, 472.—Certain crosses of the pea, Pisum sativum,
gave 5321 yolow and 1804 green seeds. The expectation is 23 per
cent of green seeds on a Mendelian hypothesis, Can the divergence
from e:{f)sécted value have arisen from fuctuations of simple samp-
ling enly ? (Quoted)

7

m\J
“soluti
olution :

Total number of pea seeds examined=353214 804

=7125
Observed proportion of getting green sceds is
1804
= 419525223

Expected proportion of getting green seeds is 25 per cent;

therefore p= --‘Il—-= ‘25
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Standard error of proportions of getting grecn seeds

o= ,?9
“N 4% s
7152
== 4/-00002621
=-0051
Difference between observed and expected proportions "
—25223—25 O
=-00223 L\
3 times standard error="0133 ~'\,

Since difference is less than 3 times standard errgm hf,nce the
deviation is due to simple sampling fluctuations.

“Problem 473.—A coin is tossed 10000 time)’ }nd head turns
up 5195 times. s it reasonable to think that the €0in is unbiassed ?
PN (P.C.5.)
~ Solution : \ v
: O
Probability of getting a head jg ™ = 5
Observed frequency of gef_&l‘;‘g heads=5195
. Expected frequency of gettmg hcads—nj) =5000

Standard error—tmpq \/ 1000{]><_._ =350

Difference b.c’t,ween observed and expected {requency
,~;j.:"' =:5195--5000=195

This 1§‘greater than 3 times the standard error hence deviation
is not d&clﬁ simple sampling fluctuation but the die is biassed.

foblem 474.— A coin is tossed 400 times and it turns head
216titnes. Discuss whether the coin may be an unbiassed one, and
”eﬁlgain briefly the theoretical principles you would use for this
purpose. (I4.5.)

Solution : )
ﬁ == _2_

1
Expected frequency of getting heads=400x% - =200
Observed frequency of getting hegds=240
Standard error=+/npg = \/ % 400=10.

Difference between ohserved and expected frequency =40
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Since diffcrence is greater than 3 times standard error hence
dice is biassed one and the deviation is not due to simple sampling

ﬂuct;yions,

YProhlem 475, —A random sample of 500 pincapples was taken
from a large consignment and 65 were found to be bad,  Istimate
the propottion of the bad pincapples in the consignment, as well as
the standard error of the estimate. Deduce that the percentage of
bad pineapples in the consignment almost certainly lies between

8-5and 17°5. (1.4.5. 1959)
' N
Solution : L
The proportion of bad pincapples in the sample is ( N
B 65 _ 13 . R \/
P= 500 =g =13 A
1387 R4
7=1= 500" = 100 &
Standard error of proportion of bad pi@applts
_ RN + -
= \/ ._fq_ = N 13 _x\g?_ M- 1..__
n HULAS 100 500
=013 o\

Hence the proportion Qf“bad pineapples lies between
*13 43015 {or between ‘08%und -§75).
Hencc the percent; geof bad pincapples lics between 85 and
17°5. O
e X\‘ .
. roblem 476. %A sample of 900 days is taken from Meteorolo-

gical records of alcértain district, and 100 of them arc found to be
foggy. Whabafe the probable limits to the percentage of foggy days

in the distrit;t;?f (P.C.S. 1952)
Soluti\qi\\:;.\.’h '
ke praportien of foggy days in the samplc is
~O 100 1
O =5~ =g =111

Standard error of proportion of foggy days

A . \/ 8 T
”’\/ P 9 X900~

=0105

Hence the propostion of foggy days lies between (*111—3 x *0105)

and {"1114-3 0105} that is between *08 and -1425.
Hence the percentage of foggy days lies between 8 and 14-25.
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E//Problem 477—In a locality containing 18,000 families, a
sample of 840 familics was selected at random. OF these 840 fami-
lies, 206 families were found to have a monthly income of Rs. 50 or
less. It is desired to estimate how many ont of the 13,000 families

have a monthly income of Rs. 50 or less.  Within what limits would
you place your estimate ? (U.P.CS. 1948)

Solution :

Proportion of families having a monthly income of Rs. 50 or

. 206 _ 103
less is b=—a5 = 230 = 245
_1 103 _ 317 (\)
=740 T a0 O
Standard error of proportion of families having"a"r’homhly
income Rs. 50 or less= ,\/ b1 R
] \ ¥

_ 1037 317 v LD
TN @yt a0 s>

=05

Hence proportion of families earniie Rs. 50 or less p.m, lies
between ('245—3 x -015) and (2454+-3%*015) that is between '2 and
-29. . . . ::‘ \ .

