-
l HiisTent (Statistics) l

& Satistics may be rightly called the science of averages and their
estimates’ —A.L.BOWLEY & A.L.BODDINGTON ¢
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15.2 YehiviT @t WT (M easures of dispersion)
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15.5 WEIOT 3T A Taerer (Variance and Standar d Deviation)
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30 21 39 wgeea ° X 9 e o ot w1 gn fefeted 2

6
Z(& —X)” = (5-30) + (15-30)2+ (25-30)? + (35-30)2+ (45-30)2 +(55-30)"

=625 +225 +25 +25+ 225 + 625 = 1750
T o eI B oid € ftmen 31 der frefated €
15,16,17,18,19,20,21,22,23,24,25,26,27,28,29, 30,31, 32,33, 34, 35, 36,37,
38,39, 40, 41,42, 43, 44, 45.
T IO T WA y =302l
T HEeE A qel B ok WA 30 R
T Bah U0 o faereri o ot eht A fefataa 2
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31
D =97 = (15230 +(16-30)2 + (17-30)* + ...+ (44-30)2 +(45-30)’
i=1

= (15 +H(=14+ .4+ (1) + 0+ 12+ 22+ 32+ _+ 142+ 15?
= 2152+ 142+ ... + 17]

L1535+ (30+D)

=2 c x 16 x 31 =2480
(TR T N IIFd GEA o M T a1 = n(n+1)6(2n+1) BT 2, Fwn=15%)

afz D (% = X)” &t et 3 e WO F A @ @ e e 3 o R e

& 31 9=l o == B &I, 6 &N alcl Tead AT STU "I o WUE Ay
Weh1H € Tl aeed AW 6 Werll i WieA x o @rel T (e 1 aie -25
¥ 25 €) HYead B w1 erven (famemi w1 aier -15 9 15 8) sifush 81 9% A Ky
T fosi § off T e

T A, o folT g| 3epfa 15.5 U €l

< . e e S
N 0 5 10 15 20 25 30 35 40 45 50 55 60 -
1)
3R 15.5
Tq=Id B, o felq Mepfd 15.6 89 W &
< >

0510152025?\1(')354045505560
e

TR 15.6
37d: H e Ghd € foh AreA O foererl & ol 1 InT wehivi w1 Suge A e 2l

1 & _
79 HiSTE H W HH & e &0 fameri o onff %1 qreg o s1eiq &n HZ(K—X)z.
i=1
| W= A, % fT Bw U g,
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1
e :%xnso 2916%@11&@3@5%@%5&480 80 21

7g it wea € for aqeea A Y fowa =1 oo wq==a B & orden sifes @ < g
T & eriferd afomm o sfafea feTor 9 g @ 2

1 =
m:%ﬂﬁz(ﬁ—x)zﬁuﬁﬂhﬁwméamﬁémﬁl?1%’11@1

ot "reA § fererei o Sl T WIS WETOT (variance) seeldl € 3R o2 (farmn w1
ol qg §a1 §) @S9 2l
3d: U X, X,,..., X T TEL

lZK X)* %

3

15.5.1 A7 fererer (Standard Deviation) JEROT @1 70T # €9 i € b safermra
TaOT X T X BT TS TSR KT TR @ i B, HifH WO H (x-X ) o A
TAEY B, 3 RO TG o UFICH oTe ohl UeTUll sl WIeA o WUl Wehivi hi
Feiferd |19 o &Y § oA e ST € 3R SH " foreiei hed 81 UM faee &
HH=d: o, 0 YERid fean Star = dun frefafed ger 9 femn s e

1 n
,/ﬁ Z ()

3 {ATMehd AThSl T YU F HHF fa=e A HH & AU F5 ST
& B
saretor 8 frefafed efiwsl o fou y&Ror qen A fomem @ Sifs:
6,8,10, 12, 14, 16, 18, 20,22, 24
o feu U sl i fefeiad g © Gl 157 H forg Hed €1 WeA w0
forerer fafer gR1 14 1 shieud @rea oot T foman T 81 Yerl i §eA n=10 2l
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|ruit 15.7
X d,:LM mwﬁw_%ma'rr %)
i 2 (Xi_X ) i
-4 -9 81
-3 -7 49
10 ) -5 25
12 -1 -3 9
14 0 -1
16 1 1
18 2 3 9
20 3 5 25
22 4 7 49
24 5 9 81
5 330
n
d
e, ey >‘<=a?ﬁ«qam%zr+‘:‘Txh
=14+ i x2=15
10
1 do . 1
3R W02=ﬁ;(xi—x) =Bx330= 33

