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1.1 vþzöìjŸÄ

~£z ~„þ„þ!Ýþöì“þ îûy!Ÿ!îKþy˜ ¢Á™öì„Åþ ¢y›!@ùÌ„þ¦þyöìî ~„þ!Ýþ ßþºFŠé •yîû’y ö”çëûyîû ö‰þTþy „þîûy £öìëûöìŠéÐ ~£z
~„þ„þ öíöì„þ ‹y˜y ëyöìî õ

 îûy!Ÿ!îKþyöì̃ îû ¢‚Kþy „þ#Ú
 îÄî¢y îy!’öì‹Äîû öÇþöìe þîûy!Ÿ!îKþyöì̃ îû ¦)þ!›„þy „þ#Ú
 xíÅ̃ #!“þöì“þ îûy!Ÿ!îKþy˜ „þ#¦þyöìî îÄî£,“þ £ëûÚ
 ¦þyîû“þîöì¡ìÅîû xíÅ̃ #!“þöì“þ îûy!Ÿ!îKþyöì̃ îû ²Ìöìëûy‹˜#ëû“þy ö„þyíyëûÚ
 îûy!Ÿ“þöìíÄîû vþzþ™Þíyþ™˜ „þ#¦þyöìî £ëûÚ
 þ™!îû¢‚…Äy !î¦þy‹öì̃ îû ›y•Äöì› „þ#¦þyöìî îûy!Ÿ“þöìíÄîû vþzþ™Þíyþ™˜ „þîûy £ëûÚ
 þ™!îû¢‚…Äy!î£#˜ îûy!Ÿ“þöìíÄîû vþzþ™Þíyþ™˜ „þ#¦þyöìî öœ…!‰þöìeîû ¢y£yöìëÄ „þîûy £ëûÚ
 þ ™!îû¢‚…Äyë%=þ îûy!Ÿ“þöìíÄîû vþzþ™Þíyþ™˜ „þ#¦þyöìî öœ…!‰þöìeîû ¢y£yöìëÄ „þîûy £ëûÚ

1.2  ²Ìhßþyî˜y

îûy!Ÿ!îKþyöì̃ îû îÄî£yîû ßþ¿îû’y“þ#“þ „þyœ öíöì„þ£z ‰þöìœ xy¢öìŠéÐ !î!¦þ§¬ ö”öìŸ !î!¦þ§¬ •îûöì̃ îû îûy!Ÿ“þíÄ
¢‚@ùÌ£– vþzþ™Þíyþ™˜ ç îÄy…Äyîû ›öì•Ä !”öìëû x“þÄhsþ †%îû%cþ™)’Å !¢å•yhsþ ö˜çëûy £ëûÐ ¢›öìëûîû ¢öìA† ¢öìA†
îûy!Ÿ!îKþyöì̃ îû ö„þïŸœ vþz_öìîûy_îû þ™!îûŸ#!œ“þ £öìëûöìŠéÐ !îKþyöì̃ îû !î!¦þ§¬ Ÿy…yëû vþzþ™öìëy†# !î!¦þ§¬ ¢)öìeîû
¢“þÄ“þy !î‰þyîû „þîûyîû ‹˜Ä þ™!îû¢‚…Äyöì̃ îû !î!¦þ§¬ þ™å•!“þîû ¢y£yëÄ ö˜çëûy £ëûÐ !îKþyöì̃ îû ²Ì!“þ!Ýþ Ÿy…yëû
†öìî¡ì’yîû öÇþöìe þ™!îû¢‚…Äy˜ xþ™!îû£yëÅ £öìëû vþzöìàþöìŠéÐ îûy‹÷ì̃ !“þ„þ– xíÅ÷ì̃ !“þ„þ ç ¢y›y!‹„þ ‹!Ýþœ“þyîû
vþz_öìîûy_îû î,!å•îû šþöìœ þ™!îû¢‚…Äyöì̃ îû ²Ìöìëûy† „Êþ›y†“þ î,!å• þ™yöìFŠéÐ îûy!Ÿ“þöìíÄîû !îöìÙÕ¡ìöì’ ¢!àþ„þ ˜#!“þ
!˜•Åyîû’ „þîûy ¢½þî £öìFŠéÐ î“Åþ›yöì̃  îÄî¢y îy!’‹Ä– xíÅ̃ #!“þ– ¢›y‹!î”Äy– ‹#î!î”Äy– îû¢yëû̃ – þ™”yíÅ!î”Äy–
!‰þ!„þê¢y!îKþy˜– ›˜hßþ_–́ ,̃“þ_!́î”Äy ¢îÅe îûy!Ÿ!îKþy˜ ²Ì•y˜ ¢y£yëÄ„þyîû# !î¡ìëû !£¢yöìî îÄî£,“þ £ëûÐ

1.3  îûy!Ÿ!îKþy˜/þ™!îû¢‚…Äy˜ ç “þyîû xíÅ

îûy!Ÿ!îKþy˜ îy þ™!îû¢‚…Äy˜ ¢Áºr•#ëû ë“þ ¢‚Kþy þ™yçëûy ëyëû “þyöì”îû ¢îy£zéôéîû ›)œ î=þîÄ !„þhs$þ ~„þ£zÐ
þ™!îû¢‚…Äy˜ ~„þ •îûöì̃ îû !îKþy˜ ëyîû ¢y£yöìëÄ ¢‚…Äy myîûy þ™!îû!›“þ îûy!Ÿ“þíÄ xy£îû’– vþzþ™Þíyþ™˜ ç îÄy…Äy
„þîûy ëyëûÐ

Bowleyéôéîû ›öì“þ þ™!îû¢‚…Äy˜ £œ öë ö„þyöì̃ y !î¦þy† îy ”®öìîûîû x˜%¢r•y˜œk• þ™!îû›y’†“þ “þíÄ îy
îûy!Ÿ!î¡ìëû„þ “þíÄÐ
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Lovittéôé~îû þ™!îû¢‚…Äyöì̃ îû ¢‚Kþy £œéôôôéþ™!îû¢‚…Äy˜ ~›˜ ~„þ !îKþy˜ ëy ¢‚…Äyîû ¢y£yöìëÄ “þíÄ
¢‚@ùÌ£– ö×!’!î˜Äy¢ ç Šé„þ!î˜Äy¢ „þöìîû ëyöì“þ “þíÄ†%!œîû ¢y£yöìëÄ ‡Ýþ˜yîœ#îû îÄy…Äy– î’Å˜y ç “%þœ˜y›)œ„þ
!î‰þyîû „þîûy ëyëûÐ

1.3.1  î’Å̃ y›)œ„þ ç x˜%›y˜!¢å• !¢å•yhsþ›)œ„þ îûy!Ÿ!îKþy˜/þ™!îû¢‚…Äy˜

îûy!Ÿ!îKþyöì̃ îû „þ›Åþ™å•!“þöì„þ ”%£z ¦þyöì† ¦þy† „þîûy ëyëûÐ ²Ìí›“þƒ îûy!Ÿ“þíÄ ¢‚@ùÌ£ ç vþzþ™Þíyþ™˜y ~î‚
!m“þ#ëû“þƒ ¢‚†,£#“þ îûy!Ÿ“þíÄ îûy!Ÿ!îKþyöì̃ îû !î!¦þ§¬ þ™å•!“þ ç ²Ìë%!=þ îÄî£yîû „þöìîû ¢‚!ÙÕTþ ¢›¢Äyîœ#îû
vþzþ™ë%=þ îÄy…Äy „þîûy ç ~„þ!Ýþ ë%!=þ@ùÌy£Ä !¢å•yhsþ …%¤öì‹ îyîû „þîûyÐ

~£z ”%£z „þ›Åþ™ríy ¢%¢Á™§¬ „þîûyîû ‹˜Ä îûy!Ÿ!îKþy˜öì„þ ”%£z ¦þyöì† ¦þy† „þîûy ëyëûÐ ²Ìí›!Ýþ £œ î’Å̃ y›)œ„þ
îûy!Ÿ!îKþy˜ ç !m“þ#ëû!Ýþ £œ x˜%›y˜!¢å• !¢å•yhsþ›)œ„þ îûy!Ÿ!îKþy˜Ð

î’Å̃ y›)œ„þ îûy!Ÿ!îKþyöì̃  öë ¢›hßþ îûy!Ÿ“þíÄ xy£îû’– vþzþ™Þíyþ™˜ ç îÄy…Äy „þîûy £ëû ö¢†%!œ ¢î£z
îyhßþöìî xyöìŠéÐ ~„þ ‰þœ„þ !î!ŸTþ “þíÄ†%!œîû þ™!îû¢‚…Äy˜†“þ þ™!îû›yþ™ !î!¦þ§¬ •îûöì̃ îû £ëûÐ ö„þw#ëû ²Ìî’“þyîû
þ™!îû›yþ™ „þîûy £ëû †vþü (Average) ~îû ›y•Äöì›Ð !îhß+þ!“þîû þ™!îû›yþ™ „þîûy £ëû ö¦þ”›y˜ (Variance) xíîy
¢›„þ þ™yíÅöì„þÄîû (Standard Deviation) ›y•Äöì›Ð ~Šéyvþüyç xyöìŠé ¼y›„þ (moments) ²Ì!“þ÷ìî¡ì›Ä
(Skewness) ç “þ#¸“þy (Kurtosis)Ð ~£z†%!œîû ›y˜ !˜’Åëû „þîûy £ëû ç ¢%‰þyîû%îû)öìþ™ îûy!Ÿ“þöìíÄîû îÄy…Äy
„þîûy £ëûÐ ”%£z ‰þœ„þ !î!ŸTþ îûy!Ÿ“þöìíÄîû öÇþöìe ”%£z ‰þœöì„þîû ¢Á™„Åþ þ™îû#Çþy „þîûy £ëû ¢£þ™!îûî“Åþ˜
(Correlation) ç ²Ì!“þ†›öì̃ îû (Regression) ›y•Äöì›Ð îûy!Ÿ!îKþyöì̃ îû î’Å̃ y›)œ„þ x‚öìŸîû xyöìœy‰þ˜yëû
¢›hßþ îûy!Ÿ“þíÄ£z îyhßþöìîîû vþzþ™îû ²Ì!“þ!Ûþ“þÐ öë ¢î ‰þœöì„þîû ›y˜ ¢‚@ùÌ£ „þîûy £ëû ö¢†%!œ £œ vþzF‰þ“þy– îëû¢–
ç‹˜– xyëû– îÄëû– “þyþ™›yey– œy¦þ– Çþ!“þ ¢î£z îyhßþöìî þ™yçëûy ëyëûÐ

xþ™îûþ™öìÇþ– îûy!Ÿ!îKþy˜ ~îû xy˜%›y!˜„þ !¢å•yhsþ›)œ„þ x‚öìŸ ¢½þyî˜y (Probability) îy x!˜!Øþ“þ
šþœyšþœ þ™ëÅyöìœy‰þ˜y „þîûy £ëûÐ ~£z x‚öìŸ ¢½þyî˜y “þöì_î́û !îhßþy!îû“þ xyöìœy‰þ˜y „þîûy £ëûÐ ~…yöì̃  ‰þœ„þéôé
!Ýþöì„þ ¢›¢½þî ‰þœ„þ (Random Variable) îœy £ëûÐ ¢›¢½þî ‰þœöì„þîû ²Ì!“þ!Ýþ ›yöì̃ îû ¢öìA† ~„þ!Ýþ
¢½þyî˜y ë%=þ íyöì„þÐ ~…yöì̃  „þ›Åþ™å•!“þ £œ ˜›%˜y (Sample) xy£îûöì’îû þ™îû ˜›%̃ yëû ²Ìy® šþœyšþœ !î‰þyîû
„þöìîû ¢›@ùÌöì„þîû (Population) ~îû ÷î!ŸTþÄ ¢Á™öì„Åþ !˜!”ÅTþ !¢å•yöìhsþ öþ™ï¤Šéyöì̃ yÐ •îûy ëy„äþ ö„þyöì̃ y †öìî¡ìöì„þîû
!î‰þyëÅ !î¡ìëû £œ „þœ„þy“þy ›£y˜†öìîûîû ˜y†!îû„þöì”îû †vþü xyëû …%¤öì‹ öîîû „þîûyÐ þ™)’Å “þ”öìhsþîû (Complete
enumeration) ›y•Äöì› „þy‹!Ýþ „þîûy ëyëû !„þhs$þ ö¢Ýþy …%î£z îÄëû¢yöìþ™ÇþÐ öë!Ýþ „þîûy £ëû “þy£œ ˜›%˜y “þ”hsþ
(Sample Survey) ëy “%þœ˜yëû ¢£‹Ð îÄëû ç ¢›ëûç ¢yöì•Äîû ›öì•Ä íyöì„þÐ !î!¦þ§¬ ¦þyöìî ˜›%̃ y ¢‚@ùÌ£
„þîûy £ëû öë›˜ ¢›¢½þî ˜›%˜y– £zFŠéy•#˜ ˜›%̃ y– hßþîû#¦)þ“þ ˜›%̃ y £z“þÄy!”Ð öî!Ÿîû¦þy† ¢›öìëû ¢›¢½þî ˜›%̃ y
¢‚@ùÌ£ „þîûy £ëû xíÅyê ¢›@ùÌöì„þîû öë ö„þy˜ þ™” ˜›%̃ yëû xhsþ¦%þÅ=þ £çëûyîû ¢½þyî˜y ¢›y˜Ð ˜›%̃ y “þ”öìhsþîû
›)œ œÇþÄ £œ ¢›@ùÌöì„þîû ¢y›y˜Ä x‚Ÿéþ™îû#Çþy „þöìîû ¢›@ùÌöì„þîû ¢Á™öì„Åþ ¢›Ä„þ •yîû’y „þîûyÐ ~…yöì̃  ˜›%̃ yöìA„þîû
vþzþ™îû !˜¦Åþîû „þöìîû ¢›@ùÌöì„þîû þ™)’Åy„þyöìA„þîû (Parameter) ›y˜ öîîû „þîûy £ëûÐ öë›˜ xy›yöì”îû vþz”y£îûöì’
„þœ„þy“þy ›£y˜†öìîûîû ˜›%̃ y ˜y†!îû„þöì”îû †vþü xyëû öíöì„þ ¢Á™)’Å „þœ„þy“þy ›£y˜†öìîûîû ˜y†!îû„þöì”îû xíÅyê
¢›@ùÌöì„þîû †vþü›y˜ !˜’Åëû „þîûy £ëûÐ
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²Ì„þÒ !î‰þyöìîû (Testing of Hypothesis) ¢›@ùÌöì„þîû þ™)’Åy„þyöìA„þîû ~„þ!Ýþ xy¨y‹ ›y˜ ö”çëûy £ëû
~î‚ “þy ˜›%̃ yîû ¢y£yöìëÄ þ™îû#Çþy „þöìîû ö”…öì“þ £ëû öë öëÝþy xy¨yöì‹ •îûy £öìëûöìŠé ö¢Ýþy ¢!àþ„þ !„þ˜yÐ
¢›@ùÌöì„þ þ™)’ÅyA„þîû ö„þy˜ !˜!jÅTþ ›yöì̃ îû î”öìœ ö¢!Ýþ ~„þ!Ýþ ~„þ!Ýþ xyÞíy¢#›yîû (Confidence interval)
›öì•Ä íyöì„þÐ öë›˜ „þœ„þy“þy ›£y˜†öìîûîû ˜y†!îû„þöì”îû †vþü xyëû xyÝþ £y‹yîû öíöì„þ ”Ÿ £y‹yöìîûîû
›öì•Äéôôôé˜›%̃ yîû !¦þ!_öì“þ ~£z ›yöì̃ îû ¢Á™öì„Åþ 99% xyÞíy ”,‘þü“þyîû ¢öìA† îûy…y ëyëûÐ

1.3.2  îÄî¢y ç îy!’öì‹Äîû öÇþöìe þ™!îû¢‚…Äy˜

x“þ#öì“þ öî!Ÿîû ¦þy† !ŸÒ£z !Šéœ ~„þ›y!œ!„þ „þyîûîyîû xíîy x‚Ÿ#”yîû# „þyîûîyöìîûîû ›öì•Ä ¢#›yîå•Ð
!„þhs$þ xy•%!˜„þ ë%öì† !ŸöìÒîû „Êþ›yå•Å›y˜ !î„þyöìŸîû šþöìœ !ŸöìÒîû Ÿ%•% xyëû“þ˜ î,!å• öþ™öìëûöìŠé “þy£z ˜ëû
þ™!îû‰þyœ˜yîû ‹!Ýþœ“þyç î,!å• öþ™öìëûöìŠéÐ öî!Ÿîû ¦þy† !ŸÒ£z öëïí ›y!œ„þy˜yëû þ™!îû‰þy!œ“þ £öìFŠé öë…yöì̃
›y!œ„þ £œ ö„þyÁ™y˜#îû öŸëûyîûöì£yÓþyîûîûyÐ ~îû ¢öìA† ¢›y˜ “þyöìœ ²Ì!“þöìëy!†“þyç öîöìvþü£z ‰þöìœöìŠé šþöìœ
!î!¦þ§¬ !¢å•yhsþ @ùÌ£öì’îû öÇþöìe þ™!îû¢‚…Äyöì̃ îû vþzþ™îû !˜¦ÅþîûŸ#œ“þyç öîöìvþü£z ‰þöìœöìŠéÐ îÄî¢y îy!’‹Ä
¢%ßþºyöìÞíÄîû x!•„þyîû# !„þ˜y ö¢Ýþy “þyîû œyöì¦þîû xA„þ îöìœ !”öì“þ þ™yöìîûÐ xyîyîû ~£z œyöì¦þîû xA„þ ²Ì“þÄyŸyîû
vþzþ™îû !˜¦ÅþîûŸ#œÐ ö„þyÁ™y˜# oîÄ vþzêþ™y”˜ „þöìîû îy‹yöìîû ²Ì“þÄy!Ÿ“þ ‰þy!£”yîû !¦þ!_öì“þÐ “þy£z ¢›hßþ !¢å•yhsþ
@ùÌ£öì’îû ¢›ëû îy!’‹Ä !î¡ìëû„þ þ™)îÅy %̃›y˜ !îöìŸ¡ì¦þyöìî †%îû%cþ™)’ÅÐ oöìîÄîû îy‹yîû ”y›îyvþüöìŠé !„þ˜yÐ ¦þ!î¡ìÄöì“þ£z
îy îy‹yîû”yöì›îû !„þ þ™!îû!Þí!“þ £öìî ~¢î£z þ™)îÅy˜%›y˜ îöìœ ö”öìîÐ þ™!îû¢‚…Äyöì̃ îû !î!¦þ§¬ þ™å•!“þ îÄî¢y
îy!’öì‹Ä îÄî£,“þ £ëû öë›˜ õ †vþü– !îhß+þ!“þ– ¢£ þ™!îûî“Åþ˜ £z“þÄy!” îÄyþ™„þ¦þyöìî îÄî£,“þ £ëûÐ þ™)îÅy˜%›y˜
(Forcasting) öîîû „þîûyîû ¢›ëû ²Ì!“þ†›’ îÄî£yîû „þîûy £ëûÐ „þyœ#˜ ö×!’îû !îöìÙÕ¡ì’ ²Ìöìëûy‹˜ £ëû oöìîÄîû
‰þy!£”yîû vþzàþy˜y›y– ”yöì›îû vþzàþy˜y›y £z“þÄy!”îû !î‰þyîû „þîûöì“þÐ ˜›%̃ y ‰þëûöì̃ îû (Sampling) ›y•Äöì› ö„Êþ“þyîû
îû%!‰þ þ™Šé¨ £z“þÄy!”îû vþzþ™îû îy‹yîû ¢›#Çþy …%î£z †%îû%cþ™)’ÅÐ þ™!îû¢‚…Äy˜ !î¡ìëû„þ †%’†“þ ›y˜ !˜ëûsþf’
(Statistical Quality Control) îy‹yîû •öìîû îûy…yîû ‹˜Ä !îöìŸ¡ì ¦þyöìî ²Ìöìëûy‹˜#ëûÐ !î!¦þ§¬ •îûöì̃ îû ¢)‰þ„þ
(Index No.) öë›˜ ”yöì›îû ¢)‰þ„þ– vþzêþ™y”öì̃ îû ¢)‰þ„þ– xy›”y˜# ¢)‰þ„þ– îû®y!˜ ¢)‰þ„þ !î!¦þ§¬ •îûöì’îû îy!’‹Ä
¢‚„Êþyhsþ !¢å•yhsþ @ùÌ£öì’îû ‹˜Ä !îöìŸ¡ì †%îû%cþ™)’ÅÐ ~Šéyvþüy !î!¦þ§¬ !‰þe ç Šéöì„þîû ¢y£yöìëÄ îÄî¢y öÇþöìe
“%þœ˜y›)œ„þ !î‰þyîûç „þîûy £ëûÐ þ™å•!“þ†%!œîû ¢!àþ„þ îÄî£yîû îy!’‹Ä ¢‚„Êþyhsþ !¢å•yhsþ†%!œöì„þ xyîûç ¢!àþ„þ
þ™öìí !˜öìëû öëöì“þ ¢y£yëÄ „þöìîûÐ

1.3.3  xíÅŸyöìßþf þ™!îû¢‚…Äy˜

xíÅŸyöìßþfîû !î!¦þ§¬ “þ_ ́þ™ëÅyöìœy‰þ˜y „þîûöì“þ ç xíÅ̃ #!“þîû !î!¦þ§¬ ¢)öìeîû ¢“þÄ“þy ëy‰þy£z „þîûöì“þ þ™!îû¢‚…Äy˜
!îöìŸ¡ì¦þyöìî ¢y£yëÄ „þöìîûÐ þ™!îû¢‚…Äyöì̃ îû !î!¦þ§¬ þ™å•!“þ öë›˜ †vþü– !îhß+þ!“þ– ¢£éôéþ™!îûî“Åþ˜– ²Ì!“þ†›’–
„þyœ#˜ ¢y!îû !îöìÙÕ¡ì’– ¢)‰þ„þ ¢‚…Äy– ¢½þyî˜y– Šé„þ– þ™y£z !‰þe– þ™!îû¢‚…Äy !î¦þy‹˜– ˜›%˜y ‰þëû̃ – ²Ìyí!›„þ
x %̃›y˜ (null hypothesis) ç !î„þÒ x˜%›yöì̃ îû (alternative hypothesis) !î‰þyîû ç þ™îû#Çþy (Testing
of hypothesis) £z“þÄy!” !î!¦þ§¬ xíÅ÷ì̃ !“þ„þ “þöì_î́û xyöìœy‰þ˜yëû îÄyþ™„þ¦þyöìî îÄî£,“þ £ëûÐ

!î!¦þ§¬ xíÅ̃ #!“þîû vþz§¬ëû̃  !¦þ!_„þ xyöìœy‰þ˜y !îöìŸ¡ì“þ ¦þyîûöì“þîû ›öì“þy !þ™!Šéöìëû þ™vþüy ö”Ÿ†%!œîû vþz§¬ëûöì̃ îû
˜#!“þ !˜•Åyîûöì’îû ‹˜Ä þ™!îû¢‚…Äy˜ !îöìŸ¡ì¦þyöìî †%îû%cþ™)’ÅÐ
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~…˜ †!’“þ Ÿyßþf– îûy!Ÿ!îKþy˜ ç xíÅ̃ #!“þîû ¢›§ºöìëû ~„þ xy•%!˜„þ Ÿyöìßþfîû ‹§Ã £öìëûöìŠéÐ “þyîû ˜y›
Econometrics. ‹!Ýþœ xíÅ÷ì̃ !“þ„þ “þöì_î́û xyöìœy‰þ˜yëû Econometrics „Êþ›Ÿ£z †%îû%cþ™)’Å ‹yëû†y „þöìîû !˜öìFŠéÐ

1.3.4  þ™!îû¢‚…Äyöì̃ îû îÄî£yîû ¦þyîû“þîöì¡ìÅ

ßþºy•#˜“þy þ™yçëûyîû þ™îû 1950 ¢yœ öíöì„þ ¦þyîû“þîöì¡ìÅ þ™Mþîy!¡ìÅ„þ# þ™!îû„þÒ˜y Ÿ%îû% £ëûÐ ‹y“þ#ëû ¢îû„þyîû
ö”öìŸîû þ™!îû„þ!Ò“þ xíÅ÷ì̃ !“þ„þ vþz§¬ëûöì̃ îû ‹˜Ä þ™Mþîy!¡ìÅ„þ# þ™!îû„þÒ˜yîû ¢y£yëÄ ö˜ëûÐ £z![þëûy˜ ÞÝþÄy!Ýþ¢!Ýþ„þyœ
£z̃ ä¢!Ýþ!ÝþvþzÝþ ~îû x•Äyþ™„þ ²ÌŸyhsþ‰þw ›£œy˜!îŸ ~îû ö˜“,þöì_ ́ þ™!îû¢‚…Äy˜ !¦þ!_„þ vþz§¬ëûöì̃ îû vþzöì”Äy†
ö˜çëûy £ëûÐ ¦þyîûöì“þ ¢îû„þy!îû þ™!îû¢‚…Äy˜ ö„þw#ëû þ™!îû¢‚…Äy˜ ¢‚†àþ˜ (Central Statistical
Organisation îy CSO) ç ‹y“þ#ëû ˜›%̃ y “þíÄ ¢‚@ùÌ£ (National Sample Survey îy NSS) ˜y›„þ
”%!Ýþ ¢‚†àþ˜ myîûy !˜ëû!sþf“þ £ëûÐ

¦þyîû“þ ¢îû„þyöìîûîû ¢‚!î•y˜ !˜•Åy!îû“þ „þyàþyöì›y x %̃ëyëû# „þ“þ„þ†%!œ †%îû%cþ™)’Å !î¡ìëû öë›˜ ÷îöì”!Ÿ„þ
îy!’‹Ä– îÄy!A„þ‚– !ŸÒ– ×›– ‹˜¢‚…Äy £z“þÄy!”îû vþzþ™îû þ™%öìîûyþ™%!îû ö„þw#ëû !˜ëûsþf’ îûöìëûöìŠéÐ xyîyîû îûy‹Ä
¢îû„þyöìîûîû !˜ëûsþf’y•#˜ !î¡ìëû†%!œ £œ „,þ!¡ì– xy£z̃  ç Ÿ,Cœy– !ŸÇþy £z“þÄy!”Ð

î“Åþ›yöì̃  ¢‚†,£#“þ “þíÄyîœ# ¢‚„þœ˜ ç îÄî£yîû „þîûyîû ”y!ëûc !î!¦þ§¬ ö„þw#ëû ç îûy‹Ä ¢îû„þyöìîûîû ¢öìA†
ë%=þ þ™!îû¢‚…Äy˜ !î¡ìëû„þ ¢‚†àþöì̃ îû vþzþ™îû ö”çëûy £öìëû íyöì„þÐ CSO 1951 ¢yöìœ †!àþ“þ £ëûÐ ~!Ýþ ¦þyîû“þ
¢îû„þyöìîûîû „þÄy!îöì̃ Ýþ ö¢öì„ÊþÝþy!îûöìëûöìÝþîû ¢öìA† ë%=þÐ ö„þw#ëû ¢îû„þyöìîûîû !î!¦þ§¬ ”®öìîûîû ¢öìA† ~„þ!Ýþ ¢›§ºëû„þyîû#
þ™îûy›ŸÅ”y“þy !£¢yöìî „þy‹ „þöìîûÐ ~Šéyvþüy !î!¦þ§¬ îûyöì‹Ä öÞÝþÝþ ÞÝþÄy!Ýþ¢!Ýþ„þyœ î%Äöìîûy (State Statistical
Bureau) †àþ˜ „þîûy £öìëûöìŠé ëyöì”îû ›)œ „þy‹ £œ îûy‹Ä ¢îû„þyöìîûîû !î!¦þ§¬ ”®öìîûîû þ™!îû¢‚…Äy˜ ¢‚@ùÌ£ „þîûy
~î‚ ú !î!¦þ§¬ ”®öìîûîû ›öì•Ä „þy‹„þöì›Åîû ¢›§ºëû ¢y•˜ „þîûyÐ

¦þyîûöì“þ “þíÄ ¢‚@ùÌöì£îû ”%!Ýþ þ™å•!“þ xyöìŠéÐ ~„þ!Ýþ £œ ÞÝþÄy!Ýþ!ÞÝþ: xÄyQ ~îû ›y•Äöì› ¢‚†,£#“þ “þíÄÐ
!m“þ#ëû!Ýþ £œ ²ÌŸy¢!˜„þ xy£zöì̃ îû ›y•Äöì› ¢‚†,£#“þ “þíÄ öë›˜ šþÄyQ!îû ç …!˜ xy£z̃  (Factories and
Mines Act), Indian Dock Labour Regulation Act 1948, Indian Trade Union Act 1926
ç Minimum Weges Act 1948. ~îû ›öì•Ä xhsþ¦)Åþ=þ !î¡ìëû†%!œ £œ ‹˜¢‚…Äy– !ŸÒ– ×› £z“þÄy!”
!î¡ìëû„þ þ™!îû¢‚…Äy˜Ð xþ™îû!”öì„þ „,þ!¡ì– !ŸÇþy– ßþºyÞíÄ !î¡ìëû„þ “þíÄ†%!œ ößþºFŠéy•#˜ ¦þyöìî ¢‚†,£#“þ ö£y“þÐ
~…˜ ßþºy•#˜“þyîû þ™öìîû þ™!îû¢‚…Äy˜ ¢‚@ùÌöì£îû îÄyþ™yöìîû öîŸ …y!˜„þÝþy x@ùÌ†!“þ £öìœç xy‹ç ~£z¢î
¢‚†,£#“þ “þöìíÄîû ëíyíÅ“þy !˜öìëû ²ÌÙÀ xyöìŠéÐ þ™!îû¢‚…Äy˜ ë!” !î¼y!hsþ›)œ„þ £ëû– “þöìî vþz§¬ëûöì̃ îû ˜#!“þ
!˜•Åyîû’ç ¼yhsþ £öì“þ îy•ÄÐ

1.4 îûy!Ÿ“þöìíÄîû vþzþ™Þíyþ™˜

îûy!Ÿ“þíÄ !“þ˜!Ýþ vþzþ™yöìëû vþzþ™Þíy!þ™“þ „þîûy ëyëû õ

S„þV î’Å˜yd„þ vþzþ™Þíyþ™˜ (Textual Presentation)
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S…V Šé„þ !î˜Äyöì¢îû ¢y£yöìëÄ vþzþ™Þíyþ™˜ (Tabular Presentation)

S†V öœ… !‰þöìeîû ¢y£yöìëÄ vþzþ™Þíyþ™˜ (Graphical Presentation)

1.4.1  î’Å̃ yd„þ vþzþ™Þíyþ™˜

S„þV î’Å̃ yd„þ vþzþ™Þíyþ™˜ ƒ ~£z þ™å•!“þöì“þ ~„þ îy ~„þy!•„þ x˜%öìFŠé”éôé~îû ›öì•Ä !”öìëû ¢‚†,£#“þ îûy!Ÿ
“þíÄ î’Å̃ yîû ›y•Äöì› ²Ì„þyŸ „þîûy £ëûÐ ~„þ!Ýþ vþz”y£îû’ ö”çëûy öëöì“þ þ™yöìîûéôôôé

!ŸÒ „þyîû…y˜yéôé‡!Ýþ“þ þ”)¡ìöì’îû ¢Áºöìr• îœy ëyëû öë ¦þyîûöì“þ 132 !Ýþ ›yGþy!îû ç î,£ê !ŸÒ „þyîû…y˜y
xyöìŠé– ëyîû ›öì•Ä vþz_îû²Ìöì”öìŸ 86 !Ýþ– !î£yöìîû 3 !Ýþ ~î‚ þ™!Øþ›îöìA† 43 !Ýþ xî!Þí“þÐ vþz_îû²Ìöì”öìŸîû
86 !Ýþîû ›öì•Ä 59 !Ýþ £œ ÝþÄy˜y!îûÐ ›ye 12 !Ýþ !ŸÒ „þyîû…y˜yëû î‹ÅÄ þ™!îûöìŸy•öì̃ îû îÄîÞíy xyöìŠéÐ 68 !ŸÒ
„þyîû…y˜yëû î‹ÅÄ þ™!îûöìŸy•˜ „þîûyîû þ™!îû„þÒ˜y „þîûy £öìëûöìŠéÐ îy„þ# 52 !Ýþ !ŸÒ „þyîû…y˜yëû î‹ÅÄ þ™!îûöìŸy•öì̃ îû
ö„þyöì̃ y þ™!îû„þÒ˜yç ö˜£zÐ

[ ¢)e õ vþõ !Ýþ ~˜ ö…y¢%îû ¢¦þyþ™!“þîû ¦þy¡ì’– ¦þyîû“þ#ëû !îKþy˜ „þ‚öì@ùÌ¢ xÄyöì¢y!¢öìëûŸ˜ ~îû 73 “þ›
x!•öìîŸ˜– 1986 ]

î’Å̃ yd„þ þ™å•!“þîû x¢%!î•y†%!œ £œ !˜Á¬îû)þ™ õ

(1) ~£z þ™å•!“þöì“þ x’%öìFŠé”†%!œ x“þÄhsþ ”#‡Å £ëû–

(2) þ™!îû¢‚…Äy˜ ¢Á™öì„Åþ ¦þyöìœy •yîû’y öþ™öì“þ £öìœ ÷•ëÅ ¢£„þyöìîû îyöìîû îyöìîû þ™vþüöì“þ £ëû–

(3) ~„þ!Ýþ “þöìíÄîû þ™%̃ îûyî,!_ ‡Ýþyîû šþöìœ ¢y›!@ùÌ„þ ¦þyöìî !˜!Øþ“þ !¢å•yhsþ ö˜çëûy ›%Ÿ!„þœÐ

(4) ¢”,Ÿ “þíÄ†%!œîû “%þœ˜y›)œ„þ !‰þe ¦þyöìœy¦þyöìî þ™yçëûy ¢½þî ˜ëûÐ

(5) !˜îûÇþîû îÄ!=þîû þ™öìÇþ x˜%öìFŠé”†%!œ þ™vþüy ¢½þî £ëû ˜yÐ

î’Å̃ yd„þ þ™å•!“þîû ¢%!î•y õ

(1) öë ö„þvþz þ™!îû¢‚…Äy˜ ¢Áº!œ“þ x˜%öìFŠé” !œöì… öšþœöì“þ þ™yöìîûÐ

(2) x˜%öìFŠé” †%!œ Ÿ%•% þ™öìvþü !˜öìœ£z þ™!îû¢‚…Äy˜ ¢Á™öì„Åþ ¢›Ä„þ •yîû’y £ëûÐ

1.4.2  Šé„þ!î˜Äyöì¢îû ¢y£yöìëÄ îûy!Ÿ“þöìíÄîû vþzþ™Þíyþ™˜

îûy!Ÿ“þíÄ†%!œ ¢‚@ùÌ£ „þöìîû ¢%Ÿ,Cœ¦þyöìî ¢y!îû (row) ç hßþöì½þ (column) ¢y!‹öìëû vþzþ™Þíyþ™˜ „þîûöìœ
“þyöì„þ Šé„þ !î˜Äy¢ (Tabulation) îœy £ëûÐ ¢%¢‚£“þ¦þyöìî þ™!îû„þÒ˜y „þîûöìœ ~„þ!Ýþ Šéöì„þ …%î£z xÒ
‹yëû†yëû xöì̃ „þ öî!Ÿ “þíÄ þ™!îûöìîŸ˜ „þîûy ¢½þîÐ ¢%Ÿ,Cœ Šé„þ!î˜Äyöì¢ vþzþ™Þíyþ™öì̃ îû vþzöìjŸÄ …%î ¢£öì‹£z
öîyGþy ëyëûÐ ~£z •îûöì̃ îû vþzþ™Þíyþ™öì̃  “þíÄ†%!œ x˜yëûyöì¢ “%þœ˜y „þîûy ¢½þîÐ
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1.4.2.1 Šé„þ!î˜Äyöì¢îû ¢y£yöìëÄ îûy!Ÿ“þíÄ vþzþ™Þíyþ™öì̃ þ™îû ¢%!î•y

î’Å̃ yd„þ þ™å•!“þîû ¢öìA† “%þœ˜yëû Šé„þ!î˜Äyöì¢îû ¢y£yöìëÄ îûy!Ÿ“þíÄ vþzþ™Þíyþ™öì̃ îû ¢%!î•y†%!œ !˜Á¬îû)þ™ õ

(i) Šé„þ!î˜Äyöì¢ îûy!Ÿ“þöìíÄîû vþzþ™Þíyþ™˜ …%î£z ¢%Ÿ,Cœ¦þyöìî £ëûÐ

(ii) Šé„þ!î˜Äy¢ …%î ¢£öì‹£z öîyGþy ëyëûÐ

(iii) Šé„þ!î˜Äy¢ ¢%¢‚£“þ ¦þyöìî vþzþ™Þíyþ™˜ „þîûyîû šþöìœ ›öì̃  îûy…y …%î£z ¢£‹Ð

(iv) îûy!Ÿ“þöìíÄîû “%þœ˜y›)œ„þ !î‰þyîû „þîûy ¢½þîÐ

(v) Šé„þ!î˜Äyöì¢îû öŸ¡ì hßþ½þ!Ýþöì“þ ¢î ¢y!îûîû öëy†šþœ ~î‚ öŸ¡ì ¢y!îû!Ýþöì“þ ¢›hßþ hßþöì½þîû öëy†šþœ
!˜öìjÅŸ „þîûy £ëûÐ šþöìœ ö„þyöì̃ y ¦%þœ¼y!hsþ £öìœ ¢£öì‹£z “þy •îûy þ™öìvþüÐ ~£z¦þyöìî !£¢yöìîîû
Ÿ%å•“þy î‹yëû îûy…y ¢½þîÐ

(vi) ~£z þ™å•!“þöì“þ !î¡ìëû îy !Ÿöìîûy˜yöì› þ™%̃ îûyî,!_ £ëû ˜yÐ

(vii) !î!¦þ§¬ þ™öì”îû (item) ›öì•Ä ¢Á™„Åþ ç “þyöì”îû x˜Äy˜Ä ÷î!ŸTþÄç !‰þ!£«“þ „þîûy ëyëûÐ

(viii) Šé„þ!î˜Äyöì¢îû ›y•Äöì› îûy!Ÿ“þíÄ x“þÄhsþ „þ› þ™!îû×öì›– „þ› þ™!îû¢öìîû „þ› …îûöì‰þ ç „þ› ¢›öìëû
¢%þ™!îû„þ!Ò“þ¦þyöìî vþzþ™Þíyþ™˜ „þîûy ëyëûÐ

1.4.2.2 Šéöì„þîû !î!¦þ§¬ x‚Ÿ

~„þ!Ýþ Šéöì„þîû !˜Á¬!œ!…“þ x‚Ÿ†%!œ íyöì„þ õ

(i) !Ÿöìîûy˜y› (Title) : Šéöì„þîû vþzþ™öìîû ~„þ!Ýþ !Ÿöìîûy˜y› öœ…y £ëû ëyîû ›öì•Ä Šéöì„þîû vþzöìjŸÄ
¢‚!Çþ® xy„þyöìîû î!’Å“þ £ëûÐ ~îû öíöì„þ þ™yàþöì„þîû ~„þÝþy ¢%ßþ™Tþ •yîû’y £ëû öë Šé„þ!Ýþöì“þ !„þ
ö”…yöì̃ y £öìëûöìŠéÐ

(ii) Šéöì„þîû î¤y !”öì„þîû !îîîû’ !œ!þ™ (Stub) : ~…yöì̃  Šéöì„þîû ¢y!îû†%!œîû (rows) ~„þÝþy þ™!îûÜñyîû
î’Å̃ y íyöì„þÐ

(iii) Šéöì„þîû vþzþ™!îû¦þyöì†îû !îîîû’ !œ!þ™ (Caption) : !Ÿöìîûy˜yöì›îû !àþ„þ ˜#öì‰þ ~!Ýþ xîÞíy˜ „þöìîûÐ
~…yöì̃  !î!¦þ§¬ hßþ½þ†%!œîû (Columns) !Ÿöìîûy˜y› öœ…y £ëûÐ

!Ÿöìîûy˜y› (Title), î¤y!”öì„þîû !îîîû’ (Stub) ç vþzþ™!îû¦þyöì†îû !îîîû’ (Caption) ~£z !“þ˜!Ýþöì„þ
~„þöìe îœy £ëû Šéöì„þîû vþzþ™!îû¦þy† (Box head)Ð

(iv) ›%œ x‚Ÿ (Body) : Šéöì„þîû !Ÿöìîûy˜y› îy” !”öìœ– ¢›hßþ ¢y!îû ç !î˜Äyöì¢îû ¢!Á¿!œ“þ îûy!Ÿ“þíÄ
†%!œ£z £œ Šéöì„þîû ›)œ x‚ŸÐ
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(v) þ™y” !Ýþ„þy (Foot Note) : Šéöì„þîû !àþ„þ ˜#öì‰þ þ™y”!Ýþ„þy xîÞíy˜ „þöìîûÐ ~!Ýþîû ›y•Äöì› ö„þyöì̃ y
þ™öì”îû ÷î!ŸTþÄöì„þ !îŸ”¦þyöìî îÄy…Äy „þîûy £ëûÐ

(vi) vþzê¢ !Ýþ„þy (Source Note) : ë!” ö„þyöì̃ y ö†ï’ vþzê¢ (Secondary Source) öíöì„þ
îûy!Ÿ“þíÄ ¢‚@ùÌ£ „þöìîû Šé„þ!î˜Äyöì¢ vþzþ™Þíyþ™˜ „þîûy £öìëû íyöì„þ– “þy£öìœ ö„þy˜ vþzê¢ öíöì„þ ú
îûy!Ÿ“þíÄ ¢‚†,£#“þ £öìëûöìŠé ö¢!Ýþ Šéöì„þîû ˜#öì‰þ öœ…y £ëûÐ ¢y•yîû’“þ ~!Ýþ þ™y”!Ýþ„þyîû !àþ„þ ˜#öì‰þ
öœ…y £ëûÐ

Šé„þ !î˜Äy¢
Šé„þ ¢‚…Äy (Table Number)

!Ÿöìîûy ˜y› (Title)

hßþ½þ†%!œîû !Ÿöìîûy˜y›
(Caption)

(Stub) (1) (2) (3) (4)
¢y!îû†%!œîû (1)
î’Å̃ y (2) BODY

(3)

þ™y”!Ýþ„þy (Foot Note)
vþzê¢ !Ýþ„þy (Source Note)
vþz”y£îû’ 1. ~„þ!Ýþ !îÙ»!î”Äyœöìëûîû !“þ˜!Ýþ !î¦þyöì†îûéôôôé„þœy !î¦þy†– !îKþy˜ !î¦þy† ç îy!’‹Ä !î¦þyöì†îû

²Ìí› î¡ìÅ– !m“þ#ëû î¡ìÅ ç “,þ“þ#ëû îöì¡ìÅîû þ™îû#Çþyí#Åöì”îû ¢‚…Äy !œA† ö¦þöì”îû !¦þ!_öì“þ ~„þ!Ýþ š¤þy„þy Šé„þ ²Ìhß$þ“þ „þîûÐ
Šé„þ ¢‚…Äy õ 1

!Ÿöìîûy˜y› õ ~„þ!Ýþ !îÙ»!î”Äyœöìëûîû !î!¦þ§¬ þ™îû#Çþyîû þ™îû#Çþyí#Åöì”îû ¢‚…Äyîû Šé„þ !î¦þy‹˜
S!î¦þy† x˜%ëyëû# ç !œA† ö¦þöì” þ™îû#Çþ#í#Åîû ¢‚…ÄyV

þ™îû#Çþy ²Ìí› î¡ìÅ !m“þ#ëû î¡ìÅ “,þ“þ#ëû î¡ìÅ ö›yÝþ ¢‚…Äy

!î¦þy† !œA† þ™%îû%¡ì ›!£œy ö›yÝþ þ™%îû%¡ì ›!£œy ö›yÝþ þ™%îû%¡ì ›!£œy ö›yÝþ ™%îû%¡ì ›!£œy ö›yÝþ

„þœy

!îKþy˜

îy!’‹Ä

ö›yÝþ
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1.4.2.3 xy”ŸÅ Šéöì„þîû †%’yîœ#

Šéöì„þîû ›y•Äöì› îûy!Ÿ“þöìíÄîû vþzþ™Þíyþ™˜y öë˜ ¢%Ÿ,Cœ ¦þyöìî „þîûy £ëû ëyöì“þ vþzþ™Þíyþ™˜yîû vþzöìjŸÄ
þ™!îûÜñyîû¦þyöìî öîyGþy ëyëû ~î‚ îûy!Ÿ“þöìíÄîû “%þœ˜y›)œ„þ !î‰þyîû ¢½þî £ëûÐ ~„þ!Ýþ xy”ŸÅ Šé„þ vþzþ™Þíyþ™öì̃ îû
†%’yîœ# £œ õ

S„þV Šéöì„þîû ~„þ!Ýþ vþzþ™ë%=þ !Ÿöìîûy˜y› ö”çëûy vþz!‰þ ëy öíöì„þ Šéöì„þîû vþzöìjŸÄ öîyGþy ëyëûÐ

S…V Šé„þ!Ýþ öë˜ ›öì̃ y@ùÌy£#– îy“Åþyî£ ç ¢%¡ì› £ëûÐ

S†V “%þœ˜y›)œ„þ “þíÄ†%!œ öë˜ þ™yŸyþ™y!Ÿ hßþöì½þ xîÞíy˜ „þöìîûÐ

S‡V îûy!Ÿ“þöìíÄîû þ™!îû›yöìþ™îû ~„þ„þ xîŸÄ£z vþzöìÍÔ… „þîûöì“þ £öìîÐ

SˆV Šé„þ!Ýþöì“þ öë˜ ö„þyöì̃ y îû„þ› ‹!Ýþœ“þy ˜y íyöì„þÐ

S‰þV îûy!Ÿ“þíÄ†%!œîû vþzê¢ xîŸÄ£z vþzê¢ Ýþ#„þyöì“þ vþzöìÍÔ… „þîûöì“þ £öìîÐ

SŠéV ö„þyöì̃ y îûy!Ÿ“þöìíÄîû ö„þyöì̃ y !îöìŸ¡ìc íy„þöìœ þ™y”Ýþ#„þyöì“þ “þyîû vþzöìÍÔ… xîŸÄ£z „þîûöì“þ £öìîÐ

1.4.3 öœ…!‰þöìeîû ¢y£yöìëÄ îûy!Ÿ“þöìíÄîû vþzþ™Þíyþ™˜

Šé„þ !î˜Äyöì¢ ¢y‹yöì̃ y “þíÄîûy!Ÿîû †!“þ ²Ì„,þ!“þ öîyGþy …%î ¢£‹¢y•Ä îÄyþ™yîû ˜ëûÐ !„þhs$þ îûy!Ÿ“þöìíÄîû
¢½þyîûöì„þ öœ… (Graph) îy !‰þöìeîû (Diagram) ~îû ›y•Äöì› vþzþ™Þíyþ™˜ „þîûöìœ “þyîû †!“þ ²Ì„,þ!“þ x!“þ
¢£öì‹£z öîyGþy ëyëûÐ ~£z‹˜Ä ¢y•yîû’ ›y %̃öì¡ìîû öîyGþyîû ‹˜Ä öœ…!‰þe x“þÄhsþ vþzþ™öìëy†# ~„þ ›y•Ä›Ð

¢%!î•y (Advantages) : öœ…!‰þöìeîû ›öì•Ä !”öìëû îûy!Ÿ“þíÄ vþzþ™Þíyþ™öì̃ îû ¢%!î•y ¢›)£ õ

(i) öœ…!‰þe Ÿ%•%›ye ö‰þyöì… ö”öì…£z ¢y•yîû’ ›y %̃öì¡ìîû ú îûy!Ÿ“þíÄ ¢›öìr• ~„þÝþy þ™!îûÜñyîû •yîû’y
£ëûÐ

(ii) !îöìŸ¡ì „þöìîû ‹!Ýþœ îûy!Ÿ“þöìíÄîû !î¡ìëûîhß$þ Šé„þ !î˜Äyöì¢îû öíöì„þ öœ…!‰þöìeîû ¢y£yöìëÄ xöì̃ „þ
¢£öì‹ öîy•†›Ä £ëûÐ

(iii) öœ…!‰þöìeîû ›y•Äöì› îûy!Ÿ“þíÄ vþzþ™Þíyþ™˜ „þîûöìœ îûy!Ÿ“þöìíÄîû ö„þyöì̃ y !îöìŸ¡ì !”öì„þ ²Ìî’“þy
(trend) íy„þöìœ x!“þ ¢£öì‹£z ö¢Ýþy öîyGþy ëyëûÐ !„þhs$þ Šé„þ!î˜Äyöì¢ ö¢Ýþy ~öì„þîyöìîû£z öîyGþy
¢½þî ˜ëûÐ

(iv) ”%£z îy “þöì“þy!•„þ ‰þœöì„þîû ›öì•Ä ¢Á™„Åþ ¢Áºöìr• •yîû’y „þîûy x!“þ ¢£öì‹£z öœ…!‰þöìeîû ¢y£yöìëÄ
¢½þî £ëûÐ

(v) öœ…!‰þöìeîû ¢y£yöìëÄ ö„þyöì̃ y ‰þœöì„þîû xhsþî“þ#Å ›y˜ x!“þ ¢£öì‹£z !˜’Åëû „þîûy ëyëûÐ

(vi) ¢‚†,£#“þ îûy!Ÿ“þöìíÄîû ›öì•Ä„þyîû e%!Ýþ x!“þ ¢£öì‹ öœ…!‰þöìeîû ¢y£yöìëÄ !˜öì”ÅŸ „þîûy ëyëûÐ
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x¢%!î•y (Disadvantages) :

(i) öœ…!‰þöìeîû ¢y£yöìëÄ vþzþ™Þíy!þ™“þ îûy!Ÿ“þöìíÄ ‰þœöì„þîû ¢!àþ„þ ›yöì̃ îû î”öìœ ~„þ!Ýþ ö›yÝþy›%!Ýþ
xy¢§¬ ›y˜ þ™yçëûy ëyëûÐ !„þhs$þ Šé„þ!î˜Äyöì¢ ‰þœöì„þîû ¢!àþ„þ ›y˜ þ™yçëûy ¢½þîÐ

(ii) öœ…!‰þöìe vþzþ™Þíy!þ™“þ îûy!Ÿ“þöìíÄ !îŸ” !îîîû’ þ™yçëûy ëyëû ˜yÐ !„þhs$þ Šé„þ!î˜Äyöì¢ !îŸ” !îîîû’
þ™yçëûy ¢½þîÐ

(iii) öœ…!‰þe ë!” !˜…%¤“þ ¦þyöìî xA„þ˜ ˜y „þîûy £ëû “þöìî ¦%þœ !¢å•yöìhsþ öþ™ï¤Šéyöì̃ yîû ¢½þî˜y íyöì„þÐ

öœ…!‰þöìeîû !î!¦þ§¬ •îû̃  (Different types of Graphs)

S„þV þ™!îû¢‚…Äy!î£#˜ îûy!Ÿ“þöìíÄîû öÇþöìe (Case of Non-frequency Data)

(i) öîû…y!‰þe (Line diagram)

(ii) xy %̃þ™y!“þ„þ öœ…!‰þe (Ratio Chart or Logarithmic Chart)

(iii) ”[þ !‰þe (Bar diagram)

(iv) þ™y£z !‰þe (Pie diagram)

S…V þ™!îû¢‚…Äyë%=þ îûy!Ÿ“þöìíÄîû öÇþöìe (Case of Frequency Data)

(v) þxyëû“þ öœ… (Histogram)

(vi) þ™!îû¢‚…Äy î£%¦)þ‹ (Frequency Polygon)

(vii) „Êþ›öìëï!†„þ þ™!îû¢‚…Äy !î¦þy‹öì̃ îû öœ…!‰þe (Ogive)

1.4.3.1 öîû…y!‰þe

îûy!Ÿ“þíÄ vþzþ™Þíyþ™˜yëû !îöìŸ¡ì „þöìîû „þyœ#˜ ¢y!îûîû (time series) xyöìœy‰þ˜yëû ~£z öîû…y!‰þöìeîû
îÄî£yîû …%î£z vþzþ™öìëy†#Ð öîû…y!‰þe xA„þöì̃ îû ‹˜Ä ”%!Ýþ xÇþ ö˜çëûy £ëû ~„þ!Ýþ x˜%¦)þ!›„þ xÇþ ç xþ™îû!Ýþ
vþzÍÔÁº xÇþÐ ”%!Ýþ xÇþéôé¢îûœöìîû…y ¢›öì„þyöì’ öŠé” „þöìîûÐ x˜%¦)þ!›„þ xÇþ îîûyîîû xéôé‰þœ„þ ç vþzÍÔÁº xÇþ
îîûyîîû yéôé‰þœ„þ þ™!îû›yþ™ „þîûy £ëûÐ ”%!Ýþ xÇþ ›)œ!î¨%öì“þ öŠé” „þöìîûÐ ›)œ!î¨%öì“þ xéôé‰þœ„þ ç yéôé‰þœöì„þîû ›y˜
£œ Ÿ)̃ ÄÐ ~£z ›)œ!î¨% (0,0) ¢yöìþ™öìÇþ x˜%¦)þ!›„þ xöìÇþîû vþy˜ !”„þ îîûyîîû xéôé‰þœöì„þîû •˜yd„þ ›y˜ †%!œ
þ™!îû›yþ™ „þîûy £ëû ~î‚ x %̃¦)þ!›„þ xöìÇþîû îy› !”„þ îîûyîîû xéôé‰þœöì„þîû }’yd„þ ›y˜†%!œ þ™!îû›yþ™ „þîûy £ëûÐ
x˜%îû)þ™¦þyöìî ›)œ!î¨% (0, 0) ¢yöìþ™öìÇþ vþzÍÔÁº xöìÇþîû vþzþ™îû!”„þ îîûyîîû yéôé‰þœöì„þîû •˜yd„þ ›y˜†%!œ ~î‚
vþzÍÔÁº xöìÇþîû ˜#‰þ !”„þ îîûyîîû yéôé‰þœöì„þîû }’yd„þ ›y˜†%!œ þ™!îû›yþ™ „þîûy £ëûÐ ¢y•yîû’“þ xéôé‰þœ„þöì„þ
ßþºy•#˜ ‰þœ„þ (independent variable) ~î‚ yéôé‰þœ„þöì„þ þ™îûy•#˜ îy !˜¦ÅþîûŸ#œ ‰þœ„þ (dependent
variable) îœy £öìëû íyöì„þÐ

îûy!Ÿ“þöìíÄ xéôé‰þœ„þ ç yéôé‰þœöì„þîû !î!¦þ§¬ ›y˜ ö”çëûy íyöì„þÐ öë›˜  x1, x2, x3......xéôé‰þœöì„þîû öÇþöìe
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~î‚ y1, y2, y3.........yéôé‰þœöì„þîû öÇþöìeÐ xíÅyê îûy!Ÿ“þíÄ öíöì„þ xy›îûy !î!¦þ§¬ !î¨% þ™yî öë›˜ (x1, y1),
(x2, y2), (x3, y3)..........£z“þÄy!”Ð ~£z !î¨%†%!œöì„þ öîû…y!‰þöìe ~„þ!Ýþ öœ… „þy†öì‹îû (graph paper)
vþzþ™îû vþzþ™Þíyþ™˜ „þîûy £ëûÐ !î¨%†%!œöì„þ öîû…yîû myîûy ¢‚öìëy‹˜ „þîûy £ëûÐ xyîyîû– ë…˜ ”%£z ²ÌÞí îûy!Ÿ“þíÄ
„þyœ#˜ ¢y!îûöì“þ “%þœ˜y „þîûy £ëû “þ…˜ ~„þ£z öœ… „þy†öì‹ ”%!Ýþ öîû…y!‰þe xA„þ˜ „þîûy £ëû šþöìœ “%þœ˜y›)œ„þ
xyöìœy‰þ˜y …%î£z ¢£‹¢y•Ä £ëûÐ

vþz”y£îû’ õ 2 ˜#öì‰þîû „þyœ#˜ ¢y!îû öíöì„þ ¦þyîûöì“þîû xy›”y!˜ ç îû®y!˜îû îûy!Ÿ“þöìíÄîû ~„þ!Ýþ “%þœ˜y›)œ„þ
þ™ëÅyöìœy‰þ˜y „þîûÐ

 î¡ìÅ 1937- 1938- 1939- 1940- 1941- 1942- 1943- 1944- 1945-
38 39 40 41 42 43 44 45 46

¦þyîûöì“þîû îû®y!˜ 301 295 309 260 276 184 158 156 182
Sö„þy!Ýþ Ýþy„þyöì“þV

¦þyîûöì“þîû xy›”y!˜ 243 226 230 184 168 85 89 160 177
Sö„þy!Ýþ Ýþy„þyöì“þV

¢›y•y˜ õ ~„þ£z öœ… „þy†öì‹ ”%!Ýþ öîû…y!‰þe x¤y„þy £œ ëyöì“þ îû®y!˜ ç xy›”y!˜îû ›öì•Ä “%þœ˜y „þîûy
¢½þî £ëû î¡ìÅ x˜%¦)þ!›„þ xÇþ îîûyîîû ~î‚ xy›”y!˜ ç îû®y!˜ vþzÍÔÁº xÇþ îîûyîîû þ™!îû›yþ™ „þîûy £öìëûöìŠéÐ

xA„þöì̃ îû ›yey (Scale) :

vþzÍÔÁº ›yey õ 1 ‡îû = Rs. 50 ö„þy!Ýþ

x˜%¦)þ!›„þ ›yey õ  1 ‡îû = 1 î¡ìÅ

1.4.3.2 xy˜%þ™y!“þ„þ öœ…!‰þe îy œ†y!îû”ä!›„þ !‰þe éôôôé “þyîû ¢%!î•y ç x¢%!î•y
ë…˜ ö„þyöì̃ y öîû…y!‰þe x˜%¦)þ!›„þ xöìÇþ ßþºy•#˜ ‰þœöì„þîû ›y˜†%!œ ßþºy¦þy!î„þ ›yeyëû (normal scale)

ç vþzÍÔÁº xöìÇþ !˜¦ÅþîûŸ#œ ‰þœöì„þîû ›y˜†%!œ œ†y!îû”ä› ›yeyëû (logarithmic scale) þ™!îû›yþ™ „þîûy £ëû
“þ…˜ ö¢£z öîû…y!‰þeöì„þ xy %̃þ™y!“þ„þ öœ…!‰þe (Ratio chart) îy ö¢!›éôéœ†y!îû”ä!›„þ öœ…!‰þe (Semi
Logarithmic graph) îœy £ëûÐ
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!‰þe 1·1 õ ¦þyîûöì“þîû xy›”y˜# ç îû®y!˜îû (1937–38 öíöì„þ 1945-46) “%þœ˜y›)œ„þ öîû…y!‰þe

~£z •îûöì̃ îû öœ…!‰þe öíöì„þ ßþºy•#˜ ‰þœöì„þîû þ™!îûî“Åþöì̃ îû ¢öìA† ¢öìA† !˜¦ÅþîûŸ#œ ‰þœ„þ „þ# £yöìîû
þ™!îûî!“þÅ“þ £öìFŠé ö¢Ýþy öîyGþy ëyëûÐ

„þyœ#˜ ¢y!îûîû xyöìœy‰þ˜yöì“þ ë!” ²Ìî’“þy ¢›#„þîû’ y = abt £ëû– “þy£öìœ ¢›#„þîûöì’îû vþz¦þëû !”öì„þ log
!˜öìœ– ¢›#„þîû’!Ýþ £öìî

log y = log a + t log b

xíÅyê ~…yöì̃  log y £œ !˜¦ÅþîûŸ#œ ‰þœ„þ ~î‚ t £œ ßþºy•#˜ ‰þœ„þ ~£z •îûöì̃ îû öœ…!‰þe ~„þ!Ýþ
¢îûœ÷ìîû!…„þ öîû…y!‰þöìeîû xy„þyöìîû þ™yçëûy ëyëûÐ

!„þhs$þ– ë!” ²Ìî’“þyîû ¢›#„þîû’ y = atb £ëû– “þ…˜ ”%!”öì„þ log !˜öìœ ¢›#„þîû’!Ýþ £öìî

log y = log a + b log t

~öìÇþöìe !˜¦þÅîûŸ#œ ‰þœ„þ log y ~î‚ ßþºy•#˜ ‰þœ„þ log t.

~£z •îûöì̃ îû öîû…y!‰þöìe x %̃¦)þ!›„þ xöìÇþ log t ~î‚ vþzÍÔÁº xöìÇþ log y þ™!îû›yþ™ „þîûy £ëûÐ ö¢£z öîû…yéôé
!‰þeöì„þ vþyîœ œ†y!îû”ä› !‰þe îœy £ëûÐ

¢%!î•y õ

(i) “%þœ˜y›)œ„þ þ™!îûî“Åþ˜ þ™ëÅyöìœy‰þ˜yîû öÇþöìe xy %̃þ™y!“þ„þ öœ…!‰þe …%î£z vþzþ™öìëy†#Ð „þyîû’ !˜¦ÅþîûŸ#œ
‰þœ„þ ~î‚ þ™!îûî“Åþöì̃ îû £yîû vþzÍÔÁº xöìÇþ þ™!îû›yþ™ „þîûy £ëûÐ
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(ii) îûy!Ÿ“þöìíÄ ë!” ¢îÅ!˜Á¬ ›y˜ ç ¢öìî¹ÅyF‰þ ›yöì̃ îû ›öì•Ä îÄî•y˜ ë!” xßþºy¦þy!î„þ îû„þ› öî!Ÿ £ëû
“þöìî ßþºy¦þy!î„þ ›yeyëû öœ… „þy†öì‹ ö¢£z îûy!Ÿ“þíÄ vþzþ™Þíyþ™˜ „þîûy x¢½þî £öìëû þ™öìvþüÐ ~¢î
öÇþöìe xy %̃þ™y!“þ„þ öœ…!‰þe îÄî£,“þ £ëûÐ

(iii) ”%£z îy “þöì“þy!•„þ !˜¦ÅþîûŸ#œ ‰þœ„þ ë!” !¦þ§¬ ~„þ„þ !î!ŸTþ £ëû “þy£öìœ ßþºy¦þy!î„þ ›yeyëû öœ…
„þy†öì‹ vþzþ™Þíyþ™˜ ¢½þî £ëû ˜yÐ ~öìÇþöìe xy %̃þ™y!“þ„þ öœ…!‰þe îÄî£,“þ £ëûÐ

x¢%!î•y õ

(i) xy %̃þ™y!“þ„þ öœ…!‰þöìe Ÿ)̃ Ä xíîy }’yd„þ ›y˜ log ~ ²Ì„þyŸ „þîûy ëyëû ˜yÐ

(ii) xy %̃þ™y!“þ„þ öœ…!‰þöìe ‰þœöì„þîû ²Ì„,þ“þ þ™!îûî“Åþ˜ ¢Á™öì„Åþ ö„þyöì̃ y •yîû’y „þîûy ¢½þî £ëû ˜yÐ

(iii) logarithm ¢Á™öì„Åþ Kþy˜ ˜y íy„þöìœ xy˜%þ™y!“þ„þ öœ…!‰þe ÷“þ!îû „þîûy ëyëû ˜yÐ

vþz”y£îû’ õ 3 !˜¦ÅþîûŸ#œ ‰þœ„þ (y) ~î‚ ßþºy•#˜ ‰þœöì„þîû (x) ›y˜†%!œ ˜#öì‰þîû îûy!Ÿ“þöìíÄ ö”çëûy £œÐ

x : 7 8 9 10 11 12

y : 132 214 330 486 688 942

~„þ!Ýþ xy %̃þ™y!“þ„þ öœ…!‰þe ²Ìhß$þ“þ „þîûÐ xyhsþƒ›y˜ !˜’Åëû þ™å•!“þ x˜%ëyëû# y ~îû ›y˜ !˜’Åë „þîû öë…yöì̃
x öîû ›y˜ 10·5.

¢›y•y˜ õ ¢y•yîû’ öœ… „þy†öì‹ x’%¦)þ!›„þ xöìÇþ ßþºy•#˜ ‰þœ„þ x ~î‚ vþzÍÔÁº xöìÇþ !˜¦ÅþîûŸ#œ ‰þœ„þ
log y þ™!îû›yþ™ „þîûy £ëûÐ

log ~îû †’˜y

x y log y
7 132 2·12
8 214 2·33
9 330 2·52
10 486 2·69
11 688 2·84
12 942 2·97

~…˜ ¢îûœ xyhsþƒ›y˜ !˜’Åëû þ™å•!“þöì“þ log y ~îû ›y˜ £öìî 2·76 S²ÌyëûV ë…˜ x = 10·5

log y = 2·76
y = anti log 2·76 = 575·4

 x = 10·5 £öìœ y ~îû ›y˜ £öìî 575·4
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!‰þe 1·2 õ xy˜%þ™y!“þ„þ öœ…!‰þe ö¢!›  œ†y!îû”ä!›„þ !‰þe

1.4.3.3 ”[þ!‰þe îy ”[þöìœ…

”[þ!‰þe ²Ìhß$þ“þ „þîûyîû ¢›öìëû „þ“þ„þ†%!œ ¢›y˜ ²ÌöìÞíîû xyëû“þ„þyîû ”[þöì„þ ¢›y˜ ”)îûöìc xA„þ˜ „þîûy £ëûÐ
~£z ”[þ†%!œîû ÷”‡ÅÄ îûy!Ÿ“þöìíÄîû ›yöì̃ îû ¢›y˜%þ™y!“þ„þ £öìîÐ ”[þ!‰þe ”%£z ²Ì„þyöìîûîû £ëû

(i) vþzÍÔÁº ”[þ!‰þe (Vartical Bar Charts)

(ii) x %̃¦)þ!›„þ ”[þ!‰þe (Horizontal Bar Charts)

„þyœ#˜ ¢y!îûîû öÇþöìe vþzÍÔÁº ”[þ!‰þe ~î‚ x˜Äy˜Ä ¢y•yîû’ îûy!Ÿ“þöìíÄîû îy xþ™!îûöì›ëû îûy!Ÿ“þöìíÄîû
öÇþöìe x˜%¦)þ!›„þ ”[þ!‰þe îÄî£yîû „þîûy £ëûÐ þ™yîûßþ™!îû„þ ¢Á™„Åþë%=þ „þyœ#˜ ¢y!îûîû “%þœ˜y „þîûyîû ‹˜Ä
!îöìŸ¡ì •îûöì̃ îû ”[þ!‰þe xA„þ˜ „þîûy £ëûÐ ~£z ”[þ!‰þeöì„þ ‹!Ýþœ ”[þ!‰þe (Multiple or Compound Bar
Chart) îœy £ëûÐ „þ…˜ç xyîyîû ~„þ!Ýþ ›ye ”öì[þîû ›öì•Ä îûy!Ÿ“þöìíÄîû x‚Ÿ†%!œ Ÿ“þ„þîûy £yöìîû xhsþ¦%þÅ=þ
„þîûy £ëûÐ ~£z ”[þ!‰þeöì„þ î£%•y !î¦þ=þ ”[þ!‰þe (Component Bar Chart) îöìœÐ

vþz”y£îû’ õ 4 !˜Á¬!œ!…“þ îûy!Ÿ“þöìíÄ þ™!Øþ›îöìA†îû ¢yÇþîû“þyîû Ÿ“þ„þîûy £yîû !œA† ö¦þöì” ö”çëûy £œÐ
~„þ!Ýþ vþzþ™ë%=þ ”[þ!‰þöìeîû ~£z îûy!Ÿ“þíÄ vþzþ™Þíy!þ™“þ „þîûÐ

î¡ìÅ

1941 1951 1961 1971

þ™%îû%¡ì 27·4 34·1 40·1 44·8

›!£œy 3·9 12·3 17·0 22·1
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!‰þe 1·3 õ ‹!Ýþœ ”[þ!‰þöìeîû ›y•Äöì› þ™!Øþ›îöìA†îû ¢yÇþîû“þyîû £yîû S!œA† ö¦þöì”V vþzþ™Þíy!þ™“þ £œÐ

1.4.3.4 þ™y£z!‰þe

î£%•y !î¦þ=þ ”[þ!‰þöìeîû ›öì“þy þ™y£z!‰þe ç îÄî£,“þ £ëû ë…˜ îûy!Ÿ“þíÄ!Ýþ !î!¦þ§¬ x‚öìŸ !î¦þ=þ íyöì„þÐ
ú x‚Ÿ†%!œöì„þ “%þœ˜y›)œ„þ xyöìœy‰þ˜yîû ‹˜Ä vþzþ™Þíy!þ™“þ „þîûy £ëû ~„þ!Ýþ î,öì_îû ›öì•ÄÐ öë ö„þyöì̃ y î,öì_îû
ö„þöìw 360º ö„þy’ þ™yçëûy ëyëûÐ ~£z 360º ö„þy’ îûy!Ÿ“þöìíÄîû Ÿ“þ„þîûy 100 ¦þy† vþzþ™Þíy!þ™“þ „þöìîûÐ xíÅyê

îûy!Ÿ“þöìíÄîû Ÿ“þ„þîûy ~„þ¦þy† (1%) î,öì_îû ö„þöìw 360º 3·6º100   ö„þy’ vþzêþ™§¬ „þöìîûÐ ~£z ¦þyöìî îûy!Ÿ“þöìíÄîû
!î!¦þ§¬ x‚öìŸîû Ÿ“þ„þîûy ¦þy†öì„þ 3·6º !”öìëû †%’ „þîûöìœ îûy!Ÿ“þöìíÄîû ú x‚Ÿ î,öì_îû ö„þöìw „þ“þ !vþ@ùÌ# ö„þy’
vþzêþ™§¬ „þöìîû ö¢Ýþy ‹y˜y ëyëûÐ ~£zîû)þ™ ¦þyöìî !£¢yî „þîûöìœ îûy!Ÿ“þöìíÄîû !î!¦þ§¬ x‚Ÿ ë“þ !vþ@ùÌ# ö„þy’ vþzêþ™§¬
„þöìîû ö¢£z ö„þwÞí ö„þy’†%!œ xA„þöì̃ îû myîûy î,_!Ýþöì„þ „þöìëû„þ!Ýþ î,_y‚öìŸ !î¦þ=þ „þîûy £ëûÐ šþöìœ “%þœ˜y›)œ„þ
xyöìœy‰þ˜yîû þ™í ²ÌŸÞí £ëûÐ

vþz”y£îû’ õ 5 !˜Á¬!œ!…“þ îûy!Ÿ“þöìíÄîû ~„þ!Ýþ þ™y£z!‰þe xA„þ˜ „þîûÐ

²Ì•y˜ “%þœy îû®y!˜„þyîû„þ ö”Ÿ†%!œ

ö”Ÿ ›y!„Åþ˜ ö”Ÿ ¦þyîû“þ !›Ÿîû îÊy!‹œ xyöì‹Å!rÝþ˜y

“%þœy îû®y!˜ 536 300 160 92 72

S10,000 öîœV
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þþ™y£z!‰þöìeîû ‹˜Ä †’˜y

ö”Ÿ “%þœy îû®y!˜ S10,000 öîœV Ÿ“þ„þîûy !£¢yî ö„þwÞí ö„þy’

›y!„Åþ˜ ö”Ÿ 536 536 100 46·2%1160   46·2 × 3·6º = 166·3º

¦þyîû“þ 300 300 100 25·9%1160   25·9 × 3·6º = 93·2º

!›Ÿîû 160 160 100 13·8%1160   13·8 × 3·6º = 49·7º

îÊy!‹œ 92 92 100 7·9%1160  7·9 × 3·6º = 28·5º

xyöì‹Å!rÝþ˜y 72 72 100 6·2%1160  6·2 × 3·6º = 22·3º

ö›yÝþ 1160 100% 360º

1.4.3.5 xyëû“þöìœ…

x!î!FŠé§¬ ‰þœöì„þîû þ™!îû¢‚…Äy !î¦þy‹˜ ö”çëûy íy„þöìœ ö¢£z îûy!Ÿ“þíÄ xyëû“þöìœ…îû (Histogram)
¢y£yöìëÄ vþzþ™Þíy!þ™“þ £ëûÐ x %̃¦)þ!›„þ xöìÇþîû vþzþ™îû þ™îûþ™îû xyëû“þöìÇþe xA„þ˜ „þîûy £ëû ëyöì”îû ²Ì!“þ!Ýþîû
öÇþešþœ x˜%îû)þ™ ö×!’ þ™!îû¢‚…Äyîû ¢öìA† ¢›y˜%þ™y!“þ„þÐ
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²Ìíöì›£z þ™!îû¢‚…Äy !î¦þy‹öì̃  ö×!’ !î¦þy† †%!œîû ö×!’ ¢#›y˜y (class boundary) x’%¦)þ!›„þ
xöìÇþ þ™îûþ™îû xA„þ˜ „þîûy £ëû ëyöì“þ ö„þy˜ šþ¤y„þ ˜y íyöì„þÐ ²Ì!“þ!Ýþ xyëû“þöìÇþöìeîû x’%¦)þ!›„þ ÷”‡ÅÄ ö×!’
÷”öì‡ÅÄîû (class width) ¢›y˜ £öìîÐ xyîyîû xyëû“þöìÇþe †%!œîû vþzF‰þ“þy x’%îû)þ™ þ™!îû¢‚…Äyîû ›yöì̃ îû ¢öìA†
¢›y˜ £öìîÐ xîŸÄ ~ öÇþöìe •öìîû ö˜çëûy £öìëûöìŠé öë ²Ì!“þ!Ýþ ö×!’!î¦þyöì†îû ö×!’ ÷”‡ÅÄ (class width) ¢›y˜Ð

ë!” ö×!’!î¦þyöì†îû ö×!’ ÷”‡ÅÄ †%!œ x¢›y˜ £ëû “þ…˜ xyëû“þ öÇþe †%!œîû vþzF‰þ“þy ö×!’†%!œîû
þ™!îû¢‚…Äy ‡˜öìcîû (Frequency density) ¢öìA† ¢›y %̃þ™y!“þ„þ £öìîÐ

þ™!îû¢‚…Äy ‡˜c (Frequency density) = 

!Ýþ„þy õ xyëû“þöìœ… xA„þöì̃ îû ¢›ëû ö×!’ ¢#›y˜y (class boundary) îÄî£yîû „þîûöì“þ £öìî ö×!’ ¢#›y
(class limit) ˜ëûÐ

vþz”y£îû’ õ 6

!˜Á¬!œ!…“þ îûy!Ÿ“þöìíÄîû !¦þ!_öì“þ ~„þ!Ýþ xyëû“þöìœ… xA„þ˜ „þîûÐ

ö×!’ ¢#›y 100-109 110-119 120-129 130-139 140-149 150-159 160-169
(class limits)

þ™!îû¢‚…Äy 17 28 46 38 30 26 15
(frequency)

 ¢›y•y˜ õ ²Ìíöì›£z ö×!’ ¢#›y (class limit) öíöì„þ ö×!’ ¢#›y˜y (class boundary) !˜•Åyîû’ „þîûy
²Ìöìëûy‹˜Ð “þyîûþ™îû xyëû“þöìÇþe†%!œîû vþzF‰þ“þy x %̃îû)þ™ þ™!îû¢‚…Äyîû ¢›y˜ £öì“þ £öìî „þyîû’ ö×!’ ÷”‡ÅÄ†%!œ
¢î ¢›y˜Ð

Šé„þ ¢‚…Äyéôôôé2 xyëû“þöìœ…îû ‹öì̃ Ä îûy!Ÿ“þíÄ

ö×!’ ¢#›y ö×!’ ¢#›y˜y þ™!îû¢‚…Äy ö×!’ ÷”‡ÅÄ

100 – 109 99·5 – 109·5 17 10
110 – 119 109·5 – 119·5 28 10
120 – 129 119·5 – 129·5 46 10
130 – 139 129·5 – 139·5 38 10
140 – 149 139·5 – 149·5 30 10
150 – 159 149·5 – 159·5 26 10
160 – 169 159·5 – 169·5 15 10

ö›yÝþ 200



NSOU  CC-EC-0424

!‰þe 1·5 õ xyëû“þöìœ… ç þ™!îû¢‚…Äy î£%¦)þ‹

1.4.3.6 þ™!îû¢‚…Äy î£%¦)þ‹

!‰þe 1·5éôé~ xyëû“þöìœ… xA„þ˜ „þîûy £öìëûöìŠéÐ xyëû“þöìœ…îû xyëû“þöìÇþe†%!œîû ²Ì!“þ!Ýþîû ›yíyëû !àþ„þ
›•Ä!î¨%†%!œ !‰þ!£«“þ „þöìîû “þyöì”îû þ™îûþ™îû ¦þ@Àöìîû…yîû myîûy öëy† „þöìîû þ™!îû¢‚…Äy î£%¦)þ‹ xA„þ˜ „þîûy
£öìëûöìŠéÐ þ™!îû¢‚…Äy î£%¦)þ‹ xA„þöì̃  œÇþ’#ëû îÄyþ™yîû £œ ~£z þ™!îû¢‚…Äy î£%¦)þ‹ x˜%¦)þ!›„þ xöìÇþîû ”%!Ýþ
!î¨%öì“þ !›öìŸöìŠéÐ ~„þ!Ýþ !î¨% £œ ²Ìí› ö×!’îû (99·5 – 109·5) !àþ„þ xyöì†îû ö×!’îû (89·5 – 99·5)
›•Ä!î¨% ~î‚ xþ™îû !î¨% £œ öŸ¡ì ö×!’!Ýþîû (159·5 – 169·5) !àþ„þ þ™öìîûîû ö×!’!Ýþîû (169·5 – 179·5)
›•Ä!î¨%Ð ”%!Ýþ !î¨%£z x %̃¦)þ!›„þ xöìÇþîû vþzþ™îû xî!Þí“þÐ

1.4.3.7 „Êþ›öìëï!†„þ þ™!îû¢‚…Äy !î¦þy‹öì̃ îû ÷œ!…„þ vþzþ™Þíyþ™˜éôôôéö¢yþ™y˜ !‰þeéôôôé „Êþ›öìëï!†„þ
þ™!îû¢‚…Äy öîû…y

¢y•yîû’“þ þ™!îû¢‚…Äy !î¦þy‹öì̃ îû öÇþöìe ~„þ!Ýþ ö×!’îû ›öì•Ä „þ“þ†%!œ ‰þœöì„þîû ›y˜ xyöìŠé “þy£z !˜öì”ÅŸ
„þöìîûÐ !„þhs$þ „þ…˜ç ö×!’†%!œîû !˜!jÅTþ ¢#›yîû vþzþ™îû îy ˜#öì‰þ ‰þœöì„þîû „þ“þ†%!œ ›y˜ xyöìŠé “þy ‹y˜yîû
²Ìöìëûy‹˜ £ëûÐ ~îû)þ™ öÇþöìe „Êþ›öìëï!†„þ þ™!îû¢‚…Äy !˜’Åëû „þîûy £ëûÐ
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”%£z •îûöì̃ îû „Êþ›öìëï!†„þ þ™!îû¢‚…Äy £ëû õ (i) ˜#‰þ öíöì„þ „Êþ›öìëï!†„þ þ™!îû¢‚…Äy (Cumulative
Frequency less than type) (ii) vþzþ™îû öíöì„þ „Êþ›öìëï!†„þ þ™!îû¢‚…Äy (Cumulative Frequency
more than type)

~„þ!Ýþ vþz”y£îûöì’îû ¢y£yöìëÄ öîyGþyöì̃ y ëy„äþÐ

Šé„þ ¢‚…Äy õ 3

100 ‹˜ ×!›öì„þîû ›‹%îû#îû î^ùÝþ˜ SÝþy„þyëûV

›‹%îû# ×!›„þ ¢‚…Äy ö×!’ ¢#›y˜y „Êþ›öìëï!†„þ þ™!îû¢‚…Äy

SÝþy„þyëûV S›‹%îû#V ˜#‰þ öíöì„þ CF vþzþ™îû öíöì„þ CF

100 0 100

100 – 110 10 110 10 90
110 – 120 14 120 24 76
120 – 130 30 130 54 46
130 – 140 26 140 80 20
140 – 150 20 150 100 0

ö›yÝþ = 100

„Êþ›öìëï!†„þ þ™!îû¢‚…Äy S˜#‰þ öíöì„þV (Cumulative Frequency less than type) !˜’Åëû „þîûyîû ¢›ëû
²Ìí› ö×!’îû (100 – 110) ¢îÅ!˜Á¬ ö×!’ ¢#›y˜y S~…yöì̃  100V öíöì„þ ˜#öì‰þ „þ“þ ‹˜ ×!›„þ îûöìëûöìŠé
ö”…y £ëûÐ 100 ~îû ˜#öì‰þ ~„þ‹˜ç ×!›„þ ˜y íy„þyëû „Êþ›öìëï!†„þ þ™!îû¢‚…Äy £öìî ‘O’Ð ~îûþ™îû 110 ~îû
˜#öì‰þ „þ“þ ‹˜ ×!›„þ îûöìëûöìŠé ö”…y £ëûÐ ~£z ×!›„þ ¢‚…Äy £öìî 10. “þyîûþ™îû 120 ~îû ˜#öì‰þ „þ“þ ‹˜ ×!›„þ
îûöìëûöìŠé ö”…y £ëûÐ ~£z ×!›„þ ¢‚…Äy £öìî 10 + 14 = 24. “þyîûþ™îû 130 ~îû ˜#öì‰þ îûöìëûöìŠé 10 + 14
+ 30 = 54 ‹˜ ×!›„þÐ x %̃îû)þ™¦þyöìî 140 ~î‚ 150 ö×!’ ¢#›y˜yîû ˜#öì‰þ îûöìëûöìŠé ëíy„Êþöì› 10 + 14
+ 30 + 26 = 80 ~î‚ 10 + 14 + 30 + 26 + 20 = 100 ‹˜ ×!›„þÐ

~„þ£z¦þyöìî „Êþ›öìëï!†„þ þ™!îû¢‚…Äy Svþzþ™îû öíöì„þV (Culmulative Frequency more than type)
!˜’Åëû „þîûyîû ¢›ëû ²ÌÙÀ „þîûy £ëû öë 100 ö×!’ ¢#›y˜yîû vþzþ™öìîû „þ“þ ‹˜ ×!›„þ îûöìëûöìŠéÐ xîŸÄ£z ¢î ×!›„þ
xíÅyê 100 ‹˜£z ~£z ¢îÅ!˜Á¬ ö×!’ ¢#›y˜yîû vþzþ™öìîû îûöìëûöìŠéÐ ~„þ£z¦þyöìî þ™öìîûîû ²ÌÙÀ 110 ö×!’ þ¢#›y˜yîû
vþzþ™öìîû „þëû‹˜ ×!›„þ îûöìëûöìŠéÐ vþz_îû õ 100 – 10 = 90 ‹˜ ×!›„þÐ x %̃îû)þ™ ²ÌÙÀ 120 ö×!’ ¢#›y˜yîû
vþzþ™öìîû „þëû‹˜ ×!›„þ îûöìëûöìŠéÐ vþz_îû õ 100 – 10 – 14 = 76 ‹˜ ×!›„þÐ ~îûþ™îû ²ÌÙÀ 130, 140 ç
150 ö×!’ ¢#›y˜y†%!œîû vþzþ™îû ëíy„Êþöì› 100 – 10 – 14 – 30 = 46 ‹˜– 100 – 10 – 14 – 30
– 26 = 20 ‹˜ ~î‚ 100 – 10 – 14 – 30 – 26 – 20 = 0 ‹˜ ×!›„þ îûöìëûöìŠéÐ ~£z vþz_îû†%!œ
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þ™îûþ™îû vþzþ™îû öíöì„þ ˜#öì‰þ ¢y!‹öìëû îûy…öìœ „Êþ›öìëï!†„þ þ™!îû¢‚…Äy ¢yîû!’ þ™yçëûy ëyöìîÐ Šé„þéôôôé2éôéö“þ ~£z
„Êþ›öìëï!†„þ þ™!îû¢‚…Äyîû ¢yîû!’ ö”çëûy £öìëûöìŠéÐ

„Êþ›öìëï!†„þ þ™!îû¢‚…Äy !î¦þy‹öì̃ îû ÷œ!…„þ vþzþ™Þíyþ™öì̃ îû ¢›ëû ö”öì… !˜öì“þ £öìî ‰þœ„þ!Ýþ !î!FŠé§¬ ˜y
x!î!FŠé§¬Ð ë!” ‰þœ„þ!Ýþ !î!FŠé§¬ (discrete) £ëû “þöìî öë öîû…y!‰þöìeîû myîûy „Êþ›öìëï!†„þ þ™!îû¢‚…Äy !î¦þy‹˜öì„þ
vþzþ™Þíy!þ™“þ „þîûy £ëû ö¢!Ýþ ~„þ!Ýþ ö¢yþ™y˜ !‰þöìeîû (Step Diagram) xy„þyîû ö˜ëûÐ

xþ™îû þ™öìÇþ ë!” ‰þœ„þ!Ýþ x!î!FŠé§¬ (continuous) £ëû “þöìî öë öîû…y!‰þöìeîû ¢y£yöìëÄ „Êþ›öìëï!†„þ
þ™!îû¢‚…Äy !î¦þy‹˜öì„þ vþzþ™Þíy!þ™“þ „þîûy £ëû “þyîû ˜y› „Êþ›öìëï!†„þ þ™!îû¢‚…Äy öîû…y (cumulative
frequency Polygon or Ogive)

vþz”y£îûöì’îû ¢y£yöìëÄ ö¢yþ™y˜ !‰þe (Step Diagram) ç „Êþ›öìëï!†„þ þ™!îû¢‚…Äy öîû…y (cumulative
frequency Polygon or Ogive) ˜#öì‰þ öîyGþyöì̃ y £œÐ

vþz”y£îû’ õ 7 !î!FŠé§¬ ‰þœöì„þîû öÇþöìe „Êþ›öìëï!†„þ þ™!îû¢‚…Äy !î¦þy‹˜

þ™!îûîyöìîûîû ¢”¢Ä ¢‚…Äyîû þ™!îû¢‚…Äy !î¦þy‹˜ ö”çëûy £œ 90 !Ýþ þ™!îûîyöìîûîû ‹˜ÄÐ ~£z þîûy!Ÿ“þöìíÄîû
vþzþ™îû !¦þ!_ „þöìîû ö¢yþ™y˜ !‰þe (Step Diagram) Svþzþ™îû öíöì„þ ~î‚ ˜#‰þ öíöì„þV xA„þ˜ „þîûÐ

Šé„þ ¢‚…Äy õ 4

þ™!îûîyöìîûîû þ™!îû¢‚…Äy „Êþ›öìëï!†„þ þ™!îû¢‚…Äy

¢”¢Ä ¢‚…Äy ˜#‰þ öíöì„þ CF vþzþ™îû öíöì„þ CF

2 9 9 90

3 20 29 81
4 30 59 61
5 17 76 31
6 10 86 14
7 4 90 4

ö›yÝþ 90

þ™!îûîyöìîûîû ¢”¢Ä ¢‚…Äy £œ ~…yöì̃  !î!FŠé§¬ ‰þœ„þÐ ~£z !î!FŠé§¬ ‰þœ„þ!Ýþöì„þ x˜%¦)þ!›„þ xöìÇþ þ™!îû›yþ™
„þîûy £öìëûöìŠé ~î‚ „Êþ›öìëï!†„þ þ™!îû¢‚…Äy Svþzþ™îû öíöì„þ ~î‚ ˜#‰þ öíöì„þV vþzÍÔÁº xÇþ îîûyîîû þ™!îû›yþ™ „þîûy
£öìëûöìŠéÐ šþöìœ öë !î¨%†%!œ þ™yçëûy ö†öìŠé ö¢†%!œ ¢îûœöìîû…yîû myîûy öëy† „þöìîû ö¢yþ™y˜ !‰þe þ™yçëûy ö†öìŠéÐ
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!‰þe 1·6 õ !î!FŠé§¬ ‰þœöì„þîû ‹˜Ä ö¢yþ™y˜ !‰þe Svþzþ™îû öíöì„þ ~î‚ ˜#‰þ öíöì„þV

vþz”y£îû’ õ 8 x!î!FŠé§¬ ‰þœöì„þîû öÇþöìe „Êþ›öìëï!†„þ þ™!îû¢‚…Äy öîû…y xA„þ˜

50 !Ýþ Šéyöìeîû xöìA„þîû þ™îû#Çþyëû ²Ìy® ˜Áºöìîûîû ~„þ!Ýþ þ™!îû¢‚…Äy !î¦þy‹˜ ö”çëûy £œÐ ~£z îûy!Ÿ“þöìíÄîû
!¦þ!_öì“þ „Êþ›öìëï!†„þ þ™!îû¢‚…Äy öîû…y xA„þ˜ „þîûÐ

Šé„þ ¢‚…Äy õ 5

ö×!’ ¢#›y ö×!’ ¢#›y˜y þ™!îû¢‚…Äy „Êþ›öìëï!†„þ „Êþ›öìëï!†„þ
(class limits) (class boundaries) þ™!îû¢‚…Äy CF þ™!îû¢‚…Äy CF

S˜#‰þ öíöì„þV Svþzþ™îû öíöì„þV

31 – 40 30·5 – 40·5 6 6 50
41 – 50 40·5 – 50·5 14 20 44
51 – 60 50·5 – 60·5 20 40 30
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61 – 70 60·5 – 70·5 7 47 10
71 – 80 70·5 – 80·5 3 50 3

ö›yÝþ 50

›•Ä›y

xöìA„þîû þ™îû#Çþyëû ²Ìy® ˜Áºöìîûîû ö×!’ ¢#›y˜y
30.5

²Ì”_ þ™!îû¢‚…Äy !î¦þy‹˜ öíöì„þ ²Ìíöì›£z ö×!’ ¢#›y˜y !˜’Åëû „þîûy £ëûÐ ~£z ö×!’ ¢#›y˜y†%!œ x˜%¦)þ!›„þ
xÇþ îîûyîîû þ™!îû›yþ™ „þîûy £ëû ~î‚ „Êþ›öìëï!†„þ þ™!îû¢‚…Äy Svþzþ™îû öíöì„þ ~î‚ ˜#‰þ öíöì„þV vþzÍÔÁº xÇþ
îîûyîîû þ™!îû›yþ™ „þîûy £ëûÐ šþöìœ öë !î!¦þ§¬ ¢!Á¿!œ“þ !î¨% þ™yçëûy ëyëû ö¢†%!œöì„þ ¢îûœöìîû…yîû myîûy öëy†
„þîûöìœ „Êþ›öìëï!†„þ þ™!îû¢‚…Äy öîû…y Svþzþ™îû öíöì„þV ~î‚ „Êþ›öìëï!†„þ þ™!îû¢‚…Äy öîû…y S˜#‰þ öíöì„þV þ™yçëûy
ëyëûÐ ~£z ”%£z „Êþ›öìëï!†„þ þ™!îû¢‚…Äy öîû…y S˜#‰þ öíöì„þ ~î‚ vþzþ™îû öíöì„þV öë !î¨%öì“þ þ™îûßþ™îû öŠé” „þöìîû
“þyîû x %̃¦)þ!›„þ ›y˜ £öìî ú ‰þœöì„þîû ›•Ä›y (Median)Ð

1.5 þ™!îû¢‚…Äy !î¦þy‹˜

¢‚†,£#“þ þîûy!Ÿ“þöìíÄîû þ™!îû›y’ ë!” þ™y£yvþü²Ì›y’ £ëû “þy£öìœ ö¢£z !îþ™%œ îûy!Ÿ“þöìíÄîû “þyêþ™ëÅ ç
²Ìî’“þy !î‰þyîû „þîûy ”%ƒ¢y•Ä £öìëû çöìàþÐ “þy£z „¤þy‰þy îûy!Ÿ“þíÄöì„þ (Raw data) ¢%Ÿ,Cœ¦þyöìî ¢y!‹öìëû !˜öì“þ
£ëûÐ ‰þœöì„þîû !î!¦þ§¬ ›y˜†%!œ ë!” ö×!’îå•¦þyöìî “þyöì”îû þ™!îû¢‚…Äyîû SxíÅyê ö„þy˜ ö×!’îû ›öì•Ä ‰þœöì„þîû
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„þ“þ†%!œ ›y˜ xyöìŠéV ¢öìA† ¢%!î˜Ähßþ¦þyöìî þ™yŸyþ™y!Ÿ vþzþ™Þíy!þ™“þ „þîûy £ëû– “þöìî “þyöì„þ þ™!îû¢‚…Äy !î¦þy‹˜
îöìœÐ

þ™!îû¢‚…Äy !î¦þy‹˜ !“þ˜ ²Ì„þyöìîûîû £ëû õ

S„þV †%’îy‰þ„þ þ™!îû¢‚…Äy !î¦þy‹˜ (frequency distribution of an attribute)

S…V !î!FŠé§¬ ‰þœöì„þîû þ™!îû¢‚…Äy !î¦þy‹˜ (frequency distribution of a discrete variable)

S†V x!î!FŠé§¬ ‰þœöì„þîû þ™!îû¢‚…Äy !î¦þy‹˜ (frequency distribution of a continuous variable)

†%’îy‰þ„þ þ™!îû¢‚…Äy !î¦þy‹öì̃ îû þvþz”y£îû’ õ

Šé„þ ¢‚…Äy õ 6

¢£ !ŸÇþy›)œ„þ !ŸÇþy ²Ì!“þÛþyöì̃ îû ~„þ!Ýþ ö×!’öì“þ !œA† ö¦þöì” 50 ‹˜ ŠéyeéôéŠéye#îû þ™!îû¢‚…Äy !î¦þy‹˜

!œA† þ™!îû¢‚…Äy

îy!œ„þy (F) 22

îyœ„þ (M) 28

ö›yÝþ 50

vþzþ™öìîûîû Šé„þ!Ýþ ~„þ!Ýþ ö×!’öì“þ !œA†öì¦þöì” „þ“þ†%!œ Šéye ç „þ“þ†%!œ Šéye# xyöìŠé ö¢£z “þíÄ þ™!îûöìîŸ˜
„þöìîûöìŠéÐ

!î!FŠé§¬ ‰þœöì„þîû þ™!îû¢‚…Äy !î¦þy‹öì̃ îû vþz”y£îû’ õ

Šé„þ ¢‚…Äy õ 7 !î!¦þ§¬ þ™!îûîyöìîûîû ¢”¢Ä ¢‚…Äyîû „¤þy‰þy îûy!Ÿ“þíÄ

3 4 3 5 4 3 2 4 2 2
5 5 3 4 3 2 6 4 2 3
4 6 7 6 6 5 4 4 3 6
2 3 3 5 4 5 3 2 5 7
6 4 4 5 7 3 6 3 4 5
3 6 4 5 6 7 4 4 3 3
5 4 3 4 3 6 2 2 3 4
5 5 4 5 4 4 5 4 5 4
4 4 4 3 4 5 4 4 3 4
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Šé„þ ¢‚…Äy õ 8

þ™!îûîyöìîûîû ¢”¢Ä ¢‚…Äyîû þ™!îû¢‚…Äy !î¦þy‹˜ SÝþyœ# ›yöì„Åþîû ¢y£yöìëÄV

þ™!îûîyöìîûîû ¢”¢Ä ¢‚…Äy Ýþyœ# ›y„þÅ þ™!îû¢‚…Äy

2 9

3 20

4 30

5 17

6 10

7 4

ö›yÝþ 90

Šé„þ ¢‚…Äy õ 9

ÐÐ !î!FŠé§¬ ‰þœöì„þîû þ™!îû¢‚…Äy !î¦þy‹˜ÐÐ

þ™!îûîyöìîûîû ¢”¢Ä ¢‚…Äyîû xyöìþ™!Çþ„þ þ™!îû¢‚…Äy !î¦þy‹˜ ç „Êþ›öìëï!†„þ þ™!îû¢‚…Äy !î¦þy‹˜

þ™!îûîyöìîûîû þ™!îû¢‚…Äy xyöìþ™!Çþ„þ* „Êþ›öìëï!†„þ þ™!îû¢‚…Äy

¢”¢Ä ¢‚…Äy þ™!îû¢‚…Äy ˜#‰þ öíöì„þ vþzþ™îû öíöì„þ

2 9 0·100 9 90
3 20 0·222 29 81
4 30 0·333 59 61
5 17 0·189 76 31
6 10 0·111 86 14
7 4 0·044 90 4

ö›yÝþ 90 0·999 = 1
Ýþ#„þy õ *xyöìþ™!Çþ„þ þ™!îû¢‚…Äy = ö×!’!Ýþîû þ™!îû¢‚…Äy ÷ ö›yÝþ þ™!îû¢‚…Äy
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Šé„þ ¢‚…Äy õ 10

„Êþ›öìëï!†„þ þ™!îû¢‚…Äy !î¦þy‹öì̃ îû S˜#‰þ öíöì„þV †’˜y

þ™!îûîyöìîûîû ¢”¢Ä ¢‚…Äy þ™!îû¢‚…Äy „Êþ›öìëï!†„þ þ™!îû¢‚…Äy S˜#‰þ öíöì„þV

2 9 9
3 20 (9 + 20) = 29
4 30 (9 + 20 + 30) = 59
5 17 (9 + 20 + 30 + 17) = 76
6 10 (9 + 20 + 30 + 17 + 10) = 86
7 4 (9 + 20 + 30 + 17 + 10 + 4) = 90

ö›yÝþ 90

Šé„þ ¢‚…Äy õ 11

„Êþ›öìëï!†„þ þ™!îû¢‚…Äy !î¦þy‹öì̃ îû Svþzþ™îû öíöì„þV †’˜y

þ™!îûîyöìîûîû ¢”¢Ä ¢‚…Äy þ™!îû¢‚…Äy „Êþ›öìëï!†„þ þ™!îû¢‚…Äy Svþzþ™îû öíöì„þV

2 9 90 = (90 + 20 + 30 + 17 + 10 + 4)
3 20 81 = (20 + 30 + 17 + 10 + 4)
4 30 61 = (30 + 17 + 10 + 4)
5 17 31 = (17 + 10 + 4)
6 10 14 = (10 + 4)
7 4 4

ö›yÝþ 90

x!î!FŠé§¬ ‰þœöì„þîû þ™!îû¢‚…Äy !î¦þy‹˜

(Frequency distribution of a Continuous Variable)

x!î!FŠé§¬ ‰þœöì„þîû îûy!Ÿ“þöìíÄîû vþzþ™Þíyþ™˜yîû ‹˜Ä ö×!’îå• þ™!îû¢‚…Äy !î¦þy‹˜ (grouped frequency
distribution) ¢y•yîû’“þ îÄî£yîû „þîûy £ëûÐ ö×!’†%!œ þ™îûßþ™îû !î!FŠé§¬ (mutually exculsive) £öì“þ
£öìîÐ xíÅyê x!î!FŠé§¬ ‰þœöì„þîû ö„þy˜ ›y˜ ”%!Ýþ þ™îûþ™îû ö×!’îû xhsþ¦)Åþ=þ £çëûy ‰þœöìî ˜yÐ ö×!’ ¢‚…Äy …%î
„þ› îy …%î öî!Ÿ £çëûy vþz!‰þê ˜ëûÐ

ö×!’îå• þ™!îû¢‚…Äy !î¦þy‹öì̃ îû „þ“þ„þ†%!œ ”îû„þy!îû ¢‚Kþy ö”çëûy £œÐ

(i) ö×!’ !î¦þy† (class interval)
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(ii) ö×!’ ¢#›y (class limits)
(iii) ö×!’ ¢#›y˜y (class boundaries)
(iv) þ™!îû¢‚…Äy (frequency)
(v) ›•Ä!î¨% (Mid-value or class mark)
(vi) ö×!’ ÷”‡ÅÄ (Width of the class)
(vii) xyöìþ™!Çþ„þ þ™!îû¢‚…Äy (Relative frequency) ~î‚ Ÿ“þ„þîûy þ™!îû¢‚…Äy (percentage

frequency)

(viii) þ™!îû¢‚…Äyîû ‡˜c (Frequency Density)

~£z ¢‚Kþy†%!œ Šé„þ ¢‚…Äy 12 ö“þ ö”çëûy îûy!Ÿ“þöìíÄîû !¦þ!_öì“þ îÄy…Äy „þîûy £öìëûöìŠéÐ

(i) ö×!’ !î¦þy† (Class Interval) : Šé„þ ¢‚…Äy 12 ö“þ ²Ìí› hßþ½þ (1) ö“þ ö×!’ !î¦þy† ö”…yöì̃ y
£öìëûöìŠéÐ ‰þœöì„þîû ›y˜†%!œöì„þ „þ“þ„þ†%!œ ”öìœ !î¦þ=þ „þîûy £ëûÐ ~…yöì̃  5!Ýþ ”œ (group) ö”…yöì̃ y £öìëûöìŠé
(31 – 40), (41 – 50), (51 – 60), (61 – 70) ç (71 – 80) ‰þœöì„þîû ¢î„þ!Ýþ ›y˜ ~£z ”œ†%!œîû
xhsþ¦%þÅ=þÐ

(ii) ö×!’ ¢#›y (Class Limits) : Šé„þ ¢‚…Äy 12 ö“þ hßþ½þ (3) ç hßþ½þ (4) ~ ëíy„Êþöì› ¢îÅ!˜Á¬
ö×!’ ¢#›y ç ¢öìîÅyF‰þ ö×!’ ¢#›y !˜öì”ÅŸ „þîûy £öìëûöìŠéÐ ²Ì!“þ!Ýþ ö×!’îû ‹˜Ä ~£z ¢#›y !˜öì”ÅŸ „þîûy £öìëûöìŠéÐ

Šé„þ ¢‚…Äy õ 12

50 ‹˜ Šéyöìeîû xA„þ þ™îû#Çþyîû ²Ìy® ˜Áºöìîûîû þ™!îû¢‚…Äy !î¦þy‹˜
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(iii) ö×!’ ¢#›y˜y (Class boundaries) : Šé„þ ¢‚…Äy 12 ö“þ hßþ½þ (5) ç hßþ½þ (6) ~ ëíy„Êþöì›
¢îÅ!˜Á¬ ö×!’ ¢#›y˜y ç ¢öìîÅyF‰þ ö×!’ ¢#›y˜y !˜öì”ÅŸ „þîûy £öìëûöìŠéÐ ‰þœ„þ!Ýþ öëöì£“%þ x!î!FŠé§¬ ‰þœ„þ “þy£z
ö×!’†%!œîû ›öì•Ä ö„þyöì̃ y š¤þy„þ îûy…y vþz!‰þê ˜ëûÐ hßþ½þ (1) ~ ö×!’ !î¦þy††%!œ œÇþÄ „þîûöìœ öîyGþy ëyöìî
öë ²Ì!“þ!Ýþ ö×!’îû ›öì•Ä š¤þy„þ îûöìëûöìŠéÐ š¤þy„þ!Ýþ !˜’Åëû „þîûyîû ‹˜Ä !˜Á¬!œ!…“þ þ™å•!“þ x’%¢îû’ „þîûy £ëûÐ

þ™îûþ™îû ”%!Ýþ ö×!’îû ›öì•Ä š¤þy„þ •îûy ëy„äþ ‘d’Ð ~„þ!Ýþ ö×!’ ¢#›yîû |•¹Å ö×!’ ¢#›yöì„þ !àþ„þ “þyîû
þ™îûî“Åþ# ö×!’îû !˜Á¬ ö×!’ ¢#›yîû öíöì„þ !îöìëûy† „þîûöìœ öë ¢‚…Äy þ™yçëûy ëyëû ö¢!Ýþ£z £óœ ‘d’ xíÅyê
”%£z ö×!’îû ›öì•Ä š¤þy„þÐ ~£z š¤þy„þ îr• „þîûyîû ‹˜Ä ~„þ!Ýþ ö×!’îû !˜Á¬ ¢#›y˜y (lower class boundary)

= ö×!’!Ýþîû !˜Á¬¢#›y (lower class limit) 2
d  ~î‚ ö×!’!Ýþîû |•¹Å ö×!’ ¢#›y˜y (upper class

boundary) = ú ö×!’îû |•¹Å ö×!’ ¢#›y (upper class limit) 2
d .