Hence number of families, ott of 18,000 famities, earning Rs. 50
or less p.m. lies between 2 X 48000 and 29X 18000 that is between
360 and 5220 families. \ix

Problem 478.—O}t of asimple sample of 1000 individuals
from the ichabitantg.pfa country we find that 36 per cent of them
have blue eyes agd'$he remainder have eves of some other colour.
What can we infgr-about the proportion of blue eyes individuals of
the whole Igph}ation.

Solutiou}::
. ‘EPéi}ortion of blue eyes individuals is 36 per cent, therefore
#3536 and g="64

Standard error of proportion of blue eyes individuals

_,\/ pg_, [ 36x64
=N TN oo

__ 6x8 48
TI0x 3162 3162
=-0152

. ol . 36—3
Hence proportion of blue eyes individuals lies betwceln(
%01 5233 andp('3%—}—3 % 0152} that is between (-3144) and (4056).
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Hence the percentage of blue eyes individual lies between 3144
and 40-56. ;

Problem 479,—Of 10,000 babies born in U.P. 5200 are male
childs. Taking this to be a random sample of the births in U.P,;
show that it throws considerable doubt on the hypaothesis that the
sexes are born in equal proportions. '

Solution :

Probability that child is male is p = 5
Dy

Expected number of male childs is = np~5000
Observed number of male childs is=5200 ¢~

Standard Error=/ npg = ,\/ 10300}); é X _; =50

Difference between observed and: expected number=200

Since this is greater than 3 tlme} the standard error hence the
difference is not due to samplmg fluctuation but onr hypothesm
that sexes are born in equal pmportmns is douhtful,

©»  Problem 480.—In a. srmplc sample of 600 men from a certain
large city, 400 are found te be smokers. In one of 900 from another
city 450 are found smnkcrs Do the data indicates that cities are
significantly d:ﬁ'erems\mth respect to prevalence of smoking among .
2 3
men ! \\ »

Solution 1M

o 400 2 450 1
OY =g =3 2d =gy

N 2 1

3" Then pl—-p2=-3—— E: a—":‘lﬁﬁ

On the assumption that the cities are like with respect to the
prevalence of smoking among men we get

Pt pans

L S
2 %600 +-1 900
3 3
6001900

b=

_17
30

Coag 713
.y ‘_" 30 30
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! 1
y 2 [ L
Then E pnq,]( ) + 7

ZIT 18 1
T 3 X(6W+960)
— {00682
5 E =02

Since p,—g, > 3E, our hypathesis is wrong i.e,, the assump-
tion that two cities are similar is wrong. A\

Problem 481.—11 a random sample of 500 men from a pars
ticular district of U.P.,, 300 are found to he smokers, In qne'bf
1000 men from another district, 550 are smokers. Do the datajindi-
cate that the two districts are significantly different with_rfespect to
the prevalence of smoking among men ? \ >

@S 1953)

Solution :

RN
i
300__ 3 ¢
Pr=5p0="5 =6 O
50 _ 11 O
P=Toop ~ 26 =

*

Then  py—py="6—55=05

On the assumption that(the districts are like with respect 10 the
prevalence of smoking ameng ten we get

_ pimtp
Po

it Py
3005550
~/500°F 1000
'\
)'850
&%_1_5{_)0
AN 1T
<\;~' 30
) L1713
fo =1735 T3
_ b1
171371, 1
= 36 X 35 (5567 7000 )
— 000736

s E =027
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o Since P1—py < 3E h_m}ce the data do not indicate that the fwe
{flstt‘l?ts are significantly different with respect to the prevalence of
smoking among men.