Fd:  HES fo=ed 6= .[33 =5.74

15.5.2 Teh 3T9dd ARSARAT dST &1 FHEk Taered (Standard deviation of a
discrete frequency distribution) ®F o o T erEad wen Frefafea @:

X: X, X, X, X

f. f, f, f,...,f

1 2 3 n

WW%WW%Wo:J%Zfi(x—Y)Z, . (2)
i=1
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. n
i=1

ey, Fr=fafaa 3emT ol

saretor 9 frefafad eiwel o fou TeRo 9 AFE fa=em 9 Sifse:

x | 4 8| 11|17 2] 24 32

f 3 5 9 5 4 3 1

&1 Sfihgl ! WRUN o ®9 | faed W B frefafea groft 15.8 9 et ©:

|RUft 15.8

X f fx | x=x| (x-%X?7| f(x-%?
4 3 12 -10 100 300
8 5 40 —6 36 180
11 9 99 -3 9 81
17 5 85 3 9 45
20 4 80 6 36 144
24 3 72 10 100 300
32 1 32 18 324 324
30 420 1374

7 7
N=30, 2 fix =420, 3 f(x —X)" =1374
i=1

i=1

7
Zfixi
IR w1 014
N 30
1 -2
S T (07) = 37 2 i %)

i=1
: 1374=4538
= — X =
30 ’

AR e fomem o = /45.8 = 6.77
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15.5.3 Teh Tad ARARAT de+ &l #a fa=rerT (Sandard deviation of a continuous
frequency distribution)  fST 7T Tdqd SRARAT e & T T o HET UM AR 3H
3TIAd IRARAT s | Fefud ¢ T ¢ 99 27ad IRaRdl s o ot o9 78 fafy
SR " foaem ¥ fwan S 2

FfE Tk N oA Al AR S forad geieh S{aiel SHeh HeAawM X qe aRa
f, gR1 aRefoa foven o 2, 9@ "ee fomer fefafed 99 g7 W fwen smom:

o= J% iZ:,fi(&— X)’

S . n
el X, ded w WM T SR N=Df.

Wﬁam%mma}r%ﬁ_m%ﬁ

n

T () = 206 R = P -2xX)
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1
Z|—
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_—h
X
3
+
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|
Y
—h
|
gl
[\S)
|
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1 n ) n 2
m:WﬁWG=E\/NZfi>§ —(Zfi&j . (3)
areror 10 Frefafad s & fau we, gaeor oi a9 fagem st

=l 30-40 40-50 50-60 60-70 70-80 80-90 90-100
IRERAT 3 7 12 15 8 3 2
T ey T el W Fefefed arol 15.9 &A@ )
|t 15.9
Eill aRardr | weE-fag | fxo | (x-%x)}| f(X—X)?
(f) (%)
30-40 3 35 105 729 2187
40-50 7 45 315 289 2023
50-60 12 55 660 49 588
60-70 15 65 975 9 135
70-80 8 75 600 169 1352
80-90 3 85 255 529 1587
90-100 2 95 190 1089 2178

50 3100 10050

1 < 3100
. )= — Y fx=""=62
a7 M (X) = Z, X ==

1 _
T (67) = ﬁzfi(xi -%)*

1
= —x10050 =201
50

AR HAw fomed o= Jo01 = 14.18



saretor 11 ffafed sl o fou ame fouem wa wifsm:

x | 3 8| 13| 18] 23
fol7 10| 15| 10 6
&1 eH diehel o frfafed anoh 15.10 s :
| 15.10
X, f, fx | x> fx?
3 71 21 9 63
8| 10| 8 | 64| 640
13 | 15| 195 | 169 | 2535
18 | 10 | 180 | 324 | 3240
23 6 | 138 | 529 | 3174
48 | 614 9652