Šé„þ ¢‚…Äy 12 ö“þ š¤þy„þ d = 1.

 þ²Ì!“þ!Ýþ ö×!’îû !˜Á¬ ö×!’ ¢#›y öíöì„þ 0·5 îy” ö”çëûy £öìëûöìŠé ~î‚ ²Ì!“þ!Ýþ ö×!’îû |•¹ÅÅ ö×!’
¢#›y öíöì„þ 0·5 öëy† „þîûy £öìëûöìŠéÐ ~¦þyöìî£z ¢›hßþ ö×!’ ¢#›y˜y (class boundaries) †’˜y „þîûy
£öìëûöìŠéÐ xíÅyê ö×!’ ¢#›y˜y†%!œ (class boundaries) £óœ (30·5 – 40·5), (40·5 – 50·5), (50·5
– 60·5), (60·5 – 70·5) ~î‚ (70·5 – 80·5)

(iv) ö×!’ þ™!îû¢‚…Äy (class frequeny) : ö„þyöì̃ y ~„þ!Ýþ ö×!’öì“þ x!î!FŠé§¬ ‰þœöì„þîû „þëû!Ýþ ›y˜
xhsþ¦%þÅ=þ xyöìŠé ö¢!Ýþ þ™!îû¢‚…Äyîû myîûy !‰þ!£«“þ „þîûy £ëûÐ Šé„þ ¢‚…Äy 12 îû hßþ½þ (2) ö“þ þ™!îû¢‚…Äy†%!œ
ö”…yöì̃ y £öìëûöìŠéÐ

(v) ›•Ä!î¨% (class mark or Mid value) : ö„þy˜ ö×!’îû !àþ„þ ›•Ä›y˜öì„þ ú ö×!’îû ›•Ä!î¨%
îœy £ëûÐ ö×!’!Ýþîû ”%£z ¢#›yîû S|•¹ÅÅÅ ¢#›y ç !˜Á¬ ¢#›yV †y!’!“þ„þ †vþü£z (Arithmatic Mean) £öìî ú
ö×!’îû ›•Ä!î¨%Ð ö×!’!Ýþîû ”%£z ¢#›y˜yîû †y!’!“þ„þ †vþü ç ú ö×!’îû ›•Ä!î¨% †’˜y „þîûöì“þ îÄî£yîû „þîûy
ëyëûÐ

Šé„þ ¢‚…Äy 12 îû hßþ½þ (7) ~ ›•Ä!î¨%†%!œ ö”…yöì̃ y £öìëûöìŠéÐ

(vi) ö×!’ ÷”‡ÅÄ (Width of the class) : ö„þyöì̃ y ö×!’îû ö×!’ ÷”‡ÅÄ = Sö×!’!Ýþîû |•¹Å¢#›y˜yV
éôôôé Sö×!’!Ýþîû !˜Á¬ ¢#›y˜yV ~£z ¢›#„þîûöì’ ö×!’ ÷”‡ÅÄ †’˜y „þîûöì“þ ö×!’!Ýþîû ö×!’ ¢#›y (class limits)
„þ…˜£z îÄî£yîû „þîûy ëyöìî ˜yÐ Ÿ%•%›ye ö×!’ ¢#›y˜y (class boundaries) †%!œ£z îÄî£yîû „þîûöì“þ £öìîÐ

ë!” ¢î ö×!’†%!œ ¢›÷ì”öì‡ÅÄîû £ëû “þöìî ö×!’ ÷”‡ÅÄ = ”%!Ýþ þ™îûþ™îû !˜Á¬ ö×!’ ¢#›y îy ”%!Ýþ þ™îûþ™îû
|•¹Å ö×!’ ¢#›yîû xhsþîû £öìîÐ

xíîy– ö×!’ ÷”‡ÅÄ = þ™îûþ™îû ”%!Ýþ !˜Á¬ Sîy |•¹ÅV ö×!’ ¢#›y˜yîû xhsþîû

xíîy– ö×!’ ÷”‡ÅÄ = ”%!Ýþ þ™îûþ™îû ›•Ä!î¨%îû xhsþîû
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Šé„þ ¢‚…Äy 12 îû hßþ½þ (8) ~ ö×!’÷ì”‡ÅÄ†%!œ ö”…yöì̃ y £öìëûöìŠéÐ
(vii) xyöìþ™!Çþ„þ þ™!îû¢‚…Äy (Relative frequency) ç Ÿ“þ„þîûy þ™!îû¢‚…Äy (Percentage

freqnency)

ö„þyöì̃ y ö×!’îû xyöìþ™!Çþ„þ þ™!îû¢‚…Äy (Relative frequency) = 

¢„þœ ö×!’îû xyöìþ™!Çþ„þ þ™!îû¢‚…Äy öëy†šþœ ¢î ¢›ëû 1 £ëûÐ
xþ™îû!”öì„þ !˜öìÁ¬îû þ¢›#„þîûöì’îû ¢y£yöìëÄ Ÿ“þ„þîûy þ™!îû¢‚…Äy †’˜y „þîûy £ëûÐ
Ÿ“þ„þîûy þ™!îû¢‚…Äy = xyöìþ™!Çþ„þ þ™!îû¢‚…Äy × 100
¢„þœ ö×!’îû Ÿ“þ„þîûy þ™!îû¢‚…Äyîû (Percentage frequency) öëy†šþœ ¢î¢›ëû 100 £ëûÐ
Šé„þ ¢‚…Äy 12 îû hßþ½þ (12) ç hßþ½þ (13) ö“þ ëíy„Êþöì› xyöìþ™!Çþ„þ ç Ÿ“þ„þîûy þ™!îû¢‚…Äy ö”…yöì̃ y £öìëûöìŠéÐ

(viii) þ™!îû¢‚…Äyîû ‡˜c (Frequency Density) = 

x¢› ÷”öì‡ÅÄîû ö×!’†%!œîû öÇþöìe xyëû“þöìœ… (Histogram) xA„þöì̃ îû ¢›ëû þ™!îû¢‚…Äy ‡˜öìcîû †’˜y
²Ìöìëûy‹˜ £ëûÐ

Šé„þ ¢‚…Äy 12 îû hßþ½þ (9) ö“þ þ™!îû¢‚…Äyîû ‡˜c †’˜y „þöìîû ö”…yöì̃ y £öìëûöìŠéÐ

1.6 þ¢yîûy‚Ÿ

þ™!îû¢‚…Äy˜ îy îûy!Ÿ!îKþy˜ ~„þ •îûöì’îû !îKþy˜ ëyîû ¢y£yöìëÄ ¢‚…Äy myîûy þ™!îû!›“þ îûy!Ÿ“þíÄ xy£îû’–
vþzþ™Þíyþ™˜ ç îÄy…Äy „þîûy ëyëûÐ ~£z îÄy…Äyîû ›öì•Ä !”öìëû x“þÄhsþ †%îû%cþ™)’Å !¢å•yhsþ ö˜çëûy £ëûÐ

îûy!Ÿ“þíÄ !“þ˜!Ýþ vþzþ™yöìëû vþzþ™Þíy!þ™“þ „þîûy ëyëû õ
S„þV î’Å˜yd„þ vþzþ™Þíyþ™˜ (Textual Presentation)
S…V Šé„þ!î˜Äyöì¢îû ¢y£yöìëÄ vþzþ™Þíyþ™˜ (Tabular Presentation)
S†V öœ…!‰þöìeîû ¢y£yöìëÄ vþzþ™Þíyþ™˜ (Graphical Presentation)
¦þyîûöì“þ ¢îû„þy!îû þ™!îû¢‚…Äy˜ òòö„þw#ëû þ™!îû¢‚…Äy˜ ¢‚†àþ˜óó (Central Statistical Organisation

îy CSO) ç òò‹y“þ#ëû ˜›%˜y “þíÄ ¢‚@ùÌ£óó (National Sample Survey îy NSS) ˜y›„þ ”%!Ýþ ¢‚†àþ˜
myîûy !˜ëû!sþf“þ £ëûÐ ~Šéyvþüy !î!¦þ§¬ îûyöì‹Ä öÞÝþÝþ ÞÝþÄy!Ýþ¢!Ýþ„þyœ î%Äöìîûy (State Statistical Bureau) †àþ˜
„þîûy £öìëûöìŠé ëyöì“þ þ™!îû¢‚…Äyöì̃ îû „þy‹ îûy‹Ä†%!œöì“þ ¢%Û%þ ¦þyöìî ¢‚†!àþ“þ £ëûÐ

öœ…!‰þöìeîû ¢y£yöìëÄ îûy!Ÿ“þíÄ vþzþ™Þíyöì̃ îû !î!¦þ§¬ •îû̃ †%!œ £œ õ
S„þV þ™!îû¢‚…Äy!î£#˜ îûy!Ÿ“þöìíÄîû öÇþöìe õ (i) öîû…y!‰þe (ii) xy˜%þ™y!“þ„þ öœ…!‰þe (iii) ”[þ!‰þe (iv)

þ™y£z!‰þe
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S…V þ™!îû¢‚…Äyë%=þ îûy!Ÿ“þöìíÄîû öÇþöìe õ (v) xyëû“þöìœ… (vi) þ™!îû¢‚…Äy î£%¦)þ‹ (vii) „Êþ›öìëï!†„þ
þ™!îû¢‚…Äy !î¦þy‹öì̃ îû öœ…!‰þeÐ

þ™!îû¢‚…Äy !î¦þy‹˜ !“þ˜ ²Ì„þyöìîûîû £ëû õ
S„þV †%’îy‰þ„þ þ™!îû¢‚…Äy !î¦þy‹˜
S…V !î!FŠé§¬ ‰þœöì„þîû þ™!îû¢‚…Äy !î¦þy‹˜
S†V x!î!FŠé§¬ ‰þœöì„þîû þ™!îû¢‚…Äy !î¦þy‹˜

1.7 þx˜%Ÿ#œ˜#

²ÌÙÀ›yœy õ
1. îûy!Ÿ!îKþyöì̃ îû ¢‚Kþy „þ#Ú
2. î’Å̃ y›)œ„þ (Descriptive) ç x %̃›y˜!¢å• !¢å•yhsþ›)œ„þ (Inferential) îûy!Ÿ!îKþyöì̃ îû ›öì•Ä

›)œ þ™yíÅ„þÄ ö„þyíyëûÚ
3. îÄî¢y ç îy!’öì‹Äîû öÇþöìe þ™!îû¢‚…Äyöì̃ îû ¦)þ!›„þy „þ#Ú
4. xíÅŸyöìßþf þ™!îû¢‚…Äyöì̃ îû ²Ìöìëûy‹˜#ëû“þy „þ#Ú
5. î’Å̃ yd„þ þ™å•!“þöì“þ îûy!Ÿ“þöìíÄîû vþzþ™Þíyþ™öì̃ îû (Textual presentation of Statistical data)

¢%!î•y ç x¢%!î•y†%!œ „þ# „þ#Ú
6. ~„þ!Ýþ !îÙ»!î”Äyœöìëû ö„þyöì̃ y îê¢öìîû „þœy– !îKþy˜ ç îy!’‹Ä Ÿy…yëû ²Ìí› î¡ìÅ– !m“þ#ëû î¡ìÅ ç

“,þ“þ#ëû îöì¡ìÅîû þ™îû#Çþyëû x‚Ÿ@ùÌ£’„þyîû# þ™îû#Çþyí#Åöì”îû ¢‚…Äy !œA†öì¦þöì” ²Ì”ŸÅöì̃ îû ‹˜Ä ~„þ!Ýþ
š¤þy„þy Šé„þ ÷“þ!îû „þîûÐ

7. ~„þ!Ýþ îûy!Ÿ“þöìíÄ ö×!’†%!œ ö×!’ ¢#›y (class limits) !£¢yöìî ö”çëûy xyöìŠé (10 – 19), (20
– 29), (30 – 39), (40 – 49) ç (50 – 59) ö×!’†%!œîû ö×!’ ¢#y˜y (class boundaries)
!˜’Åëû „þîûÐ

8. ~„þ!Ýþ îûy!Ÿ“þöìíÄ ö×!’†%!œ (10 – 19), (20 – 29), (30 – 39), (40 – 49) ç (50 – 59)
ö”çëûy xyöìŠé ~î‚ þ™!îû¢‚…Äy†%!œ ëíy„Êþöì› 2, 10, 30, 5 ~î‚ 3 ö”çëûy xyöìŠéÐ ~„þ!Ýþ xyöìþ™!Çþ„þ
þ™!îû¢‚…Äy (Relative frequency) !î¦þy‹˜ ²Ìhß$þ“þ „þîûÐ

9. 8 ˜‚ ²ÌöìÙÀîû þ™!îû¢‚…Äy !î¦þy‹öì̃ îû öÇþöìe ¢„þœ ö×!’îû þ™!îû¢‚…Äy ‡˜c (Frequency density)
!˜’Åëû „þîûÐ

10. öœ…!‰þöìeîû ›y•Äöì› îûy!Ÿ“þöìíÄîû vþzþ™Þíyþ™˜y „þ# „þ# ¦þyöìî „þîûy ëyëûÚ
²ÌÙÀ›yœy õ

11. Šéöì„þîû !î!¦þ§¬ x‚Ÿ îÄy…Äy „þîûÐ ~„þ!Ýþ Šé„þ vþzþ™Þíy!þ™“þ „þöìîû “þyîû ¢‚!Çþ® !îîîû’ ”yçÐ
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12. öîû…y!‰þe „þyöì„þ îöìœÚ ~„þ!Ýþ „þyÒ!˜„þ öîû…y!‰þöìeîû vþz”y£îû’ ”yç ëyöì“þ ¦þyîûöì“þ •y˜ ç †›
vþzêþ™y”öì̃ îû ~„þ!Ýþ “%þœ˜y›)œ„þ xyöìœy‰þ˜y ¢½þî £ëûÐ

13. x %̃þ™y!“þ„þ öœ…!‰þe îy œ†y!îû”ä!›„þ !‰þe „þyöì„þ îöìœÚ x %̃þ™y“þ !‰þöìeîû ¢%!î•y ç x¢%!î•y îÄy…Äy „þîûÐ
14. þ™y£z!‰þöìeîû vþzþ™îû ~„þ!Ýþ !Ýþ„þy öœ…Ð
15. !˜öìÁ¬ ²Ì”_ îûy!Ÿ“þíÄ öíöì„þ xyëû“þöìœ… (Histogram) xA„þ˜ „þîûÐ

xyëû (100 Ýþy„þyëûV 11–15 16–20 21–25 26–30 31–35 36–40
×!›„þ ¢‚…Äy 4 13 22 33 12 6
²ÌÙÀ›yœy õ

16. !˜öìÁ¬ ²Ì”_ îûy!Ÿ“þöìíÄîû !¦þ!_öì“þ ö×!’ ¢#›y– ö×!’ ¢#›y˜y– ›•Ä!î¨%– ö×!’ ÷”‡ÅÄ– þ™!îû¢‚…Äy
‡˜c– xyöìþ™!Çþ„þ þ™!îû¢‚…Äy– Ÿ“þ„þîûy þ™!îû¢‚…Äy– „Êþ›öìëï!†„þ þ™!îû¢‚…Äy S˜#‰þ öíöì„þV ç „Êþ›öìëï!†„þ
þ™!îû¢‚…Äy Svþzþ™îû öíöì„þV !˜’Åëû „þîûÐ
ö×!’ !î¦þy† 90–99 100–109 110–119 120–129 130–139
þ™!îû¢‚…Äy 12 20 35 25 8

17. ~„þ!Ýþ îûy!Ÿ“þöìíÄ 50 !Ýþ šþyöì›Åîû îÄöìëûîû !îîîû’ SœÇþ Ýþy„þyëûV ö”çëûy £œÐ ²Ì”_ îûy!Ÿ“þíÄ öíöì„þ
„Êþ›öìëï!†„þ þ™!îû¢‚…Äy öîû…ymëû S˜#‰þ öíöì„þ ç vþzþ™îû öíöì„þV (cumulative frequency polygon
less than and more than type) xA„þ˜ „þîûÐ
~î‚ ú öîû…y ”%!Ýþ öíöì„þ ›•Ä›yîû (Median) ›y˜ !˜’Åëû „þîûÐ
ö×!’ !î¦þy† 5–10 10–15 15–20 20–25 25–30 30–35 35–40
šþy›Å ¢‚…Äy 5 8 12 10 8 5 2

18. !˜öìÁ¬ ²Ì”_ îûy!Ÿ“þíÄ öíöì„þ ~„þ!Ýþ xyëû“þöìœ… xA„þ˜ „þîû ~î‚ šþyöì›Åîû ¢‚…Äy !˜’Åëû „þîû ëyöì”îû
!î„Êþëû îyî” xyëû 12,00,000 Ýþy„þy öíöì„þ 26,00,000 Ýþy„þyîû ›öì•ÄÐ ö›yÝþ šþyöì›Åîû ¢‚…Äy 534.
!î„Êþëû ›)œÄ 0–500 500–1000 1000–2500 2500–3500 3500–4500
('000 Ýþy„þyëûV
þšþyöì›Åîû ¢‚…Äy 3 42 288 150 51

1.8 þ@ùÌríþ™!O
1. Applied General Statistics–by Croxton and Gowden, Prentice Hall, Inc, 1949
2. Statistical Methods–by S.P. Gupta, Sultan Chand & Sons, 2001
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2.5.1 !îî“Åþöìëï!†„þ †öìvþüîû îÄî£yîû

2.5.2 !îî“Åþöìëï!†„þ †öìvþüîû ¢%!î•y ç x¢%!î•y

2.6 †y!’!“þ„þ †vþü– †%öì’y_îû †vþü ç !îî“Åþöìëï!†„þ †vþüéôé~îû ›öì•Ä ¢Áºr•

2.7 ›•Ä›y

2.7.1 !î!FŠé§¬ ‰þœîûy!Ÿîû öÇþöìe ›•Ä›y !˜’Åëû

2.7.2 x!î!FŠé§¬ ‰þœîûy!Ÿîû öÇþöìe ›•Ä›y !˜’Åëû

2.7.3 ›•Ä›yîû ¢%!î•y ç x¢%!î•y

~„þ„þ 2  ö„þw#ëû ²Ìî’“þyîû !î!¦þ§¬ þ™!îû›yþ™ ç “þyöì”îû ²Ìöìëûy†
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2.8 ‰þ“%þíÅ„þ– ”Ÿ›„þ ç Ÿ“þ“þ›öì„þîû éôé~îû †’˜y
2.9 ¢‚…Äy†%îû% ›y˜

2.9.1 ¢‚…Äy†%îû% ›yöì̃ îû ¢%!î•y ç x¢%!î•y
2.10 †y!’!“þ„þ †vþü– ›•Ä›y ç ¢‚…Äy†%îû% ›yöì̃ îû ›öì•Ä ¢Á™„Åþ
2.11  ö„þw#ëû ²Ìî’“þyîû !î!¦þ§¬ þ™!îû›yþ™„þ†%!œîû ›öì•Ä “%þœ˜y
2.12 ¢yîûy‚Ÿ
2.13 x˜%Ÿ#œ˜#

2.14 @ùÌríþ™!O

2.1 vþzöìjŸÄ

ö„þyöì̃ y ‰þœöì„þîû ö„þw#ëû ²Ìî’“þy þ™!îû›yöìþ™îû ›)œ vþzöìjŸÄ £œ õ

(i) !î!¦þ§¬ þ™!îû›yöìþ™îû ¢y£yöìëÄ ‰þœ„þ!Ýþîû ~„þ!Ýþ ö„þw#ëû ›y˜ †’˜y „þöìîû öîîû „þîûy öë!Ýþ ‰þœ„þ!Ýþîû ¢›hßþ
›y˜†%!œîû ²Ì!“þ!˜!•c „þîûöì“þ þ™yöìîûÐ xíÅyê ‰þœ„þ!Ýþîû ¢›hßþ ›y˜†%!œ ~£z ö„þw#ëû ›y˜!Ýþöì„þ !‡öìîû íy„þöìî
~î‚ ‰þœ„þ!Ýþîû ›y˜†%!œ ¢Á™öì„Åþ ~„þ!Ýþ ßþ™Tþ •yîû’y „þîûy ¢½þî £öìîÐ

(ii) þ™!îû›yþ™†%!œîû ¢y£yöìëÄ ”%£z îy “þöì“þy!•„þ xyœy”y ”öìœîû †vþü ›y˜†%!œ !˜öìëû ~„þÝþy “%þœ˜y›)œ„þ
xyöìœy‰þ˜y „þîûy ¢½þî £ëûÐ •îûy ëy„þ îßþf!ŸöìÒîû x•#öì̃  !“þ˜!Ýþ „þyîû…y˜yöì“þ ~„þ£z oîÄ¢y›@ùÌ# vþzêþ™y!”“þ
£öìFŠéÐ ~£z !“þ˜!Ýþ „þyîû…y˜yëû ×!›„þöì”îû †vþü vþzêþ™y”˜ “%þœ˜y „þöìîû !˜!”ÅTþ !¢å•yhsþ ö˜çëûy ¢½þîÐ ö„þy˜
~„þ!Ýþ „þyîû…y˜yëû £ëûöì“þy †vþü vþzêþ™y”˜ …%î£z „þ›Ð ~îyîû ~£z „þ› †vþü vþzêþ™y”öì̃ îû „þyîû’ x %̃¢r•y˜ „þöìîû
ö¢£z „þyîûöì’îû ²Ì!“þöì¡ì•öì„þîû îÄîÞíy „þîûy ëyëûÐ

2.2  ²Ìhßþyî˜y

îûy!Ÿ“þöìíÄîû þ™!îû¢‚…Äy !î¦þy‹öì̃ îû !”öì„þ “þy„þyöìœ ¢y•yîû’“þƒ ö”…y ëyëû öë þ™!îû¢‚…Äyîû hßþöì½þîû ›•Äî“þ#Å
x‚öìŸ ‰þœ„þ!Ýþîû öë ¢î öíöì„þ öî!Ÿ ¢‚…Ä„þ ›y˜ ö„þw#¦)þ“þ xyöìŠéÐ ú ¢îÅy!•„þ þ™!îû¢‚…Äyë%=þ ö×!’!Ýþîû
›öì•Ä ‰þœ„þ!Ýþîû ö„þw#ëû ›y˜!Ýþ xîÞíy˜ „þöìîû ëyîû ‰þy!îû!”öì„þ ‰þœ„þ!Ýþîû x˜Äy˜Ä ›y˜ !îhß+þ“þ íyöì„þÐ ~£z ö„þw#ëû
›y˜!Ýþ£z ‰þœöì„þîû îy„þ# ›y˜†%!œîû ²Ì!“þ!˜!•Ð îûy!Ÿ“þöìíÄîû ~£z ²Ìî’“þyöì„þ£z “þyîû ö„þw#ëû ²Ìî’“þy îœy £ëûÐ

ö„þw#ëû ²Ìî’“þy þ™!îû›yþ™ „þîûyîû !“þ˜!Ýþ ²Ì•y˜ þ™!îû›yþ™„þ xyöìŠéÐ ~†%!œ £œéôôô(i) †vþü (Mean) (ii)
›•Ä›y (Median) ç (iii) ¢‚…Äy†%îû% ›y˜ (Mode)Ð †vþüöì„þ xyîyîû !“þ˜!Ýþ ¦þyöì† ¦þy† „þîûy ëyëû õ S„þV
†y!’!“þ„þ †vþü (Arithmatic Mean) S…V †%öì’y_îû †vþü (Geometric Mean) ç S†V !îî“Åþöìëï!†„þ †vþü
(Harmonic Mean)Ð
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~é„þ!Ýþ ²Ìîy£!‰þöìeîû (flow chart) ›y•Äöì› ö„þw#ëû ²Ìî’“þyîû þ™!îû›yþ™„þ†%!œ ö”…yöì̃ y £œÐ

ö„þw#ëû ²Ìî’“þyîû þ™!îû›yþ™„þ¢›)£

†vþü ›•Ä›y ¢‚…Äy†%îû% ›y˜

†y!’!“þ„þ †vþü †%öì’y_îû †vþü !îî“Åþöìëï!†„þ †vþü

2.3  †y!’!“þ„þ †vþü

•îûy ëy„þ x ‰þœöì„þîû néôé¢‚…Ä„þ ›y˜ ö”çëûy xyöìŠé x1, x2, x3 ; ........., xn. ¢îûœ †y!’!“þ„þ †vþü
(Simple Arithmatic Mean) x  myîûy !‰þ!£«“þ „þîûy £öìœ– x ‰þœöì„þîû !î!¦þ§¬ ›y˜†%!œîû †vþü £öìî

1 2 3 1....

n

i
n i

x
x x x xx n n

   
 



ë!” x ‰þœ„þ!Ýþîû þ™!îû¢‚…Äy !î¦þy‹˜ ö”çëûy íyöì„þ ö¢öìÇþöìe †vþü þ™!îû›yþ™ „þîûy £öìî ¦þyîûë%=þ †y!’!“þ„þ
†öìvþüîû (Weighted Arithmatic Mean) ›y•Äöì›Ð

1 2 2 2 1 1

1 2

1

....
.....

n n

i i i i
n n i i

nn
i

i

f x f x
f x f x f xx f f f n

f

 



  
  

  

 


öë…yöì̃  x1, x2, .........., xn ‰þœ„þ!Ýþîû !î!¦þ§¬ ›yöì̃ îû ¢yöìí “þyöì”îû þ™!îû¢‚…Äy f1, f2, ......, fn ö”çëûy

xyöìŠéÐ ~î‚ ö›yÝþ þ™!îû¢‚…Äy 
1

n

i
i

f n




2.3.1  ö×!’!î¦þy†ë%=þ þ™!îû¢‚…Äy !î¦þy‹˜ öíöì„þ †y!’!“þ„þ †vþü !˜’Åëû
vþz”y£îû’ 2·1 !˜Á¬!œ!…“þ þ™!îû¢‚…Äy !î¦þy‹˜ öíöì„þ †y!’!“þ„þ †vþü !˜’Åëû „þîû

ö×!’ ¢#›y 130-139 140-149 150-159 160-169 170-179

þ™!îû¢‚…Äy 12 19 40 21 8
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¢›y•y˜ õ ö×!’!î¦þy†ë%=þ þ™!îû¢‚…Äy !î¦þy‹öì̃ îû öÇþöìe †y!’!“þ„þ †vþü !˜Á¬!œ!…“þ ¢›#„þîûöì’îû
¢y£yöìëÄ ¢£öì‹£z öîîû „þîûy ëyëûÐ

¢›#„þîû’!Ýþ õ x a by 

,i i

i

f x
x

f



,i i

i

f x
y

f

  a = ›)œ!î¨%– b = ›yey

Šé„þ¢‚…Äy õ 2·1 †y!’!“þ„þ †vþü ~îû †’˜y

ö×!’ ¢#›y þ™!îû¢‚…Äy (f) ›•Ä›y˜ (x) (x – a) x ay b
 fy

a = 154·5 b = 10
130 – 139 12 134·5 –20 –2 –24
140 – 149 19 144·5 –10 –1 –19
150 – 159 40 154·5 = a 0 0 0
160 – 169 21 164·5 10 1 21
170 – 179 8 174·5 20 2 16

ö›yÝþ n = 100 –6

~…yöì̃  a = 154·5 S›yGþy›y!Gþ ö„þyöì̃ y ~„þ!Ýþ ö×!’îû ›•Ä›y˜V

~î‚ b = 10 Sö×!’ ÷”‡ÅÄV

  6154·5 10 154·5 0·6 153·9100x a by        

vþz”y£îû’ 2·2 þ™!îû¢‚…Äy !î¦þy‹öì̃  ë!” ö„þyöì̃ y þ™!îû¢‚…Äy x˜%þ™!Þí“þ íyöì„þ “þöìî ö¢£z þ™!îû¢‚…Äy
†’˜y „þöìîû vþzå•yîû „þîûy ¢½þî ë!” †y!’!“þ„þ †öìvþüîû ›y˜ ö”çëûy íyöì„þÐ

ë!” ö„þyöì̃ y þ™!îû¢‚…Äy !î¦þy‹öì̃ îû †y!’!“þ„þ †vþü 130 Ýþy„þy £ëû– “þöìî x˜%þ™!Þí“þ þ™!îû¢‚…Äy!Ýþ !˜’Åëû
„þîûÐ

²Ì!“þ!”öì̃ îû …îû‰þ SÝþy„þyöì“þV 90 – 110 110 – 130 130 – 150 150 – 170

þ™!îûîyîû ¢‚…Äy 20 26 ? 16
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Šé„þ¢‚…Äy õ 2·2 x˜%þ™!Þí“þ þ™!îû¢‚…Äyîû †’˜y

ö×!’ !î˜Äy¢ þ™!îû¢‚…Äy (f) ›•Ä›y˜ (x) (x – a) x ay b
 fy

(a = 140) (b = 20)
90 – 110 20 100 –40 –2 –40
110 – 130 26 120 –20 –1 –26
130 – 150 f 140 = a 0 0 0
150 – 170 16 160 20 1 16

ö›yÝþ n = 62 + f –50

~…yöì˜– n = 62 + f

 50140 20·x a by n
   

or,  50130 140 20· n
 

or, 100010 n
   or, n = 100

!„þhs$þ– 62 + f = n  62 + f = 100  f = 38

 x˜%þ™!Þí“þ þ™!îû¢‚…Äy = 38

›%=þéôé²Ìyhsþ !î!ŸTþ ö×!’!î˜Äy¢ íy„þöìœ ö¢£z •îûöì̃ îû þ™!îû¢‚…Äy !î¦þy‹˜ öíöì„þ †y!’!“þ„þ †vþü !˜’Åëû
„þîûy x¢½þî £öìëû þ™öìvþüÐ ›%=þ ²Ìyhsþ !î!ŸÛþ þ™!îû¢‚…Äy !î¦þy‹˜ îœöì“þ öîyGþyëû ö„þy˜ þ™!îû¢‚…Äy !î¦þy‹öì̃ îû
²Ìí› ö×!’ ~î‚ öŸ¡ì ö×!’!Ýþ vþz§Ã%=þ xyöìŠéÐ öë›˜ !˜öìÁ¬îû vþz”y£îûöì’ þ™!îû¢‚…Äy !î¦þy‹˜!Ýþ ›%=þ²Ìyhsþ
!î!ŸTþÐ

vþz”y£îû’ õ 2·3 ö„þyöì̃ y !î”Äyœöìëûîû ”Ÿ› ö×!’îû Šéyeöì”îû ç‹˜ ¢‚„Êþyhsþ þ™!îû¢‚…Äy !î¦þy‹˜ ö”çëûy
£œ öë!Ýþ ›%=þ²Ìyhsþ !î!ŸTþÐ

Šé„þ¢‚…Äy 2·3

ç‹˜ (Kg ö“þV Šéye ¢‚…Äy

20 îû ˜#öì‰þ 4

20 – 30 12
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30 – 40 25
40 – 50 8

50 ~îû vþzþ™öìîû 1
ö›yÝþ 50

 ~…yöì̃  ²Ìí› ö×!’!Ýþ ~î‚ þ™Mþ›öì×!’ xíÅyê öŸ¡ì ö×!’!Ýþ vþz¦þöìëû£z ›%=þ²Ìyhsþ !î!ŸTþÐ ~£z ”%£z ö×!’îû
›•Ä›y˜ !˜’Åëû „þîûy ¢½þî ˜ëûÐ “þy£z †y!’!“þ„þ †vþü !˜’Åëû „þîûy x¢½þîÐ

!„þhs$þ x˜Äy˜Ä ö×!’†%!œîû ÷”‡ÅÄ ¢î ¢›y˜Ð ²Ì!“þ!Ýþîû SxíÅyê !m“þ#ëû– “,þ“þ#ëû ~î‚ ‰þ“%þíÅ ö×!’V ö×!’
÷”‡ÅÄ 10. ë!” •öìîû ö˜çëûy ëyëû öë ²Ìí› ö×!’ ~î‚ öŸ¡ì ö×!’ vþz¦þöìëûîû ö×!’ ÷”‡ÅÄç 10 £öìî “þy£öìœ
ú ”%£z ö×!’ £öìî (10 – 20) ~î‚ (50 – 60). ö¢öìÇþöìe ›•Ä›y˜ öîîû „þîûy ¢½þî £öìî ~î‚ †y!’!“þ„þ
†vþü !˜’Åëû „þîûyç ¢½þîÐ !„þhs$þ ë!” x˜Äy˜Ä ö×!’†%!œîû ö×!’ ÷”‡ÅÄ x¢›y˜ £ëû– “þöìî ~£z x˜%›y˜ „þîûy
¢½þî £öìî ˜y ~î‚ †y!’!“þ„þ †vþü !˜’Åëû „þîûyç x¢½þîÐ ö¢öìÇþöìe x˜Äy˜Ä ö„þw#ëû ²Ìî’“þyîû þ™!îû›yþ™
öë›˜ ›•Ä›y ~î‚ ¢‚…Äy†%îû% ›y˜ öîîû „þîûy ¢½þî £öìî „þyîû’ ›%=þéôé²Ìyhsþ !î!ŸTþ ö×!’ ›•Ä›y îy ¢‚…Äy†%îû%
›y˜öì„þ ²Ì¦þy!î“þ „þîûöì“þ þ™yöìîû ˜yÐ

2.3.2  †y!’!“þ„þ †öìvþüîû ÷î!ŸTþÄ

÷î!ŸTþÄ 1. ë!” ö„þyöì̃ y ‰þœöì„þîû ²Ì!“þ!Ýþîû ›y˜ ~„þ!Ýþ •Ê%îöì„þîû ¢›y˜ £ëû– “þöìî ú ‰þœ„þ!Ýþîû †y!’!“þ„þ
†vþü ›y˜ç ú •Ê%îöì„þîû ¢›y˜ £öìîÐ

²Ì›y’ õ •îûy ëy„äþ xi ‰þœöì„þîû ²Ì!“þ!Ýþîû ›y˜ k S•Ê%î„þV– i = 1, 2, 3,......, n

xíÅyê x1 = k, x2 = k, x3 = k, ...... – xn = k

“þy£öìœ †y!’!“þ„þ †vþü £öìî 1 2 ...... .....nx x x k k kx n n
      

nk kn  x k   ²Ì›y!’“þ

÷î!ŸTþÄ 2. ö„þyöì̃ y ~„þ!Ýþ ‰þœöì„þîû ²Ì!“þ!Ýþ ›y˜ öíöì„þ ë!” “þyöì”îû †vþü ›y˜ !îöìëûy† „þîûy £ëû “þy£öìœ
ú !îöìëûy†šþœ†%!œîû ö›yÝþ öëy†šþœ Ÿ)̃ Ä £öìîÐ

²Ì›y’ õ •îûy ëy„þ ‰þœ„þ!Ýþîû (x) !î!¦þ§¬ ›y˜ x1, x2,....., xn.

~î‚ “þyöì”îû †y!’!“þ„þ †vþü 1 2 ...... nx x xx n
  



xíîy–  1 2 ..... ..... 1nx x x nx   
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xíîy–  
1

.... 2
n

i
i

x nx




~…˜  
1 1

n n

i i
i i

x x x nx
 

   

0nx nx    ²Ì›y!’“þ [ ¢›#„þîû’ (2) îÄî£yîû „þöìîû þ™y£z ]

ö×!’ë%=þ ‰þœîûy!Ÿîû ‹˜Ä ÷î!ŸTþÄ 2 ~„þ£z¦þyöìî ²Ì›y’ „þîûy ëyëû öë

 
1

0
n

i i
i

f x x


 

÷î!ŸTþÄ õ 3 †y!’!“þ„þ †vþü ›)œ!î¨% (Origin) ~î‚ ›yey (Scale) vþz¦þöìëûîû vþzþ™îû£z !˜¦ÅþîûŸ#œÐ

ë!” ”%!Ýþ ‰þœ„þ x ~î‚ y ¢Áºr•ë%=þ £ëû öë›˜ xi = a + byi

öë…yöì̃  a = ›)œ!î¨% ~î‚ b = ›yey ~î‚ i = 1, 2,....., n

~îyîû ö”…yöì“þ £öìî öë x a by 

xíÅyê xi ~îû †y!’!“þ„þ †vþü a S›)œ !î¨%V ~î‚ b S›yeyV ”%!Ýþîû vþzþ™îû£z !˜¦ÅþîûŸ#œÐ

²Ì›y’ õ xi = a + byi i = 1,2,......, n

vþz¦þëû !”„þ öëy† „þîûöìœ xy›îûy !˜öìÁ¬îû ¢›#„þîû’ þ™yî 
1 1

n n

i i
i i

x na b y
 

  

~îyîû vþz¦þëû !”„þ n !”öìëû ¦þy† !”öìœ þ™yçëûy ëyëû ·i in yna bn n n  

xíîy– ·x a b y 

xíÅyê x ~îû †y!’!“þ„þ †vþü ›)œ!î¨% ~î‚ ›yeyîû vþzþ™öìîû ¢îÅöì“þy¦þyöìî !˜¦ÅþîûŸ#œÐ

ö×!’!î˜Äy¢ ¢£ þ™!îû¢‚…Äy !î¦þy‹öì̃ îû öÇþöìe ²Ì›y’ „þîûy ëyëû öë x a by 

öë…yöì̃  i i

i

f x
x

f



 ~î‚ i i

i

f y
y

f



a = ›)œ!î¨% ç b = ›yey
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÷î!ŸTþÄ 4 ë!” ”%!Ýþ ‰þœ„þ x ~î‚ y, “,þ“þ#ëû ~„þ!Ýþ ‰þœ„þ z ~îû ¢öìA† ¢Á™„Åþë%=þ £ëû–

öë›˜ zi = ani + byi, i = 1, 2,......, n

“þy£öìœ ²Ì›y’ „þîûöì“þ £öìî öë .z ax by 

²Ì›y’ õ •îûy ëy„äþ zi = axi + byi, i = 1, 2,......, n

~…˜ vþz¦þëû !”öì„þ ‰þœ„þ†%!œîû ›y˜ öëy† „þîûöìœ þ™yçëûy ëyëû i i iz a n b y   

~îyîû– vþz¦þëû !”„þöì„þ n !”öìëû ¦þy† „þîûöìœ þ™yçëûy ëyëû i i iz x y
a bn n n   

xíîy– .z ax by 

÷î!ŸTþÄ 5 ö„þyöì̃ y ‰þœöì„þîû ²Ì!“þ!Ýþ ›yöì̃ îû ~„þ!Ýþ •Ê%î„þ öíöì„þ îÄî•yöì̃ îû îöì†Åîû öëy†šþœ ¢îÅyöìþ™Çþy
„þ› £öìî ë…˜ ú •Ê%î„þ!Ýþ ‰þœöì„þîû †y!’!“þ„þ †vþü £ëûÐ

xíÅyê  2
1

A
n

i
i

x


  ¢îÅ!˜Á¬ £öìî ë…˜ A x  £ëûÐ

²Ì›y’ õ       22A Ai ix x x x       

      2 2A 2· Ai ix x x x x x         

       2 2A 2 A ·i ix x x x x x        

     2 2A 0 0i ix x x x x          

   2 2· Aix x n x   
vþy˜!”öì„þîû ”%!Ýþ x‚Ÿ£z î†Å £çëûyëû •˜yd„þ ¢‚…ÄyÐ

~…˜  2ix x  ~îû ›öì•Ä A ˜y íy„þyëû ~!Ýþ A îû vþzþ™îû !˜¦ÅþîûŸ#œ ˜ëûÐ

!„þhs$þ !m“þ#ëû x‚Ÿ!Ýþöì“þ A íy„þyëû ~!Ýþ A îû vþzþ™îû !˜¦ÅþîûŸ#œÐ

 2An x   ¢îÅ!˜Á¬ £öìî ë…˜
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 2A 0n x    „þyîû’  2An x   }’yd„þ ˜ëûÐ

xíîy– A 0x  

xíîy– Ax 

¢%“þîûy‚  2
1

A
n

i
i

x


  ¢îÅ!˜Á¬ £öìî ë…˜ A x  S²Ì›y!’“þV

2.3.3  †y!’!“þ„þ †vþü ¢!àþ„þ !„þ˜y ëy‰þy£z „þîûyîûéôôôé‰þy!œÅëûyîû þ™å•!“þ

†y!’!“þ„þ †öìvþüîû †’˜y ¢£‹ „þîûyîû ‹˜Ä ›)œ!î¨% ç ›yey þ™!îûî“Åþ˜ „þîûy £ëû !„þhs$þ †’˜y ¢!àþ„þ !„þ˜y
þ™îû#Çþy „þîûyîû ‹˜Ä ‰þy!œÅëûyîû ~„þ!Ýþ ¢)öìeîû ¢r•y˜ !”öìëûöìŠé˜Ð

   1 ......... ii i i i i
i i i

f y f y f    

öë…yöì̃  ,i
i

x ay b


  a = ›)œ!î¨% ~î‚ b = ›yey  0b 

fi = i “þ› ö×!’îû þ™!îû¢‚…Äy

¢›#„þîû’ (i) ë!” !¢å• £ëû “þöìî †’˜y !˜¦%þÅœ ˜öì‰þê ˜ëûÐ

vþz”y£îû’ õ 2·4 ‰þy!œÅëûyîû þ™îû#Çþyîû îÄî£yîû

ö×!’!î¦þy† 10 – 30 30 – 50 50 – 70 70 – 90 90 – 110

þ™!îû¢‚…Äy 5 12 16 14 3

Šé„þ ¢‚…Äy õ 2·4 †y!’!“þ„þ †öìvþüîû †’˜y ç ‰þy!œÅëûyîû þ™îû#Çþy

ö×!’ !î¦þy† þ™!îû¢‚…Äy (fi) ›•Ä›y˜ (xi)
60

20
i

i
x

y


 fi yi fi (yi+1)

10 – 30 5 20 –2 –10 –5
30 – 50 12 40 –1 –12 0
50 – 70 16 60 = a 0 0 16
70 – 90 14 80 1 14 28
90 – 110 3 100 2 6 9

ö›yÝþ 50 –2 48
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†y!’!“þ„þ †vþü x a by 

öë…yöì̃  ,i i

i

f y
y

f

 ,i

i
x ay b


  a = ›)œ!î¨%– b = ›yey  0b 

~öìÇþöìe a = 60 ~î‚ b = 20 2
50

i i

i

f y
y

f
  



 260 20· 60 0·8 59·250x a by        

xíÅyê †y!’!“þ„þ †vþü = 59·2

~…˜ ‰þy!œÅëûyîû þ™îû#Çþyîû ‹˜Ä

 1 48i if y    ~î‚

2 50 48i i if y f     
¢%“þîûy‚  1 48i i i i if y f y f     
xíÅyê ‰þy!œÅëûyîû þ™îû#Çþyëû †y!’!“þ„þ †öìvþüîû †’˜y!Ýþ vþz_#’Å £öìëûöìŠé îœy öëöì“þ þ™yöìîûÐ

2.3.4  þ¢‚ë%=þ ”öìœîû †vþü

ë!” n1 ~î‚ n2 ¢‚…Ä„þ ›y˜ ¢Á™§¬ ”%!Ýþ ”öìœîû (group) †y!’!“þ„þ †vþü ëíy„Êþöì› 1x  ~î‚ 2x  £ëû–

“þöìî n1 + n2 ¢‚…Ä„þ ›yöì̃ îû ¢‚ë%=þ ”öìœîû (composite group) †y!’!“þ„þ †vþü £öìî 1 1 2 2

1 2

n x n xx n n





²Ì›y’ õ •îûy ëy„äþ 
111 12 13 1..... nx x x x   ~£z ”öìœîû †y!’!“þ„þ †vþü 1x  ~î‚ xþ™îû ”œ

221 22 2.... nx x x  

~îû †y!’!“þ„þ †vþü 2x  ö”çëûy xyöìŠéÐ

~…˜ ¢‚ë%=þ ”öìœîû †vþü £öìî

1 211 12 1 21 22 2

1 2

..... ....n nx x x x x x
x n n
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1 2

1 2
1 1

1 2

n n

i i
i i

x x

n n
 






 

xíîy– 1 1 2 2

1 2

n x n xx n n





1

1 1 1
1

n

i
i

x n x


 

~î‚ 
2

2 2
1

n

i
i

x nx


 

vþz”y£îû’ 2·5 ë!” ö„þyöì̃ y îÄî¢yëû ²Ì!“þÛþyöì̃ îû ×!›„þöì”îû †vþü ›y!¢„þ ›‹%!îû Rs. 520 £ëû ~î‚ ‹y˜y
ëyëû öë þ™%îû%¡ì ×!›„þöì”îû †vþü ›y!¢„þ ›‹%!îû Rs. 540 ç ›!£œy ×!›„þöì”îû †vþü ›y!¢„þ ›‹%!îû Rs. 460
“þy£öìœ þ™%îû%¡ì ç ›!£œy ×!›„þöì”îû Ÿ“þ„þîûy ¢‚…Äy „þ“þ !˜’Åëû „þîûÐ

¢›y•y˜ õ •îûy ëy„þ þ™%îû%¡ì ç ›!£œy ×!›„þöì”îû ¢‚…Äy ëíy„Êþöì› n1 ~î‚ n2.

ö”çëûy xyöìŠé õ 1 540x   ~î‚ 2 460x 

520x 

¢‚ë%=þ ”öìœîû †vþüéôé~îû ¢›#„þîû’ öíöì„þ ‹y!˜

1 1 2 2

1 2

n x n xx n n





xíîy– 1 2

1 2

540 460520 n n
n n





xíîy– 520 n1 + 520 n2 = 540 n1 + 460 n2

xíîy– – 20ni = – 60n2

xíîy– 1

2

60 3
20 1

n
n

 
   n1 : n2 = 3 : 1

¢%“þîûy‚ þ™%îû%¡ì ×!›„þöì”îû Ÿ“þ„þîûy ¢‚…Äy 3 100 75%3 1  


ç ›!£œy ×!›„þöì”îû Ÿ“þ„þîûy ¢‚…Äy 1 100 25%3 1  
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2.3.5 †y!’!“þ„þ †öìvþüîû ¢%!î•y ç x¢%!î•y

¢%!î•y õ

(i) †y!’!“þ„þ †öìvþüîû ¢‚Kþy x!“þ ¢£‹éôôôé~!Ýþ öîyGþy öë›˜ ¢£‹– †’˜y „þîûyç ö“þ›!˜ ¢£‹Ð

(ii) †y!’!“þ„þ †öìvþüîû ¢‚Kþy mÄíÅ£#˜ (rigid)Ð

(iii) †öìvþüîû ›y˜ ‰þœöì„þîû ²Ì!“þ!Ýþ ›yöì̃ îû vþzþ™îû !˜¦ÅþîûŸ#œÐ

(iv) ‰þœöì„þîû ›y˜†%!œîû öëy†šþœ ‹y˜y íy„þöìœç †y!’!“þ„þ †vþü !˜’Åëû „þîûy ¢½þîÐ

(v) ›•Ä›y îy ¢‚…Äy†%îû% ›y˜ !˜’Åöìëûîû ‹˜Ä ‰þœöì„þîû ›y˜†%!œ „Êþ› x˜ëyëû# ¢y‹yöì̃ yîû ²Ìöìëûy‹˜ £ëû–
†y!’!“þ„þ †öìvþü ö¢¢î ²Ìöìëûy‹˜#ëû“þy ö˜£zÐ

(vi) î#‹†!’öì“þîû !˜ëû›yîœ# †y!’!“þ„þ †vþü ²Ìöìëûy† „þîûy ëyëûÐ

(vii) †y!’!“þ„þ †öìvþüîû ˜›%˜y !î‰%þÄ!“þ ö˜£z îœöìœ£z ‰þöìœÐ

x¢%!î•y õ

(i) ‰þœöì„þîû ö„þyöì̃ y ›y˜ x˜%þ™!Þí“þ íy„þöìœ †y!’!“þ„þ †vþü !˜’Åëû „þîûy ëyëû ˜yÐ

(ii) þ™!îû¢‚…Äy !î¦þy‹öì̃  ë!” ö„þyöì̃ y ö×!’ !î˜Äy¢ ›%=þ²Ìyhsþ !î!ŸTþ £ëû– ö¢ öÇþöìe †y!’!“þ„þ †vþü
!˜’Åëû „þîûy ëyëû ˜yÐ

(iii) ‰þœöì„þîû x!“þ vþzF‰þ ç x!“þ !˜Á¬ ›yöì̃ îû myîûy †y!’!“þ„þ †vþü ²Ì¦þy!î“þ £ëûÐ

(iv) þ™ëÅöìîÇþ’ „þöìîû †y!’!“þ„þ †öìvþüîû ›y˜ !˜’Åëû „þîûy ëyëû ˜yÐ

(v) ‰þœöì„þîû vþzF‰þ ›y˜†%!œîû †%îû%c “þyîû !˜Á¬ ›y˜†%!œîû “%þœ˜yëû öî!Ÿ †%îû%c þ™yëû †y!’!“þ„þ †vþü
!˜’Åöìëû– “þy£z †y!’!“þ„þ †öìvþü ~„þÝþy |å•Å›%…# ²Ìî’“þy ö”…y ëyëûÐ

2.4  †%öì’y_îû †vþü

†%öì’y_îû †vþü £œ ‰þœöì„þîû n ¢‚…Ä„þ ›yöì̃ îû †%’šþöìœîû •˜yd„þ néôé“þ› ›)œ (root)Ð xíÅyê †%öì’y_îû
†vþü (G)

1 2G · ·......·n
nx x x

1

1

n n
i

i
x
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öë…yöì̃   1 2
1

· ·......
n

i n
i

x x x x




xíîy–  
1

1 2G · ·.......· nnx x x

vþz¦þëû !”öì„þ log !˜öìœ þ™y£z

 1 2log G log log ...... log nx x xn
   

xíîy– 
1

1log G log
n

i
i

xn


 

1

1G Anti log log
n

i
i

xn


 
   

  


¦þyîûë%=þ †%öì’y_îû †vþü

ö×!’îå• îûy!Ÿ“þöìíÄîû öÇþöìe ‰þœöì„þîû ›y˜ ë!” x1, x2, ....... xn ö”çëûy íyöì„þ– ç “þyöì”îû þ™!îû¢‚…Äy
f1, f2, ........, fn ç ö”çëûy íyöì„þ– “þy£öìœ ¦þyîûë%=þ †%öì’y_îû †vþü £öìî

 1 2

1 2

1
G · ·...........· n i

n

ff f f
x x x



1 1
1

1

1

i
i

n ff
x

i





 
  
  
 öë…yöì̃  1 2 ....i nf f f f   

vþz¦þëû!”öì„þ log !˜öìœ þ™y£z–

11 2 2

1

1log G log log ....... logx n nn

i
i

f f x f x
f



    


1

1

log
n

i i
i

n

i
i

f x

f
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 ¦þyîûë%=þ †%öì’y_îû †vþü 
1

1

logG Anti log
n

i i
n

i
i

i

f x

f



 
 
   
 
  




!îöìŸ¡ì oTþîÄ õ x!î!FŠé§¬ ‰þœ„þ!Ýþîû ë!” ö×!’!î˜Äy¢ ö”çëûy íyöì„þ “þöìî xi £öìî ‰þœ„þ!Ýþîû i “þ›
›•Ä›y˜ ~î‚ fi £öìî x %̃îû)þ™ i “þ› þ™!îû¢‚…ÄyÐ

vþz”y£îû’ 2·6 !˜Á¬!œ!…“þ îûy!Ÿ“þíÄ öíöì„þ †%öì’y_îû †vþü !˜’Åëû „þîû

x : 12 18 35 47
f : 3 4 5 2

Šé„þ ¢‚…Äy 2·5 †%öì’y_îû †öìvþüîû †’˜y

x f log x f log x
12 3 1·0792 3·2376
18 4 1·2553 5·0212
35 5 1·5441 7·7205
47 2 1·6721 3·3442

ö›yÝþ n = 14 – 19·3235

†%öì’y_îû †vþü  log 19·3235G Anti log Anti log 14
f x
n

 
   

 



= Anti log (1·38025) = 24·002 S²ÌyëûV

2.4.1 †%öì’y_îû †öìvþüîû ÷î!ŸTþÄ

S„þV ë!” ~„þ!Ýþ ‰þœöì„þîû ö„þyöì̃ y ~„þ!Ýþ ›y˜ Ÿ)̃ Ä £ëû “þöìî ‰þœ„þ!Ýþîû †%öì’y_îû †vþüç Ÿ)̃ Ä £öìî [öëöì£“%þ
Ÿ)öì̃ Äîû ¢öìA† öë ö„þyöì̃ y ¢‚…Äy †%’ „þîûöìœ †%’šþœ Ÿ)̃ Ä£z £öìî] xyîyîû– ‰þœ„þ!Ýþîû ~„þ!Ýþ ›y˜ ë!” }’yd„þ
£ëû– ç îy„þ# ›y˜†%!œ ë!” •˜yd„þ £ëû “þöìî– “þyöì”îû †%öì’y_îû †öìvþü ›y˜ ~„þ!Ýþ „þyÒ!˜„þ ¢‚…Äy (imaginary
number) £öìîÐ [„þyîû’ }’yd„þ ¢‚…Äyîû ›)œ (root) ¢î ¢›ëû „þyÒ!˜„þ ¢‚…Äy£z £ëû]

S…V ~„þ!Ýþ ‰þœöì„þîû ¢›hßþ ›y˜†%!œîû †%’šþœ ú ‰þœöì„þîû †%öì’y_îû †öìvþüîû néôé“þ› Ÿ!=þîû ¢›y˜ £öìîÐ

²Ì›y’ õ xy›îûy ‹y!˜  
1

1 2G · ..... nnx x x
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 (x1·x2·........ xn) = Gn

S†V ë!” ö„þyöì̃ y ‰þœ„þ xþ™îû ~„þ!Ýþ ‰þœöì„þîû ¢öìA† x %̃þ™y!“þ„þ £yöìîû þ™!îûî!“Åþ“þ £ëû– “þöìî “þyöì”îû
†%öì’y_îû †vþü ç ~„þ£z xy˜%þ™y!“þ„þ £yöìîû þ™!îûî!“Åþ“þ £öìîÐ

²Ì›y’ õ •îûy ëy„þ y = mx ............. (i)

~…˜    
1

1 2G ....... ........ iinx nx x x   

~î‚    
1

1 2G ....... ......... iiiny ny y y   

(iii) ç (i) ¢›#„þîû’ !›!œ“þ ¦þyöìî þ™y£z

 
1

1 2G ........ ny nmx mx mx   

xíîy–    
1 1

1 2G · ........n n ny nm x x x   

~£z ¢›#„þîûöì’îû ¢öìA† (ii) ¢›#„þîû’ ¢‚ë%=þ „þîûöìœ þ™y£z

Gy = m Gx S²Ì›y!’“þV

S…V ë!” !“þ˜!Ýþ ‰þœ„þ x, y ç z ~›˜¦þyöìî ¢Áºr•ë%=þ £ëû öë z = x × y £ëû– “þöìî “þyöì”îû †%öì’y_îû
†öìvþüîû ¢öìA† ~„þ£z¦þyöìî ¢Áºr• Þíy!þ™“þ £öìî xíÅyê Gz = Gx × Gy £öìîÐ

²Ì›y’ õ †%öì’y_îû †öìvþüîû ¢‚Kþy x %̃ëyëû# !“þ˜!Ýþ ‰þœ„þ x, b, z ~îû †%öì’y_îû †vþü £öìî õ

 
1

1 2G ...... nx nx x x   

 
1

1 2G ...... ny ny y y   

 
1

1 2G ...... nz nz z z   

zi = xi × yi ; i = 1, 2, ........, n

~…˜  
1

1 2G ...... nz nz z z   
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1

1 1 2 2 ..... nn nx y x y x y        

   
1 1

1 2 1 2...... · .......n nn nx x x y y y      

= Gx · Gy

¢%“þîûy‚– GZ = Gx·Gy S²Ì›y!’“þV

SˆV !“þ˜!Ýþ ‰þœ„þ x, y, z ë!” ~£z¦þyöìî ¢Áºr•ë%=þ £ëû öë›˜ ,xz y  “þy£öìœ 
GG G

x
z

y
  £öìîÐ

²Ì›y’ õ †%öì’y_îû †öìvþüîû ¢‚Kþy x’%ëyëû# z ‰þœöì„þîû †%öì’y_îû †öìvþüîû ¢›#„þîû’ £öìî õ

 
1

1 2G ....... nz nz z z   

!„þhs$þ ,i
i

i

xz y  i = 1, 2,........,n

¢%“þîûy‚  
1

1 2G ....... nz nz z z  

1
1 2

1 2
......

nn

n

xx x
y y y

     
 

 

 

1
1 2

1
1 2

........

.........

nn

nn

x x x

y y y

  


  

G
G

x

y


GG G
x

z
y

   S²Ì›y!’“þV

2.4.2 ¢‚ë%=þ ”öìœîû †%öì’y_îû †vþü
”%!Ýþ ‰þœöì„þîû m ~î‚ n ¢‚…Ä„þ ›y˜ ¢Á™§¬ ”%!Ýþ ”œ xyöìŠéÐ ú ”%£z ”öìœîû †%öì’y_îû †vþü ë!” ëíy„Êþöì›

G1 ç G2 £ëû– “þy£öìœ m + n ¢‚…Ä„þ ›yöì̃ îû ¢y!îÅ„þ †%öì’y_îû †vþü £öìî

 
1

1 2G G Gm n m n 
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²Ì›y’ õ •îûy ëy„äþ– x1, x2, ........ , xm ²Ìí› ‰þœ„þ ”öìœîû †%öì’y_îû †vþü G1 ~î‚ y1, y2.....yn !m“þ#ëû
‰þœ„þ ”öìœîû †%öì’y_îû †vþü G2 ç ~£z ”%£z ”öìœîû (m + n ¢‚…Ä„þ ›yöì̃ îûV ¢‚ë%=þ †%öì’y_îû †vþü G.

~…˜ ¢‚Kþy x’%ëyëû#–  
1

1 1 2G ....... mmx x x   

xíîy–    1 1 2G ........... ...... 1m
mx x x   

~î‚  
1

2 1 2G ....... nny y y   

xíîy–    2 1 2G ....... ........ 2n
ny y y   

xyîyîû  
1

1 2 1 2G ........ ..... m nm mx x x y y xy       

xíîy–    1 2 1 2G ...... ..... ...... 3m n
m nx x x y y y        

~…˜ ¢›#„þîû’ (1) ~î‚ ¢›#„þîû’ (2) †%’ „þöìîû þ™y£z

 1 2 1 2 1 2G G ..... .....m n
m nx x x y y y        

xíîy– 1 2G G Gm n m n   [ ¢›#„þîû’ (3) ~îû ¢y£yöìëÄ þ™y£z ]

 
1

1 2G G Gm n m n    S²Ì›y!’“þV

2.4.3 †%öì’y_îû †öìvþüîû îÄî£yîû
1. †%öì’y_îû †vþü …%î£z vþzþ™öìëy†# ë…˜ †vþü þ™!îûî“Åþöì̃ îû £yîû !˜’Åëû „þîûy £ëû ö¢£z •îûöì̃ îû îûy!Ÿ“þöìíÄîû

‹˜Ä öë…yöì̃  ‰þœöì„þîû ›y˜ xy˜%þ™y!“þ„þ £yöìîû îyvþüöìŠéÐ •îûy ëy„äþ ö„þyöì̃ y ‰þœöì„þîû ›y˜ †%öì’y_îû ²Ì†!“þöì“þ
þ™!îûî!“Åþ“þ £öìFŠé “þy£öìœ “þyöì”îû xhsþî“þ#Å ö„þyöì̃ y ›y˜ öîîû „þîûöì“þ £öìœ †%öì’y_îû †vþüéôé~îû vþzþ™îû !˜¦Åþîû
„þîûy ëyëûÐ vþz”y£îû’ ßþºîû)þ™ îœy ëyëû öë x ‰þœ„þ ë!” †%öì’y_îû ²Ì†!“þöì“þ (geometric progression) î,!å•
öþ™öì“þ íyöì„þ “þöìî “þyîû ¢›#„þîû’ £ëû

xt = abt

~…˜ t1 ~î‚ t2 ¢›öìëû x ‰þœöì„þîû ›y˜ £öìî

1
1

t
tx at  ~î‚ 2

2

t
tx ab
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“þy£öìœ t1 ~î‚ t2 ¢›öìëûîû xhsþî“þ#Å ¢›öìëû x ~îû †vþü ›y˜ £öìî

     1 2
1 2

1 1
21 2 2·2

t t
t t

t tab ab ab x x    
 xíÅyê †%öì’y_îû †vþüÐ

ë!” ö”öìŸîû ‹˜¢‚…Äy †%öì’y_îû ²Ì†!“þöì“þ îyvþüöì“þ íyöì„þ “þy£öìœ ”%!Ýþ xy”›¢%›yîû#îû xhsþî“þ#Å ö„þyöì̃ y
îŠéöìîûîû ‹˜¢‚…Äy ¢£öì‹ †%öì’y_îû †öìvþüîû ¢y£yöìëÄ !˜’Åëû „þîûy ëyëûÐ

2. †vþü ‰þ„Êþî,!å• ¢%öì”îû £yîû xíîy ›)œ•˜# oöìîÄîû †vþü xî‰þëû (depreciation) †%öì’y_îû †öìvþüîû
¢y£yöìëÄ öîîû „þîûy £ëûÐ

3. ¢)‰þ„þ ¢‚…Äy !˜’Åëû „þîûyîû ‹˜Äç †%öì’y_îû †vþü îÄî£,“þ £ëûÐ

4. ö„þyöì̃ y îÄî¢yëû ²Ì!“þÛþyöì̃ îû „þyîûîyöìîûîû †vþü çàþy ˜y›y !˜’Åëû „þîûöì“þç †%öì’y_îû †vþü îÄî£,“þ £ëûÐ

2.4.4 †%öì’y_îû †öìvþüîû ¢%!î•y ç x¢%!î•y

¢%!î•y õ

(i) †%öì’y_îû †öìvþüîû ¢‚Kþy mÄíÅ£#˜ (rigid)Ð

(ii) ‰þœöì„þîû ²Ì!“þ!Ýþ ›yöì̃ îû vþzþ™îû †%öì’y_îû †vþü !˜¦Åþîû „þöìîûÐ

(iii) x˜%þ™y“þ ç Ÿ“þ„þîûy £yöìîûîû öÇþöìe †%öì’y_îû †vþü !îöìŸ¡ì¦þyöìî îÄî£,“þ £ëûÐ

(iv) ‰þœ„þ!Ýþîû x!“þ vþzF‰þ îy x!“þ !˜Á¬ ›yöì̃ îû myîûy †%öì’y_îû †vþü !îöìŸ¡ì ²Ì¦þy!î“þ £ëû ˜yÐ

(v) †%öì’y_îû †vþü !˜’Åöìëû î#‹†!’öì“þîû !˜ëû›yîœ# ²Ìöìëûy† „þîûy ëyëûÐ

(vi) †%öì’y_îû †vþü ˜›%˜y !î‰%þÄ!“þîû myîûy …%î öî!Ÿ ²Ì¦þy!î“þ £ëû ˜yÐ

x¢%!î•y õ

(i) †%öì’y_îû †vþü öîyGþy öîŸ ”%îû%£Ð

(ii) †%öì’y_îû †vþü †’˜yç öîŸ „þ!àþ˜ ö„þ˜˜y œ†y!îû”äöì›îû ¢y£yëÄ !˜öì“þ £ëûÐ

(iii) ‰þœöì„þîû ö„þyöì̃ y ~„þ!Ýþ ›y˜ ë!” Ÿ)̃ Ä £ëû xíîy }’yd„þ £ëû “þy£öìœ †%öì’y_îû †vþü †’˜y
x¢½þî £öìëû þ™öìvþüÐ

(iv) †%öì’y_îû †öìvþüîû îÄî£yîû …%î£z ¢#!›“þÐ

vþz”y£îû’ 2·7 ë!” ö„þyöì̃ y ‰þœöì„þîû ”%!Ýþ ›yöì̃ îû †%öì’y_îû †vþü 3 £ëû ~î‚ !“þ˜!Ýþ ›yöì̃ îû †%öì’y_îû †vþü
2 £ëû– “þöìî ~„þöìe ~£z 5 !Ýþ ›yöì̃ îû †%öì’y_îû †vþü !˜’Åëû „þîûÐ

¢›y•y˜ õ ~…yöì̃  ²Ì”_ “þíÄ x˜%ëyëû#
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m = 2, G1 = 3
~î‚ n = 3, G2 = 2
•îûy ëy„äþ G †%öì’y_îû †vþü ¢‚ë%=þ ”%£z!Ýþ ”öìœîû †vþüÐ ~!Ýþ ‰þœöì„þîû 5 !Ýþ ›yöì̃ îû ~„þöìe †%öì’y_îû †vþüÐ
¢‚ë%=þ ”öìœ †%öì’y_îû †öìvþüîû ¢)e x %̃ëyëû#

 
1

1 2G G Gm m m n 

xíîy–    
1 1

2 3 2 32 3 5G 3 2 3 2   

”%!”öì„þîû log !˜öìœ þ™yçëûy ëyëû

 1log G 2log3 3log 25 

xíîy–  1log G 0·9542 0·9030 0·37145  

 G = Antilog (0·3714) = 2·35 S²ÌyëûV
 5 !Ýþ ›yöì̃ îû ~„þöìe †%öì’y_îû †vþü = 2·35

2.5 !îî“Åþöìëï!†„þ †vþü

ë!” ~„þ!Ýþ ‰þœöì„þîû (x) néôé¢‚…Ä„þ ›y˜ ö”çëûy £ëû öë›˜ õ

x1, x2, ........., xn

“þöìî ú ›y˜†%!œîû ¢îûœ !îî“Åþöìëï!†„þ †vþü

1 2
1

H 1 1 1....... 1n

n ii

n n

x x x x


 
   

þ™!îû¢‚…Äy !î¦þy‹öì̃ îû öÇþöìe !îî“Åþöìëï!†„þ †vþü £öìî õ

1 2 1

1 1 2 2

1

........H .......

n

i
n i

nn n i

ii

f
f f f

f x f x f x f
x
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vþz”y£îû’ õ 2·8 ~„þ!Ýþ †y!vþü 50 km ‰þyîûîyîû ëy“þyëûy“þ „þöìîûÐ ²Ìí› îyîû †y!vþü!Ýþîû †!“þ !Šéœ 50 km
²Ì!“þ ‡rÝþyëû– !m“þ#ëû îyîû 20 km ²Ì!“þ ‡rÝþyëû– “,þ“þ#ëû îyîû †y!vþü!Ýþ ‡rÝþyëû 40 km ~î‚ ‰þ“%þíÅ îyöìîû ‡rÝþyëû
25 km öîöì† ú 50 km x!“þ„Êþ› „þöìîûÐ ~…˜ †y!vþü!Ýþîû †vþü †!“þöìî† !˜’Åëû „þîûÐ

¢›y•y˜ õ ~…yöì̃  †y!vþü!Ýþ ¢›y˜ ”)îûc (50 km) ‰þyîûîyîû ëy“þyëûyöì“þîû ›y•Äöì› ²Ì!“þîyîû x!“þ„Êþ›
„þöìîûöìŠéÐ ¢%“þîûy‚ !îî“Åþöìëï!†„þ †vþü ~…yöì̃  ¢îÅyöìþ™Çþy vþzþ™ë%=þ †vþüÐ

†vþü †!“þöìî† 4 4 200 800
1 1 1 1 4 10 5 8 27

50 20 40 25

  
    

= 29·63 km ²Ì!“þ ‡rÝþyëû

2.5.1 !îî“Åþöìëï!†„þ †öìvþüîû îÄî£yîû
1. !îî“Åþöìëï!†„þ †vþü ‰þœ„þ!Ýþîû x!“þ vþzF‰þ›y˜†%!œîû vþzþ™îû „þ› †%îû%c ö”ëû ~î‚ x!“þ !˜Á¬ ›y˜†%!œîû

vþzþ™îû öî!Ÿ †%îû%c ö”ëûÐ “þy£z ë…˜ îûy!Ÿ“þöìíÄ ‰þœ„þ!Ýþîû x!“þ vþzF‰þ ç x!“þ !˜Á¬ ›y˜ î“þÅ›y˜– “þ…˜ †vþü
!˜’Åöìëûîû ‹˜Ä †y!’!“þ„þ †öìvþüîû öíöì„þ !îî“Åþöìëï!†„þ †vþü öî!Ÿ vþzþ™öìëy†#Ð

2. ¢›ëû– ”y› £z“þÄy!”îû öÇþöìe !îî“Åþöìëï!†„þ †vþü öî!Ÿ vþzþ™ë%=þÐ

3. †vþü x %̃þ™y“þ !˜’Åöìëûîû ¢›ëû Söë›˜ †!“þöìî†– ¢›ëû ç ”)îûc– ”y›– xíÅ îÄöìëûîû þ™!îû›y’V ¢y•yîû’“õ
!îî“Åþöìëï!†„þ †vþü îÄî£yîû „þîûy £ëûÐ !„þhs$þ „þ…˜ †y!’!“þ„þ †vþü xyîû „þ…˜ !îî“Åþöìëï!†„þ †vþü îÄî£,“þ £öìî
ö¢Ýþyîû ~„þÝþy !˜ëû› xyöìŠéÐ ë!” x %̃þ™y“þ!Ýþ x ‰þœöì„þîû ›y˜ y ‰þœöì„þîû ¢yöìþ™öìÇþ ö”çëûy £ëû xíÅyê x per
unit of y “þ…˜

(i) !îî“þÅöìëï!†„þ †vþü îÄî£,“þ £öìî ë!” x ~îû ›y˜†%!œ ö”çëûy íyöì„þÐ

xyîû (ii) †y!’!“þ„þ †vþü îÄî£,“þ £öìî ë…˜ y ~îû ›y˜ †%!œ ö”çëûy xyöìŠéÐ

vþz”y£îû’ õ 2·9 ö„þyöì̃ y îÄ!=þ 10 km £¤yöìÝþ ‡^ùÝþyëû 4 km †!“þöìîöì† ~î‚ 8 km £¤yöìÝþ 5 km ²Ì!“þ
‡^ùÝþy †!“þöìîöì†Ð ú îÄ!=þîû £¤yÝþyîû †vþü †!“þöìî† !˜’Åëû „þîûÐ

¢›y•y˜ õ ~…yöì̃  x £öìFŠé km ~ ~î‚ y £öìFŠé ‡^ùÝþyëû ö”çëûy xyöìŠéÐ !„þhs$þ îÄ!=þ!Ýþ „þ“þ km ö£¤öìÝþöìŠé
ö¢!Ýþ ö”çëûy xyöìŠéÐ ~…yöì̃  10 km ~î‚ 8 km. xíÅyê x ‰þœ„þ!Ýþîû ›y˜ ö”çëûy xyöìŠé– ¢%“þîûy‚ !îî“Åþ
öëï!†„þ †vþü ~…yöì̃  vþzþ™ë%=þ †vþü £öìîÐ

1 2

1 2
1 2

10 8 8H 4·39km10 8 4·1
4 5

f f
f f
x x

     


²Ì!“þ ‡^ùÝþyëû

!„þhs$þ ë!” xA„þ!Ýþ ~£z îû„þ› £öì“þy õ îÄ!=þ!Ýþ ²Ì!“þ ‡^ùÝþyëû 4 km !£¢yöìî 10 ‡^ùÝþy £¤yöìÝþ ~î‚ þ™öìîû
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‡^ùÝþyëû 5 km !£¢yöìî 8 ‡^ùÝþy £¤yöìÝþÐ ú îÄ!=þ £¤yÝþyîû †!“þöìî† !˜’Åëû „þîûÐ

¢›y•y˜ õ ~…yöì̃  y ‰þœ„þ!Ýþîû ~„þ„þ £öìFŠé ‡^ùÝþy ~î‚ „þ“þ ‡^ùÝþy ö£¤öìÝþöìŠé ö¢Ýþy ö”çëûy xyöìŠéÐ ~öìÇþöìe
†vþü †!“þöìî† !˜’Åëû „þîûöì“þ †y!’!“þ„þ †vþü îÄî£yîû „þîûyÝþy£z ¢›#‰þ#˜Ð

1 1 2 2

1 2

10 4 8 5 40 40 80
10 8 18 18

i i

i

f x f x f xx f ff
        
 




= 4·44 km ²Ì!“þ ‡rÝþyëû

2.5.2  !îî“Åþöìëï!†„þ †öìvþüîû ¢%!î•y ç x¢%!î•y

¢%!î•y õ

(1) !îî“Åþöìëï!†„þ †vþü ‰þœ„þ!Ýþîû ¢›hßþ ›yöì̃ îû vþzþ™îû !˜¦Åþîû „þöìîûÐ

(2) î#‹†!’öì“þîû !˜ëû›yîœ# ²Ìöìëûy† „þîûöì“þ ~öìÇþöìe ö„þyöì̃ y x¢%!î•y £ëû ˜yÐ

(3) ‰þœ„þ!Ýþîû „þ› ›yöì̃ îû vþzþ™îû öî!Ÿ †%îû%c ²Ìöìëûy‹˜ £öìœ !îî“Åþöìëï!†„þ †vþü !îöìŸ¡ì vþzþ™öìëy†#Ð

(4) ”%£z ~„þ!Ýþ x!“þ vþzF‰þ îy x!“þ !˜Á¬ ›y˜ !îî“Åþöìëï!†„þ †vþüöì„þ !îöìŸ¡ì ²Ì¦þy!î“þ „þöìîû ˜yÐ

(5) ›)œÄ– £yîû– x˜%þ™y“þ– †!“þöìî† £z“þÄy!”îû †vþü !˜’Åöìëû ~!Ýþ !îöìŸ¡ì vþzþ™öìëy†#Ð

x¢%!î•y õ

(1) !îî“Åþöìëï!†„þ †vþü þ™å•!“þ …%î£z ‹!Ýþœ ~î‚ ¢£öì‹ öîyGþy ëyëû ˜yÐ

(2) ‰þœöì„þîû „þ› ›y˜†%!œîû vþzþ™îû öî!Ÿ †%îû%c xyöìîûyþ™ „þöìîû îöìœ ~îû îÄî£yîû ¢#!›“þÐ

(3) îûy!Ÿ“þöìíÄ ‰þœ„þ!Ýþîû ~„þ!Ýþ ›y˜ Ÿ)̃ Ä £öìœ£z !îî“Åþöìëï!†„þ †vþü !˜’Åëû „þîûy x¢½þî £öìëû vþzöìàþÐ

2.6 †y!’!“þ„þ †vþü– †%öì’y_îû †vþü ç !îî“Åþöìëï!†„þ †vþüéôé~îû ›öì•Ä ¢Áºr•

•îûy ëy„þ ~„þ!Ýþ ‰þœ„þ (x) ~îû n ¢‚…Ä„þ ›y˜ x1, x2, ....... xn ö”çëûy xyöìŠéÐ ¢%“þîûy‚ ~öì”îû
†y!’!“þ„þ †vþü (A) £öìî

1 2 ......A nx x x
n

  


~öì”îû †%öì’y_îû †vþü (G) £öìî

 
1

1 2G ..... nnx x x   
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~î‚ ~öì”îû !îî“Åþöìëï!†„þ †vþü (H) £öìî

1 2

H 1 1 1......
n

n

x x x


  

²Ìíöì› x ‰þœöì„þîû ”%!Ýþ ›ye ›y˜ x1 ~î‚ x2 !˜öìëû xy›îûy A, G ~î‚ H ~îû ›öì•Ä ¢Á™„Åþ!Ýþ öîîû
„þîûyîû ö‰þTþy „þîûîÐ

xy›îûy ‹y!˜ ö„þy˜ îyhßþî ¢‚…Äyîû î†Å ¢î ¢›ëû •˜yd„þ £ëû

x“þ~î–  21 2 0x x 

xíîy– 1 2 1 22 0x x x x  

xíîy– 1 2 1 22x x x x 

xíîy–  1 2
1 2 ........ 12

x x x x


A G   ë…˜ n = 2 xíÅyê x ‰þœöì„þîû ”%!Ýþ ›ye ›y˜ xyöìŠéÐ

~…˜ n = 22 ë!” ö˜çëûy £ëû “þöìî x ‰þœöì„þîû ‰þyîû!Ýþ ›y˜ x1, x2, x3 ç x4 !˜öì“þ £öìîÐ

•îûy ëy„äþ 1 2
1 2

x xx     ç 3 4
2 2

x xx  

xy›îûy ‹y!˜ ë…˜ x = 2 ö˜çëûy £öìëû!Šéœ “þ…˜ A G  þ™yçëûy ö†!ŠéœÐ

~…yöì̃  x ‰þœöì„þîû ”%!Ýþ ›y˜ 1x  ç 2x  ö˜çëûy £öìëûöìŠé

 
11 2 21 2·2

x x x x
    

xíîy– 
13 41 2
23 41 22 2

2 2 2

x xx x
x xx x


    

 

xíîy–    
1

11 21 2 3 4 221 2 3 4· · ·4
x x x x x x x x       
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S¢›#„þîû’ (1) îÄî£yîû „þöìîû þ™y£zV

xíîy–  
11 2 3 4 41 2 3 4· · ·4

x x x x x x x x  


A G   ë…˜ n = 4 = 22

xíÅyê x %̃îû)þ™ ¦þyöìî ²Ì›y’ „þîûy ëyëû öë A G  ë…˜

n = 2k öë…yöì̃  k = 1, 2, 3,......

~…˜ ²Ì›y’ „þîûöì“þ £öìî– ë…˜ 2kn   “þ…˜ç A G.

ë…˜ 2 ,kn   •îûy ëy„äþ 2k > n “þ…˜ n = 2k „þîûyîû ‹˜Ä n ¢‚…Ä„þ ›yöì̃ îû ¢öìA† (2k – n) ¢‚…Ä„þ
˜“%þ˜ ›y˜ öëy† „þîûy £œ ~îûy ²Ìöì“þÄöì„þ n ¢‚…Ä„þ ›yöì̃ îû †y!’!“þ„þ †vþü Aéôé~îû ¢›y˜Ð

¢%“þîûy‚ x ¢î ›y˜†%!œ £óœ 1 2 1 2 2, ,........, , , ,......n n nx x x x x x k 

[ ~…yöì̃  1 2 3
1 2 2

......... A n
n n k

x x x xx x x n 
   

     ]

öëöì£“%þ– A G  ë…˜ n = 2k

1 2 1 2 2...... .....
2

n n n k
k

x x x x x x       


 
1

21 2 1 2 2· ...... · · .... kn n n kx x x x x x 

xíîy– 
   

1
2 2

A 2 A
G A

2
k k

k
n n

k

n n


 


[ 1 2 ..... Anx x x
n

  
   1 2 ...... Anx x x n    

~î‚  
1

1 2 ..... Gnnx x x      1 2 ...... Gn
nx x x    

x˜%›y˜ x˜%ëyëû#–  1 2 2..... A A .... 2k
k

n nx x x n         ¢‚…Ä„þ

= (2k – n) A
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~î‚  1 2 2· ·.....· A·A·A......A 2k
n nx x x k n     ¢‚…Ä„þ 2A

k n ]

22 G AA
A

k
k n

n 

xíîy– A Gn n

xíîy– A G

¢%“þîûy‚ A G  ²Ì›y!’“þ £œ ë…˜ 2kn 

~…˜ †%öì’y_îû †vþü ç !îî“Åþöìëï!†„þ †öìvþüîû ›öì•Ä ¢Áºr• !˜’Åëû „þîûyîû ‹˜Ä ²Ìíöì›£z x ~îû ›y˜†%!œöì„þ
îÄhßþ x˜%þ™yöì“þ îû)þ™yhsþ!îû“þ „þîûy £œÐ

1 2

1 1 1, ,........
nx x x

 öëöì£“%þ xy›îûy ²Ì›y’ „þöìîû!Šé öë A G

1
1 2

1 2

1 1 1....
1 1 1· ·......

nn

n

x x x
n x x x

  
    
 

xíîy– 1 1
H G

xíîy– G H

¢%“þîûy‚– A G  ~î‚ G H  ~£z ”%£z ¢Áºr• ~„þ!e“þ „þîûöìœ þ™y£z

A G H 

ë!” x ‰þœöì„þîû ²Ì!“þ!Ýþîû ›y˜ ë!” •Ê%î„þ £ëû

•îûy ëy„äþ ²Ì!“þ!Ýþ ›y˜ = C

1 2 ..... .....A nx x x c c c
n n

        Sn ¢‚…Ä„þV nc cn 

   
11

1 2 3G · · ..... C Cn nnnx x x x  
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1 2

H 1 1 1......
n

n n cn
x x x c

  
  

xíÅyê A = G + H ë…˜ x ‰þœöì„þîû ²Ì!“þ!Ýþ ›y˜ ¢›y˜ £ëûÐ

vþz”y£îû’ õ 2·10 ë!” x ‰þœöì„þîû ”%!Ýþ ›y˜£z •˜yd„þ £ëû “þöìî ²Ì›y’ „þîû “þyöì”îû G A·H

ö”çëûy xyöìŠé x ‰þœöì„þîû ”%!Ýþ ›y˜ x1 ~î‚ x2 •˜yd„þÐ

~…yöì̃  1 2A ,2
x x

  
1
21 2G ·x x

~î‚ 1 2

1 2
1 2

22H 1 1
x x

x x
x x

 


~…˜  21 2 1 2
1 2 1 2

1 2

2 ·A H ·2
x x x x x x x xx x


    


xíîy– A × H = G2

xíîy– G A H 

¢%“þîûy‚ †%öì’y_îû †vþü £œ †y!’!“þ„þ †vþü ~î‚ !îî“Åþöìëï!†„þ †öìvþüîû †%öì’y_îû †vþüÐ

2.7 þ›•Ä›y

ë!” ö„þyöì̃ y ‰þœöì„þîû ›y˜†%!œ |•¹Å„Êþöì› îy x•ƒ„Êþöì› ¢y‹yöì̃ y £ëû “þy£öìœ !àþ„þ ›•Äî“þ#Å ¢‚…Äy!Ýþ îy
›y˜!Ýþ £öìî ›•Ä›yÐ ‰þœöì„þîû ›y˜†%!œîû ö›yÝþ ¢‚…Äy ë!” n £ëû “þöìî n ë%@Â xíîy xë%@Â ¢‚…Äy £öì“þ
þ™yöìîûÐ ë!” n xë%@Â ¢‚…Äy £ëû “þöìî n = 2m + 1 •îûy ëy„äþ

1 2 1 2 2 1, ,...... , , ,......m m m mx x x x x x    |•¹Å„Êþöì› ¢y‹yöì̃ yÐ

~…yöì̃  1mx   !àþ„þ ›•Äî“þ#Å ›y˜ ~î‚ ~!Ýþ£z ›•Ä›yÐ

ë!” n ë%@Â ¢‚…Äy £ëû “þöìî •îûy ëy„þ n = 2m

~öìÇþöìe 1 2, .... ,mx x x 1,mx  2 2,.......m mx x

vþz•¹Å„Êþöì› ¢y‹yöì̃ y £öìœç ›•Äî“þ#Å þ™” !£¢yöìî ”%!Ýþ þ™” þþ™yçëûy ëyöìî xm ~î‚ xm+1 ~£z ”%£z ~îû
†y!’!“þ„þ †vþü£z £öìî ›•Ä›yÐ
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2.7.1 !î!FŠé§¬ ‰þœîûy!Ÿîû öÇþöìe ›•Ä›y !˜’Åëû
vþz”y£îû’ õ 2·11 !˜öìÁ¬îû îûy!Ÿ“þíÄ öíöì„þ ›•Ä›y !˜’Åëû „þîûÐ

›‹%!îû SÝþy„þyöì“þV 18 22 26 30 34 40
×!›„þ ¢‚…Äy 5 12 8 8 5 2

Šé„þ¢‚…Äy õ 2·6 ›•Ä›yîû †’˜y
x f „Êþ›öìëï!†„þ þ™!îû¢‚…Äy
18 5 5
22 12 17
26 8 25
30 8 33
34 5 38
40 2 40
ö›yÝþ n = 40 –

~…yöì̃  ö›yÝþ þ™!îû¢‚…Äy = 40 ë%@Â ¢‚…ÄyÐ ¢%“þîûy‚ ›•Ä›yîû ‹˜Ä ~„þ!Ýþ ›y˜ þ™yçëûy ëyöìî ˜yÐ
40 202   ¢%“þîûy‚ 20 “þ› þ™” ~î‚ 21 “þ› þ™öì”îû †y!’!“þ„þ †vþü£z £öìî ›•Ä›yÐ

~…yöì̃  18 “þ› þ™” öíöì„þ 25 “þ› þ™” ¢î£z 26.xíÅyê 20 “þ› þ™” ç 21 “þ› þ™” ”%!Ýþ£z 26.