Problem 482.—1In a random sample of 800 adults from the
population of a certain large city, 600 are found 1o have dark hair, -
In a random sample of 1000 acuits from the inhabitants of another
large city, 700 arc dark haired. Show that the difference of the
proportions of dark hairegd people is nearly 2'4 times the S.E. of
this difference for smples of the above sizes.

Solution : N\
Proportion of dark haired aduits in first is nh= —gg—gsk i
\ 700 7

31 T 33 second 1§ .{;?3.»_—.-‘11-000 :.1_0_
. m’\'\.
Then difference p,—pp,— j — lg = _210'_?_;-05
O the assumption that the two, s’a\}{plcs are from same parent
uttiverse we have N

N\ 3
N

—pmtpns
nytny {f: "
_ 6004700 5%
8CO410005°
== . 13 ”‘"
lgx\
™

%78
:’;é_i I__ 1
e totn (ot o

O 3.5 /1
'\\s.. . % + 1 )

bo

T 18718 \800

1

1660

) 000451

~ . E=02
Hence : P—p:=2'4 E nearly.

Hence the difference of the proportions of dark haired people
is nearly 2'4 times the S.E. of this dilference.

Problem 483.—The following table gives the proportion of
dark colour people in two cities. '

City | Number of People ' Percentage of dark colour
: i ed people
e e R
f . |
Bombay ; 450 i 35

Jhansi i 600 45
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Can the difference observed in the percentage of dark-col
people be due to the fluctuations of the sg.mplingg? arkecoloured

Solution :

Proportion of dark-coloured people in first is g, = Ig% =35
ar 2 a second is PS =_— l_g_g=4s

Difference py—py="'45—*35=="1

QOn the assumption that the two cittes do not  differ with res-
pect to the colour of people we have

_Dtatpans ¢ (

fny+ 1y R o/
_ 35X 450+-45 % 600 N

450600 A,
_ 15754270
1050 - AN
AT N
1050 o\

= 407 ‘.’::‘
it g0=593 ‘ S

1T, Iy
E? '—_“Pu?o(?l + gwl
N1 1
407 X 593X (—- +m)

b

45y
—~000312"
E=108'nicarly
Py ¢
Since différence is greater than 3E slightly, hence to some
extent wg:g:a}t say that difference is not due to sampling fluctuations,

1 Problem 484,—In a random sample of 500 persons from town
AL200 are found to be consumers of cheese. In a sample of 400 from
towt B, 200 are also found to be consumers of cheese. Discuss the
question whether the data reveal a significant difference between A

and B so far as the proportion of cheese consumed is concerned.
(Yule and Candall, Page 370)

Solution :

' 200 _ 2

A =500 5
: 200 1
B =m0 2
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o= Prtatpym,

Ty -1
_ 200+200 4
75004400 T g
5
Q’u:“g'
2 LT
E - f’a’]n ( ;1 fﬁz )
4 s (11 \
S92 790500 Tagg oy
= 001111 ®)
E = 033 TN
1 2 1 L0
Now Pz‘f’l = 2 - 5_: lb‘?\:l

Since the difference is greater t}}d,n\fa' times the standard e

hence this is not due to sampling.fluctuations but is due to son
other reason. PN
Problem 485, , certdin association tahle the followir

frequencies were obtained e
(AB)3309 (o) 132
(14{18:):214 (aB)=119
4 m’. I3
Can the ass%‘sl\}zfton of the table have arisen as a fluctuation o
simple sampling, the trye association being zero ?