9 A (3) 51

o= %\/Nz fiXi2 _(Z fixi)2

_ 4is J48x9652 - (614)°

_ L /463296 — 376996
48

1

sHfei, A fo=e 6 =6.12

x293.77 =
43 6.12

389

15.5.4. Y@UT & AT To=ie1 71 & o g &g fafer (Shortcut method to find
variance and standard deviation) -t TH SRR ST o Yaroll x STerl
fafi=r =il 3 weamM x % W 9gd 9 B € a1 WEF qe FE A FA Bl @
S € qe SAfereh qHA ol ©1 U aRear sied, e ani-siaer wu e, o fore ug
forerer fafy g0 5@ wfan 1 el o=@ ST g B
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msﬁﬁqﬁsw&qﬁmww%aﬁtwmﬁﬂﬁﬁ%w@amw%
(F&T hert sfet €)1 7 o & 7= faeem a1 71 =y, B

X —A

SRInY y=""— Wx=Athy (D)
3 hx
B S € TR X = ‘:‘N . (2)
() ¥ xH (2) ¥ W& | W 9 el @
zn:fi(A+hyi)
X = =l
N
:%(gflA-riZ::h f'y'jzi(AiZ:"f'+hiZ:"f'y')
y f.y ) n
:A.E+h‘2—‘: (WZflzNj
N N
31 X=A+hy - (3)

39, TR X T TG, 0x2=§zfi(>ﬁ -X)?
i=1
1 & _
:Eizz;fi (A+hyi—A—hy)2 [(1)3;ﬁ1(3) =R

1 n
——> iy -y’
ALY

h? & _
Zszi V-V = =y H TE
i=1
3:[% GX2: hzO'y2

q0 oy= hO'y (4)
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(3) 3R (4), ¥ BH 9t gian € T

2
h n n
o= E\/NZ fiyiz_[z fiyi] .. (5
i=1 i=1

3TET 30T 11 <6 3iihel § ¥ (5) o IWM g1 oy fafyr & e, yoror 9 7
IEENEREIGRCTY
sarEer 12 fAfafeg deq & fau g, wwor 9 9 foges Ja sifs:
ot 30-40 [40-50 50-60]60-70[ 70-80| 80-90|90-100

et | 3 | 7| 12| 15 8 | 3 | 2

Tl WM o shieqd WA = 6581 &l h=10
feu U Sl W FrefafEd wrof 15,11 9w et 2

|roit 15.11
o | wwaRe | wefg |y 1_065 geoll B | G
f, X,

30-40 3 35 -3 9 -9 27
40-50 7 45 -2 4 — 14 28
50-60 12 55 ~1 1 ~-12 12
60-70 15 65 0 0 0 0
70-80 8 75 1 1 8
80-90 3 85 2 4 6 12
90-100 2 95 3 9 6 18

N=50 —15 105

2 15
e X = A+ =2 xh=65- = x10=62
50 50

2
R o =% |:N2ﬁyi2 - (Zfiyi )2}
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(10)

(50)
1

2
2

[50x105—(—15)2}

= —[5250 —225]=201

25

IRTAAF fa=ed o = 201 =14.18

| wre=rerett 15.2 |

W 1 | 5 O% o 3Alhsl o fol WA o TEROT 91 it

1

2
3
4

6,7,10,12,13,4,8,12
. 9UH n WIhd &
. T °F U 10 O
X. 6 |10 14 | 18 24 1 28 | 30
2 4 7 12 8 4 3
X | 92 93 97 | 98 | 102 | 104 | 109
f. 3 2 3 2 6 3 3

oy fafy gra Aren 9 AHek fa=em A i)

X

60

61 62

63 64

65

66 | 67 | 68

f

2

1] 12

29 [ 25

12

10 4 5

YT 7 9 8 H fSU U IRERAl §q oF U Hiem 9 YEROT A hifed|

7.

cul 0-30| 30-60|60-90 | 90-120 | 120-150| 150-180 | 180-210
EIECIEG] 2 3 5 10 3 5 2
ot 0-10 10-20 20-30 30-40 40-50
RS 5 8 15 16 6
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0. oy fafy g @A, Tl 9 "Heh fo=ed 9 it

e | 70-75| 75-80 [80-8585-90{ 90-95 |95-100 | 100-105[105-110{110-115
(S #)
I=dl & 3 4 7 7115 9 6 6 3
e