›•Ä›y = ––––––––––––––––––––– 26 26 262
 

2.7.2 þx!î!FŠé§¬ ‰þœîûy!Ÿîû öÇþöìe ›•Ä›y !˜’Åëû
x!î!FŠé§¬ ‰þœöì„þîû (x) þ™!îû¢‚…Äy !î¦þy‹öì̃ îû öÇþöìe x ~îû öë ›yöì̃ îû ‹˜Ä „Êþ›öìëï!†„þ þ™!îû¢‚…Äy

ò˜#‰þ öíöì„þó  CF  ö›yÝþ þ™!îû¢‚…Äy xöì•Å„þ £öìî– ö¢Ýþy£z £öìî x ‰þœöì„þîû ›•Ä›yÐ x!î!FŠé§¬ ‰þœöì„þîû

ö×!’ !î˜Äyöì¢îû öÇþöìe ²Ìíöì›£z ›•Ä›y ö×!’ (Median Class) !˜’Åëû „þîûöì“þ £ëû xíÅyê öë ö×!’îû ›öì•Ä
›•Ä›yîû ›y˜!Ýþ vþzþ™!Þí“þÐ ~£zîyîû ›•Ä›yîû ›y˜ ¢îûœ xhsþƒ›y˜ !˜’Åëû þ™å•!“þöì“þ (Method of Simple
interpolation) !˜’Åëû „þîûöì“þ £ëûÐ

~Šéyvþüy xyîû ~„þ!Ýþ þ™å•!“þöì“þ ›•Ä›y !˜’Åëû „þîûy ëyëû öë…yöì̃  ›•Ä›yîû ¢)e îÄî£,“þ £ëûÐ vþz”y£îûöì’îû
¢y£yöìëÄ ›•Ä›y !˜’Åöìëûîû ”%!Ýþ þ™å•!“þ öîyGþyöì̃ y £œÐ

vþz”y£îû’ õ 2·12 !˜öìÁ¬îû îûy!Ÿ“þöìíÄîû ¢y£yöìëÄ ›•Ä›y !˜’Åëû „þîûÐ

ö×!’ !î˜Äy¢ 1–10 10–20 21–30 31–40 41–50
þ™!îû¢‚…Äy 6 12 15 10 7

20 “þ› þ™” + 21 “þ› þ™”
2
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Šé„þ¢‚…Äy õ 2·7 ›•Ä›yîû ‹˜Ä †’˜y

ö×!’ ¢#›y ö×!’ ¢#›y˜y þ™!îû¢‚…Äy „Êþ›öìëï!†„þ þ™!îû¢‚…Äy
S˜#‰þ öíöì„þV CF

1 – 10 0·5 – 10·5 6 6
11 – 20 10·5 – 20·5 12 18

21 – 30 (20·5 – 30·5) ›•Ä›y ö×!’ 15 33

31 – 40 30·5 – 40·5 10 43
41 – 50 40·5 – 50·5 7 50 = N

ö›yÝþ – N = 50 –

~…yöì̃  ö›yÝþ þ™!îû¢‚…Äy N = 50 N 50 252 2  

~…˜ 25 “þ› x ~îû ›y˜£z £œ ›•Ä›yÐ 25 „Êþ›öìëï!†„þ þ™!îû¢‚…Äy 18 ~î‚ „Êþ›öìëï!†„þ þ™!îû¢‚…Äy
33 ›öì•Ä xî!Þí“þÐ ¢%“þîûy‚ ›•Ä›y ö×!’ (median class) £öìî (20·5 – 30·5).

¢îûœ xhsþƒ›y˜ !˜’Åëû þ™å•!“þ

•îûy ëy„äþ– ›•Ä›y M !”öìëû !˜öì”Å!Ÿ“þ £œÐ

›•Ä›y ö×!’îû !˜Á¬ ö×!’ ¢#›y˜y = l1
›•Ä›y ö×!’îû vþzF‰þ ö×!’ ¢#›y˜y = l2
›•Ä›y ö×!’îû þ™)îÅî“þ#Å „Êþ›öìëï!†„þ þ™!îû¢‚…Äy = F1

›•Ä›y ö×!’îû „Êþ›öìëï!†„þ þ™!îû¢‚…Äy = F2

~…˜ ¢îûœ xhsþƒ›y˜ !˜’Åëû þ™å•!“þîû ¢)e £œ

11

2 1 2 1

N F2
F F

median l
l l




 

Šé„þ ¢‚…Äy 2·7 öíöì„þ ²Ìöì“þÄöì„þîû ›y˜ ¢)e!Ýþöì“þ î¢yöìœ þ™y£z

M 20·5 25 18
30·5 20·5 33 18
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xíîy– M 20·5 7
10 15
 

xíîy– 70M 20·5 20·5 4·66 25·1615    

 ›•Ä›y = 25·16 S²ÌyëûV

›•Ä›yîû ¢)e þ™å•!“þ

›•Ä›y 
1

1

N F2
m

l if


  

öë…yöì˜– l1 = ›•Ä›y ö×!’îû !˜Á¬ ö×!’ ¢#›y˜y = 20·5

N = ö›yÝþ þ™!îû¢‚…Äy = 50

F1 = ›•Ä›y ö×!’îû þ™)îÅî“þ#Å „Êþ›öìëï!†„þ þ™!îû¢‚…Äy = 18

fm = ›•Ä›y ö×!’îû þ™!îû¢‚…Äy = 15

i = ›•Ä›y ö×!’îû ²Ì¢yîû = 10

Šé„þ¢‚…Äy 2·7 öíöì„þ ²Ìöì“þÄöì„þîû ›y˜ ¢)e!Ýþöì“þ î¢yöìœ þ™y£z

›•Ä›y 5 1820·5 1015
   

7020·5 20·5 4·66 25·1615      S²ÌyëûV

2.7.3 ›•Ä›yîû ¢%!î•y ç x¢%!î•y

¢%!î•y õ

(i) ›•Ä›y ¢£öì‹£z öîyGþy ëyëû ~î‚ ~îû †’˜y ¢£‹Ð

(ii) ›•Ä›yîû ¢‚Kþy mÄíÅ£#˜ (rigid)Ð

(iii) îûy!Ÿ“þöìíÄîû ¢öìîÅyF‰þ îy ¢îÅ!˜Á¬ ›yöì̃ îû myîûy ›•Ä›y ²Ì¦þy!î“þ £ëû ˜yÐ

(iv) vþz¦þëû ²Ìyöìhsþ îy ~„þ ²Ìyöìhsþ ›%=þ ö×!’ !î¦þy‹öì̃ îû öÇþöìe ›•Ä›y !˜’Åöìëû ö„þyöì̃ y x¢%!î•y £ëû
˜yÐ !„þhs$þ ~öìÇþöìe †y!’!“þ„þ †vþü !˜’Åëû „þîûy ëyëû ˜yÐ

(v) ö„þyöì̃ y †%’îy‰þ„þ ÷î!ŸöìTþÄîû (attribute) †vþü !˜’Åëû „þîûöì“þ ~„þ›ye ›•Ä›y îÄî£yîû „þîûy ëyëû–
x˜Ä ö„þyöì̃ y †vþü !˜’Åëû „þîûy ëyëû ˜yÐ
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(vi) ‰þœöì„þîû ö„þyöì̃ y ~„þ!Ýþ ö„þw#ëû ›y˜ ›•Ä›yîû ›y˜ !£¢yöìî !˜’#Å“þ £ëûÐ

x¢%!î•y õ

(i) îûy!Ÿ“þíÄ ë!” x!“þ!îû=þ öî!Ÿ ¢‚…Ä„þ £ëû– “þy£öìœ |•¹Å„Êþöì› “þyöì”îû þ™îûþ™îû ¢y!‹öìëû ›•Ä›y
!˜’Åëû „þîûy …%î£z „þTþ¢y•ÄÐ

(ii) ›•Ä›y îûy!Ÿ“þöìíÄîû ¢„þœ ›yöì̃ îû vþzþ™îû !˜¦Åþîû „þöìîû ˜yÐ

(iii) ›•Ä›yîû ˜›%̃ y !î‰%þÄ!“þ x˜Äy˜Ä †öìvþüîû öíöì„þ öî!ŸÐ

(iv) î#‹†!’öì“þîû !˜ëû›yîœ# ›•Ä›yöì“þ ²Ìöìëûy† „þîûy ëyëû ˜yÐ

(v) ¢îûœ xhsþƒ›y˜ !˜’Åëû þ™å•!“þöì“þ •öìîû ö˜çëûy £ëû ›•Ä›y ö×!’öì“þ ‰þœöì„þîû ›y˜†%!œ ¢›y˜
¦þyöìî ”)îûc î‹yëû öîûöì… xî!Þí“þÐ !„þhs$þ “þy „þ…˜£z îyhßþî¢Á¿“þ £öì“þ þ™yöìîû ˜yÐ

2.8 þ‰þ“%þíÅ„þ– ”Ÿ›„þ ç Ÿ“þ“þ›„þ ôé~îû †’˜y

ö„þyöì̃ y ‰þœöì„þîû ›y˜†%!œöì„þ |•¹Å„Êþöì› ¢y‹yöìœ !“þ˜!Ýþ ‰þ“%þíÅ„þ (Quartiles) Q1, Q2, Q3 ¢›hßþ
›y˜†%!œöì„þ ¢›y˜ ‰þyîû x‚öìŸ ¦þy† „þöìîûÐ ~îû ›öì•Ä Q2 £œ ›•Ä›y ö„þ˜˜y Q2 ‰þœöì„þîû ¢›hßþ ›y˜†%!œöì„þ
¢›y˜ ”%£z x‚öìŸ ¦þy† „þöìîûÐ

~„þ£z ¦þyöìî ˜ëû!Ýþ ”Ÿ›„þ (Deciles) ‰þœöì„þîû ¢›hßþ ›y˜†%!œöì„þ S|•¹Å„Êþöì› ¢y‹yöì̃ yîû þ™îûV ”Ÿ!Ýþ
¢›y˜ x‚öìŸ ¦þy† „þöìîûÐ ~£z ”Ÿ›„þ†%!œ D1, D2, D3, D4, D5, D6, D7, D8, D9. ~…yöì̃  D5 =
›•Ä›yÐ

x˜%îû)þ™¦þyöìî 99 !Ýþ Ÿ“þ“þ›„þ (Percentiles) ‰þœöì„þîû ¢›hßþ ›y˜†%!œöì„þ |•¹Å„Êþö›ì ¢y‹yöì̃ yîû þ™îû 100
!Ýþ ¢›y˜ x‚öìŸ ¦þy† „þöìîûÐ ~£z Ÿ“þ“þ›„þ†%!œ £óœ P1, P2,........,P50,......P99. ~…yöì̃  P50 = ›•Ä›yÐ

‰þœöì„þîû þ™!îû¢‚…Äy !î¦þy‹˜ ö”çëûy íy„þöìœ ›•Ä›y öë›˜ ¢)öìeîû ¢y£yöìëÄ †’˜y „þîûy ëyëû ö“þ›!˜
‰þ“%þíÅ„þ– ”Ÿ›„þ ç Ÿ“þ“þ›„þ ~„þ£z îû„þ› ¢)öìeîû ¢y£yöìëÄ †’˜y „þîûy ëyëûÐ

‰þ“%þíÅ„þéôé~îû †’˜y

(i) ¢îûœ þ™!îû¢‚…Äy !î¦þy‹öì̃  õ

Q1 = ‰þœöì„þîû N 1
4
  “þ› ›y˜

Q2 = ‰þœöì„þîû N 1
2
  “þ› ›y˜
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Q3 = ‰þœöì„þîû  3 N 1
4


 “þ› ›y˜

(ii) ö×!’!î˜Ähßþ þ™!îû¢‚…Äy !î¦þy‹˜ õ

Q1 = „Êþ›öìëï!†„þ þ™!îû¢‚…Äy  CF   4
n  ~îû x˜%îû)þ™ ‰þœöì„þîû ›y˜

Q2 = „Êþ›öìëï!†„þ þ™!îû¢‚…Äy  CF  2
n  ~îû x˜%îû)þ™ ‰þœöì„þîû ›y˜

Q3 = „Êþ›öìëï!†„þ þ™!îû¢‚…Äy  CF  3
4
n  ~îû x˜%îû)þ™ ‰þœöì„þîû ›y˜

”Ÿ›öì„þîû †’˜y
(i) ¢îûœ þ™!îû¢‚…Äy !î¦þy‹öì̃  õ

D1 = ‰þœöì„þîû N 1
10
 éôé“þ› ›y˜

D2 = ‰þœöì„þîû  2 N 1
10


 “þ› ›y˜

D3 = ‰þœöì„þîû  9 N 110   “þ› ›y˜

(ii) ö×!’!î˜Ähßþ þ™!îû¢‚…Äy !î¦þy‹˜

D1 = „Êþ›öìëï!†„þ þ™!îû¢‚…Äy  CF  N
10  ~îû x %̃îû)þ™ ‰þœöì„þîû ›y˜

D2 = „Êþ›öìëï!†„þ þ™!îû¢‚…Äy  CF  2N
10  ~îû x %̃îû)þ™ ‰þœöì„þîû ›y˜

D9 = „Êþ›öìëï!†„þ þ™!îû¢‚…Äy  CF  9N
10  ~îû x %̃îû)þ™ ‰þœöì„þîû ›y˜

Ÿ“þ“þ›öì„þîû †’˜y
(i) ¢îûœ þ™!îû¢‚…Äy !î¦þy‹öì̃  õ

P1 = ‰þœöì„þîû  N 1
100


 “þ› ›y˜

P2 = ‰þœöì„þîû  2 N 1
100


 “þ› ›y˜

P99 = ‰þœöì„þîû  99 N 1
100


 “þ› ›y˜
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(ii) ö×!’!î˜Ähßþ þ™!îû¢‚…Äy !î¦þy‹öì̃  õ

P1 = „Êþ›öìëï!†„þ þ™!îû¢‚…Äy  CF   N
100  ~îû x˜%îû)þ™ ‰þœöì„þîû ›y˜

P2 = „Êþ›öìëï!†„þ þ™!îû¢‚…Äy  CF   2N
100  ~îû x˜%îû)þ™ ‰þœöì„þîû ›y˜

P99 = „Êþ›öìëï!†„þ þ™!îû¢‚…Äy  CF   99N
100  ~îû x %̃îû)þ™ ‰þœöì„þîû ›y˜

~…yöì̃  N = ö›yÝþ þ™!îû¢‚…ÄyÐ

vþz”y£îû’ õ 2·13 !˜öìÁ¬ ²Ì”_ îûy!Ÿ“þíÄ öíöì„þ Q1, Q2, Q3, D1, D5, P1, P90 !˜’Åëû „þîûÐ

x ~îû ›y˜ 30 32 34 36 38 40 42

þ™!îû¢‚…Äy (f ) 5 15 12 18 30 25 20

¢›y•y˜ õ Šé„þ¢‚…Äy 2·8 ‰þ“%þíÅ„þ– ”Ÿ›„þ ç Ÿ“þ“þ›öì„þîû †’˜y

x ~îû ›y˜ þ™!îû¢‚…Äy (f) „Êþ›öìëï!†„þ þ™!îû¢‚…Äy   CF 

30 5 5
32 15 20
34 12 32
36 18 50
38 30 80
40 25 105
42 20 125 N

~öìÇþöìe ö›yÝþ þ™!îû¢‚…Äy N  125

x ~îû ›y˜†%!œöì„þ |•¹Å„Êþöì› þ™îûþ™îû ¢y‹yöì̃ y £öìëûöìŠé

~î‚ „Êþ›öìëï!†„þ þ™!îû¢‚…Äy ˜#‰þ öíöì„þ  CF  ¢y‹yöì̃ y £öìëûöìŠé

~…˜ Q1  x ~îû N 1
4
  “þ› ›y˜  x ~îû 125 1

4
  5 “þ› ›y˜

x ~îû 31·5 “þ› ›y˜

34
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Q1  34

Q2  x ~îû  2 N 1
4


 “þ› ›y˜  x ~îû  2 125 14   “þ› ›y˜

 x ~îû  1 1262  “þ› ›y˜

x ~îû 63 “þ› ›y˜ 38

Q2 = 38

Q3  x ~îû  3 N 14  “þ› ›y˜  x ~îû  3 125 14   “þ› ›y˜

x ~îû 94·5 “þ› ›y˜  40

 Q3  40

D1 x ~îû N 1
10
  “þ› ›y˜ 125 1

10
  “þ› ›y˜ 12·6 “þ› ›y˜ 32

D5 x ~îû  5 N 110   “þ› ›y˜   5 125 110  “þ› ›y˜ 126
2  “þ› ›y˜ 63 “þ› ›y˜

38

P1 x ~îû N 1
100
  “þ› ›y˜ 125 1

100
  “þ› ›y˜ 1·26 “þ› ›y˜ 30

P90 x ~îû  90 N 1100   “þ› ›y˜  90 125 1
100


  “þ› ›y˜ 113·4 “þ› ›y˜ 42

vþz”y£îû’ õ 2·14 !˜öìÁ¬ ²Ì”_ îûy!Ÿ“þíÄ öíöì„þ Q1, D3, P90 ~îû ›y˜ !˜’Åëû „þîû

ö×!’ ¢#›y˜y 5-10 10-15 15-20 20-25 25-30 30-35 35-40

10 15 25 40 35 20 5

¢›y•y˜ õ Šé„þ ¢‚…Äy õ 2·9

ö×!’ ¢#›y˜y (x) þ™!îû¢‚…Äy (f) „Êþ›öìëï!†„þ þ™!îû¢‚…Äy  CF 

5–10 10 10
10–15 15 25
15–20 25 50
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20–25 40 90
25–30 35 125
30–35 20 145
35–40 5 150 N

ö›yÝþ N 150if  
~öìÇþöìe ö›yÝþ þ™!îû¢‚…Äy N  150

xy›îûy ‹y!˜ x!î!FŠé§¬ ‰þœöì„þîû ö×!’!î˜Ähßþ þ™!îû¢‚…Äy !î¦þy‹öì̃ îû öÇþöìe

²Ìí› ‰þ“%þíÅ„þ (Q1)  „Êþ›öìëï!†„þ þ™!îû¢‚…Äy   NCF 4  ~îû x˜%îû)öìþ™ x ~îû ›y˜

„Êþ›öìëï!†„þ þ™!îû¢‚…Äy 150
4  xíîy 37·5 ~îû x %̃îû)öìþ™ x ~îû ›y˜

 ²Ìí› ‰þ“%þíÅ„þ Q1 ~îû ö×!’ £œ (15 – 20)

›•Ä›yîû ¢)öìeîû ›öì“þy ¢)e ~öìÇþöìeç îÄî£yîû „þîûy ëyëû

1
1 1

0

N F4Q l if


  

öë…yöì̃  l1  ²Ìí› ‰þ“%þíÅ„þ ö×!’îû !˜Á¬ ö×!’ ¢#›y˜y  15

N  ö›yÝþ þ™!îû¢‚…Äy  150

F1  ²Ìí› ‰þ“%þíÅ„þ ö×!’îû þ™)îÅî“þ#Å „Êþ›öìëï!†„þ þ™!îû¢‚…Äy  25

f0  ²Ìí› ‰þ“%þíÅ„þ ö×!’îû þ™!îû¢‚…Äy  25

i  ²Ìí› ‰þ“%þíÅ„þ ö×!’îû þ²Ì¢yîû 5

¢)e!Ýþöì“þ ²Ìöì“þÄöì„þîû ›y˜ î!¢öìëû þ™y£z

1
37·5 25 12·5Q 15 5 15 17·525 5

     

1Q 17·5 

¢‚Kþy x %̃ëyëû# D3 S“,þ“þ#ëû ”Ÿ›„þV £œ „Êþ›öìëï!†„þ þ™!îû¢‚…Äy  CF  3N
10 ~îû x˜%îû)þ™ x ~îû ›y˜Ð
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xíÅyê „Êþ›öìëï!†„þ þ™!îû¢‚…Äyîû  CF  ›y˜ ~öìÇþöìe 3N 3 150 4510 10
  . ¢%“þîûy‚ D3 îû ö×!’!Ýþ £œ

(15 – 20).

1 15,l   1F 25, 0 25,f  5,i  N 150

1
3 1

0

3N F 45 2510D · 15 ·5 1925l if

              
  

3D 19 

x˜%îû)þ™¦þyöìî P90 S˜î¹£z Ÿ“þ“þ›„þV „Êþ›öìëï!†„þ þ™!îû¢‚…Äy  CF  90N
100 ~îû x %̃îû)þ™ x ~îû ›y˜Ð

xíÅyê „Êþ›öìëï!†„þ þ™!îû¢‚…Äyîû  CF  ›y˜ ~öìÇþöìe 90N 90 150 135.100 100
   ¢%“þîûy‚ P90 îû ö×!’!Ýþ

£œ (35 – 35).

1 30,l  1F 125, 0 20,f  5,i  N 150

1
90 1

0

90N F 135 125100P · 30 ·5 32·520l if

              
  

90P 32·5 

~£z ›y˜†%!œ (Q1, D3, P90) !î„þÒ þ™å•!“þ xíÅyê ¢îûœ xhsþƒ›y˜ !˜’Åëû þ™å•!“þ x˜%¢yöìîûç †’˜y
„þîûy ëyëûÐ

‰þ“%þíÅöì„þîû îÄî£yîû õ

(i) ö„þw#ëû ²Ìî’“þyîû þ™!îû›yþ™ !£¢yöìî !m“þ#ëû ‰þ“%þíÅ„þ Q2 Sxíîy ›•Ä›yV îÄî£,“þ £ëûÐ

(ii) !îhß+þ!“þîû (Dispersion) þ™!îû›yþ™ !£¢yöìî ‰þ“%þíÅ„þ þ™yíÅ„þÄ 3 1Q Q
2
 

 
 

 xíîy– Semi-Inter Quartile Range îÄî£yîû „þîûy £ëûÐ

(iii) ²Ì!“þ÷ìî¡ì›Äéôé~îû þ™!îû›yþ™ „þîûöì“þ ²Ì!“þ÷ìî¡ì›Ä †%’yA„þ 
   
   

3 2 2 1

3 2 2 1

Q Q Q Q
Q Q Q Q

  


  
 (Co-efficient

 of Skewness) îÄî£,“þ £ëûÐ
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2.9 þ¢‚…Äy†%îû% ›y˜

~„þ!Ýþ ‰þœöì„þîû !î!¦þ§¬ ›yöì̃ îû ›öì•Ä öë ›y˜!Ýþîû þ™!îû¢‚…Äy ¢îÅy!•„þ– ‰þœöì„þîû ö¢£z ›y˜!Ýþöì„þ ¢‚…Äy†%îû%
›y˜ (Mode) îœy £ëûÐ

!î!FŠé§¬ ‰þœöì„þîû ë!” þ™!îû¢‚…Äy !î¦þy‹˜ ö”çëûy íyöì„þ öë›˜–

x ~îû ›y˜ 3 5 7 9 11
þ™!îû¢‚…Äy 2 6 10 5 1

“þy£öìœ ö”…y ëyöìFŠé öë ¢öìîÅyF‰þ þ™!îû¢‚…Äy ~…yöì̃  10

~£z ¢öìîÅyF‰þ þ™!îû¢‚…Äyîû x %̃îû)öìþ™ ‰þœ„þ (x) !Ýþîû ›y˜ 7

¢%“þîûy‚ ¢‚…Äy†%îû% ›y˜  7

ë!” !î!FŠé§¬ ‰þœöì„þîû ›y˜ !˜Á¬!œ!…“þ ¦þyöìî ö”çëûy íyöì„þ öë›˜–

3, 5, 7, 9, 11

xíÅyê ²Ìöì“þÄ„þ!Ýþ ›yöì̃ îû þ™!îû¢‚…Äy  1

xíÅyê ö„þyöì̃ y ›y˜£z ~„þîyöìîûîû öî!Ÿ ö˜£zÐ

~öìÇþöìe ¢‚…Äy†%îû% ›y˜ ö˜£zÐ

x!î!FŠé§¬ ‰þœöì„þîû þ™!îû¢‚…Äy !î¦þy‹˜ ö”çëûy íy„þöìœ xy›îûy xyëû“þöìœ… (Histogram) x¤y„þöì“þ
þ™y!îûÐ ~£z xyëû“þöìœ… öíöì„þ ë!” þ™!îû¢‚…Äy öîû…y (Frequency Curve)x¤y„þy ëyëû “þöìî þ™!îû¢‚…Äy
öîû…yîû ¢öìîÅyF‰þ !î¨%îû ¢yöìþ™öìÇþ ‰þœöì„þîû öë ›y˜ þ™yçëûy ëyëû “þyöì„þ£z ¢‚…Äy†%îû% ›y˜ îöìœÐ
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!‰þe 2·1 ~ M0 £œ ¢‚…Äy†%îû% ›y˜ öë!Ýþ ‰þœöì„þîû ö¢£z ›y˜ ëyîû ‹˜Ä þ™!îû¢‚…Äy öîû…y ¢öìîÅyF‰þ
!î¨%öì“þ öþ™ï¤ŠéyëûÐ

x!î!FŠé§¬ ‰þœöì„þîû þ™!îû¢‚…Äy !î¦þy‹˜ ö”çëûy íy„þöìœ ²Ìíöì›£z ¢‚…Äy†%îû% ›yöì̃ îû ö×!’ (Modal
Class) !˜’Åëû „þîûöì“þ £ëûÐ ¢‚…Äy†%îû% ö×!’ îœöì“þ ö¢£z ö×!’öì„þ î%Gþyëû ëyîû þ™!îû¢‚…Äy ‡˜c S¢„þœ
ö×!’îû !îhß+þ!“þ (class width) ¢›y˜ £öìœ ëyîû þ™!îû¢‚…ÄyV ¢îöì‰þöìëû öî!ŸÐ

ë!” ²Ì!“þ!Ýþ ö×!’îû ²Ì¢yîû îy !îhß+þé!“þ (class width) ¢›y˜ £ëû “þöìî ¢‚…Äy†%îû% ›y˜ !˜’Åëû „þîûyîû ‹˜Ä
˜#öì‰þîû ¢)e!Ýþ îÄî£,“þ £ëûÐ

¢‚…Äy†%îû% ›y˜ (Mode) 1
o 1

1 2
M dl id d  



öë…yöì̃ – 1 1md f f   ~î‚ 2 2md f f 

•îûy £öìëûöìŠé– l1 ¢‚…Äy†%îû% ›yöì̃ îû ö×!’îû !˜Á¬ ö×!’ ¢#›y˜y

fm  ¢‚…Äy†%îû% ›yöì̃ îû ö×!’îû þ™!îû¢‚…Äy SxíÅyê ¢öìîÅyF‰þ þ™!îû¢‚…ÄyV

f1 ¢‚…Äy†%îû% ›yöì̃ îû ö×!’îû !àþ„þ þ™)îÅî“þ#Å ö×!’îû þ™!îû¢‚…Äy

f2 ¢‚…Äy†%îû% ›yöì̃ îû ö×!’îû !àþ„þ þ™îûî“þ#Å ö×!’îû þ™!îû¢‚…Äy

i  ¢‚…Äy†%îû% ›yöì̃ îû ö×!’îû ²Ì¢yîû

Mo  ¢‚…Äy†%îû% ›y˜

¢)e!Ýþ ~¦þyöìîç öœ…y ëyëû õ

1
o 1

1 2
M 2

m

m

f fl if f f


  
 

ë…˜ ¢›hßþ ö×!’†%!œîû ²Ì¢yîû (class width) ~„þ îû„þ› ˜ëû ö¢öìÇþöìe ¢‚…Äy†%îû% ›y˜ !˜’Åëû „þîûyîû ‹˜Ä
†öìî¡ì’y›)œ„þ ¢Áºr• (empirical relation) îÄî£yîû „þîûy öëöì“þ þ™yöìîû öë…yöì̃  †y!’!“þ„þ †vþü– ›•Ä›y ~î‚
¢‚…Äy†%îû% ›y˜ ¢Á™„Åþë%=þÐ ¢Á™„Åþ!Ýþ ˜#öì‰þ ö”çëûy £œÐ

†y!’!“þ„þ †vþü – ¢‚…Äy†%îû% ›y˜ 3 S†y!’!“þ„þ †vþü éôôôé ›•Ä›yV

xíîy– ¢‚…Äy†%îû% ›y˜ 3 S›•Ä›yV éôôôé 2 S†y!’!“þ„þ †vþüV

vþz”y£îû’ õ 2·15 !˜öìÁ¬ ²Ì”_ îûy!Ÿ“þíÄ öíöì„þ ¢‚…Äy†%îû% ›y˜ !˜’Åëû „þîûÐ

þ™îû#Çþyëû ²Ìy® ˜Áºîû õ 20-29 30-39 40-49 50-59 60-69

þ™îû#Çþyí#Å ¢‚…Äy õ 7 11 16 9 7
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¢›y•y˜ Šé„þ ¢‚…Äy 2·10 ¢‚…Äy†%îû% ›y˜ !˜’Åëû

þ™îû#Çþyëû ²Ìy® ˜Áºîû ö×!’ ¢#›y˜y þ™!îû¢‚…Äy
Sö×!’ ¢#›yV

20–29 19·5 – 29·5 7
30–39 29·5 – 39·5 11

40–49 (39·5 – 49·5) ¢‚…Äy†%îû% ›yöì̃ îû ö×!’ 16

50–59 49·5 – 59·5 9
60–69 59·5 – 69·5 7

ö›yÝþ 50

!îöìŸ¡ì oTþîÄ õ ¢‚…Äy†%îû% ›y˜ !˜’Åöìëûîû ‹˜Ä ²Ìíöì›£z ö×!’ ¢#›y˜y öîîû „þöìîû !˜öì“þ £öìîÐ

~…yöì̃  ¢öìîÅyF‰þ þ™!îû¢‚…Äy  16 ¢‚…Äy†%îû% ›yöì̃ îû ö×!’ £œ (40·5 – 49·5)

¢)e x %̃ëyëû# ¢‚…Äy†%îû% ›y˜ (M0)

1
0 1

1 2
M 2

m

m

f fl if f f


  
 

öë…yöì˜– l1 ¢‚…Äy†%îû% ›yöì̃ îû ö×!’îû !˜Á¬ ö×!’ ¢#›y˜y  40·5

fm  ¢öìîÅyF‰þ þ™!îû¢‚…Äy  16

f1  ¢‚…Äy†%îû% ›yöì̃ îû ö×!’îû !àþ„þ þ™)îÅî“þ#Å ö×!’îû þ™!îû¢‚…Äy  11

f2 ¢‚…Äy†%îû% ›yöì̃ îû ö×!’îû !àþ„þ þ™îûî“þ#Å ö×!’îû þ™!îû¢‚…Äy  9

i ¢‚…Äy†%îû%›yöì̃ îû ö×!’îû îÄî£yîû  0

0
16 11 5M 40·5 10 40·5 10 40·5 4·17 44·672 16 11 9 12

        
  

vþz”y£îû’ 2·16 ë!” †y!’!“þ„þ †vþü ~î‚ ›•Ä›yîû ›y˜ ëíy„Êþöì› 26·70 Ýþy„þy ~î‚ 32·50 Ýþy„þy £ëû–
“þöìî ¢‚…Äy†%îû% ›y˜ !˜’Åëû „þîûÐ

¢›y•y˜ õ †y!’!“þ„þ †vþü– ›•Ä›y ç ¢‚…Äy†%îû% ›yöì̃ îû ›öì•Ä †öìî¡ì’y›)œ„þ ¢Á™„Åþ (empirical relation)
£óœéôôôé

†y!’!“þ„þ †vþüéôôôé¢‚…Äy†%îû% ›y˜ 3 S†y!’!“þ„þ †vþü éôôôé ›•Ä›yV

xíîy– ¢‚…Äy†%îû% ›y˜ 3 S›•Ä›yV – 2 S†y!’!“þ„þ †vþüV
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3 × 32·50 – 2 × 26·70

97·50 – 53·40 34·10

 ¢‚…Äy†%îû% ›y˜  34·10 Ýþy„þy

!îöìŸ¡ì oTþîÄ õ ‰þœöì„þîû ~„þ„þ ç ¢‚…Äy†%îû% ›yöì̃ îû ~„þ„þ ~„þ£z £ëûÐ

2.9.1 þ¢‚…Äy†%îû% ›yöì̃ îû ¢%!î•y ç x¢%!î•yé

¢%!î•y õ
(i) ~Ýþy ¢£öì‹£z öîyGþy ëyëû ~î‚ ¢£öì‹ †’˜y „þîûy ëyëûÐ
(ii) ¢îûœ þ™!îû¢‚…Äy !î¦þy‹öì̃ îû öÇþöìe Ÿ%•%›ye þ™ëÅöìîÇþ’ „þöìîû£z ¢‚…Äy†%îû% ›y˜ !˜’Åëû „þîûy ëyëûÐ
(iii) ‰þœöì„þîû …%î vþz¤‰%þé ›y˜ îy …%î ˜#‰%þ ›y˜ myîûy ²Ì¦þy!î“þ £ëû ˜yÐ
(iv) ›%=þéôé²Ìyhsþ !î!ŸTþ ö×!’!î¦þy† ë%=þ þ™!îû¢‚…Äy !î¦þy‹öì̃ îû öÇþöìeç ¢‚…Äy†%îû% ›y˜ !˜’Åëû „þîûy

ëyëûÐ
x¢%!î•y õ

(i) ¢‚…Äy†%îû% ›yöì̃ îû ¢‚Kþy …%î ”,‘þü ˜ëûÐ xöì̃ „þ öÇþöìe ”%£z îy “þöì“þy!•„þ ¢‚…Äy†%îû% ›y˜ þ™yçëûy
ëyëûÐ

(ii) î#‹†!’öì“þîû ¢)eyîœ#îû ²Ìöìëûy† „þîûy ¢½þî £ëû ˜yÐ
(iii) ¢‚…Äy†%îû% ›y˜ ‰þœöì„þîû þ¢î ›yöì̃ îû vþzþ™îû !˜¦Åþîû „þöìîû ˜yÐ

(iv) ~îû ˜›%̃ y !î‰%þÄ!“þ (Sampling fluctuation) öî!ŸÐ

2.10 †y!’!“þ„þ †vþü– ›•Ä›y ç ¢‚…Äy†%îû% ›yöì̃ îû ›öì•Ä ¢Á™„Åþé

ö„þyöì̃ y x!î!FŠé§¬ ‰þœöì„þîû ¢‚†,£#“þ îûy!Ÿ“þöìíÄîû ¢y£yöìëÄ ~„þ!Ýþ xyëû“þöìœ… (histogram) x¤y„þy ëyëûÐ
xyëû“þöìœ…!Ýþîû vþzþ™îû !¦þ!_ „þöìîû þ™!îû¢‚…Äy öîû…y x¤y„þy ¢½þîÐ ~£z xyëû“þöìœ…!Ýþîû ¦þyîûöì„þwöì„þ îûy!Ÿ“þöìíÄîû
†y!’!“þ„þ †vþü îœy £ëûÐ ›•Ä›y ‰þœ„þ!Ýþîû ö¢£z ›y˜ îy ¢›@ùÌ !î¦þy‹˜!Ýþöì„þ ”%!Ýþ ¢›y˜ ¦þyöì† ¦þy† „þöìîûÐ
~î‚ ‰þœ„þ!Ýþîû öë ›yöì̃ îû ‹˜Ä þ™!îû¢‚…Äy ¢öìîÅyF‰þ £ëû “þyöì„þ ¢‚…Äy†%îû% ›y˜ îœy £ëûÐ

~„þ!Ýþ þ™!îû¢‚…Äy !î¦þy‹˜ ë!” ²Ì!“þ¢› (Symmetrical) £ëû “þöìî “þyîû †y!’!“þ„þ †vþü– ›•Ä›y ç
¢‚…Äy†%îû% ›y˜ ¢›y˜ £ëûÐ !„þhs$þ ²Ì!“þ!î¡ì (Skewed) !î¦þy‹öì̃ îû öÇþöìe †y!’!“þ„þ †vþü– ›•Ä›y ç
¢‚…Äy†%îû% ›y˜ xyœy”y £ëûÐ •˜yd„þ ²Ì!“þ!î¡ì› (Positively Skewed) !î¦þy‹öì̃ îû öÇþöìe †y!’!“þ„þ †vþü

 x > ›•Ä›y (Me) > ¢‚…Äy†%îû% ›y˜ (M0) ~î‚ }’yd„þ ²Ì!“þ!î¡ì› (negatively skewed) !î¦þy‹öì̃ îû

öÇþöìe †y!’!“þ„þ †vþü  x  < ›•Ä›y (Me) < ¢‚…Äy†%îû% ›y˜ (M0)
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!‰þe 2.2 õ !î!¦þ§¬ !î¦þy‹öì̃ îû öÇþöìe †y!’!“þ„þ †vþü– ›•Ä›y ç ¢‚…Äy†%îû% ›yöì̃ îû xyöìþ™!Çþ„þ xîÞíy˜

œÇþÄ „þîûöìœ ö”…y ëyëû öë ›•Ä›y (Me), †y!’!“þ„þ †vþü  x ç ¢‚…Äy†%îû% ›yöì̃ îû (M0) ›yGþ…yöì̃

xîÞíy˜ „þöìîûÐ !„þhs$þ “þy£z ˜ëû– ›•Ä›y ¢î¢›ëû †y!’!“þ„þ †öìvþüîû „þyŠéy„þy!Šé íyöì„þ !„þhs$þ ¢‚…Äy†%îû% ›yöì̃ îû
öíöì„þ xöìþ™Çþy„,þ“þ ”)öìîû íyöì„þÐ x!¦þKþ“þy öíöì„þ ö”…y ëyëû öë ßþºÒ ²Ì!“þ!î¡ì› ö„þy˜ !î¦þy‹öì̃ îû öÇþöìe

†y!’!“þ„þ †vþü  x  éôôôé ¢‚…Äy†%îû% ›y˜ (M0)

3 [†y!’!“þ„þ †vþü  x éôôôé ›•Ä›y (Me)]

xíÅyê  oM 3 Mex x  

xíîy– 0 eM 3M 2x  Ð

~£z ¢›#„þîû’ öíöì„þ öëöì„þyöì̃ y ”%!Ýþîû ›y˜ ‹y˜y íy„þöìœ “,þ“þ#ëû!Ýþîû ›y˜ x˜yëûyöì¢ öîîû „þîûy ëyëûÐ

2.11 þö„þw#ëû ²Ìî’“þyîû !î!¦þ§¬ þ™!îû›yþ™„þ†%!œîû ›öì•Ä “%þœ˜yé

ö„þw#ëû ²Ìî’“þy þ™!îû›yþ™„þ ë!” vþzê„,þTþ ›yöì̃ îû £ëû “þy£öìœ !˜Á¬!œ!…“þ ÷î!ŸTþÄ†%!œ “þyîû ›öì•Ä xîŸÄ£z
íy„þöìîÐ

(i) þ™!îû›yþ™!Ýþîû ¢‚Kþy £öìî mÄíÅ£#˜ (rigid)Ð

(ii) ~!Ýþ x!“þ ¢£öì‹ †’˜y „þîûy ëyëûÐ

(iii) ‰þœöì„þîû ¢„þœ ›yöì̃ îû vþzþ™îû ~!Ýþ !˜¦ÅþîûŸ#œ £öìîÐ

(iv) î#‹†!’öì“þîû ¢)e†%!œ ²Ìöìëûyöì†îû þ™öìÇþ ~Ýþy vþzþ™ë%=þ £öìîÐ
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(v) þ™!îû›yþ™„þ!Ýþ öë˜ ¢£öì‹£z öîy•†›Ä £ëûÐ

(vi) ‰þœöì„þîû …%î vþz¤‰%þ xíîy …%î ˜#‰%þ ›yöì̃ îû myîûy öë˜ ²Ì¦þy!î“þ ˜y £ëûÐ

(vii) ~îû ˜›%̃ y !î‰%þÄ!“þ(sampling fluctuation) öë˜ …%î „þ› £ëûÐ

~…˜ ö”…y ëy„þ †y!’!“þ„þ †vþü– ›•Ä›y ç ¢‚…Äy†%îû% ›y˜ ~£z !“þ˜!Ýþ ö„þw#ëû ²Ìî’“þyîû þ™!îû›yþ™öì„þîû
›öì•Ä vþzþ™öìîûîû ÷î!ŸTþÄ†%!œ „þ“þÝþy þ™!îû›yöì’ xyöìŠéÐ

†y!’!“þ„þ †vþü

(i) ~îû ¢‚Kþy mÄíÅ£#˜Ð

(ii) ~!Ýþ x!“þ ¢£öì‹ †’˜y „þîûy ëyëûÐ

(iii) ~!Ýþ ‰þœöì„þîû ¢›hßþ ›yöì̃ îû vþzþ™îû !˜¦Åþîû „þöìîûÐ

(iv) î#‹†!’öì“þîû ¢)e†%!œ ²Ìöìëûyöì†îû þ™öìÇþ ~!Ýþ vþzþ™ë%=þÐ

(v) ˜›%̃ y !î‰%þÄ!“þ …%î£z „þ›Ð

(vi) ~!Ýþ …%î ¢£öì‹£z öîy•†›Ä £ëûÐ

!„þhs$þ †y!’!“þ„þ †öìvþüîû ~„þ›ye e%!Ýþ £œ ~Ýþy ‰þœöì„þîû ‰þîû› ›y˜ myîûy ²Ì¦þy!î“þ £ëûÐ

›•Ä›y

(i) ‰þœöì„þîû ë%@Â ¢‚…Ä„þ ›y˜ ˜y íy„þöìœ ~îû ¢‚Kþy mÄíÅ£#˜Ð

(ii) ~!Ýþ x!“þ ¢£öì‹ öîy•†›Ä £ëûÐ

(iii) ~!Ýþîû †’˜yç ¢£‹Ð

(iv) ‰þœöì„þîû ‰þîû› ›y˜ myîûy ~!Ýþ ²Ì¦þy!î“þ £ëû ˜yÐ

!„þhs$þ ›•Ä›y îy„þ# †%’yîœ# ›yöì̃  ˜yÐ

(i) ~!Ýþ ‰þœ„þ!Ýþîû ¢„þœ ›yöì̃ îû vþzþ™îû !˜¦Åþîû „þöìîû ˜yÐ

(ii) î#‹†!’öì“þîû ¢)e†%!œ ²Ìöìëûy† „þîûyîû þ™öìÇþ ~!Ýþ vþzþ™ë%=þ ˜ëûÐ

(iii) ›•Ä›yîû ˜›%̃ y !î‰%þÄ!“þ öî!ŸÐ

¢‚…Äy†%îû% ›y˜

(i) ¢‚…Äy†%îû% ›y˜ …%î ¢£öì‹£z öîy•†›Ä £ëûÐ

(ii) ‰þœöì„þîû x!“þ vþzF‰þ ›y˜ ç x!“þ !˜Á¬ ›y˜ ~öì„þ ²Ì¦þy!î“þ „þöìîû ˜yÐ
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!„þhs$þ ¢‚…Äy†%îû% ›y˜ îy„þ# †%’yîœ# ö›öì̃  ‰þöìœ ˜yÐ

(i) ~îû ¢‚Kþy mÄíÅ£#˜ ˜ëûÐ ö„þyöì̃ y ö„þyöì̃ y öÇþöìe ~„þy!•„þ ¢‚…Äy†%îû% ›y˜ þ™yçëûy ëyëûÐ

(ii) ~îû †’˜y …%î ¢£‹ ˜ëûÐ

(iii) ~!Ýþ ‰þœöì„þîû ¢„þœ ›yöì̃ îû vþzþ™îû !˜¦Åþîû „þöìîû ˜yÐ

(iv) î#‹†!’öì“þîû ¢)e ²Ìöìëûyöì†îû þ™öìÇþ ~!Ýþ vþzþ™ë%=þ ˜ëûÐ

(v) ~îû ˜›%̃ y !î‰%þÄ!“þç öî!ŸÐþþ

¢%“þîûy‚ ö”…y ëyöìFŠé öë †y!’!“þ„þ †vþü xy”ŸÅ †%’yîœ#îû öî!Ÿîû ¦þy†£z ö›öì̃  ‰þöìœÐ “þy£z †y!’!“þ„þ
†vþü£z ö„þw#ëû ²Ìî’“þyîû ¢îöìíöì„þ ¦þyöìœy þ™!îû›yþ™„þ îöìœ •îûy £ëûÐ

2.12 þ¢y‚îûyŸé

¢îÅy!•„þ þ™!îû¢‚…Äyë%=þ ö×!’!Ýþîû ›öì•Ä ‰þœ„þ!Ýþîû ö„þw#ëû ›y˜!Ýþ xîÞíy˜ „þöìîûÐ ~£z ö„þw#ëû ›y˜!Ýþ£z
‰þœöì„þîû îy„þ# ›y˜†%!œîû ²Ì!“þ!˜!•Ð îûy!Ÿ“þöìíÄîû ~£z ²Ìî’“þyöì„þ£z “þyîû ö„þw#ëû ²Ìî’“þy îœy £ëûÐ

ö„þw#ëû ²Ìî’“þy þ™!îû›yþ™ „þîûyîû !“þ˜!Ýþ ²Ì•y˜ þ™!îû›yþ™„þ xyöìŠéÐ ~†%!œ £œéôôôé(i) †vþü (ii) ›•Ä›y ç
(iii) ¢‚…Äy†%îû% ›y˜Ð †vþüöì„þ xyîyîû !“þ˜!Ýþ ¦þyöì† ¦þy† „þîûy ëyëû õ S„þV †y!’!“þ„þ †vþü S…V †%öì’y_îû †vþü
ç S†V !îî“Åþöìëï!†„þ †vþüÐ

†y!’!“þ„þ †vþü   1 2 ..... ,nx x xx n
  

  öë…yöì̃  x £œ ‰þœ„þ ëyîû n ¢‚…Ä„þ ›y˜ xyöìŠéÐ

†%öì’y_îû †vþü    
1

1 2 1 2G · ·......· · .....n nn nx x x x x x 

!îî“Åþöìëï!†„þ †vþü  
1 2

H 1 1 1......
n

n

x x x


  

ö„þyöì̃ y ‰þœöì„þîû ›y˜†%!œ ë!” |•¹Å„Êþöì› ¢y‹yöì̃ y £ëû “þy£öìœ !àþ„þ ›•Äî“þ#Å ¢‚…Äy!Ýþ îy ›y˜!Ýþ £öìî
›•Ä›y (Median).

›•Ä›y !˜’Åöìëûîû ¢)e þ™å•!“þ õ

›•Ä›y 
1

1

N F2
m

l if
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öë…yöì˜– l1 ›•Ä›y ö×!’îû !˜Á¬ ö×!’ ¢#›y˜y

N  ›•Ä›y ö×!’îû !˜Á¬ ö×!’ ¢#›y˜y

F1 ›•Ä›y ö×!’îû !àþ„þ þ™)îÅî“þ#Å „Êþ›öìëï!†„þ þ™!îû¢‚…Äy

fm  ›•Ä›y ö×!’îû þ™!îû¢‚…Äy

i  ›•Ä›y ö×!’îû ²Ì¢yîû

~„þ!Ýþ ‰þœöì„þîû !î!¦þ§¬ ›yöì̃ îû ›öì•Ä öë ›y˜!Ýþîû þ™!îû¢‚…Äy ¢îÅy!•„þ £ëû ‰þœöì„þîû ö¢£z ›y˜!Ýþöì„þ
¢‚…Äy†%îû ›y˜ (Mode) îœy £ëûÐ

¢‚…Äy†%îû% ›y˜ !˜’Åöìëûîû ¢)e þ™å•!“þ õ

¢‚…Äy†%îû% ›y˜ 1
1

1 22
m

m

f fl if f f


  
 

öë…yöì˜– l1 ¢‚…Äy†%îû% ›yöì̃ îû ö×!’îû !˜Á¬ ö×!’ ¢#›y˜y

fm  ¢‚…Äy†%îû% ›yöì̃ îû ö×!’îû þ™!îû¢‚…Äy SxíÅyê ¢öìîÅyF‰þ þ™!îû¢‚…ÄyV

f1 ¢‚…Äy†%îû% ›yöì̃ îû ö×!’îû !àþ„þ þ™)îÅî“þ#Å ö×!’îû þ™!îû¢‚…Äy

f2 ¢‚…Äy†%îû% ›yöì̃ îû ö×!’îû !àþ„þ þ™îûî“þ#Å ö×!’îû þ™!îû¢‚…Äy

i  ¢‚…Äy†%îû% ›yöì̃ îû ö×!’îû ²Ì¢yîû

~„þ!Ýþ þ™!îû¢‚…Äy !î¦þy‹˜ ë!” ²Ì!“þ¢› (Symmetrical) £ëû “þöìî “þyîû †y!’!“þ„þ †vþü– ›•Ä›y ç
¢‚…Äy†%îû% ›y˜ ¢îÅ”y ¢›y˜ £ëûÐ !„þhs$þ •˜yd„þ ²Ì!“þ!î¡ì› (Positively Skewed) !î¦þy‹öì̃ îû öÇþöìe
†y!’!“þ„þ †vþü > ›•Ä›y > ¢‚…Äy†%îû% ›y˜ £ëû– ~î‚ }’yd„þ ²Ì!“þ!î¡ì› (Negatively Skewed) !î¦þy‹öì̃ îû
öÇþöìe †y!’!“þ„þ †vþü < ›•Ä›y < ¢‚…Äy†%îû% ›y˜ £ëûÐ

†öìî¡ì’yœk• šþœ öíöì„þ ‹y˜y ëyëû öë ßþºÒ ²Ì!“þ!î¡ì›

ö„þyöì̃ y !î¦þy‹öì̃ îû öÇþöìe †y!’!“þ„þ †vþü éôôôé ¢‚…Äy†%îû% ›y˜

 x (Mo)

3 [ †y!’!“þ„þ †vþü  x  – (Me) ›•Ä›y ]

xíîy– 0 eM 3M 2x 
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2.13 þx˜%Ÿ#œ˜#é

²ÌÙÀ›yœy õ
1. îûy!Ÿ“þíÄ ö”çëûy íy„þöìœ “þyîû ö„þw#ëû ²Ìî’“þy îœöì“þ „þ# öîyGþyëûÚ ö„þw#ëû ²Ìî’“þyîû ¢y•yîû’

þ™!îû›yþ™†%!œîû ¢‚Kþy ”yçÐ
2. †y!’!“þ„þ †vþü– †%öì’y_îû †vþü ç !îî“Åþöìëï!†„þ †vþü ”%£z!Ýþ ¢‚…Äy 4 ç 16éôé~îû ‹˜Ä !˜’Åëû „þîûÐ

ö”…yç öë AM > GM > HM ~£z ¢Á™„Åþ!Ýþ ¢!àþ„þÐ
3. ”%!Ýþ ¢‚…Äyîû †y!’!“þ„þ †vþü 127·5, †%öì’y_îû †vþü  60

S„þV ¢‚…Äy ”%!Ýþîû !îî“þÅöìëï!†„þ †vþü !˜’Åëû „þîûÐ
S…V ¢‚…Äy ”%£z!Ýþ !˜’Åëû „þîûÐ

4. †y!’!“þ„þ †vþü– ›•Ä›y ç ¢‚…Äy†%îû% ›yöì̃ îû ÷î!ŸTþÄ†%!œ “%þœ˜y „þîûÐ
5. þ™!îû¢‚…Äy !î¦þy‹öì̃ îû ‰þ“%þíÅ„þ !“þ˜!Ýþîû ¢‚Kþy ”yçÐ “þyöì”îû îÄî£yîû†%!œ „þ# „þ#Ú
6. ë!” ”%!Ýþ ”öìœîû (A1 ç A2) ö›yÝþ þ™!îû¢‚…Äy 2 : 1 x %̃þ™yöì“þ xîÞíy˜ „þöìîû ~î‚ “þyöì”îû †y!’!“þ„þ

†vþü ëíy„Êþöì› 8 ~î‚ 128 £ëû– “þy£öìœ ”%!Ýþ ”öìœîû ~„þöìe †y!’!“þ„þ †vþü „þ“þ £öìî !˜’Åëû „þîûÐ
7. ë!” 3u x £ëû ~î‚ x ‰þœöì„þîû !îî“Åþöìëï!†„þ †vþü ë!” 0·09 £ëû– “þy£öìœ u ‰þœ„þ!Ýþîû !îî“Åþöìëï!†„þ

†vþü !˜’Åëû „þîûÐ
8. ë!” vþzF‰þ›yöì̃ îû „þ›œyöìœî% 10 Ýþy„þyëû 4 öÝþ ~î‚ !˜Á¬›yöì̃ îû „þ›œyöìœî% 10 Ýþy„þyëû 5 Ýþy !î„Êþ#“þ

£ëû “þöìî „þ›œyöìœî%îû ”yöì›îû †vþü !˜’Åëû „þîûÐ
9. ë!” ”%!Ýþ ‰þœ„þ x ~îû y ~îû ¢Á™„Åþ y 2x – 5 ¢›#„þîûöì’îû ›y•Äöì› ²Ì„þyŸ „þîûy ëyëû ~î‚ x ~îû

›•Ä›y 25 ö”çëûy íyöì„þ– “þöìî y ~îû ›•Ä›yîû ›y˜ !˜’Åëû „þîûÐ
10. ë!” ö„þyöì̃ y îûy!Ÿ“þöìíÄîû †y!’!“þ„þ †vþü 49·1 £ëû ~î‚ ›•Ä›y 48·4 £ëû– “þöìî “þyîû ¢‚…Äy†%îû% ›y˜

!˜’Åëû „þîûÐ
²ÌÙÀ›yœy õ
11. †y!’!“þ„þ †vþü– †%öì’y_îû †vþü ç !îî“Åþöìëï!†„þ †öìvþüîû ¢‚Kþy ”yç ç “þyöì”îû ¢%!î•y ç x¢%!î•y

vþzöìÍÔ… „þîûÐ ²Ìöì“þÄ„þ •îûöì̃ îû vþz”y£îû’ ”yçÐ
12. ö„þw#ëû ²Ìî’“þy îœöì“þ !„þ öîyGþÚ ö„þw#ëû ²Ìî’“þyîû þ™!îû›yþ™ !£¢yöìî †y!’!“þ„þ †vþüöì„þ ö„þ˜ ö×Ûþ

îöìœ ›öì̃  „þîûy £ëû xyöìœy‰þ˜y „þîûÐ
13. †y!’!“þ„þ †öìvþüîû ÷î!ŸTþÄ†%!œ vþz”y£îû’ ¢£öìëyöì† xyöìœy‰þ˜y „þîûÐ
14. 100 ‹˜ ×!›öì„þîû ÷”!˜„þ öî“þöì˜îû !˜Á¬!œ!…“þ þ™!îû¢‚…Äy !î¦þy‹˜ öíöì„þ †y!’!“þ„þ †vþü ç

¢‚…Äy†%îû% ›y˜ !˜’Åëû „þîûÐ
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÷”!˜„þ öî“þ˜ SÝþy„þyëûV 20–30 30–40 40–50 50–60 60–70
×!›„þ ¢‚…Äy 16 28 40 10 6

15. !˜öìÁ¬ ²Ì”_ þ™!îû¢‚…Äy !î¦þy‹˜!Ýþîû ›•Ä›y !˜’Åëû „þîûÐ
²Ìy® ˜Áºîû 0–10 10–20 20–30 30–40 40–50
Šéye ¢‚…Äy 10 20 35 25 10

16. Šéyeöì”îû ²Ìy® ˜Áºöìîûîû “þy!œ„þy ö”çëûy £œÐ ¢‚…Äy†%îû% ›y˜ !˜’Åëû „þîûÐ
²Ìy® ˜Áºîû 0–10 10–20 20–30 30–40
Šéye ¢‚…Äy 2 4 9 7
²ÌÙÀ›yœy õ S²Ìöì“þÄ„þ!Ýþîû ›y˜ 10)

17. 60 ‹˜ Šéyöìeîû îûy!Ÿ !îKþyöì̃ îû ²Ìy® ˜Áºîû ö”çëûy £œÐ ›•Ä›y !˜’Åëû „þîû ç „Êþ›öìëï!†„þ öîû…yîû
¢y£yöìëÄ vþz_îû ëy‰þy£z „þîûÐ

ö×!’ !î¦þy† 0–10 10–20 20–30 30–40 40–50 50–60 60–70
þ™!îû¢‚…Äy 5 8 11 15 13 6 2

18. ²Ì”_ þ™!îû¢‚…Äy !î¦þy‹öì̃ îû †y!’!“þ„þ †vþü 76·47 Ýþy„þyÐ x˜%þ™!Þí“þ þ™!îû¢‚…Äy ”%!Ýþ !˜’Åëû „þîûÐ
÷”!˜„þ ›‹%îû# SÝþy„þyëûV 65 70 75 80 85 90 95
þ™!îû¢‚…Äy 5 48 ? 30 ? 8 6

19. !˜öìÁ¬îû þ™!îû¢‚…Äy !î¦þy‹öì̃ îû AM ç ›•Ä›y !˜’Åëû „þîûÐ AM, ›•Ä›y ç ¢‚…Äy†%îû% ›yöì̃ îû ›öì•Ä
†öìî¡ì’yœk• ¢Áºöìr•îû ¢y£yöìëÄ ¢‚…Äy†%îû% ›y˜ !˜’Åëû „þîûÐ

ö×!’ ¢#›y 130-134 135-139 140-144 145-149 150-154 155-159 160-164
þ™!îû¢‚…Äy 5 15 28 24 17 10 1

20. ö„þyöì̃ y þ™!îû¢‚…Äyöì̃  25 !Ýþ ›yöì̃ îû †vþü 44 þ™öìîû ö”…y ö†œ ”%!Ýþ ›y˜ 34 ç 46 ö„þ ¦%þœîŸ“þ 28
~î‚ 42 öœ…y £öìëûöìŠéÐ þ™!îûŸ%å• †vþü ›y˜ !˜’Åëû „þîûÐ

2.14 þ@ùÌríþ™!O

1. Mathematics of Statistics Vol. I by John F. Kenney and E.S. Keeping, D. Van
Nostrand, 1947, New York

2. Basic Statistics, by Goon, Gupta and Dasgupta, The World Press Pvt. Ltd. Calcutta
3. Statistical Methods Vol. I by N. G. Das, McGraw-Hill India, 2008
4. Fundamentals of Statistics–by S.C.Gupta Himalaya Publishing House, 2008
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3.8 “þ#ÇÖþ“þy

3.9 ¢yîûy‚Ÿþþþ

3.10 x˜%Ÿ#œ˜#

3.11  @ùÌríþ™!O

3.1 vþzöìjŸÄ

!‰þe 3·1 S„þV !‰þe 3·1 S…V

•îûy ëy„þ ”%!Ýþ ‰þœöì„þîû ö„þw#ëû ›y˜ ö”çëûy xyöìŠé ~î‚ x˜Äy˜Ä ›y˜†%!œç îûy!Ÿ“þöìíÄîû ›y•Äöì› ö”çëûy
xyöìŠéÐ ~£z x˜Äy˜Ä ›y˜†%!œ ‰þœöì„þîû ö„þw#ëû ›yöì̃ îû ‰þ“%þ!”Åöì„þ !îhß+þ“þ íyöì„þÐ ~…˜ ‰þœ„þ ”%!Ýþîû ›y˜†%!œ
ë!” ¢îûœöìîû…yîû ¢y£yöìëÄ ö„þw#ëû ›yöì̃ îû ¢öìA† ë%=þ „þîûy £ëû “þy£öìœ !‰þe 3·1 S„þV ç !‰þe 3·1 S…V þ™yçëûy
ëyöìîÐ ~…yöì̃  Šé!î ”%!Ýþ öíöì„þ þ™!îûÜñyîû ¦þyöìî ö”…y ëyöìFŠé 3·1 S…V !‰þöìe !îhß+þ!“þ 3·1 S„þV !‰þe öíöì„þ
xöì̃ „þ öî!ŸÐ xy›îûy 3 ˜‚ ~„þöì„þ ~£z !îhß+þ!“þîû !î!¦þ§¬ •îûöì̃ îû þ™!îû›yþ™ !˜öìëû xyöìœy‰þ˜y „þîûîÐ

3.2  ²Ìhßþyî˜y

ö„þyöì̃ y ‰þœöì„þîû !î!¦þ§¬ ›y˜†%!œ öíöì„þ “þyöì”îû †vþü ›yöì̃ îû öë þ™yíÅ„þÄ “þyöì„þ£z !îhß+þ!“þ îöìœÐ ‰þœöì„þîû
›y˜†%!œ “þyöì”îû †vþü ›y˜ îy ö„þw#ëû ›y˜ öíöì„þ „þ“þ…y!˜ !îhß+þ“þ “þy !˜’Åëû „þîûyîû !î!¦þ§¬ þ™!îû›yþ™ xyöìŠéÐ

(i) !îhß+þ!“þîû þ™îû› þ™!îû›yþ™ þ™å•!“þ (Absolute measures of Dispersion)

(ii) !îhß+þ!“þîû !î!¦þ§¬ xyöìþ™!Çþ„þ þ™!îû›yþ™ þ™å•!“þ (Relative measure of Dispersion)
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!îhß+þ!“þîû þ™!îû›yþ™
Measures of Dispersion

þ™îû› þ™!îû›yþ™ þ™å•!“þ xyöìþ™!Çþ„þ þ™!îû›yþ™ þ™å•!“þ
(Absolute measures) (Relative Measures)

3.3  !îhß+þ!“þîû þ™îû› þ™!îû›yþ™ þ™å•!“þ

þ™!îû¢‚…Äy !î¦þy‹öì̃ îû ²Ì„,þ!“þ ¢!àþ„þ¦þyöìî x %̃•yî˜ „þîûöì“þ £öìœ ‰þœöì„þîû ›y˜†%!œîû ö„þw#ëû ›yöì̃ îû
¢öìA† ú ¢„þœ ›y˜†%!œîû !îhß+þ!“þîû þ™!îû›yþ™ ‹y˜y x!“þ xyîŸÄ„þÐ •îûy ëy„äþ ”%!Ýþ ”öìœîû ç‹˜ ¢Á™!„Åþ“þ
›y˜ ö”çëûy xyöìŠé 40 ö„þ!‹– 50 ö„þ!‹– 60 ö„þ!‹ ~î‚ 10 ö„þ!‹– 50 ö„þ!‹ ç 90 ö„þ!‹Ð ”%!Ýþ ”öìœîû£z
†y!’!“þ„þ †vþü 50 ö„þ!‹ !„þhs$þ– ²Ìí› ”öìœîû !îhß+þ!“þ „þ› xyîû !m“þ#ëû ”öìœîû !îhß+þ!“þ öî!ŸÐ

!îhß+þ!“þîû þ™îû› þ™!îû›yþ™ þ™å•!“þöì“þ þ™!îû›yþ™ „þîûöìœ !îhß+þ!“þîû ~„þ„þ xyîû ‰þœöì„þîû ~„þ„þ ~„þ£z £ëûÐ ë!”
‰þœöì„þîû ¢î „þ!Ýþ ›y˜ ~„þ£z £ëû– “þöìî !îhß+þ!“þ £öìî Ÿ)̃ ÄÐ ‰þœöì„þîû ›y˜†%!œ ö„þw#ëû ›yöì̃ îû ¢yöìþ™öìÇþ ë“þ
Šévþüyöì̃ y íy„þöìî– !îhß+þ!“þç “þ“þ öî!Ÿ £öìîÐ

3.3.1  ²Ì¢yîû
ö„þyöì̃ y ‰þœöì„þîû vþzþ™îû îûy!Ÿ“þíÄ öíöì„þ ‰þœöì„þîû ¢öìîÅyF‰þ ›y˜ ç ¢îÅ!˜Á¬ ›yöì̃ îû ›öì•Äîû îÄî•y˜öì„þ

‰þœ„þ!Ýþîû ²Ì¢yîû (Range) îœy £ëûÐ

²Ì¢yîû (R) = Xmax – Xmin

öë…yöì̃  ‰þœ„þ!Ýþ £œ X.

ë…˜ xy›îûy þ™!îû¢‚…Äy !î¦þy‹˜ öíöì„þ ‰þœ„þ!Ýþîû ²Ì¢yîû !˜’Åëû „þ!îû “þ…˜ öŸ¡ì ö×!’!Ýþîû |•¹Å
ö×!’¢#›y˜y ç ²Ìí› ö×!’!Ýþîû !˜Á¬öì×!’ ¢#›y˜yîû ›öì•Äîû þ™yíÅöì„þÄîû þ™!îû›y’öì„þ ú ‰þœöì„þîû ²Ì¢yîû
!£¢yöìî •îûy £ëûÐ

 ²Ì¢yîû (R)  öŸ¡ì ö×!’!Ýþîû |å•Åöì×!’ ¢#›y˜y éôôôé ²Ìí› ö×!’!Ýþîû !˜Á¬ ö×!’¢#›y˜y

²Ì¢yîû
Range

†vþü þ™yíÅ„þÄ
Mean
Deviation

‰þ“%þíÅ„þ þ™yíÅ„þÄ
Quartile
Deviation

¢›„þ þ™yíÅ„þÄ
Standard
Deviation

ö¦þ”yA„þ
Co-
efficient
of
Variation

†vþü þ™yíÅ„þÄ
†%’yA„þ
Co-
efficient
of Mean
Deviation

‰þ“%þíÅ„þ þ™yíÅ„þÄ †%’yA„þ
Co-efficient
Quartile
Deviation
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vþz”y£îû’ 3·1

(a) •îûy ëy„äþ x ~îû ›y˜†%!œ £œ 2, 4, 11, 18, 19, 32

 ²Ì¢yîû 32 – 2 30

(b) ë!” þ™!îû¢‚…Äy !î¦þy‹˜ ö”çëûy íyöì„þ õ

10 – 19 20 – 29 30 – 39 40 – 49

2 8 14 6

 þ²Ì¢yîû 49·5 – 9·5 = 40

²Ì¢yîûéôé~îû îÄî£yîû õ (i) ²Ì¢yîû þ™!îû¢‚…Äy˜†“þ ›y˜ !˜ëûsþföì’ (Statictical Quality Contd)
îÄyþ™„þ¦þyöìî îÄî£,“þ £ëûÐ

(ii) öŸëûyîû îy‹yöìîûîû vþzàþyéôé˜y›y þ™!îû›yþ™ „þîûöì“þç ²Ì¢yîû îÄî£,“þ £ëûÐ

(iii) xyî£yçëûyîû þ™)îÅy¦þyöì¢îû ²Ì‰þyöìîûîû ¢›ëû ¢öìîÅyF‰þ ç ¢îÅ!˜Á¬ “þyþ™›yöì̃ îû þ™yíÅ„þÄ î£%œ¦þyöìî îÄî£,“þ
£ëûÐ

3.3.1.1 ²Ì¢yöìîûîû ¢%!î•y ç x¢%!î•yé

¢%!î•y õ

(i) ²Ì¢yöìîûîû †’˜y x!“þ ¢£‹Ð

(ii) ²Ì¢yîû öîyGþyç ¢£‹Ð

(iii) !îhß+þ!“þîû þ™!îû›yþ™„þ !£¢yöìî ²Ì¢yöìîûîû î£%œ ²Ì‰þœ˜ xyöìŠé !ŸÒ vþzêþ™y”öì̃  †%’†“þ ›y˜ !˜ëûsþföì’Ð

(iv) ¢%öì”îû £yîû ç ›%oyîû !î!˜›ëû £yöìîûîû vþzàþyéôé˜y›y– ßþº’Åéôéöîûïöìþ™Äîû ”yöì›îû vþzàþyéôé˜y›y £z“þÄy!” „þyöì‹
²Ì¢yîû îÄyþ™„þ¦þyöìî îÄî£,“þ £ëûÐ ~£z þ™!îûî“Åþ˜†%!œ ²Ì¢yöìîûîû ¢y£yöìëÄ öîyGþyöì̃ y …%î£z ¢%!î•y‹˜„þÐ

x¢%!î•y õ

(i) ²Ì¢yöìîûîû ›y˜ !˜’Åöìëûîû ‹˜Ä ‰þœöì„þîû Ÿ%•%›ye ¢öìîÅyF‰þ ç ¢îÅ!˜Á¬ ›yöì̃ îû ²Ìöìëûy‹˜ £ëûÐ ‰þœöì„þîû
x˜Äy˜Ä ›y˜†%!œ vþzöìþ™!Çþ“þ £ëûÐ xíÅyê ‰þœöì„þîû ‰þîû› ›y˜†%!œ myîûy ²Ì¢yîû !˜•Åy!îû“þ £ëûÐ
‰þœöì„þîû ¢›hßþ ›yöì̃ îû vþzþ™îû ²Ì¢yîû !˜¦Åþîû „þöìîû ˜yÐ

(ii) ²Ì¢yöìîûîû ˜›%̃ y !î‰%þÄ!“þ (Sampling fluctuations) …%î öî!ŸÐ

(iii) ö„þw#ëû ›yöì̃ îû ¢yöìþ™öìÇþ ‰þœöì„þîû x˜Äy˜Ä ›y˜†%!œîû !îhß+þ!“þ ²Ì¢yîû ö”…yöì“þ þ™yöìîû ˜yÐ

(iv) î#‹†!’öì“þîû !˜ëû›yîœ# ²Ìöìëûyöì†îû öÇþöìe ~£z þ™å•!“þ ~öì„þîyöìîû£z vþzþ™öìëy†# ˜ëûÐ

(v) vþz§Ã%=þ ²Ìyhsþ!î!ŸTþ ö×!’ þ™!îû¢‚…Äy !î¦þy‹öì̃  xîÞíy˜ „þîûöìœ ²Ì¢yîû !˜’Åëû „þîûy ëyëû ˜yÐ
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3.3.2  ‰þ“%þíÅ„þ þ™yíÅ„þÄ

“,þ“þ#ëû ‰þ“%þíÅ„þ ç ²Ìí› ‰þ“%þíÅ„þ ~£z ”%£zöìëûîû îÄî•yöì̃ îû xöì•Å„þöì„þ£z îœy £ëû ‰þ“%þíÅ„þ þ™yíÅ„þÄÐ

 þ‰þ“%þíÅ„þ þ™yíÅ„þÄ   3 1Q QQ 2




öë…yöì̃  Q1 ²Ìí› ‰þ“%þíÅ„þ

~î‚ Q3  “,þ“þ#ëû ‰þ“%þíÅ„þ

¢îûœ îûy!Ÿ“þíÄ›yœyîû öÇþöìe ²Ìíöì› îûy!Ÿ“þíÄ†%!œöì„þ ›y˜ x˜%ëyëû# |•¹Å„Êþöì› ¢y‹yöì̃ y £ëûÐ

²Ìí› ‰þ“%þíÅ„þ  1
1Q 4

n   “þ› îûy!Ÿîû ›y˜

“,þ“þ#ëû ‰þ“%þíÅ„þ    
3

3 1
Q 4

n 
  “þ› îûy!Ÿîû ›y˜

öë…yöì̃  n  ö›yÝþ þ™!îû¢‚…Äy

* ö×!’!î¦þy‹˜ë%=þ þ™!îû¢‚…Äy !î¦þy‹öì̃ îû öÇþöìe ‰þ“%þíÅ„þ†%!œ ¢)öìeîû ¢y£yöìëÄ !˜’Åëû „þîûy ëyëûÐ vþz”y£îû’
2·14 x %̃¢îû’ „þîûÐ

1
1 1

F4Q
o

n
l if


 

öë…yöì̃ l1 ²Ìí› ‰þ“%þíÅ„þ ö×!’îû !˜Á¬ ö×!’ ¢#›y˜y

n  ö›yÝþ þ™!îû¢‚…Äy

F1  þ²Ìí› ‰þ“%þíÅ„þ ö×!’îû þ™)îÅî“þ#Å „Êþ›öìëï!†„þ þ™!îû¢‚…Äy  CF 

fo ²Ìí› ‰þ“%þíÅ„þ ö×!’îû þ™!îû¢‚…Äy

i  ²Ìí› ‰þ“%þíÅ„þ ö×!’îû ²Ì¢yîû

x˜%îû)öìþ™– 1
3 1

3 4 FQ
o

nl if


  

l1 “,þ“þ#ëû ‰þ“%þíÅ„þ ö×!’îû !˜Á¬ ö×!’ ¢#›y˜y

n  ö›yÝþ þ™!îû¢‚…Äy
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F1 “,þ“þ#ëû ‰þ“%þíÅ„þ ö×!’îû þ™)îÅî“þ#Å „Êþ›öìëï!†„þ  CF  þ™!îû¢‚…Äy

fo “,þ“þ#ëû ‰þ“%þíÅ„þ ö×!’îû þ™!îû¢‚…Äy

i “,þ“þ#ëû ‰þ“%þíÅ„þ ö×!’îû ²Ì¢yîû

vþz”y£îû’ 3·2 !˜öìÁ¬îû îûy!Ÿ“þíÄ öíöì„þ ‰þ“%þíÅ„þ þ™yíÅ„þÄ !˜’Åëû „þîûÐ

18, 12, 22, 15, 30, 6, 44

îûy!Ÿ†%!œöì„þ |•¹Å„Êþöì› ¢y!‹öìëû !˜öìëû þ™y£z

6, 12, 15, 18, 22, 30, 44

~…yöì̃  n 7 1 7 1 24 4
n    

~î‚    3 1 3 7 1
64 4

n  
 

Q1  !m“þ#ëû îûy!Ÿîû ›y˜ 12

Q3 ¡ìÛþ îûy!Ÿîû ›y˜ 30

 ‰þ“%þíÅ„þ þ™yíÅ„þÄ 3 1Q Q 0 12 92 2
    

vþz”y£îû’ 3·3 !˜öìÁ¬îû þ™!îû¢‚…Äy !î¦þy‹öì̃ îû öíöì„þ !îhß+þ!“þîû vþzþ™ë%=þ þ™!îû›yþ™ !˜’Åëû „þîûÐ

¢y®y!£„þ ›‹%!îû SÝþy„þyöì“þV ×!›„þ ¢‚…Äy

100 îû ˜#öì‰þ 22

100 – 150 54

150 – 200 90

200 – 250 66

250 îû vþzþ™öìîû 18

¢›y•y˜ õ öëöì£“%þ ²Ìyhsþ ö×!’†%!œ vþzþ™ë%=þ– “þy£z ‰þ“%þíÅ„þ þ™yíÅ„þÄ ~…yöì̃  ¢îöìíöì„þ vþzþ™öìëy†# !îhß+þ!“þîû
þ™!îû›yþ™ £öìîÐ



NSOU  CC-EC-04 87

Šé„þ ¢‚…Äy 3·1  „Êþ›öìëï!†„þ  CF  þ™!îû¢‚…Äy !î¦þy‹˜

¢y®y!£„þ ›‹%!îû SÝþy„þyöì“þV þ™!îû¢‚…Äy „Êþ›öìëï!†„þ  CF   þ™!îû¢‚…Äy

100 îû ˜#öì‰þ 22 22

 Q1  N 62·54 

100 – 150 54 76
150 – 200 90 166

 Q3  3N 187·54 

200 – 250 66 232

250 îû vþzþ™öìîû 18 250 N

ö›yÝþ N  250

~…yöì̃  N  50, N 250 62·54 4  

~î‚ 3N 3 62·5 187·54   

¢)e x˜%ëyëû#

1
1 1

N 4 F 62·5 22Q 100 50 137·554o
l if

       

1
3 1

3N 4 F 187·5 166Q 200 50 216·2966o
l if

       

 ‰þ“%þíÅ„þ þ™yíÅ„þÄ 3 1Q Q 216·29 137·5 39·392 2
     Ýþy„þyÐ

3.3.2.1 ‰þ“%þíÅ„þ þ™yíÅöì„þÄîû ¢%!î•y ç x¢%!î•y

¢%!î•y õ

(i) ~!Ýþ †’˜yîû þ™öìÇþ ¢£‹ ~î‚ öîyGþyîû þ™öìÇþç ¢£‹Ð
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(ii) ‰þœöì„þîû ‰þîû› ›y˜ myîûy ²Ì¦þy!î“þ £ëû ˜yÐ

(iii) vþz§Ã%=þ ²Ìyhsþ ö×!’îû öÇþöìe ~!Ýþ !îöìŸ¡ì¦þyöìî vþzþ™öìëy†#Ð

(iv) x²Ì!“þ¢› (Skewed) !î¦þy‹öì̃ îû öÇþöìe ë…˜ !îhß+þ!“þîû x˜Äy˜Ä þ™!îû›yþ™„þ ‰þîû› ›y˜ myîûy
!îöìŸ¡ì¦þyöìî ²Ì¦þy!î“þ £ëû ö¢…yöì̃  ~!Ýþ !îöìŸ¡ì ¦þyöìî vþzþ™öìëy†#Ð

x¢%!î•y õ

(i) ‰þœöì„þîû ¢›hßþ ›yöì̃ îû vþzþ™îû ~Ýþy !˜¦ÅþîûŸ#œ ˜ëûÐ

(ii) î#‹†!’öì“þîû !˜ëû›yîœ# ²Ìöìëûyöì†îû öÇþöìe ~!Ýþ vþzþ™ë%=þ ˜ëûÐ

(iii) ~!Ýþîû ˜›%̃ y !î‰%þÄ!“þ …%î öî!ŸÐ

(iv) ~!Ýþ !îhß+þ!“þîû ~„þÝþy xy¢§¬ (approximate) •yîû’y ö”ëû !„þhs$þ !îhß+þ!“þîû !˜…%¤“þ •yîû’y þ™yçëûy
ëyëû ˜yÐ

(v) ‰þœöì„þîû ö›yÝþ ›yöì̃ îû ›ye 50 Ÿ“þy‚öìŸîû vþzþ™îû ~!Ýþ !˜¦ÅþîûŸ#œÐ

(vi) öëöì£“%þ ö„þw#ëû ›yöì̃ îû ‰þ“%þ!”Åöì„þ x˜Äy˜Ä ›y˜†%!œîû ²Ìöì“þÄ„þ!Ýþîû !îhß+þ!“þîû ‰þ“%þíÅ„þ þ™yíÅ„þÄ !îöìî‰þ˜y
„þöìîû ˜yÐ “þy£z ~!Ýþ ²Ì„,þ“þ þ™öìÇþ !îhß+þ!“þîû ö„þyöì̃ y þ™!îû›yþ™„þ ˜ëûÐ ~„þÝþy ¦þ@Ày‚öìŸîû !îhß+þ!“þ
›yþ™îyîû þ™å•!“þ ›yeÐ

3.3.3 †vþü þ™yíÅ„þÄ

ö„þyöì̃ y ‰þœöì„þîû ö„þyöì̃ y ~„þ!Ýþ †öìvþüîû S†y!’!“þ„þ †vþü xíîy ›•Ä›y xíîy ¢‚…Äy†%îû% ›yöì̃ îûV öíöì„þ
ú ‰þœöì„þîû x˜Äy˜Ä ›y˜†%!œîû öë !îhß+þ!“þ “þyîû£z ~„þ!Ýþ þ™îû› þ™!îû›yþ™Ð ~!Ýþ †’˜y „þîûy £ëû †öìvþüîû ›y˜
öíöì„þ ‰þœöì„þîû ›y˜¢›)öì£îû •˜yd„þ þ™yíÅöì„þÄîû †y!’!“þ„þ †öìvþüîû ›y•Äöì›Ð

•îûy ëy„äþ ‰þœ„þ!Ýþ £œ x ~î‚ x ~îû n ¢‚…Ä„þ ›y˜ ö”çëûy xyöìŠéÐ

xyîû •îûy ëy„äþ A £œ ‰þœ„þ!Ýþîû †vþü S†y!’!“þ„þ †vþü îy ›•Ä›y îy ¢‚…Äy†%îû% ›y˜VÐ ~…˜ A îû ¢yöìþ™öìÇþ
†vþü þ™yíÅ„þÄ £öìîÐ

1 2
A

A A ..... A
MD nx x x

n
     



þ™!îû¢‚…Äy !î¦þy‹öì̃ îû öÇþöìe

1
A

1

A
MD

n

i i
i

n

i
i

f x

f
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vþz”y£îû’ 3·4 : !˜öìÁ¬îû îûy!Ÿ“þöìíÄîû vþzþ™îû !¦þ!_ „þöìîû ‰þœöì„þîû †y!’!“þ„þ †vþü ~î‚ ›•Ä›yîû ¢yöìþ™öìÇþ
†vþü þ™yíÅ„þÄ !˜’Åëû „þîûÐ

4, 8, 26, 45, 18, 33, 20

¢›y•y˜ õ vþzþ™öìîûîû îûy!Ÿ†%!œöì„þ |•¹Å„Êþöì› þ™îû þ™îû ¢y‹yöì̃ y £œÐ

4, 8, 18, 20, 26, 33, 45

n 7 154 227
x

x n   

Šé„þ¢‚…Äy 3·2 : †y!’!“þ„þ †öìvþüîû  x ¢yöìþ™öìÇþ †vþü þ™yíÅöì„þÄîû †’˜y

x x x îy x – 22

4 18
8 14
18 4
20 2
26 4
33 11
45 23

ö›yÝþ 76

 †y!’!“þ„þ †öìvþüîû ¢yöìþ™öìÇþ †vþü þ™yíÅ„þÄ 76 10·867
x x
n


  

~…yöì̃  ›•Ä›y £œ 1
2

n  “þ› ›y˜ 7 1 42
   “þ› ‰þœöì„þîû ›y˜

xíÅyê ›•Ä›y (Me) 20

Šé„þ ¢‚…Äy 3·3 : ›•Ä›yîû ¢yöìþ™öìÇþ †vþü þ™yíÅöì„þÄîû †’˜y

x x – Me xíîy x – 20

4 16
8 12
18 2
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20 0
26 6
33 13
45 25

ö›yÝþ 74

 ›•Ä›yîû ¢yöìþ™öìÇþ †vþü þ™yíÅ„þÄ eM 74 10·577
x
n


   S²ÌyëûV

vþz”y£îû’ õ 3·5 !˜Á¬!œ!…“þ îûy!Ÿ“þíÄ öíöì„þ †y!’!“þ„þ †öìvþüîû ¢yöìþ™öìÇþ †vþü þ™yíÅ„þÄ !˜’Åëû „þîû

x ‰þœ„þ õ 15 20 25 30 35

þ™!îû¢‚…Äy (f ) : 4 7 10 5 4

Šé„þ ¢‚…Äy õ 3·4 †y!’!“þ„þ †vþü ¢yöìþ™öìÇþ †vþü þ™yíÅ„þÄ !˜’Åëû

x f fx x x f x x

15 4 60 9·67 38·68
20 7 140 4·67 32·69
25 10 250 0·33 3·30
30 5 150 5·33 26·65
35 4 140 10·33 41·32

N 30 740 – 142·64

†y!’!“þ„þ †vþü 740 24·67N 30
fx

    S²ÌyëûV

†vþü þ™yíÅ„þÄ 142·64 4·75N 30
fx x x

    S²ÌyëûV

3.3.3.1 †vþü þ™yíÅöì„þÄîû ¢)eyîœ#

¢)e 1. †vþü þ™yíÅ„þÄ ë!” ›•Ä›yîû ¢yöìþ™öìÇþ !˜’Åëû „þîûy £ëû “þy£öìœ “þyîû ›y˜ £öìî ¢îÅ!˜Á¬Ð

A
A

MD ix
n


 ~îû ›y˜ ¢îÅ!˜Á¬ £öìî ë!” A  ›•Ä›y £ëûÐ
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²Ì›y’ õ •îûy ëy„þ x ‰þœöì„þîû ›y˜†%!œöì„þ |•¹Å„Êþöì› ¢y‹yöì̃ y £œ

1 2 3 1.......... n nx x x x x   

‰þœöì„þîû ö›yÝþ ›y˜ ¢‚…Äy n ë%@Â (even) xíîy xë%@Â (odd) £öì“þ þ™yöìîûÐ

ë!” n ë%@Â ¢‚…Äy £ëû “þöìî •îûy ëy„äþ n 2m ; m 1, 2,..... “þyöì”îû |•¹Å„Êþöì› ¢y‹yöì̃ y £œÐ

1 2 3 1 2 1 2
A

....... ......m m m mx x x x x x x         

~…˜–

1 2A Amx x    ~£z öëy†šþœ ¢îÅ!˜Á¬ £öìî ë!” A îû ›y˜ x1 ~î‚ x2m ~îû !àþ„þ ›öì•Ä…yöì̃

xîÞíy˜ „þöìîûÐ

~„þ£z¦þyöìî– 2 2 1A Amx x     ~£z öëy†šþœ ¢îÅ!˜Á¬ £öìî ë!” A îû ›y˜ x2 ~î‚ x2m–1 ~îû

!àþ„þ ›öì•Ä…yöì̃  xîÞíy˜ „þöìîûÐ

~£z¦þyöìî ‰þœöìœ xy›îûy îœöì“þ þ™y!îû öë

1A Am mx x     ~£z öëy†šþœ ¢îÅ!˜Á¬ £öìî ë!” A îû ›y˜ xm ~î‚ xm+1 ~îû !àþ„þ ›öì•Ä…yöì̃

xîÞíy˜ „þöìîûÐ

xíÅyê A ë!” xm ~î‚ xm+1 ~îû !àþ„þ ›öì•Ä…yöì̃  xîÞíy˜ „þöìîû “þy£öìœ þ™)îÅî“þ#Å ²Ì!“þ!Ýþ öëy†šþœ£z
¢îÅ!˜Á¬ £öìî ~î‚ “þyöì”îû ö›yÝþ öëy†šþœ

xíÅyê 
2

1
A

m

i
i

x


  ~îû ›y˜ ¢îÅ!˜Á¬ £öìîÐ

!„þhs$þ xy›îûy ‹y!˜ ›•Ä›y 1
eM 2

m mx x 


xíîy– Me, xm ~î‚ xm+1 ~îû ›öì•Ä…yöì̃  xîÞíy˜ „þöìîûÐ

 A ›•Ä›y £öìœ 
2

1
A

m

i
i

x


  ¢îÅ!˜Á¬ £öìîÐ

2

1
A

2

m

i
i

x

m






 ¢îÅ!˜Á¬ £öìî ë…˜ A  Me S›•Ä›yV £ëûÐ
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ë!” n xë%@Â ¢‚…Äy £ëû xíÅyê n 2m  1, m 1, 2, 3.......