\, (Yule and Candall Page 370

N4
Solui:iit,),m\i?,‘*w
§§~~" (A)=3091214=523
"\.;:gz : (B)=309+132=441

(B)==2144-119—313
N=441-+333 =774

Given that the trye association is zero, hence

(AB) _ (Ap).
(B) ()
: T T AB 09 L
The proportion of A’s in B’ Ze. h:_(ﬁﬁ)—:]ﬁ: 701
¥ 2> A’s n .S,S {e. j)g"-—-'. -(A'BJ = 214: = 043

(8, 333
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fr—pa= 058
p= D1l (A)
0 R]_—i*.ﬂg SN
523
778 = 676
go= "324
1,1
2— — ————
E*= pygo ( ﬂ1 ”2)
. ) 11 \
=676 324 (1) A
— 001156 N\
| E= 034.

2

Since difference is less than 3E hence the asso;ia}ié)h of table
have arisen due to fluctuation of the sampling. ¢
Problem 486.—The subject under investigation is the measure
of dependence of Tamil on words of Sanskrit origin. One newspaper
article reporting the proceedings of the ‘Constituent Assembly con-
tained 2025 words of which 729 words\were declared by a literary
critic to be of Sanskrit origin. A secend article by the same author
describing atomic research contaiged 1600 words of which 640 words
were declared by the same criticto be of Sanskrit origin.  Assuming
that simple sampling condifions held, estimate the limits for the
proportion of Sanskrit termsyin the writers vocabulary, and examine
whether there is any sig{ tant difference in the independence of this
writer on words.of Sanskrit origin in writing on these two subjects.
. \ {L4.5. jr947)
- ."\‘0
Selution :\\J
'S 729
oY h=ggg5 = 3
| _ 640
P="T600

~
N\ 4
Pr—pr= 04

» bt
e oty

729--640
=T2025+ 1600
= 3777
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The standard error of the proportion of Sanskrit terms in the |

writers vocabulary is = ;\/ Lodo_
n

—n/ BT
3625
= 0081

Hence the proportion of Sanskrit terms in writers vocabulary

lies between '3777—3%0081 and *377743 %0081 that is ‘Between
*3534 and 402 or between 35:34%, and 4029

oA\
Again El= pug, ( -}T;—{— !12—2 Ry O
=3TTTX°6223x (g f‘ié’éﬁ)
= 000286 :
E= -017. N

Since the difference is less tl"ld}:‘lx\:)' times standard crror (),
hence the difference is due to sampling fluctuations, :

.~ Problem 487.-ZIn
per cent of fair hatred peo
by simple samples of 1500

two,iljirzée Populations there are 35 and 30
plesssEs the difference likely to be revealed
and® 1000 respectively from the two popu-

lations ? L (Weatherburn, Page 114)
A\
Solution : \\
Here (=35, p,—3

So that i< p, 05,

Thewariance of the difference of the proportibns in the sample

O , ,
™ 161 2
Y
vV _35X065 3%
. 1500 " 1000
=-000362
E=-019
AN _ H—p=26F nearly.

The probability that the real difference
tions will be hidden is approximatel .
random value of normal variate, the deviation from the mean will
be on the negative side and greater than 26 times the S.D. Since

this is less than 3 per cent, it is unlikely that the difference will be
hidden,

between the popula-
y the probability that, for a
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Problem 488.—In two large populations there are 30 and
25 per cent respectively of blue-eyes peoples. Is this difference likely
to be hidden in samples of 1200 and 900 respectively from the two
populations ?

Solution :

H="3
Pa="25
N
difference p;—p,=-05 A
oA
The variance of the difference of the population:s}in the
sample is N
Eam@ +.@_ »“\{:
ny EN

3T 25XT5 N
=200 T 90O
=-000175-1--0Q0208
=-000383.%

E=0195 "

Since the diﬁ’erc;;ce} *05, in the propottions is mere than 2*5
times the standard %ﬁ;‘b’i‘ E of this difference, hence it is unlikely
that the real difference will be hidden.

Probleni§4§9.ﬂ—0alculate the standard error of the mean from

the followinty data collected in one of the many random sample

inquirie\z“@oriducted to find out average earnings of a particular
class 2\ '

ol
s

AN
"\ Earnings p.m. Number of Persons
N\ in rupees
Upto 10 50
» 20 150
a3 30 . . Sm
2 40 500
» 50 700
»s 60 200
» 10 900
80 1000

(M. Com. Allad., 1951)
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Solution :
Calculation of standarg deviation of monthly earnings.