10. Uk festred ® oA T g9l o o (fadt #) = fRw T €
=Y 33-36 | 3740 | 4144 | 4548 49-52
Il g 15 17 21 22 25

Il oF Al H1 TFE faae 9 Aed A A1d hifad|

[ Fehd U8t 3Mhel ol Fad o1 ol ol bl 32.5-36.5,36.5-40.5,40.5-44.5,44.5 - 48.5,
48.5-52.5% 3R TR o & |

15.6 SRaRar siedl s fagewur (Analysisof Frequency Distributions)
TH A & Y WM W eHY YeRIvi 1 % Wl o SR H Ug B HIeA o Wk
forerer =1 €t 3T B & o effehe fRw e B ¥ S e < fafue gt A
S 1 G BT Bl Al Sherel YehIU 1 WGl shi UM & v T et @ fug Uk
T A9 HT SAETHHRA B ¢ S SRS Y AT Bl THE 9 @ad, faEor ® A9 FH
fereruT TuTieR ( coefficient of variation) %ed € SR C.V. gRT T9Iid &
I e O

C.V.=Z %100, %20
X

Tl 6 SR X HUI: bl oh W foreer qen 7 2|

T JEenest § fo=Rr Fi gor o {79 Y&e S@e S foaeRn e J[ S
T2 ° 9 =S foreror quites Aol et i st faero o1 faeE aeft gEen swed
g1 %y forero UMl ATl @el &l ORI ¥ A% §Ta (consistent) Hed 2
15.6.1 g TATT AT ATl ANARAT Sl ahi qerr (Comparison of two frequency
distributions with same mean)  ®H © X, 9°1 0,98 WA o HEA q°1 WM

foerem & 3R X, q o, T FH o WA IR AEH forerer
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| C.V. (F&eT ) = %Xloo

3R C.V. (S50 &) = %XIOO

feen % =% = X (A &)

By C.V. (Yall &) = %xlOO . (D)
AR C.V. (38 d) = %xlOO . (2)

(1) 3R (2) ¥ I T & foF IMIC.V. %1 T o, 3o, o SMUR W & HT 51 Fehell
2 o7: U e Wohd € b GHM WA ol g@eneti § 9 i g faeer (A
TEROT) STelt SEe ol SAferen Feiftd el S 81 W € Bt Wik foreer (A1 TERon)
At A FI HY kT YU AfF FTd FHET S 2

ameu. fr=fafeaa 3@ @l
SETET0T 13 Y HREHI A d B H HHuiE s ge R 39 d9ad F9 i R
A B
FHHAA HT T& 5000 6000
3frd Afas I 2500 F 2500 F
ATl o e T T 81 100

HfFTd ool B fohd @M A 31o/a1 BT 1fues fa=ror =2

&1 HR@H AH ol o " 1 T (0,%) = 81

34T, @M AH Fa o de7 H HHE o= (6,) =9

e & HREM BH o o " Sl T (6,%) = 100

gHfY, @ B § oAl o @2 1 A foa=e (o,) = 10

Hiifer, <Al FREF § Sied (Fe) 999 G @ Ul 2500 ® €, THO 98 i
foae ot #REm | Afus famue =1 fogem g e/: wRE B H SAfadra dat
A arfues forror 21
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SETETUT 14 X St o1 FawROT UIR 60 99170 7 3R Sk Wik fareror el 21 3R
16 ©| Ik WeA 1 B?
T ®  C.V. (T 7 ) = 60, o, =21
C.V. (380 1) =170, o, = 16
T A X SR X, I el o qEG qed o WA 7, 7
o

X x 100

C.V. (98Tl §ed) =

Tafery 60= 2L x100 =71 % =2Lx100 = 35
X, 60

(o2
iR C.V. (T ) = gleoo
310 7o=_1—6 x 10091 X, = 16 100-2285
%, 70
3T X, =35 3R X,=22.85