“þy£öìœ ‰þœöì„þîû ›y˜†%!œ |•¹Å„Êþöì› ¢y‹yöìœ þ™y£z

1 2 3 1 2 2 1

A

...... ........m m m mx x x x x x x        


xyöì†îû ›öì“þy îœy ëyëû 1 2 1A Amx x     ~£z öëy†šþœ!Ýþ ¢îÅ!˜Á¬ £öìî ë!” A îû ›y˜ x1 ~î‚

x2m1 ~îû !àþ„þ ›öì•Ä…yöì̃  xîÞíy˜ „þöìîûÐ

~£z¦þyöìî ‰þœöì“þ íy„þöìœ îœy ëyëû öë

2A Am mx x     ~£z öëy†šþœ!Ýþ ¢îÅ!˜Á¬ £öìî ë!” A îû ›y˜ xm ç xm+2 ~îû !àþ„þ ›öì•Ä…yöì̃

xîÞíy˜ „þöìîûÐ

xîöìŸöì¡ì öë þ™îû› ›y˜!Ýþ îy„þ# íyöì„þ ö¢!Ýþ £œ 1 Amx  

~…˜ 1 Amx    ~îû ›y˜ ¢îÅ!˜Á¬ £öìî ë…˜ 1 A 0mx     £öìî

xíÅyê A  xm+1

x˜Ä¦þyöìî îœy ëyëû öë ë…˜ A xm+1 £öìî “þ…˜ þ™)îÅî“þ#Å ²Ì!“þ ö‹yvþüyîû öëy†šþœ ¢îÅ!˜Á¬ £öìîÐ

xíÅyê 
2 1

1
A

m

i
i

x



  ¢îÅ!˜Á¬ £öìî ë…˜ A  xm+1 = ›•Ä›y £ëûÐ

2 1

1
A

2 1

m

i
i

x

m










 ¢îÅ!˜Á¬ £öìî ë…˜ A  ›•Ä›y £ëûÐ

¢)e 2 : †y!’!“þ„þ †öìvþüîû  x ¢yöìþ™öìÇþ þ™îû› †vþü þ™yíÅ„þÄ ›)œ!î¨%îû vþzþ™îû !˜¦Åþîû „þöìîû ˜y !„þhs$þ

ößþñöìœîû vþzþ™îû !˜¦Åþîû „þöìîûÐ

²Ì›y’ õ •îûy ëy„äþ ,i
i

x ay b


  i 1, 2,.......,n

~…yöì̃  ›)œ!î¨% a ~î‚ b ›yey (Scale) ë…˜ ob 

i iby x a  
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xíîy– ,i ix a by   i 1, 2, ........, n ........(I)

¢›#„þîû’!Ýþ n îyîû öëy† „þöìîû ç n !”öìëû ¦þy† !”öìœ þ™y£z

i ix b yna
n n n    xíîy  ..... IIx a by 

~…˜ (I) – (II) öíöì„þ þ™y£z

   i ix x b y y    xíîy– ·i ix x b y y  

xíîy– ·i ix x y y
bn n

 
   xíîy– MD MDx yb

~…yöì̃  MDx  ç MD y  ~£z ”%£zöìëûîû ¢Á™öì„Åþîû ›öì•Ä ›)œ!î¨% ‘a’ x˜%þ™!Þí“þ !„þhs$þ ›yey (Scale)
‘b’ vþzþ™!Þí“þÐ

¢%“þîûy‚ ‰þœöì„þîû †y!’!“þ„þ †öìvþüîû ¢yöìþ™öìÇþ þ™îû› †vþü þ™yíÅ„þÄ ›)œ!î¨%îû vþzþ™îû !˜¦Åþîû „þöìîû ˜y !„þhs$þ
›yeyîû (Scale) vþzþ™îû !˜¦Åþîû „þöìîûÐ

3.3.3.2 †vþü þ™yíÅöì„þÄîû ¢%!î•y ç x¢%!î•y

¢%!î•y õ
(i) †vþü þ™yíÅöì„þÄîû ¢‚Kþy mÄíÅ£#˜ (rigid)Ð
(ii) ‰þœöì„þîû ¢›hßþ ›yöì̃ îû vþzþ™îû ~îû ›y˜ !˜¦ÅþîûŸ#œÐ
(iii) ~!Ýþîû †’˜y …%î ¢£‹ xyîyîû ~Ýþy öîyGþyç …%î ¢£‹Ð
(iv) öë ö„þyöì̃ y †öìvþüîû ¢yöìþ™öìÇþ ~!Ýþ !˜’Åëû „þîûy ëyëû !„þhs$þ ›•Ä›yîû ¢yöìþ™öìÇþ ~!Ýþîû ›y˜ ¢îÅ!˜Á¬Ð
(v) ²Ìyhsþ#ëû îûy!Ÿ¢›)öì£îû myîûy …%î öî!Ÿ ²Ì¦þy!î“þ £ëû ˜yÐ

x¢%!î•y õ
(i) þ™yíÅ„þÄ !˜’Åëû „þîûöì“þ ¢y•yîû’“þ }’yd„þ !‰þ£« îÄî£yîû „þîûy £ëûÐ

!„þhs$þ †vþü þ™yíÅöì„þÄîû †’˜yöì“þ }’yd„þ !‰þ£« vþzöìþ™!Çþ“þ £ëûÐ
(ii) î#‹†!’öì“þîû !˜ëû›yîœ# ²Ìöìëûyöì†îû öÇþöìe ~!Ýþ x˜%þ™öìëy†#Ð
(iii) ‰þœöì„þîû ‰þîû› ›y˜ myîûy £z£y !îöìŸ¡ì¦þyöìî ²Ì¦þy!î“þ £ëûÐ

îÄî£yîû õ ~“þ e%!Ýþ ¢öì_ḉ †vþü þ™yíÅ„þÄ !îhß+þ!“þîû þ™!îû›yþ™ !£¢yöìî xíÅ÷ì̃ !“þ„þ îûy!Ÿ“þöìíÄîû öÇþöìe
!îöìŸ¡ì¦þyöìî îÄî£,“þ £ëûÐ ¢›yöì‹ xyëû îrÝþöì̃ îû ÷î¡ì›Ä „þ“þ…y!˜– •˜# ”!îûöìoîû ›öì•Ä ²Ìöì¦þ” „þ“þ…y!˜
~†%!œ þ™!îû›yöìþ™îû ‹˜Ä †vþü þ™yíÅ„þÄ !îöìŸ¡ì ¦þyöìî îÄî£,“þ £ëûÐ
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3.3.4  ¢›„þ þ™yíÅ„þÄ

~„þ!Ýþ ‰þœöì„þîû îûy!Ÿ“þíÄ ö”çëûy íy„þöìœ ¢›„þ þ™yíÅ„þÄ £öìî ú ›y˜†%!œîû †y!’!“þ„þ †vþü öíöì„þ “þyöì”îû
þ™yíÅ„þÄ†%!œîû î†Å¢›)öì£îû †y!’!“þ„þ †öìvþüîû •˜yd„þ î†Å›)œÐ ¢›„þ þ™yíÅöì„þÄîû î†Åöì„þ îœy £ëû ö¦þ”›y˜
(Variance).

•îûy ëy„äþ x ‰þœöì„þîû n ¢‚…Ä„þ ›y˜†%!œ ö”çëûy xyöìŠéÐ

x1, x2,..........., xn

~î‚ †y!’!“þ„þ †vþü 
x

x n

“þy£öìœ ¢›„þ þ™yíÅ„þÄ !˜Á¬!œ!…“þ ¢›#„þîûöì’îû ›y•Äöì› ²Ì„þyŸ „þîûy ëyëûÐ

¢›„þ þ™yíÅ„þÄ        22 2
1 2 ....... nx x x x x x

n
     

 

xíîy–  2
1

1 n

i
i

x xn


  

ö¦þ”›y˜ (Variance)  22

1

1 n

i
i

x xn


   

 2 21 2 ·i ix x x xn  

2 2
2 ·ix x x

xn n n    

2 2·2 ·ix n xx xn n  

22 2
2i i ix x x

xn n n
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22
i ix x

n n
 

     
 

 

þ™!îû¢‚…Äy !î¦þy‹öì̃ îû öÇþöìe öë…yöì̃  ‰þœ„þ x ~îû n ¢‚…Ä„þ ›yöì̃ îû ¢öìA† þ™!îû¢‚…Äy†%!œç ö”çëûy
íyöì„þ 1 2, ,.........., nf f f  “þöìî ö¦þ”›y˜ £öìî

   22Var ,i i
x

i

f x x
x

f


  
  öë…yöì̃  i i

i

f x
x

f



 
2

2Var 2 ·i i i i i
x

i i i

f x f x x f
x x

f f f
       

  

2 2
2 22 ·i i i i

i i

f x f x
x x x x

f f
     
 

22
2 i i i i
x

i i

f x f x
f f

 
     

 

 
 

 ¢›Ä„þ þ™yíÅ„þÄ 
22

i i i i
x

i i

f x f x
f f

 
     

 

 
 

~£z ¢)öìeîû ¢y£yöìëÄ ö„þyöì̃ y ‰þœöì„þîû þ™!îû¢‚…Äy !î¦þy‹˜ ö”çëûy íy„þöìœ “þyîû ¢›„þ þ™yíÅ„þÄ x˜yëûyöì¢
†’˜y „þîûy ëyëûÐ ~…yöì̃  ö×!’†%!œîû ›•Ä›y˜öì„þ xi •îûy £ëû ç !î!¦þ§¬ ö×!’îû þ™!îû¢‚…Äy†%!œöì„þ fi •îûy
£ëûÐ

3.3.4.1 ¢›„þ þ™yíÅöì„þÄîû •›Åyîœ#

1. ë!” ö„þyöì̃ y ‰þœöì„þîû ²Ì!“þ!Ýþ ›y˜ ~„þ£z £ëû “þöìî ›y˜†%!œîû ¢›„þ þ™yíÅ„þÄ £öìî Ÿ)̃ ÄÐ

•îûy ëy„äþ ,ix c  i 1, 2, ........, n

öë…yöì̃  c ~„þ!Ýþ •Ê%î„þ ~î‚ c > 0
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1 1

n n

i
i i

x c nc
 

   

xyîyîû– 1

n

i
i

x
ncx cn n

  


  0,ix x c c      i ~îû ²Ì!“þ!Ýþ ›yöì̃ îû ‹˜Ä

xíîy–  2 0,ix x   i ~îû ²Ì!“þ!Ýþ ›yöì̃ îû ‹˜Ä

 2
1

1 · 0
n

i
i

x xn


  

xíîy–  2
1

1· 0
n

i
i

x xn


    ¢›„þ þ™yíÅ„þÄ 0 S²Ì›y!’“þV

xíÅyê vþzöìÎÝþyÝþyç ¢!“þÄÐ ë!” ö„þyöì̃ y ‰þœöì„þîû ¢›„þ þ™yíÅ„þÄ Ÿ)̃ Ä £ëû “þöìî ú ‰þœöì„þîû ²Ì!“þ!Ýþ ›y˜ ~„þ£z
£öìîÐ

²Ì›y’ õ  21 0x ix xx     ö”çëûy xyöìŠéÐ

xíîy–  22 1 0x ix xx   

xíîy–  2 0ix x   1 0n 

xíîy–      2 2
1 2 ... 0nx x x x x x      

öëöì£“%þ î†Å†%!œîû öëy†šþœ Ÿ)̃ Ä ¢%“þîûy‚ ~„þ„þ ¦þyöìî ²Ì!“þ!Ýþ î†Åç Ÿ)̃ Ä £öìîÐ

0ix x    xíÅyê ix x

1 2 3...... nx x x x x    
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 ¢›„þ þ™yíÅ„þÄ Ÿ)̃ Ä £öìœ ‰þœöì„þîû ²Ì!“þ ›y˜£z ¢›y˜ £ëûÐ S²Ì›y!’“þV

2. ¢›„þ þ™yíÅöì„þÄîû ›y˜ ›)œ!î¨%îû (Origin) vþzþ™îû !˜¦Åþîû „þöìîû ˜y !„þhs$þ ›yeyîû (Scale) vþzþ™îû !˜¦Åþîû
„þöìîûÐ

²Ì›y’ õ •îûy ëy„äþ x ‰þœöì„þîû ›y˜ x1, x2, .........., xn ö”çëûy xyöìŠéÐ

y xþ™îû ~„þ!Ýþ ‰þœ„þ x ‰þœöì„þîû ¢öìA† !˜Á¬!œ!…“þ ¦þyöìî ¢Á™„Åþë%=þ

,i
i

x ay b


  i 1, 2, ........ , n

~…yöì̃  a ›)œ!î¨% (Origin) ~î‚ b ›yey (Scale) ~î‚ 0b 

a ~î‚ b •Ê%î„þÐ x ~îû ö„þw#ëû ›y˜öì„þ ›)œ!î¨% ~î‚ ö×!’ ÷”‡ÅÄöì„þ ›yey !£¢yöìî îÄî£,“þ £ëûÐ

,i
i

x ay b


  i 1, 2, ...... n

xi – a  byi xíîy– xi a  byi

xíîy– i ix a by     xíîy– 
1 1

n n

i i
i i

x na b y
 

    xíîy– i ix yna bn n n  

xíîy– x a by   xíîy–    i ix x b y y    xíîy–    2 22
i ix x b y y  

xíîy–    2 22
i ix x b y y     xíîy–    2 2

2i ix x y y
bn n

 
 

xíîy– 2 2 2
x yb    xíîy– x yb  

ë!” þ™!îû¢‚…Äy !î¦þy‹˜ ö”çëûy íyöì„þ “þöìî ~£z ¢Á™„Åþ £öìî–

   22
i i i i

i i

f x x f y y
b

f f
 

 
 

xíÅyê ¢›„þ þ™yíÅ„þÄ  x  Ÿ%•% ›yey (b) ~îû vþzþ™îû !˜¦ÅþîûŸ#œ !„þhs$þ ›)œ!î¨% (a) ~îû vþzþ™îû !˜¦ÅþîûŸ#œ

˜ëûÐ
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3. ”%£z îy “þöì“þy!•„þ ¢‚…Ä„þ ö×!’îû !›!œ“þ ¢›„þ þ™yíÅ„þÄ

•îûy ëy„äþ n1 ¢‚…Ä„þ ²Ìí› ”öìœîû †vþü ›y˜ 1x  ~î‚ ¢›„þ þ™yíÅ„þÄ 1

n2 ¢‚…Ä„þ !m“þ#ëû ”öìœîû †vþü ›y˜ 2x  ç ¢›„þ þ™yíÅ„þÄ 2

“þy£öìœ  1 2n n  ¢‚…Ä„þ !›!œ“þ ”%£z ”öìœîû †vþü ›y˜ x  ~î‚ ¢›„þ þ™yíÅ„þÄ   !˜’Åëû „þîûyîû ¢)e

†%!œ £öìî 1 1 2 2

1 2

n x n xx n n



  ~î‚ 

2 2 2 2
2 1 1 2 2 1 1 2 2

1 2

n n n d n d
n n

    
 



öë…yöì̃  1 1d x x   ~î‚ 2 2d x x 

²Ì›y’ õ •îûy ëy„þ ‰þœöì„þîû ²Ìí› ”œ!Ýþîû ›y˜ 1 1, 1,2,.....,ix i n  ~î‚ ‰þœöì„þîû !m“þ#ëû ”œ!Ýþîû ›y˜

2 2, 1,2,......., .ix i n

1

1 1
1 1

1
n

i
i

x xn


    ~î‚ 
2

2 2
2 1

1 ·
n

i
i

x xn


  ~î‚ 1 1 2 2

1 2

n x n xx n n





xyîyîû–  
1 22

1 1 1
1 1

1 ,
n

i
i

x xn


    
2 22

2 2 2
2 1

1
n

i
i

x xn


  

~…˜ ”%£z!Ýþ ”öìœîû ¢„þœ ›yöì̃ îû þ™yíÅ„þÄ x  öíöì„þ öîîû „þöìîû “þyöì”îû îöì†Åîû öëy†šþœ £öìî

   
1 22 2

1 2
1 1

n n

i i
i i

x x x x
 

   

~îyîû–      
1 1 22

1 1 1 1
1 1

n n

i i
i i

x x x x x x
 

       

       
1 12 2

1 1 1 1 1 1 1
1 1

2
n n

i i
i i

x x x x x x n x x
 

       

 2 2
1 1 1 1n n x x    [öëöì£“%þ  

1

1 1
1

0
n

i
i

x x


  ]
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~„þ£z¦þyöìî–    
2 2 22

2 2 2 2 2 2
1

n

i
i

x x n n x x


    

¢%“þîûy‚ xy›îûy !œ…öì“þ þ™y!îû

   
1 22 22

1 22
1 11

1
n n

i i
i i

x x x x
n n  

       
   

 

   2 22 2
1 1 2 21 1 2 2

1 2 1 2

n x x n x xn n
n n n n

    
 

 

2 2 2 2
1 1 2 2 1 1 2 2

1 2 1 2

n n n d n d
n n n n
   

 
   S²Ì›y!’“þV

öë…yöì̃ –   2
1 1x x d   ~î‚   2

2 2x x d 

4. x ‰þœöì„þîû ”%!Ýþ ›y˜ x1 ç x2 ~îû ¢›„þ þ™yíÅ„þÄ £öìî ›y˜ ”%!Ýþîû þ™yíÅöì„þÄîû xöìå•Å„þÐ

²Ì›y’ õ x1 ç x2 ~£z ”%!Ýþ ›yöì̃ îû †y!’!“þ„þ †vþü £öìî

1 2
2

x xx 
  ~î‚      2 2

1 2SD 2
x x x x  

 

2 2
1 2 1 2

1 2
2 2 2

2

x x x xx x         
    

2 2
1 2 2 1

2 2
2

x x x x       
   

   2 2
1 2 1 2

4 4
2

x x x x 
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 21 2
4

x x


1 2 ,2
x x

   öëöì£“%þ   ¢î¢›ëû •˜yd„þ S²Ì›y!’“þV

vþz”y£îû’ õ 3·6 !˜öìÁ¬îû îûy!Ÿ“þíÄ öíöì„þ ¢›„þ þ™yíÅ„þÄ !˜’Åëû „þîûÐ

!”˜ ›‹%!îû SÝþy„þyëûV 20–24 25–29 30–34 35–39

×!›„þ ¢‚…Äy 16 28 14 12

Šé„þ¢‚…Äy 3·5 ¢›„þ þ™yíÅöì„þÄîû †’˜y

ö×!’ ¢#›y þ™!îû¢‚…Äy ›•Ä›y˜ x–27 27
5

xy  fy fy2

20 – 24 16 22 –5 –1 –16 16
25 – 29 28 27 0 0 0 0
30 – 34 14 32 5 1 14 14
35 – 39 12 37 10 2 24 48

ö›yÝþ N 70 22 78

   
22 2 278 22 1·11 0·31N N 70 70y

fy fy 
        

 

 

1·11 0·096 1·014 1·007   

5 5 1·007 Rs.5·03x y     

vþz”y£îû’ õ 3·7 !˜öìÁ¬îû „Êþ›öìëï!†„þ  CF  þ™!îû¢‚…Äy !î¦þy‹˜ öíöì„þ ¢›„þ þ™yíÅ„þÄ !˜’Åëû „þîûÐ

!”˜ ›‹%!îû SÝþy„þyëûV ×!›„þ ¢‚…Äy

0 ~î‚ vþzþ™öìîû 200

10 ~î‚ vþzþ™öìîû 155

20 ~î‚ vþzþ™öìîû 127
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30 ~î‚ vþzþ™öìîû 92

40 ~î‚ vþzþ™öìîû 54

50 ~î‚ vþzþ™öìîû 0

¢›y•y˜ õ „Êþ›öìëï!†„þ  CF  [ vþzþ™îû öíöì„þ ] þ™!îû¢‚…Äy !î¦þy‹˜ ö”çëûy xyöìŠéÐ ~…˜ ~!Ýþöì„þ

¢y•yîû’ þ™!îû¢‚…Äy !î¦þy‹öì̃  îû)þ™yhsþ!îû“þ „þîûöì“þ £öìîÐ

Šé„þ¢‚…Äy õ 3·6

!”˜ ›‹%!îû þ×!›„þ ¢‚…Äy ›•Ä›y˜ (x) x–25 50
10

xy  fy fy2

SÝþy„þyëûV (f) (x – A) (i = 10)

0 – 10 45 5 –20 –2 –90 180
10 – 20 28 15 –10 –1 –28 28
20 – 30 35 25 = A 0 0 0 0
30 – 40 38 35 10 1 38 38
40 – 50 54 45 20 2 108 216

ö›yÝþ N  200 – – – 28 462

   
22 2 2462 28 2·31 0·14N N 200 200y

fy fy 
        

 

 

2·31 0·02 2·29 1·51     S²ÌyëûV

10 1·51 Rs.15·1x yi     

vþz”y£îû’ õ 3·8 (i) ë!” y 2x 5 £ëû– ~î‚ x ~îû ¢›„þ þ™yíÅ„þÄ 12 £ëû– “þöìî y ~îû ¢›„þ þ™yíÅ„þÄ
!˜’Åëû „þîûÐ xéôé~îû †y!’!“þ„þ †vþü 25 £öìœ y ~îû †y!’!“þ„þ †vþü „þ“þ £öìî !˜’Åëû „þîûÐ (ii) ë!” y –2x
 5 £ëû– ~î‚ x ~îû ¢›„þ þ™yíÅ„þÄ 12 £ëû– “þöìî y ~îû ¢›„þ þ™yíÅ„þÄ !˜’Åëû „þîûÐ ë!” x ~îû †y!’!“þ„þ
†vþü 25 £öìœ y ~îû †y!’!“þ„þ †vþü !˜’Åëû „þîûÐ

¢›y•y˜ õ (i) ¢›„þ þ™yíÅ„þÄ ›)œ!î¨%îû vþzþ™îû !˜¦Åþîû „þöìîû ˜y !„þhs$þ ›yeyîû (Scale) vþzþ™îû !˜¦Åþîû „þöìîûÐ

2y x  



NSOU  CC-EC-04102

2 12 24y     (y ~îû ¢›„þ þ™yíÅ„þÄV

!„þhs$þ †y!’!“þ„þ †vþü ›)œ!î¨% ç ›yey ”%£z ~îû þ™!îûî“þÅ̃  £öìœ ú ”%£zöìëûîû vþzþ™îû£z !˜¦ÅþîûŸ#œÐ

¢%“þîûy‚ 2 5 2 25 5 55y x     

y ~îû †y!’!“þ„þ †vþü 55

(ii) ~…yöì̃  2y x     öëöì£“%þ ¢›„þ þ™yíÅ„þÄ ¢îÅ”y£z •˜yd„þÐ

2 × 12 24 (y ~îû ¢›„þ þ™yíÅ„þÄV

!„þhs$þ †y!’!“þ„þ †öìvþüîû ¢›ëû 2 5y x  

2 25 5 45     

 y ~îû †y!’!“þ„þ †vþü –45

3.3.4.2 ¢›„þ þ™yíÅöì„þÄîû ¢%!î•y ç x¢%!î•y

¢%!î•y ƒ

(i) ¢›„þ þ™yíÅ„þÄöì„þ !îhß+þ!“þîû ö×Ûþ þ™!îû›yþ™ îœy £ëûÐ ~!Ýþ ‰þœöì„þîû ¢›hßþ ›yöì̃ îû vþzþ™îû !˜¦Åþîû
„þöìîûÐ î#‹†y!’!“þ„þ ¢)eyîœ# ¢›„þ þ™yíÅöì„þÄ ²Ìöìëûy† „þîûy ëyëûÐ ~!Ýþîû ˜›%̃ y !î‰%þÄ!“þ ¢îÅyöìþ™Çþy
„þ›Ð

(ii) ”%£z îy “þöì“þy!•„þ ¢‚…Ä„þ ö×!’îû !›!œ“þ ¢›„þ þ™yíÅ„þÄ ¢£öì‹£z !˜’Åëû „þîûy ëyëû öëÝþy !îhß+þ!“þîû
x˜Äy˜Ä þ™!îû›yþ™ myîûy ¢½þî ˜ëûÐ

(iii) ”%£z îy “þöì“þy!”„þ ö×!’îû ‰þœöì„þîû ›y˜†%!œîû ö¦þ” “%þœ˜y „þöìîû ö¦þ”yA„ (Co-efficient of
Variation) îÄî£yîû „þîûy £ëû ö„þ˜˜y ~!Ýþ£z ¢öìîÅyê„,þTþÐ ~£z ö¦þ”yA„þ ¢›„þ þ™yíÅöì„þÄîû ¢y£yöìëÄ
!˜’Åëû „þîûy £ëûÐ

(iv) îûy!Ÿ!îKþyöì̃ îû xyîûç †¦þ#îû“þîû xyöìœy‰þ˜yëû ¢›„þ þ™yíÅöì„þÄîû îÄî£yîû ²Ì‰%þîûÐ

x¢%!î•y õ

(i) ¢›„þ þ™yíÅ„þÄ †’˜y …%î ¢£‹ ˜ëûÐ

(ii) ‰þœöì„þîû ‰þîû› ›yöì̃ îû vþzþ™îû ¢›„þ þ™yíÅ„þÄ x!•„þ þ™!îû›yöì’ †%îû%c ö”ëûÐ

(iii) ~!Ýþ öëöì£“%þ þ™îû› ›y˜ë%=þ !îhß+þ!“þîû þ™!îû›yþ™– “þy£z !î!¦þ§¬ ~„þöì„þ ö”çëûy ”%£z îy “þöì“þy!•„þ
!î¦þy‹öì̃ îû þ™!îûî“þÅ˜Ÿ#œ“þyîû “%þœ˜y „þîûy ~!Ýþîû þ™öìÇþ ¢½þî ˜ëûÐ
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3.3.5 !îhß+þ!“þîû þ™îû› þ™!îû›yþ™†%!œîû ›öì•Ä “%þœ˜y

!îhß+þ!“þîû þ™îû› þ™!îû›yöìþ™îû ë!” vþz§¬“þ ›yöì̃ îû £öì“þ £ëû “þy£öìœ !˜Á¬!œ!…“þ ÷î!ŸTþÄ†%!œ vþzþ™!Þí“þ
íy„þöì“þ£z £öìîÐ

(i) ¢‚Kþy!Ýþ mÄíÅ£#˜ (rigid) £çëûy xyîŸÄ„þÐ

(ii) †’˜y öë˜ …%î ¢£öì‹ „þîûy ëyëûÐ

(iii) ‰þœöì„þîû ¢›hßþ ›yöì̃ îû vþzþ™îû öë˜ þ™!îû›yþ™!Ýþ !˜¦Åþîû „þöìîûÐ

(iv) ¢£öì‹ ëyöì“þ öîy•†›Ä £ëûÐ

(v) î#‹†!’öì“þîû ¢)e†%!œ öë˜ ²Ìöìëûy† „þîûy ëyëûÐ

(vi) ‰þœöì„þîû ‰þîû› ›y˜ Sx!“þ vþzF‰þ îy x!“þ !˜Á¬V öë˜ ~!Ýþöì„þ ²Ì¦þy!î“þ „þîûöì“þ ˜y þ™yöìîûÐ

(vii) ˜›%̃ y !î‰%þÄ!“þ öë˜ ëíy¢½þî „þ› íyöì„þÐ

~îyîû ö”…y ëy„þ þ™îû› þ™!îû›yþ™†%!œ xíÅyê ²Ì¢yîû (Range), †vþü þ™yíÅ„þÄ (Mean deviation), ‰þ“%þíÅ„þ
þ™yíÅ„þÄ (Quartile deviation) ç ¢›„þ þ™yíÅ„þÄ (Standard deviation) £z“þÄy!”îû ›öì•Ä vþzþ™öìîûy=þ ÷î!ŸTþÄ†%!œ
„þ“þÝþy ²Ì!“þšþ!œ“þ £ëûÐ

!îhß+þ!“þ ¢î þ™!îû›yþ™†%!œîû ¢‚Kþy mÄíÅ£#˜Ð ²Ì¢yîû ~öì”îû ›öì•Ä !„þŠ%éÝþy !˜Á¬›yöì̃ îû „þyîû’ ‰þœöì„þîû
ö„þyöì̃ y ~„þ!Ýþ ²Ìy!hsþ„þ ›y˜ ë!” ‹y˜y ˜y íyöì„þ “þöìî ²Ì¢yîû !˜’Åëû „þîûy ëyëû ˜yÐ ~„þ£z ¦þyöìî ‰þ“%þíÅ„þ þ™yíÅ„þÄ
ç ›•Ä›yîû ›öì“þy xöì̃ „þ ¢›ëû !˜!Øþ“þ ¦þyöìî !˜’Åëû „þîûy ¢½þî £ëû ˜yÐ

²Ì¢yöìîûîû †’˜y ¢îöìíöì„þ ¢£‹Ð ²Ì¢yîû îyöì” x˜Äy˜Ä þ™!îû›yþ™†%!œ ~„þ£z îû„þ› þ™!îû×› ¢yöìþ™ÇþÐ
²Ì¢yîû– ‰þ“%þíÅ„þ þ™yíÅ„þÄ ç †vþü þ™yíÅ„þÄ ¢£öì‹£z öîy•†›Ä £ëûÐ ¢›„þ þ™yíÅ„þÄ öîyGþy …y!˜„þÝþy „þ!àþ˜Ð †vþü
þ™yíÅ„þÄ ç ¢›„þ þ™yíÅ„þÄ ‰þœöì„þîû ¢›hßþ ›yöì̃ îû vþzþ™îû !˜¦Åþîû „þöìîûÐ !„þhs$þ ²Ì¢yîû ç ‰þ“%þíÅ„þ ‰þœöì„þîû ¢›hßþ
›yöì̃ îû vþzþ™îû !˜¦ÅþîûŸ#œ ˜ëûÐ

¢›„þ þ™yíÅ„þÄ î#‹†!’öì“þîû !˜ëû›yîœ# ²Ìöìëûyöì†îû ‹˜Ä …%î£z vþzþ™ë%=þÐ ~£z ÷î!ŸTþÄ!Ýþ x˜Ä ö„þyöì̃ y
þ™!îû›yöìþ™îû ö˜£zÐ !„þhs$þ ¢›„þ þ™yíÅ„þÄ öëöì£“%þ !îhß+þ!“þîû ›yþ™öì„þîû †%’yîœ#îû öî!Ÿîû ¦þy†Ýþy£z ö›öì̃  ‰þöìœ–
“þy£z ~öì„þ !îhß+þ!“þîû þ™îû› ›yþ™†%!œîû ›öì•Ä ¢îÅyöìþ™Çþy vþzê„,þTþ îöìœ ›öì̃  „þîûy £ëûÐ

“þöìî xöì̃ „þ öÇþöìe Söë›˜ vþz§Ã%=þ ²Ìyhsþ!î!ŸTþ ö×!’ !î¦þy‹öì̃ îû öÇþöìeV ¢›„þ þ™yíÅ„þÄ !˜’Åëû „þîûy ëyëû
˜yÐ ö¢öìÇþöìe ‰þ“%þíÅ„þ þ™yíÅ„þÄ îÄî£yîû „þîûy £ëûÐ

…%î “þyvþüy“þy!vþü !îhß+þ!“þ ¢Á™öì„Åþ ö›yÝþy›%!Ýþ ~„þÝþy •yîû’y öþ™öì“þ £öìœ !„þhs$þ ²Ì¢yîû ¢îöìíöì„þ ¢£‹ ç
öîy•†›Ä !îhß+þ!“þîû þ™!îû›yþ™Ð
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3.4 !îhß+þ!“þîû !î!¦þ§¬ xyöìþ™!Çþ„þ þ™!îû›yþ™ þ™å•!“þ

!îhß+þ!“þîû xyöìþ™!Çþ„þ þ™!îû›yþ™ îœöì“þ î%Gþyëû

xíÅyê !îhß+þ!“þîû þ™îû› þ™!îû›yþ™öì„þ ö„þw#ëû ²Ìî’“þyîû þ™!îû›yöìþ™îû ¢yöìþ™öìÇþ öë Ÿ“þ„þîûy £yîû £ëû “þyöì„þ£z
!îhß+þ!“þîû xyöìþ™!Çþ„þ þ™!îû›yþ™ îöìœÐ !îhß+þ!“þîû xyöìþ™!Çþ„þ þ™!îû›yöìþ™îû ö„þyöì̃ y ~„þ„þ £ëû ˜yÐ “þy£z ”%!Ýþ !¦þ§¬
~„þ„þ ~îû ‰þœ„þmöìëûîû !îhß+þ!“þîû xyöìþ™!Çþ„þ þ™!îû›yþ™ †’˜y „þöìîû “þyöì”îû ›öì•Ä “%þœ˜y „þîûy ¢½þîÐ

•îûy ëy„äþ ~„þ!Ýþ ö×!’îû ¢›hßþ Šéyöìeîû vþzF‰þ“þy ç ç‹öì̃ îû ›öì•Ä öë !îhß+þ!“þ xyöìŠé “þyîû “%þœ˜y „þîûy
²Ìöìëûy‹˜Ð vþzF‰þ“þyîû ~„þ„þ š%þöìÝþ ~î‚ ç‹öì̃ îû ~„þ„þ ö„þ!‹öì“þ ö”çëûy xyöìŠéÐ ~…yöì̃  !îhß+þ!“þîû ö„þyöì̃ y
þ™îû› þ™!îû›yþ™ îÄî£yîû „þîûy ëyöìî ˜y „þyîû’ š%þöìÝþîû ¢öìA† ö„þ!‹îû ö„þyöì̃ y “%þœ˜y „þîûy ¢½þî ˜ëûÐ !„þhs$þ
xyöìþ™!Çþ„þ þ™!îû›yöìþ™îû ¢y£yöìëÄ ~öì”îû !îhß+þ!“þîû “%þœ˜y „þîûy ¢½þîÐ öëöì£“%þ !îhß+þ!“þîû xyöìþ™!Çþ„þ þ™!îû›yþ™
~„þ„þ !˜îûöìþ™ÇþÐ

!îhß+þ!“þîû !“þ˜!Ýþ xyöìþ™!Çþ„þ þ™!îû›yþ™ xyöìŠéÐ

(i) ö¦þ”yA„þ (Co-efficient of Variation) 

100x
x


  

(ii) †vþü þ™yíÅ„þÄ †%’yA„þ (Co-efficient of Mean Deviation)



öë…yöì̃ – A  ö„þw#ëû ²Ìî’“þyîû ö„þyöì̃ y ~„þ!Ýþ þ™!îû›yþ™
(iii) ‰þ“%þíÅ„þ þ™yíÅ„þÄ †%’yA„þ (Co-efficient of Quartile Deviation)

  × 100 
 3 1

2

Q Q 2
100Q


 

3 1

2

Q Q 1002Q


 

öë…yöì̃ – ‰þ“%þíÅ„þ þ™yíÅ„þÄ 3 1Q Q
2


  ~î‚ ›•Ä›y Q2
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öëöì£“%þ ¢›„þ þ™yíÅ„þÄ !îhß+þ!“þîû ö×Ûþ þ™îû› þ™!îû›yþ™ ç †y!’!“þ„þ †vþü ö×Ûþ ö„þw#ëû ²Ìî’“þyîû þ™!îû›yþ™–
“þy£z ö¦þ”yA„þ £œ !îhß+þ!“þîû ö×Ûþ xyöìþ™!Çþ„þ þ™!îû›yþ™Ð

3.4.1 ö¦þ”yA„þ
vþz”y£îû’ õ 3·9 ”%‹˜ îÄyÝþ¢ä›Äy˜ A ç B ~îû ö„þyöì̃ y ›îûŸ%öì› þ™îû þ™îû ”Ÿ!Ýþ £z!˜‚¢ îûyöì̃ îû ößþñyîû

!Šéœ !˜Á¬îû)þ™ õ

A 32 28 47 63 71 39 10 60 96 14
B 19 31 48 53 67 90 10 62 40 80

îûy˜ ößþñyîû „þîûyîû öÇþöìe ”%‹öì̃ îû ›öì•Ä ö„þ öî!Ÿ ¢A†!“þþ™)’Å !˜’Åëû „þîûÐ

¢›y•y˜ õ vþz¦þëû îÄyÝþ¢ä›Äyöì̃ îû îûyöì̃ îû ö¦þ”yA„þ !˜’Åëû „þîûöì“þ £öìîÐ

ëyîû ö¦þ”yA„þ „þ› £öìî– “þyöì„þ£z öî!Ÿ ¢A†!“þþ™)’Å îöìœ •îûy £öìîÐ

Šé„þ ¢‚…Äy 3·7 îÄyÝþ¢ä›Äy˜öì”îû îûyöì̃ îû †y!’!“þ„þ †vþü ç SD

îÄyÝþ¢ä›Äy˜ A îÄyÝþ¢ä›Äy˜ B

îûy˜ (xi) xi
2 îûy˜ (yi) yi

2

32 1024 19 361
28 784 31 961
47 2209 48 2304
63 3969 53 2809
71 5041 67 4489
39 1521 90 8100
10 100 10 100
60 3600 62 3844
96 9216 40 1600
14 196 80 6400

ö›yÝþ 460ix  2 27660ix  500iy  2 30968iy 
~…yöì̃  n  10

îÄyÝþ¢ä›Äy˜ A ~îû îûyöì̃ îû †vþü A
460 46A 10

ix
x   
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ç îûyöì̃ îû ¢›„þ þ™yíÅ„þÄ  
22 2

A
27660 460

10 10
i ix x

n n
 

      
 

 

2766 2116 650 25·495     A 46x   ç A 25·495 

îÄyÝþ¢ä›Äy˜ A ~îû îûyöì̃ îû ö¦þ”yA„þ   A
A

A

25·495CV 100 100 55·42%46x


    

~„þ£z ¦þyöìî îÄyÝþ¢ä›Äy˜ B ~îû îûyöì̃ îû †vþü  B
500 5010

iy
x n  

ç ¢›„þ þ™yíÅ„þÄ  
22 2

B
30968 500

10 10
i iy y

n n
 

      
 

 

3096·8 2500 596·8 24·429   

B 50x   ç B 24·429 

~…˜ îÄyÝþ¢ä›Äy˜ B ~îû îûyöì̃ îû ö¦þ”yA„þ   B
B

B
CV 100x


 

24·429 100 48·858%50  

8CV 48·858% 

öëöì£“%þ CVB < CVA, ¢%“þîûy‚ îÄyÝþ¢ä›Äy˜ B îûyöì̃ îû !”„þ !”öìëû xöì̃ „þ öî!Ÿ ¢A†!“þþ™)’ÅÐ

3.4.2 †vþü þ™yíÅ„þÄ †%’yA„þ ~î‚ ‰þ“%þíÅ„þ þ™yíÅ„þÄ †%’yA„þ

vþz”y£îû’ õ 3·10 !˜öìÁ¬îû îûy!Ÿ“þöìíÄîû ¢y£yöìëÄ ›•Ä›yîû ¢yöìþ™öìÇþ †vþü þ™yíÅ„þÄ !˜’Åëû „þîû ~î‚ †vþü
þ™yíÅ„þÄ †%’yA„þ !˜’Åëû „þîûÐ

46, 79, 26, 85, 39, 65, 99, 29, 56, 72

¢›y•y˜ õ vþzþ™öìîûîû îûy!Ÿ“þíÄ |•¹Å„Êþöì› ¢y‹yöìœ þ™y£z

26, 29, 39, 46, 56, 65, 72, 79, 85, 99
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›•Ä›y   1
eM 2

m mx x 
 

„þyîû’ 2 10n m   5m 

e
56 65 121M 60·52 2

   

¢‚Kþy x %̃¢yöìîû ›•Ä›yîû (Me) ¢yöìþ™öìÇþ †vþü þ™yíÅ„þÄ (MDMe) £öìî

e

e
1

M

M
MD

n

i
i

x

n






46 60·5 79 60·5 26 60·5 85 60·5 39 60·5        

50 60·5 99 60·5 29 60·5 56 60·5 72 60·5
10

         


14·5 18·5 34·5 24·5 21·5 4·5 38·5 31·5 4·5 11·5
10

        

204 20·410 

¢%“þîûy‚ ›•Ä›yîû ¢yöìþ™öìÇþ †vþü þ™yíÅ„þÄ †%’yA„þ Me

e

MD
100M 

20·4 100 33·72%60·5    S²ÌyëûV

vþz”y£îû’ õ 3·11 !˜öìÁ¬îû îûy!Ÿ“þöìíÄîû !¦þ!_öì“þ ‰þ“%þíÅ„þ þ™yíÅ„þÄ !˜’Åëû „þîûÐ

“þyîûþ™îû ›•Ä›yîû ¢yöìþ™öìÇþ ‰þ“%þíÅ„þ þ™yíÅ„þÄ †%’yA„þ !˜’Åëû „þîûÐ

x 50 55 60 65 70 75 80
f 12 18 26 35 28 21 10
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Šé„þ ¢‚…Äy õ 3·8 „Êþ›öìëï!†„þ  CF   þ™!îû¢‚…Äy !î¦þy‹˜

x f cf Q1 = ²Ìí› ‰þ“%þíÅ„þ N 1
4
 “þ› ›y˜

50 12 12 37·75 “þ› ›y˜

55 18 30 60

60 26 56 Q2  !m“þ#ëû ‰þ“%þíÅ„þ N 1
2
 “þ› ›y˜

65 35 91 75·5 “þ› ›y˜

70 28 119 65
75 21 140
80 10 150

ö›yÝþ N 150 –

Q3 “,þ“þ#ëû ‰þ“%þíÅ„þ  3 N 1
4


  “þ› ›y˜

113·25 “þ› ›y˜ 70

‰þ“%þíÅ„þ þ™yíÅ„þÄ QD 3 1Q Q 70 60 52 2
   

 ‰þ“%þíÅ„þ þ™yíÅ„þÄ †%’yA„þ  3 1

2

Q Q 70 60100 1002Q 2 65
    



7·69%

vþz”y£îû’ õ 3·12 !˜öìÁ¬îû îûy!Ÿ“þöìíÄîû !¦þ!_öì“þ †vþü þ™yíÅ„þÄ †%’yA„þ (i) †y!’!“þ„þ †öìvþüîû ¢yöìþ™öìÇþ ç
(ii) ›•Ä›yîû ¢yöìþ™öìÇþ !˜’Åëû „þîûÐ

þ™îû#Çþyëû ²Ìy® ˜Áºîû õ 70, 25, 50, 85, 45, 65, 20, 40

¢›y•y˜ õ †y!’!“þ„þ †vþü  1 70 25 50 85 45 65 20 408
x

n        

50

²Ìy® ˜Áºîû†%!œöì„þ ~…˜ |•¹Å„Êþöì› þ™îûþ™îû ¢y‹yöì̃ y £œÐ

20, 25, 40, 45, 50, 65, 70, 85

~î‚ ~…yöì̃  n  8
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 ›•Ä›y 1
2

n   “þ› ›y˜

4·5 “þ› ›y˜ 1
2  S‰þ“%þíÅ ›y˜ þ™Mþ› ›y˜V

 1 45 50 47·52  

Šé„þ ¢‚…Äy õ 3·9
†vþü þ™yíÅöì„þÄîû †’˜y

˜Áºîû (x) | x – †vþü | | xéôé›•Ä›y |
S†vþü  50) (›•Ä›y  47·5)

20 30 27·5
25 25 22·5
40 10 7·5
45 5 2·5
50 0 2·5
65 15 17·5
70 20 22·5
85 35 37·5

ö›yÝþ 400 140 140

(i) †y!’!“þ„þ †öìvþüîû ¢yöìþ™öìÇþ †vþü þ™yíÅ„þÄ 
x
n


 †vþü 

140 17·58 

 †vþü þ™yíÅ„þÄ †%’yA„þ S†öìvþüîû ¢yöìþ™öìÇþV 

17·5 100% 35%50  

(ii) ›•Ä›y ¢yöìþ™öìÇþ †vþü þ™yíÅ„þÄ
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 †vþü þ™yíÅ„þÄ †%’yA„þ S›•Ä›yîû ¢yöìþ™öìÇþV 

17·5 100% 36·84%47·5  

vþz”y£îû’ 3·13 ~„þ‹˜ Šéye 100 !Ýþ þ™ëÅöìîÇþöì’îû †y!’!“þ„þ †vþü ç ¢›„þ þ™yíÅ„þÄ !˜’Åëû „þöìîû þ™yëû
ëíy„Êþöì› 40·1 ~î‚ 5·0Ð !„þhs$þ þ™öìîû ö”…y ëyëû öë ö¢ ¦%þœ „þöìîû ~„þ!Ýþ þ™ëÅöìîÇþöì’îû ›y˜ 40 ˜y !œöì…
50 !œöì… öšþöìœöìŠéÐ ²Ì„,þ“þ †y!’!“þ„þ †vþü ç ²Ì„,þ“þ ¢›„þ þ™yíÅ„þÄ !˜’Åëû „þîûÐ

¢›y•y˜ õ †y!’!“þ„þ †vþü 
x

x n 

· 40·1 100 4010x x n    

¢›„þ þ™yíÅ„þÄ  
22x x

n n
 

    
 

 

xíîy– 
2

2 2x
xn    xíîy–    

2
2 25 40·1100

x
 

xíîy– 
2

1633·01100
x

  xíîy– 2 163301x 

~…˜ þ™!îûŸ%å• 4010 50 40 4000x    

þ™!îûŸ%å•    2 22 163301 50 40 162401x    

 ²Ì„,þ“þ †y!’!“þ„þ †vþü 4000 40100
x

n  

 ²Ì„,þ“þ †y!’!“þ„þ †vþü
22x x

n n
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 2162401 4000
100 100 

1624·01 1600 

24·01 4·9 

vþz”y£îû’ õ 3·14 •îûy ëy„äþ ‰þyîû!Ýþ ¢‚…Äyîû †vþü ç ö¦þ”›y˜ ëíy„Êþöì› 4·5 ~î‚ 1·25 vþzþ™ë%=þ ~„þ„þ
¢£Ð ë!” ”%!Ýþ ¢‚…Äy 4 ~î‚ 6 £ëû “þöìî x˜Ä ”%!Ýþ ¢‚…Äy !˜’Åëû „þîûÐ

¢›y•y˜ õ •îûy ëy„äþ x˜Ä ”%!Ýþ ¢‚…Äy £œ x1 ~î‚ x2

¢%“þîûy‚ ‰þyîû!Ýþ ¢‚…Äy £œ 4, 6, x1 ~î‚ x2

†vþü 1 24 6 4·54
x x x

n
  

  

xíîy– 1 210 18x x  

xíîy–  1 2 8........ 1x x 

xyîyîû– ö¦þ”›y˜    
2 2

2 22 4·5 1·254
x x

xn      

2
20·25 1·254

x
  

2
20·25 1·25 21·54

x
   

xíîy– 2 21·5 4 86x   

¢%“þîûy‚ 2 2 2 2
1 24 6 86x x   

xíîy– 2 2
1 252 86x x  

 2 2
1 2 34........... 2x x  

(1) ¢›#„þîû’!Ýþ vþz¦þëû !”öì„þ î†Å „þ!îûëûy þ™y£z
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   2 2
1 2 8x x 

xíîy– 2 2
1 2 1 22 64x x x x  

!„þhs$þ ¢›#„þîû’ (2) öíöì„þ 2 2
1 2 34x x   þ™y£zÐ ~!Ýþöì„þ vþzþ™öìîûîû ¢›#„þîûöì’ î!¢öìëû þ™y£z

1 234 2 64x x     xíîy– 1 22 30x x   xíîy– 1 2 15x x   xíîy– 1
2

15x x

~…˜ (1) ¢›#„þîûöì’ x1 ~îû ›y˜ 
2

15
x

î!¢öìëû þ™y£z

2
2

15 8xx    xíîy– 2
2 215 8x x 

xíîy– 2
2 28 15 0x x    xíîy– 2

2 2 25 3 15 0x x x   

xíîy–    2 2 25 3 5 0x x x     xíîy–    2 25 3 0x x    2 5x   xíîy 3

(1) ¢›#„þîûöì’ ~£z ›y˜ î!¢öìëû þ™y£z ”%!Ýþ ¢‚…Äy 3 ~î‚ 5.

3.5 œöìîûO öîû…y îy ö„þw#¦þî˜ öîû…y

œöìîûO öîû…y ~„þ!Ýþ !îöìŸ¡ì •îûöì̃ îû „Êþ›öìëï!†„þ þ™!îû¢‚…Äy öœ…!‰þe ëyîû ¢y£yöìëÄ xyëû– ¢Á™!_
£z“þÄy!”îû îrÝþ˜ ÷î¡ì›Ä þ™!îû›yþ™ „þîûy ëyëûÐ xyëû– ¢Á™!_– ›%̃ yšþy £z“þÄy!”îû îrÝþ˜ ‹˜¢‚…Äyîû ~„þ!Ýþ !îöìŸ¡ì
!”öì„þ ö„þw#¦)þ“þ íyöì„þÐ ~£z ö„þw#¦þîöì̃ îû ²Ìî’“þy þ™!îû›yþ™ „þîûy£z ~£z œöìîûO öîû…yîû „þy‹Ð

‰þœ„þ X ~îû x ›y˜ þ™ëÅhsþ ö›yÝþ ›y˜ ¢›!Tþîû Ÿ“þ„þîûy x %̃þ™y“þ £œ Q (x)

xíÅyê  Q 100
i

i i i i
x x i

x f x f x


 
  
  
 

~î‚ ~£z x ›y˜ þ™ëÅhsþ Ÿ“þ„þîûy þ™!îû¢‚…Äy £œ P (x)
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xíÅyê  P 100
i

i i
x x i

x f f


 
  
  
 

~Ýþy ë!” xyëû ÷î¡ì›Ä !î‰þyîû „þîûy £ëû “þöìî

P (x) 

~î‚ Q (x) 

P (x) ~î‚ Q (x) ”%!Ýþîû£z ›y˜ 0 öíöì„þ 100.

x˜%¦)þ!›„þ öîû…yëû P (x) ~î‚ vþzÍÔÁº öîû…yëû Q (x) þ™!îû›yþ™ „þîûy £ëûÐ x ~îû !î!¦þ§¬ ›y˜ x %̃ëyëû#
[P(x), Q (x)] !î¨%†%!œ Šé„þ „þy†öì‹ vþzþ™Þíyþ™˜ „þîûy £ëûÐ ~…˜ ~£z ¢„þœ !î¨%†%!œ öëy† „þöìîû öë
î„Êþöìîû…y!Ýþ þ™yçëûy ëyëû “þyöì„þ£z œöìîûO öîû…y îy ö„þw#¦þî˜ öîû…y îöìœÐ

P (x)  Q (x) ~£z öîû…y!Ýþöì„þ îœy £ëû ¢›!˜öìîŸ˜# öîû…y (line of equal distribution or
egalitrian line)Ð ë!” îrÝþ˜ îÄîÞíyëû ö„þyöì̃ y ÷î¡ì›Ä ˜y íyöì„þ “þy£öìœ ö„þw#¦þî˜ öîû…y!Ýþ P (x) Q
(x) ~£z ¢îûœöìîû…yîû îû)þ™ ö˜ëûÐ

!‰þeéôôôé3·2

B
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xyëû ç ¢›%£ ë!” ¢›y˜ ¦þyöìî î!rÝþ“þ £ëû “þy£öìœ þœöìîûO öîû…y!Ýþ ~„þ!Ýþ ¢îûœöìîû…y OD S!‰þeéôôôé3·2)
£öìîÐ !„þhs$þ xy¢öìœ ‹˜†öì’îû ›öì•Ä xyëû ç ¢›%£ x¢› ¦þyöìî î!rÝþ“þ £ëû îöìœ œöìîûOöìîû…y!Ýþ vþzþ™öìîûîû
!”öì„þ xî“þœ (Concave) xíîy ˜#öì‰þîû !”„þ öíöì„þ vþz_œ (Concave) £öìîÐ ~…˜ ~£z ¢›!˜öìîŸ˜#
öîû…y (OD) ~î‚ œöìîûOöìîû…y!Ýþîû ›öì•Ä ”)îûc ë“þ öî!Ÿ £öìî– xyëû ç ¢Á™öì”îû ÷î¡ì›Ä “þ“þ öî!Ÿ £öìîÐ
OD öîû…y ç œöìîûOöìîû…y!Ýþîû ›öì•Ä öë ŠéyëûyMþœ (Shaded area) xyöìŠé S!‰þeéôôôé3·2) öë!Ýþöì„þ A !”öìëû
!‰þ!£«“þ „þîûy £öìëûöìŠé “þyöì„þ ö„þw#¦þî˜yMþœ (area of concentration) îöìœ ›öì˜ „þîûy £ëûÐ
ö„þw#¦þî˜yMþœ!Ýþîû xyëû“þ˜öì„þ ö„þw#¦þîöì̃ îû þ™!îû›yþ™ îöìœ •îûy £ëûÐ

3.5.1 !†!˜îû ö„þw#¦þî˜yA„þþ
!†!˜îû ö„þw#¦þî˜yA„þ (Gini Co-efficient) £œ ~£z ö„þw#¦þî’yMþöìœîû !m†%’ xyëû“þ˜Ð ~!Ýþöì„þ

œöìîûO x˜%þ™y“þç îœy £öìëû íyöì„þÐ

!†!˜ ö„þw#¦þî˜yA„þ (G) –––––––––––––––––– A 2A1
2

 

ë!” œöìîûO öîû…yîû ˜#öì‰þîû xMþœöì„þ A  myîûy !‰þ!£«“þ „þîûy £ëû

“þöìî !†!˜ ö„þw#¦þî˜yA„þ      1G 2 OBD A 2 A2
     

1 2A 

 j j j 1
j

1 P Q Q   

öë…yöì̃  Pj “þ› xyëûhßþöìîû ö›yÝþ ‹˜¢‚…Äyîû x˜%þ™y“þ S!‰þe 3.2)

3.6 ¼y›„þ

ë!” x ‰þœöì„þîû n ¢‚…Ä„þ ›y˜ ö”çëûy íyöì„þ 1 2, ,........, nx x x  ~î‚ “þyöì”îû þ™!îû¢‚…Äy†%!œ

1 2, ,.........., nf f f  “þöìî

(i) Ÿ)öì̃ Äîû ¢yöìþ™öìÇþ x ~îû r “þ› ¼y›„þ  m r îy „¤þy‰þy ¼y›„þ £œ

1 1

n n
r

i i i
i i

m r f x f
 

    ë…˜ 0,1, 2,3,4......r 

(ii) ö„þyöì̃ y ~„þ!Ýþ •Ê%î„þ ‘a’ îû ¢yöìþ™öìÇþ x ~îû r “þ› ¼y›„þ  arm  îy xöì„þw#ëû ¼y›„þ £œ

A xMþöìœîû öÇþešþœ
OBD îû öÇþešþœ
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1 1

n nr
a i i i

i i
m r f x a f

 

     ë…˜ 0,1, 2,3,4........r 

(iii) x ~îû †vþü ›y˜  x  ~îû ¢yöìþ™öìÇþ x ~îû r “þ› ¼y›„þ  rm  îy ö„þw#ëû ¼y›„þ £œ

 
1 1

n nr
r i i i

i i
m f x x f

 
    ë…˜ 0,1, 2,3,4.......r   ç 

1 1

n n

i i i
i i

x f x f
 

 

~…˜ •îûy ëy„äþ x £œ ~„þ!Ýþ !î!FŠé§¬ ‰þœ„þ ~î‚ ~îû ›y˜†%!œ 1 2 3, , ....... nx x x x  Ÿ%•%›ye ~„þîyîû „þöìîû
íyöì„þ xíÅyê ›y˜†%!œîû ²Ìöì“þÄöì„þîû þ™!îû¢‚…Äy £öìî 1 (f1 1 ë…˜ i 1, 2, ..... n)

~£z xîÞíyëû  i  Ÿ)öì̃ Äîû ¢yöìþ™öìÇþ x ~îû réôé“þ› „¤þy‰þy ¼y›„þ (raw moment) m r  £öìî

1

n
r
i

i
m r x n



   ë…˜ 0,1, 2,3, 4.....r 

(ii) ‘a’ îû ¢yöìþ™öìÇþ x ~îû réôé“þ› ¼y›„þ £öìî xöì„þw#„þ ¼y›„þ 
arm (non-central moment)

 
1

a

n r
r i

i
m x a n



    ë…˜ 0,1, 2,3, 4.....r 

(iii) †vþü ›y˜ x  ~îû ¢yöìþ™öìÇþ x ~îû réôé“þ› ö„þw#„þ ¼y›„þ (central moment) mr £öìî

 
1

n

r i
i

m x x r n


   ë…˜ 0,1, 2,3, 4.....r 

Ýþ#„þyéôé1 : r 0 £öìœ „¤þy‰þy ¼y›„þ– xöì„þw#ëû ¼y›„þ ç ö„þw#ëû ¼y›öì„þîû ›y˜ ¢îÅ”y 1 £öìîÐ xíÅyê

1
ao o om m m   

²Ì›y’ õ ¢y•yîû’ öÇþöìe SxíÅyê x ~îû ²Ì!“þ!Ýþ ›yöì̃ îû þ™!îû¢‚…Äy ë…˜ 1) x ‰þœöì„þîû r “þ› „¤þy‰þy ¼y›„þ

SxíÅyê Ÿ)öì̃ Äîû ¢yöìþ™öìÇþ ¼y›„þV £öìî 
1

n
r

r i
i

m x n


   ë…˜ 0,1, 2,3,4,......r 

~…˜– ë!” r 0 £ëû– 
1 1

1 1
n n

o
o i

i i

nm x n n n
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þ™!îû¢‚…Äy !î¦þy‹öì̃ îû öÇþöìe x ‰þœöì„þîû r “þ› „¤þy‰þy ¼y›„þ £öìî

1 1

n n
r

r i i i
i i

m f x f
 

    ë…˜ 0,1, 2,3, 4,......r 

~…˜ ë!” r 0 £ëû– “þöìî 
1 1 1 1

1
n n n n

o
o i i i i i

i i i i
m f x f f f

   

      

¢y•yîû’ öÇþöìe x ‰þœöì„þîû r “þ› xöì„þw#ëû ¼y›„þ S‘a’ ~îû ¢yöìþ™öìÇþV £öìî

 
1

a

n r
r i

i
m x a n



    ë…˜ 0,1, 2,3,4......r 

~…˜ ë!” r 0 “þöìî–  
1

1
a

n o
o i

i
m x a n n n



    

þ™!îû¢‚…Äy !î¦þy‹öì̃ îû öÇþöìe

 
1 1

a

n nr
r i i i

i i
m f x a f

 

     ë…˜ 0,1, 2,3,4.....r 

~…˜ ë!” r o “þöìî–  
1 1 1 1

1
a

n n n no
o i i i i i

i i i i
m f x a f f f

   

       

¢y•yîû’ öÇþöìe x ‰þœöì„þîû r “þ› ö„þw#ëû ¼y›„þ £öìî

 
1

n r
r i

i
m x x n


   ë…˜ 0,1, 2,3, 4......r 

~…˜ ë!” r o £ëû “þöìî–  
1

1
n o

o i
i

m x x n n n


   

þ™!îû¢‚…Äy !î¦þy‹öì̃ îû öÇþöìe x ‰þœöì„þîû r “þ› ö„þw#ëû ¼y›„þ £öìî

 
1 1

n nr
r i i i

i i
m f x x f

 
    ë…˜ 0,1, 2,3, 4.....r 
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~…˜ ë!” r o £ëû “þöìî–  
1 1 1 1

1
n n n no

o i i i i i
i i i i

m f x x f f f
   

      

¢%“þîûy‚ ²Ì›y!’“þ £œ 1
ao o om m m   

Ýþ#„þyéôé2 : x ‰þœöì„þîû ²Ìí› „¤þy‰þy ¼y›„þ xíÅyê 1m  ‰þœ„þ!Ýþîû †y!’!“þ„þ †öìvþüîû  x  ¢›y˜ £öìîÐ

²Ì›y’ õ ¢‚Kþy x˜%ëyëû# x ‰þœöì„þîû r “þ› „¤þy‰þy ¼y›„þ £öìî

1

n
r

r i
i

m x n


   ë…˜ 0,1, 2,3,4.....r 

~…˜ r 1 £öìœ ²Ìí› „¤þy‰þy ¼y›„þ 1
1

n

i
i

m x n x


  

þ™!îû¢‚…Äy !î¦þy‹öì̃ îû öÇþöìe ²Ìí› „¤þy‰þy ¼y›„þ 1
1 1

n n

i i i
i i

m f x f x
 

   

Ýþ#„þyéôé3 : x ‰þœöì„þîû ²Ìí› ö„þw#ëû ¼y›„þ ¢îÅ”y Ÿ)̃ Ä £öìî xíÅyê m1 o

²Ì›y’ õ ¢‚Kþy x %̃ëyëû# ¢y•yîû’ öÇþöìe x ‰þœöì„þîû r “þ› ö„þw#ëû ¼y›„þ £œ

 
1

n r
r i

i
m x x n


   ë…˜ 0,1, 2,3, 4.....r 

~…˜ ë!” r 1 £ëû “þöìî–  1
1

0
n

i
i

om x x n n


   

„þyîû’  
1 1

0
n n

i i
i i

x x x nx nx nx
 

      

þ™!îû¢‚…Äy !î¦þy‹öì̃ îû öÇþöìe x ‰þœöì„þîû r “þ› ö„þw#ëû ¼y›„þ £œ

 
1 1

n nr
r i i i

i i
m f x x f

 
    ë…˜ 0,1, 2,3, 4....r 
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~…˜ ë!” r 1 £ëû “þöìî–  1
1 1

1

0 0
n n

i i i n
i i

i
i

m f x x f
f 



    


„þyîû’  
1 1

0
n n

i i i i
i i

f x x f x nx nx nx
 

      

Ýþ#„þyéôé4 : x ‰þœöì„þîû ²Ìí› xöì„þw#ëû ¼y›„þ (‘a’ îû ¢yöìþ™öìÇþV  x a îû ¢öìA† ¢›y˜ £öìîÐ xíÅyê

1a
m x a  

²Ì›y’ õ ¢y•yîû’ öÇþöìe ‘a’ îû ¢yöìþ™öìÇþ x ‰þœöì„þîû r “þ› xöì„þw#ëû ¼y›„þ £œ

 
1

a

n r
r i

i
m x a n



    ë…˜ 0,1, 2,3,4.....r 

~…˜ ë!” r 1 £ëû “þöìî–   1
1

1
a

n

in
i

i
i

x
nam x a n x an n





      




þ™!îû¢‚…Äy !î¦þy‹öì̃ îû öÇþöìe

‘a’ ¢yöìþ™öìÇþ x ‰þœöì„þîû r “þ› xöì„þw#„þ ¼y›„þ £œ

 
1 1

a

n nr
r i i

i i
m x a f

 

     ë…˜ 0,1, 2,3, 4.....r 

~…˜ ë!” r 1 £ëû “þöìî–   1 1
1

1 1

1 1

a

n n

i i in n
i i

i i i n n
i i

i i
i i

f x a f
m f x a f

f f

 

 

 

    
 

 
 

x a 

1a
m x a  
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Ýþ#„þyéôé5 : x ‰þœöì„þîû !m“þ#ëû ö„þw#ëû ¼y›„þ xíÅyê m2 ‰þœ„þ!Ýþîû ö¦þ”›y˜éôé~îû ¢›y˜ £öìîÐ xíÅyê
2

2 xm  

²Ì›y’ õ ¢y•yîû’ öÇþöìe x ‰þœöì„þîû r “þ› ö„þw#ëû ¼y›„þ £öìî

 
1

rn

r i
i

m x x n


   ë…˜ 0,1, 2,3,4.......r 

~î‚ 
1

n

i
i

x x n




~…˜ ë!” r 2 £ëû “þöìî–    2 2
2

1
Var

n

i x
i

m x x n x


    

xyîyîû þ™!îû¢‚…Äy !î¦þy‹öì̃ îû öÇþöìe x ‰þœöì„þîû r “þ› ö„þw#ëû ¼y›„þ £öìî

 
1 1

n nr
r i i

i i
m x x f

 
    ë…˜ 0,1, 2,3,4.......r  ~î‚ 1

1

n

i i
i

n

i
i

f x
x

f










~…˜ ë!” r 2 £ëû “þöìî–    2 2
2

1 1
Var

n n

i i i x
i i

m f x x f x
 

     

¢y•yîû’“þ ƒ ²Ìí› ‰þyîû!Ýþ ¼y›„þ îûy!Ÿ!îKþyöì̃ îû !î!¦þ§¬ þ™!îû›yöìþ™îû ‹˜Ä îÄî£yîû „þîûy £ëûÐ

„¤þy‰þy ¼y›„þ ¢y•yîû’ öÇþöìe þ™!îû¢‚…Äy !î¦þy‹öì̃ îû öÇþöìe

¢‚Kþy õ
1

n
r

r i
i

m x n


 
1 1

n n
r

r i i i
i i

m f x f
 

  

ë…˜– r 1, 2, 3, 4

ë!” r 1 £ëû “þöìî– ²Ìí› „¤þy‰þy ¼y›„þ 1
1

n

i
i

m x n x


   1
1 1

n n

i i i
i i

m f x f x
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ë!” r 2 £ëû “þöìî– !m“þ#ëû „¤þy‰þy ¼y›„þ 2
2

1

n

i
i

m x n


  2
2

1 1

n n

i i i
i i

m f x f
 

  

ë!” r 3 £ëû “þöìî– “,þ“þ#ëû „þ¤y‰þy ¼y›„þ 
3

3
1

n

i
i

m x n


  3
3

1 1

n n

i i i
i i

m f x f
 

  

ë!” r 4 £ëû “þöìî– ‰þ“%þíÅ „¤þy‰þy ¼y›„þ 
4

4
1

n

i
i

m x n


  4
4

1 1

n n

i i i
i i

m f x f
 

  

xöì„þw#ëû ¼y›„þ ¢y•yîû’ öÇþöìe þ™!îû¢‚…Äy !î¦þy‹öì̃ îû öÇþöìe
S‘a’ ~îû ¢yöìþ™öìÇþV

¢‚Kþy õ  
1

a

rn

r i
i

m x a n


    
1 1

a

rn n

r i i i
i i

m f x a f
 

   

ë…˜– r 1, 2, 3, 4

ë!” r 1 £ëû “þöìî– ²Ìí› xöì„þw#ëû ¼y›„þ

 1
1

a

n

i i
i

m f x a n


     1
1 1

a

n n

i i i
i i

m f x a f
 

   

x a  x a 

ë!” r 2 £ëû “þöìî– !m“þ#ëû xöì„þw#ëû ¼y›„þ  22
1

a

n

i
i

m x a n


  

 22
1 1

a

n n

i i
i i

m x a f
 

   

ë!” r 3 £ëû “þöìî– “,þ“þ#ëû xöì„þw#ëû ¼y›„þ  33
1

a

n

i
i

m x a n


  

 33
1 1

a

n n

i i
i i

m x a f
 

   



NSOU  CC-EC-04 121

ë!” r 4 £ëû “þöìî– ‰þ“%þíÅ xöì„þw#ëû ¼y›„þ  44
1

a

n

i
i

m x a n


  

 44
1 1

a

n n

i i
i i

m x a f
 

   

ö„þw#ëû ¼y›„þ ¢y•yîû’ öÇþöìe þ™!îû¢‚…Äy !î¦þy‹öì̃ îû öÇþöìe

¢‚Kþy õ  
1

n r
r i

i
m x x n


   

1 1

n nr
r i i i

i i
m f x x f

 
  

ë…˜– r 1, 2, 3, 4

ë!” r 1 £ëû “þöìî– ²Ìí› ö„þw#ëû ¼y›„þ

 1
1

0
n

i
i

m x x n


    1
1 1

0
n n

i i i
i i

m f x x f
 

   

0 0

ë!” r 2 £ëû “þöìî– !m“þ#ëû ö„þw#ëû ¼y›„þ

 2 2
2

1

n

i i x
i

m f x x n


     2 2
2

1 1

n n

i i i x
i i

m f x x f
 

    

2
x  2

x 

ë!” r 3 £ëû “þöìî– “,þ“þ#ëû ö„þw#ëû ¼y›„þ  33
1

n

i
i

m x x n


 

 33
1 1

n n

i i i
i i

m f x x f
 

  

ë!” r 4 £ëû “þöìî– ‰þ“%þíÅ ö„þw#ëû ¼y›„þ  44
1

n

i
i

m x x n


 

 44
1 1

n n

i i i
i i

m f x x f
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vþzþ™öìîûîû ¢yîû!’ öíöì„þ ö”…y ëyöìFŠé 1m x   ~î‚ 2
2 xm  

xíÅyê ¼y›öì„þîû ¢y£yöìëÄ ö„þw#ëû ²Ìî’“þyîû þ™!îû›yþ™ „þîûy ëyëû „þyîû’ ²Ìí› xöì„þw#ëû ¼y›„þ öíöì„þ

›•Ä„þ  x  †’˜y „þîûy ëyëûÐ xyîyîû !m“þ#ëû ö„þw#ëû ¼y›„þ x ‰þœöì„þîû ö¦þ”›yöì̃ îû ¢›y˜Ð xíÅyê ¼y›öì„þîû

¢y£yöìëÄ !îhß+þ!“þîû þ™!îû›yþ™ „þîûyç ¢½þîÐ ~Šéyvþüy “,þ“þ#ëû ö„þw#ëû ¼y›„þ m3 þ²Ì!“þ÷ìî¡ìöì›Äîû ›y˜”[þ !£¢yöìî
îÄî£,“þ £ëûÐ xyîyîû ‰þ“%þíÅ ö„þw#ëû ¼y›„þ m4 “þ#ÇÖþ“þyîû þ™!îû›yþ™ „þîûöì“þ ¢y£yëÄ „þöìîûÐ

* ö„þw#ëû ¼y›„þ¢›)£ ç xöì„þw#ëû ¼y›„þ¢›)öì£îû ›öì•Ä ¢Á™„Åþ (Relation between Central
Moments and moments about an arbitrary origin)

xy›îûy ‹y!˜ öë ²Ìí› xöì„þw#ëû ¼y›„þ  1am x a  

[ vþzþ™öìîûîû xöì„þw#ëû ¼y›öì„þîû ¢yîû!’ oTþîÄ ]

¢‚Kþy x˜%ëyëû# ¢y•yîû’ öÇþöìe x ‰þœöì„þîû r “þ› ö„þw#ëû ¼y›„þ £œ

 
1

1·
n r

r i
i

m x xn


   ë…˜ r 0, 1, 2, 3, 4.......

xíîy–    
1

1·
n r

r i
i

m x a x an

     

         1 2 2
1 2

1

1· C C
n r r rr r

r i i i
i

m x a x a x a x a x an
 



        

   ....... 1 r rx a   


xíîy– 
1 2

2
1 1 2 1· , · · , ·r ra c r a c r am m r m a m r m a m       

 
3

3
3, 1 1· ...... 1

a

r r
c r a ar m m m     

ö„þw#ëû ¼y›„þ ç xöì„þw#ëû ¼y›öì„þîû ›öì•Ä ¢Á™„Åþ vþzþ™öìîûîû ¢›#„þîûöì’îû ›y•Äöì› ²Ì„þyŸ „þîûy £œÐ
vþzþ™öìîûy=þ ¢›#„þîû’ þ™!îû¢‚…Äy !î¦þy‹öì̃ îû öÇþöìeç ²Ìöìëy‹Ä £öìîÐ

~…˜ ~£z ¢›#„þîûöì’ r 1, 2, 3, 4 î¢yöìœ ²Ìí› ‰þyîû!Ýþ ö„þw#ëû ¼y›öì„þîû ¢öìA† xöì„þw#ëû ¼y›öì„þîû
¢Á™„Åþ þ™!îûÜñyîû ¦þyöìî öîyGþy ëyëûÐ
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1 1 1 0a am m m   

2 2
2 2 1 1 1 2 12 ·a a a a a am m m m m m m         

2 3
3 3 2 1 1 1 13 3 ·a a a a a am m m m m m m        

3
3 2 1 13 · 2a a a am m m m    

2 3 4
4 4 3 1 2 1 1 1 14 6 · 4 ·a a a a a a a am m m m m m m m m           

2 4
4 3 1 2 1 14 · 6 3a a a a a am m m m m m        

ö„þw#ëû ¼y›„þ ç xöì„þw#ëû ¼y›öì„þîû ›öì•Ä öë ¢Á™„Åþ ö”…y ö†œ ú ~„þ£z ¢Á™„Åþ ö„þw#ëû ¼y›„þ ç
„¤þy‰þy ¼y›öì„þîû ›öì•ÄÐ ë!” a 0 •îûy £ëû “þöìî xöì„þw#ëû ¼y›„þ „¤þy‰þy ¼y›öì„þ þ™!îû’“þ £öìîÐ ö„þw#ëû ¼y›„þ
ç „¤þy‰þy ¼y›öì„þîû ›öì•Ä ¢Á™„Åþ ˜#öì‰þ ö”çëûy £œÐ

1 1 1 0m m m   

2
2 2 1m m m  

3
3 3 2 1 13 2m m m m m     

2 4
4 4 3 1 2 1 14 6 3m m m m m m m        

xyîyîû ë!” xöì„þw#ëû ¼y›„þ†%!œöì„þ ö„þw#ëû ¼y›öì„þîû ¢y£yöìëÄ ²Ì„þyŸ „þîûy £ëû “þy£öìœ ²Ìí› ‰þyîû!Ýþ
¼y›„þ ˜#öì‰þîû ¢›#„þîû’ myîûy î%Gþyöì̃ y ëyëûÐ

1 1 1,a am m m    ë…˜ m1  0

2
2 2 1a am m m  

3
3 3 2 1 13a a am m m m m    

2 4
4 4 3 1 2 1 14 6a a a am m m m m m m      

~£z ¢›#„þîû’ „¤þy‰þy ¼y›„þöì”îû S²Ìí› ‰þyîû!Ýþöì„þV ö„þw#ëû ¼y›öì„þîû ¢yöìþ™öìÇþ ²Ì„þyŸ „þöìîû

1 1 1m m m  



NSOU  CC-EC-04124

2
2 2 1m m m  

3
3 3 2 1 13m m m m m    

2 4
4 4 3 1 2 1 14 6m m m m m m m      

* ö„þw#ëû ¼y›„þ†%!œ ›)œ!î¨%îû þ™!îûî“Åþöì̃  þ™!îûî!“Åþ“þ £ëû ˜y– !„þhs$þ ›yeyîû þ™!îûî“Åþöì̃  þ™!îûî!“Åþ“þ
£ëûÐ

x ‰þœöì„þîû ›y˜†%!œ 1 2, ,.... nx x x  ë!” ëöìíTþ îvþü £ëû “þöìî ›)œ!î¨% ç ›yey þ™!îûî“þÅ̃  „þöìîû …%î
¢£öì‹£z ¼y›„þ !˜’Åëû „þîûy ¢½þîÐ ›)œ!î¨% ç ›yey þ™!îûî“Åþ˜ „þöìîû x ‰þœ„þöì„þ y ‰þœöì„þ îû)þ™yhsþ!îû“þ „þîûy

£œÐ xíÅyê i
i

x ay b


  ë…˜ i 1, 2, ......, n

a ›)œ!î¨% ç b ›yey öë…yöì̃  0b 

~îyîû i iby x a 

xíîy– ,i ix a by   öë…yöì̃  i 1, 2, ......, n

xíîy– i ix yna bn n n  

xíîy– x a by 

xíîy–    i ix x b y y  

xíîy–    r rr
i ix x b y y  

xíîy– 
   1 ·

n r
ri

iri
x x

y y
bn n







 

xíîy–    ·x yr
r rm b m  öë…yöì̃  r 0, 1, 2, 3, 4.......

¢%“þîûy‚– ö„þw#ëû ¼y›„þ ›)œ!î¨%îû þ™!îûî“Åþ˜ £öìœç þ™!îûî!“Åþ“þ £ëû ˜y– !„þhs$þ ›yeyîû þ™!îûî“Åþ˜ £öìœ
ö„þw#ëû ¼y›„þç þ™!îûî!“Åþ“þ £ëûÐ
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* ¼y›„þ †’˜yëû îûy!Ÿ“þíÄ ö×!’îå• „þîûyîû šþöìœ ¼y!hsþ ç öŸšþyöìvÅþîû ¢‚öìŸy•˜# (Grouping
Errors and Sheppard’s corrections for Moments)

•îûy ëy„äþ ö×!’!î¦þy†ë%=þ þ™!îû¢‚…Äy !î¦þy‹˜ öíöì„þ ¼y›„þ !˜’Åëû „þîûy £öìFŠé– ¢)e ”%!Ýþ £œ

 
 

1

1

a

n r
i i

i
r n

i
i

f x a
m

f






 




 ~î‚

 
1

1

n r
i i

i
r n

i
i

f x x
m

f










 öë…yöì̃  r 0, 1, 2, 3, 4.....

~…˜ x ‰þœöì„þîû ›•Ä›y˜  x  †’˜yîû ¢›öìëû ~„þ!Ýþ ö×!’öì“þ xhsþ¦%þÅ=þ ¢›hßþ ›y˜†%!œ ¢›y˜ •öìîû

ö˜çëûy £ëû– !„þhs$þ ²Ì„,þ“þþ™öìÇþ “þyîûy ¢„þöìœ ¢›y˜ £öì“þ þ™yöìîû ˜yÐ ~£z ‹˜Ä îûy!Ÿ“þíÄ ö×!’îå• xîÞíyëû
†’˜y „þîûöìœ !„þŠ%é ¼y!hsþ öíöì„þ ëyëû öë!Ýþöì„þ ö×!’îå• „þîûöì’îû ¼y!hsþ (Grouping error) îœy £ëûÐ

öŸšþyvÅþ ˜#öì‰þîû ¢‚öìŸy•˜# ¢)öìeîû ›y•Äöì› ~£z ¼y!hsþ ”)îû „þîûyîû îÄîÞíy „þöìîûöìŠé˜Ð

1am  S¢‚öìŸy!•“þV 1am

2am  S¢‚öìŸy!•“þV 
2

2 12a
bm 

3am  S¢‚öìŸy!•“þV 
2

3 1·4a a
bm m  

4m  S¢‚öìŸy!•“þV 
2 4

4 2
7·2 240a a

bm m b   

m2 S¢‚öìŸy!•“þV 
2

2 12
bm 

m3 S¢‚öìŸy!•“þV  m3
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m4 S¢‚öìŸy!•“þV 
2 4

4 2
7· ·2 240

bm m b  

~…yöì̃  ‘b’ ²Ì!“þ!Ýþ ö×!’îû xhsþîû (class interval)

öŸšþyöìvÅþîû ¢)e†%!œ ˜#öì‰þîû Ÿ“Åþ†%!œîû ¢yöìþ™öìÇþ ²Ìöìëy‹Ä

1. x ‰þœ!Ýþ x!î!FŠé§¬ £öì“þ £öìî

2. !î¦þy‹öì̃ îû þ™!îû¢‚…Äy öîû…y x!î!FŠé§¬ £öì“þ £öìî

3. ö›yÝþ ¢‚…Äy …%î öî!Ÿ £çëûy ‰þœöìî ˜yÐ ö›yÝþ þ™!îû¢‚…Äy 1000 ~îû öî!Ÿ ~î‚ ö×!’îû ¢‚…Äy 20îû
öî!Ÿ £çëûy ‰þœöìî ˜yÐ

vþz”y£îû’ 3·15 : ö„þyöì̃ y ‰þœöì„þîû ‰þyîû!Ýþ ›y˜ 4, 6, 8, 10 ö”çëûy xyöìŠéÐ ~…˜ ú ‰þœöì„þîû ›)œ!î¨%
5 ~îû ¢yöìþ™öìÇþ ²Ìí› xöì„þw#ëû ¼y›„þ !˜’Åëû „þîûÐ

¢›y•y˜ õ ›)œ!î¨% 5 ~îû ¢yöìþ™öìÇþ ²Ìí› xöì„þw#ëû ¼y›öì„þîû ¢‚Kþy £œ

   1
1 1

1 15 5 5
n n

i i
i i

m x xn n
 

     

 1 284 6 8 10 5 5 7 5 24 4         

vþz”y£îû’ 3·16 : ›)œ!î¨% ‘3’ ~îû ¢yöìþ™öìÇþ ²Ìí› ‰þyîû!Ýþ xöì„þw#ëû ¼y›„þ !˜’Åëû „þîû ~î‚ “þyöì”îû
¢y£yöìëÄ ²Ìí› ‰þyîû!Ýþ ö„þw#ëû ¼y›„þ †’˜y „þîû ë…˜ ‰þœ„þ!Ýþîû ›y˜ 1, 3, 5, 7 ö”çëûy xyöìŠéÐ

x i (xi – 3) (xi – 3)2 (xi – 3)3 (xi – 3)4

1 –2 4 –8 16
3 0 0 0 0
5 2 4 8 16
7 4 16 64 256

ö›yÝþ 16 4 24 64 288

 1 3m   ²Ìí› xöì„þw#ëû ¼y›„þ S3 ~îû ¢yöìþ™öìÇþV 
3 4 12 4

ix 
  

 2 3m   !m“þ#ëû xöì„þw#ëû ¼y›„þ S3 ~îû ¢yöìþ™öìÇþV  23 24 64
ix
n
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 3 3m   “,þ“þ#ëû xöì„þw#ëû ¼y›„þ S3 ~îû ¢yöìþ™öìÇþV 
 33 64 164

ix
n


  

 4 3m   ‰þ“%þíÅ xöì„þw#ëû ¼y›„þ S3 ~îû ¢yöìþ™öìÇþV 
 43 288 724

ix
n


  

ö„þw#ëû ¼y›„þöì”îû †’˜y

m1  ²Ìí› ö„þw#ëû ¼y›„þ 
 

0ix x
n


 

m2  !m“þ#ëû ö×!’îû ¼y›„þ    2 2
2 13 3 6 1 6 1 5m m       

m3 “,þ“þ#ëû ö„þw#ëû ¼y›„þ        33 2 1 13 3 3 3 2 3m m m m     

316 3 6 1 2 1 16 18 2 0         

m4  ‰þ“%þíÅ ö„þw#ëû ¼y›„þ            2 4
4 3 1 2 1 13 4 3 3 6 3 3 3 3m m m m m m        

2 472 4 16 1 6 6 1 3 1 72 64 36 3 41             

vþz”y£îû’ 3·17 : ˜#öì‰þîû þ™!îû¢‚…Äy !î¦þy‹˜ öíöì„þ ²Ìí› ‰þyîû!Ýþ ö„þw#ëû ¼y›„þ !˜’Åëû „þîû ~î‚
öŸšþyöìvÅþîû ¢‚öìŸy•˜# ²Ìöìëûy† „þîûÐ

ç‹˜ (kg ö“þV õ 36-40 41-45 46-50 51-55 56-60 61-65 66-70
öœy„þ¢‚…Äy õ 100 120 180 250 200 150 50

ç‹˜ öœy„þ¢‚…Äy ›•Ä›y˜
53

5
i

i
xy 

 i iy f i iy f2
i iy f3

i iy f4

(kg ö“þV (fi) (xi)

36–40 100 38 –3 –300 900 –2700 8100
41–45 120 43 –2 –240 480 –960 1920
46–50 180 48 –1 –180 180 –180 180
51–55 250 53 0 0 0 0 0
56–60 200 58 1 200 200 200 200
61–65 150 63 2 300 600 1200 2400
66–70 50 68 3 150 450 1350 4050

ö›yÝþ 1050 – – –70 2810 –1090 16850
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~…˜ y ‰þœöì„þîû „¤þy‰þy ¼y›„þ ‰þyîû!Ýþ ˜#öì‰þ †’˜y „þîûy £œÐ

  1
1

700 0·071050

n

i i
i

f y
m n

      


 

2

1
2

28100 2·681050

n

i i
i

f y
m n

     


 

3

1
3

10900 1·041050

n

i i
i

f y
m n

      


  4
4

1
0 16850 1050 16·05

n

i
i

m f y n


    

y ‰þœöì„þîû ö„þw#ëû ¼y›„þ ‰þyîû!Ýþ x˜yëûyöì¢£z „¤þy‰þy ¼y›„þöì”îû ¢y£yöìëÄ !˜’Åëû „þîûy ëyëûÐ

 1 0;m y     22 2·68 0·07 2·68 0·0049 2·675m y      

     33 1·04 3 2·68 0·07 2 0·07m y        

1·04 0·5628 0·000686 0·478     

         2 4
4 16·05 4 1·04 0·07 6 2·68 0·07 3 0·07m y          

16·05 0·2912 0·078792 0·00007203   

15·838

öëöì£“%þ 53 5i ix y 

x ‰þœöì„þîû ö„þw#ëû ¼y›„þ ‰þyîû!Ýþ y ‰þœöì„þîû ö„þw#ëû ¼y›„þöì”îû ¢y£yöìëÄ !˜’Åëû „þîûy ëyëûÐ

 1 0m x 

   2
2 25 25 2·675 66·875m x m y   

     3
3 35 125 0·478 59·75m x m y    
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   4
4 35 625 15·838 9898·75m x m y   

~…yöì̃  ö›yÝþ þ™!îû¢‚…Äy (n) 1000 ~îû öî!Ÿ ~î‚ ö×!’¢‚…Äy 20 ~îû „þ›Ð ¢%“þîûy‚ öŸšþyvÅþ ¢‚öìŸy•˜#
²Ìöìëûy† „þîûy öëöì“þ þ™yöìîûÐ

îûy!Ÿ“þíÄ öíöì„þ ö”…y ëyöìFŠé öë ö×!’ xhsþîû (class width) ‘b’ 5 ¢%“þîûy‚ ¢‚öìŸy!•“þ ö„þw#ëû
¼y›„þ x ‰þœöì„þîû ¢yöìþ™öìÇþ ˜#öì‰þ ö”çëûy £œÐ

m2 S¢‚öìŸy!•“þV 
2 2

2
566·87512 12

bm   

66·875 2·083 64·792  
m3 S¢‚öìŸy!•“þV m3 Sx¢‚öìŸy!•“þV  –59·75

m4 S¢‚öìŸy!•“þV m4 Sx¢‚öìŸy!•“þV 
2 4

2
7· ·2 240

b m b 

 
2 45 79898·75 66·875 ·52 240  

9898·75 835·9375 18·2292 9081·0417   

3.7 ²Ì!“þ÷ìî¡ì›Ä

²Ì!“þ÷ìî¡ì›Ä (Skewness) ›yöì̃ £z ¢y›O¢Ä“þyîû x¦þyî (lack of symmetry)Ð ~„þ!Ýþ !î!FŠé§¬ ‰þœ„þ x
~îû þ™!îû¢‚…Äy !î¦þy‹˜öì„þ ö„þyöì̃ y !˜!”ÅTþ ›y˜ x0 ~îû ¢yöìþ™öìÇþ ²Ì!“þ¢› (synmetrical) îœöì“þ î%!Gþ

 0x h  ~î‚  0x h  ›yöì̃ îû þ™!îû¢‚…Äy ”%!Ýþ ¢›y˜ £ëû– öë…yöì̃  h ~„þ!Ýþ •˜yd„þ •Ê%î„þ S!‰þe 3·3)

!‰þe õ 3·3 þ™!îû¢‚…Äy !î¦þy‹˜ ²Ì!“þ¢› ë…˜ x ~„þ!Ýþ !î!FŠé§¬ ‰þœ„þ
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xyîyîû ~„þ!Ýþ x!î!FŠé§¬ ‰þœöì„þîû þ™!îû¢‚…Äy !î¦þy‹˜öì„þ ö„þyöì̃ y !˜!jÅTþ ›y˜ x0 ~îû ¢yöìþ™öìÇþ ²Ì!“þ¢›

(symmetrical) îœy ëyöìî ë…˜  0x h  ~î‚  0x h  ›y˜ ”%!Ýþîû þ™!îû¢‚…Äy ‡˜c ~„þ£z £öìî

Söë…yöì̃  h ~„þ!Ýþ •˜yd„þ •Ê%î„þVÐ S!‰þeéôôôé3·4)

0 (x -h)0 x0 (x h)0+

ox  ›•Ä›  x   ›•Ä›y (Mi) 
¢‚…Äy†%îû% ›y˜ (M0)

!‰þe õ 3·4 x!î!FŠé§¬ ‰þœöì„þîû öÇþöìe ²Ì!“þ¢› !î¦þy‹˜

ë!” ö„þy˜ !î¦þy‹˜ ²Ì!“þ¢› ˜y £ëû “þy£öìœ “þyöì„þ x²Ì!“þ¢› !î¦þy‹˜ (asymmetrical distribution)
îy ²Ì!“þ÷ìî¡ì›Ä éôôôé ›)œ„þ !î¦þy‹˜ (skewed distribution) îœy £ëûÐ ²Ì!“þ÷ìî¡ì›Ä •˜yd„þ xíîy }’yd„þ
£öì“þ þ™yöìîûÐ

þ™!îû¢‚…Äy !î¦þy‹öì̃ îû ²Ì!“þ÷ìî¡ì›Äöì„þ •˜yd„þ (positively skewed) îœy £öìî ë…˜ x ‰þœöì„þîû
vþzF‰þ“þîû ›y˜†%!œîû !”öì„þ þ™!îû¢‚…Äy öîû…yîû ‘þyœ ”#‡Å“þîû £öìî xíÅyê x ‰þœöì„þîû vþzF‰þ“þîû ›y˜†%!œîû !”öì„þ
þ™!îû¢‚…Äy öîû…y „Êþ›Ÿ ˜#‰%þ £öì“þ£z íyöì„þÐ S!‰þeéôôôé3·5)

0
M  M  x0 u x ‰þœ„þ

!‰þe õ 3·5 •˜yd„þ ²Ì!“þ÷ìî¡ì›Ä›)œ„þ !î¦þy‹˜  i 0M Mx  
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!‰þe õ 3·6 }’yd„þ ²Ì!“þ÷ìî¡ì›Ä›)œ„þ !î¦þy‹˜  i 0M Mx  

* ²Ì!“þ÷ìî¡ìöì›Äîû þ™!îû›yþ™ (Measures of Skewness)

²Ì!“þ÷ìî¡ìöì›Äîû þ™!îû›yþ™ ”%£z ²Ì„þyîû õ þ™îû› (Absolute) ç xyöìþ™!Çþ„þ (Relative)

²Ì!“þ÷ìî¡ìöì›Äîû þ™îû› þ™!îû›yþ™ (Absolute measures of Skewness)

›•Ä„þ  x  ›•Ä›y (Mi) ~î‚ ¢‚…Äy†%îû% ›yöì̃ îû (Mo) ¢yöìþ™öìÇþ þ™îû› þ™!îû›yþ™ £œ ²Ì!“þ÷ìî¡ì›Ä

Sþ™îû›V = ›•Ä„þ – ¢‚…Äy†%îû% ›y˜  o iM 3 Mx x   

‰þ“%þíÅöì„þîû ¢y£yöìëÄ ²Ì!“þ÷ìî¡ì›Ä þ™!îû›yþ™ „þîûöìœ

²Ì!“þ÷ìî¡ì›Ä Sþ™îû›V Q3 + Q1 – 2Q2  (Q3 Q1) – 2 Mi

~„þ„þ ²Ì!“þ÷ìî¡ì›Ä Sþ™îû›V •˜yd„þ £öìœ !î¦þy‹˜!Ýþîû ²Ì!“þ÷ìî¡ì›Ä •˜yd„þ £öìîÐ xþ™îûþ™öìÇþ ²Ì!“þ÷ìî¡ì›Ä
Sþ™îû›V }’yd„þ £öìœ !î¦þy‹˜!Ýþîû ²Ì!“þ÷ìî¡ì›Ä }’yd„þ £öìîÐ

* ²Ì!“þ÷ìî¡ìöì›Äîû xyöìþ™!Çþ„þ þ™!îû›yþ™ (Relative measures of Skewness)

xyöìþ™!Çþ„þ þ™!îû›yöìþ™ öëöì£“%þ ö„þyöì̃ y ~„þ„þ ö˜£z ~!Ýþ ~„þ!Ýþ ¢‚…Äy›ye– “þy£z !î!¦þ§¬ !î¦þy‹öì̃ îû
²Ì!“þ÷ìî¡ì›Ä “%þœ˜y „þîûy ¢½þîÐ ²Ì!“þ÷ìî¡ìöì›Äîû xyöìþ™!Çþ„þ þ™!îû›y’öì„þ ²Ì!“þ÷ìî¡ì›Ä †%’yA„þ (coefficient of
skewness) îœy £ëûÐ

(1) ›•Ä„þ– ›•Ä›y ç ¢‚…Äy†%îû% ›yöì̃ îû vþzþ™îû !¦þ!_ „þöìîû †!àþ“þ þ™!îû›yþ™

Karl Pearson ~îû ²Ìí› ¢)e

²Ì!“þ÷ìî¡ì›Ä †%’yA„þ   oM
x

x 
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Karl Pearson ~îû !m“þ#ëû ¢)e

²Ì!“þ÷ìî¡ì›Ä †%’yA„þ   
 i3 M

x

x 




Pearson ~îû ~£z !m“þ#ëû þ™!îû›yöìþ™îû öÇþöìe ²Ì!“þ÷ìî¡ì›Ä †%’yöìA„þîû ›y˜ –3 öíöì„þ 3 ~îû ›öì•Ä

xîÞíy˜ „þöìîû xíÅyê 
 i3 M

3 3
x

x 
   



(2) ‰þ“%þíÅ„þ !¦þ!_„þ þ™!îû›yþ™

²Ì!“þ¢› !î¦þy‹öì̃ îû öÇþöìe ²Ìí› (Q1) ç “,þ“þ#ëû (Q3) ‰þ“%þíÅ„þ ›•Ä›y îy !m“þ#ëû ‰þ“%þíÅöì„þîû (Q2)
öíöì„þ ¢›y˜ ”)îûöìc xîÞíy˜ „þöìîûÐ

xíÅyê 3 i i 1Q M M Q    xíîy– 3 2 2 1Q Q Q Q  

¢%“þîûy‚ •˜yd„þ ²Ì!“þ÷ìî¡ì›Ä›)œ„þ !î¦þy‹öì̃ îû öÇþöìe

   3 2 2 1Q Q Q Q    £öìî ~î‚

}’yd„þ ²Ì!“þ÷ìî¡ì›Ä›)œ„þ !î¦þy‹öì̃ îû öÇþöìe

   3 2 2 1Q Q Q Q    £öìîÐ

~…˜    3 2 2 1Q Q Q Q    ~£z þ™yíÅ„þÄöì„þ þ²Ì!“þ÷ìî¡ìöì›Äîû þ™!îû›yþ™ !£¢yöìî îÄî£yîû „þöìîû ~î‚

ö¢£z þ™!îû›yþ™öì„þ ~„þ„þ !˜îûöìþ™Çþ „þîûöì“þ ~£z þ™yíÅ„þÄöì„þ    3 2 2 1Q Q Q Q    myîûy ¦þy† !”öìëû

Bowley ~„þ!Ýþ ²Ì!“þ÷ìî¡ìöì›Äîû þ™!îû›yþ™ ¢)e !”öìëûöìŠé˜Ð

²Ì!“þ÷ìî¡ì›Ä †%’yA„þ (Bowley) 
   
   

3 2 2 1

3 2 2 1

Q Q Q Q
Q Q Q Q

  


  