——— — . - — —
Monihly | wid- ! v Siep deviation I
earnings in I Value | i"rcqm:ncyl' a—35 I fu | Jul
Re. | & ! ' . ¥ l ‘ i
- .i R . i . :.. . R . . l - _|.
| | | i e
T—10 5 50 -3 | ~150 | 459
00-20 1 15 | y5y —2 | =200 | 4gg
2030 25 4 5 i —1 —157 1 \Nso
3040 .35 500 | 0 ! 0 a0
-3y | a3 [ 200 1 ! 200 ¢\ 200
50—G0 55 100 | 2 ! 200NN 7 400
60—70 65 100 | 3 | 3007 1 940
70—80 75 | o 4 R T
—— RN 2, M
’ : | RS |
Total | | n=1000 | \;*-“\ 60D | 4ipp
| I v
e e ——
fud S s
Now G:'\/—f —-( ‘f)\)( 10
n N
_ 4100 ~,Ngoo -
=— A ____,__’('-______.) b 10
10U 1600
=V #1336 x10
‘ =\/:§_"6_—7F><10
=1z\9~‘}4
B\ P
Standard erfdr of the mean=— -, - -
:...'»I "\/ ?’z
o 19-34
2 =~ V1000
O v
N\ =61.

W\

8
&

\ :.if'fﬂblem 490.—A sample of 1020 members is found to have a
mean 342 cm. Clould jt be reasonably regarded as a simple sample |
f;omza% largc? Population whose mean ;s 33 cm. and standard devia-
tion 26 ¢m, ;

Solution :

The standard error of mean—= ;/—fr-
n
—_26_
v 1000
=082
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_Deviation of the mean of the sample from that of the popula-
tion is =342—-33="12

This deviation is less than twice the S.E. of the mean, and is
therefore not significant.

We conclude that the given sample might be one drawn from
the population specitied.

v Problem 491.—A simple sample of heights of 6400 English
men has 2 mean 67'85 and standard deviation 2'56 inches while a
simple sample of heights of 1600 Austrians has a mean of 685 and,
standard deviation as 252. Do the data indicate that the Austriang
are on the average taller than Engliskmen ? O\

R\
Solution : A\
The standard error of the mean of a samplé of heights of
6400 English people is . NS
co 30 032 inchés
Vo V6800 |
The standard error of the mean of ‘a'éﬁnplc of heights of 1600

S, Q82 .
Austrians is = =, 600 063 inches

1l

53

» Standard error of the iiiﬁ:é:rcnce of the mean
S
=

The observed ‘d}f}rence between the means of the sample
' 68-15—67-85="70
AN ) )
Since dﬁefencc is ten times of its S.E., hence the data are 1n-
consistent (with the assumption that the means of the two popula-
tions an‘z;%q"ual and we conclude that Austrians on average arc taller
than Englishmen.
N\ ») i’roblem 492.—It is known that the mean and stapdard
Ndeviation of a variable are respectively 100 and 10 in the universe.
It is, however, considered sufficient to draw a sample of sufficient
size but such as to cusure that the mean of the sample would be, in
ali probability; within ‘01%, of the true value. How much would the
cost be (exclusive of overhead charges) if the charges for drawing
ample be one rupee ? .
100 members of a samp: __ (LAS. 1947

Solution : o

On the assumption that simple sampling conditions hold good,
the mean of the sample cannot differ from the mean of the universe
by more than 3 times standard error of the mean of the sample.
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So, in a universe with a mean of 100, if the mean of the
sample is to he within Q] limits of # should be such that

G

3. - 2. =10l
v n

or 3 0 =0l
Vv on

s n=9000000

Thus 9000000 members have to draw from the umvcrsg to
get the given condition :

Charges are=90000 rupees. O\
Problem 493.—What is meant by the standard)érror and
what are its practical uses? N \Y

Intelligence tests on two groups of boys and gulq, give the
following results.  Examine if the difference is mgmﬁca.nt —

Girls Mean 84 ; S.D. NN No. 121
Boys Mean 81 ; S.D, 125 No. 81
) (P-C.5- 1943)
A\ N
Solution : \®

Assuming that the two samplys are independent and eome from
different universes under simple sa’mplmg conditions, we have

Fi— i_ 522"
o “_’?-2' ;
107> 12 2
;5‘3‘042
E=161

Difference\between the means—84—81—3 which is less than
3 times the, &tandard error, hence the difference is due to sampling
fluctuations,’and the difference is not significant.