FETETOT 15 el 11 oh Teh WM H B i S48 91 9N o fou fefafad aieme
for T

A% R
ey 162.6 99t 52.36 fom.
T 127.69 9P 23.1361 f&m.2

1 0 HE Tohd © Toh AR W SEE I qor | 3tfues femror €2
zot foeroll 1 qort o fou & H fomror TRt w1 MO S 2

fean @ S | gE = 127.69 4P

zafera A 1 AEE faae = /127 69cm = 11.3 T
T R ® gEOr =23.1361 T2

zHfeTg AR &1 AFH fo=e =./23.1361 fpam. = 4.81 fm.
379, SaTeal 1 foeRor TR _ % T 100

e
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11.3
= x100=6.95
162.6

. . 431
R mwﬁww=5236x100:9.18

TeqAl AR w1 TeeRoT qunies Sl o faeron Ut 9 @e 2
TORTT &1 %% 9od ¢ 1 ORI § ol &1 oden st foerom

| wrgrarett 15.3]
1. freAfafed efeel @ sare fF ATBH 9 frg o eife foewa 2:

Fieh 10-20 | 20-30| 30-40( 40-50] 50-60] 60-70( 70-80

g A 9 17 32 33 40 10 9

iz B 10 20 30 25 43 15 7

2. WRIX IR Yk 9 R TU gedt 9 FdqR fF fme & godt § st ferd 22
X|35] 54| 52(5] 56| 58| 52[ 50| 51 [ 49
y |108] 107 | 105 [ 105 | 106 | 107 | 104 | 103 | 104 | 101

3. UH HR@H &I 3 BA A B, % HHENE I €T HIiEeh oqT o fageivon s
Frrfafea afom &:

wH A wH B
A I AT HHAE T F&A 586 648
TIfeh Al 1 T 5253% 5253%
Al o FeAl 1 TER 100 121
() AR BH W & G & o1 HH=IE 1 9qq o w9 afersk qfin

i 22
(i) oA aa o frm wH A B, ¥ s fomror 22
4. 3 AGN TH W Tel T Heae qH o 3fiehg A9 Ky T €

fPe M@ wig=n | 0 [ 1 |2 |3 | 4
=l 1w 1 |9 |7 |5 | 3
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39 B, g0 @l T HE § 94T T el 1 We" 2 Yid #e SR el w1 "
fame 1.25 o fv9 39 =1 2Afaes 97d (consistent ) THST STHT =MMET?
5. TE e SRl shi g x (T o) 3R R y (U ®) o A AR el o A

50 50 50 50
Dox=212 D% =9028 >y, =261 Yy =1457.6
i=l i=1

i=1 i=1

waE W AR fRay eifue fa=or 272

fafaer 3ergyor

SETET0T 16 20 Yerull &1 TGO 5 1 AfE Yeeh Wequr & 2 @ Ton fohan e e @ urw
JeToT ST TEROT F1d hifer)

T W WS R TET X, X, ..., X,, FR X ISR A T T 7 T = 5 8
n=20. g9 W4 ¢ &

1 20 s 1 20 s
WUTO'ZZE;(K—X) ,31941&52%%:(&-—@
20
o 2. (6 =%)" =100 (1)
A% Fe &0 H1 2 W On foRen Sy, @ ofomd gam oy, €

1
T Mzznaai?r\szyi

120 1 20 1 20
zHfeT y=— =— ) 2% = 2.—» X
y n< % 2045 s 20%:'
_ 1_
31% y=2X or >—<=Ey

x 3R x & A (1) ¥ ufoeenfud #E W g 9 e 2
20

1oo1Y 2 =
Z(Eyi ‘EVJ =100 sperfg (Y = ¥)* =400
i=1

i=1

o 7 Bl 1 S = 2% 400=20=2° x5
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@ it | UeE I 2 fR A T Sen ik o R S, @ T e
1 TELT, o GELOT 1 K2 AT Bl Sl 2

SETETOT 17 U YN 1 HIEH 4.4 © U1 IR T 8.24 21 A AT Yeqor 1, 2 qen
6 T, d 3= T &1 Fd HifS