3 2 1

3 1

Q Q Q
Q Q
 




~£z ²Ì!“þ÷ìî¡ì›Ä †%’yöìA„þîû ›y˜ –1 öíöì„  1 ~îû ›öì•Ä xîÞíy˜ „þöìîûÐ

(3) ¼y›„þ !¦þ!_„þ ²Ì!“þ÷ìî¡ìöì›Äîû þ™!îû›yþ™

xy›îûy ‹y!˜ ¢›hßþ !î¦þy‹öì̃ îû öÇþöìe ²Ìí› ö„þw#ëû ¼y›„þ (m1) ¢îÅ”y Ÿ)̃ Ä £ëûÐ “þy£z ²Ìí› ö„þw#ëû
¼y›„þöì„þ îy” !”öìœ ö”…y ëyöìî ¢›hßþ !îöì‹yvþü ö„þw#ëû ¼y›„þ ²Ì!“þ¢› !î¦þy‹öì̃ îû öÇþöìe Ÿ)̃ Ä £ëûÐ
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•˜yd„þ  ²Ì!“þ÷ìî¡ì›Ä›)œ„þ !î¦þy‹öì̃ îû öÇþöìe !îöì‹yvþü ö„þw#ëû ¼y›„þ •˜yd„þ £ëûÐ }’yd„þ ²Ì!“þ÷ìî¡ì›Ä›)œ„þ
!î¦þy‹öì̃ îû öÇþöìe !îöì‹yvþü ö„þw#ëû ¼y›„þ }’yd„þ £ëûÐ

¢y•yîû’“þ “,þ“þ#ëû ö„þw#ëû ¼y›„þöì„þ (m3) ²Ì!“þ÷ìî¡ìöì›Äîû þ™!îû›yþ™ !£¢yöìî îÄî£yîû „þîûy £ëûÐ ~£z
þ™!îû›yþ™öì„þ ~„þ„þ !˜îûöìþ™Çþ „þîûöì“þ 3  !”öìëû ¦þy† „þöìîû ¼y›„þéôé!¦þ!_„þ ²Ì!“þ÷ìî¡ì›Ä †%’yA„þ !˜’Åëû „þîûy £ëûÐ

²Ì!“þ÷ìî¡ì›Ä †%’yA„þ 
   

3 3 3
3 3 3

22

m m m

m m
  


„þyîû’ 2
2m    ö¦þ”›y˜  ¢›„þ þ™yíÅ„þÄ 2m 

¢‚Kþy x %̃ëyëû# 1 †%’yA„þ 
2
3
3
2

m
m



²Ì!“þ÷ìî¡ì›Ä †%’yA„þ 
 

3
1 1 3

22

m

m
   

(4) ”Ÿ›„þ ç Ÿ“þ“þ›„þ !¦þ!_„þ þ™!îû›yþ™
~!Ýþöì„þ Kelly îû ²Ì!“þ÷ìî¡ì›Ä þ™!îû›yþ™ ¢)e îœy £ëûÐ

Kelly îû ²Ì!“þ÷ìî¡ì›Ä †%’yA„þ 10 90 i 1 9 i

90 10 9 1

P P 2.M D D 2M
P P D D
   

 
 

öë…yöì̃ – P Ÿ“þ“þ›„þ (Percentile) ~î‚ D ”Ÿ›„þ (Decile)
Mi ›•Ä›y P50 D5
¢y•yîû’“þ ²Ì!“þ÷ìî¡ìöì›Äîû þ™!îû›yþ™ !£¢yöìî Pearson ~îû †%’yA„þ ”%!Ýþ îÄî£,“þ £ëûÐ
“%þœ˜yëû Kelly îû †%’yöìA„þîû !îöìŸ¡ì îÄî£yîû ö˜£zÐ
* xîŸÄ ²Ì!“þ!Ýþ þ™!îû›yöìþ™îû öÇþöìe£z ë!” ²Ì!“þ÷ìî¡ì›Ä †%’yöìA„þîû ›y˜ Ÿ)̃ Ä £ëû “þöìî !î¦þy‹˜!Ýþ

²Ì!“þ¢› £öìî– •˜yd„þ £öìœ •˜yd„þ ²Ì!“þ÷ìî¡ì›Ä›)œ„þ ç }’yd„þ £öìœ }’yd„þ ²Ì!“þ÷ìî¡ì›Ä›)œ„þ
!î¦þy‹˜ £öìîÐ

3.8 “þ#ÇÖþ“þy

”%!Ýþ þ™!îû¢‚…Äy !î¦þy‹öì̃ îû ~„þ£z ›•Ä›„þ (mean), ~„þ£z ¢›„þ þ™yíÅ„þÄ (standard deviation) ~î‚
~„þ£z ²Ì!“þ÷ìî¡ì›Ä (skewness) £öìœç “þyöì”îû þ™!îû¢‚…Äy öîû…yîû ‰)þvþüy†%!œ (peaks) xyœy”y £öì“þ þ™yöìîûÐ
ö„þyöì̃ y ‰)þvþüy £ëûöì“þy “þ#ÇÖþ xyîyîû ö„þyöì̃ y ‰)þvþüy £ëûöì“þy ‰þÄy²WzyÐ þ™!îû¢‚…Äy !î¦þy‹öì̃ îû ~£z ÷î!ŸTþÄöì„þ
“þ#ÇÖþ“þy (kurtosis) îœy £ëûÐ
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0
x ‰þœ„þ

!‰þe õ 3·7 “þ#ÇÖþ“þyîû !î!¦þ§¬ þ™ëÅyëû

~„þ!Ýþ !î¦þy‹öì̃ îû þ™!îû¢‚…Äy öîû…yîû ‰)þvþüy ßþºy¦þy!î„þ !î¦þy‹˜ öîû…yîû (Normal Curve) “%þœ˜yëû !„þ
þ™!îû›y’ “þ#ÇÖþ îyþ ‰þÄy²Wzy “þyöì„þ£z “þ#ÇÖþ“þyîû þ™!îû›yþ™ îöìœ †’Ä „þîûy £ëûÐ ë!” ö„þyöì̃ y þ™!îû¢‚…Äy öîû…yîû
‰%þvþüy ßþºy¦þy!î„þ öîû…y (Normal Curve) xöìþ™Çþy x!•„þ “þ#ÇÖþ £ëû– “þy£öìœ “þyöì„þ öœöì²Wzy„þy!ÝÅþ„þ
(Leptokurtic) îœy £öìîÐ xyîyîû ö„þyöì̃ y !î¦þy‹öì̃ îû þ™!îû¢‚…Äy öîû…yîû ‰)þvþüy ßþºy¦þy!î„þ öîû…yîû (Normal
Curve)“%þœ˜yëû x!“þ!îû=þ ‰þÄy²Wzy (flat) £ëû– “þy£öìœ “þyöì„þ ö²Õ!Ýþ„þy!ÝÅþ„þ (Platykurtic) îœy £öìîÐ öë
þ™!îû¢‚…Äy öîû…yîû ‰)þvþüy ¢y•yîû’ öîû…yîû (Normal Curve) ›öì“þy £ëû “þyöì„þ ö›öì¢y„þy!ÝÅþ„þ (Mesokurtic)
îœy £öìîÐ

* “þ#ÇÖþ“þyîû þ™!îû›yþ™

!m“þ#ëû ç ‰þ“%þíÅ ö×!’ëû ¼y›öì„þîû ¢y£yöìëÄ “þ#ÇÖþ“þyîû þ™!îû›yþ™ „þîûy £ëûÐ

“þ#ÇÖþ“þyîû †%’yA„þöì„þ (Co-efficient of Kurtosis) 2  !”öìëû ¢)!‰þ“þ „þîûy £ëûÐ

xyîyîû– 2 2 3   

ë…˜– 4 4
2 2 4

2

m m
m

  


[ „þyîû’– ¢›„þ þ™yíÅ„þÄ 2m  ]

2 †%’yöìA„þîû ›y˜ ë“þ öî!Ÿ £öìî– !î¦þy‹˜!Ýþîû “þ#ÇÖþ“þy “þ“þ “þ#îÊ £öìîÐ

ßþºy¦þy!î„þ öîû…yîû (Normal curve) öÇþöìe 2 3

xíÅyê 2  2 – 3  0
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¢%“þîûy‚ îœy ëyëû öë 2 0 xíîy 2 3 £öìœ !î¦þy‹˜!Ýþ ö›öì¢y„þy!ÝÅþ„þ (mesokurtic) £öìîÐ

2 > 0 xíîy 2 > 3 £öìœ !î¦þy‹˜!Ýþ öœöì²Wzy„þy!ÝÅþ„þ £öìîÐ

~î‚ 2 < 0 xíîy 2 < 3 £öìœ !î¦þy‹˜!Ýþ ö²Õ!Ýþ„þy!ÝÅþ„þ £öìîÐ

vþz”y£îû’ õ 3·18 x ‰þœ„þ!Ýþîû ‰þyîû!Ýþ ›y˜ 1, 3, 5, 7 ö”çëûy xyöìŠéÐ “þyîû vþzþ™îû !¦þ!_ „þöìîû ‰þyîû!Ýþ
ö„þw#ëû ¼y›„þ– ›•Ä„þ– ¢›„þ þ™yíÅ„þÄ– ²Ì!“þ÷ìî¡ì›Äîû †%’yA„þ ç “þ#ÇÖþ“þyîû †%’yA„þ !˜’Åëû „þîûÐ

¢›y•y˜ õ ›•Ä„þ   1 3 5 7 16 44 4x     

ö„þw#ëû ¼y›öì„þîû †’˜y

x  x x  4x   2x x  3x x  4x x

1 –3 9 –27 81
3 –1 1 –1 1
5 1 1 1 1
7 3 9 27 81

ö›yÝþ 0 20 0 164

m1  ²Ìí› ö„þw#ëû ¼y›„þ 
  0 04
x x
n


  

m2  !m“þ#ëû ö„þw#ëû ¼y›„þ  2 20 54
x x
n


  

m3 “,þ“þ#ëû ö„þw#ëû ¼y›„þ  3 0 04
x x
n


  

m4  ‰þ“%þíÅ ö„þw#ëû ¼y›„þ  4 164 414
x x
n


  

!„þhs$þ– ö¦þ”›y˜  S¢›„þ þ™yíÅ„þÄV2 m2

 ¢›„þ þ™yíÅ„þÄ 2 5 2·24m    

²Ì!“þ÷ìî¡ì›Ä †%’yA„þ  
3

1 3 3
0 0

2·24
m
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“þ#ÇÖþ“þyîû †%’yA„þ  
4

2 4 4
41 413 3 3 1·36255

m
        



2 < 0, !î¦þy‹˜!Ýþ ö²Õ!Ýþ„þy!ÝÅþ„þÐ

vþz”y£îû’ õ 3·19 (i) ë!” !m“þ#ëû ç “,þ“þ#ëû ö„þw#ëû ¼y›öì„þîû ›y˜ ëíy„Êþöì› 4 ~î‚ 12 £ëû– “þy£öìœ
²Ì!“þ÷ìî¡ì›Ä !˜’Åëû „þîûÐ

(ii) ~„þ!Ýþ ›yGþy›y!Gþ ²Ì!“þ÷ìî¡ì›Ä›)œ„þ !î¦þy‹öì̃ îû öÇþöìe ›•Ä„þ   172,x  ›•Ä›y (Mi)  167

~î‚ ¢›„þ þ™yíÅ„þÄ   60  ö”çëûy íy„þöìœ ²Ì!“þ÷ìî¡ì›Ä †%’yA„þ ç ¢‚…Äy†%îû% ›y˜ !˜’Åëû „þîûÐ

¢›y•y˜ õ (i) m2 4 ~î‚ m3 12 ö”çëûy xyöìŠéÐ

 ¢›„þ þ™yíÅ„þÄ 2 4 2m   

þ²Ì!“þ÷ìî¡ì›Ä †%’yA„þ 
 

3
3 3

12 12 1·582
m

   


(ii) ²Ì!“þ÷ìî¡ì›Ä †%’yA„þ    i3 M 3 172 167 3 5
60 60

x     


1 0·254 

xyîyîû ›yGþy›y!Gþ ²Ì!“þ÷ìî¡ì›Ä›)œ„þ !î¦þy‹öì̃ îû

 0 iM 3 Mx x    öë…yöì̃  Mo  ¢‚…Äy†%îû% ›y˜

xíîy– 172 – Mo 3 (172 – 167)
xíîy– 172 – M0 3 × 5 15
xíîy– Mo 172 – 15 157
vþz”y£îû’ õ 3·20 ~„þ”œ ×!›öì„þîû ²Ì!“þ ‡rÝþyëû ›‹%!îûîû îrÝþöì̃ îû ›•Ä„þ 45 ›•Ä›y 42 ç ö¦þ”yA„þ

40 ²Ì”_ “þíÄ¢›)£ öíöì„þ (i) ¢‚…Äy†%îû% ›y˜ (ii) ö¦þ”›y˜ ç (iii) ²Ì!“þ÷ìî¡ì›Ä †%’yA„þ !˜’Åëû „þîûÐ

¢›y•y˜ õ ~…yöì̃  ›•Ä„þ 45x   ›•Ä›y Mi 42 ~î‚ CV 100 40x
x


  

CV 100 40x
x


   

xíîy– 40 0·40100
x

x
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0·40 0·40 45 18x x       ¢›„þ þ™yíÅ„þÄ

   2 22 18 18 324x      ö¦þ”›y˜

~…˜  oM 3x   S›•Ä„þ éôôôé ›•Ä›yV

xíîy–  o iM 3 Mx x  

xíîy– 45 – Mo 3 (45 – 42) 3 × 3 9

 Mo 45 – 9 36 ¢‚…Äy†%îû% ›y˜

Pearson I ~îû ²Ì!“þ÷ìî¡ì›Ä †%’yA„þ  o
45 36 9M 0·518 18xx      

3.9 ¢yîûy‚Ÿ

ö„þyöì̃ y ‰þœöì„þîû !î!¦þ§¬ ›y˜†%!œ öíöì„þ “þyöì”îû ö„þw#ëû ›yöì̃ îû öë þ™yíÅ„þÄ “þyöì„þ£z !îhß+þ!“þ îöìœÐ
ö„þw#ëû ›y˜ †vþü– ›•Ä›y xíîy ¢‚…Äy†%îû% ›y˜ £öì“þ þ™yöìîûÐ !îhß+þ!“þîû þ™îû› þ™!îû›yþ™ þ™å•!“þ†%!œ £œéôôôé(i)
²Ì¢yîû (ii) †vþü þ™yíÅ„þÄ (iii) ‰þ“%þíÅ„þ þ™yíÅ„þÄ ç (iv) ¢›„þ þ™yíÅ„þÄÐ !„þhs$þ ~†%!œîû ~„þ„þ xyöìŠéÐ “þy£z ~„þ„þ
!˜îûöìþ™Çþ þ™!îû›yþ™ þ™å•!“þ†%!œ £œéôôôé(i) ö¦þ”yA„þ (ii) †vþü þ™yíÅ„þÄ †%’yA„þ (iii) ‰þ“%þíÅ„þ þ™yíÅ„þÄ †%’yA„þ
£z“þÄy!”Ð ~†%!œöì„þ xyöìþ™!Çþ„þ þ™!îû›yþ™ îöìœÐ !îhß+þ!“þîû þ™îû› þ™!îû›yþ™†%!œîû ›öì•Ä ¢›„þ þ™yíÅ„þÄ ¢îöìíöì„þ
öî!Ÿ îÄî£,“þ £ëûÐ ¢›„þ þ™yíÅöì„þÄîû î†Åöì„þ ö¦þ”›y˜ îöìœÐ ö¦þ”›y˜ç î£%œ îÄî£,“þÐ

œöìîûO öîû…y îy ö„þw#¦þî˜ öîû…y ~„þ!Ýþ !îöìŸ¡ì •îûöì̃ îû „Êþ›öìëï!†„þ þ™!îû¢‚…Äy öœ…!‰þe ëyîû ¢y£yöìëÄ
xyëû– ¢Á™!_ £z“þÄy!”îû îrÝþ˜ ÷î¡ì›Ä þ™!îû›yþ™ „þîûy ëyëûÐ xyëû– ¢Á™!_ £z“þÄy!”îû îrÝþ˜ ‹˜¢‚…Äyîû ~„þ!Ýþ
!îöìŸ¡ì !”öì„þ ö„þw#¦)þ“þ íyöì„þÐ ~£z ö„þw#¦þîöì̃ îû ²Ìî’“þy þ™!îû›yþ™ „þîûy£z ~£z œöìîûO öîû…yîû „þy‹Ð
!†!˜îû ö„þw#ëû¦þî˜yA„þ îy œöìîûO x˜%þ™yöì“þîû ›y•Äöì›ç ~£z îrÝþ˜ ÷î¡ì›Ä þ™!îû›yþ™ „þîûy £ëûÐ

x ‰þœöì„þîû ~„þ!Ýþ !˜!jÅTþ ›yöì̃ îû S•îûy ëy„þ a) ¢yöìþ™öìÇþ !“þ˜ •îûöì̃ îû ¼y›„þ þ™yçëûy ëyëûÐ

ë…˜ a 0, “þ…˜ 
1

,
n

r
r i

i
m x n



   ë…˜ r 0, 1, 2, 3, 4..... ö„þ îœy £ëû x ~îû r “þ› „¤þy‰þy

¼y›„þÐ

ë…˜ a > 0 ~î‚ a x  £ëû “þ…˜  
1

,
a

n r
r i

i
m x a n



    ë…˜ r 0, 1, 2, 3, 4..... ö„þ

îœy £ëû x ~îû r “þ› xöì„þw#ëû ¼y›„þÐ
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~î‚ ë…˜ a x  S›•Ä„þV £ëû– “þ…˜  
1

,
n r

r i
i

m x x n


   ë…˜ r 0, 1, 2, 3, 4..... ö„þ

îœy £ëû x ~îû r “þ› ö„þw#ëû ¼y›„þÐ

vþzþ™öìîûîû ¢›#„þîû’†%!œ xîŸÄ ¢y•yîû’ öÇþöìe£z ²Ìöìëy‹Ä xíÅyê x ë…˜ ~„þ!Ýþ !î!FŠé§¬ ‰þœ„þ ~î‚ “þyîû
!î!¦þ§¬ ›y˜†%!œ x1, x2, ....... xn Ÿ%•%›ye ~„þîyîû „þöìîû£z íyöì„þ xíÅyê ›y˜†%!œîû ²Ìöì“þÄöì„þîû þ™!îû¢‚…Äy
1. þ™!îû¢‚…Äy !î¦þy‹öì̃ îû öÇþöìe ¢›#„þîû’†%!œ £öìî

„¤þy‰þy ¼y›„þ õ 
1 1

,
n n

r
r i i i

i i
m f x f

 

    r 0, 1, 2, 3, 4.....

xöì„þw#ëû ¼y›„þ õ  
1 1

,
n nr

ra i i i
i i

m f x a f
 

     r 0, 1, 2, 3, 4.....

ö„þw#ëû ¼y›„þ õ  
1 1

,
n nr

r i i i
i i

m f x x f
 

    r  0, 1, 2, 3, 4....

¢y•yîû’“þõ ²Ìí› ‰þyîû!Ýþ „¤þy‰þy ¼y›„þ– ²Ìí› ‰þyîû!Ýþ xöì„þw#ëû ¼y›„þ ç ²Ìí› ‰þyîû!Ýþ ö„þw#ëû ¼y›„þ
îûy!Ÿ“þöì_ ́ îÄî£,“þ £ëûÐ „¤þy‰þy ¼y›„þ xíîy xöì„þw#ëû ¼y›„þ†%!œ ‹y˜y íy„þöìœ ¢Á™„þÅë%=þ ¢›#„þîûöì’îû
¢y£yöìëÄ x˜yëûyöì¢£z ö„þw#ëû ¼y›„þ !˜’Åëû „þîûy ëyëûÐ xþ™îûþ™öìÇþ ö„þw#ëû ¼y›„þ ‹y˜y íy„þöìœ „¤þy‰þy ¼y›„þ
îy xöì„þw#ëû ¼y›„þ !˜’Åëû „þîûy ëyëûÐ !„þŠ%é ”îû„þy!îû šþœ¢›)£ ˜#öì‰þ ö”çëûy £œÐ

(i) 1o oa om m m   

(ii) x ~îû ²Ìí› „þ¤y‰þy ¼y›„þ!Ýþ £œ “þyîû ›•Ä„þÐ xíÅyê 1m x 

(iii) x ~îû ²Ìí› ö„þw#ëû ¼y›„þ £œ Ÿ)̃ ÄÐ xíÅyê m1 0

(iv) 1am x a  

(v) 2
2m     ö¦þ”›y˜

¼y›öì„þîû †%îû%c £œ õ 1 ,m x  m2 Var (x) xíÅyê ¼y›„þ ö„þw#ëû ²Ìî’“þyîû þ™!îû›yþ™ ~î‚ !îhß+þ!“þîû
þ™!îû›yþ™ !£¢yöìî îÄî£,“þ £ëûÐ

~Šéyvþüy m3 S“,þ“þ#ëû ö„þw#ëû ¼y›„þV ²Ì!“þ÷ìî¡ìöì›Äîû þ™!îû›yþ™ !£¢yöìî ç m4 S‰þ“%þíÅ ö„þw#ëû ¼y›„þV
“þ#ÇÖþ“þyîû þ™!îû›yþ™ !£¢yöìîç îÄî£,“þ £ëûÐ
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²Ì!“þ÷ìî¡ì›Ä „þíy!Ýþîû xíÅ £œ ¢y›Oöì¢Äîû x¦þyîÐ öë þ™!îû¢‚…Äy !î¦þy‹öì̃  ¢Á™)’Å ¢y›O¢Ä“þy xyöìŠé
ö¢!Ýþöì„þ ²Ì!“þ¢› !î¦þy‹˜ îöìœÐ ¢y•yîû’ öîû…y (Normal Curve) ~„þ!Ýþ ²Ì!“þ¢› !î¦þy‹˜Ð „þyîû’

¢y•yîû’ öîû…y!Ýþîû ›•Ä„þ  x   ›•Ä›y (Mi)  ¢‚…Äy†%îû% ›y˜ (M0) £ëûÐ •˜yd„þ ²Ì!“þ÷ìî¡ì›Ä›)œ„þ

þ™!îû¢‚…Äy !î¦þy‹öì̃ îû öÇþöìe ›•Ä„þ  x   ›•Ä›y (Mi) > ¢‚…Äy†%îû% ›y˜ (M0) ç xþ™îû!”öì„þ }’yd„þ

²Ì!“þ÷ìî¡ì›Ä›)œ„þ þ™!îû¢‚…Äy !î¦þy‹öì̃ îû öÇþöìe ›•Ä„þ  x   ›•Ä›y (Mi) < ¢‚…Äy†%îû% ›y˜ (M0) £ëûÐ

þ™!îû¢‚…Äy !î¦þy‹öì̃ îû “%þœ˜y›)œ„þ xyöìœy‰þ˜y ²Ì¢öìA† ~„þ!Ýþ vþzöìÍÔ…öìëy†Ä ÷î!ŸTþÄ £œ !î¦þy‹˜!Ýþîû
vþzF‰þ“þy (Peakedness)Ð ¢‚…Äy†%îû% ›y˜ îîûyîîû ~„þ!Ýþ þ™!îû¢‚…Äy öîû…y xþ™îû!Ýþîû “%þœ˜yëû x!•„þ “þ#ÇÖþ
îy ‰þÄy²Wzy £öì“þ þ™yöìîûÐ þ™!îû¢‚…Äy !î¦þy‹öì̃ îû ~£z ÷î!ŸTþÄöì„þ “þ#ÇÖþ“þy (Kurtosis) îœy £ëûÐ ¢y•yîû’
öîû…yîû (Normal Curveéôé~îûV ¢›y˜ vþzF‰þ“þy ç ¢y›O¢Äþ™)’Å þ™!îû¢‚…Äy öîû…y!Ýþöì„þ ö›öì¢y„þy!ÝÅþ„þ îœy
£ëûÐ ¢y•yîû’ öîû…yîû öíöì„þ öî!Ÿ vþzF‰þ ~î‚ “þ#ÇÖþ þ™!îû¢‚…Äy öîû…yöì„þ öœöì²Wzy„þy!ÝÅþ„þ ç ¢y•yîû’ öîû…yîû
öíöì„þ „þ› vþzF‰þ ~î‚ ‰þÄy²Wzy þ™!îû¢‚…Äy öîû…yöì„þ ö²Õ!Ýþ„þy!ÝÅþ„þ îœy £ëûÐ

3.10 x˜%Ÿ#œ˜#

²ÌÙÀ›yœy õ

1. !îhß+þ!“þîû xíÅ „þ#Ú !îhß+þ!“þîû þ™îû› þ™!îû›yþ™†%!œ „þ# „þ# îÄy…Äy „þîûÐ

2. !îhß+þ!“þîû xyöìþ™!Çþ„þ þ™!îû›yþ™†%!œ šþ›)Åœy ¢£öìëyöì† îÄy…Äy „þîûÐ ~£z xyöìþ™!Çþ„þ þ™!îû›yþ™†%!œîû ¢yöìí
þ™îû› þ™!îû›yöìþ™îû “þšþyê ö„þyíyëûÚ

3. ²Ì¢yöìîûîû (Range) ¢‚Kþy ”yçÐ ö×!’îå• þ™!îû¢‚…Äy !î¦þy‹öì̃ îû öÇþöìe ²Ì¢yîû „þ#¦þyöìî !˜’Åëû „þîûy
£ëûÚ ²Ì¢yöìîûîû x¢%!î•y†%!œ „þ# „þ#Ú

4. †vþü þ™yíÅöì„þÄîû (Mean Deviation) ¢‚Kþy ”yç S¢)e ¢£öìëyöì†VÐ †vþü þ™yíÅöì„þÄîû ›y˜ „þ…˜ ¢îÅ!˜Á¬
£öìîÚ †vþü þ™yíÅöì„þÄîû x¢%!î•y†%!œ „þ# „þ#Ú

5. ¢›„þ þ™yíÅ„þÄ (Standard Deviation) „þyöì„þ îöìœÚ ²Ì›y’ „þîû öë ~„þ!Ýþ ‰þœöì„þîû ²Ì!“þ!Ýþ ›y˜ ë!”
~„þ£z £ëû “þöìî ›y˜†%!œîû ¢›„þ þ™yíÅ„þÄ Ÿ)̃ Ä £öìîÐ

²ÌÙÀ›yœy õ

6. ¢›„þ þ™yíÅöì„þÄîû ›y˜ ›)œ!î¨%îû (Origin) vþzþ™îû !˜¦Åþîû „þöìîû ˜y !„þhs$þ ›yeyîû (Scale) vþzþ™îû !˜¦Åþîû
„þöìîûéôôôé²Ì›y’ „þîûÐ

7. œöìîûO öîû…yîû (Lorenz Curve) ¢y£yöìëÄ xyëû– þ™å•!“þ– ›%̃ yšþy £z“þÄy!”îû îrÝþ˜ ÷î¡ì›Ä „þ#¦þyöìî
þ™!îû›yþ™ „þîûy £ëû ö”…yçÐ
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8. ~„þ!Ýþ ‰þœ„þ x ~îû ”%!Ýþ ›y˜ x1 ç x2 •îûöìœ ‰þœöì„þîû ¢›„þ þ™yíÅ„þÄ £öìî ~£z ›y˜ ”%!Ýþîû þ™yíÅöì„þÄîû
xöì•Å„þéôôôé²Ì›y’ „þîûÐ

9. (i) ö„þyöì̃ y þ™!îû¢‚…Äy !î¦þy‹öì̃ îû „¤þy‰þy ¼y›„þ– xöì„þw#ëû ¼y›„þ ç ö„þw#ëû ¼y›öì„þîû ¢‚Kþy ”yçÐ

(ii) ö”…yç „þ#¦þyöìî ¼y›„þ myîûy !î¦þy‹öì̃ îû ÷î!ŸTþÄ†%!œ ²Ì„þy!Ÿ“þ £ëû– öë›˜ †vþü– !îhß+þ!“þ– ²Ì!“þ÷ìî¡ì›Ä
ç “þ#ÇÖþ“þyÐ

10. ö„þw#ëû ¼y›„þ ç xöì„þw#ëû ¼y›öì„þîû ›öì•Ä ¢y•yîû’ ¢Á™„Åþ !˜•Åyîû’ „þîûÐ ²Ìí› ‰þyîû!Ýþ ö„þw#ëû
¼y›„þöì„þ xöì„þw#ëû ¼y›öì„þîû ¢yöìþ™öìÇþ ²Ì„þyŸ „þîûÐ

²ÌÙÀ›yœy õ

11. 20 !Ýþ þ™ëÅöìîÇþöì’îû †vþü ›y˜ ç ¢›„þ þ™yíÅöì„þÄîû ›y˜ ëíy„Êþöì› 10 ç 2Ð !£¢yî!Ýþ þ™%̃ îûyëû þ™îû#Çþy
„þîûyîû ¢›ëû ö”…y ö†œ ~„þ!Ýþ ¢‚…Äy ¦%þœ „þöìîû 8öœ…y £öìëûöìŠéÐ ~…˜ †vþü ›y˜ ç ¢›„þ þ™yíÅöì„þÄîû
›y˜ !˜’Åëû „þîû (i) ë!” ¦%þœ ›y˜!Ýþ !£¢yî öíöì„þ îy” ö”çëûy £ëû ~î‚ (ii) ¦%þœ ›y˜!Ýþ ¢‚öìŸy•˜
„þöìîû ~îû ‹yëû†yëû 12 •îûy £ëûÐ

12. ö„þyöì̃ y þ™îû#Çþyëû 100 ‹˜ Šéyöìeîû ²Ìy® ˜Áºîû ˜#öì‰þ ö”çëûy £œ õ

þ²Ìy® ˜Áºî û Šéye ¢‚…Äy

10 ~îû ˜#öì‰þ 14

20 ~îû ˜#öì‰þ 30

30 ~îû ˜#öì‰þ 50

40 ~îû ˜#öì‰þ 75

50 ~îû ˜#öì‰þ 87

60 ~îû ˜#öì‰þ 95

70 ~îû ˜#öì‰þ 100

†vþü ç ¢›„þ þ™yíÅ„þÄ !˜’Åëû „þîûÐ

13. ö„þyöì̃ y ‰þœöì„þîû ‰þyîû!Ýþ þ™ëÅöìîÇþöì’îû †vþü ç ö¦þ”›y˜ £œ 4·5 ~î‚ 1·25 ë!” ”%Ýþ þ™ëÅöìîÇþ’ 4
ç 6 £ëû “þy£öìœ xþ™îû ”%£z þ™ëÅöìîÇþ’ !˜’Åëû „þîûÐ
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14. (i) ë!” n 10, 120x   ~î‚ 2 1690x   £ëû “þöìî ¢›„þ þ™yíÅ„þÄ !˜’Åëû „þîûÐ

(ii) ö¦þ”yA„þ 5% ç ö¦þ”›y˜ 4 £öìœ– †vþü !˜’Åëû „þîûÐ

(iii) ~„þ!Ýþ ²Ì!“þ¢› !î¦þy‹öì̃ îû AM ›•Ä›y 8·5 ; ‰þ“%þíÅ„þ þ™yíÅ„þÄ 4 £öìœ ²Ìí› ç “,þ“þ#ëû
‰þ“%þíÅ„þ !˜’Åëû „þîûÐ

15. ˜#öì‰þîû ¢yîû!’öì“þ 430 !Ýþ þ™!îûîyöìîûîû ›y!¢„þ îÄëû ö”çëûy £œ õ

›y!¢„þ îÄëû SÝþy„þyëûV þ™!îûîyöìîûîû ¢‚…Äy
1000 ~îû ˜#öì‰þ 30
1000 – 1250 45
1250 – 1500 70
1500 – 1750 82
1750 – 2000 66
2000 – 2250 57
2250 – 2500 28
2500 – 2750 22
2750 – 3000 18
3000 ~îû vþzþ™öìîû

~öìÇþöìe !„þ ¢›„þ þ™yíÅ„þÄ !˜’Åëû „þîûy ëyëûÚ „þyîû’ ö”…yçÐ ë!” ˜y £ëû “þöìî vþzþ™ë%=þ þ™!îû›yöìþ™îû
¢y£yöìëÄ ‰%þÄ!“þ !˜’Åëû „þîûÐ

16. (i) ~„þ!Ýþ x!î!FŠé§¬ ‰þœöì„þîû þ™!îû¢‚…Äy !î¦þy‹öì̃ îû ¢yöìþ™öìÇþ ²Ì!“þ÷ìî¡ì›Ä ç “þ#ÇÖþ“þy ~£z •yîû’y
”%!Ýþîû xíÅ îÄy…Äy „þîûÐ ²Ì!“þ÷ìî¡ì›Ä ç “þ#ÇÖþ“þyîû !î!¦þ§¬ þ™!îû›yþ™†%!œ îÄy…Äy „þîûÐ

(ii) !˜öìÁ¬ ²Ì”_ þ™!îû¢‚…Äy !î¦þy‹˜ öíöì„þ ¼y›„þ þ™å•!“þöì“þ ²Ì!“þ÷ìî¡ì›Ä ç “þ#ÇÖþ“þy þ™!îû›yþ™ „þîûÐ

ö×!’ (class) : 0–10 10–20 20–30 30–40

þ™!îû¢‚…yÄ (frequency) : 1 3 4 2

17. !˜öìÁ¬îû îûy!Ÿ“þíÄ öíöì„þ ²Ìí› ‰þyîû!Ýþ ö„þw#ëû ¼y›„þ !˜’Åëû „þîûÐ

x“þƒþ™îû þ™!îû¢‚…Äy !î¦þy‹˜!Ýþîû ›•Ä„þ– ¢›„þ þ™yíÅ„þÄ– ²Ì!“þ÷ìî¡ì›Ä †%’yA„þ ç “þ#ÇÖþ“þyîû †%’yA„þ †’˜y
„þîûÐ

ö×!’ xhsþîû 110–119 120–129 130–139 140–149 150–159 160–169 170–179

þ™!îû¢‚…Äy 16 25 38 52 37 19 13
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18. (i) ë!” 2 îyîû ¢yöìþ™öìÇþ x ‰þœöì„þîû ²Ìí› !m“þ#ëû ç “,þ“þ#ëû xöì„þw#ëû ¼y›„þ ëíy„Êþöì› 1, 16 ~î‚
40 £ëû– “þöìî ²Ìí› !m“þ#ëû ç “,þ“þ#ëû ö„þw#ëû ¼y›„þ !˜’Åëû „þîûÐ x“þƒþ™îû ¼y›„þ !¦þ!_„þ ²Ì!“þ÷ìî¡ì›Ä
†%’yA„þ †’˜y „þîû ~î‚ þ™!îû¢‚…Äy öîû…y!Ýþîû xy„,þ!“þ ¢Á™öì„Åþ xyöìœy‰þ˜y „þîûÐ

19. x ‰þœöì„þîû þ™!îû¢‚…Äy !î¦þy‹öì̃ îû ²Ìí› ‰þyîû!Ýþ „¤þy‰þy ¼y›„þ ö”çëûy xyöìŠé –4, 22, –105 ~î‚ 444.
~îû öíöì„þ “þ#ÇÖþ“þyîû †%’yA„þ (B †%’yöìA„þîû xy„þyöìîûV †’˜y „þîû ~î‚ “þ#ÇÖþ“þyîû ²Ì„,þ!“þ ¢Á™öì„Åþ
xyöìœy‰þ˜y „þîûÐ

20. !˜öìÁ¬îû þ™!îû¢‚…Äy !î¦þy‹˜ öíöì„þ Bowleyîû ²Ì!“þ÷ìî¡ì›Ä †%’yA„þ !˜’Åëû „þîûÐ

ö×!’xhsþîû õ 10-15 15-20 20-25 25-30 30-35 35-40 40-45 45-50

þ™!îû¢‚…Äy õ 3 6 9 14 21 16 8 3

21. ˜#öì‰þîû îûy!Ÿ“þíÄ öíöì„þ ²Ìí› ‰þyîû!Ýþ ö„þw#ëû ¼y›„þ !˜’Åëû „þîû ~î‚ ¼y›„þ !¦þ!_„þ ²Ì!“þ÷ìî¡ì›Ä
†%’yA„þ ç “þ#ÇÖþ“þy †%’yA„þ †˜˜y „þîûÐ

ö×!’xhsþîû õ 0–4 4–8 8–12 12–16

þ™!îû¢‚…Äy õ 10 12 15 13

3.11 @ùÌríþ™!O

1. Applied General Statistics – by Croxton and Cowden, Prentice Hall, Inc, 1949
2. Statistical Methods Vol I–by N.G. Das, McGraw Hill India, 2008
3. Statistics : Theory and Practice – by R.S.N. Pillai and Bhagavati, S.Chand, 2008



~„þ„þ 4  „þyœ#˜ ö×!’îû !îöìÙÕ¡ì’

†àþ˜

4.1 vþzöìjŸÄ

4.2 ²Ìhßþyî˜y

4.3 „þyœ#˜ ö×!’îû vþzþ™y”y˜¢›)£

4.4 ²Ìî’“þyîû þ™!îû›yþ™

4.4.1 ›%=þ£öìhßþ ÷œ!…„þ þ™å•!“þ

4.4.2 x•Å†vþü þ™å•!“þ

4.4.3 †!“þŸ#œ †vþü þ™å•!“þ

4.4.4 œ!‡Ûþ î†Å þ™å•!“þöì“þ †y!’!“þ„þ öîû…y !˜•Åyîû’

4.4.4.1 ¢öìîÅy_› ›y˜y˜¢£z ¢îûœöìîû…y

4.4.4.2 x!•î,_y„þyîû ²Ìî’“þy

4.4.4.3 ~:öìþ™yöì̃ ˜!¢ëûyœ ²Ìî’“þy

4.4.5 îy!¡ìÅ„þ þ™!îû¢‚…Äy˜ öíöì„þ ›y!¢„þ ²Ìî’“þy !˜’Åëû

4.4.5.1 ²Ì”_ !îöì‹yvþü ¢‚…Ä„þ îŠéöìîûîû öÇþöìe ›y!¢„þ †vþü¢›)£

4.4.5.2 ²Ì”_ ö‹yvþü ¢‚…Ä„þ îŠéöìîûîû öÇþöìe ›y!¢„þ †vþü¢›)£

4.4.5.3 îy!¡ìÅ„þ öëy†šþœ†%!œ ö”çëûy íy„þöìœ ›y!¢„þ ²Ìî’“þy

4.5 ›îû¢%›# þ™!îûî“Åþöì̃ îû þ™!îû›yþ™

4.5.1 ›y!¢„þ Sîy ÷e›y!¢„þV †vþü þ™å•!“þ

4.5.2 †!“þŸ#œ †vþü x˜%þ™y“þ þ™å•!“þ

4.5.3 ²Ìî’“þy x˜%þ™y“þ þ™å•!“þ

4.5.4 xyöìþ™!Çþ„þ ¢‚öìëy† þ™å•!“þ

4.6. ›îû¢%›# ¢)‰þöì„þîû îÄî£yîû
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4.7. î,_y„þyîû vþzay˜éôéþ™“þöì̃ îû þ™!îû›yþ™

4.7.1 xî!ŸTþ þ™å•!“þ

4.8 ¢yîûy‚Ÿþþþ

4.9 x˜%Ÿ#œ˜#

4.10 @ùÌríþ™!O

4.1 vþzöìjŸÄ

„þyœ#˜ ö×!’îû !îöìÙÕ¡ì’ xíÅ̃ #!“þîû !î!¦þ§¬ ‰þœöì„þîû x“þ#“þ xy‰þîû’ î%Gþöì“þ ¢y£yëÄ „þöìîûÐ x“þ#öì“þîû ~£z
Kþy˜ ú ‰þœ„þ†%!œîû ¦þ!î¡ìÄöì“þîû ¢½þyîÄ þ™!îûî“Åþ˜ ç †!“þ ²Ì„,þ!“þ ¢Á™öì„Åþ ~„þÝþy þ™)îÅy¦þy¢ ö”ëûÐ ~£z
þ™)îÅy¦þy¡ì ¦þ!î¡ìÄê þ™!îû„þÒ˜yöì„þ ²Ì¦)þ“þ ¢y£yëÄ „þöìîûÐ

„þyœ#˜ ö×!’îû !îöìÙÕ¡ìöì’îû ¢y£yöìëÄ ö„þyöì̃ y þ™!îû„þ!Ò“þ „þyëÅ„Êþöì›îû ²Ì“þÄy!Ÿ“þ šþöìœîû ¢öìA† ²Ì„,þ“þ
šþöìœîû “%þœ˜y „þîûy ¢½þîÐ ²Ì“þÄy!Ÿ“þ ç ²Ì„,þ“þ šþöìœîû ›öì•Ä þ™yíÅ„þÄ ¦þ!î¡ìÄê þ™!îû„þÒ˜yöì„þ xyîûç ¢›,å•
„þöìîûÐ vþz”y£îû’ ßþºîû)þ™ îœy ëyëû öë ö„þyöì̃ y ö”öìŸîû ö„þw#ëû îÄyA„þ ö›yÝþ }öì’îû þ™!îû›y’ ç ö…yœy îy‹yöìîûîû
„þyîûîyöìîûîû ›öì•Ä ¢Á™„Åþ !îöìÙÕ¡ì’ „þöìîû ¦þ!î¡ìÄê „þ›Åþ™rí !Þíîû „þöìîûÐ ö”öìŸîû ¢îû„þyîû þ™!îû„þ!Ò“þ !î!˜öìëûy†
ç ‹y“þ#ëû xyëûî,!å•îû ¢Á™„Åþ x˜%¢r•y˜ „þöìîû îyöì‹öìÝþ þ™!îûî“Åþ˜ xyöì̃ Ð ~ ¢î£z „þyœ#˜ ö×!’îû !îöìÙÕ¡ìöì’îû
›y•Äöì› ¢½þî £ëûÐ

4.2  ²Ìhßþyî˜y

ö„þyöì̃ y ~„þ!Ýþ ‰þœöì„þîû !î!¦þ§¬ ¢›öìëûîû ›y˜ ¢›öìëûîû ¢yöìþ™öìÇþ öë¦þyöìî þ™!îûî!“Åþ“þ £ëû ö¢£z îûy!Ÿ“þíÄ
ë!” Šé„þ „þy†öì‹ vþzþ™Þíy!þ™“þ „þîûy ëyëû “þöìî „þyœ#˜ ö×!’îû îûy!Ÿ“þíÄ þ™yçëûy ëyëûÐ x %̃¦)þ!›„þ xöìÇþ ¢›ëû
(t) ~î‚ vþzÍÔÁº xöìÇþ ‰þœ„þ!Ýþîû !î!¦þ§¬ ¢›öìëûîû ›y˜ (yt) vþzþ™Þíy!þ™“þ „þîûy £ëûÐ ~£z „þyœ#˜ ö×!’îû
îûy!Ÿ“þíÄ ú ‰þœöì„þîû ¢›öìëûîû ¢yöìþ™öìÇþ þ™!îûî“Åþöì̃ îû öë ²Ìî’“þy ¢)!‰þ“þ „þöìîû ö¢!Ýþ£z ~£z !îöìÙÕ¡ìöì’îû ›)œ
!î¡ìëûÐ ~…˜ ú ²Ìî’“þyîû „þyîû’ x˜%¢r•yöì̃ îû ›öì•Ä !”öìëû †öìî¡ì’yîû „þyöì‹îû x@ùÌ†!“þ ¢½þî £ëûÐ ¢›ëû
îœöì“þ !”˜– ¢®y£– ›y¢– îŠéîû £z“þÄy!” £öì“þ þ™yöìîûÐ ¢›öìëûîû ¢yöìþ™öìÇþ vþzêþ™y”˜– !î„Êþëû– ›%˜yšþy– xy›”y!˜–
îû®y˜#– !î!˜öìëûy† ç xyëû £z“þÄy!” „þyœ#˜ ö×!’îû îûy!Ÿ“þöìíÄîû vþz”y£îû’Ð

4.3  „þyœ#˜ ö×!’îû vþzþ™y”y˜¢›)£

„Ïþy!¢„þyœ þ™å•!“þ x %̃ëyëû# „þyœ#˜ ö×!’îû îûy!Ÿ“þöìíÄîû vþzay˜éôéþ™“þ˜ ²Ì•y˜“þ ‰þyîû!Ýþ ö›ï!œ„þ þ™!îûî“Åþöì̃ îû
‹˜Ä £öìëû íyöì„þÐ ú ‰þyîû!Ýþ ö›ï!œ„þ þ™!îûî“Åþ˜öì„þ „þyœ#˜ ö×!’îû ‰þyîû!Ýþ vþzþ™y”y˜ îœy £ëûÐ ~†%!œ £œéôôôé
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(i) ”#‡ÅÞíyëû# ²Ìî’“þy îy ²Ìî’“þy (Tt) (Secular Trend or Trend)

(ii) ›îû¢%›# þ™!îûî“Åþ˜ (St) (Seasonal Variation)

(iii) î,_y„þyîû þ™!îûî“Åþ˜ îy î,_y„þyîû vþzay˜éôéþ™“þ˜ (Ct) (Cyclical Variation or Cyclical
Fluctuations)

(iv) x!˜ëû!›“þ îy ~öìœyöì›öìœy þ™!îûî“Åþ˜ (It) (Irregular or Random Movements)

~…˜ ö„þyöì̃ y „þyœ#˜ ö×!’îû îûy!Ÿ“þöìíÄîû vþzay é̃ôéþ™“þ˜ ~£z ‰þyîû!Ýþ vþzþ™y”yöì̃ îû ¢!Á¿!œ“ ²Ì¦þyöìîîû ‹˜Ä
£öìëû íyöì„þÐ ö„þyöì̃ y ~„þ!Ýþ îûy!Ÿ“þöìíÄîû ›)œ ‰þœöì„þîû ›y˜ (yt) ö„þ vþzþ™öìîûy=þ ‰þyîû!Ýþ vþzþ™y”yöì̃ îû †%’šþœ
(Product model) xíîy öëy†šþœ (additive model) !£¢yöìî •îûy £ëûÐ

xíÅyê yt Tt × St × Ct × It †%’›)œ„þ ›öìvþœ (Product Model)

xíîy– yt Tt  St Ct  It ¢›!Tþ›)œ„þ ›öìvþœ (Additive Model)

(i) ”#‡ÅÞíyëû# ²Ìî’“þy îy ²Ìî’“þy (Tt) (Secular Trend or Trend)

„þyœ#˜ ö×!’îû îûy!Ÿ“þöìíÄîû vþzay é̃ôéþ™“þöì̃ îû ›öì•Ä ¢›öìëûîû ¢yöìí ¢yöìí ~„þÝþy ”#‡Åöì›ëûy”# ²Ìî’“þy œÇþ
„þîûy ëyëûÐ ~£z ²Ìî’“þyöì„þ ”#‡ÅÞíyëû# ²Ìî’“þy îy ²Ìî’“þy îœy £ëûÐ ~£z ²Ìî’“þy „þ…˜ç |•¹Å›%…# £ëû xyîyîû
ö„þyöì̃ y ö„þyöì̃ y öÇþöìe !˜Á¬›%…# £ëûÐ îûy!Ÿ“þöìíÄîû |•¹Å†!“þ ²Ìî’“þy ¢y•yîû’“þ ‹˜¢‚…Äy î,!å•– ”)¡ìöì’îû
›yey– ²Ìë%!=þ†“þ þ™!îûî“Åþ˜– ‹y“þ#ëû xyöìëûîû þ™!îûî“Åþ˜ £z“þÄy!”îû ›öì•Ä œÇþÄ „þîûy ëyëûÐ !˜Á¬†!“þ ²Ìî’“þy
ö”…y ëyëû ›y %̃öì¡ìîû ›,“%þÄîû £yöìîû– þ™%îûy“þ˜ x²Ì‰þ!œ“þ šþÄyŸöì̃ îû öþ™y¡ìy„þ¢›)öì£îû ‰þy!£”y £z“þÄy!”Ð

!‰þe 4·1 vþz•¹Å†!“þ ¢Á™§¬ ”#‡ÅÞíyëû# ²Ìî’“þy
0 t
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(ii) ›îû¢%›# þ™!îûî“Åþ˜ (Seasonal Variation)

xyî£yçëûy ç ‹œîyëû%îû xîÞíy îy þ™!îûî“Åþ˜– ›y %̃öì¡ìîû îû%!‰þ þ™Šé¨– •›#Åëû vþzê¢î £z“þÄy!”îû „þyîûöì’ ~„þÝþy
!˜!”ÅTþ ¢›öìëûîû îÄî•yöì̃  þ™ëÅyëû„Êþöì› !˜ëû!›“þ îûy!Ÿ“þöìíÄîû vþzàþy˜y›yöì„þ ›îû¢%›# îy }“%þ!˜¦Åþîû þ™!îûî“Åþ˜ îœy
£ëûÐ öë›˜ @ùÌ#Ü¿„þyöìœ xy£z¢!„Êþöì›îû ‰þy!£”y ç Ÿ#“þ„þyöìœ „þ!šþîû ‰þy!£”y î,!å• xþ™îûþ™öìÇþ Ÿ#“þ„þyöìœ
xy£z¢!„Êþöì›îû ‰þy!£”y ç @ùÌ#Ü¿„þyöìœ „þ!šþîû ‰þy!£”y £Éy¢ ›îû¢%›# þ™!îûî“Åþöì̃ îû ²Ì„,þTþ vþz”y£îû’Ð

!‰þe 4·2 xy£z¢!„Êþöì›îû !î„Êþöìëûîû ›îû¢%›# þ™!îûî“Åþ˜

(iii) î,_y„þyîû þ™!îûî“Åþ˜ îy î,_y„þyîû vþzay˜éôéþ™“þ̃  (Cyclical Variation or Cyclical Fluctuation)

î,_y„þyîû þ™!îûî“Åþ˜ ›îû¢%›# þ™!îûî“Åþ˜ öíöì„þ xyœy”yÐ ›îû¢%›# þ™!îûî“Åþöì̃ îû ¢›ëû„þyœ ~„þîŠéîû !„þhs$þ
î,_y„þyîû þ™!îûî“Åþöì̃ îû ¢›ëû„þyœ ~„þîŠéöìîûîû öî!Ÿ !„þhs$þ ¢î¢›ëû ~£z þ™!îûî“Åþ˜ !˜ëû!›“þ ˜ëûÐ îÄî¢yöìëû

0

vþz§¬!“þ

îÄî¢yöìëûîû
›%˜yšþy

!‰þe 4·3 îy!’‹Ä ‰þöì„Êþîû !î!¦þ§¬ þ™ëÅyëû
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ö“þ‹#¦þyî ~î‚ ›¨y¦þyî þ™îûþ™îû£z xyöì¢ !„þhs$þ “þyîû ¢›ëû„þyœ ~„þîŠéîû ˜ëûéôôôé~„þîŠéöìîûîû öî!Ÿ ~î‚
¢î¢›ëû !˜ëû!›“þ ˜ëû !„þŠ%éÝþy x!˜ëû!›“þÐ îÄî¢yöìëûîû ~£z vþzay˜éôéþ™“þ˜öì„þ îy!’‹Ä ‰þ„Êþ (business cycle)
îöìœÐ ~„þ!Ýþ þ™)’Å‰þöì„Êþîû ‰þyîû!Ýþ þ™ëÅyëû (Plase) xyöìŠé õ S„þV vþz§¬!“þ (prosperity) S…V !˜Á¬†!“þ (recession)
S†V ›¨y (depression) S‡V þ™%̃ îû%§¬!“þ (recovery)Ð ~£z vþzay é̃ôéþ™“þ˜ ~„þ ‰þ„Êþ öíöì„þ x˜Ä ‰þöì„Êþ xyœy”y
£öì“þ þ™yöìîûÐ îy!’‹Ä ‰þöì„Êþîû vþzay é̃ôéþ™“þöì̃ îû “þ#îÊ“þy ~„þ!Ýþ Ÿ#¡ìÅ!î¨% (Boom) ç “þyîû xyöì†îû ¢îÅ!˜Á¬ !î¨%îû
(trough) ›öì•Ä vþzF‰þ“þyîû þ™yíÅöì„þÄîû myîûy ›yþ™y £ëûÐ

(iv) x!˜ëû!›“þ îy ~œyöì›öìœy þ™!îûî“Åþ˜ (Irragular or Random movements)

öë ¢›hßþ þ™!îûî“Åþöì̃ îû ö„þyöì̃ y !˜!Øþ“þ þ™)îÅy¦þy¢ „þîûy ëyëû ˜y ö¢†%!œöì„þ£z x!˜ëû!›“þ þ™!îûî“Åþ˜ îœy
£ëûÐ öë›˜ ë%å• !î@ùÌ£– •›Å‡Ýþ– ¦)þ!›„þÁ™– ”%!¦ÅþÇþ– î˜Äy– ›£y›yîû#– GþvþüGþPy £z“þÄy!”Ð ²Ìî’“þy– ›îû¢%›#
þ™!îûî“Åþ˜ ç î,_y„þyîû vþzay˜éôéþ™“þ˜ îÄ!“þöìîûöì„þ ëyî“þ#ëû þ™!îûî“Åþ˜£z x!˜ëû!›“þ þ™!îûî“þÅöì̃ îû ›öì•Ä þ™öìvþüÐ ~£z
þ™!îûî“Åþ˜ „þ…˜ £öìî “þy îœy ›%Ÿ!„þœÐ

0

!‰þe 4·4 x!˜ëû!›“þ þ™!îûî“Åþöì̃ îû îû)þ™öìîû…y

4.4  ²Ìî’“þyîû þ™!îû›yþ™þ

„þyœ#˜ ö×!’îû îûy!Ÿ“þöìíÄîû †!“þ²Ì„,þ!“þîû ²Ìî’“þy þ™!îû›yþ™ „þîûyîû ‹˜Ä ‰þyîû!Ýþ þ™å•!“þ xyöìŠéÐ þ™å•!“þ†%!œ
£œ õ

(i) ›%=þ£hßþ ÷œ!…„þ þ™å•!“þ
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(ii) x•Å†vþü þ™å•!“þ

(iii) †!“þŸ#œ †vþü þ™å•!“þ

(iv) œ!‡Ûþ î†Å þ™å•!“þ

4.4.1  ›%=þ£hßþ ÷œ!…„þ þ™å•!“þ

~£z þ™å•!“þöì“þ ~„þ!Ýþ Šé„þ „þy†öì‹ „þyœ#˜ ö×!’îû îûy!Ÿ“þíÄ†%!œ SxíÅyê yt) vþzœÁº xÇþ îîûyîîû ç ¢›ëû
(t) ö„þ x˜%¦)þ!›„þ xÇþ îîûyîîû þ™!îû›yþ™ „þîûy £ëû ç !î¨% !£¢yöìî !‰þ!£«“þ „þîûy £ëûÐ ~îûþ™îû ú !î¨%†%!œîû
ëíy¢½þî ¢y!§¬•Ä î‹yëû öîûöì… ›%=þ £öìhßþ ¢îûœöìîû…y xíîy î„Êþöìîû…y xA„þ˜ „þîûy £ëûÐ œÇþ îûy…y £ëû ëyöì“þ
~£z ²Ìî’“þy öîû…y!Ýþîû vþzþ™öìîû ç ˜#öì‰þ „þ› öî!Ÿ ¢›y˜ ”)îûöìc öë˜ ¢›y˜ ¢‚…Ä„þ !î¨% íyöì„þÐ ~…˜ öîû…y!Ýþ
vþz•¹Åy!¦þ›%…# £öìœ vþz•¹Å†!“þ ²Ìî’“þy öîyGþyëû ~î‚ !˜Á¬y!¦þ›%…# £öìœ !˜Á¬†!“þîû ²Ìî’“þy öîyGþyëûÐ ~!Ýþ
²Ìî’“þy þ™!îû›yöìþ™îû ¢îÅyöìþ™Çþy ¢£‹ þ™å•!“þÐ

4.4.2  x•Å†vþü þ™å•!“þ

•îûy ëy„þ „þyœ#˜ ö×!’îû 2K ¢‚…Ä„þ îŠéöìîûîû ‹˜Ä ›y˜†%!œ £œ y1, y2, ....., y2k ~…˜ ~£z ›y˜†%!œöì„þ
¢›y˜ ”%£z x‚öìŸ !î¦þ=þ „þîûöìœ þ™yçëûy ëyëû y1, y2, ..... yk ç yk1, yk2,......y2k. ~…˜ ²Ìí› x‚öìŸîû

›y˜†%!œîû †vþü 1 2 ..... ky y y
k

   
  

 ö„þ ²Ìí› k îŠéöìîûîû !àþ„þ ›yGþ…yöì̃  Þíyþ™˜ „þîûöìœ ~î‚ öŸ¡ì k

îŠéöìîûîû ›y˜†%!œîû †vþü 1 2 2, ,.....,k k ky y y
k

  
  

 ö„þ öŸ¡ì k îŠéöìîûîû !àþ„þ ›yGþ…yöì̃  Þíyþ™˜ „þîûöìœ ”%!Ýþ

xyœy”y !î¨% þ™yçëûy ëyöìîÐ ~£z !î¨% ”%!Ýþöì„þ ~„þ!Ýþ ¢îûœöìîû…y !”öìëû öëy† „þîûöìœ ú îûy!Ÿ“þöìíÄîû ²Ìî’“þy
öîû…y !£¢yöìî ~£z ¢îûœöìîû…y!Ýþöì„þ !‰þ!£«“þ „þîûy £öìîÐ x %̃¦)þ!›„þ xÇþ öíöì„þ öîû…y!Ýþîû œÁº ”)îûöìcîû ›y•Äöì›
ö„þyöì̃ y !˜!jÅTþ ¢›öìëûîû ‹˜Ä ²Ìî’“þyîû ›y˜ !˜’Åëû „þîûy £ëûÐ xîŸÄ ¢›hßþ ¢›öìëûîû ²Ìî’“þyîû ›y˜ !˜’Åëû ¢½þî
£ëû ˜yÐ

0
12 K K+1 2k(t)

B

A

Yt

!‰þe 4·5 AB x•Å†vþü þ™å•!“þöì“þ x!A„þ“þ ²Ìî’“þy öîû…y
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ë!” îŠéöìîûîû ¢‚…Äy xë%@Â £ëû “þöìî îûy!Ÿ“þíÄöì„þ ¢›y˜ ”%¦þyöì† !î¦þ=þ „þîûyîû ‹˜Ä ›•ÄÞíöì“þ xî!Þí“þ
îŠéîû!Ýþöì„þ îy” ö”çëûy £ëûÐ ~„þ›ye ¢îûœ÷ìîû!…„þ ²Ìî’“þyîû öÇþöìe£z ~£z þ™å•!“þ îÄî£,“þ £ëûÐ

4.4.3  †!“þŸ#œ †vþü þ™å•!“þ

†!“þŸ#œ †vþü þ™å•!“þöì“þ „þyœ#˜ ö×!’îû îûy!Ÿ“þöìíÄîû î,_y„þyîû vþzay˜ þ™“þ˜ ”)îû „þöìîû ²Ìî’“þy !˜’Åëû „þîûy
£ëûÐ ~…yöì̃  x˜%›y˜ „þîûy £ëû öë îûy!Ÿ“þöìíÄ ›îû¢%›# þ™!îûî“Åþ˜ ç x!˜ëû!›“þ þ™!îûî“Åþ˜ x˜%þ™!Þí“þÐ xíÅyê
îûy!Ÿ“þöìíÄ Ÿ%•%›ye ²Ìî’“þy ç î,_y„þyîû þ™!îûî“Åþ˜£z vþzþ™!Þí“þ •öìîû ö˜çëûy £ëûÐ

ë!” †!“þŸ#œ †öìvþüîû ¢›ëû„þyœ î,_y„þyîû þ™!îûî“Åþöì̃ îû ¢›ëû„þyöìœîû ¢›y˜ xíîy “þyîû †%!’“þ„þ £ëû “þöìî
~£z þ™å•!“þöì“þ î,_y„þyîû þ™!îûî“Åþöì̃ îû ²Ì¦þyî ¢Á™)’Åîû)öìþ™ ”)îû#¦)þ“þ „þîûy ¢½þîÐ

~£z þ™å•!“þîû Ÿ“Åþ†%!œ £œ õ

(i) îûy!Ÿ“þöìíÄîû !˜ëû!›“þ vþzay˜éôéþ™“þ˜ íy„þöì“þ £öìî

(ii) ~!Ýþ öëy†šþœ ›öìvþœ x %̃ëyëû# £öìî

(iii) î,_y„þyîû vþzay˜éôéþ™“þöì̃ îû !îhßþyîû (amptitude) ²Ì!“þ ‰þöì„Êþ ¢›y˜ £öì“þ £öìî

(iv) ²Ìî’“þy ¢îûœ÷ìîû!…„þ £öì“þ £öìî

†!“þŸ#œ †vþü þ™å•!“þ ”%!Ýþ vþz”y£îûöì’îû ¢y£yöìëÄ ˜#öì‰þ öîyGþyöì̃ y £œÐ

S„þV †!“þŸ#œ †öìvþüîû ¢›ëû„þyœ ë…˜ !îöì‹yvþü ¢‚…Äy õ

vþz”y£îû’ 4·1 ˜#öì‰þîû îûy!Ÿ“þöìíÄîû ¢y£yöìëÄ 3 îŠéöìîûîû †!“þŸ#œ †vþü þ™å•!“þöì“þ ²Ìî’“þyîû ›y˜†%!œ !˜’Åëû
„þîûÐ

îŠéîû 1981 1982 1983 1984 1985 1986 1987

vþzêþ™y”˜ Só000 Ýþ˜V 2 4 5 7 8 10 13

Šé„þ¢‚…Äy õ 4·1 3-îŠéöìîûîû †!“þŸ#œ †vþü þ™å•!“þöì“þ ²Ìî’“þyîû ›y˜ !˜’Åëû

îŠéîû vþzêþ™y”˜ 3éôéîŠéöìîûîû †!“þŸ#œ ö›yÝþ ¢‚…Äy 3éôéîŠéöìîûîû †!“þŸ#œ †vþü
(1) (2) (3) (4) S²Ìî’“þyîû ›y˜V

1981 2 –– ––
1982 4 2 4 5 11 11 ÷ 3 3·67
1983 5 4 5 7 16 16 ÷ 3 5·33
1984 7 5 7 8 20 20 ÷ 3 6·67
1985 8 7 8 10 25 25 ÷ 3 8·33
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1986 10 8 10 13 31 31 ÷ 3 10·33
1987 13 –– ––

Ýþ#„þy õ (i) †!“þŸ#œ †vþü þ™å•!“þöì“þ !„þhs$þ 1981 ~î‚ 1987 ~£z ”%£z îŠéöìîûîû ²Ìî’“þyîû ›y˜ !˜’Åëû „þîûy
¢½þî ˜ëûÐ

(ii) !“þ˜!Ýþ þ™îû þ™îû îŠéöìîûîû ‰þœöì„þîû ›yöì̃ îû ö›yÝþ ¢‚…Äy (3) ˜‚ hßþöì½þ !œ!þ™îå• „þîûy £öìëûöìŠéÐ ~£z ö›yÝþ
¢‚…Äyöì„þ 3 !”öìëû ¦þy† !”öìëû †!“þŸ#œ †vþü îy ²Ìî’“þyîû ›y˜ !˜’Åëû „þîûy £öìëûöìŠéÐ

S…V †!“þŸ#œ †öìvþüîû ¢›ëû„þyœ ë…˜ ö‹yvþü ¢‚…Äy õ

vþz”y£îû’ 4·2 ˜#öì‰þîû îûy!Ÿ“þöìíÄîû ¢y£yöìëÄ 4éôéîŠéöìîûîû †!“þŸ#œ †vþü þ™å•!“þöì“þ ²Ìî’“þyîû ›y˜†%!œ !˜’Åëû
„þîûÐ

îŠéîû 1986 1987 1988 1989 1990 1991 1992

îyê¢!îû„þ !î„Êþëû Só0000 Ýþy„þyëûV 8·5 12·5 14·5 16·5 18·5 24·5 22·5

Šé„þ ¢‚…Äy 4·2 4éôéîŠéöìîûîû †!“þŸ#œ †vþü þ™å•!“þöì“þ ²Ìî’“þyîû ›y˜ !˜’Åëû

îŠéîû îyê¢!îû„þ 4éôéîŠéöìîûîû 4 îŠéöìîûîû 2éôéîŠéöìîûîû Sö„þw#¦)þ“þV 4 îŠéöìîûîû ö„þw#¦)þ“þ
!î„Êþëû †!“þŸ#œ ¢›!Tþ †!“þŸ#œ †vþü †!“þŸ#œ ¢›!Tþ †!“þŸ#œ Gþvþü

S²Ìî’“þyîû ›y˜V
(1) (2) (3) (4)  (3) ÷ 4 (5) (6)  (5) ÷ 2

1986 8·5 – – – –
1987 12·5 – – – –

52 13·0
1988 14·5 28·5 14·25

62 15·5
1989 16·5 34·0 17·0

74 18·5
1990 18·5 39·0 19·5

82 20·5
1991 24·4 – – – –
1992 22·5 – – – –

Ýþ#„þy õ (i) †!“þŸ#œ †vþü þ™å•!“þöì“þ 1986, 1987, 1991 ~î‚ 1992 ö“þ ²Ìî’“þyîû ›y˜ !˜’Åëû „þîûy
¢½þî ˜ëûÐ

(ii) 4-îŠéöìîûîû †!“þŸ#œ ¢›!Tþ 52 ö„þ 1987 ~î‚ 1988 ~£z ”%£z îŠéöìîûîû ›yGþ…yöì̃  Þíyþ™˜ „þîûy £œÐ
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~„þ£z¦þyöìî 62, 74 ~î‚ 82 ö„þ ”%£z îŠéöìîûîû ›yGþ…yöì̃  Þíyþ™˜ „þîûy £öìëûöìŠéÐ (5) ˜‚ hßþöì½þ 2-îŠéöìîûîû
†!“þŸ#œ ¢›!Tþ 28·5, 34·0 ~î‚ 39·0 ö„þw#¦)þ“þ „þöìîû ëíy„Êþöì› 1988, 1989 ç 1990 îû !îþ™îû#“þ
Þíyþ™˜ „þîûy £öìëûöìŠéÐ ~„þ£z¦þyöìî (6) ˜‚ hßþöì½þ †!“þŸ#œ †vþü†%!œöì„þç ö„þw#¦)þ“þ „þöìîû 1988, 1989 ç
1990 îŠéöìîûîû ‹˜Ä ²Ìî’“þyîû ›y˜ !˜’Åëû „þîûy ¢½þî £öìëûöìŠéÐ ö‹yvþü ¢‚…Äyîû †!“þŸ#œ †vþüéôé~îû ¢›ëû„þyœ
S~…yöì̃  4éôéîŠéîûV ö˜çëûy £öìœ †!“þŸ#œ ¢›!Tþ ç †!“þŸ#œ †vþüöì„þ ö„þw#¦)þ“þ „þöìîû ²Ìî’“þyîû ›y˜ !˜’Åëû
„þîûöì“þ £ëû ˜“%þîy ö„þyöì̃ y !˜!”ÅTþ îŠéöìîûîû ²Ìî’“þyîû ›y˜ !˜’Åëû „þîûy ¢½þî £ëû ˜y öë›˜ (4) ˜‚ hßþöì½þ
†!“þŸ#œ †vþü ö„þyöì̃ y !˜!”ÅTþ îŠéöìîûîû ‹˜Ä †’˜y „þîûy ëyëû!˜Ð

* †!“þŸ#œ †vþü þ™å•!“þîû ¢%!î•y ç x¢%!î•y

~£z þ™å•!“þ ²Ìöìëûy† „þîûy …%î£z ¢£‹Ð †!“þŸ#œ †öìvþüîû ¢›ëû„þyœ ë!” î,_y„þyîû þ™!îûî“Åþöì̃ îû ¢›ëû„þyöìœîû
¢öìA† ¢›y˜ £ëû “þy£öìœ îy!’‹Ä ‰þöì„Êþîû vþzay é̃ôéþ™“þ˜ ¢Á™)’Å¦þyöìî ”)îû „þîûy ¢½þî £öìî ~î‚ ²Ìî’“þyîû ¢!àþ„þ
›y˜ !˜’Åëû „þîûy ¢½þî £öìîÐ

!„þhs$þ ~£z þ™å•!“þöì“þ ²Ìí› !”öì„þ ~î‚ öŸöì¡ìîû !”öì„þ !„þŠ%é ¢›öìëûîû ²Ìî’“þyîû ›y˜ !˜’Åëû „þîûy ¢½þî £ëû
˜yÐ ~£z þ™å•!“þöì“þ ¦þ!î¡ìÄöì“þîû ²Ìî’“þy ¢Á™öì„Åþ ö„þyöì̃ y þ™)îÅ x˜%›y˜ „þîûy ¢½þî ˜ëûÐ ~£z þ™å•!“þöì“þ Ÿ%•%›ye
¢îûœ ÷îû!…„þ ²Ìî’“þy !˜’Åëû „þîûy ëyëûÐ ë!” îûy!Ÿ“þöìíÄîû î,_y„þyîû vþzay˜éôéþ™“þ˜ x!˜ëû!›“þ £ëû “þöìî
†!“þŸ#œ †öìvþüîû ¢›ëû„þyœ ¢!àþ„þ¦þyöìî !˜’Åëû „þîûy ëyëû ˜yÐ

4.4.4  œ!‡Ûþ î†Å þ™å•!“þöì“þ †y!’!“þ„þ öîû…y !˜•Åyîû’

~!Ýþ ²Ìî’“þy !˜’Åëû „þîûyîû ‹˜Ä ¢îÅyöìþ™Çþy ë%!=þ@ùÌy£Ä þ™å•!“þÐ ~…yöì̃  îûy!Ÿ“þöìíÄîû öœ…!‰þöìeîû ›y•Äöì›
~„þ!Ýþ vþzþ™ë%=þ ›yeyë%=þ î£%þ™” xöìþ™Çþ„þ (Polynomial) !˜!”ÅTþ „þîûy £ëûÐ x“þƒþ™îû ²Ì”_ îûy!Ÿ“þöìíÄîû
¢y£yöìëÄ xöìþ™Çþöì„þîû ¢öìA† ë%=þ !˜’Åyëû„þ (Parameter) †%!œîû ›y˜ !˜’Åëû „þîûy £ëûÐ

•îûy ëy„þ ²Ìî’“þy ¢›#„þîû’!Ýþ !˜’Åëû „þîûyîû ‹˜Ä ‘r’ “þ› ›yeyë%=þ ‘t’ ~îû ~„þ!Ýþ î£%þ™” xöìþ™Çþ„þ

2 3
0 1 2 3 ..... r

t rT a a t a t a t a t     

~…yöì̃  ‘t’ îœöì“þ ¢›ëûöì„þ î%Gþyëû ~î‚ Tt ú t ¢›öìëû ²Ìî’“þyîû ›y˜ — a0, a1, a2, a3..... ar £œ
(r 1) ¢‚…Ä„þ !˜’Åyëû„þ (Parameter) ëyöì”îû ›y˜ ~£z ¢›#„þîû’!Ýþ öíöì„þ œ!‡Ûþ î†Å þ™å•!“þöì“þ !˜’Åëû

„þîûöì“þ £öìîÐ !„þhs$þ ‘t’ ¢›öìëûîû ‹˜Ä ‰þœ„þ!Ýþîû ²Ì„,þ“þ ›y˜ £œ yt. ¢%“þîûy‚  t t ty T e   ö„þ îœy £ëû ²Ì”_

›y˜ ç ²Ìî’“þy ›yöì̃ îû ›öì•Ä þ™yíÅ„þÄ îy †’˜yîû e%!Ýþ (error of estimation)

œ!‡Ûþ î†Å þ™å•!“þöì“þ ~£z †’˜yîû e%!Ýþîû îöì†Åîû öëy†šþœöì„þ ¢îÅ!˜Á¬„þîû’ (minimise) „þîûy £ëûÐ xíÅyê

 22

0 0

r r

t t t
t t

e y T
 

    ö„þ ¢îÅ!˜Á¬ „þîûy £ëûÐ šþöìœ ²Ìhßþy!î“þ ¢›#„þîû’!Ýþ ²Ì”_ îûy!Ÿ“þöìíÄîû !¦þ!_öì“þ

ëíy¢½þî ›y˜y˜¢£z (best fit) £ëûÐ ¢îÅ!˜Á¬„þîûöì’îû ²Ìí› „Êþöì›îû Ÿ“Åþ (First Order Condition) £œ
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2
0t

t

e
a





  ë…˜ t 0, 1, 2,........r

~†%!œ ¢›y•y˜ „þöìîû (r 1) ¢‚…Ä„þ ö›ïœ ¢›#„þîû’ (Normal equation) þ™yçëûy ëyöìîÐ ~£z ö›ïœ
¢›#„þîû’†%!œ £œ õ

2
1 2 ..... r

o ry na a t a t a t       
2 3 1

1 2 ..... r
o rty a t a t a t a t        

22 3 4 2
1 2 ..... r

o rt y a t a t a t a t        
.................................................................................
.................................................................................

1 2 2
1 2 .......r r r r r

o rt y a t a t a t a t         
~…yöì̃  n £œ ¢›ëû„þyöìœîû SîŠéöìîûîûV ¢‚…ÄyÐ ~…˜ ~£z ö›ïœ ¢›#„þîû’†%!œ ¢›y•y˜ „þöìîû ao, a1, ....,

ar ~îû ›y˜†%!œ þ™yçëûy ëyöìîÐ ~£z !˜’Åëûöì„þîû (Parameter) ›y˜†%!œ

2
1 2 ........ r

t o rT a a t a t a t    

¢›#„þîûöì’ î!¢öìëû ¢îöìíöì„þ ›y˜y˜¢£z (best fit) ¢›#„þîû’!Ýþ þ™yçëûy ëyöìîÐ

!‰þe 4·6 †’˜yîû e%!Ýþ
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4.4.4.1  ¢öìî¹Åy_› ›y˜y˜¢£z ¢îûœöìîû…yþ

•îûy ëy„þ Tt = ao a1t £œ ~„þ ›yey ë%=þ î£%þ™” xöìþ™Çþ„þ îy ~„þ!Ýþ ¢îûœ÷ìîû!…„þ xöìþ™Çþ„þÐ ~…yöì̃
!˜’Åyëû„þ (Parameter) £œ ”%!Ýþ ao ~î‚ a1.

~îyîû œ!‡Ûþ î†Å þ™å•!“þ îÄî£yîû „þîûöìœ xíÅyê

   2 22
1t t t t o

t t t
e y T y a a t        ö„þ ao ~î‚ a1

~îû ¢yöìþ™öìÇþ ¢îÅ!˜Á¬„þîû’ „þîûöìœ xy›îûy ²Ìí› „Êþöì›îû Ÿ“Åþ x %̃ëyëû# þ™y£z

  
2

12 1 0t
o

o

e
y a a ta


    


   xíîy  1 0oy a a t  

xíîy  1 ..... 1oy na a t  

~î‚   
2

1
1

2 0t
o

e
y a a t ta


    


   xíîy   1 0oy a a t t  

xíîy  2
1 ...... 2oty a t a t   

(1) ˜‚ ç (2) ˜‚ ¢›#„þîû’ ”%!Ýþöì„þ ö›ïœ ¢›#„þîû’ (Normal equations) îœy £ëûÐ ¢›#„þîû’ ”%!Ýþîû
¢›y•y˜ „þîûöìœ ao ~î‚ a1 ~îû ›y˜ þ™yçëûy ëyöìîÐ

ao ç a1 ~îû ~£z ›y˜ Tt ao a1t ¢›#„þîûöì’ î!¢öìëû xy›îûy ²Ìî’“þy ¢îûœöìîû…y!Ýþ öþ™öì“þ þ™y!îûÐ

vþz”y£îû’ õ 4·3 ö„þy˜ Ÿ£öìîûîû †vþü îyê¢!îû„þ ›,“%þÄ ¢‚…Äy ˜#öì‰þ ö”çëûy £œóÐ œ!‡Ûþ î†Å þ™å•!“þöì“þ
²Ìî’“þyîû ~„þ!Ýþ ›y˜y˜¢£z ¢îûœöìîû…y !˜’Åëû „þîûÐ ²Ìî’“þyîû ›y˜†%!œ Šéöì„þîû ¢y£yöìëÄ ²Ì„þyŸ „þîû ç 1962
¢yöìœ ›,“%þÄ ¢‚…Äyîû þ~„þÝþy x %̃›y˜ !œ!þ™îå• „þîûÐ

îŠéîû 1954 1955 1956 1957 1958 1959 1960

›,“%þÄ ¢‚…Äy 940 912 1055 1002 977 961 888

îyê¢!îû„þ †vþü

¢›y•y˜ õ ~…yöì̃  îŠéöìîûîû ¢‚…Äy n 7 xíÅyê !îöì‹yvþü ¢‚…ÄyÐ ¢%“þîûy‚ ›)œ!î¨% £öìî 1957 ~î‚
¢›öìëûîû (t) ~„þ„þ £öìî 1 îŠéîûÐ
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Šé„þ¢‚…Äy õ 4·3 ¢îûœ÷ìîû!…„þ ²Ìî’“þyîû †’˜y

îŠéîû (t) ›,“%þÄ¢‚…Äy t2 ty ²Ìî’“þyîû ›y˜
(1) ¢›ëû (2) (y) (3) (4) (5) (6)

1954 –3 940 9 –2820 976·72
1955 –2 912 4 –1824 971·86
1956 –1 1055 1 –1055 967·00
1957 0 1002 0 0 962·14
1958 1 977 1 977 957·28
1959 2 961 4 1922 971·86
1960 3 888 9 2664 976·72

ö›yÝþ 0t  6735y  2 28t  136ty   ––

•îûy ëy„þ ²Ìî’“þyîû ¢îûœöìîû…y!Ýþ y a bt ......... (1)

ö›ïœ ¢›#„þîû’†%!œ £öìî

 ......... 2y na b t  

 2......... 3ty a t b t   
Šé„þ 4·3 öíöì„þ (2) ç (3) ˜‚ ¢›#„þîûöì’ ›y˜†%!œ î!¢öìëû þ™y£z

6735 7a b × o xíîy 7a 6735

–136 a × o  b × 28 xíîy 28b – 136

¢%“þîûy‚ 6735 962·147a  

~î‚ 136 4·8628b   

(1) ˜‚ ¢›#„þîûöì’ a ~î‚ b ~îû ›y˜ î!¢öìëû þ™y£z

 962·14 4·86 ...... 4y t 

~!Ýþ£z £œ ²Ìî’“þyîû ¢›#„þîû’Ð t ~îû !î!¦þ§¬ ›y˜ î!¢öìëû ²Ìî’“þyîû ›y˜ !œ!þ™îå• „þîûy £öìëûöìŠé Šé„þ 4·3
~îû (6) ˜‚ hßþöì½þÐ
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xyîyîû 1962 ¢yöìœîû ‹˜Ä ›y˜ £öìî 5 „þyîû’ 1957 ›)œ!î¨% £çëûyëû 1957 ~îû ›y˜ £öìî ‘O’Ð
~£z¦þyöìî †’˜y „þîûöìœ 1962 5 £öìîÐ

~îyîû (4) ˜‚ ¢›#„þîûöì’ t 5 î¢yöìœ þ™y£z

962·14 4·86 5y   

962·14 24·3 937·84  

4.4.4.2  x!•î,_y„þyîû ²Ìî’“þy

x!•î,_y„þyîû ²Ìî’“þyîû öÇþöìe ¢›#„þîû’!Ýþ £öìî

2
0 1 2tT a a t a t  

xíÅyê t ~îû !m›yeyë%=þ xöìþ™Çþ„þ (second degree polynomial in t)

œ!‡Ûþ î†Å þ™å•!“þîû ¢y£yöìëÄ    222 2
0 1 2t t b te y T y a a t a t       ö„þ

¢îÅ!˜Á¬„þîû’ „þîûöì“þ £öìîÐ ²Ìí› „Êþöì›îû Ÿ“Åþ öíöì„þ !“þ˜!Ýþ ö›ïœ ¢›#„þîû’ þ™yçëûy ëyëû õ

 2
1 2 ..... 1oy na a t a t    

 2 3
1 2 ..... 2y ot a t a t a t     

 2 2 3 4
1 2 ..... 3y ot a t a t a t     

(1), (2) ç (3) ¢›#„þîû’ !“þ˜!Ýþ ¢›y•y˜ „þîûöìœ ao, a1 ~î‚ a2 îû ›y˜ þ™yçëûy ëyöìîÐ ú ›y˜†%!œ
2

1 2t oT a a t a t    ²Ìî’“þyîû ¢›#„þîûöì’ î¢yöìœ ²Ìî’“þyîû ~„þ!Ýþ ›y˜y˜¢£z x!•î,_y„þyîû öîû…y þ™yçëûy

ëyöìîÐ

vþz”y£îû’ õ 4·4 ˜#öì‰þîû îûy!Ÿ“þöìíÄîû ¢y£yöìëÄ x!•î,_y„þyîû ²Ìî’“þy †’˜y „þîûÐ 1997 ¢yöìœ ú
²Ìî’“þyîû ›y˜ x˜%›y˜ „þîûÐ

îŠéîû 1989 1990 1991 1992 1993 1994 1995

vþzêþ™y”˜ 3937 3905 3730 3521 3350 3476 3575

~…yöì̃  îŠéîû ¢‚…Äy n 7 xíÅyê !îöì‹yvþü ¢‚…ÄyÐ ¢%“þîûy‚ ›öì•Ä…yöì̃ îû îŠéîû 1992 ö„þ ›)œ!î¨% ~î‚
t ~îû ~„þ„þ ~„þ îŠéîû •îûy £öìëûöìŠéÐ
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Šé„þ ¢‚…Äy õ 4·4 x!•î,_y„þyîû ²Ìî’“þy öîû…yîû †’˜y

îŠéîû t vþzêþ™y”˜ (y) t2 t3 t4 ty t2y

1989 –3 3937 9 27 81 –11811 35433
1990 –2 3905 4 –8 16 –7810 15620
1991 –1 3730 1 –1 1 –3730 3730
1992 0 3521 0 0 0 0 0
1993 1 3350 1 1 1 3350 3350
1994 2 3476 4 8 16 6952 13904
1995 3 3575 9 27 81 10725 32175

ö›yÝþ 0 25494 28 0 196 –2324 104212

t y 2t 3t 4t yt 2t y

x!•î,_y„þyîû ¢›#„þîû’!Ýþ •îûy ëy„þ  2..... 1y a bt ct  

ö›ïœ ¢›#„þîû’†%!œ £öìî õ 2y na b t c t    
2 3ty a t b t c t     

2 2 3 4t y a t b t c t     
Šéöì„þîû šþœyšþœ†%!œ ö›ïœ ¢›#„þîû’†%!œöì“þ î!¢öìëû þ™y£z

25494 7 28a b o c     xíîy– 7 28 25494a c 

2324 28a o b c o       xíîy– 28 2324b  

104212 28 196a b o c     xíîy– 28 196 104212a c 

vþzþ™öìîûîû ¢›#„þîû’†%!œîû ¢›y•y˜ öíöì„þ þ™y£z

3535·53,a  83,b   26·6c 

(1) ˜‚ ¢›#„þîû’ öíöì„þ x!•î,_y„þyîû ²Ìî’“þy öîû…y!Ýþ  23535·53 83 26·6 ..... 2y t t  

~îyîû ›)œ!î¨% 1992 £öìœ 1997 ‹˜Ä t 5 £öìîÐ

¢%“þîûy‚ (2) ˜‚ ¢›#„þîûöì’ t 5 î!¢öìëû ²Ìî’“þyîû (b) ›y˜ þ™y£z y 3785·53
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4.4.4.3  ~:öìþ™yöì̃ ˜!¢ëûyœ ²Ìî’“þy

~:öìþ™yöì̃ ˜!¢ëûyœ ²Ìî’“þyîû ¢›#„þîû’ •îûy ëy„þ t
tT ab  xíîy ty ab

~…˜ ”%!”öì„þ log !˜öìœ þ™y£z log log logy a t b 

ë!” •îûy ëyëû log ,y Y log a A  ~î‚ log b B  “þy£öìœ ¢›#„þîû’!Ýþ £öìî Y  A  Bt ëy
~„þ!Ýþ ¢îûœöìîû…yîû ¢›#„þîû’Ð

~îyîû œ!‡Ûþ î†Å þ™å•!“þöì“þ ö›ïœ ¢›#„þîû’†%!œ £öìî

 Y A B ........ 1n t  
~î‚  2Y A B ........ 2t t t   
~…˜ ²Ì”_ îûy!Ÿ“þöìíÄîû vþzþ™îû !¦þ!_ „þöìîû A ç B ~îû ›y˜ (1) ç (2) ˜‚ ¢›#„þîûöì’îû ¢›y•yöì̃ îû

›y•Äöì› þ™yçëûy ëyëûÐ “þyîû öíöì„þ a ç b ~îû ›y˜ !˜’Åëû „þîûy ¢½þî „þyîû’ a Anti log A ~î‚ b 
Anti log B.