Problem 494.—A random sample of 200 villages was taken
frommdGerakhpur district and the average population per village was
feunﬁ to be 485 with a standard deviation of 50. Another random
‘sample of 200 villages from the same district gave an average popu-
lation of 510 per vzllage with a standard deviation of 40. Is the
difference between the averages of the two samples statistically signi-
ficant * Give reasons, {U.P.C.S. 1949)

Solution :
Assuming that the two samples are drawn quite independently,
we have
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The observed difference between the two averages=5i0—485
=25 which is greater than 3 times the standard error, hence the
difference is not due to fluctuations of sampling. Hence the diffe-
rﬁencet between the averages of the two samples are statistically signi-

cant,-

v Problem 49_5.—-Thc means of simple samples of 1000 and 2000
are 67-5 and 68-0 inches respectively. Can the samples be regarded
as drawn from the same population of 8.1, 23?7 (M. Se. Agra, 1952)
Solution : Q.
Assuming that the two samples are drawn from the samepopu~

{ N

lation we have o
E2=qg2 (“—1--‘!-—1"-— A3 N
n fig NG
i 1 &%
. ~&
@ 5)2( 1000 + 2000 ) \V
=625 0015 \\
=-009375 O
N
E="097 nearly :‘t. )

Difference between the two {geéms; 68—675="5

Since difference is greate;'ftﬁan 3 times the standard -error,
hence the difference is not due to sampling fluctuations but the
two samples are drawn notfrom same population.

Problem 496.—;Gi‘kn that for a universe M,=606, o,=35'5,
what sample size, 7, must be used in order that for similar test condi-

tions, the probability that the average value of the sample will be

in error by not more than 5% of the average value of the universe

shall be ? O\
o N (7. €. Chaturvedi, Page 413)
:"\Q¢
Solutip'ﬁs\; :
.\'"f'he error which can be allowed is 5 per cent of 66 or 3'3 and
thivmust correspond to a probability of 9.

N 5
Q=2I¢ ) dt="9
0
8
=_|'.?5
0

or () dt="45

From the tables we find 5= 1645,

Again since SL-M 2
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33

We have 1'645== Voo

5 . 2
nﬁ(f; ¢ 1°645)
=38 approximately.

Problem 467.—A sample of 900 members found to have a
mean 57, could it be reasonably as a simple sample from a large
popuiation whese mean is 4'5 and standard deviation is 28,

N
Selution :

The standard error of thc mean '\\\
.o \.
VA" - N
) pa: +52)
="/ %00
=-093 N
Deviation of the mean of the samph{from that of the populas
tion :5-7_4-5:Q v/
=12 -
Since the difference is grcp&f than 3 iimes the standard error,
hence the difference is not due to simple sampling fluctuations.

Problem 493.-Tolstudy the correlation between the stature
of the father and the sgatire of the son, a sample of 1200 is taken
from the universe ofdathers and sons. The sample study gives th}?
correlation between ‘the two to be -46. Within what limits does 1t

hold true for thewniverse ?
N

Solution : /)

Tjké‘standard error of the Coefficient of correlation is given by -

™

E=-"_
~O' o Ve

\V 1—("46)?