Tl O I S U0 X q y R

TEfeT, g@e 1,2, 6,%, Y&

1+2+6+X+Y

31, e x =4.4= 3
Ell 22=9+x+y
TgfeiT X+y=13 . (1)

1L _
T H T =824 = EZ(K —X)*
i=1

s 824 =% [(3:4)°+(24) +(1.6) +2 + Y ~2x44 (x+y)+2x(44)’ |
el 4120 =11.56 +5.76 +2.56 + X2 + > ~8.8 x 13 + 38.72
Bl X +y: =97 . (2
wifepd (1) o, e 9wt grar @

X+ Y +2xy =169 .. (3
(2) 3R (3), W BH W e ©

2xy =72 ()

)" ¥ (4), "M |,
Xy — 2xy =97 72 JFEU (X - y) =25
. oy 13 - (5
=@ (1) 3R (5) W, & 7 & @
X=9,y=4 9 Xx-y=5
- Xx=4, y=9 & x-y=-5
STd: I < Y40 4 q2 9 F

SETETUT 18 AR TR & X, X, ..X B ‘@, ¥ TGE ST T aTh FHOMHE AT
YT W@ B, d @t fe yeRor stafafda w@ml



gifErent 399

T UM A FEUX, X, .. X F A X, A SR G

1 & =
o —EZ(Xi—X)Z‘gTUﬁﬂTw%
i=1
% Y e § a WISl ST o Y Yeyur B
y=Xt+a

A AT T & w1 W y 2 T

(1)

()

1 _ 1< _
FZ y)2=ﬁg(>§+a— X-a)* (1) @R ()% W @)

[

_i -X)’ = o

3T: T Y& hT TR0 SET § S oA eyl e

v T fo Yol ok fenelt we & woden el | i U we sied
ST e W YEUT SUREhid @l ¢l

=]

FETET0T 19 Us famneff ¥ 100 Yol w1 wed 40 3R Tk foreed 5.1 91 fopan, Safe
I Tl § YU 40 o TIE W 50 o T o WEl wied SR Hee foree e 27

&e T 2, Yeoni =1 W@ (n) = 100

Tedd HIgA (X ) = 40,

Tetd "k foa=ed (o) =5.1
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n

1
T 9 © T X= HZXI
i=1
1 100 100
sttt 1002)9 T D% =4000
i=1
eI S&T <1 TTerd F = 4000
3d: &Il T T AN = Tord I —50 +40
= 4000 — 50 + 40 = 3990
TE AT 3990
RHeT] el WA 100 100 =399
] ] :
e & Wﬁﬁlﬁ?6=\/ﬁ > x- F[Z&]
i=1 i=1
1 : 2 —\2
B —(x
52X (%)
— X Y x* - (40)°
i \/100 Z
- — x 7o x>
o 2601 =~ Z 1600
Tofeg e > x? =100 (26.01 +1600) = 162601
i=1
- T XX =T DX — (50)2+ (40)
i=1 i=1

=162601 —-2500 + 1600 = 161701

gt Wel A fa=e

:\/Hgﬁ[ zxiz _ (gﬁmw)z
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161701 ,
= -(39.9)
100
= J1617.01-1592.01 = /25 = 5

37T 15 UT fafaer gy-macit

. 3713 URIU o1 HIEA Gl WERUl SHAY: 9 3R 9.25 €1 A 30 § ®: U 6, 7, 10,
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. D: eI 1 WL G W Torer hH: § 91 4 €| 9 Yeleh Y& i i 9
T KR e STt afonet Yeron w61 w9 gees faeem S| Sl
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(i) T Y& gl e S
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. TF HH F gEE SO R A T i, difder e 9 e wre § urish]
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fawa wfora ifaw T
e ) 32 40.9
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g fowg o a9 stfus fagem @ au frad wed %9 fo=em 22
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QST

¢ YU o AT SAihel § foewa A fa=ror &1 A1 9, aqefe foeer,

e foeee 9 AF® fa=ed Uit i 719 2l

IRER = fehdd Jod - =AdH oI
refieha ATehgl ot wTen fererem™
M.D. (%) :—z|(>;_7)|, M.D. (M)=—Z|();'\I_1\/I)|

&

SRl x=we R M = Hifeaeht
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