~£z a ç b ~îû ›y˜ Tt abt ~£z ¢›#„þîûöì’ î¢yöìœ ¢öìîÅy_› ~:öìþ™yöì̃ ˜!¢ëûyœ ²Ìî’“þy !˜öì”ÅŸ„þ
öîû…yîû ¢›#„þîû’Ð

vþz”y£îû’ õ 4·5 ˜#öì‰þ ö„þy˜ îûyöì‹Äîû ‹˜¢‚…Äyîû “þíÄ 10 îŠéîû xhsþîû ö”çëûy £œÐ

îŠéîû 1941 1951 1961 1971 1981

‹˜¢‚…Äy Sö„þy!Ýþöì“þV 31·9 36·1 43·6 54·7 68·6

~„þ!Ýþ ²Ìî’“þyîû ~:öìþ™yöì̃ ˜!¢ëûyœ öîû…y !˜’Åëû „þöìîû 1991 ¢yöìœ ‹˜¢‚…Äyîû x %̃›y˜ !Þíîû „þîûÐ

Šé„þ¢‚…Äy õ 4·5 ~:öìþ™yöì̃ ˜!¢ëûyœ ²Ìî’“þy öîû…y †’˜y

îŠéîû t ‹˜¢‚…Äy Sö„þy!Ýþöì“þV (yt) log yt t log yt t2

1941 –2 31·9 1·5038 –3·0076 4
1951 –1 36·1 1·5575 –1·5575 1
1961 0 43·6 1·6395 0 0
1971 1 54·7 1·7380 1·7380 1
1981 2 68·6 1·8363 3·6726 4

ö›yÝþ 0 – 8·2751 0·8455 10

ö›ïœ ¢›#„þîû’ ”%!Ýþ £œ log 5A Bty t  
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~î‚ 2log A Btt y t t   
Šé„þ öíöì„þ ›y˜†%!œ ö›ïœ ¢›#„þîûöì’ î!¢öìëû þ™y£z

8·2751 5A ~î‚ 0·8455 10 B

 A 1.655; B = 0.0845
 a Anti log (1·655) 45·19
b Anti log (0·0845) 1·214

¢%“þîûy‚ ²Ìî’“þyîû ¢›#„þîû’!Ýþ £öìî

Tt 45·19 × (1·214)t

1991 îŠéöìîûîû ‹˜Ä t ~îû ›y˜ £öìî 3

 log T3 1·655  0·0845 (3) 1·9085

 1991 ¢yöìœ ‹˜¢‚…Äyîû x %̃›y˜ £öìî

Anti log (1·9085) 81·0 Sö„þy!Ýþöì“þV

4.4.5  îy!¡ìÅ„þ þ™!îû¢‚…Äy˜ öíöì„þ ›y!¢„þ ²Ìî’“þy !˜’Åëû

²Ìî’“þy öîû…y öíöì„þ xöì̃ „þ ¢›ëû îyê¢!îûöì„þîû î”öìœ ›y!¢„þ îy ‰þ“%þíÅ„þ ²Ìî’“þyîû ›y˜ !˜’Åëû „þîûöì“þ
£ëûÐ „þyœ#˜ ö×!’îû ~£z îyê¢!îû„þ îûy!Ÿ“þíÄ ”%îû„þ›¦þyöìî ö”çëûy £ëû õ

(i) ²Ì!“þ îŠéöìîûîû ›y!¢„þ †vþü ›y˜ ö”çëûy £ëû xyîyîû „þ…˜ç

(ii) îy!¡ìÅ„þ öëy†šþœ !£¢yöìîç îûy!Ÿ“þíÄ ö”çëûy íyöì„þÐ

~…˜ îŠéöìîûîû ¢‚…Äy „þ…˜ç ö‹yvþü îy !îöì‹yvþü ¢‚…Äyîû £öì“þ þ™yöìîûÐ ~£z ö‹yvþü îy !îöì‹yvþü ¢‚…Äyîû
vþzþ™îû !˜¦Åþîû „þöìîû ²Ìî’“þy ¢›#„þîû’!Ýþ !„þ îû„þ› £öìîÐ

4.4.5.1 ²Ì”_ !îöì‹yvþü ¢‚…Ä„þ îŠéöìîûîû öÇþöìe ›y!¢„þ †vþü¢›)£

!îöì‹yvþü ¢‚…Ä„þ îŠéöìîûîû öÇþöìe ~öì„þîyöìîû ›yGþ…yöì̃ îû îŠéîû!Ýþöì„þ ›)œ!î¨% •îûy £ëû ~î‚ t ~îû ~„þ„þ
•îûy £ëû 1 îŠéîûÐ ›y!¢„þ †öìvþüîû vþzþ™îû !¦þ!_ „þöìîû îyê¢!îû„þ ²Ìî’“þy ¢›#„þîû’!Ýþ •îûy ëy„þ y aoa1t
~…˜ ›y!¢„þ ²Ìî’“þy ¢›#„þîû’ !Þíîû „þîûyîû ¢›öìëû ›yGþ…yöì̃ îû îŠéîû!Ýþîûç ›yGþ…yöì̃ îû ¢›ëû £œ 30 öŸ ‹%˜
ú!Ýþ£z £öìî ›)œ!î¨%Ð ~…˜ vþzþ™öìîûy=þ ¢›#„þîû’!Ýþîû ‘þyœ (slope) a1 ²Ì!“þ ~„þ„þ t ~îû 12 ›yöì¢îû î,!å•öì„þ
öîyGþyëû ö„þ˜˜y 1oy a a t   £œ îyê¢!îû„þ ²Ìî’“þyÐ “þy£z ›y!¢„þ ²Ìî’“þy î,!å• (monthly trend

increment) £öìî 1
12
a

 ~î‚ ›y!¢„þ ²Ìî’“þy ¢›#„þîû’!Ýþ 1 · ,12o
ay a t   ë…˜ ›)œ!î¨% 30 öŸ ‹%˜

ç t ~îû ~„þ„þ 1 ›y¢Ð
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~£z ²Ìî’“þy öîû…y!Ýþ îÄî£yîû „þîûyîû ‹˜Ä ë!” ö„þyöì̃ y !˜!”ÅTþ ›y¢öì„þ ›)œ!î¨% !£¢yöìî ö˜çëûy £ëû “þöìî
ú ›yöì¢îû ›yGþ…yöì̃ îû !”˜!Ýþöì„þ£z ›)œ!î¨% •îûy £öìîÐ öë›˜– ‹%œy£z ›y¢öì„þ ›yGþ…yöì̃ îû îŠéîû!Ýþîû ›)œ!î¨%
!£¢yöìî •îûy £öìœ ›)œ!î¨%!Ýþ 30 öŸ ‹%̃  öíöì„þ ¢öìîû ëyëû– “þ…˜ ›)œ!î¨%!Ýþ •îûy £öìî 15 £z ‹%œy£zÐ xíÅyê

›)œ!î¨% 1
2  ~„þ„þ ¢y›öì̃ îû !”öì„þ ¢öìîû ëyöìî ö¢‹˜Ä t ~îû ‹yëû†yëû  1

2t   •îûöì“þ £öìîÐ ›y!¢„þ ²Ìî’“þy

öîû…yîû ¢›#„þîû’†%!œ £öìî  1 1
12 2o
ay a t  

ë…˜ ›)œ!î¨% £öìî ›yGþ…yöì̃ îû îŠéîû!Ýþîû ‹%œy£z ›y¢– t ~îû ~„þ„þ 1 ›y¢Ð

~„þ£z¦þyöìî ë!” ›)œ!î¨% 1
2  ~„þ„þ öþ™Šéöì̃ îû !”öì„þ ¢öìîû ëyëû “þ…˜ t ~îû î”öìœ  1

2t   •îûöì“þ £öìî

ç ›y!¢„þ ²Ìî’“þyîû ¢›#„þîû’!Ýþ £öìî  1 1
12 2o
ay a t  

ë…˜ ›)œ!î¨% £öìî ›yGþ…yöì̃ îû îŠéöìîûîû ‹%̃ ›y¢ ~î‚ t ~îû ~„þ„þ £öìî 1 ›y¢Ð

4.4.5.2 ²Ì”_ ö‹yvþü ¢‚…Ä„þ îŠéöìîûîû öÇþöìe ›y!¢„þ †vþü¢›)£þ

ö‹yvþü ¢‚…Ä„þ îŠéöìîûîû öÇþöìe ›yGþ…yöì̃ îû îŠéîû!Ýþ ~„þ!Ýþ îŠéîû ˜ëû– ”%!Ýþ îŠéîûÐ xíÅyê ›)œ!î¨%!Ýþ ú ”%£z
îŠéöìîûîû ›yGþy›y!Gþ ¢›ëûöì„þ •îûy £ëûÐ t ~îû ~„þ„þ ö¢öìÇþöìe £ëû 6›y¢Ð

•îûy ëy„þ– 1oy a a t   £œ ›y!¢„þ ²Ìî’“þy öîû…yîû ¢›#„þîû’ ë…˜ ›)œ!î¨% ú ”%£z ›yGþ…yöì̃ îû îŠéöìîûîû
~öì„ þî yöìî û › yGþ…yöì̃ î û !” ˜ !Ýþ x í Åyê 31 öŸ !vþöì¢Áºîû ~î‚ t ~îû ~„þ„þ £öìî 6›y¢Ð öîû…y!Ýþîû ‘þyœ a1 ²Ì!“þ

~„þ„þ t ~îû †vþü ›y!¢„þ î,!å•öì„þ öîyGþyëû S6 ›yöì¢îû ‹˜ÄV ¢%“þîûy‚ ›y!¢„þ ²Ìî’“þy î,!å• £œ 1
6
a

 ~î‚

›y!¢„þ ²Ìî’“þyîû ¢›#„þîû’!Ýþ £öìî 1·6o
ay a t 

ë…˜ ›)œ!î¨% £œ 31 öŸ !vþöì¢Áºîû xyîû t ~îû ~„þ„þ 1 ›y¢Ð

ë!” ›)œ!î¨% 1
2  ~„þ„þ ¢y›öì̃  ¢îûyöì̃ y £ëû “þöìî ›)œ!î¨% £öìî 31 öŸ !vþöì¢Áºîû öíöì„þ ¢y›öì̃ îû !”öì„þ

¢öìîû 15th Jan £öìîÐ t ~îû ‹yëû†yëû î¢yöì“þ £öìî  1
2t   ¢%“þîûy‚ ›y!¢„þ ²Ìî’“þyîû ¢›#„þîû’!Ýþ £öìî

 1 1
6 2o
ay a t  
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ë…˜ ›)œ!î¨% ‹y %̃ëûy!îû ›y¢ ç t ~îû ~„þ„þ 1 ›y¢Ð

~„þ£z¦þyöìî ë!” ›)œ!î¨% 1
2  ~„þ„þ !þ™!Šéöìëû xy˜y £ëû “þy£öìœ t ~îû ‹yëû†yëû  1

2t   î¢yöì“þ £öìî ~î‚

›y!¢„þ ²Ìî’“þy ¢›#„þîû’!Ýþ £öìî  1 1
6 2o
ay a t    ë…˜ ›)œ!î¨% £öìî !vþöì¢Áºîû ›y¢ ~î‚ t ~îû

~„þ„þ 1 ›y¢Ð

4.4.5.3 îy!¡ìÅ„þ öëy†šþœ†%!œ ö”çëûy íy„þöìœ ›y!¢„þ ²Ìî’“þy

•îûy ëy„þ îy!¡ìÅ„þ îûy!Ÿ“þöìíÄîû vþzþ™îû !¦þ!_ „þöìîû ²Ìî’“þy öîû…yîû ¢›#„þîû’ 1A Aoy t  SîŠéöìîûîû
¢‚…Äy ö‹yvþü îy !îöì‹yvþü £öì“þ þ™yöìîûV ë…˜ t ~îû ›)œ!î¨% ö„þyöì̃ y !˜!”ÅTþ îŠéîû S•îûy ëy„þ 2000V ~î‚
t ~îû ~„þ„þ ~„þ îŠéîûÐ

~…˜ îy!¡ìÅ„þ ›y˜†%!œîû öëy†šþœ öíöì„þ ›y!¢„þ †vþü ›y˜†%!œ †’˜y „þîûy £ëûÐ ~öìÇþ~ ›y!¢„þ ²Ìî’“þy

öîû…yîû ¢›#„þîû’ £öìî– 1A A ·12 12 12
o ty    Së…˜ îŠéöìîûîû ¢‚…Äy !îöì‹yvþüV

~…yöì̃  ›)œ!î¨% 2000 ¢yöìœîû ›yGþ…yöì̃  £öìîÐ !„þhs$þ ›y!¢„þ ²Ìî’“þy !˜öì”ÅŸ „þîûyîû ‹˜Ä ö„þyöì̃ y ›yöì¢îû
›yGþy›y!Gþ ¢›ëûöì„þ •îûöì“þ £öìîÐ £ëû ~£z ¢›ëû £öìî 15 £z ‹%œy£z 2000 xíîy 15 £z ‹%̃  2000 •îûöì“þ

£öìîÐ 15 £z ‹%œy£z £öìœ t ~îû ‹yëû†yëû  1
2t   •îûöì“þ £öìîÐ xyîû ë!” 15 £z ‹%˜ •îûy £ëû “þöìî t ~îû

‹yëû†yëû  1
2t   !œ…öì“þ £öìîÐ ¢%“þîûy‚ ›y!¢„þ ²Ìî’“þy öîû…yîû ¢›#„þîû’ £öìî õ

 1A A 1 1·12 12 12 2
oy t    ë…˜ ›)œ!î¨% 15 £z ‹%œy£z ç ~„þ„þ 1 ›y¢

xíîy–  1A A 1 1·12 12 12 2
oy t    ë…˜ ›)œ!î¨% 15 £z ‹%̃  ç ~„þ„þ 1 ›y¢

~„þ£z ¦þyöìî †’˜y „þîûöìœ ‰þ“%þíÅ„þ ²Ìî’“þy öîû…yîû ¢›#„þîû’ £öìî õ

 1A A 1 1·4 4 4 2
oy t    ë…˜ ›)œ!î¨% 2000 ~îû “,þ“þ#ëû ‰þ“%þíÅ„þ ~î‚ ~„þ„þ 1 ‰þ“%þíÅ„þ

xíîy–  1A A 1 1·4 4 4 2
oy t    ë…˜ ›)œ!î¨% 2000 ~îû !m“þ#ëû ‰þ“%þíÅ„þ ~î‚ ~„þ„þ 1 ‰þ“%þíÅ„þ
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~„þ£z ¦þyöìî †’˜y „þöìîû xöì•Å„þ îŠéöìîûîû ²Ìî’“þy öîû…yîû ¢›#„þîû’ £öìî õ

 1A A 1 1·2 2 2 2
oy t    ë…˜ ›)œ!î¨% 2000 ¢yöìœîû !m“þ#ëû xöì•Å ~î‚ ~„þ„þ 1

2  îŠéîû

xíîy–  1A A 1 1·2 2 2 2
oy t    ë…˜ ›)œ!î¨% 2000 ¢yöìœîû ²Ìí› xöì•Å íy„þöìî ~î‚ ~„þ„þ

1
2 îŠéîû

ë…˜ îŠéöìîûîû ¢‚…Äy ö‹yvþü ¢‚…Äyëû íyöì„þ “þ…˜ îy!¡ìÅ„þ îûy!Ÿ“þöìíÄîû vþzþ™îû !¦þ!_ „þöìîû îy!¡ìÅ„þ ²Ìî’“þy
öîû…yîû ¢›#„þîû’ •îûy ëy„þ 1A Aoy t   ë…˜ t ~îû ›)œ!î¨% 2003 ç 2004 ¢yöìœîû S•îûy ëy„þV

›yGþ…yöì̃  ~î‚ ~„þ„þ 1
2  îŠéîû

xyöì†îû ›“þ£z t ~îû ~„þ„þ 6 ›y¢ ~î‚ ›)œ!î¨% 2003 ¢yöìœîû 30 öŸ !vþöì¢Áºîû •öìîû !˜öìëû îy!¡ìÅ„þ
›y˜†%!œîû öëy†šþœ öíöì„þ ›y!¢„þ †vþü ›y˜ †’˜y „þöìîû öë ›y!¢„þ ²Ìî’“þy öîû…y !˜’Åëû „þîûy £ëû “þyîû

¢›#„þîû’ £öìî o 1A A ·12 12 6
ty  

!„þhs$þ ›y!¢„þ ²Ìî’“þy öîû…yîû ›)œ!î¨% ö„þyöì̃ y ›yöì¢îû ›yGþ…yöì̃  £çëûy vþz!‰þ“þ “þy£z £ëû 15£z ‹y %̃ëûy!îû
2004 ~ ›)œ!î¨% ¢îûyöì“þ £öìîÐ ö¢öìÇþöìe ¢›#„þîû’!Ýþ £öìî

 o 1A A 1 1· ,12 12 6 2y t    ›)œ!î¨% 15 £z ‹y˜%ëûy!îû ~„þ„þ 1›y¢

xíîy ›)œ!î¨% xyöì†îû ›yöì¢îû ›yGþ…yöì̃  ¢îûyöì“þ £öìîÐ ö¢öìÇþöìe ¢›#„þîû’!Ýþ £öìî

 o 1A A 1 1·12 12 6 2y t  

ë…˜ ›)œ!î¨% £öìî 15 £z !vþöì¢Áºîû 2003 ~î‚ ~„þ„þ 1 ›y¢

‰þ“%þíÅ„þ ²Ìî’“þy ¢›#„þîû’!Ýþ £öìî

 o 1A A 1 1·4 4 2 2y t    xíîy  o 1A A 1 1
4 4 2 2   y t

ë…˜ ²Ìí› öÇþöìe ›)œ!î¨% 2004 ~îû ²Ìí› ‰þ“%þíÅ„þ ~î‚ !m“þ#ëû öÇþöìe ›)œ!î¨% 2003 ¢yöìœîû öŸ¡ì
‰þ“%þíÅöì„þ íy„þöìîÐ vþz¦þëû öÇþöìe£z ~„þ„þ 1 ›y¢Ð
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xöì•Å„þ îŠéöìîûîû ²Ìî’“þyîû ¢›#„þîû’ £öìî

 o 1A A 1
2 2 2y t    xíîy  o 1A A 1

2 2 2   y t

ë…˜ ²Ìí› öÇþöìe ›)œ!î¨% 2004 ¢yöìœîû ²Ìí› x•Å ~î‚ !m“þ#ëû öÇþöìe 2003 ¢yöìœîû !m“þ#ëû xöì•Å

íy„þöìîÐ vþz¦þëû öÇþöìe£z ~„þ„þ  1
2  îŠéîûÐ

vþz”y£îû’ õ 4·6 îyê¢!îû„þ öëy†šþöìœîû îûy!Ÿ“þíÄ !¦þ!_ „þöìîû îyê¢!îû„þ ²Ìî’“þy öîû…y!Ýþîû ¢›#„þîû’
˜#öì‰þ ö”çëûy £œ

2036 56ty t 

ë…˜ ›)œ!î¨% 2010 ¢yöìœ ~î‚ ~„þ„þ 1 îŠéîûÐ

‰þ“%þíÅöì„þîû ²Ìî’“þy ¢›#„þîû’ !˜’Åëû „þîûÐ

¢›y•y˜ õ îy!¡ìÅ„þ öëy†šþœ ö”çëûy íy„þöìœ îy!¡ìÅ„þ ²Ìî’“þyîû ¢›#„þîû’ öíöì„þ ‰þ“%þíÅ„þ ²Ìî’“þyîû ¢›#„þîû’
öîîû „þîûöì“þ £öìœ !˜ëûsþf„þ†%!œöì„þ 4 !”öìëû ¦þy† „þîûöì“þ £öìî ~î‚ t ~îû ‹yëû†yëû t/4 î¢yöì“þ £öìîÐ ¢%“þîûy‚
‰þ“%þíÅ„þ ²Ìî’“þyîû ¢›#„þîû’ £öìî

2036 56· 509 3·54 4 4t
ty t   

~£z ¢›#„þîûöì’îû ›)œ!î¨% 1980 ¢yöìœîû ›•Äî“þ#Å ¢›ëû– !„þhs$þ öëöì£“%þ ~!Ýþ ‰þ“%þíÅöì„þîû ²Ìî’“þyîû ¢›#„þîû’–
›)œ!î¨% ‰þ“%þíÅöì„þîû ›•Äî“Åþ# ¢›ëû £çëûy xyîŸÄ„þÐ “þy£z vþzþ™ë%=þ ö„þw#„þîûöì’îû ›y•Äöì› ˜“%þ˜ ‰þ“%þíÅöì„þîû
²Ìî’“þyîû ¢›#„þîû’ £öìî

 1509 3·5 510·75 3·52ty t t    

ë…˜ ›)œ!î¨% £öìî 1980 ¢yöìœîû “,þ“þ#ëû ‰þ“%þíÅöì„þ ~î‚ ~„þ„þ 1 ‰þ“%þíÅ„þ

4.5 ›îû¢%›# þ™!îûî“Åþöì̃ îû þ™!îû›yþ™

›îû¢%›# þ™!îûî“Åþ˜ îœöì“þ öîyGþyëû ßþºÒ„þyöìœ ~„þ!Ýþ !˜!”ÅTþ ¢›ëû xhsþîû ö„þyöì̃ y ‰þœöì„þîû îûy!Ÿ“þöìíÄîû
!˜ëû!›“þ vþzàþy˜y›y ëyîû þ™ëÅyëû„þyœ ~„þ îŠéöìîûîû öî!Ÿ £ëû ˜yÐ ›îû¢%›# þ™!îûî“Åþöì̃ îû þ™!îû›yþ™ „þîûyîû ‰þyîû!Ýþ
þ™å•!“þ xyöìŠé õ

S„þV ›y!¢„þ Sîy ÷e›y!¢„þV †vþü þ™å•!“þ (Method of Monthly (or Quarterly) Averages)
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S…V †!“þŸ#œ †vþü x %̃þ™y“þ þ™å•!“þ (Ratio to Moving Average Method)

S†V ²Ìî’“þy x˜%þ™y“þ þ™å•!“þ (Ratio to Trend Method)

S‡V xyöìþ™!Çþ„þ ¢‚öìëy† þ™å•!“þ (Method of Link Relatives)

4.5.1 ›y!¢„þ Sîy ÷e›y!¢„þV †vþü þ™å•!“þ

„þyœ#˜ ö×!’îû îûy!Ÿ“þöìíÄ ë!” ²Ìî’“þy ~î‚ î,_y„þyîû vþzàþy ˜y›y ˜y íyöì„þ “þy£öìœ£z ~£z þ™å•!“þ!Ýþ ²Ìöìëûy†
„þîûy ëyëûÐ

~„þ!Ýþ vþz”y£îûöì’îû ¢y£yöìëÄ ›îû¢%›# ¢)‰þ„þ†%!œ !˜’Åëû „þîûy £œÐ

vþz”y£îû’ õ 4·7 !˜öìÁ¬ ²Ì”_ „þyœ#˜ ¢y!îûîû “þíÄ öíöì„þ ›îû¢%›# ¢)‰þ„þ†%!œ !˜’Åëû „þîû öë…yöì̃  vþzêþ™y”öì̃ îû
“þíÄ ö”çëûy xyöìŠéÐ ‹y˜y xyöìŠé öë îûy!Ÿ“þöìíÄ Ÿ%•%›ye ›îû¢%›# þ™!îûî“Åþ˜ ç x!˜ëû!›“þ vþzàþyéôé˜y›y œÇþÄ
„þîûy ëyëûÐ

îŠéîû ‰þ“%þíÅy‚Ÿ I II III IV

2015 90 75 87 70
2016 75 80 78 75
2017 80 75 75 72
2018 85 82 80 81

¢›y•y˜ õ Šé„þ ¢‚…Äy 4·7 ›îû¢%›# ¢)‰þöì„þîû †’˜y

îŠéîû ‰þ“%þíÅy‚Ÿ I II III IV ö›yÝþ

2015 y1 90 y2 75 y3 87 y4 70
2016 y5 75 y6 80 y7 78 y8 75
2017 y9 80 y10 75 y11 75 y12 72
2018 y13 85 y14 82 y15 80 y16 81

ö›yÝþ 330 312 320 298 1260

÷e›y!¢„þ †vþü 1A  2A  3A  4A 

330 82·54  312 784  320 804  298 74·54  315

†%’˜›)œ„þ 1
1

AS G 2
2

AS G 3
3

AS G 4
4

AS G
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îŠéîû \ ‰þ“%þíÅy‚Ÿ I II III IV ö›yÝþ

›öìvþöìœ ›îû¢%›# 82·5 10078·15  78 10078·15  80 10078·15  74·5 10078·15 

¢)‰þ„þ 104·76 99·05 101·59 94·60 400

¢›!Tþ›)œ„þ 1 1S A G   2 2S A G   3 3S A G   4 4S A G   0

›öìvþöìœ ›îû¢%›# 3·75 – 0·75 1·25 –4·25

¢)‰þ„þ

~…yöì̃  ¢î„þ!Ýþ ÷e›y!¢„þ †öìvþüîû ¢y!îÅ„þ †vþü (G) £œ

1 2 3 4A A A A 315G 78·154 4
  

  

†%’˜›)œ„þ ›öìvþöìœ þ›îû¢%›# ¢)‰þ„þ†%!œîû öëy†šþœ £öìî 400 ~î‚ ¢›!Tþ›)œ„þ ›öìvþöìœ ›îû¢%›# ¢)‰þ„þ†%!œîû
öëy†šþœ £öìî Ÿ)ÄÐ

4.5.2 †!“þŸ#œ †vþü x’%þ™y“þ þ™å•!“þ

²Ìíöì›£z ~öìÇþöìe îûy!Ÿ“þöìíÄîû †!“þŸ#œ †vþü !˜’Åëû „þîûy £ëûÐ

•îûy ëy„þ ÷e›y!¢„þ îûy!Ÿ“þöìíÄîû !¦þ!_öì“þ †’˜y £öìîÐ †!“þŸ#œ †öìvþüîû þ™ëÅyëû„þyœ £öìî 4. ~îû šþöìœ
²Ìí› ”%!Ýþ ç öŸ¡ì ”%!Ýþ ‰þ“%þíÅy‚öìŸîû †!“þŸ#œ †vþü ²Ìî’“þy þ™yçëûy ëyöìî ˜yÐ †!“þŸ#œ †vþü x˜%þ™y“þ þ™å•!“þ!Ýþ
~„þ!Ýþ vþz”y£îûöì’îû ¢y£yöìëÄ öîyGþyöì̃ y £œÐ

vþz”y£îû’ õ 4·8 !˜öìÁ¬îû îûy!Ÿ“þöìíÄîû ¢y£yöìëÄ †!“þŸ#œ †vþü x %̃þ™y“þ þ™å•!“þöì“þ ›îû¢%›# ¢)‰þ„þ†%!œ !˜’Åëû
„þîûÐ

îŠéîû \ ‰þ“%þíÅy‚Ÿ I II III IV
2015 101 93 79 98
2016 106 96 83 103
2017 110 101 88 106
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¢›y•y˜ õ
Šé„þ¢‚…Äy 4·8 †!“þŸ#œ †vþü ç †!“þŸ#œ †vþü x’%þ™y“þ †’˜y

( )t ty m

Šé„þ ¢‚…Äy õ 4·9 †%’’ ›öìvþöìœ ›îû¢%›# ¢)‰þöì„þîû †’˜y

‰þ“%þíÅy‚Ÿ Ÿ“þ„þîûy £yöìîû †!“þŸ#œ †vþü x˜%þ™y“þ 
yt
mt

100 

\ îŠéîû I II III IV ¢›!Tþ

2015 – – 3

3
100 84·60y

m
  4

4
100 103·85y

m
 

2016 5

5
100 111·29y

m
  6

6
100 99·61y

m
  7

7
100 85·13y

m
  8

8
100 104·43y

m
 

2017 9

9
100 110·13y

m
  10

10
100 110·13y

m
  –– ––

ö›yÝþ 221·42 199·74 169·73 208·28 799·17

†vþü A1 110·71 A2 99·87 A3 84·865 A4 104·14 399·585

›îû¢%›#þ 1
1

AS 100G  2
2

AS 100G  3
3

AS 100G  4
4

AS 100G  400

¢)‰þ„þ 110·83 99·97 84·95 104·25



NSOU  CC-EC-04166

!î.o. ~…yöì̃  ¢y!îÅ„þ †vþü    1 2 3 4
399·585G A A A A 4 99·8964      

›îû¢%›# ¢)‰þöì„þîû öëy†šþœ £öìî õ

1 2 3 4S S S S 110·83 99·97 84·95 104·25 400       

Šé„þ ¢‚…Äy õ 4·10 ¢›!Tþ›)œ„þ ›öìvþöìœ ›îû¢%›# ¢)‰þöì„þîû †’˜y

‰þ“%þíÅy‚Ÿ ‰þœöì„þîû ›y˜ öíöì„þ ²Ìî’“þyîû îÄî•y˜ (yt – mt)

îŠéîû I II III IV ¢›!Tþ

2015 –– –– (–) 14·375 3·625 ––
2016 10·750 (–) 0·375 (–) 14·500 4·375 ––
2017 10·125 0·125 ––

¢›!Tþ 20·875 –0·250 –28·875 8·000 ––

†vþü (A1) (A1) (A2) (A3) (A4)

10·4375 –0·125 –14·4375 4·000 –0·03125

›îû¢%›# ¢)‰þ„þ 1 1S A G   2 2S A G   3 3S A G   4 4S A G   S 0i
i



S A Gi i  10·46875 0·09375  14·40625  4·03125

¢y!îÅ„þ †vþü  1 2 3 4A A A A 4 0·03125      

4.5.3 ²Ìî’“þy x˜%þ™y“þ þ™å•!“þ

þ„þyœ#˜ ö×!’îû îûy!Ÿ“þöìíÄîû ›öì•Ä ë!” ö„þyöì̃ y ²Ìî’“þy íyöì„þ “þöìî ²Ìíöì› †y!’!“þ„þ þ™å•!“þ îÄî£yîû
„þöìîû !î!¦þ§¬ ¢›ëû (t) ~îû ‹˜Ä ²Ìî’“þy !˜’Åëû „þîûöì“þ £öìîÐ ¢y•yîû’“þ ²Ìî’“þy œ!‡Ûþ î†Å þ™å•!“þöì“þ !˜’Åëû
„þîûy £ëûÐ ë!” †%’˜›)œ„þ ›öìvþœ •îûy £ëû “þöìî !î!¦þ§¬ ¢›öìëûîû (t) ‹öì̃ Ä ‰þœöì„þîû ›y˜ (yt) ~î‚ ²Ìî’“þyîû

(Tt) x %̃þ™y“þ Ÿ“þ„þîûy £yöìîû !˜’Åëû „þîûy £ëûÐ 100T
t

t

y
  ~£z›y˜†%!œ !˜’Åëû „þöìîû þ™îû þ™îû îûy…y £ëûÐ ‰þyîû!Ýþ

‰þ“%þíÅy‚öìŸîû †vþü ~îûþ™îû ˜#öì‰þîû ¢)öìeîû ¢y£yöìëÄ öîîû „þîûy £ëûÐ •îûy ëy„þ !“þ˜ îŠéöìîûîû ‰þ“%þíÅy‚öìŸîû ›y˜ (yt)

ö”çëûy xyöìŠéÐ œ!‡Ûþ î†Å þ™å•!“þöì“þ ²Ìî’“þy (Tt) !˜’Åëû „þöìîû 100T
t

t

y
  ²Ìî’“þy x’%þ™y“þ†%!œ †’˜y „þîûy

£ëûÐ “þyîûþ™îû ‰þyîû!Ýþ ‰þ“%þíÅy‚öìŸîû †vþü (Ai) £öìî õ



NSOU  CC-EC-04 167

5 91
1

1 5 9
A 100 100 100 3T T T

y yy         

6 102
2

2 6 10
A 100 100 100 3T T T

         

y yy

3 7 11
3

3 7 11
A 100 100 100 3T T T

y y y         

84 12
4

4 8 12
A 100 100 100 3T T T

yy y         

~î‚ ¢y!îÅ„þ †vþü (Grand Average) G £öìî

1 2 3 4A A A AG 4
  



†%’’›)œ„þ ›öìvþöìœ ‰þyîû!Ýþ ›îû¢%›# ¢)‰þ„þ (Si) £öìî

1
1

AS 100 ;G  2
2

AS 100 ;G  3
3

AS 100 ;G  4
4

AS 100G 

~…˜  1 2 3 4S S S S    ¢î ¢›ëû 400 ~îû ¢›y˜ £öìîÐ

ë!” ¢›!Tþ›)œ„þ ›öìvþœ ö˜çëûy £ëû “þöìî 100T
t

t

y  
 

 ~îû î”öìœ ²Ì”_ ‰þœöì„þîû ›y˜†%!œ (yt) öíöì„þ

²Ìî’“þyîû (Tt) þ™yíÅ„þÄ (yt – Tt) †’˜y „þîûy £ëûÐ ~îûþ™îû þ™yíÅ„þÄ†%!œîû †vþü ö˜çëûy £ëûÐ

•îûy ëy„þ !“þ˜ îŠéöìîûîû îûy!Ÿ“þíÄ ö”çëûy xyöìŠéÐ “þy£öìœ ‰þ“%þíÅy‚öìŸîû †vþü £öìî

     1 1 1 5 5 9 9A T T T 3y y y        

     2 2 2 6 6 10 10A T T T 3y y y        

     3 3 3 7 7 11 11A T T T 3y y y        

     4 4 4 8 8 12 12A T T T 3y y y        

öë…yöì̃  ¢y!îÅ„þ †vþü (G) £öìî
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1 2 3 4A A A AG 4
  



~îûþ™îû ¢›!Tþ›)œ„þ ›öìvþöìœ ‰þyîû!Ýþ ›îû¢%›# ¢)‰þ„þ £öìî

S1 A1 – G ; S2 A2 – G ; S3 A3 – G ~î‚ S4 A4 – G

~î‚ ~£z ›îû¢%›# ¢)‰þ„þ†%!œîû öëy†šþœ xíÅyê

S1 S2 S3 S4 O £öìîÐ

òò²Ìî’“þy x %̃þ™y“þ þ™å•!“þöì“þóó ²Ìî’“þyîû ›y˜ œ!‡Ûþ î†Å þ™å•!“þöì“þ îyîû „þîûy £ëû xyîû òò†!“þŸ#œ †vþü
x’%þ™y“þ þ™å•!“þöì“þóó ²Ìî’“þyîû ›y˜ †!“þŸ#œ †vþü þ™å•!“þöì“þ îyîû „þîûy £ëûÐ ~Šéyvþüy ~£z ”%£z þ™å•!“þöì“þ
›îû¢%›# ¢)‰þ„þ !˜’Åëû „þîûyîû þ™å•!“þöì“þ ö„þyöì̃ y “þšþyê ö˜£zÐ

4.5.4 xyöìþ™!Çþ„þ ¢‚öìëy† þ™å•!“þ

þ„þyœ#˜ ö×!’îû ›îû¢%›# þ™!îûî“Åþ˜ þ™!îû›yöìþ™îû ë“þ þ™å•!“þ xyöìŠé xyöìþ™!Çþ„þ ¢‚öìëy† þ™å•!“þ “þyîû ›öì•Ä
¢î öíöì„þ ‹!ÝþœÐ ~„þ!Ýþ vþz”y£îûöì’îû ¢y£yöìëÄ ~£z þ™å•!“þ öîyGþyöì̃ y £œÐ

vþz”y£îû’ õ 4·9 xyöìþ™!Çþ„þ ¢‚öìëy† ²Ì!„Êþëûyîû ¢y£yöìëÄ ›îû¢%›# ¢)‰þ„þ†%!œ ˜#öì‰þîû îûy!Ÿ“þíÄ öíöì„þ !˜’Åëû
„þîûÐ

‰þ“%þíÅy‚Ÿ „þëûœyîû vþzêþ™y”˜ (yt)

îŠéîû I II III IV

1988 64 56 54 62
1989 68 63 65 69
1990 72 60 60 63

1. ²Ìíöì›£z ²Ì!“þ ‰þ“%þíÅ„þ ›y˜öì„þ “þyîû !àþ„þ xyöì†îû ‰þ“%þíÅ„þ ›yöì̃ îû ¢yöìþ™öìÇþ Ÿ“þ„þîûy £yöìîû ²Ì„þyŸ „þîûy
£œÐ ~!Ýþöì„þ£z xyöìþ™!Çþ„þ ¢‚öìëy† (LR) îœy £ëûÐ

xyöìþ™!Çþ„þ ¢‚öìëy† (LR) –––––––––––––––––––––––––––– × 100

1
LR 100t

t

y
y 

  

!„þhs$þ– ²Ìí› ‰þ“%þíÅöì„þîû ‹˜Ä LR þ™yçëûy ëyöìî ˜y „þyîû’ “þyîû þ™)îÅî“þ#Å ö„þyöì̃ y ›y˜ þ™yçëûy ëyëû ˜yÐ

þ‰þœ!“þ ‰þ“%þíÅ„þ ›y˜/›y!¢„þ ›y˜

!àþ„þ þ™)îÅî“þ#Å ‰þ“%þíÅöì„þîû ›y˜/›y!¢„þ ›y˜
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2. ²Ì!“þ ‰þ“%þíÅöì„þîû ‹˜Ä xyöìþ™!Çþ„þ ¢‚öìëy† (LR) †%!œîû †vþü !˜’Åëû „þîûy £ëûÐ

3. ~…˜ ~£z †vþü xyöìþ™!Çþ„þ ¢‚öìëy††%!œ öíöì„þ xyöìþ™!Çþ„þ Ÿ,Cœ (Chain Relatives) öîîû „þîûy
£ëûÐ ²Ìí› ‰þ“%þíÅöì„þîû CR 100 •îûy £ëûÐ

¢)e!Ýþ £œ õ ²Ì!“þ ‰þ“%þíÅöì„þîû CR  –––––––––––––––––––––––––––

~£z ¢)e •öìîû ¢î „þ!Ýþ CR !˜’Åëû „þîûy £ëûÐ

4. ~îyîû xyöìþ™!Çþ„þ Ÿ,Cœ (CR) †%!œöì„þ ¢‚öìŸy•˜ „þîûy £öìî ~£z ¢‚öìŸy•öì̃ îû †%’„þ!Ýþ ²Ìí› ‰þ“%þíÅöì„þîû
†vþü LR ~îû ¢y£yöìëÄ !˜’Åëû „þîûy £ëûÐ “þyîû •yþ™†%!œ ˜#öì‰þ ö”çëûy £œÐ

˜“%þ˜ ²Ìí› ‰þ“%þíÅöì„þîû CR ––––––––––––––––––––––––––––––––––––

107·02 95·31 102·001100
 

~£z ›y˜ ²Ìí› ‰þ“%þíÅöì„þîû þ™%îûöì̃ y ›yöì̃ îû öíöì„þ xyœy”yÐ þ™%îûöì̃ y ›y˜!Ýþ £œ 100. ¢%“þîûy‚ ¢‚öìŸy•˜

†%’„þ   1
4d   S˜“%þ˜ ²Ìí› ‰þ“%þíÅöì„þîû CR – 100)

 1 102·001 100 0·54  

Šé„þ ¢‚…Äy õ 4·11 ›îû¢%›# ¢)‰þöì„þîû †’˜y

‰þ“%þíÅ„þ xyöìþ™!Çþ„þ ¢‚öìëy† (LR)

îŠéîû I II III IV

1998 – 87·50 96·43 114·81
1989 109·68 92·65 103·17 106·15
1990 104·35 83·33 100·00 105·00

†vþü LR 107·02 87·83 99·87 108·65

CR 100 87·83 87·72 95·31

¢‚öìŸy!•“þ CR 100 87·33 86·72 93·81

›îû¢%›# ¢)‰þ„þ 108·74 94·95 94·30 102·01

ú ‰þ“%þíÅöì„þîû LR × þ™)îÅî“þ#Å ‰þ“%þíÅöì„þîû CR
100

²Ìí› ‰þ“%þíÅöì„þîû †vþü LR × þ‰þ“%þíÅ ‰þ“%þíÅöì„þîû CR
100
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5. ¢‚öìŸy!•“þ CR !˜’Åëû „þîûy ëyëû ë!” !m“þ#ëû– “,þ“þ#ëû ç ‰þ“%þíÅ ‰þ“%þíÅöì„þîû þ™%îûyöì̃ y ›yöì̃ îû öíöì„þ
ëíy„Êþöì› 1d, 2d, 3d !îöìëûy† „þîûy £ëûÐ

²Ìí› ‰þ“%þíÅöì„þîû ¢‚öìŸy!•“þ CRç 100 £z £öìîÐ

6. ~îyîû ¢‚öìŸy!•“þ CR †%!œîû †vþü !˜’Åëû „þîûy £ëûÐ ~£z †vþü £öìî

 100 87·33 86·72 93·81 4 91·96    

7. ›îû¢%›# ¢)‰þ„þ öîîû „þîûyîû ¢)e £œ –––––––––––– × 100

4.6 ›îû¢%›# ¢)‰þöì„þîû îÄî£yîû

›îû¢%›# ¢)‰þ„þ†%!œ ”%£z!Ýþ vþzöìjöìŸÄ îÄî£,“þ £ëû õ

(i) îûy!Ÿ“þöìíÄîû ›îû¢%›# þ™!îûî“Åþ˜ ”)îû „þîûyÐ îÄî¢yöìëûîû ›îû¢%›# þ™!îûî“Åþ˜ îy vþzàþyéôé˜y›yîû šþöìœ
…y!˜„þÝþy x!˜Øþëû“þy xyöì¢Ð ~£z x!˜Øþëû“þy ”)îû „þîûöì“þ þ™yîûöìœ îÄî¢yöìëû …y!˜„þÝþy !Þí!“þŸ#œ“þy xyöì¢Ð

ë!” ¢›!Tþ›)œ„þ ›öìvþœ £ëû “þy£öìœ ²Ì”_ îûy!Ÿ“þöìíÄ ‰þœöì„þîû ›y˜ (yt) öíöì„þ ›îû¢%›# þ™!îûî“Åþ˜ S¢)‰þ„þV
(S) !îöìëûy† !”öìœ ›îû¢%›# !˜¦Åþîû“þy ›%=þ “þíÄ (yt – s) þ™yçëûy ëyöìîÐ

ë!” †%’’›)œ„þ ›öìvþœ £ëû “þy£öìœ ²Ì”_ îûy!Ÿ“þöìíÄ ‰þœöì„þîû ›y˜ (yt) ö„þ ›îû¢%›# ¢)‰þ„þ (s) ~îû

¢yöìþ™öìÇþ Ÿ“þ„þîûy £yöìîû ²Ì„þy!Ÿ“þ „þîûöìœ 100ty
s

  
 

 ›îû¢%›# !˜¦Åþîû“þy ›%=þ “þíÄ þ™yçëûy ëyëûÐ

(ii) ßþºÒ„þyöìœ þ™)îÅ x˜%›y˜ „þîûy õ •îûy ëy„þ ö„þyöì̃ y îÄî¢yëû ²Ì!“þÛþyöì̃  îy‹yöìîûîû ‰þy!£”yîû vþzàþy ˜y›yîû
vþzþ™îû !˜¦Åþîû „þöìîû ¦þy[þyöìîû oîÄ ›‹%“þ „þîûy £ëûÐ ›îû¢%›# ¢)‰þ„þ þ™!îû›yþ™ „þîûy £öìœ ‹y˜y ëyëû öë ‰þy!£”y
„þ“þÝþy îyvþüöìî îy „þ›öìî öëÝþy ›îû¢%›# þ™!îûî“Åþöì̃ îû vþzþ™îû !˜¦Åþîû „þöìîûÐ ú ›îû¢%›# ¢)‰þ„þ öíöì„þ xyöì† öíöì„þ
þ™!îû„þÒ˜y „þîûy ëyëû öë „þ“þÝþy oîÄ vþzêþ™y”˜ ~î‚ ›‹%“þ „þîûöì“þ £öìîÐ

4.7 î,_y„þyîû vþzay˜éôéþ™“þöì̃ îû þ™!îû›yþ™

îûy!Ÿ“þöìíÄîû î,_y„þyîû vþzay˜þ™“þ˜ þ™!îû›yþ™ „þîûyÝþy öîŸ „þTþ¢y•ÄÐ

!„þhs$þ xî!ŸTþ þ™å•!“þ (Residual Method) ~îû ¢y£yöìëÄ …%î ¢£öì‹£z ~£z vþzay˜þ™“þ˜ þ™!îû›yþ™ „þîûy
¢½þîÐ

4.7.1 xî!ŸTþ þ™å•!“þ

þ„þyœ#˜ ö×!’îû îûy!Ÿ“þöìíÄîû (yt) vþzay˜þ™“þöì̃ îû ›öì•Ä ‰þyîû!Ýþ vþzþ™y”y˜ íyöì„þéôôôéöë›˜ ²Ìî’“þy (Tt)–

¢‚öìŸy!•“þ CR
91·96
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›îû¢%›# þ™!îûî“Åþ˜ (St), î,_y„þyîû vþzay˜ þ™“þ˜ (Ct) ç x!˜ëû!›“þ þ™!îûî“Åþ˜ (It). ~…˜ xî!ŸTþ þ™å•!“þöì“þ
îûy!Ÿ“þíÄ öíöì„þ Tt ç St ö„þyöì̃ y ¦þyöìî îy” ö”çëûy £ëûÐ

†%’’›)œ„þ ›öìvþœ •îûy £öìœ xy›îûy ‹y!˜

T S C It t t t ty    

~…˜ Tt ~î‚ St ë!” îy” ö”çëûy ëyëû “þöìî xy›îûy þ™y£z

C I .T S
t

t t
t t

y
 

  †%’’›)œ„þ ›öìvþœ ~£z¦þyöìî xî!ŸTþ íyöì„þ î,_y„þyîû vþzay˜þ™“þ˜ ~î‚ x!˜ëû!›“þ

þ™!îûî“Åþ˜Ð

~îyîû ¢›!Tþ›)œ„þ ›öìvþœ •îûy £öìœ xy›yöì”îû ¢›#„þîû’ £öìî

T S C It t t t ty    

xî!ŸTþ þ™å•!“þîû ›y•Äöì› ²Ìî’“þy ç ›îû¢%›# þ™!îûî“Åþöì̃ îû ²Ì¦þyî îûy!Ÿ“þíÄ (yt) öíöì„þ ë!” îy” ö”çëûy
ëyëû “þöìî î,_y„þyîû vþzay˜þ™“þ˜ ~î‚ x!˜ëû!›“þ þ™!îûî“Åþ˜ þ™öìvþü íyöì„þÐ

xíÅyê  T +S = C + It t t t ty 

~…˜ It ~îû †vþü Þí!ëûc„þyœ ¢yöìþ™öìÇþ vþzþ™ë%=þ þ™ëÅyëû !î!ŸTþ †!“þŸ#œ †vþü þ™å•!“þ xîœÁº̃  „þöìîû
x!˜ëû!›“þ þ™!îûî“Åþ˜ (It) ö„þ ë!” xþ™¢yîû’ „þîûy ëyëû– £ëû ¦þy† !”öìëû S†%’’›)œ„þ ›öìvþöìœV îy !îöìëûy†
!”öìëû– “þöìî£z î,_y„þyîû vþzay˜þ™“þöì̃ îû (Ct) þ™!îû›yþ™ þ™yçëûy ëyöìîÐ

4.8 ¢yîûy‚Ÿ

~„þ!Ýþ ‰þœ„þ öë›˜ xyëû– vþzêþ™y”˜– !î„Êþëû– !î!˜öìëûy†– £z“þÄy!”îû ›y˜ ¢›öìëûîû ¢yöìþ™öìÇþ vþzàþy˜y›y „þöìîûÐ
¢›öìëûîû ¢öìA† ~£z ‰þœöì„þîû vþzàþy˜y›yöì„þ öœ…!‰þöìeîû ¢y£yöìëÄ vþzþ™!Þí“þ „þîûöìœ xy›îûy „þyœ#˜ ¢y!îû þ™y£zÐ
îûy!Ÿ“þöìíÄîû ~£z vþzay é̃ôéþ™“þöì̃ îû ›öì•Ä ‰þyîû!Ýþ ö›ï!œ„þ vþzþ™y”y˜ íyöì„þÐ ~†%!œ £œ ²Ìî’“þy– ›îû¢%›# þ™!îûî“Åþ˜–
î,_y„þyîû þ™!îûî“Åþ˜ ç x!˜ëû!›“þ þ™!îûî“Åþ˜Ð „þyœ#˜ ö×!’îû ²Ìî’“þy „þ…˜ç vþz•¹Å›%…# xyîyîû „þ…˜ç
!˜Á¬›%…# £ëûÐ „þyœ#˜ ö×!’îû îûy!Ÿ“þöìíÄîû †!“þ²Ì„,þ!“þîû ²Ìî’“þy þ™!îû›yþ™ „þîûyîû ‹˜Ä ‰þyîû!Ýþ þ™å•!“þ xyöìŠéÐ

(i) ›%=þ£hßþ ÷œ!…„þ þ™å•!“þ

(ii) x•Å†vþü þ™å•!“þ

(iii) †!“þŸ#œ †vþü þ™å•!“þ

(iv) œ!‡Ûþ î†Å þ™å•!“þ
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xöì̃ „þ ¢›ëû îyê¢!îûöì„þîû î”öìœ ›y!¢„þ îy ‰þ“%þíÅ„þ ²Ìî’“þyîû ›y˜ !˜’Åëû „þîûöì“þ £ëûÐ „þyœ#˜ ö×!’îû
~£z îyê¢!îû„þ îûy!Ÿ“þíÄ ”%îû„þöì› ö”çëûy £ëû

(i) ²Ì!“þ îŠéîû ›y!¢„þ †vþü ›y˜ ö”çëûy íyöì„þ

xíîy (ii) îyê¢!îû„þ öëy†šþœ !£¢yöìîç îûy!Ÿ“þíÄ ö”çëûy íyöì„þÐ

ö‹yvþü ¢‚…Ä„þ îy !îöì‹yvþü ¢‚…Ä„þ îŠéöìîûîû ¢‚…Äyîû vþzþ™îû !˜¦Åþîû „þöìîû ²Ìî’“þy ¢›#„þîû’!Ýþ !„þ ²Ì„þyöìîûîû
£öìîÐ

›îû¢%›# þ™!îûî“Åþ˜ îœöì“þ öîyGþyëû ~„þ !˜!”ÅTþ ¢›ëû xhsþîû ö„þyöì̃ y îûy!Ÿ“þöìíÄîû !˜ëû!›“þ vþzàþy ˜y›y ëyîû
þ™ëÅyëû„þyœ ~„þ îŠéöìîûîû öî!Ÿ £ëû ˜yÐ ›îû¢%›# þ™!îûî“Åþ˜ þ™!îû›yþ™ „þîûyîû ‰þyîû!Ýþ þ™å•!“þ xyöìŠé õ

(i) ›y!¢„þ Sîy ÷e›y!¢„þV †vþü þ™å•!“þ

(ii) †!“þŸ#œ †vþü x˜%þ™y“þ þ™å•!“þ

(iii) ²Ìî’“þy x %̃þ™y“þ þ™å•!“þ

(iv) xyöìþ™!Çþ„þ ¢‚öìëy† þ™å•!“þ

›îû¢%›# ¢)‰þöì„þîû îÄî£yîû ”%£z!Ýþ õ

S„þV îûy!Ÿ“þöìíÄîû ›îû¢%›# þ™!îûî“Åþ˜ ”)îû „þîûy

S…V ßþºÒ„þyöìœ þ™)îÅ x %̃›y˜ „þîûy

î,_y„þyîû vþzay˜éôéþ™“þöì̃ îû ›y•Äöì› îy!’‹Ä ‰þ„Êþ þ™yçëûy ëyëûÐ ~…yöì̃  |•¹Å†!“þ ç !˜Á¬†!“þ þ™ëÅyëû„Êþöì›
xyöì¢Ð |•¹Å†!“þîû ”%!Ýþ ¦þy† õ þ™%̃ îû%§¬!“þ ç vþz§¬!“þ xyîû !˜Á¬y!¦þ›%…# þ™“þöì̃ îû ”%!Ýþ ¦þy† õ !˜Á¬†!“þ ç ›¨yÐ
~£z î,_y„þyîû vþzay˜éôéþ™“þ˜ þ™!îû›yþ™ „þîûyîû ‹˜Ä xî!ŸTþ þ™å•!“þ xîœÁº̃  „þîûy £ëûÐ îûy!Ÿ“þíÄ öíöì„þ
²Ìî’“þy– ›îû¢%›# þ™!îûî“Åþ˜ ç x!˜ëû!›“þ þ™!îûî“Åþöì̃ îû þ™!îû›yþ™ !îöìëûy† !”öìœ xî!ŸTþ íyöì„þ î,_y„þyîû
vþzàþyéôé˜y›yÐ ~£z¦þyöìî£z þ™!îû›yþ™ „þîûy £ëûÐ

4.9 x˜%Ÿ#œ˜#

²ÌÙÀ›yœy õ

1. „þyœ#˜ ö×!’ îœöì“þ „þ# î%GþyëûÚ „þyœ#˜ ö×!’îû îûy!Ÿ“þöìíÄîû ›)œ vþzþ™y”y˜†%!œ vþzöìÍÔ… „þîûÐ

2. „þyœ#˜ ö×!’öì“þ ²Ìî’“þy !˜’Åöìëûîû þ™å•!“þ†%!œ vþzöìÍÔ… „þîûÐ ›îû¢%›# þ™!îûî“Åþöì̃ îû þ™!îû›yöìþ™îû þ™å•!“þ†%!œ
!„þ !„þÚ

3. „þyœ#˜ ö×!’îû ö›ï!œ„þ vþzþ™y”y˜†%!œ „þ# „þ#Ú ~öì”îû ö„þy˜!Ýþîû ¢öìA† ˜#öì‰þîû ‡Ýþ˜y†%!œ !˜!îvþü ¦þyöìî
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ë%=þ õ

S„þV xy£zœy Gþöìvþü þ™!Øþ›îöìA†îû •y˜ vþzêþ™y”˜ !îöìŸ¡ì ¦þyöìî Çþ!“þ@ùÌÞí £ëûÐ

S…V îy!’öì‹Ä ~…˜ ›¨y ö”…y !”öìëûöìŠéÐ

S†V ‹˜¢‚…Äy î,!å•îû ‹˜Ä …yöì”Äyêþ™y”˜ öî!Ÿ £öìëûöìŠéÐ

S‡V î¡ìÅy„þyöìœ Šéy“þyîû !î„Êþëû ¢î ¢›ëû öî!Ÿ

4. œ!‡Ûþ î†Å þ™å•!“þöì“þ „þ#¦þyöìî ²Ìî’“þy †’˜y „þîûy £ëûÚ

5. ›îû¢%›# ¢)‰þöì„þîû „þyëÅ„þyîû#“þy îÄy…Äy „þîûÐ

²ÌÙÀ›yœy õ

6. ²Ìî’“þy !˜’Åöìëû †!“þŸ#œ †öìvþüîû þ™å•!“þ ¢Áºöìr• !îîîû’ ”yçÐ

7. ˜#öì‰þîû Šéöì„þ þ™!Øþ›îöìA† •yöì̃ îû vþzêþ™y”öì̃ îû “þíÄ ö”çëûy £œõ

îŠéîû õ 1971 1972 1973 1974 1975

vþzêþ™y”˜ (’000 Ýþöì̃ V õ 10 12 8 10 14

œ!‡Ûþ î†Å þ™å•!“þöì“þ ~„þ!Ýþ ²Ìî’“þy öîû…y !˜îû)þ™’ „þîûÐ

8. „þyîû’ ö”!…öìëû îöìœy ˜#öì‰þîû „þíy†%!œ ¢“þÄ ˜y !›íÄy

(i) ²Ìî’“þy îœöì“þ öîyGþyëû „Êþ›y†“þ |•¹Å†!“þ xíîy !˜Á¬†!“þîû ”#‡ÅÞíyëû# öG¤þy„þÐ

(ii) ›îû¢%›# þ™!îûî“þÅ̃  ²Ì!“þ !“þ˜îŠéîû xhsþîû ¢‚‡!Ýþ“þ £ëûÐ

(iii) î,_y„þyîû þ™!îûî“Åþ˜ ²Ì!“þ îŠéîû xhsþîû ‡!Ýþöì“þ íyöì„þÐ

(iv) x!˜ëû!›“þ þ™!îûî“Åþ˜ ‹˜¢‚…Äy „Êþ›y†“þ î,!å•îû ‹˜Ä £öìëû íyöì„þÐ

(v) î,_y„þyîû þ™!îûî“Åþ˜ þvþz§¬!“þ ~î‚ xöì•y†!“þîû þ™ëÅyëû„Êþöì› xy!î¦Åþyöìîîû šþöìœ £öìëû íyöì„þÐ

²ÌÙÀ›yœy õ

9. ˜#öì‰þîû îûy!Ÿ“þöìíÄîû !¦þ!_öì“þ 3 îŠéöìîûîû †!“þŸ#œ †vþü þ™å•!y“þöì“þ ö„þyöì̃ y !ŸöìÒîû îy!¡ìÅ„þ ›%̃ yšþyîû
S’000 Ýþy„þyöì“þV ²Ìî’“þy !˜’Åëû „þîûÐ

îŠéîû õ 1981 1982 1983 1984 1985 1986 1987 1988

›%˜yšþy õ 85 88 90 95 97 93 96 98

10. ˜#öì‰þîû îûy!Ÿ“þöìíÄîû öíöì„þ ~„þ!Ýþ !m‡y“þ î£%þ™” xöìþ™Çþöì„þîû ¢y£yöìëÄ ²Ìî’“þy öîû…y !˜’Åëû „þîû ç
1996 ¢yöìœ ²Ìî’“þyîû ›y˜ „þ“þ £öìî “þyç †’˜y „þîûÐ
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îŠéîû õ 1993 1994 1995 1996 1997

!î„Êþëû S’000 Ýþy„þyöì“þV õ 16 18 19 20 24

11. ˜#öì‰þ ¦þyîûöì“þîû ‹˜¢‚…Äyîû îûy!Ÿ“þíÄ ö”çëûy £œ õ

xy”›¢%›yîû#îû îŠéîû õ 1911 1921 1931 1941 1951 1961 1971

‹˜¢‚…Äy Sö„þy!Ýþöì“þV õ 25 25·1 27·9 31·9 36·1 43·9 54·7

~…˜ 1981 ¢yöìœ ¦þyîûöì“þîû ‹˜¢‚…Äyîû x %̃›y˜ Tt abt ¢›#„þîûöì’îû ¢y£yöìëÄ †’˜y „þîûÐ

12. îyê¢!îû„þ ²Ìî’“þy ¢›#„þîû’ yt  144  8t S›)œ!î¨% 1985 ~ ~î‚ ~„þ„þ 1 îŠéîûV ö„þ x•Å
îyê¢!îû„þ ²Ìî’“þy ¢›#„þîûöì’ îû)þ™yhsþ!îû“þ „þîû ë…˜ îyê¢!îû„þ öëy†šþœ ö”çëûy xyöìŠéÐ

13. ¢›!Tþ›)œ„þ ›öìvþöìœ †!“þŸ#œ †vþü x˜%þ™y“þ þ™å•!“þöì“þ ˜#öì‰þîû îûy!Ÿ“þíÄ öíöì„þ ›îû¢%›# ¢)‰þ„þ !˜’Åëû
„þîûÐ

S•yöì̃ îû vþzêþ™y”˜ ’000 Ýþ˜V

‰þ“%þíÅ„þ

îŠéîû I II III IV

1973 37 38 37 40
1974 41 34 25 31
1975 35 37 35 41

14. ö„þyöì̃ y oöìîÄîû vþzêþ™y”öì̃ îû îûy!Ÿ“þíÄ îyê¢!îû„þ öëy†šþöìœ ö”çëûy íy„þöìœ îyê¢!îû„þ ²Ìî’“þy ¢›#„þîû’
y 360 48t S›)œ!î¨% 2008 ¢yœ– t ~îû ~„þ„þ 1 îŠéîûV ö„þ ›y!¢„þ ²Ìî’“þy ¢›#„þîûöì’
îû)þ™yhsþ!îû“þ „þîûÐ x“þƒþ™îû 2015 ¢yöìœîû ö› ›yöì¢îû ²Ìî’“þyîû ›y˜ !˜’Åëû „þîûÐ

4.10 @ùÌríþ™!O

1. Basic Statistics by Goon, Gupta and Dasgupta, The World Press Pvt. Ltd,
Calcutta

2. Applied General Statistics by Croxton Cowden, Prentice Hall Inc, 1949
3. Statistical Methods Vol. I by N. G. Das, Mc Graw Hill India, 2008
4. Fundamentals of Statistics by S.C. Gupta, Himalaya Publishing House, 2008
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5.1 vþzöìjŸÄ

xíÅ÷ì̃ !“þ„þ ‰þœ„þ xíÅyê öë ¢î ‰þœ„þ îÄî¢y îy!’öì‹Äîû ¢öìA† ¢Á™„þÅë%=þ öë›˜ ”y›– vþzêþ™y”˜– !î„Êþëû–
xy›”y!˜– îû®y!˜– !î!˜öìëûy† £z“þÄy!” x˜îîû“þ þ™!îûî!“Åþ“þ £öì“þ£z íyöì„þ „þ…˜ç ¢›öìëûîû ¢yöìþ™öìÇþ xyîyîû
„þ…˜ç ö¦þïöì†y!œ„þ xîÞíyöì̃ îû ¢yöìþ™öìÇþÐ ~£z þ™!îûî“Åþ˜öì„þ î%Gþöì“þ £öìœ ~„þ!Ýþ ¢)‰þ„þ ¢‚…Äyîû ²Ìöìëûy‹˜Ð
vþz”y£îû’ßþºîû)þ™ îœy ëyëû öë ”y› þ™!îûî!“Åþ“þ £öìFŠé !„þhs$þ „þ“þÝþy þ™!îûî!“Åþ“þ £öìëûöìŠé ö¢Ýþy öîyGþy ëyöìî
!„þ¦þyöìîÚ oöìîÄîû ¢‚…Äy ö“þy x†’ÄÐ ¢î oöìîÄîû ”y› ö“þy ~„þ£z¦þyöìî þ™!îûî!“Åþ“þ £ëû ˜yÐ “þy£z ”yöì›îû ~„þÝþy
¢)‰þ„þ ¢‚…Äy íy„þöìœ ö¢Ýþy£z !˜öì”ÅŸ „þîûöìî ”y› „þ“þÝþy þ™!îûî!“Åþ“þ £öìëûöìŠéÐ

5.2  ²Ìhßþyî˜y

¢)‰þ„þ ¢‚…Äy îœöì“þ ö„þyöì̃ y ‰þœöì„þîû xíîy ¢Á™„Åþë%=þ ~„þy!•„þ ‰þœöì„þîû xyöìþ™!Çþ„þ þ™!îûî“Åþöì̃ îû ~„þ!Ýþ
þ™!îû¢‚…Äy˜†“þ þ™!îû›yþ™ î%!GþÐ ~£z xyöìþ™!Çþ„þ þ™!îûî“Åþ˜!Ýþ ¢›öìëûîû ¢yöìþ™öìÇþ xíîy ö¦þïöì†y!œ„þ xîÞíyöì̃ îû
¢yöìþ™öìÇþ †’˜y „þîûy £ëûÐ

öëöì£“%þ ~!Ýþ ~„þ!Ýþ xyöìþ™!Çþ„þ þ™!îûî“Åþ˜– “þy£z ~îû ö„þyöì̃ y ~„þ„þ £ëû ˜yÐ ¢y•yîû’“þ ~£z ¢)‰þ„þ ¢‚…Äy
Ÿ“þ„þîûy !£¢yöìî !˜!’Å“þ £ëûÐ “þy£z !î!¦þ§¬ ¢›öìëûîû þ™!îûöì²Ì!Çþöì“þ xíîy !î!¦þ§¬ ö¦þïöì†y!œ„þ xîÞíyöì̃ îû
þ™!îûöì²Ì!Çþöì“þ oöìîÄîû ”y›– þ™!îû›y’ xíîy oöìîÄîû ›)öìœÄîû þ™!îûî“þÅöì̃ îû “%þœ˜y „þîûy ¢½þî £ëûÐ ë…˜ oöìîÄîû
”yöì›îû þ™!îûî“Åþöì̃ îû “%þœ˜y „þîûy £ëû “þ…˜ ¢)‰þ„þ ¢‚…Äyöì„þ ”y› ¢)‰þ„þ ¢‚…Äy (Price Index Number) îœy
£ëûÐ xyîyîû ë…˜ oöìîÄîû þ™!îû›yöì’îû þ™!îûî“Åþöì̃ îû “)þœ˜y „þîûy £ëû “þ…˜ ¢)‰þ„þ ¢‚…Äyöì„þ þ™!îû›y’ ¢)‰þ„þ
¢‚…Äy (Quantity Index Number) îöìœÐ

5.3  ”y› ç þ™!îû›y’ ¢)‰þ„þ ¢‚…Äy

vþz”y£îû’ßþºîû)þ™ •îûy ëy„þ P1 ö„þyöì̃ y oöìîÄîû 2005 ¢yöìœ „þœ„þy“þyîû îy‹yöìîûîû ”y›Ð xyîyîû •îûy ëy„þ–
2000 ¢yöìœ „þœ„þy“þyîû îy‹yöìîû ú oöìîÄîû ”y› !Šéœ Po. ë!” 2000 ¢yœöì„þ !¦þ!_ îŠéîû •îûy ëyëû “þy£öìœ

2005 £öìî ‰þœ!“þ îŠéîûÐ ~îyöìîû 1P
Po

 
 
 

 ~£z x %̃þ™y“þöì„þ !¦þ!_ îŠéöìîûîû ¢yöìþ™öìÇþ ‰þœ!“þ îŠéöìîûîû ú oöìîÄîû

xyöìþ™!Çþ„þ ”y› (Price Relative) îœy £ëûÐ ~£z x˜%þ™y“þöì„þ 100 !”öìëû †%’ „þîûöìœ xy›îûy ú oöìîÄîû

”y› ¢)‰þ„þ þ™yîÐ !¦þ!_ îŠéöìîûîû ”y› ¢)‰þ„þ ¢îÅ”y£z 100 •îûy £ëûÐ ~…˜ 1P 100Po
   ë!” 160 £ëû “þöìî

“þyîû xíÅ £œ 2005¢yöìœ S‰þœ!“þ îŠéöìîûV ú oöìîÄîû ”y› 2000 ¢yöìœîû S!¦þ!_ îŠéöìîûîûV “%þœ˜yëû 60%
î,!å• öþ™öìëûöìŠéÐ ~£z ”y› ¢)‰þ„þ ¢‚…Äyöì„þ I01 !£¢yöìî !‰þ!£«“þ „þîûy £ëû ëyîû xíÅ £œ !¦þ!_ îŠéöìîûîû (0)
¢yöìþ™öìÇþ ú oöìîÄîû ‰þœ!“þ îŠéöìîûîû (1) ”y› ¢)‰þ„þ ¢‚…Äy £œ I01 [ (P1/Po) × 100].
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•îûy ëy„þ xy›îûy 5!Ýþ oöìîÄîû ”y› ¢)‰þ„þ !˜’Åëû „þîûöì“þ ‰þy£z ëyöì”îû ¦þyîû (weight) xyöìŠéÐ ú 5!Ýþ oöìîÄîû
”y› ö„þyöì̃ y !˜!”ÅTþ îy‹yöìîû ‰þœ!“þ îŠéöìîûîû ‹˜Ä ~î‚ !¦þ!_ îŠéöìîûîû ‹˜Ä ¢‚@ùÌ£ „þîûy £œÐ

‰þœ!“þ îŠéöìîûîû (1) ”y› •îûy ëy„þ P11, P12, P13, P14, P15

~î‚ !¦þ!_ îŠéöìîûîû (0) ”y› •îûy ëy„þ P01, P02, P03, P04, P05

xyîû ú 5!Ýþ oöìîÄîû ¦þyîû •îûy ëy„þ w1, w2, w3, w4, w5

“þy£öìœ ú 5!Ýþ oöìîÄîû ¦þyîûë%=þ ”y› ¢)‰þ„þ £öìî õ
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~…yöì̃  xy›îûy ”y› ¢)‰þ„þ !˜’Åëû „þîûyîû ‹˜Ä öë þ™å•!“þ @ùÌ£’ „þöìîû!Šé “þy £œ ”y› xyöìþ™!Çþöì„þîû †vþü
þ™å•!“þ (Average of Relative Prices)Ð

þ™!îû›y’ ¢)‰þ„þ ¢‚…Äy îœöì“þ öîyGþyëû ”%!Ýþ !¦þ§¬ ¢›öìëû xíîy !¦þ§¬ ö¦þïöì†y!œ„þ xîÞíyöì̃  oöìîÄîû
þ™!îû›y’†“þ xyöìþ™!Çþ„þ þ™!îûî“Åþöì̃ îû ¢)‰þ„þÐ ¦þyîû“þ ¢îû„þyîû „þ“,þ„þ ²Ì‰þy!îû“þ !ŸÒ vþzêþ™y”öì̃ îû ¢)‰þ„þ ¢‚…Äy
(Industrial Production Index Number) þ™!îû›y’†“þ ¢)‰þ„þ ¢‚…Äyîû vþz”y£îû’Ð ~…yöì̃  !î!¦þ§¬ !ŸÒ
öë›˜ öœy£y ç ÞÝþ#œ– ¢%!“þîû ¢y›@ùÌ#– þ™yÝþ‹y“þ oîÄ– !¢öì›rÝþ £z“þÄy!”îû vþzêþ™y”öì̃ îû þ™!îû›y’ „þ#¦þyöìî
þ™!îûî!“Åþ“þ £öìFŠé “þy ~£z ¢)‰þöì„þîû ›y•Äöì› !˜öì”ÅŸ „þöìîûÐ ”y› ¢)‰þöì„þîû ›öì“þy£z xyöìþ™!Çþ„þ þ™!îû›yöì’îû †vþü
þ™å•!“þ x˜%¢îû’ „þöìîû þ™!îû›y’ ¢)‰þ„þ ¢‚…Äy !˜’Åëû „þîûy ëyëûÐ

¢îûœ þ™!îû›y’ ¢)‰þöì„þîû ¢)e £öìî 
1
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~î‚ ¦þyîûë%=þ þ™!îû›y’ ¢)‰þ„þ ¢‚…Äy 

1
0

01I 100
i

i
i

i

q wq
w


  






NSOU  CC-EC-04178

5.4 ”y› ¢)‰þ„þ †àþöì̃ îû ¢›¢Äy

”y› ¢)‰þ„þ ÷“þ!îûîû ¢›ëû !˜Á¬!œ!…“þ ¢›¢Äy†%!œ vþzþ™!Þí“þ £ëûÐ

S„þV ”y› ¢)‰þ„þ †àþöì̃ îû vþzöìjŸÄ (Purpose of the construction of Price Index)

S…V !¦þ!_ îŠéîû þ™Šé¨ „þîûyîû ¢›¢Äy (Problem of Choice of Base year)

S†V oîÄ !˜îÅy‰þöì̃ îû ¢›¢Äy (Problem of Choice of Commodities)

S‡V îûy!Ÿ“þíÄ ¢‚@ùÌöì£îû ¢›¢Äy (Problem of Collection of Data)

SˆV ¢!àþ„þ ¢)e ç ¢!àþ„þ ¦þyîû !˜îÅy‰þ˜ (Choice of Correct Formula & Correct Weights)

S‰þV ”y› ¢)‰þöì„þîû îÄy…Äy (Interpretation of Price Index)

S„þV ¢î ”y› ¢)‰þ„þ †àþöì̃ îû vþzöìjŸÄ ~„þ ˜ëûÐ ~£z vþzöìjöìŸÄîû vþzþ™îû !¦þ!_ „þöìîû !„þ !„þ oîÄ !˜îÅy‰þ˜
„þîûy £öìî– îûy!Ÿ“þíÄ ¢‚@ùÌöì£îû vþzê¢ !„þ £öìî– ö„þy˜!Ýþ !¦þ!_ îê¢îû £çëûy vþz!‰þê £z“þÄy!”Ð ë!” ‹#î˜ëyeyîû
îÄëû ¢)‰þ„þ (Cost of Living Index) †àþ˜ „þîûy vþzöìjŸÄ £ëû “þöìî !î!¦þ§¬ ö¦þy†ÄoöìîÄîû …%‰þîûy ”yöì›îû
îûy!Ÿ“þíÄ ¢‚@ùÌ£ „þîûöì“þ £öìî– þ™y£z„þy!îû ”yöì›îû îûy!Ÿ“þíÄ ¢‚@ùÌ£ „þîûy x %̃!‰þ“þ £öìîÐ

S…V !¦þ!_ îŠéîû !˜îÅy‰þ˜ „þîûyîû ¢›ëû ö…ëûyœ îûy…öì“þ £ëû öë˜ !¦þ!_ îŠéîû!Ýþ ¢Á™)’Å ßþºy¦þy!î„þ îŠéîû £ëûÐ
ö„þyöì̃ y ²Ìy„,þ!“þ„þ !îþ™ëÅëû îy ë%å•!î@ùÌöì£îû ›öì“þy ‡Ýþ˜y öë˜ ˜y ‡öìÝþ íyöì„þ– „þyîû’ “þy£öìœ !‹!˜¢þ™öìeîû ”y›
xßþºy¦þy!î„þ îû„þ› î,!å• þ™yöìîÐ

!¦þ!_ îŠéîû!Ýþ öë˜ ‰þœ!“þ îŠéöìîûîû öíöì„þ …%î öî!Ÿ ”)öìîû ˜y £ëûÐ „þyîû’ ö„Êþ“þyöì”îû îû%!‰þ þ™Šé¨ þx˜%ëyëû#
˜“%þ˜ ˜“%þ˜ oîÄ ¢y›@ùÌ# îy‹yöìîû xyöì¢ xyîû þ™%îûöì̃ y oîÄ ¢y›@ùÌ# xhsþ!£Å“þ £ëûÐ “þy£z …%î öî!Ÿ ”)öìîû £öìœ
“%þœ˜y›)œ„þ oîÄ¢y›@ùÌ# ç “þyöì”îû ”yöì›îû îûy!Ÿ“þíÄ þ™yçëûy ëyöìî ˜yÐ ~öìÇþöìe Ÿ,Cœ !¦þ!_„þ þ™å•!“þ
(chain base method) !Þíîû !¦þ!_„þ þ™å•!“þ (Fixed base method) xöìþ™Çþy xöì̃ „þy‚öìŸ ¢%!î•yë%=þÐ

S†V oîÄ !˜îÅy‰þ˜ „þîûyîû ¢›öìëû ”y›¢)‰þ„þ †àþöì̃ îû vþzöìjŸÄ ›öì̃  îûy…öì“þ £öìîÐ oîÄ †%!œöì„þ xîŸÄ£z ú
vþzöìjŸÄ !¢å•„þyîû# oîÄ £öì“þ þ£öìîÐ ¢%“þîûy‚ oîÄ †%!œöì„þ ²Ìy¢!A†„þ– ²Ì!“þ!˜!•c „þyîû#– !îÙ»y¢öìëy†Ä ç
“%þœ˜#ëû £öì“þ £öìîÐ oîÄ ¢y›@ùÌ#îû ¢‚…Äy öë˜ ²Ìöìëûy‹öì̃ îû x!“þ!îû=þ ˜y £ëûÐ

•îûy ëy„þ …y”Ä oöìîÄîû ”yöì›îû ¢)‰þ„þ ¢‚…Äy †àþ˜ „þîûy £öìFŠéÐ ~…yöì̃  ‰þyœ ç †› xöì̃ „þ öî!Ÿ ²Ìy¢!A†„þ
£öìî ¢öì¡ìÅîû “%þœ˜yëûÐ

S‡V ”y› ¢)‰þ„þ !˜’Åöìëûîû ‹öì̃ Ä !¦þ!_ îŠéöìîûîû ”y› ç ‰þœ!“þ îŠéöìîûîû ”yöì›îû þ™!îû¢‚…Äy˜ ¢‚@ùÌ£ „þîûöì“þ
£öìîÐ !„þhs$þ ”y› !î!¦þ§¬ ²Ì„þyöìîûîû £ëûéôôôé…%‰þöìîûy ”y›– þ™y£z„þy!îû ”y›Ð ~Šéyvþüyç ~„þ£z oöìîÄîû †%’†“þ ›y˜
x˜%ëyëû# ”y›ç !î!¦þ§¬ £ëûÐ “þy£z ”yöì›îû îûy!Ÿ“þíÄ ¢‚@ùÌ£ „þîûy ¢£‹ ˜ëûÐ “þöìî ‹#î˜ëyeyîû îÄëû ¢)‰þ„þ
(Cost of Living Index) ~îû ‹˜Ä …%‰þöìîûy ”yöì›îû îûy!Ÿ“þíÄ þ™y£z„þy!îû ”yöì›îû îûy!Ÿ“þíÄ xöìþ™Çþy öî!Ÿ
²Ìy¢!A†„þ £öìîÐ
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SˆV ”y› ¢)‰þöì„þîû †àþöì̃  ë!” ~„þy!•„þ oîÄ x‚Ÿ ö˜ëû “þy£öìœ “þyöì”îû †%îû%c îy ¦þyîû !˜îÅy‰þ˜ „þîûy ‹îû%!îû
£öìëû þ™öìvþüÐ öë›˜ ‹#î˜ëyeyîû îÄëû ¢)‰þ„þ !˜’Åöìëû ‰þyœ– †› xöì̃ „þ öî!Ÿ †%îû%cþ™)’Å !‰þ!˜ îy ˜%öì̃ îû “%þœ˜yëûÐ
²Ì!“þÝþy oöìîÄîû †%îû%c ~„þÝþy ¢‚…Äyîû myîûy !˜öì”ÅŸ „þîûyöì„þ ¦þyîû !˜îÅy‰þ˜ „þîûy îœy £ëûÐ þ™îûî“þ#Å þ™ëÅyöìëû xy›îûy
ö”…öì“þ þ™yî öë ¦þyîûë%=þ ”y› ¢)‰þ„þ !˜’Åöìëû oöìîÄîû þ™!îû›y’öì„þ ¦þyîû !£¢yöìî îÄî£yîû „þîûy £ëûÐ xyîû ¦þyîûë%=þ
þ™!îû›y’ ¢)‰þ„þ !˜’Åöìëû oöìîÄîû ”y›öì„þ ¦þyîû !£¢yöìî îÄî£yîû „þîûy £ëûÐ

S‰þV ”y› ¢)‰þöì„þîû îÄy…Äy …%î£z ¢£‹Ð •îûy ëy„þ þ™y£z„þy!îû ”y› ¢)‰þ„þ ¢‚…Äy 1980 ¢yöìœîû ¢yöìþ™öìÇþ
1998 ¢yöìœ ö”…y ëyöìFŠé 280·5. ~îû xíÅ £œ ö”öìŸîû þ¢y•yîû’ ”y›hßþîû (Price level) 180·5%
öîöìvþüöìŠéÐ !¦þ!_ îŠéîû 1980 ¢yöìœîû ¢)‰þ„þ ~…yöì̃  100 •îûöì“þ £öìî– !¦þ!_ îŠéîû îöìœÐ xíîy ~¦þyöìîç
îÄy…Äy „þîûy ëyëû öë ”y›hßþîû 2·805 †%’ î,!å• öþ™öìëûöìŠéÐ

5.5 ”y› ¢)‰þ„þ †àþ˜ „þîûyîû !î!¦þ§¬ þ™å•!“þþ

”y› ¢)‰þ„þ †àþ˜ „þîûyîû !î!¦þ§¬ þ™å•!“þ

¢›!Tþ†“þ þ™å•!“þ
(Aggregative Method)

xyöìþ™!Çþ„þ/xy %̃þ™y!“þ„þ †vþü þ™å•!“þ
(Average of Relative Method)

¢îûœ ¢›!Tþ†“þ
þ™å•!“þþ(Simple
Aggregative
method)

¦þyîûë%=þ ¢›!Tþ†“þ
þ™å•!“þþ(Weighted
Aggregative
method)

¢îûœ xy %̃þ™y!“þ„þ þ™å•!“þ
(Simple Average of
Relatives)

¦þyîûë%=þ xy %̃þ™y!“þ„þ †vþü
þ™å•!“þþþ(Weighted
Average of Relatives)

œy¢öìþ™Äëûyöìîûîû
¢)eþþ(Laspeyer’s
formula)

þ™yöì¢îû ¢)e
(Paasche’s
formula)

›yŸÅyœéôé~‹äçëûyíéÅéôé
~îû ¢)eþ
(Marshall-
Edgeworth
formula)

!šþŸyöìîûîû
xy£z!vþëûyœ ¢)eþþ
(Fisher’s Ideal
formula)

îvþzöìœîû ¢)eþ
(Bowley’s
formula)



NSOU  CC-EC-04180

5.5.1  ¢›!Tþ†“þ þ™å•!“þ

•îûy ëy„äþ n ¢‚…Ä„þ oîÄ ¢y›@ùÌ#îû ”y› ¢)‰þ„þ !˜’Åëû „þîûöì“þ £öìîÐ ~…yöì̃  ‰þœ!“þ îŠéîû 1 ~î‚ !¦þ!_ îŠéîû
0 •îûy £öìëûöìŠéÐ ~îyîû n ¢‚…Ä„þ ”y› ~„þîyîû ‰þœ!“þ îŠéöìîû ç ~„þîyîû !¦þ!_ îŠéöìîû ¢‚@ùÌ£ „þîûöì“þ £öìîÐ
I01 ë!” ”y›¢)‰þ„þ £ëû “þöìî
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~£z þ™å•!“þöì„þ ¢îûœ ¢›!Tþ†“þ þ™å•!“þ îœy £ëûÐ

ë!” n ¢‚…Ä„þ oîÄ ¢y›@ùÌ#îû ¦þyîû ö”çëûy íyöì„þ “þöìî ¦þyîûë%=þ ¢›!Tþ†“þ þ™å•!“þ x %̃¢yöìîû ”y›¢)‰þ„þ £öìî
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 .......(5·2) öë…yöì̃  wi £œ ¦þyîû îy †%îû%c i 1, 2, 3....., n

~£z þ™å•!“þöì„þ ¦þyîûë%=þ ¢›!Tþ†“þ þ™å•!“þ îœy £ëûÐ
~…˜ ~£z †%îû%c îy ¦þyöìîûîû !î!¦þ§¬ ›y˜ î!¢öìëû !î!¦þ§¬ þ™!îû¢‚…Äy˜!î”ä ”y› ¢)‰þ„þ þ™!îû›yöìþ™îû !î!¦þ§¬ ¢)e

vþzqyî˜ „þöìîûöìŠé˜Ð
(i) œy¢öìþ™Äëûyöìîûîû ”y›¢)‰þ„þ õ œy¢öìþ™Äëûyîû ¦þyîû wi ~îû ‹yëû†yëû qoi î!¢öìëûöìŠé˜Ð xíÅyê !¦þ!_

îŠéöìîûîû !î!¦þ§¬ oöìîÄîû þ™!îû›y’öì„þ ¦þyîû !£¢yöìî •öìîû ”y› ¢)‰þ„þ öîîû „þöìîûöìŠé˜Ð
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~£z ¢)e!Ýþöì„þ œy¢öìþ™Äëûyöìîûîû ”y› ¢)‰þ„þ ¢)e îœy £ëûÐ

(ii) þ™y¢éôé~îû ”y› ¢)‰þ„þ õ þ™y¢ ¦þyîû wi ~îû ‹yëû†yëû q1i î!¢öìëûöìŠé˜Ð xíÅyê !“þ!˜ ‰þœ!“þ îŠéöìîûîû
oöìîÄîû þ™!îû›y’†%!œöì„þ ¦þyîû !£¢yöìî •öìîû ”y› ¢)‰þ„þ öîîû „þöìîûöìŠé˜Ð

 
1 1

P 1
01

0 1
1

P ·
I 100......... 5·4

P ·

n

i i
i
n

i i
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w

w





 




~£z ¢)e!Ýþöì„þ þ™y¢éôé~îû ”y› ¢)‰þ„þ ¢)e îœy £ëûÐ

(iii) ›yŸÅyœéôé~‹ÅçëûyíÅéôé~îû ”y› ¢)‰þ„þ õ ›yŸÅyœéôé~‹çëûyíÅ ¦þyîû wi ~îû ‹yëû†yëû  0 1
2

i iq q

î!¢öìëûöìŠé˜Ð xíÅyê ~…yöì̃  ‰þœ!“þ îŠéöìîûîû oöìîÄîû þ™!îû›y’ ç !¦þ!_ îŠéöìîûîû ú oöìîÄîû þ™!îû›yöì’îû †y!’!“þ„þ
†vþüöì„þ ¦þyîû !£¢yöìî îÄî£yîû „þîûy £öìëûöìŠéÐ
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~£z ¢)eöì„þ ›yŸÅyœéôé~‹ÅçëûyíÅ ”y›éôé¢)‰þ„þ ¢)e îœy £ëûÐ

(iv) !šþŸyöìîûîû ”y› ¢)‰þ„þ ¢)e õ œy¢öìþ™Äëûyîû ç þ™yöì¢îû ”y› ¢)‰þöì„þîû †%öì’y_îû †vþüöì„þ !šþŸyöìîûîû
xy£z!vþëûyœ ”y› ¢)‰þ„þ îœy £ëûÐ

 F L P
01 01 01I I I ......... 5·6 

(v) îvþzöìœîû ”y› ¢)‰þ„þ ¢)e õ œy¢öìþ™Äëûyîû ç þ™yöì¢îû ”y› ¢)‰þöì„þîû ¢îûœ †y!’!“þ„þ †vþüöì„þ îvþzöìœîû
”y› ¢)‰þ„þ ¢)e îöìœÐ

 
L P

B 01 01
01

I II ......... 5·72




5.5.2  †vþü xyöìþ™!Çþ„þ þ™å•!“þ

†vþü xyöìþ™!Çþ„þ þ™å•!“þöì“þ ”y› ¢)‰þ„þ ¢)e ¢îûœ ç ¦þyîûë%=þ £öì“þ þ™yöìîû ¢îûœ †vþü xyöìþ™!Çþ„þ þ™å•!“þöì“þ
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xy›îûy ‰þœ!“þ îŠéîû ç !¦þ!_ îŠéöìîûîû ”y› x˜%þ™y“þ†%!œîû †y!’!“þ„þ †vþü– !îî“Åþöìëï!†„þ †vþü ç †%öì’y_îû †vþü
!˜’Åëû „þöìîû !î!¦þ§¬ ”y› ¢)‰þ„þ vþzþ™Þíy!þ™“þ „þîûöì“þ þ™y!îûÐ

S„þV 
 1 0

1
01

P P
I 100

n

i i
i

n
 


 S†y!’!“þ„þ †vþüV......(5·8)

S…V 
 

01

1 0
1

I 100
P P

n

i i
i

n



 


 S!îî“Åþöìëï!†„þ †vþüV.....(5·9)

S†V  
1

01 1 0I P P 100ni i    S†%öì’y_îû †vþüV......(5·10)

~„þ£z¦þyöìî ¦þyîûë%=þ ”y› ¢)‰þ„þ !˜’Åöìëûîû ¢›ëû ”y› x˜%þ™y“þ†%!œîû ¢öìA† ¦þyîû ë!” ë%=þ „þîûy ëyëû ~î‚
“þyöì”îû !î!¦þ§¬ •îûöì̃  †vþü †’˜y „þöìîû xyîyîû ú !“þ˜ •îûöì̃ îû ”y› ¢)‰þ„þ ¢)e öœ…y ëyëûÐ

(i) 
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1
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I 100
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w
 S¦þyîûë%=þ †y!’!“þ„þ †vþüV ...... (5.11)
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 S¦þyîûë%=þ !îî“Åþ öëï!†„þ †vþüV ...... (5.12)

(iii) 
1

1
01

01

PI 100P


 
    
 


in w
i

i
ii

w  S¦þyîûë%=þ †%öì’y_îû †vþüV ...... (5.13)

¦þyîûë%=þ ¢›!Tþ†“þ þ™å•!“þîû ›öì“þy£z ¦þyîûë%=þ xy %̃þ™y!“þ„þ †vþü þ™å•!“þöì“þç ¦þyöìîûîû !î!¦þ§¬ ›y˜ î¢yöìœ
”y› ¢)‰þöì„þîû !î!¦þ§¬ ¢)e þ™yçëûy ëyëûÐ öë›˜ (5·11) ¢)öìe ë!” 0 0P ·i i iw q  xíÅyê !¦þ!_ îŠéöìîûîû ›)œÄ
(Base year Value) î¢yöì̃ y £ëû– “þy£öìœ ¢)e!Ýþ þ™!îûî!“Åþ“þ £öìîÐ
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xíÅyê xy›îûy œy¢öìþ™Äëûyöìîûîû ”y› ¢)‰þöì„þîû ¢)e!Ýþ þ™yîÐ ~„þ£z îû„þ›¦þyöìî ë!” (5·12) ¢)öìe 1 1P ·i i iw q

xíÅyê ‰þœ!“þ îŠéöìîûîû ›)œÄ (Current Year Value) î¢yöì̃ y £ëû– “þy£öìœ ¢)e!Ýþ þ™!îûî!“Åþ“þ £öìîÐ
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xíÅyê xy›îûy þ™yöì¢îû ”y› ¢)‰þ„þ ¢)e!Ýþ þ™yîÐ

vþz”y£îû’ õ 5·1 ˜#öì‰þîû îûy!Ÿ“þöìíÄîû !¦þ!_öì“þ S„þV þ™y¢ þ™å•!“þöì“þ S…V œy¢öìþ™Äëûyîû þ™å•!“þöì“þ S†V
!šþŸyîû#ëû þ™å•!“þöì“þ ç S‡V îvþz!œéôéîû þ™å•!“þöì“þ ”y›¢)‰þ„þ !˜’Åëû „þîûÐ

1980 1990

oîÄ ”y› þ™!îû›y’ ”y› þ™!îû›y’

A 8 5 12 6

B 12 4 16 5
C 10 6 12 8

¢›y•y˜ õ !¦þ!_ îŠéöìîûîû ”y› ç þ™!îû›y’öì„þ Po ç Qo !”öìëû ~î‚ ‰þœ!“þ îŠéöìîûîû ”y› ç þ™!îû›y’öì„þ
P1 ç Q1 !”öìëû ¢)!‰þ“þ „þîûy £œÐ
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Šé„þ ¢‚…Äy õ 5·1  ”y› ¢)‰þöì„þîû †’˜y

oîÄ P0 Q0 P1 Q1 P0Q0 P1Q0 P0Q1 P1Q1

A 8 5 12 6 40 60 48 72
B 12 4 16 5 48 64 60 80
C 10 6 12 8 60 72 80 96

ö›yÝþ 148 196 188 248

S„þV þ™yöì¢îû ”y›¢)‰þ„þ ¢‚…Äy 1 1

0 1

P Q
100

P Q
 


248 100 131·91188  

S…V œy¢öìþ™Äëûyöìîûîû ”y› ¢)‰þ„þ ¢‚…Äy 1 0

0 0

P Q
100

P Q
 


196 100 132·43148  

S†V !šþŸyöìîûîû xy”ŸÅ ”y› ¢)‰þ„þ ¢‚…Äy     œy¢öþì ™Äëyû öìîîû û  ”y› ¢‰) þ„þ þ™yö¢ì îû  ”y› ¢‰) þ„þ

131·91 132·43 

17468·84 132·17 

S‡V îvþzöìœîû ”y› ¢)‰þ„þ ¢‚…Äy    1
2 œy¢öþì ™Äëyû öìîûîû  ”y› ¢)‰þ„þ þ™yö¢ì îû  ”y› ¢‰) þ„þ

 1 131·91 132·432 

132·17



NSOU  CC-EC-04 185

5.6 þ™!îû›y’ ¢)‰þ„þ ¢‚…Äy¢›)£þ

þ™!îû›y’ ¢)‰þ„þ ¢‚…Äy îœöì“þ öîyGþyëû ”%!Ýþ !¦þ§¬ þ™!îû!Þí!“þöì“þ oöìîÄîû þ™!îû›y’†“þ þ™!îûî“Åþöì̃ îû ¢)‰þ„þÐ
oöìîÄîû þ™!îû›y’ îœöì“þ vþzêþ™y!”“þ oöìîÄîû xyëû“þ˜/ç‹˜– !î„Êþöìëûîû þ™!îû›y’ £z“þÄy!” öîyGþyëûÐ

þ™!îû›y’ ¢)‰þ„þ †àþöì̃  ”y› ¢)‰þ„þ †àþöì̃ îû þ™å•!“þ†%!œ x˜%¢îû’ „þîûy £ëûÐ “þy£z ”y› ¢)‰þöì„þîû ¢)e†%!œöì“þ
P ~îû ‹yëû†yëû q ~î‚ q ~îû ‹yëû†yëû p î¢yöìœ£z þ™!îû›y’ ¢)‰þöì„þîû ¢)e þ™yçëûy ëyëûÐ

¢)e ”y› ¢)‰þ„þ ¢‚…Äy þ™!îû›y’ ¢)‰þ„þ ¢‚…Äy
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¢)‰þ„þ ¢‚…Äy

3. œy¢öìþ™Äëûyîûéôé~îû ¢)e
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7. ›yŸÅyœéôé~‹ÅçëûyíÅéôé~îû ¢)e 
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8. ¢îûœ xyöìþ™!Çþ„þ
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¢)‰þ„þ ¢‚…Äy

9. ¦þyîûë%=þ xyöìþ™!Çþ„þ
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†vþü þ™å•!“þöì“þ

¢)‰þ„þ ¢‚…Äy

vþz”y£îû’ õ 5·2 ˜#öì‰þîû îûy!Ÿ“þöìíÄîû ¢y£yöìëÄ (i) œy¢öìþ™Äëûyöìîûîû ¢)e (ii) þ™yöì¢îû ¢)e (iii)
›yŸÅyœéôé~‹çëûyíÅ ¢)e (iv) !šþŸyöìîûîû ¢)e xîœÁºöì̃  þ™!îû›y’ ¢)‰þ„þ ¢‚…Äy !˜’Åëû „þîûÐ

”y› þ™!îû›y’

oîÄ !¦þ!_ îŠéöìîû ‰þœ!“þ îŠéöìîû !¦þ!_ îŠéöìîû ‰þœ!“þ îŠéöìîû

A 4 12 60 50
B 3 10 20 12
C 2 6 10 6

¢›y•y˜ õ •îûy ëy„þ Po ç P1 ëíy„Êþöì› !¦þ!_ îŠéöìîû ç ‰þœ!“þ îŠéöìîû ”y›Ð xyîyîû q0 ç q1 ëíy„Êþöì›
!¦þ!_ îŠéöìîû ç ‰þœ!“þ îŠéöìîû oîÄ!Ýþîû þ™!îû›y’Ð

Šé„þ ¢‚…Äy 5·1

oîÄ q0 q1 P0 P1 q0P0 q0P1 q1P0 q1P1

A 60 50 4 12 240 720 200 600
B 20 12 3 10 60 200 36 120
C 10 6 2 6 20 60 12 36

ö›yÝþ – – – – 320 980 248 756
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(i) œy¢öìþ™Äëûyöìîûîû ¢)e x˜%ëyëû# þ™!îû›y’ ¢)‰þ„þ ¢‚…Äy £öìî

1 P 248100 100 77·5320P
i oi

oi oi

q
q

   





(ii) þ™yöì¢îû ¢)e x˜%ëyëû# þ™!îû›y’ ¢)‰þ„þ ¢‚…Äy £öìî

1 1

1

·P 756100 100 77·14980·P
i i

oi i

q
q

   


(iii) ›yŸÅyœéôé~‹ÅçëûyíÅ ¢)e x˜%ëyëû# þ™!îû›y’ ¢)‰þ„þ ¢‚…Äy £öìî

1 1 1

1

P P 248 756 1004100 100 100 77·23320 980 1300P P
      


 
 

i oi i i

oi oi oi i

q q
q q

(iv) !šþŸyöìîûîû ¢)e x˜%ëyëû# þ™!îû›y’ ¢)‰þ„þ ¢‚…Äy £öìî

1 1 1

·

P ·P
100

P P
i oi i i

oi oi oi oi

q q
q q

  
 

248 756 100320 980  

0·775 0·77 100  

0·77 × 100 77

vþz”y£îû’ õ 5·3 : ˜#öì‰þ ‰þyîû!Ýþ oöìîÄîû Ÿ“þ„þîûy !£¢yöìî xyöìþ™!Çþ„þ ”y› ç “þyöì”îû ¦þyîû ö”çëûy £œÐ

oîÄ õ A B C D

xyöìþ™!Çþ„þ ”y› õ 115 110 125 116

¦þyîû õ w1 w2 2w1 w2–2

ë!” ¦þyîû†%!œîû öëy†šþœ 30 £ëû xyîû ”y› ¢)‰þ„þ ¢‚…Äy 118% £ëû– “þöìî w1 ç w2 ~îû ›y˜ !˜’Åëû
„þîûÐ

¢›y•y˜ õ öëöì£“%þ ¦þyîû†%!œîû öëy†šþœ 30 vþzþ™öìîûîû ¦þy††%!œ öëy† „þöìîû þ™y£z

1 2 1 22 2 30w w w w    
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xíîy–  1 23 2 32...... 1w w 

~…˜ ¦þyîûë%=þ xyöìþ™!Çþ„þ ”yöì›îû †vþü þ™å•!“þöì“þ ”y› ¢)‰þ„þ ¢‚…Äy £öìî

 1 2 1 2115· 110· 125·2 116 2
11830

w w w w   


xíîy– 1 2365 226 232 11830
w w 



xíîy– 1 2365 226 232 3540w w  

xíîy–  1 2365 226 3772...... 2w w 

¢›#„þîû’ (1) × 113 öíöì„þ þ™y£z  1 2339 226 3616..... 3w w 

~îyîû ¢›#„þîû’ (2) – ¢›#„þîû’ (3) öíöì„þ þ™y£z

126 156w 

xíîy– 1 6w 

~…˜ ¢›#„þîû’ (1) ~ w1 ~îû ›y˜ î!¢öìëû þ™y£z

23 6 2 32w    îy– 218 2 32w   îy 22 14w 

2 7w 

5.7 þ¢)‰þ„þ ¢‚…Äyîû þ™îû#Çþy¢›)£

þ!šþŸyîû ”y› ¢)‰þ„þ ¢‚…Äy†%!œîû ¢)‰þ„þ ¢‚…Äy !£¢yöìî ”,‘þü“þy ~î‚ ¢y›O¢Ä ëy‰þy£z „þîûyîû ‹˜Ä ”%!Ýþ þ™îû#Çþy
þ™å•!“þîû „þíy îöìœöìŠé˜ õ

(i) „þyœéôé!îþ™îû#“þ„þîû’ þ™îû#Çþy (Time Reversal Test)

(ii) †%’˜#ëû„þ !îþ™îû#“þ„þîû’ þ™îû#Çþy (Factor Reversal Test)

~£z þ™îû#Çþy†%!œ „þîûyîû ¢›ëû ¢)‰þ„þ ¢‚…Äyîû ¢)öìeîû †%’˜#ëû„þ 100 îy” ö”çëûy £ëûÐ

5.7.1  „þyœéôé!îþ™îû#“þ„þîû’ þ™îû#Çþyþ

ö„þyöì̃ y ¢)‰þ„þ ¢‚…Äy ë!” „þyœéôé!îþ™îû#“þ„þîû’ þ™îû#Çþyëû vþz_#’Å £ëû “þöìî îœy ëyöìî ú ¢)‰þ„þ ¢‚…Äy
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¢›öìëûîû ¢yöìþ™öìÇþ ¢y›öì̃ îû !”öì„þ ~öì†yöì“þ xíîy !þ™Šéöì̃ îû !”öì„þ xy¢yöì“þ …%î£z ¢y›O¢Äþ™)’ÅÐ ~îû xíÅ £œ
!¦þ!_ îŠéöìîûîû ¢yöìþ™öìÇþ ‰þœ!“þ îŠéöìîûîû ¢)‰þ„þ ¢‚…Äy!Ýþ (I10)– ‰þœ!“þ îŠéöìîûîû ¢yöìþ™öìÇþ !¦þ!_ îŠéöìîûîû ¢)‰þ„þ
¢‚…Äyîû (I10) îÄhßþ xy˜%þ™y!“þ„þÐ †y!’!“þ„þ þ™!îû¦þy¡ìyëû õ