If the sampling was simple, the correlation in the universe
cannot differ from the correlation in the sample by more than three
times the standard error. Hence the correlation in the universe lies

between 46 —3 %0227 and 4643 x 0227 that is between 3919 and

-5281.
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PROBLEMS IN SIATISTICS
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APPENDIX

SQUARES, SQUARE-ROOTS AND RECIPROCALS

Sguare © Reci-
No. Squsarq ]CEI{oot procal
" " v 1fn
o
1 1| 1008

2 4| 1414 | 5000

3 91 1732 | 3333

4 16 1 2000 | 23500

51 25| 2236 | 2000

6 36| 24491 1666

7 49 | 2:645 1428

8 64 | 2828 ¢ 1250

9 8l' 3000 1111

100 100 3162 1000.%%
11 121 | 3316 . 0909
12 | 144 | 3464 | 0833
13| 169 ! 3‘605"\0769
141 196 ; 374D 0714
A\

15! 225 3872 | 0666
16 2558000 | 0625
17+ 2890N"4123 | 03588
18 1 32471 4242 | 0555
19 \3\(1 4358 | 03526
’20,, 400 | 4472 | 0500
LCRL 441 | 4582 | 0476
\ 22 484 | 4690 ¢ (454
23 529 | 4795 0434
241 576 | 4898 0416
51 65| 5000 0400

Sguare
.Sq;;arc root
v
676°| 5099
729 | 5196
784 1 5204
B4l : (5385
9001\ 5+ 477
9601\\' 5567
AD24 1 5656
ANI089 © 5744
“1156 | 5830
1225 | 5916
1295 | 6000
1369 | 6082
1444 . 6164
1521 - 6244
1600 © 61324
1681 1 6403
1764 1 6480
1849 G557
1936 6633
2025 | 6708
2116 | 6782
2209 | 6835
2304+ 6928
2401 1 7000
2500 ;7071

Reci-
procal
1fn

Q"



PROBLEMS IN sTATISTICS -
Sguares, Square-Roots and Reciprocals {G‘antd.).

_ . Square | Reci- |; Square | Reci- ;

Nno Sq;‘%“? root | procal 1\130 Sq:;ga' S root procal - 1

va | A SV R VI

— P & . _ | R . - 5

51 | 26010 7-141 | 1960 | 76| 5776 | 8717 1315

s lo704 | 7211 ) 1923 {77 | 5929 87471 1298

33 | 5800 | 7280 | 1886 |78 | 6084 | 8831 . 1282 |
s1 ! 2916 | 7348 | 1851 |79 6241 | 8'B8B | 1265

- s N

553025 | 74167 1818 |80 | 6400 | 8:94%7 71250
56 | 3136 | 7483 | 1785 |81 | 6561 | 2000 | 1234
373240 | T-549 | 1754 |82 6724 ;9055 1 1219
ss | 3364 | 76151 1724 |83 | 68894 &/9-110 , 1204
S9 | 3a81: 7681 | 1694 |84 | 03¢ 9165| 1190
60! 3600 | 7745 1 1666 | 85/N7225 1 9219 | 1176
6113721 7810 | 1639 [867 7396 | 9273 . 1162
2 | 3544 | 7874 | 1612 87 | 7369 | 9327 | 1149
63 | 3950 | 7-937 1587 \P's8 | 7744 | 9°380 | 1136
64 : 4096 . 8000 | 1582 °|s9 | 79211 94331 1123
65 | 4225 | 8062401538 |90 | 8100 | 97486 | 1111
66 | 4356 | 8124 ' 1515 |91 | 8281 | 9539 10%
€7 | 4489 | 885 | 1492 |92 8aea | 9391 1086
¢s | 4624 ) (a6 . 1470 |93 | 8649 | 9643 | 1073
69 | 4761 T\V8:306 | 1449 | 94 | 8836 | 97693 1063
70 |\4900' | §-366 | 1428 | 951 9025 9-746| 1052
71.[5041 | 8426 | 1408 [96 | o216 | 9797 1041
a90r5184 | 8485 | 1388 |97 | 9400 | 9848 1030
N3 | 5320 8544 1369 | 98 | 9604 | 9-899 ; 1020
AO7a | 5476 | 602 1351 | 99 ) 98011 9949 | 1010
75 | 5625 | 8660 | 1333 100 |1c000 ‘ 10:00 | 1000
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