I01 × I10 1 ......(1)

öë ¢î ¢)‰þ„þ ¢‚…Äy (1) ¢›#„þîû’!Ýþ ö›öì̃  ‰þöìœ ö¢£z ¢)‰þ„þ ¢‚…Äy!Ýþ „þyœéôé!îþ™îû#“þ„þîû’ þ™îû#Çþyëû vþz_#’Å
îöìœ •îûy £ëûÐ ~…˜ ¢)‰þ„þ ¢‚…Äyîû !î!¦þ§¬ ¢)e†%!œöì„þ þ™îû#Çþy „þîûy £öìîÐ

!¦þ!_ îŠéîû ç ‰þœ!“þ îŠéîû þ™yÎÝþyþ™y!ÎÝþ „þöìîû xy›îûy ”%!Ýþ ¢)‰þ„þ I01 ç I10 þ™y£z

¢)e (I01) (I10) I01 × I10 vþzþ™¢‚£yî û

1. œy¢öìþ™Äëûyöìîûîû ”y› ¢)‰þ„þ
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~…yöì̃  ¢›#„þîû’ (1) !¢å• £ëû!˜Ð

xíÅyê œy¢öìþ™Äëûyöìîûîû ¢)e „þyœéôé!îþ™îû#“þ„þîû’

þ™îû#Çþyëû vþz_#’Å ˜ëûÐ

2. þ™yöì¢îû ”y› ¢)‰þ„þ
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~…yöì̃ ç ¢›#„þîû’ (1) !¢å• £ëû!˜Ð

xíÅyê þ™yöì¢îû ¢)e „þyœéôé!îþ™îû#“þ„þîû’

þ™îû#Çþyëû vþz_#’Å ˜ëûÐ

3. !šþŸyöìîûîû xy”ŸÅ ”y› ¢)‰þ„þ
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~…yöì̃  ¢›#„þîû’ (1) !¢å• £öìëûöìŠéÐ

xíÅyê !šþŸyöìîûîû xy”ŸÅ ¢)e „þyœéôé!îþ™îû#“þ„þîû’

þ™îû#Çþyëû vþz_#’ÅÐ

4. ›yŸÅyœéôé~‹ÅçëûyíÅ ”y› ¢)‰þ„þ
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~…yöì̃  ¢›#„þîû’ (1) !¢å• £öìëûöìŠéÐ

xíÅyê ›yŸÅyœéôé~‹ÅçëûyíÅ ¢)e!Ýþ „þyœéôé

!îþ™îû#“þ„þîû’ þ™îû#Çþyëû vþz_#’ÅÐ

5. ¢îûœ ¢›!Tþ†“þ ”y› ¢)‰þ„þ
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~…yöì̃  ¢›#„þîû’ (1) !¢å• £öìëûöìŠéÐ

xíÅyê ¢îûœ ¢›!Tþ†“þ ”y› ¢)‰þ„þ!Ýþ „þyœéôé

!îþ™îû#“þ„þîû’ þ™îû#Çþyëû vþz_#’ÅÐ

6. xyöìþ™!Çþ„þ ”yöì›îû ¢îûœ

   †%öì’y_îû †vþü þ™å•!“þöì“þ ”y› ¢)‰þ„þ
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~…yöì̃  ¢›#„þîû’ (1) !¢å• £öìëûöìŠéÐ

xíÅyê xyöìþ™!Çþ„þ ”yöì›îû ¢îûœ †%öì’y_îû

†vþü þ™å•!“þöì“þ ”y› ¢)‰þ„þ!Ýþ „þyœéôé!îþ™îû#“þ„þîû’

þ™îû#Çþyëû vþz_#’ÅÐ

5.7.2  †%’˜#ëû„þ !îþ™îû#“þ„þîû’ þ™îû#Çþy

•îûy ëy„þ ö„þyöì̃ y oöìîÄîû !¦þ!_ îŠéöìîû ~î‚ ‰þœ!“þ îŠéöìîûîû ”y› Poi ç P1i ~î‚ “þyöì”îû þ™!îû›y’
ëíy„Êþöì› qoi ç q1i

“þy£öìœ oîÄ!Ýþîû ”y› ¢)‰þ„þ (PI) ç þ™!îû›y’ ¢)‰þ„þ (QI) £öìî ëíy„Êþöì› 1P
P

i

oi
 ~î‚ 1 .i

oi

q
q

~…yöì̃  †%’˜#ëû„þ 100 ö„þ vþzöìþ™Çþy „þîûy £öìëûöìŠéÐ

~…˜ ~£z ”%£z ¢)‰þöì„þîû †%’šþœ £öìî

= ›)œÄ ¢)‰þ„þ (VI)

xíÅyê PI × QI VI.....(2)

†%’˜#ëû„þ !îþ™îû#“þ„þîû’ þ™îû#Çþyîû !˜ëû› £œ

²Ì!“þ!Ýþ ¢)öìeîû ”y› ¢)‰þ„þöì„þ þ™!îû›y’ ¢)‰þ„þ !”öìëû †%’ „þîûöìœ †%’šþœ £öìî ›)œÄ ¢)‰þ„þÐ xíÅyê ¢›#„þîû’
(2) !¢å• £öì“þ £öìîÐ ~…˜ ²Ì!“þ!Ýþ ¢)öìeîû ”y› ¢)‰þöì„þîû ›öì•Ä P ~îû ‹yëû†yëû q î¢yöìœ£z þ™!îû›y’ ¢)‰þ„þ
þ™yçëûy ëyöìîÐ

~…˜ ö”…y ëy„þ ö„þy˜ ö„þy˜ ¢)e †%’˜#ëû„þ !îþ™îû#“þ„þîû’ þ™îû#Çþyëû vþz_#’Å £ëû

¢)e ”y› ¢)‰þ„þ (PI) þ™!îû›y’ ¢)‰þ„þ (QI) ”y› ¢)‰þ„þ × þ™!îû›y’ ¢)‰þ„þ vþzþ™¢‚£yîû

PI × QI
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~…yöì̃  PI QI VI 
xíÅyê ¢›#„þîû’ (2) !¢å• £ëû!˜Ð
¢%“þîûy‚ œy¢öìþ™Äëûyöìîûîû ¢)e †%’˜#ëû„þ !îþ™îû#“þ
„þîû’ þ™îû#Çþyëû vþz_#’Å £öìî ˜yÐ

2. þ™y¢éôé~îû ¢)e
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~…yöì̃  PI QI VI 
xíÅyê ¢›#„þîû’ (2) !¢å• £ëû!˜Ð
¢%“þîûy‚ þ™yöì¢îû ¢)e †%’˜#ëû„þ !îþ™îû#“þ„þîû’
þ™îû#Çþyëû vþz_#’Å £öìî ˜yÐ

3. !šþŸyöìîûîû xy”ŸÅ ¢)e
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~…yöì̃  PI QI VI 
xíÅyê ¢›#„þîû’ (2) !¢å• £öìëûöìŠéÐ
¢%“þîûy‚ !šþŸyöìîûîû xy”ŸÅ ¢)e †%’˜#ëû„þ
!îþ™îû#“þ„þîû’ þ™îû#Çþyëû vþz_#’Å £öìëûöìŠéÐ

4. ›yŸÅyœéôé~‹çëûyíÅ ¢)e
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~…yöì̃  PI QI VI 
xíÅyê ¢›#„þîû’ (2) !¢å• £ëû!˜Ð
¢%“þîûy‚ ›yŸÅyœéôé~‹çëûyíÅ ¢)e †%’˜#ëû„þ
!îþ™îû#“þ„þîû’ þ™îû#Çþyëû vþz_#’Å £öìî ˜yÐ

Ýþ#„þy õ !šþŸyöìîûîû ¢)e £öìFŠé ~„þ›ye ¢)e öëÝþy „þyœ!îþ™îû#“þ„þîû’ þ™îû#Çþy ~î‚ †%’˜#ëû„þ !îþ™îû#“þ„þîû’
þ™îû#Çþyéôé”%£z þ™îû#Çþyöì“þ£z vþz_#’Å £ëû– “þy£z !šþŸyöìîûîû ¢)eöì„þ xy”ŸÅ ¢)e îœy £ëûÐ

vþz”y£îû’ õ 5·4 ˜#öì‰þîû îûy!Ÿ“þíÄ öíöì„þ !šþŸyöìîûîû xy”ŸÅ ¢)‰þ„þ ¢‚…Äy !˜’Åëû „þîû ~î‚ ö”…yç öë ~£z
¢)e „þyœ !îþ™îû#“þ„þîû’ þ™îû#Çþyëû vþz_#’Å £ëûÐ

1984 1985

oîÄ þ™!îû›y’ ”y› SÝþy„þyöì“þV þ™!îû›y’ ”y› SÝþy„þyöì“þV

X 50 32 50 30
Y 35 30 40 25
Z 55 16 50 18

¢›y•y˜ õ Šé„þ ¢‚…Äy õ 5·2 !šþŸyöìîûîû xy”ŸÅ ¢)‰þ„þ ¢‚…Äyîû †’˜y

1984 1985

oîÄ qo Po q1 P1 Poqo Poq1 P1qo P1q1

X 50 32 50 30 1600 1600 1500 1500
Y 35 30 40 25 1050 1200 875 1000
Z 35 16 50 18 880 800 990 900

ö›yÝþ – – – – 3530 3600 3365 3400

!šþŸyöìîûîû ”y› ¢)‰þ„þ ¢‚…Äy (I01)

1 1 1
01

1

P P
I 100

P P
o

o o o

q q
q q

 
   
 
 

 
 

 3365 3400 1003530 3600  

114410 100127080
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 0·90 100 0·95 100 95    

~…˜ „þyœéôé!îþ™îû#“þ„þîû’ ²Ì!„Êþëûy x %̃ëyëû# I10 †’˜y „þîûöì“þ £öìîÐ ‘o’ ~îû ‹yëû†yëû ‘1’ ~î‚ ‘1’ ~îû
‹yëû†yëû ‘o’ î!¢öìëû þ™y£z

1
10

1 1 1

P P
I P P

o o o

o

q q
q q   [ ~…yöì̃  †%’˜#ëû„þ 100 vþzöìþ™Çþy „þîûy £öìëûöìŠé]

3600 3530
3400 3365 

„þyœéôé!îþ™îû#“þ„þîû’ þ™îû#Çþy x˜%ëyëû# (I01 × I10) ~îû ›y˜ †’˜y „þîûy £œÐ

~…yöì̃  I01 ~î‚ I10 ~îû ¢)öìe †%’˜#ëû„þ 100 vþzöìþ™Çþy „þîûy £öìëûöìŠéÐ

10 10
3365 3400 3600 3530I I 1 13530 3600 3400 3365      

¢%“þîûy‚ ²Ì›y!’“þ £œ öë !šþŸyöìîûîû ”y› ¢)‰þ„þ ¢‚…Äyîû ¢)e!Ýþ „þyœéôé!îþ™îû#“þ„þîû’ þ™îû#Çþy vþz_#’Å £öìëûöìŠéÐ

vþz”y£îû’ õ 5·5 ˜#öì‰þîû îûy!Ÿ“þíÄ öíöì„þ !šþŸyöìîûîû xy”ŸÅ ¢)‰þ„þ ¢‚…Äy !˜’Åëû „þîû ~î‚ þ™îû#Çþy „þöìîû
ö”…yç öë ~£z ¢)‰þ„þ ¢‚…Äy ¢)e †%’˜#ëû„þ !îþ™îû#“þ„þîû’ þ™îû#Çþyëû vþz_#’Å £ëûÐ

1984 1985

oîÄ þ™!îû›y’ ”y› þ™!îû›y’ ”y›

A 50 32 50 40
B 35 30 40 35
C 55 16 50 18

¢›y•y˜ õ Šé„þ ¢‚…Äy õ 5·3 !šþŸyöìîûîû xy”ŸÅ ¢)‰þ„þ ¢‚…Äyîû †’˜y

oîÄ qo Po q1 P1 Poqo Poq1 P1qo P1q1

A 50 32 50 40 1600 1600 2000 2000
B 35 30 40 35 1050 1200 1225 1400
C 55 16 50 18 880 800 990 900

ö›yÝþ – – – – 3530 3600 4215 4300



NSOU  CC-EC-04 195

!šþŸyöìîûîû ”y› ¢)‰þ„þ   1 1 1
01

1

P P 4215 4300I 100 1003530 3600P P
o

o o o

q q
q q

      
 

1·19 1·19 100  

1·19 100 

119

†%’˜#ëû„þ !îþ™îû#“þ„þîû’ ²Ì!„Êþëûy x %̃ëyëû# xy›îûy ²Ìíöì›£z !šþŸyöìîûîû ”y› ¢)‰þ„þ ¢‚…Äyîû ¢)öìe †%’˜#ëû„þ
100 ö„þ vþzöìþ™Çþy „þöìîû I01 ~îû ¢›#„þîû’ ¢y!‹öìëû ö˜îÐ

¢%“þîûy‚ 1 1 1
01

1

P P 4215 4300I 3530 3600P P
o

o o o

q q
q q

    
 

†%’˜#ëû„þ !îþ™îû#“þ„þîû’ þ™å•!“þîû !m“þ#ëû þ™ëÅyöìëû ”y› ¢)‰þ„þ ¢‚…Äyîû ¢)öìe ‘P’ ~îû ‹yëû†yëû ‘q’ ~î‚
‘q’ ~îû ‹yëû†yëû ‘P’ î!¢öìëû !šþŸyöìîûîû þ™!îû›y’ ¢)‰þ„þ ¢‚…Äy þ™yçëûy ëyöìîÐ

01I  Sþ™!îû›y’ ¢)‰þ„þ ¢‚…ÄyV 
1 1 1

1

P q P
P P

o

o o o

q
q q

  
 

3600 4300
3530 4215 

~…˜ ö”…öì“þ £öìî !šþŸyöìîûîû ¢)e ¢›#„þîû’ (2) ö„þ !¢å• „þöìîû !„þ˜yÐ “þyîû ‹˜Ä ²Ìíöì›£z  01 01I I

~£z †%’šþœ!Ýþ þ™îû#Çþy „þîûy ²Ìöìëûy‹˜Ð

01 01
4215 4300 3600 4300I I 3530 3600 3530 4215

    

 
 

2

2
4300

3530


1 1P4300
3530 Po o

q
q

  


›)œÄ ¢)‰þ„þ
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~…yöì̃  PI × QI VI

xíÅyê ¢›#„þîû’ (2) !¢å• £öìëûöìŠéÐ

¢%“þîûy‚ !šþŸyöìîûîû ¢)e †%’˜#ëû„þ !îþ™îû#“þ„þîû’ þ™îû#Çþyëû vþz_#’Å £öìëûöìŠéÐ

5.8 þŸ,Cœéôé¢)‰þ„þ ¢‚…Äy

þ”y› ¢)‰þ„þ ¢‚…Äy †àþ˜ „þîûyîû ¢›ëû xy›îûy ~„þ!Ýþ !¦þ!_ îŠéöìîûîû S•îûy ëy„þ ‘o’) ¢yöìþ™öìÇþ ~„þ!Ýþ ‰þœ!“þ
îŠéöìîûîû S•îûy ëy„þ ‘n’) ”y› ¢)‰þ„þ !˜’Åëû „þ!îûÐ ~öìÇþöìe Ÿ%•%›ye ‘o’ îŠéîû ç ‘n’ îŠéîûéôôôé~£z ”%£z îŠéöìîûîû
”yöì›îû “þíÄ ¢‚@ùÌ£ „þîûy £ëûÐ ~ •îûöì̃ îû ¢)‰þ„þ ¢‚…Äy †àþöì̃ îû þ™å•!“þöì„þ !Þíîû!¦þ!_ þ™å•!“þ (Fixed Base
Method) îœy £ëûÐ •îûy ëy„þ !Þíîû!¦þ!_ þ™å•!“þöì“þ öë ¢)‰þ„þ ¢‚…Äy !˜’Åëû „þîûy £œ ö¢!Ýþ Ion.

¢)‰þ„þ ¢‚…Äy †àþöì̃ îû xyîû ~„þ!Ýþ þ™å•!“þ xyöìŠéÐ ‘o’ ~î‚ ‘n’ îŠéöìîûîû ›yöìGþ öë îŠéîû†%!œ xyöìŠé “þyîû
²Ìöì“þÄ„þ!Ýþ îŠéöìîûîû ¢)‰þ„þ ¢‚…Äy !àþ„þ “þyîû þ™)îÅî“þ#Å îŠéöìîûîû ¢yöìþ™öìÇþ ë!” †’˜y „þîûy £ëû ~î‚ xîöìŸöì¡ì
¢î„þ!Ýþ ¢)‰þ„þ ¢‚…Äyöì„þ ë!” †%’ „þöìîû ë!” Ÿ,C!œ“þ „þîûy £ëû “þöìî ~£z þ™å•!“þöì„þ Ÿ,Cœ!¦þ!_ þ™å•!“þ
(Chain Base Method) îœy £ëûÐ •îûy ëy„äþ Ÿ,Cœ!¦þ!_ þ™å•!“þöì“þ öë ¢)‰þ„þ ¢‚…Äy !˜’Åëû „þîûy £œÐ
ö¢!Ýþ Con myîûy ¢)!‰þ“þ £œÐ ~îû öþ™y¡ìy!„þ ˜y› £œ Ÿ,C!œ“þ ¢)‰þ„þ ¢‚…Äy (Chain Index). ~£z þŸ,C!œ“þ
¢)‰þ„þ ¢‚…Äy ¢‚öìëy† ¢)‰þ„þ ¢›)öì£îû (Link Indices) †%’šþöìœîû ›y•Äöì› þ™yçëûy ëyëûÐ ¢‚öìëy† ¢)‰þ„þ†%!œ
£œ I01, I12, I23 £z“þÄy!”Ð

01 12 23 1C I I I ...... I ,on n n     

•îûy ëy„þ œy¢öìþ™Äyëûyöìîûîû ¢)öìeîû ¢y£yöìëÄ !Þíîû !¦þ!_ ç Ÿ,Cœ !¦þ!_ ¢)‰þ„þ ¢‚…Äy ö”…yöì̃ y £öìî

!Þíîû !¦þ!_ þ™å•!“þ Ÿ,Cœ !¦þ!_ þ™å•!“þ

1
01

P
I

P
o

o o

q
q

 


1
01

P
C

P
o

o o

q
q

 


2
02

P
I

P
o

o o

q
q

 


1 2 1
02 01 12

1 1

P P
C I I

P P
o

o o

q q
q q

    
 

3
03

P
I

P
o

o o

q
q

 


1 2 1 3 2
03 01 12 23

1 21 2

P P P
C I I I

P P P
o

o o

q q q
q q q

       
  

..................................................................................................................................
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P
I

P
n o

on
o o

q
q

 
 01 12 13 1,C I I I .....Ion n n   

1 2 1 3 2 1

1 2 11 2 1

P P P P
.........

P P P P
o n n

o no n

q q q q
q q q q



 

       
   

!Þíîû!¦þ!_ þ™å•!“þ ç Ÿ,Cœ!¦þ!_ þ™å•!“þöì“þ †!àþ“þ ¢)‰þ„þ ¢‚…Äy ¢y•yîû’“þ ~„þ £ëû ˜yÐ “þöìî ~£z ”%£z
¢)‰þ„þ ¢‚…Äy ~„þ £öìî ë…˜ ¢)‰þ„þ ¢‚…Äyîû ¢)e!Ýþ î,_y„þyîû þ™îû#Çþyëû (Circular Test) vþz_#’Å £ëûÐ

5.8.1  î,_y„þyîû þ™îû#Çþy

î,_y„þyîû þ™îû#Çþy!Ýþ xy¢öìœ „þyœéôé!îþ™îû#“þ„þîû’ þ™îû#Çþyîû î!•Å“þ îû)þ™ !îöìŸ¡ìÐ ~£z þ™îû#Çþy þ™å•!“þîû Ÿ“Åþ
˜#öì‰þ ö”çëûy £œ

Con × Ino 1

xíÅyê 01 12 23 1,I I I ....... I I 1n n no     

œy¢öìþ™Äëûyöìîûîû ¢)e– þ™yöì¢îû ¢)e– !šþŸyöìîûîû ¢)e– ›yŸÅyœéôé~‹ÅçëûyöìíÅîû ¢)e ö„þyöì̃ y!Ýþ£z ~£z î,_y„þyîû
þ™îû#Çþyëû vþz_#’Å £ëû ˜yÐ ö„þîœ›ye xyöìþ™!Çþ„þ ”yöì›îû ¢îûœ †%öì’y_îû †vþü ~î‚ ¢îûœ ¢›!Tþ†“þ ¢)‰þ„þ ~£z
î,_y„þyîû þ™îû#Çþyëû vþz_#’Å £ëûÐ

vþz”y£îû’ õ 5·6 ˜#öì‰þîû îûy!Ÿ“þöìíÄîû ¢y£yöìëÄ 1971 ( 100) ¢yœöì„þ !¦þ!_ îŠéîû •öìîû 1972, 1973,
1974, 1975 ç 1976 ¢yœ†%!œîû Ÿ,C!œ“þ ¢)‰þ„þ ¢‚…Äy !˜’Åëû „þîûÐ

îŠéîû õ 1972 1973 1974 1975 1976

¢‚öìëy† ¢)‰þ„þ ¢‚…Äy õ 110 118 115 120 122

¢›y•y˜ õ Ÿ,C!œ“þ ¢)‰þ„þ ¢‚…Äy !˜’Åëû „þîûyîû ‹˜Ä ~„þ!Ýþ ¢›#„þîû’ îÄî£yîû „þîûy £ëûéôôôé

‰þœ!“þ îŠéöìîûîû Ÿ,C!œ“þ ¢)‰þ„þ ¢‚…Äy ––––––––––––––––––––––––––––––––––––––––

‰þœ!“þ îŠéöìîûîû ¢‚öìëy† ¢)‰þ„þ × !àþ„þ þ™)îÅî“þ#Å

îŠéöìîûîû Ÿ,C!œ“þ ¢)‰þ„þ

100



NSOU  CC-EC-04198

Šé„þ¢‚…Äy õ 5·4 Ÿ,C!œ“þ ¢)‰þöì„þîû †’˜y

îŠéîû ¢‚öìëy† ¢)‰þ„þ Ÿ,C!œ“þ ¢)‰þ„þ
1971 100 100

1972 110 110 100 100100
 

1973 118 118 110 129·8100
 

1974 115 115 129·8 149·3100
 

1975 120 120 149·3 179·2100
 

1976 122 122 179·2 218·6100
 

vþz”y£îû’ õ 5·7 ˜#öì‰þ 1981–85 þ™ëÅhsþ Ÿ,Cœ!¦þ!_ ¢)‰þ„þ ö”çëûy £œÐ ú ¢›öìëûîû ‹˜Ä îŠéîû†%!œîû
!Þíîû!¦þ!_ ¢)‰þ„þ †’˜y „þîû S!¦þ!_ îŠéîû 1981 •öìîû !˜öì“þ £öìîVÐ

îŠéîû 1981 1982 1983 1984 1985
¢)‰þ„þ ¢‚…Äy õ 80 110 120 90 140

¢›y•y˜ õ Ÿ,Cœ!¦þ!_ ›)œ„þ ¢‚…Äy öíöì„þ !Þíîû !¦þ!_ ¢)‰þ„þ ¢‚…Äyëû îû)þ™yhsþ!îû“þ „þîûöì“þ ˜#öì‰þîû ¢)e
îÄî£yîû „þîûy £ëûÐ

‰þœ!“þ îŠéöìîûîû !Þíîû !¦þ!_ ¢)‰þ„þ ––––––––––––––––––––––––––––––––––––––––––

Šé„þ ¢‚…Äy õ 5·5 !Þíîû!¦þ!_ ¢)‰þ„þ ¢‚…Äyîû †’˜y

îŠéîû Ÿ,C!œ“þ ¢)‰þ„þ !Þíîû!¦þ!_ ¢)‰þ„þ
1981 80 80

1982 110 110 80 88100
 

1983 120 120 88 105·60100
 

1984 90 90 105·6 95·04100
 

1985 140 140 95·04 133·056100
 

‰þœ!“þ îŠéöìîûîû Ÿ,Cœ!¦þ!_ ¢)‰þ„þ × !àþ„þ þ™)îÅî“þ#Å
îŠéöìîûîû !Þíîû!¦þ!_ ¢)‰þ„þ

100
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5.8.2  !Þíîû!¦þ!_„þ þ™å•!“þ ç Ÿ,Cœ!¦þ!_„þ þ™å•!“þîû ›öì•Ä “%þœ˜y

!Þíîû!¦þ!_„þ þ™å•!“þöì“þ ¢)‰þ„þ ¢‚…Äy !˜’Åöìëû Ÿ%•%›ye ”%!Ýþ îŠéöìîûîû “þíÄ ¢‚@ùÌ£ „þîûy £ëûéôôôé!¦þ!_ îŠéîû ç
‰þœ!“þ îŠéîûÐ !„þhs$þ Ÿ,Cœ!¦þ!_„þ þ™å•!“þöì“þ ¢)‰þ„þ ¢‚…Äy !˜’Åöìëû !¦þ!_ îŠéîû ç ‰þœ!“þ îŠéöìîûîû ›yöìGþîû
îŠéîû†%!œöì„þç †’˜yîû ›öì•Ä xy˜y £ëûÐ ~!”„þ öíöì„þ ö”…öìœ Ÿ,Cœ!¦þ!_„þ ¢)‰þ„þ ¢‚…Äy xöì̃ „þ öî!Ÿ
!˜¦%þÅœÐ

Ÿ,Cœ!¦þ!_„þ þ™å•!“þöì“þ !Þíîû!¦þ!_„þ þ™å•!“þîû “%þœ˜yëû „þ“þ„þ†%!œ ¢%!î•y xyöìŠéÐ

(1) Ÿ,Cœ!¦þ!_„þ þ™å•!“þ xöì̃ „þ öî!Ÿ îyhßþî¢Á¿“þ ö„þ˜˜y !¦þ!_ ç ‰þœ!“þ îŠéöìîûîû ›öì•Äîû îŠéîû†%!œç
†’˜yöì“þ x‚Ÿ ö˜ëûÐ

(2) öëöì£“%þ ›•Äî“þ#Å îŠéîû†%!œ †’˜yöì“þ x‚Ÿ ö˜ëû “þy£z xhsþî“þ#Å ¢)‰þ„þ ¢‚…Äy†%!œ xíÅyê S¢‚öìëy†
¢)‰þ„þ ¢‚…Äy†%!œ (Link Index Numbers) þ™!îûî“Åþöì̃ îû ²Ì„,þ“þ îû)þ™ ²Ì„þyŸ „þöìîûÐ !Þíîû!¦þ!_„þ ¢)‰þ„þ
¢‚…Äyëû ~Ýþy ¢½þî ˜ëûÐ

(3) ¢›öìëûîû þ™!îûî“Åþöì̃ îû ¢öìA† !îöì„Êþ“þyîûy ˜“%þ˜ ˜“%þ˜ oîÄ ¢y›@ùÌ# îy‹yöìîû !˜öìëû xyöì¢Ð ö„Êþ“þyîû îû%!‰þ
ç þ™Šé¨ „Êþ›y†“þ þ™!îûî!“Åþ“þ £ëûÐ šþöìœ !¦þ!_ ç ‰þœ!“þ îŠéöìîûîû ›öì•Ä ”#‡Å„þyöìœîû “þšþy“þ £öìœ ~£z
þ™!îûî“Åþ˜†%öìœy „þ#¦þyöìî !Þíîû!¦þ!_„þ ¢)‰þ„þ ¢‚…Äy ²Ì„þyŸ „þîûöì“þ þ™yöìîû ˜yÐ

!„þhs$þ– Ÿ,Cœ!¦þ!_ ¢)‰þ„þ ¢‚…Äyîû !„þŠ%é x¢%!î•yç xyöìŠéÐ

(1) ~£z þ™å•!“þ ‹!Ýþœ ç „þTþ¢y•ÄÐ

(2) ~£z þ™å•!“þ ¢£öì‹ öîyGþy ëyëû ˜yÐ

(3) ~£z þ™å•!“þöì“þ „Êþ›öìëï!†„þ ¦%þöìœîû (Cumulative Error) ¢½þyî˜y xyöìŠéÐ

(4) ¢›ëû¢#›y ë!” xÒ £ëû “þöìî£z ~£z þ™å•!“þöì“þ !˜¦%Åþœ ¢)‰þ„þ ¢‚…Äy !˜’Åëû „þîûy ëyëûÐ

¢%“þîûy‚ !Þíîû!¦þ!_„þ ¢)‰þ„þ ¢‚…Äy †˜˜y ç öîyGþyîû !”„þ öíöì„þ ¢£‹Ð !„þhs$þ ë!” !˜¦%þÅœ ¢)‰þ„þ ¢‚…Äy
!˜’Åëû „þîûy œÇþÄ £ëû “þöìî Ÿ,Cœ!¦þ!_„þ ¢)‰þ„þ ¢‚…Äy£z vþzþ™ë%=þÐ

5.9 þ‹#î˜•yîûöì’îû îÄëû ¢)‰þ„þ îy þ™’Ä ö¦þy†„þyîû#îû ”y› ¢)‰þ„þ ¢‚…Äy

þ‹#î˜ •yîûöì’îû îÄëû ¢)‰þ„þ ¢‚…Äy îœöì“þ ~„þ!Ýþ þ™!îû›yþ™ öîyGþyëû ëyîû myîûy ”%£z ¢›öìëû ~„þ£zé éîû„þ› “,þ!®
œyöì¦þîû ‹˜Ä ²Ìöìëûy‹˜#ëû xöìíÅîû xyöìþ™!Çþ„þ þ™!îû›y’ ëy Ÿ“þ„þîûy £yöìîû ²Ì„þyŸ „þîûy £ëûÐ ‹#î˜•yîûöì’îû îÄëû
¢)‰þ„þ ¢îÅ”y£z ~„þ!Ýþ !˜!”ÅTþ ö×!’îû ›y %̃öì¡ìîû ‹˜Ä ~î‚ ö„þyöì̃ y !˜!”ÅTþ Þíyöì̃ îû ‹˜Ä †’˜y „þîûy £ëûÐ
vþz”y£îû’ ßþºîû)þ™ îœy ëyëû „þœ„þy“þyîû ›•Ä!î_ ö×!’îû ‹#î˜•yîûöì’îû îÄëû ¢)‰þ„þ ¢‚…ÄyÐ ~£z ¢)‰þ„þ ¢‚…Äy
~„þ!Ýþ !˜!”ÅTþ ö¦þy†Äþ™’Ä ¢›!Tþîû …%‰þîûy ”yöì›îû vþzþ™îû !¦þ!_ „þöìîû !˜’Åëû „þîûy £ëûÐ
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x˜Ä¦þyöìî îœöì“þ ö†öìœ ¢›öìëûîû ¢yöìþ™öìÇþ !‹!˜¢þ™öìeîû ”y›hßþîû þ™!îûî!“Åþ“þ £ëûÐ !„þhs$þ ~£z þ™!îû›y’
oîÄ¢›!Tþ ”%!Ýþ !¦þ§¬ ¢›öìëû „Êþëû „þîûöì“þ „þ“þÝþy îyvþü!“þ Ýþy„þyîû ”îû„þyîû £öìî ö¢Ýþy ~£z ö×!’îû ö¦þy†„þyîû#öì”îû
”y› ¢)‰þöì„þîû ›y•Äöì› !Þíîû „þîûy £ëûÐ

‹#î˜•yîûöì’îû îÄëû ¢)‰þ„þ †àþ˜ õ

(1) ²Ìíöì›£z öœyöì„þöì”îû ¢y›y!‹„þ ö×!’ ç “þyöì”îû ö¦þïöì†y!œ„þ xîÞíy˜ !˜!jÅTþ „þîûöì“þ £ëûÐ ~…yöì̃
•îûy ëy„þ xy›îûy „þœ„þy“þyîû ›•Ä!î_ ö×!’îû ‹#î˜•yîûöì’îû îÄëû ¢)‰þ„þ †àþ˜ „þîûöì“þ xy@ùÌ£#Ð

(2) ~ þ™îû£z !¦þ!_ îŠéîû þ™Šé¨ „þîûöì“þ £öìîÐ

(3) ›y %̃öì¡ìîû ö×!’ !˜•Åyîû’ „þöìîû ú ö×!’îû þ™y!îûîy!îû„þ xyëû/îÄöìëûîû !£¢yî x %̃¢r•y˜ „þîûy ²Ìöìëûy‹˜Ð
˜›%̃ y ¢‚@ùÌöì£îû ¢›ëû þ™!îûîyîû†%!œ oîÄ ¢y›@ùÌ# ç ö¢îy„þyöìëÅîû vþzþ™îû öë xíÅ îÄëû „þöìîû ö¢!Ýþöì„þ þ™¤y‰þ ¦þyöì†
¦þy† „þîûöì“þ £öìî õ

…y”Ä– îßþf– ‹µyœy˜#– îy¢Þíy˜ ~î‚ !î!î•Ð

(4) öë !˜!”ÅTþ ö¦þïöì†y!œ„þ xîÞíyöì̃ îû ›öì•Ä ˜›%̃ y ¢‚@ùÌ£ ¢#›yîå• ö¢£z Þíyöì̃ îû îy‹yîû öíöì„þ ¢®yöì£
xhsþ“þƒ ~„þîyîû îÄî£,“þ oîÄy!”îû …%‰þîûy ”y› ¢‚@ùÌ£ „þîûy £ëûÐ ~îûþ™îû ²Ìöì“þÄ„þ oöìîÄîû †vþü ”y› !˜•Åyîû’ „þîûy
£ëûÐ

(5) ~îyîû ¦þyîûë%=þ xyöìþ™!Çþ„þ ”y› þ™å•!“þöì“þ ²Ì!“þ!Ýþ ö×!’îû oöìîÄîû öÇþöìe œy¢öìþ™Äyëûyöìîûîû ”y› ¢)‰þ„þ
!˜’Åëû „þîûy £ëûÐ

”œ#ëû ¢)‰þ„þ 

1P 100P
I 100
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i

oi
w   
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oi oi
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~…yöì̃  wi £œ i “þ› (i 1,2, 3, 4, 5) ö×!’îû oöìîÄîû vþzþ™îû þ™!îûîyîû†%!œ †öìvþü “þyöì”îû xyöìëûîû

Ÿ“þ„þîûy „þ“þ¦þy† îÄëû „þöìîûÐ

(6) ~£z ”œ#ëû ¢)‰þ„þ†%!œîû ¦þyîûë%=þ †vþü£z £œ ‹#î˜•yîûöì’îû îÄëû ¢)‰þ„þ (Cost of Living Index)
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²Ì!“þ!Ýþ ö×!’îû oöìîÄîû ¦þyîû ú oöìîÄîû vþzþ™îû þ™!îûîyîû†%!œ “þyöì”îû xyöìëûîû Ÿ“þ„þîûy „þ“þ ¦þy† îÄëû „þöìîû
ö¢Ýþy£z öîyGþyëûÐ
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(7) ‹#î˜•yîûöì’îû îÄëû¢)‰þ„þ ¢y•yîû’“þƒ ²Ì!“þ ¢®yöì£ †àþ˜ „þîûy £ëûÐ ¢y®y!£„þ ¢)‰þöì„þîû †vþü öíöì„þ
›y!¢„þ îÄëû ¢)‰þ„þ ~î‚ ›y!¢„þ ¢)‰þöì„þîû †vþü öíöì„þ îyê¢!îû„þ ¢)‰þ„þ †àþ˜ „þîûy £ëûÐ

5.9.1 ‹#î˜•yîûöì’îû îÄëû ¢)‰þöì„þîû îÄî£yîû
1. ¢îû„þy!îû „þ›Å‰þyîû#öì”îû ›£y‡ÅÄ ¦þy“þy (Dearness Allowanse) !£¢yî „þîûyîû „þyöì‹ ~£z ¢)‰þ„þ

†%îû%cþ™)’Å ¦)þ!›„þy !˜öìëû íyöì„þÐ
2. ‹#î˜•yîûöì’îû îÄëû ¢)‰þöì„þîû þ™yîûßþ™!îû„þ ›y˜ (reciprocal) ~îû ›y•Äöì› xöìíÅîû „Êþëû Çþ›“þy þ™!îû›yþ™

„þîûy £ëûÐ „Êþëû Çþ›“þy 100/”y› ¢)‰þ„þ ¢‚…Äy
3. xy!íÅ„þ ›‹%!îûöì„þ ‹#î˜•yîûöì’îû îÄëû ¢)‰þ„þ !”öìëû ¦þy† !”öìœ ²Ì„,þé“þ ›‹%!îû þ™yçëûy ëyëûÐ

²Ì„,þ“þ ›‹%!îû (Real Wage) –––––––––––––––––––––––––

4. ~Šéyvþüy ¢îû„þyîû ›‹%!îû ˜#!“þ– ”y› ˜#!“þ– …y‹˜y ˜#!“þ ~î‚ ¢y•yîû’ xíÅ÷ì̃ !“þ„þ ˜#!“þ !˜•Åyîûöì’
‹#î˜•yîûöì’îû îÄëû ¢)‰þöì„þîû ²Ì‰%þîû xî”y˜ xyöìŠéÐ

vþz”y£îû’ õ 5·8 ˜#öì‰þ 5 !Ýþ ö¦þy†Äþ™öì’Äîû ‹#î˜•yîûöì’îû îÄëû ¢)‰þ„þ ö”çëûy £œ 1981 ¢yöìœ þ›•Ä!î_
ö×!’îû ‹˜Ä S!¦þ!_ îŠéîû 1971VÐ ~£z 5!Ýþ þ™öì’Äîû vþzþ™îû îÄöìëûîû Ÿ“þ„þîûy ¦þy†ç ¢öìA† ö”çëûy £œÐ ~…˜
1981 ~îû ‹˜Ä ‹#î˜•yîûöì’îû ¢)‰þ„þ ¢‚…Äy !˜’Åëû „þîû S!¦þ!_ îŠéîû 1971)Ð

ö¦þy†Ä þ™’Ä õ …y”Ä oîÄ þ™!îû•yöì̃ îû îßþf xyöìœy ç ‹µyœy˜# îy!vþü ¦þyvþüy !î!î•
¢)‰þ„þ ¢‚…Äy õ 525 325 240 180 200
ö›yÝþ …îûöì‰þîû
Ÿ“þ„þîûy ¦þy† õ 40 16 15 20 9
!›ƒ îûyöìëûîû 1971 ¢yöìœ xyëû !Šéœ 550/-. 1971 ¢yöìœîû hßþöìîû ‹#î˜ëyeyîû ›y˜ •öìîû îûy…öì“þ !›ƒ

îûyöìëûîû xyëû 1981 ¢yöìœ „þ“þ £çëûy vþz!‰þêÚ
Šé„þ ¢‚…Äy õ 5·6 ‹#î˜•yîûöì’îû îÄëû ¢)‰þ„þ ~îû †’˜y

ö¦þy†Ä þ™’Ä ¢)‰þ„þ ¢‚…Äy (I) îÄöìëûîû Ÿ“þ„þîûy !£¢yî (w) IW
…y”Ä 525 40 21000
þ™!îû•yöì̃ îû îßþf 325 16 5200
xyöìœy ç ‹µyœy˜# 240 15 3600
îy!vþü ¦þyvþüy 180 20 3600
!î!î• 200 9 1800
ö›yÝþ – 100 35200

¢%“þîûy‚ ‹#î˜•yîûöì’îû îÄëû ¢)‰þ„þ ¢‚…Äy 
I 35200 352100
w
w

  


xy!íÅ„þ ›‹%!îû (Nominal Wage)
‹#î˜•yîûöì’îû îÄëû ¢)‰þ„þ



NSOU  CC-EC-04202

öëöì£“%þ 1981 ¢yöìœ îÄëû ¢)‰þ„þ öîöìvþü 352 £öìëûöìŠé

xyöì† 1971 ¢yöìœ ~£z îÄëû ¢)‰þ„þ !Šéœ 100

¢%“þîûy‚ !›ƒ îûyöìëûîû ‹#î˜ëyeyîû ›y˜ 1971 ¢yöìœîû ›öì“þy îûy…öì“þ £öìœ

ç¤îû xyëû £çëûy vþz!‰þê 352 550 1936100    Ýþy„þyÐ

5.10 þ!¦þ!_ þ™!îûî“Åþ˜– ¢‚ë%!=þ„þîû’ ç xþ™!ßþ³þ“þ#

þ!¦þ!_ þ™!îûî“þÅ̃  õ „þ…˜ç „þ…˜ç !¦þ!_ îŠéîû þ™!îûî“Åþöì̃ îû ²Ìöìëûy‹˜ ö”…y ö”ëûÐ !îöìŸ¡ì¦þyöìî ë…˜
!¦þ!_ îŠéîû!Ýþ …%î£z þ™%îûöì̃ y ~î‚ “%þœ˜y›)œ„þ „þyöì‹ îÄî£yöìîûîû xöìëy†Ä £öìëû þ™öìvþüÐ xyîyîû ë…˜ ”%£z îy
“þöì“þy!•„þ ¢)‰þ„þ ¢‚…Äyîû ö×!’îû ›öì•Ä “%þœ˜y „þîûyîû ²Ìöìëûy‹˜ £ëû ëyöì”îû !¦þ!_ îŠéîû†%!œ xyœy”y xyœy”y
“þ…˜ ¢îÅ‹˜@ùÌy£Ä ~„þ!Ýþ !¦þ!_ îŠéîû !˜!”ÅTþ „þöìîû ¢î „þ!Ýþ ¢)‰þ„þ ¢‚…Äyîû ö×!’öì„þ ˜“%þ˜ !¦þ!_ îŠéöìîûîû
¢yöìþ™öìÇþ ˜“%þ˜ „þöìîû †àþ˜ „þöìîû “%þœ˜yîû öëy†Ä „þöìîû ö“þyœy £ëûÐ ˜“%þ˜ !¦þ!_ îŠéöìîûîû ¢)‰þ„þ ¢‚…Äy ¢îÅ”y£z
100 £öìîÐ ~…˜ x˜Äy˜Ä îŠéîû†%!œîû ¢)‰þ„þ ¢‚…Äy ˜“%þ˜ !¦þ!_ îŠéöìîûîû ¢yöìþ™öìÇþ !˜Á¬!œ!…“þ ¢)e x %̃ëyëû#
†àþ˜ „þîûy £ëûÐ

öë ö„þyöì̃ y îŠéöìîûîû ¢)‰þ„þ ¢‚…Äy S˜“%þ˜ !¦þ!_ îŠéöìîûîû ¢yöìþ™öìÇþV

––––––––––––––––––––––––––––––––– × 100

¢%“þîûy‚ xyîûç ¢£‹ ¦þyöìî îœöìœ îœy £ëû öë ˜“%þ˜ ¢)‰þ„þ ¢‚…Äyîû ö×!’ S˜“%þ˜ !¦þ!_ îŠéöìîûîû
¢yöìþ™öìÇþV †’˜y „þîûyîû ¢î öíöì„þ ¢£‹ vþzþ™yëû £œ þ™%îûyöì̃ y ¢)‰þ„þ ¢‚…Äy†%!œöì„þ ˜#öì‰þîû †%’˜#ëû„þ !”öìëû †%’
„þîûöìœ£z þ™yçëûy ëyöìîÐ

†%’˜#ëû„þ!Ýþ £œ  
 
 

Ýþ#„þy õ ~£z þ™å•!“þ ¢!àþ„þ ¦þyöìî îÄî£,“þ £ëû ë…˜ ²Ì”_ ¢)‰þ„þ ¢‚…Äy†%!œ î,_y„þyîû þ™îû#Çþyëû vþz_#’Å £ëûÐ

vþz”y£îû’ õ 5·9 ˜#öì‰þîû ”y› ¢)‰þ„þ ¢‚…Äy†%!œîû !¦þ!_ îŠéîû 2011.

!¦þ!_ îŠéîû 2014 •öìîû 2011 öíöì„þ 2017 þ™ëÅhsþ ”y› ¢)‰þ„þ !˜’Åëû „þîûÐ

îŠéîû õ 2011 2012 2013 2014 2015 2016 2017

¢)‰þ„þ ¢‚…Äy õ 100 120 145 200 220 210 180

þ™%îûöì̃ y ¢)‰þ„þ ¢‚…Äy ö¢£z îŠéöìîûîû ‹˜Ä
þ™%îûöì̃ y ¢)‰þ„þ ¢‚…Äy ˜“%þ˜ !¦þ!_ îŠéöìîûîû ‹˜Ä

˜%“þ˜ !¦þ!_ îŠéöìîûîû ‹˜Ä þ™%îûöì̃ y ¢)‰þ„þ ¢‚…Äy
100
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Šé„þ¢‚…Äy õ 5·7 !¦þ!_ îŠéîû 2011 öíöì„þ 2014 ö“þ þ™!îûî“þÅ̃

îŠéîû ¢)‰þ„ þ ¢‚ …Äy (2011 100) ¢)‰þ„þ ¢‚…Äy (2014 100)

2011 100 100 100 50200  

2012 120 100 120 60200  

2013 145 100 145 72·5200  

2014 200 100 200 100200  

2015 220 100 220 110200  

2016 210 100 210 105200  

2017 180 100 180 90200  

¢‚ë%!=þ„þîû’þþþ(Splicing)

¢‚ë%!=þ„þîû’ xy¢öìœ ~„þ •îûöì̃ îû !¦þ!_ îŠéîû þ™!îûî_Å̃ Ð öî!Ÿîû ¦þy† ¢îû„þy!îû þ™!îû¢‚…Äyöì̃  ö”…y ëyëû
öë ¢)‰þ„þ ¢‚…Äyîû ~„þ!Ýþ ö×!’ ö„þyöì̃ y ~„þ!Ýþ !˜!”ÅTþ !¦þ!_ îŠéöìîûîû ¢yöìþ™öìÇþ †’˜y „þöìîû ö×!’!Ýþöì“þ öîŸ
!„þŠ%é þ™öìîû öŠé” Ýþy˜y £ëûÐ ~îû ²Ì•y˜ „þyîû’ £œ !¦þ!_ îŠéîû!Ýþ …%î£z þ™%îûöì̃ y ~î‚ “%þœ˜yîû xöìëy†ÄÐ “þyîûþ™îû
ö”…y ëyëû öë ¢)‰þ„þ ¢‚…Äyîû ~„þ!Ýþ ˜“%þ˜ ö×!’ Ÿ%îû% „þîûy £öìëûöìŠé ëyîû !¦þ!_ îŠéîû £œ xyöì†îû öŠé” Ýþy˜y
ö×!’!Ýþîû öŸ¡ì îŠéîûÐ ~…˜ †öìî¡ì’yîû „þyöì‹ “%þœ˜y›)œ„þ xyöìœy‰þ˜yîû ‹˜Ä ~£z ”%!Ýþ ö×!’îû ¢‚ë%!=þ„þîû’
…%î£z ²Ìöìëûy‹˜#ëûÐ öë þ™å•!“þöì“þ ”%!Ýþ ö×!’öì„þ Sëyöì”îû ›öì•Ä xhsþ“þ ~„þ!Ýþ îŠéîû ”%!Ýþ ö×!’öì“þ£z xyöìŠéV
¢‚ë%=þ „þîûy £ëû “þyöì„þ ¢‚ë%!=þ„þîû’ (Splicing) îœy £ëûÐ

¢‚ë%!=þ„þîûöì’îû þ™îû ö„þyöì̃ y !˜!”ÅTþ ‰þœ!“þ îŠéöìîûîû ¢)‰þ„þ ¢‚…Äy

–––––––––––––––––––––––––––– × ‰þœ!“þ îŠéöìîûîû ¢)‰þ„þ ¢‚…Äy

vþz”y£îû’ õ 5·10 ”%!Ýþ ¢)‰þ„þ ¢‚…Äyîû ö×!’ ö”çëûy £óœéôôôéA ç B. A ö×!’îû !¦þ!_ îŠéîû 2001 ~î‚
B ö×!’îû !¦þ!_ îŠéîû £óœ 2007.

˜“%þ˜ !¦þ!_ îŠéöìîûîû þ™%îûyöì̃ y ¢)‰þ„þ ¢‚…Äy
100
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îŠéîû õ 2001 2002 2003 2004 2005 2006 2007

¢)‰þ„þ ¢‚…Äyîû ö×!’ A : 100 120 150 200 300 350 400

îŠéîû  õ 2007 2008 2009 2010 2011 2012 2013

¢)‰þ„þ ¢‚…Äyîû ö×!’ B : 100 115 90 95 102 110 98

(i) B ö×!’öì„þ A ö×!’îû ¢öìA† ¢‚ë%=þ „þîû (ii) A ö×!’öì„þ B ö×!’îû ¢öìA† ¢‚ë%=þ „þîûÐ

Šé„þ ¢‚…Äy õ 5·7 ¢)‰þ„þ ¢‚…Äyîû ö×!’öì”îû ¢‚ë%!=þ„þîûöì’îû †’˜y

îŠéîû ¢)‰þ„þ ¢‚…Äyîû ¢)‰þ„þ ¢‚…Äyîû B ö×!’öì„þ A ö×!’öì„þ
ö×!’éôôôéA ö×!’éôôôéB A ö×!’îû ¢öìA† B ö×!’îû ¢öìA†

¢‚ë%!=þ„þîû’ ¢‚ë%!=þ„þîû’
S!¦þ!_é 2001100) S!¦þ!_é é2007100) S2001100) Sé2007100)

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

2001 100 100 100 100 25400  

2002 120 120 100 120 30400  

2003 150 150 100 150 37·5400  

2004 200 200 100 200 50400  

2005 300 300 100 300 75400  

2006 350 350 100 350 87·5400 

2007 400 100 400 100

2008 115 400 115 460100   115

2009 90 400 90 360100   90
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2010 95 400 95 380100   95

2011 102 400 102 408100   102

2012 110 400 110 440100   110

2013 98 400 98 392100   98

‰þ“%þíÅ hßþöì½þ B ö×!’öì„þ A ö×!’îû ¢öìA† ¢‚ë%=þ „þîûy £öìëûöìŠéÐ ~£z þ™å•!“þöì„þ îœy £ëû ¢Á¿%öì…îû !”öì„þ
¢‚ë%!=þ„þîû’ (Forward Splicing)

þ™Mþ› hßþöì½þ A ö×!’öì„þ B ö×!’îû ¢öìA† ¢‚ë%=þ „þîûy £öìëûöìŠéÐ ~£z þ™å•!“þöì„þ îœy £ëû þ™Øþyöì“þîû !”öì„þ
¢‚ë%!=þ„þîû’ (Backward Splicing).

xîþ™y“þ (Deflating)

ë…˜ ”y›hßþîû î,!å• þ™yëû “þ…˜ xöìíÅîû „Êþëû Çþ›“þy £Éy¢ þ™yëûÐ xíÅyê ”y› î,!å•îû ‹˜Ä xy›îûy ~„þ£z
þ™!îû›y’ xöìíÅîû ¢y£yöìëÄ xyöì†îû “%þœ˜yëû xöì̃ „þ „þ› oîÄ „Êþëû „þîûöì“þ þ™y!îûÐ ¢%“þîûy‚ ë!” xy!íÅ„þ ›‹%!îû
î,!å• þ™yëû “þyöì“þ ²Ì›y’ £ëû ˜y öë ‹#î˜ëyeyîû ›y˜ç î,!å• öþ™öìëûöìŠéÐ “þ…˜ xy›yöì”îû ²Ì„,þ“þ ›‹%!îû †’˜y
„þîûöì“þ £öìî ëyîû ›y•Äöì› ‹#î˜ëyeyîû ›y˜ öîöìvþüöìŠé ˜y „þöì›öìŠé– ˜y ~„þ£z xyöìŠé öîyGþy ëyöìîÐ xy!íÅ„þ
›‹%!îûöì„þ ²Ì„,þ“þ ›‹%!îûöì“þ îû)þ™yhsþ!îû“þ „þîûyîû þ™å•!“þöì„þ£z xîþ™y“þ (Deflating) îœy £ëûÐ xîþ™y“þ þ™å•!“þ!Ýþ
˜#öì‰þ ¢)öìeîû xy„þyöìîû ö”çëûy £œ õ

²Ì„,þ“þ ›‹%îû# (Real Wage) ––––––––––––––––––––––––––– × 100

~„þ£z¦þyöìî ²Ì„,þ“þ xyëû (Real Income) ––––––––––––––––––––––––––– × 100

vþz”y£îû’ õ 5·11 ˜#öì‰þ îûy!Ÿ“þöìíÄ xy!íÅ„þ ›‹%îû# ç ‹#î˜ •yîûöì’îû îÄëû ¢)‰þ„þ 2001 öíöì„þ 2007¢yœ
þ™ëÅhsþ ¢›öìëûîû ‹˜Ä ö”çëûy £œ S!¦þ!_ îŠéîû 2001 2001)Ð ²Ì„,þ“þ ›‹%îû# !˜’Åëû „þîûÐ

îŠéîû õ 2001 2002 2003 2004 2005 2006 2007

xy!íÅ„þ ›‹%!îû SÝþy„þyëûV õ 75 80 90 110 120 126 140

‹#î˜•yîûöì’îû îÄëû ¢)‰þ„þ õ 100 120 140 150 170 210 250

xy!íÅ„þ ›‹%!îû (Money Wage)

”y› ¢)‰þ„þ îy ‹#î˜•yîûöì’îû îÄëû¢)‰þ„þ

xy!íÅ„þ xyëû (Money Income)
‹#î˜ •yîûöì’îû îÄëû ¢)‰þ„þ
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Šé„þ ¢‚…Äy õ 5·8 ²Ì„,þ“þ ›‹%!îûîû †’˜y

îŠéîû ›‹%!îû SÝþy„þyëûV ‹#î˜•yîûöì’îû îÄëû ¢)‰þ„þ ²Ì„,þ“þ ›‹%!îû

(2001 100) ––––––––– × 100

(1) (2) (3) (4)
2001 75 100 75·00
2002 80 120 66·67
2003 90 140 64·28
2004 110 150 73·33
2005 120 170 70·59
2006 126 210 60·00
2007 140 250 56·00

Ýþ#„þy õ ²Ì„,þ“þ ›‹%!îûîû ¢)‰þ„þ S!¦þ!_ îŠéîû 2001 100) ¢‚…Äy †’˜y „þîûöì“þ £öìœ ˜#öì‰þîû ¢)e x’%¢îû’

„þîûöì“þ £öìîÐ ²Ì„,þ“þ ›‹%!îûîû ¢)‰þ„þ = hßþ½þ   44 3  (2001 100)

5.11 ¢)‰þ„þ ¢‚…Äyîû îÄî£yîû ç “þyîû ¢#›yîå•“þy

¢)‰þ„þ ¢‚…Äyîû îÄî£yîû õ

1. ”y› ¢)‰þ„þ ¢‚…Äyîû ¢y£yöìëÄ !î!¦þ§¬ ¢›öìëû ”y›hßþöìîûîû þ™!îûî“Åþ˜ þ™!îû›yþ™ „þîûy ëyëûÐ

2. þ™y£z„þy!îû ”y› ¢)‰þ„þ ö„þîœ›ye ›%oyßþ³þ#!“þîû þ™!îû›yþ™ „þöìîû ˜y– xöìíÅîû „Êþëû Çþ›“þyîûç þ™!îû›yþ™ „þöìîûÐ
~îû öíöì„þ ö”öìŸîû xíÅ̃ #!“þîû ~„þÝþy Šé!î þ™yçëûy ëyëûÐ

3. ”y› ¢)‰þöì„þîû ¢y£yöìëÄ ¢îû„þy!îû „þ›Å‰þyîû#öì”îû ›£y‡Å ¦þy“þyîû (DA) £yîû !˜’Åëû „þîûy £ëûÐ

4. ”y› ¢)‰þöì„þîû ¢y£yöìëÄ xy!íÅ„þ xyëûöì„þ ²Ì„,þ“þ xyöìëû îû)þ™yhsþ!îû“þ „þîûy ëyëû ~î‚ “þyîû ¢y£yöìëÄ ‹#î˜
ëyeyîû ›yöì̃ îû ~„þÝþy þ™!îû›yþ™ þ™yçëûy ëyëûÐ

5. ¢)‰þ„þ ¢‚…Äy Ÿ%•% þ™y£z„þy!îû ”yöì›îû ˜ëû …%‰þîûy ”yöì›îûç ¢)‰þ„þ ¢‚…Äy †àþ˜ „þöìîû ‹#î˜•yîûöì’îû îÄyëû
¢)‰þ„þ !˜’Åëû „þîûy £ëûÐ ~£z ‹#î˜•yîûöì’îû îÄëû ¢)‰þ„þ ~„þ!Ýþ !˜!”ÅTþ ö×!’îû ›y %̃öì¡ìîû ‹˜Ä ~î‚ “þyöì”îû îÄî£,“þ
oîÄ ç ö¢îyîû …%‰þîûy ”yöì›îû ¢y£yöìëÄ !˜’Åëû „þîûy £ëûÐ ~£z îÄëû ¢)‰þ„þ ›‹%!îûîû ”îû „þ¡ìy„þ!¡ì– ›£y‡Å ¦þy“þy
!Þíîû „þîûy– ²Ì„,þ“þ ›‹%!îû !˜’Åëû ~î‚ ¢îû„þyöìîûîû !î!¦þ§¬ xíÅ÷ì̃ !“þ„þ ˜#!“þ !˜•Åyîûöì’ öë›˜ „þîû •yëÅ „þîûy–
¦þyvþüy !˜ëûsþf’ „þîûy £z“þÄy!” „þyöì‹ îÄî£,“þ £ëûÐ öŸëûyîû îy‹yöìîûîû SENSEX £œ öŸëûyöìîûîû ”yöì›îû ¢)‰þ„þ

hßþ½þ (2)
hßþ½þ (3)
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¢‚…Äy ~£z ¢)‰þ„þ ¢‚…ÄyÐ xíÅ˜#!“þ!î”îûy– îÄyöìA„þîû xy!•„þy!îû„þîûy ~î‚ šþyÝþ„þy „þyîûîyîû#îûy ²Ì¦)þ“þ þ™!îû›yöì’
!˜öì‹öì”îû „þyöì‹ îÄî£yîû „þöìîûÐ

6. !î!¦þ§¬ !ŸöìÒîû vþzêþ™y”öì̃ îû þ™!îû›yöì’îûç ¢)‰þ„þ ¢‚…Äy †àþ˜ „þîûy £ëû ö¢£z !ŸöìÒîû vþzêþ™y”˜ Çþ›“þy
!àþ„þ¦þyöìî öîyGþyîû ‹˜ÄÐ xy›”y!˜ ç îû®y!˜îû ¢)‰þ„þ ¢‚…Äyîû ›y•Äöì› ö„þyöì̃ y ö”öìŸîû ÷îöì”!Ÿ„þ ›%oyîû
¦þy[þyöìîûîû xîÞíy ¢›Ä„þ îû)öìþ™ öîyGþy ëyëûÐ

¢)‰þ„þ ¢‚…Äyîû ¢#›yîå•“þy

1. ¢)‰þ„þ ¢‚…Äyîû †àþöì̃  ²Ì!“þ!Ýþ oîÄöì„þ ˜›%̃ yîû xhsþ¦%Åþ=þ „þîûy ¢½þî £ëû ˜yÐ

2. ”y› ¢)‰þ„þ †àþöì̃ îû ‹˜Ä ˜›%̃ y ¢‚@ùÌöì£îû ¢›ëû £zFŠéy„,þ“þ ˜›%˜yîû (purposive sampling) ¢y£yëÄ
ö˜çëûy £ëûÐ ë”,FŠéy ˜›%̃ y (Random Sampling) ö˜çëûy £ëû ˜yÐ šþöìœ ¢)‰þ„þ ¢‚…Äy …y!˜„þÝþy þ™Çþþ™y“þ›)œ„þ
£öìëû þ™öìvþüÐ

3. !¦þ!_ îŠéîû ç ‰þœ!“þ îŠéöìîûîû ›öì•Ä öî!Ÿ ”)îûc íy„þy ¢›#‰þ#˜ ˜ëûÐ ”)îûc öî!Ÿ £öìœ îy‹yîû öíöì„þ
þ™%îûyöì̃ y !‹!˜öì¢îû î”öìœ xöì̃ „þ ˜“%þ˜ !‹!˜öì¢îû xy›”y!˜ £ëûÐ “þyîû šþöìœ ¢)‰þ„þ †àþöì̃  x¢%!î•y ö”…y
ö”ëûÐ

4. ¢)‰þ„þ ¢‚…Äy †àþöì̃ îû ¢)e xöì̃ „þ†%!œ £çëûyëû vþzþ™ë%=þ ¢)e !î‰þyîû „þîûy „þTþ¢y•Ä £öìëû þ™öìvþüÐ

5. ¢)‰þ„þ ¢‚…Äyîû !¦þ!_ îŠéîû þ™Šé¨ ~„þ!Ýþ ”%îû)£ „þy‹Ð ¦%þœ !¦þ!_ îŠéîû öîöìŠé !˜öìœ ¦%þœ !¢å•yhsþ £öìëû
íy„þyîû ¢›¢Äy ö”…y ö”ëûÐ

6. ¢!àþ„þ “þíÄ ¢‚@ùÌ£ „þîûy ~„þ!Ýþ „þ!àþ˜ „þy‹Ð ë!” “þíÄ !˜¦%Åþœ ˜y £ëû “þöìî ¢)‰þ„þ ¢‚…Äyç !˜¦%Åþœ £öìî
˜yÐ

5.12 ¢yîûy‚Ÿ

¢)‰þ„þ ¢‚…Äy îœöì“þ ö„þyöì̃ y ‰þœöì„þîû xyöìþ™!Çþ„þ þ™!îûî“Åþöì̃ îû ~„þ!Ýþ þ™!îû¢‚…Äy˜†“þ þ™!îû›yþ™ öîyGþyëûÐ
~£z xyöìþ™!Çþ„þ þ™!îûî“Åþ˜ ¢›öìëûîû ¢yöìþ™öìÇþ xíîy ö¦þïöì†y!œ„þ xîÞíyöì̃ îû ¢yöìþ™öìÇþ †’˜y „þîûy £ëûÐ

ë…˜ oöìîÄîû ”yöì›îû þ™!îûî“Åþöì̃ îû “%þœ˜y „þîûy £ëû “þ…˜ ¢)‰þ„þ ¢‚…Äyöì„þ ”y› ¢)‰þ„þ ¢‚…Äy îœy £ëûÐ
xyîyîû ë…˜ oöìîÄîû þ™!îû›yöì’îû þ™!îûî“Åþöì̃ îû “%þœ˜y „þîûy £ëû “þ…˜ ¢)‰þ„þ ¢‚…Äyöì„þ þ™!îû›y’ ¢)‰þ„þ ¢‚…Äy
îœy £ëûÐ !¦þ!_ îŠéöìîûîû ”y› ¢)‰þ„þ ¢îÅ”y£z 100 •îûy £ëûÐ ~…˜ ‰þœ!“þ îŠéöìîûîû ”y› ¢)‰þ„þ ¢‚…Äy ë!” 160
£ëû “þyîû xíÅ £œ ‰þœ!“þ îŠéöìîû oöìîÄîû ”y› !¦þ!_ îŠéöìîûîû “%þœ˜yëû 60% î,!å• öþ™öìëûöìŠéÐ

”y› ¢)‰þ„þ †àþöì̃ îû !„þŠ%é ¢›¢Äy xyöìŠéÐ öë›˜ ”y› ¢)‰þ„þ †àþöì̃ îû vþzöìjŸÄ !˜!”ÅTþ „þîûöì“þ £ëû– !¦þ!_
îŠéîû!Ýþ ¢yî•yöì̃  þ™Šé¨ „þîûöì“þ £ëû– oîÄ !˜îÅy‰þ˜ ¢%Û%þ ¦þyöìî „þîûöì“þ £öìî ëyöì“þ vþzöìjŸÄ ²Ì!“þšþ!œ“þ £ëû–
îûy!Ÿ“þíÄ ¢‚@ùÌöì£îû ¢›ëû £zFŠéy„,þ“þ ˜›%̃ y (Purposive Sampling) ¢‚@ùÌ£ „þîûy £ëû– oîÄ†%!œîû ¦þyîû
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(weight) !˜îÅy‰þ˜ öë˜ ¢A†“þ £ëû– xîöìŸöì¡ì xöì̃ „þ†%!œ ¢)‰þ„þ †àþöì̃ îû ¢)öìeîû ›öì•Ä öíöì„þ vþzþ™ë%=þ ¢)e
þ™Šé¨ „þîûöì“þ £ëûÐ

”y› ¢)‰þ„þ †àþöì̃ îû !î!¦þ§¬ þ™å•!“þ xyöìŠééôôôé(1) ¢›!Tþ†“þ þ™å•!“þ ç (2) xyöìþ™!Çþ„þ †vþü þ™å•!“þÐ
xyöìþ™!Çþ„þ †vþü þ™å•!“þ ”%£z ²Ì„þyîûéôôôé(i) ¢îûœ xy˜%þ™y!“þ„þ †vþü þ™å•!“þ ç (ii) ¦þyîûë%=þ xy˜%þ™y!“þ„þ †vþü
þ™å•!“þÐ ¢›!Tþ†“þ þ™å•!“þ xyîyîû ”%£z ²Ì„þyîûéôôôé(i) ¢îûœ ¢›!Tþ†“þ þ™å•!“þ ~î‚ (ii) ¦þyîûë%=þ ¢›!Tþ†“þ
þ™å•!“þÐ ~£z ¦þyîûë%=þ ¢›!Tþ†“þ þ™å•!“þöì“þ !î!¦þ§¬ •îûöì̃ îû ¦þyîû (weight) îÄî£yîû „þöìîû !î!¦þ§¬ þ™!îû‚…Äy˜!î”ä
!î!¦þ§¬ ¢)öìeîû ¢y£yöìëÄ ¢)‰þ„þ ¢‚…Äy †àþ˜ „þöìîûöìŠé˜ öë›˜ œy¢öìþ™Äëûyöìîûîû ¢)öìe !¦þ!_ îŠéöìîûîû oîÄ þ™!îû›y’öì„þ
¦þyîû !£¢yöìî îÄî£yîû „þîûy £öìëûöìŠéÐ þ™yöì¢îû ¢)öìe ‰þœ!“þ îŠéöìîûîû oîÄ þ™!îû›y’öì„þ ¦þyîû !£¢yöìî îÄî£yîû „þîûy
£öìëûöìŠéÐ ›yŸÅyœéôé~‹ÅçëûyöìíÅîû ¢)öìe ‰þœ!“þ îŠéöìîûîû oöìîÄîû þ™!îû›y’ ç !¦þ!_ îŠéöìîûîû oöìîÄîû þ™!îû›yöì’îû
†y!’!“þ„þ †vþüöì„þ ¦þyîû !£¢yöìî îÄî£yîû „þîûy £öìëûöìŠéÐ !šþŸyöìîûîû ¢)öìe œy¢öìþ™Äëûyîû ç þ™yöì¢îû ”y› ¢)‰þöì„þîû
†%öì’y_îû †vþüöì„þ ¢)‰þ„þ ¢‚…Äyîû xy”ŸÅ ›y˜ !£¢yöìî •îûy £ëûÐ îvþzöìœîû ¢)öìe œy¢öìþ™Äëûyîû ç þ™yöì¢îû ”y›
¢)‰þöì„þîû ¢îûœ †y!’!“þ„þ †vþüöì„þ ”y› ¢)‰þ„þ îöìœ •îûy £ëûÐ

þ™!îû›y’ ¢)‰þ„þ †àþöì̃  ”y› ¢)‰þ„þ †àþöì̃ îû þ™å•!“þ†%!œ x˜%¢îû’ „þîûy £ëûÐ “þy£z ”y› ¢)‰þöì„þîû ¢)e†%!œöì“þ
p ~îû ‹yëû†yëû q ~î‚ q ~îû ‹yëû†yëû p î¢yöìœ£z þ™!îû›y’ ¢)‰þöì„þîû ¢)e þ™yçëûy ëyëûÐ

!šþŸyîû ”y› ¢)‰þ„þ ¢‚…Äy†%!œîû ”,‘þü“þy ~î‚ ¢y›O¢Ä ëy‰þy£z „þîûyîû ‹˜Ä ”%!Ýþ þ™îû#Çþy þ™å•!“þîû „þíy
îöìœöìŠé˜Ð

(i) „þyœéôé!îþ™îû#“þ„þîû’ þ™îû#Çþy

(ii) †%’˜#ëû„þéôé!îþ™îû#“þ„þîû’ þ™îû#Çþy

„þyœéôé!îþ™îû#“þ„þîû’ þ™îû#Çþyîû xíÅ £œ !¦þ!_ îŠéöìîûîû ¢yöìþ™öìÇþ ‰þœ!“þ îŠéöìîûîû ¢)‰þ„þ ¢‚…Äy!Ýþ ë!” ‰þœ!“þ
îŠéöìîûîû ¢yöìþ™öìÇþ !¦þ!_ îŠéöìîûîû ¢)‰þ„þ ¢‚…Äyîû îÄhßþy %̃þ™y!“þ„þ £ëû– “þöìî ¢)‰þ„þ ¢‚…Äyîû ¢)e!Ýþ „þyœéôé!îþ™îû#“þ„þîû’
þ™îû#Çþyëû vþz_#’Å îœy £öìîÐ

†%’˜#ëû„þ !îþ™îû#“þ„þîû’ þ™îû#Çþyîû !˜ëû› £œ ²Ì!“þ!Ýþ ¢)öìeîû ”y››)œ„þöì„þ þ™!îû›y’ ¢)‰þ„þ !”öìëû †%’ „þîûöìœ
†%’šþœ ë!” ›)œÄ ¢)‰þ„þ £ëû “þöìî ¢)‰þ„þ¢‚…Äyîû ¢)e!Ýþ †%’˜#ëû„þ !îþ™îû#“þ„þîû’ þ™îû#Çþyëû vþz_#’Å îœy £öìîÐ

!šþŸyöìîûîû ¢)e £öìFŠé ~„þ›ye ¢)e öëÝþy „þyœéôé!îþ™îû#“þ„þîû’ þ™îû#Çþy ç †%’˜#ëû„þ !îþ™îû#“þ„þîû’ þ™îû#Çþyéôôôé”%£z
þ™îû#Çþyöì“þ£z vþz_#’Å £ëû– “þy£z !šþŸyöìîûîû ¢)eöì„þ xy”ŸÅ ¢)e îœy £ëûÐ

xy›îûy ¢y•yîû’“þ ~„þ!Ýþ !˜!”ÅTþ !¦þ!_ îŠéöìîûîû (Base year) ¢yöìþ™öìÇþ ~„þ!Ýþ !˜!”ÅTþ ‰þœ!“þ îŠéöìîû (Current
year) ”yöì›îû ¢)‰þ„þ ¢‚…Äy !˜’Åëû „þ!îûÐ ~!Ýþöì„þ !Þíîû!¦þ!_ þ™å•!“þ (Fixed Base Method) îœy £ëûÐ

¢)‰þ„þ ¢‚…Äy †àþöì̃ îû xyîû ~„þ!Ýþ þ™å•!“þ xyöìŠéÐ ~!Ýþöì„þ îöìœ Ÿ,Cœ!¦þ!_ þ™å•!“þ (Chain Base
Method). !¦þ!_ îŠéîû ç ‰þœ!“þ îŠéöìîûîû ›öì•Ä öë îŠéîû†%!œ xyöìŠé “þyîû ²Ìöì“þÄ„þ!Ýþ îŠéöìîûîû ¢)‰þ„þ ¢‚…Äy
!àþ„þ “þyîû þ™)îÅî“þ#Å îŠéöìîûîû ¢yöìþ™öìÇþ ë!” †’˜y „þîûy £ëû “þöìî ~£z ¢)‰þ„þ ¢‚…Äy†%!œöì„þ ¢‚öìëy† ¢)‰þ„þ (link



NSOU  CC-EC-04 209

Indices) îœy £ëûÐ ~…˜ ~£z ¢‚öìëy† ¢)‰þ„þ†%!œöì„þ ë!” †%’ „þöìîû Ÿ,C!œ“þ „þîûy £ëû “þöìî ~£z þ™å•!“þöì„þ
Ÿ,Cœ!¦þ!_ þ™å•!“þ îœy £ëû ~î‚ †%’šþœ!Ýþöì„þ Ÿ,C!œ“þ ¢)‰þ„þ ¢‚…Äy (Chain Index) îœy £ëûÐ

!Þíîû!¦þ!_ þ™å•!“þ ç Ÿ,Cœ!¦þ!_ þ™å•!“þöì“þ †!àþ“þ ¢)‰þ„þ ¢‚…Äy ¢y•yîû’“þ ~„þ £ëû ˜yÐ “þöìî ~£z ”%£z
¢)‰þ„þ ¢‚…Äy ~„þ £öìî ë…˜ ¢)‰þ„þ ¢‚…Äyîû ¢)e!Ýþ î,_y„þyîû þ™îû#Çþyëû (Circular test) vþz_#’Å £ëûÐ î,_y„þyîû
þ™îû#Çþy!Ýþ xy¢öìœ „þyœéôé!îþ™îû#“þ„þîû’ þ™îû#Çþyîû î!•Å“þ îû)þ™ !îöìŸ¡ìÐ

~£z þ™îû#Çþy þ™å•!“þîû Ÿ“Åþ £œ õ I01 × I12 × I23 × ....... × In–1,n × Ino 1

öë…yöì̃  Iij £œ ¢‚öìëy† ¢)‰þ„þÐ i  þ!¦þ!_ îŠéîû j  ‰þœ!“þ îŠéîûÐ

‹#î˜•yîûöì’îû îÄëû ¢)‰þ„þ ¢‚…Äy îœöì“þ ~„þ!Ýþ þ™!îû›yþ™ öîyGþyëû ëyîû ›y•Äöì› ”%!Ýþ xyœy”y ¢›öìëû ~„þ£z
îû„þ› “,þ!® œyöì¦þîû ‹˜Ä ²Ìöìëûy‹˜#ëû xöìíÅîû xyöìþ™!Çþ„þ þ™!îû›y’ öëÝþy Ÿ“þ„þîûy £yöìîû ²Ì„þyŸ „þîûy £ëûÐ ~£z
¢)‰þ„þ ¢‚…Äy ¢îÅ”y£z ~„þ!Ýþ !˜!”ÅTþ ö×!’îû ›y %̃öì¡ìîû ‹˜Ä ~î‚ ~„þ!Ýþ !˜!”ÅTþ Þíyöì̃ îû ‹˜Ä †’˜y „þîûy £ëûÐ
xy!íÅ„þ xyëûöì„þ S›‹%!îûöì„þV ‹#î˜•yîûöì’îû îÄëû ¢)‰þ„þ !”öìëû ¦þy† !”öìœ ²Ì„,þ“þ xyëû S›‹%!îûV þ™yçëûy ëyëûÐ

xöì̃ „þ ¢›ëû !¦þ!_ îŠéîû …%î þ™%îûöì̃ y £öìëû ö†öìœ !¦þ!_ îŠéîû þ™!îûî“Åþöì̃ îû ²Ìöìëûy‹˜ ö”…y ö”ëûÐ “þ…˜
˜“%þ˜ ¢)‰þ„þ ¢‚…Äyîû ö×!’ S˜“%þ˜ !¦þ!_ îŠéöìîûîû ¢yöìþ™öìÇþV †’˜y „þîûyîû ¢î öíöì„þ ¢£‹ vþzþ™yëû £œ þ™%îûöì̃ y
¢)‰þ„þ ¢‚…Äy†%!œöì„þ ˜#öì‰þîû †%’˜#ëû„þ !”öìëû †%’ „þîûöìœ£z þ™yçëûy ëyöìîÐ †%’˜#ëû„þ!Ýþ £œ

 
 
 

¢‚ë%!=þ„þîû’ xy¢öìœ ~„þ •îûöì̃ îû !¦þ!_ îŠéîû þ™!îûî“Åþ˜Ð ¢‚ë%!=þ„þîûöì’îû þ™îû ö„þyöì̃ y !˜!jÅTþ ‰þœ!“þ
îŠéöìîûîû ¢)‰þ„þ ¢‚…Äy †’˜y „þîûyîû ‹˜Ä ˜#öì‰þîû ¢)e!Ýþ îÄî£yîû „þîûy £ëûÐ

¢‚ë%!=þ„þîûöì’îû þ™îû ö„þyöì̃ y !˜!”ÅTþ ‰þœ!“þ îŠéöìîûîû ¢)‰þ„þ ¢‚…Äy

–––––––––––––––––––––––––––––––– × ‰þœ!“þ îŠéöìîûîû ¢)‰þ„þ ¢‚…Äy

”y›hßþîû þ™!îûî!_Å“þ £öìœ xy!íÅ„þ ›‹%!îûöì„þ ²Ì„,þ“þ ›‹%!îûöì“þ îû)þ™yhsþ!îû“þ „þîûyîû þ™å•!“þöì„þ£z xîþ™y“þ îœy
£ëûÐ ˜#öì‰þ ¢)öìeîû xy„þyöìîû xîþ™y“þ þ™å•!“þ!Ýþ öîyGþyöì̃ y £œÐ

²Ì„,þ“þ ›‹%!îû –––––––––––––––––––––––––––––– × 100

˜“%þ˜ !¦þ!_ îŠéöìîûîû ‹˜Ä þ™%îûyöì̃ y ¢)‰þ„þ ¢‚…Äy
100

˜“%þ˜ !¦þ!_ îŠéöìîûîû ‹˜Ä þ™%îûyöì̃ y ¢)‰þ„þ ¢‚…Äy
100

xy!íÅ„þ ›‹%!îû
”y›¢)‰þ„þ îy ‹#î˜•yîûöì’îû îÄëû ¢)‰þ„þ
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5.13 x˜%Ÿ#œ˜#

²ÌÙÀ›yœy õ

1. ¢)‰þ„þ ¢‚…Äy îœöì“þ „þ# öîyGþÚ ”y› xyöìþ™!Çþöì„þîû †vþü þ™å•!“þöì“þ „þ#¦þyöìî ”y› ¢)‰þ„þ „þ#¦þyöìî †àþ˜
„þîûy £ëûÚ

2. ”y› ¢)‰þ„þ †àþ˜ „þîûyîû !î!¦þ§¬ þ™å•!“þ†%!œ vþzöìÍÔ… „þîûÐ

3. œy¢öìþ™Äëûyöìîûîû ”y› ¢)‰þ„þ ç þ™y¢éôé~îû ”y› ¢)‰þöì„þîû ›öì•Ä þ™yíÅ„þÄ öîyGþyëûÚ

4. ¦þyîûë%=þ †vþü xyöìþ™!Çþ„þ þ™å•!“þöì“þ ”y› ¢)‰þ„þ †àþ˜ „þöìîû „þ#¦þyöìî ö¢£z ”y› ¢)‰þ„þöì„þ œy¢öìþ™Äëûyîû ç
þ™yöì¢éôé~îû ”y› ¢)‰þöì„þ þ™!îûî!“Åþ“þ „þîûy ëyëû ö”…yçÐ

5. „þyœéôé!îþ™îû#“þ„þîû’ þ™îû#Çþy ç †%’˜#ëû„þ !îþ™îû#“þ„þîû’ þ™îû#Çþy ¢‚öìÇþöìþ™ îÄy…Äy „þîûÐ

6. ¢)‰þ„þ ¢‚…Äyîû îÄî£yîû ç ¢#›yîå•“þy ¢Á™öì„Åþ Ýþ#„þy öœöì…yÐ

²ÌÙÀ›yœy õ

7. ”y› ¢)‰þöì„þîû ö„þy˜ ö„þy˜ ¢)e „þyœéôé!îþ™îû#“þ„þîû’ þ™îû#Çþyëû vþz_#’Å £ëû ²Ì›y’ ¢£ îÄy…Äy „þîûÐ

8. ”y› ¢)‰þöì„þîû ö„þy˜ ö„þy˜ ¢)e †%’˜#ëû„þ !îþ™îû#“þ„þîûöì’îû þ™îû#Çþyëû vþz_#’Å £ëû ²Ì›y’ ¢£ ö”…yçÐ

9. ‹#î˜•yîûöì’îû îÄëû ¢)‰þ„þ „þ#¦þyöìî †àþ˜ „þîûy £ëûÚ ~£z ¢)‰þöì„þîû îÄî£yîû†%!œ „þ# „þ# îÄy…Äy „þîûÐ

10. ˜#öì‰þîû îûy!Ÿ“þíÄ öíöì„þ ”y› ¢)‰þ„þ– †vþü xyöìþ™!Çþ„þ þ™å•!“þöì“þ !˜’Åëû „þîûÐ

(i) †y!’!“þ„þ †vþü ç (ii) †%öì’y_îû †vþü îÄî£yîû „þöìîû

oîÄ !¦þ!_ îŠéöìîûîû ”y› ‰þœ!“þ îŠéöìîûîû ”y›

A 30 48
B 22 44
C 16 40

11. ˜#öì‰þîû îûy!Ÿ“þíÄ öíöì„þ œy¢öìþ™Äëûyöìîûîû ¢)e xîœÁº̃  2011 ¢yöìœîû ”y›¢)‰þ„þ !˜’Åëû „þîû (2000 100)

oîÄ ”y› oöìîÄîû xy!íÅ„þ ›)œÄ
2000 2011 2000

„þ 4 10 200

… 3 8 30

†þ 5 4 20
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12. ˜#öì‰þîû îûy!Ÿ“þíÄ öíöì„þ !šþŸyöìîûîû þ™!îû›y’ ¢)‰þ„þ ¢‚…Äy !˜’Åëû „þîûÐ

2005 2015

oîÄ ”y› þ™!îû›y’ ”y› þ™!îû›y’

X 5 10 4 12
Y 8 6 7 7

Z 6 3 5 4

13. •îûy ëy„þ ö„þyöì̃ y öœyöì„þîû ›y!¢„þ xy!íÅ„þ xyëû 800 Ýþy„þy !Šéœ 2000 ¢yöìœÐ ö„Êþ“þyîû ”y› ¢)‰þ„þ
2000 ¢yöìœ !Šéœ 160. ~…˜ 2010 ¢yöìœ ú ”y› ¢)‰þ„þ î,!å• öþ™öìëû £öìëûöìŠé 200.

~îyîû ú öœyöì„þîû ‹˜Ä „þ“þ ›£y‡Å ¦þy“þy îîûyj „þîûöìœ 2010 ¢yöìœ “þyîû þ™!îû“,þ!® 2000 ¢yöìœîû
¢›y˜ £öìî !˜’Åëû „þîûÐ

14. •îûy ëy„äþ œy¢öìþ™Äëûyöìîûîû ”y› ¢)‰þ„þ ¢‚…Äy õ þ™y¢éôé~îû ”y› ¢)‰þ„þ ¢‚…Äy 28 : 27 ~îyîû ˜#öì‰þîû
îûy!Ÿ“þöìíÄîû x”,ŸÄ ¢‚…Äy!Ýþ †’˜y „þîûÐ

oîÄ !¦þ!_ îŠéîû S2000 ¢yœV ‰þœ!“þ îŠéîû S2010 ¢yœV

”y› þ™!îû›y’ ”y› þ™!îû›y’

X 1 10 2 5
Y 1 5 ? 2

²ÌÙÀ›yœy õ

15. ˜#öì‰þîû îûy!Ÿ“þöìíÄîû ¢y£yöìëÄ 2001 ¢yœ öíöì„þ 2005 ¢yœ þ™ëÅhsþ Ÿ,C!œ“þ ¢)‰þ„þ ¢‚…Äy †àþ˜ „þîû
S!¦þ!_ îŠéîû 2000 ¢yœ 100)

îŠéîû õ 2001 2002 2003 2004 2005

¢‚öìëy† ¢)‰þ„þ õ 110 105 112 115 110

16. „þyœéôé!îþ™îû#“þ„þîû’ þ™îû#Çþy ç †%’˜#ëû„þ !îþ™îû#“þ„þîû’ þ™îû#Çþy†%!œ ¢‚öìÇþöìþ™ îÄy…Äy „þîûÐ ö”…yç öë
œy¢öìþ™Äëûyîû ç þ™yöì¢îû ¢)e ~£z ”%£z þ™îû#Çþyëû vþz_#’Å £ëû ˜y !„þhs$þ !šþŸyöìîûîû ¢)e vþz¦þëû þ™îû#Çþyöì“þ
vþz_#’Å £ëûÐ

17. ˜#öì‰þîû îûy!Ÿ“þöìíÄîû ¢y£yöìëÄ œy¢öìþ™Äëûyîû– þ™y¢– !šþŸyîû– îvþzöìœ ç ›yŸÅyœéôé~‹çëûyíÅéôé~îû ¢)e îÄî£yîû
„þöìîû 2015 ¢yöìœîû ”y›¢)‰þ„þ !˜’Åëû „þîûÐ S!¦þ!_ îŠéîû 2005 100)
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oîÄ ”y› þ™!îû›y’ Skg ö“þV

2015 2005 2015 2005

A 30 20 82 74
B 40 50 140 125
C 60 70 33 40

18. (i) ë!” œy¢öìþ™Äëûyîû ç þ™y¢éôé~îû ”y› ¢)‰þ„þ ëíy„Êþöì› 125·6 ç 154·3 £ëû “þy£öìœ !šþŸyöìîûîû ”y›
¢)‰þ„þ !˜’Åëû „þîûÐ

5.14 @ùÌríþ™!O

1. Mathematics of Statistics Vol. I by John F. Kenney and E.S. Keeping, D. Van
Nostrand, 1947, New York

2. Statistical Methods Vol.I by N.G. Das, Mc Graw–Hill India, 2008
3. Fundamentals of Statistics by S.C. Gupta, Himalaya Publishing House, 2008
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6.17 @ùÌríþ™!O
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6.1 vþzöìjŸÄ

!m‰þœ„þ ¢Á™!„Åþ“þ îûy!Ÿ“þöìíÄîû öÇþöìe xy›îûy ”%!Ýþ !¦þ§¬ ”,!Tþ¦þ!A† öíöì„þ !îöìÙÕ¡ì’ Ÿ%îû% „þ!îûÐ

²Ìí›“þõ xy›îûy x %̃¢r•y˜ „þ!îû öë ”%!Ýþ ‰þœöì„þîû ›öì•Ä ö„þyöì̃ y ÷îû!…„þ ¢Á™„Åþ xyöìŠé !„þ˜yÐ ë!” ö„þyöì̃ y
¢Á™„Åþ íyöì„þ “þöìî ö¢£z ¢Á™öì„Åþîû ‰þ!îûe ö„þ›˜Ð

!m“þ#ëû“þõ ”%!Ýþ ‰þœöì„þîû ›öì•Ä ~„þ!Ýþ ßþºy•#˜ ‰þœ„þ ç xþ™îû!Ýþ !˜¦ÅþîûŸ#œ ‰þœ„þ •öìîû !˜öìëû ~„þ!Ýþ
¢›#„þîûöì’îû ›y•Äöì› ‰þœ„þ ”%!Ýþîû !Þíîû ¢Á™„Åþ !˜•Åy!îû“þ „þ!îûÐ ¢›#„þîû’!Ýþ !˜’Åëû „þîûyîû þ™îû xy›îûy !˜¦ÅþîûŸ#œ
‰þœöì„þîû ›y˜ x˜yëûyöì¢ öîîû „þîûöì“þ þ™y!îû ë!” ßþºy•#˜ ‰þœöì„þîû ›y˜ ö”çëûy íyöì„þÐ ²Ìí› ¢›¢Äy!Ýþöì„þ ¢îûœ
¢£ þ™!îûî“Åþ˜ (Simple Correlation) îœy £ëû xyîû !m“þ#ëû ¢›¢Äy!Ýþöì„þ ¢îûœ ²Ì!“þ†›˜ (Simple
Regression) îœy £ëûÐ

6.2  ²Ìhßþyî˜y

!m‰þœ„þ îûy!Ÿ“þöìíÄ xy›îûy ˜“%þ˜ !„þŠ%é ²ÌöìÙÀîû ¢Á¿%…#˜ ££zÐ öë›˜– ”%!Ýþ ‰þœöì„þîû ›öì•Ä !„þ ö„þy˜ ¢Á™„Åþ
xyöìŠéÚ xíÅyê ë!” ~„þ!Ýþ ‰þœöì„þîû ›y˜ î,!å• þ™yëû Sxíîy £Éy¢ þ™yëûV “þy£öìœ ö¢Ýþy !„þ x˜Ä ‰þœ„þöì„þ
²Ì¦þy!î“þ „þöìîûÚ vþz_îû ë!” £¤Äy £ëû– “þy£öìœ xyîûç ”%!Ýþ ²ÌÙÀéôôôé„þ“þÝþy ²Ì¦þy!î“þ „þöìîû ~î‚ ö„þy˜ x!¦þ›%öì…
²Ì¦þy!î“þ „þöìîûÚ xyîû vþz_îû ë!” ˜y £ëû “þy£öìœ “þyîû ›yöì̃  …%î£z ö¢y‹yéôôôé“þy£öìœ ‰þœ„þ ”%!Ýþîû ›öì•Ä ö„þyöì̃ y
¢Á™„Åþ ö˜£z îœöì“þ £öìîÐ

¢îûœ ¢£ þ™!îûî“Åþöì̃  (Simple Correlation) Ÿ%•%›ye ”%£z ‰þœöì„þîû ¢Á™öì„Åþîû ›yey (degree) „þ“þÝþy
~î‚ ¢Á™öì„Åþîû x!¦þ›%… (direction) !„þ ~Ý%þ„%þ£z ²Ì„þyŸ þ™yëûÐ !„þhs$þ ”%!Ýþ ‰þœöì„þîû ›öì•Ä „þyëÅéôé„þyîû’ ¢Á™„Åþ
(Cause and effect relationship) !˜öì”ÅŸ „þîûy ëyëû ˜yÐ öë›˜ •)›þ™y˜ „þîûy ç š%þ¢š%þöì¢îû „þÄyªyîû
öîûyöì†îû ›öì•Ä ¢Á™öì„Åþîû ›yey …%î£z öî!Ÿ ö”…y ëyëû !„þhs$þ “þyîû öíöì„þ ~Ýþy ²Ì›y’ £ëû ˜y öë •)›þ™yöì̃ îû ‹˜Ä
š%þ¢š%þöì¢îû „þÄyªyîû öîûyöì† xy„Êþyhsþ £öìëûöìŠéÐ

~…˜ ~£z !m‰þœ„þ îûy!Ÿ“þíÄöì„þ öœ…!‰þöìeîû xy„þyöìîû vþzþ™Þíy!þ™“þ „þîûöìœ ~„þ!Ýþ !î!Çþ® !‰þe þ™yçëûy
ëyöìîÐ ë!” ”%!Ýþ ‰þœöì„þîû ›öì•Ä ¢Á™„Åþ íyöì„þ “þöìî !î!Çþ® !‰þöìeîû !î¨%†%!œ ö„þyöì̃ y ¢îûœöìîû…y xíîy ö„þyöì̃ y
î„Êþöìîû…yîû ‰þy!îû!”öì„þ þ™!îûîÄ® íy„þöìîÐ ~£z öîû…y!Ýþöì„þ îœy £ëû ²Ì!“þ†›˜ öîû…y (cruve of regression)Ð

•îûy ëy„äþ ö„þyöì̃ y ßþ%ñöìœîû ¢›hßþ Šéyeöì”îû vþzF‰þ“þy ç ç‹˜ ~îû îûy!Ÿ“þíÄ ¢‚@ùÌ£ „þîûy £œÐ ~£z vþzF‰þ“þy
ç ç‹˜öì„þ£z ”%!Ýþ ‰þœ„þ !£¢yöìî •îûy £öìîÐ ~…˜ !î!Çþ® !‰þe öíöì„þ ë!” ö”…y ëyëû öë vþzF‰þ“þy î,!å•îû ¢öìA†
¢öìA† †vþü ç‹˜ç î,!å• þ™yöìFŠé “þöìî ~„þ!Ýþ ²Ì!“þ†›˜ öîû…y þ™yçëûy ëyöìî ëyîû ¢y£yöìëÄ ö„þyöì̃ y !˜!”ÅTþ
vþzF‰þ“þy !î!ŸTþ Šéyöìeîû ç‹öì̃ îû þ™!îû›yþ™ xy¨y‹ (estimate) „þîûy ¢£‹ £öìîÐ
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6.3  !m‰þœ„þ îûy!Ÿ“þíÄþ

!m‰þœ„þ îy Bivariate îœöì“þ xy›îûy î%!Gþ ö„þyöì̃ y îÄ!=þ îy ö„þyöì̃ y îhß$þîû ”%!Ýþ xyœy”y ÷î!ŸTþÄöì„þÐ ú
”%!Ýþ ÷î!ŸTþÄöì„þ X ç Y ‰þœ„þ !£¢yöìî •îûy £ëûÐ öë›˜ xy›yöì”îû xyöì†îû vþz”y£îûöì’ xy›îûy Šéyeöì”îû vþzF‰þ“þy
ç ç‹˜ ~£z ”%£z ÷î!ŸTþÄöì„þ ”%!Ýþ ‰þœ„þ !£¢yöìî ö”!…öìëû!ŠéÐ •îûy ëy„þ n ¢‚…Ä„þ Šéyöìeîû ‹˜Ä ú ”%£z ‰þœ„þ
vþzF‰þ“þy (X) ~î‚ ç‹˜ (Y) ~£z ”%£z ~îû ›y˜ ¢‚@ùÌ£ „þîûy £œÐ xíÅyê X ‰þœöì„þîû ›y˜ xi i = 1, 2,
3,........, n ~î‚ Y ‰þœöì„þîû ›y˜ yi, i 1, 2, 3,....., n. þ™yçëûy ö†œÐ !m‰þœ„þ îûy!Ÿ“þöìíÄîû vþzþ™Þíyþ™˜y
(xi, yi), i 1, 2, 3,...., n ~£z¦þyöìî £ëûÐ

öœ…!‰þöìe xy›îûy X ‰þœöì„þîû ›y˜†%!œöì„þ x %̃¦)þ!›„þ xöìÇþ (horizontal axis) ~î‚ Y ‰þœöì„þîû ›y˜
†%!œöì„þ vþzÍÔÁº xöìÇþ (Vertical axis) þ™!îû›yþ™ „þöìîû íy!„þÐ ¢y•yîû’ ¦þyöìî X ‰þœ„þ!Ýþöì„þ ßþºy•#˜ ‰þœ„þ
(independent variable) ~î‚ Y ‰þœ„þ!Ýþöì„þ !˜¦ÅþîûŸ#œ ‰þœ„þ (dependent variable) îöìœ ›öì̃  „þîûy
£ëûÐ

!m‰þœ„þ þ™!îû¢‚…Äy !î¦þy‹˜ ~„þ!Ýþ vþz”y£îûöì’îû ¢y£yöìëÄ öîyGþyöì̃ y £œ öë…yöì̃  100 ‹˜ Šéyöìeîû vþzF‰þ“þy
3 ç‹˜ ~„þ!Ýþ þ™!îû¢‚…Äy !î¦þy‹öì̃ îû ›y•Äöì› vþzþ™Þíy!þ™“þ „þîûy £öìëûöìŠéÐ

ç‹˜ Kg ö“þ (y)

vþzF‰þ“þy ö¢.!› ö“þ (x) 55 – 60 60 – 65 65–70 70–75 75–80 ö›yÝþ

150 – 155 1 3 7 5 2 18
155 – 160 2 4 10 7 4 27
160 – 165 1 5 12 10 7 35
165 – 170 – 3 8 6 3 20

ö›yÝþ 4 15 37 28 16 100

6.4 !î!Çþ® !‰þe

!m‰þœ„þ îûy!Ÿ“þöìíÄîû öÇþöìe ‰þœ„þ ”%!Ýþîû ›öì•Ä ¢Á™„Åþ !˜’Åöìëûîû ‹˜Ä xy›îûy !î¨% !‰þöìeîû (Dot Diagram)
¢y£yëÄ !˜öìëû íy!„þÐ •îûy ëy„þ ”%!Ýþ ‰þœ„þ X ~î‚ Y ~îû néôéö‹yvþüy ¢‚†,£#“þ ›y˜†%!œ ëíy„Êþöì› (x1, y1),
(x3, y3),......., (xn yn). ~…˜ öœ…!‰þöìe x˜%¦)þ!›„þ xÇþ îîûyîîû X ‰þœöì„þîû ›y˜ ç vþzÍÔÁº xÇþ îîûyîîû
Y ‰þœöì„þîû ›y˜¢›)£ þ™!îû›yþ™ „þîûy £ëûÐ

~£zîyîû (x1, y1), (x2, y2),......., (x3 y3),....., (xn, yn) ë!” öœ…!‰þöìe vþzþ™Þíy!þ™“þ „þîûy £ëû “þöìî
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n ¢‚…Ä„þ !î¨% þ™yçëûy ëyöìîÐ !m‰þœ„þ îûy!Ÿ“þíÄöì„þ ~£zîû)þ™ !î¨%¢›)öì£îû ›y•Äöì› vþzþ™Þíyþ™˜y „þîûöìœ öë !‰þe
þ™yçëûy ëyëû “þyöì„þ !î!Çþ® !‰þe (scatter diagram) îöìœÐ !î!Çþ® !‰þöìeîû ›y•Äöì› X ç Y ‰þœöì„þîû ›öì•Ä
þ™yîûßþ™!îû„þ ¢Á™„Åþ …%î ¢£öì‹ !îöìÙÕ¡ì’ „þîûy ¢½þî £ëûÐ

Y

X

Y

X

Y

X

Y

X

Y

X

!‰þe 6.1 : !î!Çþ® !‰þeþþ

!‰þe 6·1 (a) !‰þe 6·1 (b)

!‰þe 6·1 (c) !‰þe 6·1 (d)
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!‰þe 6·1 (a) öíöì„þ !‰þe 6·1 (d) þ™ëÅhsþ ‰þyîû!Ýþ !î!Çþ® !‰þöìeîû ›y•Äöì› îûy!Ÿ“þöìíÄîû !î!¦þ§¬ •îû̃
ö”…yöì̃ y £öìëûöìŠéÐ ²Ìí› !“þ˜!Ýþ !‰þöìeîû îûy!Ÿ“þöìíÄ X ç Y ‰þœöì„þîû ›öì•Ä ¢îûœ ÷îû!…„þ ¢Áºr• ²Ì„þy!Ÿ“þ
£öìëûöìŠé xyîû ‰þ“%þíÅ !‰þöìe X ~î‚ Y ‰þœöì„þîû ¢Á™„Åþ î„Êþ÷ìîû!…„þÐ ~Šéyvþüyç xy›îûy ë“þ ²Ìí›– !m“þ#ëû ç
“,þ“þ#ëû !î!Çþ® !‰þöìeîû !”öì„þ ¢îûöì“þ íy„þî “þ“þ X ç Y ‰þœöì„þîû ›öì•Ä ¢Á™öì„Åþîû !˜!îvþü“þy î,!å• þ™yöìîÐ

xíÅyê 6·1 (c) !‰þöìe X ç Y ~îû ›öì•Ä ¢Á™„Åþ ¢îÅyöìþ™Çþy ‡˜Ð

6.5 ¢£ þ™!îûî“Åþ˜

îûy!Ÿ!îKþyöì̃  ¢£ þ™!îûî“Åþ˜ îœöì“þ ”%!Ýþ ‰þœöì„þîû ›öì•Ä þ™yîûßþ™!îû„þ ¢Áºöìr•îû ²Ì„,þ!“þ !˜•Åyîû’ ç !îöìÙÕ¡ì’öì„þ
öîyGþyëûÐ ”%!Ýþ ‰þœ„þ X ç Y ›öì•Ä ¢Áºöìr•îû ²Ì„,þ!“þ ö„þ›˜ “þy !˜’Åëû „þîûyîû ‹˜Ä !î!Çþ® !‰þe îÄî£yîû „þîûy
ëyëÐ ”%!Ýþ ‰þœ„þöì„þ ¢Áºr•ë%=þ îœy ëyöìî ë!” ~„þ!Ýþ ‰þœöì„þîû ›y˜ þ™!îûî!_Å“þ £öìœ xþ™îû ‰þœöì„þîû ›yöì̃ îûç
þ™!îûî“Åþ˜ £ëûÐ

¢£ þ™!îûî“Åþ˜ ¢îûœ÷ìîû!…„þ ~î‚ î„Êþ÷ìîû!…„þ ”%£z£z £öì“þ þ™yöìîûÐ xy›îûy ~…yöì̃  Ÿ%•% ¢îûœ÷ìîû!…„þ ¢£
þ™!îûî“Åþ˜ !˜öìëû xyöìœy‰þ˜y „þîûîÐ

!‰þe 6·2 (a) !‰þe 6·2 (b)

!‰þe 6·2 (c) !‰þe 6·2 (d)

Y

X

•˜yd„þ ¢£ þ™!îûî“Åþ˜ þ™)’Å •˜yd„þ ¢£ þ™!îûî“Åþ˜Y

X

}’yd„þ ¢£ þ™!îûî“Åþ˜ þ™)’Å }’yd„þ ¢£ þ™!îûî“Åþ˜Y

X
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X ‰þœöì„þîû ›y˜ î,!å• öþ™öìœ ë!” Y ‰þœöì„þîû ›y˜ç î,!å• þ™yëû xíîy X ‰þœöì„þîû ›y˜ £Éy¢ öþ™öìœ ë!”
Y ‰þœöì„þîû ›y˜ç £Éy¢ þ™yëû “þy£öìœ ¢£ þ™!îûî“Åþ˜ •˜yd„þ îœy £ëû [!‰þe 6·2 (a)]Ð xþ™îû þ™öìÇþ X
‰þœöì„þîû ›y˜ î,!å• öþ™öìœ ë!” Y ‰þœöì„þîû ›y˜ £Éy¢ þ™yëû xíîy X ‰þœöì„þîû ›y˜ £Éy¢ öþ™öìœ ë!” Y ‰þœöì„þîû
›y˜ î,!å• þ™yëû “þy£öìœ ¢£éôéþ™!îûî“Åþ˜ }’yd„þ îœy £ëû [ !‰þe 6·2 (c)]Ð !‰þe 6·2 (a) ö“þ öë !î!Çþ®
!‰þe ö”…yöì̃ y £öìëûöìŠé “þyîû ¢îûœ÷ìîû!…„þ ²Ìî’“þy îy› !”„þ öíöì„þ vþy˜ !”öì„þ vþzþ™öìîûîû !”„þ !˜öì”ÅŸ „þîûöìŠé
xíÅyê X ç Y ‰þœ„þ ”%!Ýþîû ›y˜ ~„þ£z !”öì„þ þ™!îûî!“þÅ“þ £öìFŠéÐ xþ™îûþ™öìÇþ !‰þe 6·2 (c) ö“þ öë !î!Çþ®
!‰þe ö”…yöì̃ y £öìëûöìŠé “þyîû ¢îûœ÷ìîû!…„þ ²Ìî’“þy îy› !”„þ öíöì„þ vþy˜ !”öì„þ ˜#öì‰þîû !”„þ !˜öì”ÅŸ „þîûöìŠé xíÅyê
X ç Y ‰þœ„þ ”%!Ýþîû ›y˜ !îþ™îû#“þ !”öì„þ þ™!îûî!“þÅ“þ £öìFŠéÐ !‰þe 6·2 (b) ö“þ X ç Y ‰þœ„þ ”%!Ýþîû ²Ì!“þ
ö‹yvþüy ›y˜ xíÅyê (x1, y1), (x2, y2) £z“þÄy!” ~„þ£z |•¹Å›%…# ¢îûœöìîû…yîû vþzþ™îû xîÞíy˜ „þîûöìŠéÐ ~…yöì̃
þ™)’Å •˜yd„þ ¢£ þ™!îûî“Åþ˜ þ™yçëûy ëyëûÐ !‰þe 6·2 (d) ö“þ X ç Y ‰þœ„þ ”%!Ýþîû ²Ì!“þ ö‹yvþüy ›y˜ ~„þ£z
!˜Á¬›%…# ¢îûœöìîû…yîû vþzþ™îû xîÞíy˜ „þîûöìŠéÐ ~…yöì̃  þ™)’Å }’yd„þ ¢£ þ™!îûî“Åþ˜ þ™yçëûy ëyëûÐ !‰þe 6·2
(e) ö“þ !î¨%†%!œ X ç Y ‰þœ„þ”%!Ýþîû ›öì•Ä ö„þyöì̃ y ¢îûœ÷ìîû!…„þ ¢Á™„Åþ !˜öì”ÅŸ „þöìîû ˜yÐ ~öìÇþöìe ‰þœ„þ
”%!Ýþîû ¢Á™„Åþ Ÿ)̃ Ä ¢£þ ™!îûî“Åþ˜ !˜öì”ÅŸ „þöìîûÐ !î!Çþ® !‰þöìeîû ¢y£yöìëÄ X ç Y ‰þœ„þ ”%!Ýþîû ¢£ þ™!îûî“Åþöì̃ îû
•yîû’yîû ~„þÝþy xy¨y‹ þ™yçëûy ëyëû ›yeÐ !˜¦%þÅœ¦þyöìî ¢£ þ™!îûî“Åþ˜ þ™!îû›yþ™ „þîûöì“þ £öìœ ¢£ þ™!îûî“Åþ˜
†%’yöìA„þîû ¢y£yëÄ !˜öì“þ £öìîÐ

6.6 ¢£ þ™!îûî“Åþ˜ †%’yöìA„þîû ¢)e !˜îû)þ™’

!î!Çþ® !‰þöìe (Fig : 6·3) x˜%¦)þ!›„þ xÇþ îîûyîîû X ~îû ›y˜ ~î‚ vþzÍÔÁº xÇþ îîûyîîû Y ~îû ›y˜
†%!œ þ™!îû›yþ™ „þîûy £öìëûöìŠéÐ ›)œ !î¨% (0, 0) ~îû ¢yöìþ™öìÇþ (xi, yi), i 1, 2, 3,....., n !î¨%†%!œ xA„þ˜
„þîûy £öìëûöìŠéÐ •îûy ëy„äþ x ~î‚ y ~îû †vþü ›y˜ £œ x ç y Ð

~£z  ,x y  Þíy˜yA„þ!Ýþöì„þ ˜“%þ˜ ›)œ!î¨% !£¢yöìî •îûy £œÐ ~£z ˜“%þ˜ ›)œ!î¨%  ,x y  ~îû ¢yöìþ™öìÇþ

!‰þe 6·2 (e)

Y

X

Ÿ)̃ Ä ¢£ þ™!îûî“Åþ˜
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 ,i ix y   ö„þ xy›îûy ˜“%þ˜ Þíy˜yA„þ !î¨% îœöìîyÐ xíÅyê i ix x x    ~î‚ .i iy y y  

~…yöì̃  ˜“%þ˜ ”%!Ýþ xÇþ x~î‚ y  ¢Á™)’Å !î!Çþ® !‰þeöì„þ ‰þyîû!Ýþ ¦þyöì† ¦þy† „þöìîûöìŠéÐ

²Ìí› ¦þyöì† (1st Quadrant) 0, 0x y  

!m“þ#ëû ¦þyöì† (2nd Quadrant) 0, 0x y  

“,þ“þ#ëû ¦þyöì† (3rd Quadrant) 0, 0x y  

~î‚ ‰þ“%þíÅ ¦þyöì† (4th Quadrant) 0, 0x y  

~…˜ xy›îûy ë!” ·i i
i
x y   †’˜y „þ!îû !î!Çþ® !‰þöìeîû ¢›hßþ !î¨%îû ‹˜Ä “þy£öìœ ·i ix y   ~îû ›y˜

•˜yd„þ £öìî ë!” öî!Ÿîû ¦þy† !î¨% ²Ìí› ¦þyöì† ~î‚ “,þ“þ#ëû ¦þyöì† xîÞíy˜ „þöìîûÐ xíÅyê x ~î‚ Y ~îû
¢£ þ™!îûî“Åþ˜ •˜yd„þ £öìîÐ

xþ™îûþ™öìÇþ ·i ix y   ~îû ›y˜ }’yd„þ £öìî ë!” öî!Ÿîû ¦þy† !î¨% !m“þ#ëû ¦þy† ~î‚ ‰þ“%þíÅ ¦þyöì†

xîÞíy˜ „þöìîûÐ xíÅyê X ~î‚ Y ~îû ¢£ þ™!îûî“Åþ˜ }’yd„þ £öìîÐ

X(0,0)

3rd 4th

(x, y)

1st

2nd
yl

xl

!‰þe 6·3 !î!Çþ® !‰þöìe ˜“%þ˜ ”%%!Ýþ xöìÇþîû ¢‚öìëy‹˜ £öìëûöìŠéÐ xÇþ  x x x    ~î‚ xÇþ

 y y y    ~î‚ ›)œ !î¨% (0, 0) öíöì„þ ¢öìîû £öìëûöìŠé  ,x y
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xyîû ·i ix y   ~îû ›y˜ Ÿ)̃ Ä £öìî ë!” ¢›y˜ ¢‚…Ä„þ !î¨% ‰þyîû!Ýþ ¦þyöì† ¢›y˜ ¦þyöìî Šé!vþüöìëû íyöì„þÐ

xíÅyê X ~î‚ Y ~î‚ ¢£ þ™!îûî“Åþ˜ Ÿ)̃ Ä £öìîÐ ëyîû xíÅ £œ X ~î‚ Y ~îû ›öì•Ä ö„þyöì̃ y ¢Á™„Åþ£z ö˜£zÐ

¢%“þîûy‚   ·i i i ix y x x y y       ö„þ ¢îûœ ¢£ þ™!îûî“Åþöì̃ îû ~„þ!Ýþ þ™!îû›yþ™ !£¢yöìî •îûy

öëöì“þ þ™yöìîûÐ !„þhs$þ ~…yöì̃  !„þŠ%é ¢#›yîå•“þy xyöìŠéÐ

²Ìí›“þõ ë!” !î!Çþ® !‰þöìe Ÿ%•%›ye !î¨%îû ¢‚…Äy (n) îy!vþüöìëû !”£z “þy£öìœ i ix y   ~îû ›y˜ç î,!å•

þ™yöìîÐ

!m“þ#ëû“þõ i ix y   ~îû ›y˜ X ç Y ‰þœ„þ ”%!Ýþîû ~„þ„þéôé~îû vþzþ™îûç !˜¦ÅþîûŸ#œÐ

²Ìí› ¢›¢Äy!Ýþîû ¢›y•yöì̃ îû ‹˜Ä i ix y   ö„þ n !”öìëû ¦þy† „þîûy £ëûÐ

!m“þ#ëû ¢›¢Äy!Ýþîû ¢›y•yöì̃ îû ‹˜Ä i ix y   ö„þ X ç Y ~îû ¢›„þ þ™yíÅ„þÄöì„þ  ,x y   myîûy ¦þy†

ö”çëûy £ëûÐ

xîöìŸöì¡ì xy›îûy ¢£ þ™!îûî“Åþöì̃ îû ¢!àþ„þ ¢)e þ!˜•Åyîû’ „þîûöì“þ ¢›íÅ ££zÐ

¢îûœ ¢£ þ™!îûî“Åþ˜ 
  i i

xy
x y

x x y y
r n

 


 


~£z ¢)e!Ýþöì„þ Karl Pearson éôé~îû †%’šþœéôé¼y›„þ ¢£ þ™!îûî“Åþ˜ †%’yA„þ (Product-moment
Correlation Co-efficient) îöìœÐ

6.6.1  „þyœÅ !þ™ëûyîû¢öì̃ îû †%’šþœéôé¼y›„þ ¢£ þ™!îûî“Åþ˜ †%’yA„þ

ë!” X ~î‚ Y ”%!Ýþ ‰þœ„þ £ëû ~î‚ n !î¨%îû Þíy˜yöìA„þîû ›y•Äöì› ‰þœ„þ ”%!Ýþîû n ö‹yvþüy ›y˜ öë›˜
(x1,y1), (x2 y2).........(xn, yn) vþzþ™Þíy!þ™“þ „þîûy £ëû “þy£öìœ X ç Y ~îû ¢£ þ™!îûî“Åþ˜ †%’yöìA„þîû ¢)e
£öìî

  
1

1 n

i i
i

xy
x y

x x y yn
r 

 


 



öë…yöì̃  rxy  X ç Y ~îû ¢£ þ™!îûî“Åþ˜ †%’yA„þÐ ,x y  £œ ‰þœ„þ ”%!Ýþîû †y!’!“þ„þ †vþüÐ xíÅyê

1

1·
n

i
i

x xn


   ~î‚ 
1

1·
n

i
i

y yn


   ~î‚ x  ç y  £œ ‰þœ„þ ”%!Ýþîû ¢›„þ þ™yíÅ„þÄÐ
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xíÅyê  
22

21 i i
x i

x x
x xn n n

 
      

 

 

~î‚  
22

21 i i
y i

y y
y yn n n

 
      

 

 

xyîyîû ¢£ ö¦þ”yA„þ     1cov , i ix y x x y yn  

¢£ þ™!îûî“Åþöì̃ îû †%’yöìA„þîû ¢)e!Ýþ ¢£ ö¦þ”yöìA„þîû ¢yöìþ™öìÇþç öœ…y ëyëû 

öëöì£“%þ x ~î‚ y  ¢îÅ”y£z •˜yd„þ– “þy£z ¢£ þ™!îûî“Åþ˜ †%’yA„þ •˜yd„þ £öìî ˜y }’yd„þ £öìî ö¢Ýþy

!˜¦Åþîû „þîûöìî ¢Á™)’Å îû)öìþ™ ¢£ ö¦þ”yA„þ cov (x,y) ~îû vþzþ™îûÐ

ë!” cov (x, y) > 0 £ëû “þöìî rxy > o £öìîÐ

ë!” cov (x, y) < 0 £ëû “þöìî rxy < 0 £öìîÐ

xyîyîû– cov (x, y) 0 £öìœ rxy  0 £öìîÐ

¢£ þ™!îûî“Åþ˜ †%’yöìA„þîû ~£z ¢)e!Ýþöì„þ Karl Pearson ~îû †%’šþœéôé¼y›„þ ¢)e îœy £ëûÐ

†’˜yîû ¢›ëû ~£z ¢)e!Ýþöì„þ ~„þÝ%þ ¢£‹öìîy•Ä ¦þyöìî ˜#öì‰þ öœ…y £œÐ

     

   
 

2 2

1
cov ,

.......... 6·1
1 1

i i
xy

x y
i i

x x y yx y nr
x x y yn x

 
 

 
 


 

 
2 22 2

·
.......... 6·2

·

i i i i

xy

i i i i

x y x y
n n nr

x x y y
n n n n
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xíîy–    
 

2 22 2

·
.......... 6·3i i i i

xy

i i i i

n x y x y
r

n x x n y y




  

  
   

„þyëÅ„þîû# ¢)e (Working Formula)

¢£ þ™!îûî“Åþ˜ †%’yA„þ †’˜y „þîûyîû ¢›öìëû ˜#öì‰þîû ”%£z!Ýþ ¢)e îÄî£yîû „þîûy £ëûÐ

(i)  
2 2

XY
.......... 6·4

X Y
xyr 




 

öë…yöì̃   X x x   ~î‚  Y y y 

(ii) 
  

   
 

2 22 2

XY X Y
...... 6·5

X X Y Y
xy

n
r

n n




  

  
   

öë…yöì̃  X  (x – a) ~î‚ Y  (y – b) a x  ~î‚ b y

vþz”y£îû’ õ 6·1 ˜#öì‰þîû îûy!Ÿ“þöìíÄîû !¦þ!_öì“þ x ç y ‰þœ„þ ”%!Ýþîû ¢£ þ™!îûî“Åþ˜ †%’yA„þ !˜’Åëû „þîûÐ

x : 1 2 3 4 5
y : 6 8 11 8 12

Šé„þ ¢‚…Äy 6·1 ¢£þ™!îûî“Åþ˜ †%’yöìA„þîû †’˜y

x y  x x x   y y y  X2 Y2 XY

3x  9y 

1 6 –2 –3 4 9 6
2 8 –1 –1 1 1 1
3 11 0 2 0 4 0
4 8 1 –1 1 1 –1
5 12 2 3 4 9 6

ö›yÝþ 15 45 0 0 10 24 12

x y 2X 2Y XY
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15 35
x

x n    ~î‚ 45 95
y

y n  

2 2

XY 12 12 12 0·7715·4910· 24 240X Y
xyr     

 
!î„þÒ þ™å•!“þ

Šé„þ ¢‚…Äy 6·2 ¢£ þ™!îûî“Åþ˜ †%’yA„þ †’˜y

x y x2 y2 xy
1 6 1 36 6
2 8 4 64 16
3 11 9 121 33
4 8 16 64 32
5 12 25 144 60
15 45 55 429 149

x y 2x 2y xy

   2 22 2

·
xy

n xy x y
r

n x x n y y




  

  
   

   2 2
5·147 15·45

5·55 15 5·429 45


  

735 675
275 225· 2145 2025


 

6060 60 60 7·74 0.77410 1050· 120 6000 60·10
     

Ýþ#„þy õ ë!” x  ~î‚ y  þ™)’Å ¢‚…Äy £ëû “þy£öìœ „þyëÅÄ„þîû# ¢)e (i) îÄî£yîû „þîûy vþz!‰þê xyîû ë!” x
~î‚ y  ~îû ›y˜ ¦þ@Ày‚öìŸ £ëû “þy£öìœ „þyëÅ„þîû# ¢)e (ii) îÄî£yîû „þîûy vþz!‰þêÐ
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6.6.2  ¢£ þ™!îûî“Åþ˜ †%’yöìA„þîû •›Åyîœ#

¢£ þ™!îûî“Åþ˜ †%’yöìA„þîû •›Å†%!œ !˜Á¬îû)þ™ õ

1. ¢£ þ™!îûî“Åþ˜ †%’yöìA„þîû ö„þyöì̃ y ~„þ„þ ˜y£zÐ ~!Ýþ ~„þ!Ýþ ¢‚…Äy ›yeÐ

2. X ç Y ”%!Ýþ ‰þœöì„þîû ¢£þ™!îûî“Åþ˜ †%’yA„þ X ç Y ~îû ›öì•Ä ²Ì!“þ¢› (Symmetric in X and
Y)Ð xíÅyê rxy  ryx

þ²Ì›y’ õ ¢£ þ™!îûî“Åþ˜ †%’yöìA„þîû ¢)e x˜%ëyëû# 
 cov ,
·xy
x y

x y
r 

   ~î‚ 
 cov ,
·yx
y x

y x
r 

 

öëöì£“%þ       
cov , cov ,

x x y y
x y y x n

 
 

xy yxr r 

3. X ç Y ‰þœ„þ ”%!Ýþîû ¢£ þ™!îûî“Åþ˜ †%’yöìA„þîû þ™îû› ›y˜ ›)œ!î¨%îû (Origin) vþzþ™îû xíîy ›yeyîû
(Scale) vþzþ™îû !˜¦Åþîû „þöìîû ˜yÐ xíÅyê X ~î‚ Y ~îû ›y˜ ë!” ›)œ!î¨%îû þ™!îûî“Åþ˜ ~î‚ ›yeyîû
þ™!îûî“Åþöì̃ îû šþöìœ þ™!îûî!“Åþ“þ £ëû– “þy¢öì_ḉ ¢£ þ™!îûî“Åþ˜ †%’yöìA„þîû ›yöì̃ îû ö„þyöì̃ yîû)þ™ þ™!îûî“þÅ˜ £ëû ˜yÐ

²Ì›y’ õ

•îûy ëy„äþ X ç Y ‰þœöì„þîû n ö‹yvþüy þ™ëÅöìîÇþ’ ö”çëûy xyöìŠéÐ xíÅyê (x1, y1), (x2, y2),.....(xn, yn)
ö”çëûy xyöìŠéÐ ~…˜ X ç Y ‰þœöì„þîû ›)œ!î¨% (0, 0) öíöì„þ ¢!îûöìëû (a, b) !î¨%öì“þ !˜öìëû ëyçëûy £œ ~î‚
›yeyç ëíy„Êþöì› C ~î‚ d ö“þ þ™!îûî!“Åþ“þ £œÐ šþöìœ X ~î‚ Y ‰þœ„þ þ™!îûî!“Åþ“þ £öìëû u ~î‚ v ‰þœöì„þ
îû)þ™yhsþ!îû“þ £œÐ

xíÅyê i
i

x au c


  ~î‚  1,2,....,i
i

y bv i nd


 

öë…yöì̃  a, b, c, d ‰þyîû!Ýþ •Ê%î„þ ~î‚ 0,c  0d 

~…˜– i ix a cu   ~î‚  ........ 1i iy b dv 

x a cu    ~î‚  ...... 2y b d v 

(1) – (2) öíöì„þ þ™y£z–    i ix x c u u    xíîy–    2 22
i ix x c u u  



NSOU  CC-EC-04 225

xíîy– 
   2 2

2i ix x u u
cn n

 
   xíîy– 2 2 2

x uc  

xíîy– x uc  

~„þ£z ¦þyöìî þ™yçëûy ëyöìî– y vd  

~…˜ ¢‚Kþy x˜%¢yöìîû xy›îûy ‹y!˜ 
    1

cov , i i
xy

x y x y

x x y yx y nr
 

 
   



   
 

1 ·
....... 3

·
i i

xy
u v

c u u d v vnr
c d

 
 

 


       , , ,i i i i x y vx x c u u y y d v v d           

xyîyîû– 
    

 
1

cov ,
...... 4

i i
uv

u v u v

u u v vu v nr
 

 
   



¢%“þîûy‚ (3) ç (4) ˜‚ ¢›#„þîû’ ~„þe „þîûöìœ þ™y£z– ·
·xy uv
cdr r
c d



ë!” c ~î‚ d ~„þ£z !‰þ£«ë%=þ £ëû “þöìî 1
·
cd
c d

   £öìî

!„þhs$þ ë!” c ~î‚ d !îþ™îû#“þ !‰þ£«ë%=þ £ëû “þöìî 1
·
cd
c d

   £öìîÐ

xíÅyê c ~î‚ d ›yey ”%!Ýþ ~„þ£z !‰þ£«ë%=þ £öìœ xy uvr r  £öìî–

xyîû c ~î‚ d ›yey ”%!Ýþ !îþ™îû#“þ !‰þ£«ë%=þ £öìœ xy uvr r   £öìîÐ

~îû xíÅ £œ ›)œ!î¨% þ™!îûî“Åþöì̃ îû šþöìœ ~î‚ ›yey ”%!Ýþ þ™!îûî“Åþöì̃ îû šþöìœ X ~î‚ Y ‰þœ„þ ”%!Ýþîû ¢£
þ™!îûî“Åþ˜ †%’yöìA„þîû þ™îû› ›y˜ ~„þ£z íyöì„þÐ

vþz”y£îû’ 6·2 ë!” 0·6xyr   £ëû “þy£öìœ ruv ~îû ›y˜ „þ“þ £öìî †’˜y „þîû– ë…˜
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(i) 3 5,u x  4 3v y 

(ii) 3 5,u x  4 3v y  

¢›y•y˜ õ

(i) 3 5u x   xíÅyê 5
3

ux 

~î‚ 4 3v y   xíÅyê  3
4

v
y

 


~…yöì̃  ›)œ!î¨% (5, –3) ~î‚ ›yey ”%!Ýþ 3 ç 4

öëöì£“%þ ›yey ”%!Ýþ£z •˜yd„þ !‰þ£«ë%=þ ¢%“þîûy‚ xy uvr r  £öìîÐ xíÅyê 0·6uvr 

(ii) 3 5u x   xíÅyê 5
3

ux 

~î‚ 4 3v y    xíÅyê 3
4

vy 


~…yöì̃  ›)œ!î¨% (5, 3) ~î‚ ›yey ”%!Ýþ 3 ç –4

öëöì£“%þ ›yey ”%!Ýþ !îþ™îû#“þ !‰þ£«ë%=þ ¢%“þîûy‚ xy uvr r  £öìîÐ xíÅyê 0·6uvr  

4. ¢£ þ™!îûî“Åþ˜ †%’yöìA„þîû ›y˜ –1 ç +1 ~îû ›yGþy›y!Gþ ‹yëû†yëû xîÞíy˜ „þöìîûÐ xíÅyê 1 1xyr   

X ç Y ‰þœöì„þîû n ö‹yvþüy ›y˜      1 1 2 2, , , ,......, ,n nx y x y x y  ö”çëûy xyöìŠéÐ

•îûy ëy„äþ i
i

x

x xu 


  ~î‚ i
i

y

y yv 




öë…yöì̃  ,x y  ”%!Ýþ ‰þœöì„þîû †y!’!“þ„þ †vþü ~î‚ ,x y   ”%!Ýþ ‰þœöì„þîû ¢›„þéôéþ™yíÅ„þÄ

~…˜ 
 22 2

2
2 2

ii x
i

x x x

x xx x nu n
         

 

x˜%îû)þ™¦þyöìî þ™yçëûy ëyöìî 2
iv n
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  i ii i
i i

x y x y

x x y yx x y yu v
            

 

 cov ,
xy

x y

n x y
nr 

 

öë…yöì̃  rxy £œ X ç Y ‰þœöì„þîû ¢£ þ™!îûî“Åþ˜ †%’yA„þÐ

~…˜–  2 0iu vi 

 2 2 2 0i i i iu v u v   

xíîy– 2 2 2 0i i i iu v u v    

xíîy– 2 0xyn n nr    xíîy– 2 2 0xyn nr 

xíîy–  2 1 0xyn r   xíîy–  1 0xyr   0n 

xíîy–  1..... 1xyr  

x˜%îû)öìþ™  2 0i iu v   xíîy– 2 2 2 0i i i iu v u v    

xíîy– 2 0xyn n nr    xíîy–    2 1 0 0xyn r n   

 1.... 2xyr 

~…˜ (1) ç (2) ¢›#„þîû’mëûöì„þ ~„þe „þîûöìœ þ™y£z 1 1xyr  

xíÅyê ¢£ þ™!îûî“Åþ˜ †%’yA„þ , 1xyr   ~î‚ 1 ~îû ›öì•Ä ö„þyöì̃ y ~„þ Þíyöì̃  xîÞíy˜ „þöìîûÐ

6.6.3  !m‰þœ„þ þ™!îû¢‚…Äy !î¦þy‹öì̃ îû öÇþöìe ¢£ þ™!îûî“Åþ˜ †%’yöìA„þîû †’˜y

Šé„þ ¢‚…Äy õ 6·3 ~„þ!Ýþ !m‰þœ„þ þ™!îû¢‚…Äy !î¦þy‹˜ õ öë…yöì̃  n ¢‚…Ä„þ îÄ!=þîû ‹˜Ä x ç y ~£z
”%£z ÷î!ŸöìTþÄîû S‰þœöì„þîûV þ™!îû¢‚…Äy˜ ö”çëûy £öìëûöìŠé
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  y y0 – y1 y1 – y2 –– yj–1 – yj  –– y1–1 – y1 Total
x
x0 – x1 f11 f12 –– f1j –– f1L f10

x1 – x2 f21 f22 –– f2j –– f2L f20

–– –– –– –– –– –– –– ––
xi–1

 – xi fi1 fi2 –– fij –– fiL fio

–– –– –– –– –– –– –– ––
xk–1 – xk fkl fk2 –– fkj –– fkL fko

Total f01 f02 –– f0j –– fol n

~…yöì̃  þ™!îû¢‚…Äy !î¦þy‹öì̃  ö”…y ëyöìFŠé öë x ‰þœöì„þîû k !Ýþ ö×!’ ~î‚ y ‰þœöì„þîû L !Ýþ ö×!’ xyöìŠéÐ
xi £œ x ö×!’ !î¦þyöì†îû iéôé“þ› ›•Ä›y˜ ~î‚ yj £óœ y ö×!’!î¦þyöì†îû jéôé“þ› ›•Ä›y˜Ð fij £óœ (i, j)
“þ› xyëû“þy„þyîû ‡öìîûîû (cell) þ™!îû¢‚…Äy (frequency) ë…˜ i 1, 2, 3,....,k ~î‚ j 1, 2, 3,.....L.

~…yöì̃  x ç y ~îû ¢£ þ™!îûî“Åþ˜ †%’yöìA„þîû ¢)e £öìî

  

   
11
222 2

0

1

1 1· · ·

i j ij
ij

xy

i i i oj
i j

x x y y fn
r

x x f y y fn n

 

         
     



 

x ç y ‰þœöì„þîû ›y˜†%!œ îvþü £öìœ ›)œ!î¨% ç ›yey þ™!îûî“Åþ˜ „þöìîû u ç v ‰þœöì„þ îû)þ™yhsþ!îû“þ „þîûy

£ëû ë…˜ i
i

x au c


  ~î‚ j
j

y b
v d




öëöì£“%þ ¢£ þ™!îûî“Åþ˜ †%’yA„þ ›)œ!î¨% ç ›yeyîû þ™!îûî“Åþöì̃ îû vþzþ™îû !˜¦Åþîû „þöìîû ˜y– “þy£z ¢)e!Ýþöì„þ
˜#öì‰þîû ›“þç öœ…y ëyëûÐ

   

   
11
22 22

1

1 1· · · ·

i j ij
i j

xy uv

i io j oj
i j

u u v v fn
r r

u u f v v fn n

 

 
         

     



 



NSOU  CC-EC-04 229

11
22

2 2 2 2

·i j ij
i j

i io j oj
i j

u v f nu v

u f nu v f nv




         

     



 

1
2 22 2

2 2

i j ij i io j oj
i j i j

i io i io j oj j oj
i i j j

n u v f u f v f

n u f u f n v f v f



  
       

                          

  

   

ë…˜ i io
i

u u f n
 

   
 
  ~î‚ i oj

j
v v f n

 
 
 
 


,i io
i
u f ,i oj

j
v f 2

i io
i
u f ~î‚ 

2
j oj

j
v f  x!“þ ¢£öì‹£z †’˜y „þîûy ëyëûÐ

!„þhs$þ i
i j

u j ijv f  †’˜y !„þ!Mþ“þ „þTþ„þîûÐ “þy£z ~£z †’˜y ”%£z hßþöìîû „þîûy £ëûÐ

²Ìíöì› jéôéîû ~„þ!Ýþ !˜!”ÅTþ ›yöì̃  Ui ij j
i
u f   !˜’Åëû „þîûy £ëûÐ x“þƒþ™îû j j

j
v u  †’˜y „þîûöìœ£z

i j ij
i j

u v f  !˜’Åëû „þîûy £ëûÐ

!î„þÒ vþzþ™yöìëû– ²Ìíöì› i-~îû ö„þyöì̃ y !˜!”ÅTþ ›yöì̃ îû ‹˜Ä Vj ij i
j
v f   !˜’Åëû „þîûy £ëûÐ x“þƒþ™îû

Vi i
j
u  †’˜y „þîûöìœ£z i j ij

i j
u v f !˜’Åëû „þîûy £ëûÐ

vþz”y£îû’ õ 6.3 ˜#öì‰þîû þ™!îû¢‚…Äy !î¦þy‹˜ öíöì„þ x ç y ‰þœ„þ möìëûîû ¢£ þ™!îûî“Åþ˜ †%’yA„þ !˜’Åëû
„þîûÐ
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x

y 15-20 20-25 25-30 30-35 35-40 ö›yÝþ

0-20 4 2 6

20-40 6 5 3 1 15
40-60 9 4 2 1 16
60-80 7 4 1 12
80-100 1 1

ö›yÝþ 10 23 12 4 1 50

xy›îûy ›)œ!î¨% ç ›yeyîû þ™!îûî“Åþ˜ „þöìîû ˜“%þ˜ ”%£z ‰þœ„þ u ~î‚ v vþzþ™!Þí“þ „þöìîû!ŠéÐ

öë…yöì̃ – 27·5
5

xu   ~î‚ 50
20
yv 

Ýþ#„þy õ vjfij †%!œ †’˜y „þöìîû xyëû“þy„þyîû ‡öìîû þ™!îû¢‚…Äyîû îy› !”öì„þ îr•˜#îû ›öì•Ä îûy…y £öìëûöìŠéÐ uifij
†%!œ †’˜y „þöìîû xyëû“þy„þyîû ‡öìîû þ™!îû¢‚…Äyîû vþy˜ !”öì„þ îr•˜#îû ›öì•Ä îûy…y £öìëûöìŠéÐ

x“þƒþ™îû ~†%!œ öëy† !”öìëû þ™yçëûy ëyöìî Vi ~î‚ Uj xíÅyê Vj ij iv f   ~î‚ Ui ij ju f 

Šé„þ¢‚…Äy õ 6.4  ¢£ þ™!îûî“Åþ˜ †%’yöìA„þîû †’˜y
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„þyëÅ„þîû# ¢)e õ 
2 2 2 2

2 2

V V U

U

i i i j
i i j

xy uv

i io j i oj i
i j j i

n u

r r

n u f n v f V

 

  
        

                          

  

   

   
   2 2

50 30 13 37 1019 109 0 4346 70 50 802181 258150 71 37 50 55 13

    
    

        

6.7 þ¢£ þ™!îûî“Åþ˜ †%’yöìA„þîû îÄî£yîû

¢£ þ™!îûî“Åþ˜ †%’yA„þ ”%!Ýþ ‰þœöì„þîû þ™yîûßþ™!îû„þ ¢Á™öì„Åþîû ²Ì„,þ!“þ ç ‡!˜Ûþ“þyîû ›yeyîû !˜…%¤“þ ¢‚…Äy†“þ
vþzþ™Þíyþ™˜Ð

”%!Ýþ ‰þœ„þ ë…˜ ‡!˜Ûþ¦þyöìî ¢Á™„Åþë%=þ £ëû– “þ…˜ ~„þ!Ýþ ‰þœöì„þîû ›y˜ ‹y˜y íy„þöìœ xþ™îû ‰þœ„þ!Ýþîû
¢½þyîÄ ›y˜ !˜’Åëû „þîûy ëyëûÐ !„þhs$þ ~öìÇþöìe ²Ì!“þ†›˜ ¢›#„þîû’!Ýþöì„þ îÄî£yîû xîŸÄ½þyî# £öìëû þ™öìvþüÐ ¢£
þ™!îûî“Åþöì̃ îû ›y˜ •˜yd„þ £öìœ x ç y ~îû ›öì•Ä ¢îûy¢!îû ¢Áºr• xyöìŠé îöìœ ›öì̃  „þîûy £ëûÐ xíÅyê x ~îû
›y˜ S£Éy¢V î,!å• öþ™öìœ y ~îû ›y˜ç î,!å• S£Éy¢V þ™yöìîÐ

!„þhs$þ ¢£ þ™!îûî“Åþöì̃ îû ›y˜ ë!” }’yd„þ £ëû “þöìî x ç y ~îû ›öì•Ä !îþ™îû#“þ ¢Á™„Åþ xyöìŠé îöìœ •îûy
£ëûÐ

îÄî¢y îy!’öì‹Äîû öÇþöìe ¢£ þ™!îûî“Åþ˜ •yîû’y!Ýþîû ›y•Äöì› vþzêþ™y”˜ îÄëû– !î„Êþöìëûîû þ™!îû›y’– ”y› ç
x˜Äy˜Ä xy!íÅ„þ ‰þœöì„þîû ›öì•Ä ¢Áºr• !˜’Åëû „þîûy ëyëûÐ !ŸÇþy“þ_ ́ç ›˜hßþöì_î́û !î!¦þ§¬ x¦þ#Çþyîû ëíyíÅ“þy
ç !îÙ»hßþ“þy !˜’Åöìëû ¢£ þ™!îûî“Åþ˜ †%’yA„þ îÄî£yîû „þîûy £ëûÐ

þ™!îûöìîŸ !îKþyöì̃ îû „Êþ›y†“þ x@ùÌ†!“þîû šþöìœ ²Ìy„,þ!“þ„þ !î!¦þ§¬ vþzþ™y”y˜ ~î‚ Ÿ!=þîû ›öì•Ä þ™yîûßþ™!îû„þ
¢Áºöìr•îû vþzþ™îû †öìî¡ì’yëû ¢£éôéþ™!îûî“Åþ˜ †%’yöìA„þîû xî”y˜ xßþº#„þyîû „þîûyîû vþzþ™yëû ö˜£zÐ

6.8 þ¢£ þ™!îûî“Åþ˜ †%’yöìA„þîû ¢#›yîå•“þy

1. ”%!Ýþ ‰þœ„þ x ~î‚ y ~îû ›öì•Ä ¢Á™„Åþ ¢îûœ÷ìîû!…„þ ˜y £öìœ ¢£þ ™!îûî“Åþ˜ †%’yöìA„þîû ›y˜ Ÿ)̃ Ä £öìîÐ
xíÅyê ”%!Ýþ ‰þœöì„þîû ›öì•Ä ö„þyöì̃ y ¢Á™„Åþ ˜y íy„þöìœ ¢£ þ™!îûî“Åþ˜ †%’yöìA„þîû ›y˜ Ÿ)̃ Ä £öìî !„þhs$þ ”%!Ýþ
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‰þœöì„þîû ¢£ þ™!îûî“Åþ˜ †%’yA„þ Ÿ)̃ Ä £öìœ ²Ì›y’ £ëû ˜y öë “þyöì”îû ›öì•Ä ö„þyöì̃ y ¢Á™„Åþ ö˜£zÐ

2. ë!” ¢›@ùÌ„þ (population) ~îû xyëû“þ˜ …%î îvþü £ëû “þöìî “þyîû öíöì„þ ˜›%̃ y ¢‚@ùÌ£ „þöìîû ¢£
þ™!îûî“Åþ˜ †%’yA„þ !˜’Åëû „þîûy £öìœ ö¢£z ~„þ£z ¢£ þ™!îûî“Åþ˜ †%’yA„þ ¢›@ùÌöì„þîû öÇþöìe ²Ìöìëy‹Ä ˜yç £öì“þ
þ™yöìîûÐ

3. ¢£ þ™!îûî“Åþ˜ †%’yöìA„þîû ›y•Ä› ö„þyöì̃ y ”%!Ýþ ‰þœöì„þîû ¢Á™öì„Åþîû ›yey !˜îû)þ™’ „þîûy £ëûÐ !„þhs$þ “þyîû
öíöì„þ “þyöì”îû ›öì•Ä ö„þyöì̃ y „þyëÅ„þyîû’ ¢Á™„Åþ xyöìŠé !„þ˜y ö¢Ýþy îœy ¢½þî £ëû ˜yÐ

4. ”%!Ýþ ‰þœöì„þîû ›öì•Ä ¢£éôéþ™!îûî“Åþ˜ †%’yA„þ …%î£z öî!Ÿ £öìœç xöì̃ „þ öÇþöìe ö”…y ëyëû öë ~£z ”%£z
‰þœöì„þîû ›öì•Ä ö„þyöì̃ y ¢Á™„Åþ£z ö˜£zÐ ~£z •îûöì̃ îû ¢Á™„Åþöì„þ îœy £ëû xíÅ£#˜ ¢Á™„Åþ (non sense
correlation or spurious correlation)Ð vþz”y£îû’ßþºîû)þ™ îœy ëyëû ~„þÝþy ßþ%ñöìœîû Šéyeöì”îû î%!å•›_y ç
“þyöì”îû ‹%öì“þyîû ›yþ™ ~£z ”%£z ÷î!ŸöìTþÄîû S‰þœöì„þîûV ›öì•Ä …%î£z !˜!îvþü ¢Á™„Åþ xyöìŠé ›öì̃  £öìî „þyîû’ “þyöì”îû
¢£ þ™!îûî“Åþ˜ †%’yöìA„þîû ›y˜ …%î öî!Ÿ £ëûÐ !„þhs$þ ¢y•yîû’ ”,!Tþ¦þ!A†öì“þ xy›îûy ‹y!˜ ~£z ”%£z ÷î!ŸöìTþÄîû
›öì•Ä ö„þyöì̃ y †¦þ#îû ¢Á™„Åþ ö”…y ö†öìœ ö¢Ýþy £öìî xíÅ£#˜ ¢Á™„ÅþÐ xy¢öìœ î%!å•›_y (intelligence)
ç ‹%öì“þyîû ›yþ™ (shoe size) ~£z ”%!Ýþ ‰þœ„þ ~„þ!Ýþ “,þ“þ#ëû ‰þœöì„þîû ¢öìA† ¢Á™„þÅë%=þÐ ö¢£z “,þ“þ#ëû ‰þœ„þ
£œ Šéyeöì”îû îëû¢Ð îëûöì¢îû ¢öìA† î%!å•›_y îyöìvþü xyîyîû îëûöì¢îû ¢öìA† ‹%öì“þyîû ›yþ™ îyöìvþü !„þhs$þ î%!å•›_y
ç ‹%öì“þyîû ›yöìþ™îû ¢Á™„Åþ ¢Á™)’Å xíÅ£#˜Ð

6.9 þ¢y!îûîå• ¢£ þ™!îûî“Åþ˜

ë!” ”%!Ýþ ‰þœöì„þîû ›yöì̃ îû î”öìœ „Êþ› ¢‚…Äy ö”çëûy íyöì„þ “þy£öìœ ¢£ þ™!îûî“Åþ˜ †%’yöìA„þîû †%’šþœéôôôé¼y›„þ
¢)e!Ýþ îÄî£yîû „þîûy ëyëû ˜yÐ öë›˜ •îûy ëy„þ 10 ‹˜ Šéyöìeîû xA„þ ç £z‚îûy!‹ þ™îû#Çþyîû šþœ ˜Áºöìîûîû
!¦þ!_öì“þ ˜y !”öìëû „Êþ› (rank) x˜%ëyëû# ö”çëûy £öìëûöìŠéÐ ~…yöì̃  †%’šþœéôé¼y›„þ ¢)e!Ýþ îÄî£yîûöìëy†Ä ˜ëûÐ
~îû ‹˜Ä ¢y!îûîå• ¢£ þ™!îûî“Åþ˜ þ™å•!“þ ²Ìöìëûy† „þîûöì“þ £ëûÐ

xyîyîû †%’îy‰þ„þ (attributes) ”%!Ýþ ‰þœöì„þîû þ™yîûßþ™!îû„þ ¢Á™„Åþ †’˜y „þîûöì“þ £öìœ †%’šþœéôé¼y›„þ
¢)e!Ýþ îÄî£yîû „þîûy ëyëû ˜yÐ öë›˜ „þöìëû„þ‹˜ !îöì„Êþ“þyîû î%!å•›_y ç „þ›Å!˜þ™%’“þyîû ›öì•Ä ¢Á™„Åþ !˜’Åëû
„þîûöì“þ £öìœç ¢y!îûîå• ¢£ þ™!îûî“Åþ˜ þ™å•!“þ (Rank correlation) îÄî£yîû „þîûy £ëûÐ ~£z þ™å•!“þöì“þ 1,
2, 3, 4 £z“þÄy!” ¢‚…Äy îÄî£yîû „þöìîû ‰þœ„þ ”%!Ýþîû „Êþ› x˜%ëyëû# xîÞíyöì̃ îû !¦þ!_öì“þ ”%!Ýþ ö×!’ ÷“þîû# „þîûy
ëyëûÐ „Êþ› x˜%ëyëû# ²Ìy® ”%!Ýþ ö×!’îû ¢£ þ™!îûî“Åþ˜ †%’yA„þöì„þ ¢y!îûîå• ¢£ þ™!îûî“Åþ˜ †%’yA„þ (Rank
Correlation Co-efficient) îœy £ëûÐ Edward Spearman ~£z †%’yöìA„þîû ~„þ!Ýþ ¢)e !”öìëûöìŠé˜
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öë…yöì̃  d ö„þyöì̃ y þ™öì”îû ”%!Ýþ ¢y!îûöì“þ „Êþ› x˜%ëyëû# xîÞíyöì̃ îû xhsþîû ~î‚ n ²Ìöì“þÄ„þ!Ýþ ¢y!îûîû
ö›yÝþ þ™”¢‚…ÄyÐ

~£z ¢y!îûîå• ¢£ þ™!îûî“Åþ˜ †%’yöìA„þîû ›y˜ –1 ~î‚ 1 ~îû ›öì•Ä íyöì„þÐ

xíÅyê R1 1r   

rR  1 £ëû ë…˜ ”%!Ýþ ¢y!îûöì“þ „Êþ› x %̃ëyëû# ²Ìöì“þÄ„þ þ™öì”îû xîÞíy˜ ~„þ£z íyöì„þÐ

rR – 1 £ëû ë…˜ „Êþ› x˜%ëyëû# ²Ìöì“þÄ„þ þ™öì”îû xîÞíy˜ ”%£z ö×!’öì“þ !îþ™îû#“þ›%…# „Êþöì› íyöì„þÐ xíÅyê
~„þ!Ýþ ö×!’öì“þ öë þ™”!Ýþ „Êþ› x˜%ëyëû# ²Ìí› £ëû x˜Ä ö×!’öì“þ ö¢£z þ™”!Ýþ „Êþ› x %̃ëyëû# ¢îyîû öŸöì¡ì
íyöì„þÐ

îr•˜ë%=þ „Êþ›

îûy!Ÿ“þöìíÄîû ö×!’ ”%!Ýþöì“þ „þ…˜ç „þ…˜ç ö”…y ëyëû öë ”%£z îy “þöì“þy!•„þ þ™” ~„þ£z þ„Êþöì›îû x!•„þyîû#Ð
~£z •îûöì̃ îû ¢›¢Äyîû ˜y› £œ òîr•˜ë%=þ „Êþ›óÐ ~îû ¢›y•yöì̃ îû ‹˜Ä ú þ™”†%!œöì„þ– ëyöì”îû „Êþ›¢‚…Äy ~„þ£z
þ™yçëûy ëyöìFŠé “þyöì”îû ²Ìöì“þÄ„þöì„þ ~„þ!Ýþ †vþü „Êþ›¢‚…Äy ²Ì”y˜ „þîûy £ëûÐ öë›˜ •îûy ëy„þ ~„þ!Ýþ þ™îû#Çþyëû
!“þ˜!Ýþ Šéye ¢öìîÅyF‰þ ˜Áºîû þ™yçëûyîû ¢%îyöì” !“þ˜‹˜£z ²Ìí› Þíy˜ x!•„þyîû „þöìîûöìŠéÐ ~…˜ “þyöì”îû †vþü „Êþ›

¢‚…Äy £öìî 1 2 3 6 23 3
   

xíÅyê !“þ˜!Ýþ Šéyöìeîû ²Ìöì“þÄöì„þîû „Êþ›¢‚…Äy £öìî ‘2’.

~£zîû)þ™ îr•˜ë%=þ „Êþ› íy„þöìœ ¢y!îûîå• ¢£ þ™!îûî“Åþ˜ †%’yA„þ !˜Á¬!œ!…“þ ¢)öìeîû ¢y£yöìëÄ !˜’Åëû „þîûy £ëû õ

 
 2 3

R tied 3

6 12
1

i i id t t
r

n n

    


 

~…yöì̃  d ”%!Ýþ ö×!’îû þ™”†%!œîû „Êþ›¢‚…Äyîû xhsþîû

n ²Ìöì“þÄ„þ!Ýþ ¢y!îûîû ö›yÝþ þ™”¢‚…Äy

t  vþz¦þëû ö×!’öì“þ ö„þy˜ þ™” îr•˜ë%=þ „Êþ› xîÞíyëû íy„þöìœ “þyöì”îû ¢‚…Äy

vþz”y£îû’ 6·4 : ö„þyöì̃ y þ™îû#Çþyëû 10 ‹˜ Šéye xA„þ ç xíÅ̃ #!“þ !î¡ìöìëû !˜Á¬!œ!…“þ ˜Áºîû öþ™öìëûöìŠéÐ
“þyöì”îû ¢y!îûîå• ¢£ þ™!îûî“Åþ˜ †%’yA„þ !˜’Åëû „þîûÐ

Šéye õ 1 2 3 4 5 6 7 8 9 10

xöìA„þîû ˜Áºîû õ 90 30 82 45 32 65 40 88 73 66

xíÅ̃ #!“þîû ˜Áºîû õ 85 42 75 68 45 63 60 90 62 58
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¢›y•y˜ õ Šé„þ ¢‚…Äy õ 6·5 ¢y!îûîå• ¢£ þ™!îûî“Åþ˜ †%’yA„þ †’˜y

xA„þ xíÅ̃ #!“þ „Êþöì›îû xhsþîû
Šéye ˜Áºîû „Êþ› ¢‚…Äy (x) ˜Áºîû „Êþ›¢‚…Äy (y) d  (x – y) d2

1 90 1 85 2 –1 1
2 30 10 42 10 0 0
3 82 3 75 3 0 0
4 45 7 68 4 3 9
5 32 9 45 9 0 0
6 65 6 63 5 1 1
7 40 8 60 7 1 1
8 88 2 90 1 1 1
9 73 4 62 6 –2 4
10 66 5 58 8 –3 9

Total – – – – – 2 26d 

¢y!îûîå• ¢£ þ™!îûî“Åþ˜ †%’yA„þ 
2

R 3
6

1
d

r
n n

 




3
6 26 156 261 1 990 16510 10
    


1 0·16 0·84  
vþz”y£îû’ õ 6·5 Sîr•˜ë%=þ „Êþ›V

˜#öì‰þîû îûy!Ÿ“þíÄ öíöì„þ ¢y!îûîå• ¢£ þ™!îûî“Åþ˜ †%’yA„þ !˜’Åëû „þîûÐ

A ö×!’ 29 32 45 67 56 36 45

B ö×!’ 56 40 52 68 40 72 40

¢›y•y˜ õ A ö×!’öì“þ ¢öìîÅyF‰þ ˜Áºîû £œ 67 ¢%“þîûy‚ ú ˜Áºöìîûîû „Êþ›¢‚…Äy £œ 1. ~îûþ™îû !m“þ#ëû
¢öìîÅyF‰þ ˜Áºîû £œ 56 ¢%“þîûy‚ ú ˜Áºöìîûîû „Êþ›¢‚…Äy £öìî 2. “,þ“þ#ëû ¢öìîÅyF‰þ ˜Áºîû £œ 45; !„þhs$þ 45 ”%£z
îyîû xyöìŠéÐ

¢%“þîûy‚ ~£z ”%£z þ™öì” öë…yöì̃  öë…yöì̃  45 ˜Áºîû xyöìŠé ö¢…yöì̃  †vþü „Êþ›¢‚…Äy £öìî 3 4 7 3·52 2
  

îy„þ# ˜Áºîû†%!œîû „Êþ›¢‚…Äy x˜%îû)þ™¦þyöìî !˜îû)þ™’ „þîûöì“þ £öìîÐ
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B ö×!’öì“þ 72 ¢öìîÅyF‰þ ˜Áºîû ¢%“þîûy‚ ~!Ýþîû „Êþ›¢‚…Äy £öìî 1. ~£z¦þyöìî 68 ˜Áºöìîûîû „Êþ›¢‚…Äy £öìî
2. ~„þ£z¦þyöìî 56 ˜Áºöìîûîû „Êþ› £öìî 3. ú¦þyöìî 52˜Áºöìîûîû „Êþ› £œ 4. 40 ˜Áºîû ëyîû þ™Mþ› Þíy˜ þ™yçëûyîû
„þíy– !„þhs$þ öëöì£“%þ 40 ˜Áºîû !“þ˜ îyîû xyöìŠé “þy£z 40 ˜Áºîû þ™Mþ›– ¡ìÛþ ç ¢®› Þíy˜ x!•„þyîû „þîûöìîÐ
xîöìŸöì¡ì îr•˜ë%=þ „Êþöì›îû !˜ëû› x˜%ëyëû# 40 ˜Áºîûöì„þ xy›îûy ~„þÝþy îvþü „Êþ› ¢‚…Äyîû îÄîÞíy „þîûîÐ

xíÅyê 5 6 7 18 63 3
   

40 ˜Áºöìîûîû ‹˜Ä !“þ˜ ‹yëû†yëû „Êþ›¢‚…Äy 6î¢öìîÐ

Šé„þ¢‚…Äy 6·6 ¢y!îûîå• ¢£ þ™!îûî“Åþ˜ †%’yA„þ †’˜y

ö×!’ A ö×!’ B „Êþ› ¢‚…Äyîû xhsþîû

˜Áºîû „Êþ›¢‚…Äy (x) ˜Áºîû „Êþ›¢‚…Äy (y) d  (x – y) d2

29 7 56 3 4 16
32 6 40 6 0 0
45 3·5 52 4 –0·5 0·25
67 1 68 2 –1 1
56 2 40 6 –4 16
36 5 72 1 4 16
45 3·5 40 6 –2·5 6·25

ö›yÝþ – – – – – 2 55·5d 
¢y„%þöìÍÔ ~…yöì̃  ”%!Ýþ ö×!’öì“þ SA ~î‚ B) ”%îyîû îr•˜ë%=þ „Êþöì›îû ¢Á¿%…#˜ £öì“þ £öìëûöìŠéÐ A ö×!’öì“þ

”%!Ýþ ˜Áºöìîûîû „Êþ›¢‚…Äy ~î‚ B ö×!’öì“þ !“þ˜!Ýþ ˜Áºöìîûîû „Êþ›¢‚…Äy îr•˜ë%=þ þ™yçëûy ö†öìŠéÐ

¢%“þîûy‚ t 2 ~î‚ 3

 3
3 32 2 3 3 0·5 2 2·512 12 12

t t       


   tied

32

R 2

6 12
1

1

t td
r

n n
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 2

6 55·5 2·5
1

7 7 1


 



6 581 1 1·036 0·0367 48
     


6.10 þ¢y!îûîå• ¢£ þ™!îûî“Åþ˜– †%’yöìA„þîû ¢%!î•y ç x¢%!î•y

¢%!î•y õ

1. ¢y!îûîå• ¢£éôéþ™!îûî“Åþ˜ †%’yA„þ !˜’Åëû „þîûy “%þœ˜y›)œ„þ ¦þyöìî †%’šþœéôé¼y›„þ ¢£ þ™!îûî“Åþ˜ †%’yöìA„þîû
öíöì„þ ¢£‹Ð !„þhs$þ ë!” ”%£z!Ýþ ‰þœöì„þîû ›y˜ ö”çëûy íyöì„þ “þöìî ~£z ”%£z þ™å•!“þöì“þ †%’yA„þ !˜’Åëû „þîûöìœ ö”…y
ëyöìî öë ”%£z!Ýþ †%’yöìA„þîû ›y˜ ¢›y˜Ð “þöìî xîŸÄ ö„þyöì̃ y þ™öì” îr•˜ë%=þ „Êþöì›îû ¢›¢Äy ˜y íy„þöìœ “þöìî£z
~£z ›y˜ ”%!Ýþ ¢›y˜ £öìîÐ

2. †%’îy‰þ„þ îûy!Ÿ“þíÄ (Attributes) öë›˜ ¢“þ“þy– î%!å•›_y– ”Çþ“þy £z“þÄy!” ‰þœ„þ ëyöì”îû ¢‚…Äy myîûy
þ™!îû›yþ™ „þîûy ëyëû ˜y ö¢ ¢î öÇþöìe ¢y!îûîå• ¢£þ™!îûî“Åþ˜ †%’yA„þ !˜’Åëû „þîûy£z ~„þ›ye vþzþ™yëûÐ

3. ë!” ¢!àþ„þ îûy!Ÿ“þíÄ ‹y˜y ˜y íyöì„þ xí‰þ „Êþ› x %̃ëyëû# „Êþ›¢‚…Äy ö”çëûy íyöì„þ– “þ…˜ xy›îûy
x˜yëûyöì¢ ¢y!îûîå• ¢£ þ™!îûî“Åþ˜ †%’yA„þ !˜’Åëû „þîûöì“þ þ™y!îûÐ

4. xyîyîû îûy!Ÿ“þíÄ ‹y˜y íy„þöìœç ‰þœ„þ ”%!Ýþîû ¢Á™öì„Åþîû !˜!îvþü“þyîû ~„þÝþy xy¨y‹ öþ™öì“þ ¢y!îûîå•
¢£ þ™!îûî“Åþ˜ †%’yA„þ îÄî£yîû „þîûy £ëûÐ

x¢%!î•y õ

1. ö×!’îå• !m‰þœ„þ þ™!îû¢‚…Äy !î¦þy‹öì̃ îû öÇþöìe ~£z þ™å•!“þöì“þ ¢£ þ™!îûî“Åþ˜ †%’yöìA„þîû ›y˜ !˜’Åëû
„þîûy ëyëû ˜yÐ

2. þ™” ¢‚…Äy ë!” …%î öî!Ÿ £ëû S30 ~îû öî!ŸV “þy£öìœ ¢y!îûîå• ¢£ þ™!îûî“Åþ˜ †%’yA„þ !˜’Åëû „þîûy
öîŸ „þTþ¢y•Ä îÄyþ™yîû £öìëû vþzöìàþÐ

6.11 þ¢îûœ ²Ì!“þ†›˜ !îöìÙÕ¡ì’þ

”%£z!Ýþ ‰þœ„þ ë!” ¢Á™„Åþë%=þ £ëû “þöìî ~„þ!Ýþ ‰þœöì„þîû ö„þyöì̃ y !˜!jÅTþ ›yöì̃ îû ‹˜Ä xþ™îû!Ýþîû †vþü ›y˜
†’˜y „þîûy ëyëûÐ ²Ìí› ‰þœ„þ!Ýþ ëyîû !˜!”ÅTþ ›y˜ ö”çëûy xyöìŠé ö¢!Ýþöì„þ ßþºy•#˜ ‰þœ„þ (Independent
Variable) îœy £ëû xyîû xþ™îû ‰þœ„þ!Ýþöì„þ !˜¦ÅþîûŸ#œ ‰þœ„þ (Dependent Variable) îœy £ëû ëyîû ›y˜
x˜%›y˜ (estimate) „þîûy ¢½þîÐ

!m‰þœ„þ îûy!Ÿ“þöìíÄîû vþzþ™îû !¦þ!_ „þöìîû é‰þœ„þ ”%!Ýþîû þ™yîûßþ™!îû„þ ¢Á™„Åþ ~„þ!Ýþ ¢›#„þîûöì’îû ›y•Äöì›
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²Ì„þyŸ „þîûy £ëûÐ •îûy ëy„äþ x £öìFŠé ßþºy•#˜ ‰þœ„þ ç y £öìFŠé !˜¦ÅþîûŸ#œ ‰þœ„þÐ xíÅyê x ~îû ö„þyöì̃ y !˜!jÅTþ
›yöì̃ îû ‹˜Ä y ~îû †vþü ›y˜ x˜%›y˜ „þîûy ¢½þî £öìî ú ¢›#„þîûöì’îû ›y•Äöì›Ð ›öì̃  „þîûy ëy„äþ x ~î‚ y
~îû ¢Á™„Åþ !˜Á¬!œ!…“þ ¢›#„þîûöì’îû ›y•Äöì› vþzþ™Þíy!þ™“þ £ëûÐ

y a bx..........(1)

~…˜ x ~îû ›y˜ ë!” !˜!”ÅTþ „þîûy £ëû •îûy ëy„þ x  xo “þy£öìœ y ~îû †vþü ›y˜ öëÝþy þ™)îÅy¦þy¢
(prediction) !£¢yöìî •îûy £öìî ö¢Ýþy £œ

a bxo

¢›#„þîû’ (1) £öìî ²Ì!“þ†›˜ þ¢›#„þîû’ (Regression Equation)Ð

›öì̃  „þîûy ëy„äþ xy›îûy ~„þ!Ýþ ßþ%ñöìœîû ¢î Šéyöìeîû vþzF‰þ“þy ç ç‹öì̃ îû îûy!Ÿ“þíÄ ¢‚@ùÌ£ „þöìîû!ŠéÐ ~îyîû
~£z vþzF‰þ“þy ç ç‹˜†%!œ xy›îûy ~„þ öœ…!‰þöìe vþzþ™Þíyþ™˜ „þöìîû!ŠéÐ šþöìœ xy›îûy ~„þÝþy !î!Çþ® !‰þe
(Scatter Diagram) þ™yî öë…yöì̃  (xi, yi) SvþzF‰þ“þy– ç‹˜V Þíy˜yA„þ†%!œ x¢‚…Ä !î¨% !˜öì”ÅŸ „þöìîû
öë†%!œ !î!Çþ® !‰þöìe vþzþ™Þíy!þ™“þ £öìëûöìŠéÐ ö„þyöì̃ y !˜!”ÅTþ vþzF‰þ“þyîû ›yöì̃ îû ‹˜Ä xöì̃ „þ†%!œ ç‹öì̃ îû ›y˜
þ™yçëûy ëyöìî xyîyîû xþ™îûþ™öìÇþ ö„þyöì̃ y !˜!”ÅTþ ç‹öì̃ îû ›yöì̃ îû ‹˜Ä xöì̃ „þ†%!œ vþzF‰þ“þyîû ›y˜ þ™yçëûy
ëyöìîÐ ~£z vþzF‰þ“þyîû þ™!îûî“Åþ˜Ÿ#œ“þy xíîy ç‹öì̃ îû þ™!îûî“Åþ˜Ÿ#œ“þy ›)œ“þ Šéye†%!œîû !î!¦þ§¬“þyîû ‹˜Ä
£ëûÐ xíÅyê ö„þyöì̃ y x˜˜Ä (unique) ¢Á™„Åþ ²Ì„,þ“þ vþzF‰þ“þy ç ²Ì„,þ“þ ç‹öì̃ îû ›öì•Ä xyŸy „þîûy ëyëû ˜yÐ
!„þhs$þ þ™ëÅöìîÇþ’ „þîûöìœ ö”…y ëyöìî öë ë!” vþzF‰þ“þy î,!å• þ™yëû “þy£öìœ †vþü ç‹öì̃ îû ›y˜ç î,!å• þ™yöìîÐ
!î!¦þ§¬ vþzF‰þ“þyîû ›yöì̃ îû ‹˜Ä ç‹öì̃ îû †vþü ›y˜†%!œîû ¢Mþyîûþ™í (locus) ö„þ£z ²Ì!“þ†›˜ öîû…y îœy £ëûÐ
•îûy ëy„äþ ~£z ²Ì!“þ†›˜ öîû…yîû „þyëÅ„þîû# ¢›#„þîû’ (functional equation) y  f (x)Ð

~Šéyvþüyç xyîûç ~„þ!Ýþ ²Ì!“þ†›˜ öîû…y ~£z !î!Çþ® !‰þöìe þ™yçëûy ëyëû ö¢!Ýþ £œ !î!¦þ§¬ ç‹öì̃ îû ›yöì̃ îû

‹˜Ä vþzF‰þ“þyîû †vþü ›y˜†%!œîû ¢Mþyîûþ™íÐ ~£z ¢Mþyîûþ þ™öìíîû „þyëÅ„þîû# ¢›#„þîû’ £öìî  x y   •îûy ëy„äþ

”%£z!Ýþ ¢Mþyîûþ™í£z ¢îûœ÷ìîû!…„þÐ ²Ìí› ¢îûœöìîû…yöì„þ îœy £ëû x ~îû vþzþ™îû y ~îû ²Ì!“þ†›˜ ¢›#„þîû’
öë…yöì̃  x £œ ßþºy•#˜ ‰þœ„þ ç y £œ !˜¦ÅþîûŸ#œ ‰þœ„þÐ xyîû !m“þ#ëû ¢îûœöìîû…y!Ýþöì„þ îœy £ëû y ~îû vþzþ™îû
x ~îû ²Ì!“þ†›˜ ¢›#„þîû’ öë…yöì̃  y £œ ßþºy•#˜ ‰þœ„þ ~î‚ x £œ !˜¦ÅþîûŸ#œ ‰þœ„þÐ

6.12 x ~îû vþzþ™îû y ~îû þ²Ì!“þ†›˜ ¢›#„þîû’

•îûy ëy„äþ x ~îû vþzþ™îû yéôé~îû ¢îûœ÷ìîû!…„þ ²Ì!“þ†›˜ ¢›#„þîû’!Ýþ £œ

y a bx

öëöì£“%þ ~£z ¢›#„þîû’!Ýþ y ~îû ›yöì̃ îû þ™)îÅy¦þyöì¢îû (prediction) ‹˜Ä îÄî£,“þ £öìî “þy£z a ~î‚ b
xyþ™y“þ •Ê%îöì„þîû x˜%!›“þ (estimated) ›y˜ x ~î‚ y ~îû öë ¢›hßþ ›y˜ þ™ëÅöìîÇþöì’îû ›y•Äöì› þ™yçëûy
ëyöìî ö¢†%!œîû !¦þ!_öì“þ †’˜y „þîûöì“þ £öìîÐ
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ë…˜ x ~îû ›y˜ xi, þ™ëÅöìîÇþöì’îû ›y•Äöì› y ~îû ›y˜ £öìî yi xíÅyê îûy!Ÿ“þíÄ ëy þ™ëÅöìîÇþöì’îû ›y•Äöì›
þ™yçëûy ëyëû ö¢!Ýþöì„þ xy›îûy xi ç yi î!œ öë…yöì̃  i 1, 2, 3,....., n.

~îyîû y ~îû x˜%!›“þ (estimated) ›y˜öì„þ ë!” ŷ  !”öìëû vþzþ™!Þí“þ „þîûy £ëû “þöìî

ˆ iy a bx   ë…˜ x ~îû ›y˜ xi.

“þy£öìœ x˜%›yöì̃ îû ¼y!hsþ (error of estimation) xy›îûy ei !”öìëû vþzþ™!Þí“þ „þîûöìîy ö¢!Ýþ £öìî

x˜%›yöì̃ îû ¼y!hsþ    ˆi i i i i ie y y y a bx y a bx        

xíÅyê þ™ëÅöìîÇþöì’îû ›y•Äöì› þ™yçëûy y ~îû ›yöì̃ îû öíöì„þ y ~îû x˜%!›“þ ›y˜ !îöìëûy† !”öìœ x˜%›yöì̃ îû
¼y!hsþ þ™yçëûy ëyëûÐ

~…˜ !‰þe 6·4 ~ !î!Çþ® !‰þöìeîû ›öì•Ä !”öìëû x!A„þ“þ ¢îûœöìîû…y!Ýþ ¢îÅyöìþ™Çþy vþzþ™ë%=þ (best fit) £öìî

ë!” x %̃›yöì̃ îû ¼y!hsþîû îöì†Åîû öëy†šþœ  2
ie  ¢îÅ!˜Á¬ £ëûÐ

~£z þ™å•!“þöì„þ œ!‡Ûþ î†Å þ™å•!“þ (Method of Least Square) îœy £ëûÐ

~£z œ!‡Ûþ î†Å þ™å•!“þöì“þ ¢›y•y˜ „þîûy £ëû öë…yöì̃  2
ie  ö„þ a ç b ~£z ”%£z •Ê%îöì„þîû ¢yöìþ™öìÇþ

¢îÅ!˜Á¬„þîû’ (minimise) „þîûy £ëûÐ

~…˜  22

1 1

n n

i i i
i i
e y a bx

 
   

(ei)

X

x

O

¼y!hsùþ

y

x
x x

x

x

x
x

xx
(xi, yi)

x ~îû vþzþ™îû y ~îû ²Ì!“þ†›˜ öîû…y

!‰þe õ 6·4
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~£z 
2

1

n

i
i
e


  ö„þ a ç b ~£z ”%öìëûîû ¢yöìþ™öìÇþ ¢îÅ!˜Á¬„þîû’ „þîûöì“þ £öìîÐ

¢îÅ!˜Á¬„þîûöì’îû ²Ìyí!›„þ hßþöìîûîû Ÿ“Åþ (1st order condition) x %̃¢yöìîû þ™y£z

2

1
0

n

i
i
ea



      
  ~î‚ 

2

1
0

n

i
i
eb



      


¢%“þîûy‚      2 2 1 0i i ie y a bxa
      
  

xíîy–   0i iy a bx  
xíîy–  ........ ii iy na b x  

~î‚      2 2 0i i i ie y a bx xb
      
  

xíîy–   0i i iy a bx x   

xíîy–  2........ iii i i ix y a x b x   
(i) ~î‚ (ii) ¢›#„þîû’ ”%!Ýþöì„þ ßþºy¦þy!î„þ ¢›#„þîû’ (normal equations) îœy £ëûÐ ~…˜ ~£z

¢›#„þîû’ ”%!Ýþ ¢›y•y˜ „þöìîû ‘a’ ~î‚ ‘b’ ~îû ›y˜ !˜’Åëû „þöìîû ö¢£z ›y˜ y a bx   ~£z ¢›#„þîûöì’
î!¢öìëû x ~îû vþzþ™îû y ~îû ²Ì!“þ†›˜ ¢›#„þîû’ þ™yçëûy ëyëûÐ

[ ¢›#„þîû’ (ii) × n] – [¢›#„þîû’ (i) × ix ] öíöì„þ þ™y£z

2. .i i i in x y a n x b n x   
–  2.i i i ix y a n x b x   

 22
i i i i i in x y x y b n x x         

 2 2 22

1 ·
1

i ii i i i

ii i

x y x yn x y x y nb
x xn x x n


  



  
 

ix xn

 



 ç 

iy yn
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cov ,
var

y

x

x y
r

x


 


~îyîû (i) ~ ~£z ›y˜ î!¢öìëûþ þ™y£z y a bx 

xíîy– · .y

x
a y r x


 



~…˜ ‘a’ ç ‘b’ ~îû x˜%!›“þ (estimated) ›y˜ y a bx ¢›#„þîûöì’ î!¢öìëû þ™y£z

· ·y y

x x
y y r x r x

 
  

 

xíîy–    ......... iiiy

x
y y r x x


  



~£z ¢›#„þîûöì’ x ~îû vþzþ™îû y ~îû ²Ì!“þ†›˜ ¢›#„þîû’ îœy £ëû ~î‚ 
y

x
r

  ö„þ ²Ì!“þ†›˜ †%’yA„þ îöìœ

ë…˜ x ~îû vþzþ™îû y ~îû ²Ì!“þ†›˜ £ëû ~î‚ byx !”öìëû ²Ì!“þ†›˜ †%’yA„þöì„þ !‰þ!£«“þ „þîûy £ëûÐ ~£z ²Ì!“þ†›˜

†%’yöìA„þîû xíÅ £œ x ‰þœöì„þîû ~„þ ~„þ„þ î,!å•îû ‹˜Ä yéôé~îû î,!å•îû þ™!îû›y’ £öìî 
y

x
r
 

  

6.13 y ~îû vþzþ™îû x ~îû þ²Ì!“þ†›˜ ¢›#„þîû’

•îûy ëy„þ x £óœ !˜¦ÅþîûŸ#œ ‰þœ„þ ~î‚ y ßþºy•#˜ ‰þœ„þÐ ›öì̃  „þîûy ëy„äþ y ~îû vþzþ™îû x ~îû ²Ì!“þ†›˜
¢›#„þîû’ £óœ

xi c + dyi, i 1, 2,........n. .........(1)

(xi, yi) £óœ þ™ëÅÄöìîÇþöì’îû ›y•Äöì› þ™yçëûy îûy!Ÿ“þíÄÐ y yi £óöìœ x ~îû x’%!›“þ (predicted or
estimated) ›y˜ £öìî c  dyi. x ~îû x %̃!›“þ ›y˜öì„þ x̂  !”öìëû !‰þ!£«“þ „þîûy £œÐ “þy£öìœ x ~îû

x˜%›yöì̃ îû ¼y!hsþ (error of estimation) £öìî    ˆi i i i i ie x x x c dy x c dy       

~…˜ c ~î‚ d ~îû x˜%!›“þ (estimated) ›y˜ †’˜y „þöìîû (1) ˜‚ ¢›#„þîûöì’ î¢yöìœ xy›îûy y ~îû
vþzþ™îû x ~îû ²Ì!“þ†›˜ ¢›#„þîû’ þ™yîÐ
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c ç d ~îû x˜%›!“þ ›y˜ †’˜y „þîûyîû ‹˜Ä x˜%›yöì̃ îû ¼y!hsþîû îöì†Åîû öëy†šþœöì„þ c ç d ~îû ¢yöìþ™öìÇþ
¢îÅ!˜Á¬„þîû’ „þîûöì“þ £öìîÐ

xíÅyê  2i ix c dy   ö„þ c ~î‚ d ~îû ¢yöìþ™öìÇþ ¢îÅ!˜Á¬„þîû’ „þîûöì“þ £öìîÐ

¢îÅ!˜Á¬„þîûöì’îû ²Ìyí!›„þ hßþöìîûîû Ÿ“Åþ £œ

2
0ie

c




  ~î‚ 

2
0ie

d






vþzþ™öìîûîû (6·12) x‚öìŸ öë þ™å•!“þöì“þ x ~îû vþzþ™îû y ~îû ²Ì!“þ†›’ ¢›#„þîû˜ †’˜y „þîûy £öìëûöìŠé ö¢£z
~„þ£z þ™å•!“þöì“þ †’˜y „þöìîû xy›îûy y ~îû vþzþ™îû x ~îû ²Ì!“þ†›˜ ¢›#„þîû’ þ™y£z

   ....... 2x

y
x x r y y
  



~îû ›öì•Ä x

y
r 
  ö„þ y ~îû vþzþ™îû x ~îû ²Ì!“þ†›˜ †%’yA„þ îœy £ëû ~î‚ ²Ìíy†“þ ¦þyöìî !‰þ!£«“þ „þîûy

£ëû bxy !”öìëûÐ ~îû xíÅ £œ y ~îû ~„þ ~„þ„þ î,!å• £öìœ x ~îû î,!å•îû þ™!îû›y’ £öìî .x
y

r 


Ýþ#„þy 1. ”%!Ýþ ²Ì!“þ†›˜ ¢›#„þîû’  y

x
y y r x x


  

  ~î‚

x

O

¼y!hsùþ

x

x

x

x

x

xx x
x

x (xi, yi)

(ei)

x

x

x

x
x
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( )xx x r y yy
  
  þ™îûßþ™îûöì„þ öŠé” „þöìîû ( , )x y  !î¨%öì“þÐ

„þyîû’ ”%!Ýþ ¢›#„þîû’£z !¢å• £ëû ë…˜ x x  ~î‚ y y

2. ”%!Ýþ ²Ì!“þ†›˜ öîû…y ~„þ!Ýþîû vþzþ™îû xyîû ~„þ!Ýþ ¢›þ™y!“þ“þ (Coincide) £ëû îy !›öìŸ ëyëû ë…˜
1r    £ëû xíÅyê ë…˜ ”%!Ýþ ‰þœ„þ x ~î‚ y ~îû ›öì•Ä ¢Á™„Åþ þ™)’Å¦þyöìî ¢îûœ÷ìîû!…„þÐ

6.14 ²Ì!“þ†›˜ öîû…yîû •›Åyîœ#

1. ²Ì!“þ†›˜ †%’yA„þ þŸ%•%›ye ›yeyîû (scale) vþzþ™îû !˜¦Åþîû „þöìîû !„þhs$þ ›)œ!î¨%îû (origin) vþzþ™îû !˜¦Åþîû
„þöìîû ˜yÐ

•îûy ëy„äþ x au c
  ~î‚ y bv d



x a cu    ~î‚

x a cu 

!îöìëûy† !”öìëû þ™y£z    x x c u u  

~„þ£z ¦þyöìî þ™yçëûy ëyëû    y y d v v  

¢%“þîûy‚    2var varx c u

   
2

var
x x

xn

 
 


  ~î‚ 
   

2

var
u u

un







~„þ£z ¦þyöìî þ™yçëûy ëyöìî    2var vary d v

        1 1cov , ·x y x x y y c u u d v vn n      

   1 ·c d u u v vn  

 cov ,cd u v
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~…yöì̃  
   

    2cov , cov ,
· var

var
y y

yx x
x x y x

x y x y
b r r x

x
 

    
   

 
 

 
 2

cov , cov ,
·

varvar vu
cd u v u vd d bc cuc u

   

~„þ£z¦þyöìî †’˜y „þîûöìœ þ™yçëûy ëyöìî ·xy uv
cb bd

¢%“þîûy‚ ²Ì›y!’“þ £œ öë ²Ì!“þ†›˜ †%’yA„þ Ÿ%•%›ye ›yeyîû (Scale) vþzþ™îû !˜¦Åþîû „þöìîû– ›)œ!î¨%îû vþzþ™öìîû
˜ëûÐ ~£z…yöì̃  c ~ d £œ ›yeyÐ

2. ”%!Ýþ ²Ì!“þ†›˜ öîû…y    yxy y b x x    ~î‚    xyx x b y y   þ™îûßþ™îû !›öìŸ ëyöìî

îy ~„þ!Ýþ xyîû ~„þ!Ýþîû vþzþ™îû ¢›þ™y!“þ“þ (Coincide) £öìî ë!” 1
yn

xy
b b  £ëûÐ

²Ì›y’ õ ²Ì!“þ†›˜ öîû…y ”%!Ýþ    yxy y b x x    ~î‚    1y y x xbxy  

~…˜– ë!” 1
yx

xy
b b  £ëû “þöìî · 1yx xyb b 

xíîy– · y
yx

x
r


  · 1x

xy
y

r 


  xíîy– · · · 1y x
yx xy

x y
r

 
 

    xy yxr r

xíîy– 2 1xyr  1xyr  

xíÅyê !î!Çþ® !‰þöìe ¢›hßþ !î¨% ~„þÝþy£z ¢îûœöìîû…yîû vþzþ™îû xîÞíy˜ „þîûöìîÐ

3. ”%!Ýþ ²Ì!“þ†›˜ öîû…y ë!” !›öìŸ ˜y ëyëû “þy£öìœ 1
yx

xy
b b  £öìîÐ ~î‚ ²Ì!“þ†›˜ öîû…y ”%!Ýþ  ,x y

!î¨%öì“þ þ™îûßþ™îûöì„þ öŠé” „þîûöìîÐ

²Ì›y’ õ öëöì£“%þ  ,x y  !î¨% myîûy ”%!Ýþ ²Ì!“þ†›˜ ¢›#„þîû’ !¢å• £ëû “þy£z  ,x y  !î¨%öì“þ ”%!Ýþ

²Ì!“þ†›˜ öîû…y þ™îûßþ™îû öŠé” „þöìîûÐ
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4. x ~îû vþzþ™îû y ~îû ²Ì!“þ†›öì̃  ö”…y ëyëû öë y ~îû x˜%!›“þ (estimated) ›yöì̃ îû †vþü xyîû
þ™ëÅöìîÇþöì’îû ›y•Äöì› y ~îû îûy!Ÿ“þöìíÄîû †vþüéôôôé”%!Ýþ£z ¢›y˜Ð

²Ì›y’ õ x ~îû vþzþ™îû y ~îû ²Ì!“þ†›˜ ¢›#„þîû’ öíöì„þ y ~îû x %̃!›“þ (estimated) ›y˜ þ™yçëûy ëyëû

Ŷ  ë…˜ x xi

 Ŷ · y
i i

x
y r x x


   



 Ŷ · ·yi i
x

ny r x x ny


    
     0ix x    

ˆ ˆY= Yi yn
 

Ýþ#„þy õ

~îû öíöì„þ xyîû ~„þ!Ýþ šþœyšþœ þ™yçëûy ëyëûÐ

¼y!hsþîû †vþü  1 1 ˆ ˆY Y 0i i
i

e e y yn n       

~£z •îûöì̃ îû šþœ y ~îû vþzþ™îû x ~îû ²Ì!“þ†›öì̃ îû ¢›ëûç þ™yçëûy ëyöìîÐ

5. ¢£ þ™!îûî“Åþ˜ †%’yA„þ £œ ”%!Ýþ ²Ì!“þ†›˜ †%’yöìA„þîû †%öì’y_îû †vþü

²Ì›y’ õ ”%!Ýþ ²Ì!“þ†›˜ †%’yA„þ £œ

· y
yx

x
b r




  ~î‚ x
xy

y
b r 



2· ·y x
yx xy

x y
b b r r r

 
  

 

·yx xyr b b 

6.      
2

21 1ˆ ˆ ˆVar Y Y Y y
i i

x
y r x x yn n
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2

22
2

1·y i
x

r x xn


 


 Y y  

2
2 2 2 2

2· ·y x y
x

r r


   
   2 2Var Y yr  

 2  Varr y

 
 

2
ˆ2 2 Y

2

ˆVar Y
varxy

y
r r

y


   


 xíîy– Ŷ

y
r





¢%“þîûy‚ x ç y ~îû ¢£ þ™!îûî“Åþ˜ †%’yöìA„þîû ¢‚…Äy†“þ ›yöì̃ îû xíÅ £œ ~!Ýþ ö¢£z x˜%þ™y“þ öë
x˜%þ™yöì“þ x ~îû vþzþ™îû y ~îû ²Ì!“þ†›˜ y ‰þœöì„þîû ö›yÝþ þ™!îûî“Åþ˜Ÿ#œ“þyöì„þ (variability) îÄy…Äy
„þöìîûÐ x˜Ä¦þyöìî îœy ëyëû

 
 

2
ˆVar Y

Varxyr y
  ––––––––––––––––––

~î‚ 2
xyr  £œ !˜•Åyîû„þ †%’yA„þ (Co-efficient of determination)

7. x %̃›yöì̃ îû ¼y!hsþîû (e) ¢›„þ þ™yíÅ„þÄ ö„þ y ~îû x˜%›yöì̃ îû ²Ì›y’ ¼y!hsþ (Standard error of

estimate) îœy £ëû ë…˜ x ~îû vþzþ™îû y ~îû ²Ì!“þ†›˜ £ëûÐ ~£z x %̃›yöì̃ îû ²Ì›y’ ¼y!hsþ £öìî 21y r 

  21Var ie en   0e 

     
2

21 1Ŷ y
i i i

x
y y y r x xn n

 
       
 

      
2

2

2 221 1 12 · ·y y
i i i i

x x
y y r y y x x r x xn n n


      

   

y ~îû îÄy…Äy„,þ“þ ö¦þ”›y˜

y ~îû ö›yÝþ ö¦þ”›y˜
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2
2 2 2

22 · ·y y
y x y x

x x
r r r
 

      
 

       1 cov ,i iy y x x x yn   

2 2 2 2 22y y yr r      and  cov ,
x y

x y
r 

 
  cov , x yx y r   

2 2 2
y yr    ~î‚  2 21

i yy yn     ç  2 21
i xx xn   

 2 21y r  

   2 2var 1ye r   

e ~îû ¢›„þ þ™yíÅ„þÄ 21y r  

 var 0e 

 2 21 0y r    xíîy– 21 0r   xíîy 2 1r  1 1r   

8. x˜%›yöì̃ îû ¼y!hsþ e £öìFŠé y ‰þœöì„þîû ö¢£z x‚Ÿ ëyîû ¢öìA† x ‰þœöì„þîû ö„þyöì̃ y ¢Á™„Åþ ö˜£zÐ ~Ýþy
²Ì›y’ „þîûöì“þ £œ xy›yöì”îû þ²Ì›y’ „þîûöì“þ £öìî öë cov (x, e) 0.

   1cov , i ix e x x en   0e 

 1
i i ix e x en  

 1 0 .0xn 

0

[6·12 x‚öìŸ xyöìœy!‰þ“þ ßþºy¦þy!î„þ ¢›#„þîû’ öíöì„þ þ™y£z   0i iy a bx    xíîy 0ie 
~î‚   0i i iy a bx x     xíîy 0i ix e  ]

0xer 
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9. þ™ëÅöìîÇþöì’îû ›y•Äöì› þ™yçëûy y ‰þœöì„þîû îûy!Ÿ“þöìíÄîû öíöì„þ “þyîû †vþü ›yöì̃ îû þ™yíÅöì„þÄîû îöì†Åîû
öëy†šþœöì„þ ”%!Ýþ x‚öìŸ ¦þy† „þîûy ëyëûÐ

²Ìí›!Ýþ £œ ö¢£z x‚öìŸîû îöì†Åîû öëy†šþœ ëy x ~îû vþzþ™îû y ~îû ²Ì!“þ†›öì̃ îû ›y•Äöì› y ‰þœöì„þîû
þ™!îûî“Åþ˜Ÿ#œ“þy îÄy…Äy „þîûöì“þ þ™yöìîûÐ !m“þ#ëû!Ýþ £œ ö¢£z x‚öìŸîû îöì†Åîû öëy†šþœ ëy x ~îû vþzþ™îû y ~îû
²Ì!“þ†›öì̃ îû ›y•Äöì› y ‰þœöì„þîû þ™!îûî“þÅ̃ Ÿ#œ“þy îÄy…Äy „þîûöì“þ þ™yöìîû ˜yÐ

 2iy y 

    ˆ ˆY Yiy y


   

      
22ˆ ˆ ˆ ˆˆY Y 2 Y Yi iy y y y        

     
2 2ˆ ˆY Y ......... Iiy y    

    ˆ ˆˆY Y 0 0 0i i i i i iy y b x x e b x e bx e             

„þyîû’ ßþºy¦þy!î„þ ¢›#„þîû’ öíöì„þ þ™y£z 0i ix e   ~î‚ 0ie  
¢›#„þîû’ (I) ~îû vþy˜ !”öì„þ ”%!Ýþ x‚Ÿ xyöìŠéÐ ²Ìí›!Ýþ £œ ö¢£z x‚Ÿ ëy x ~îû vþzþ™îû y ~îû

²Ì!“þ†›öì̃ îû šþöìœ y ‰þœöì„þîû þ™!îûî“Åþ˜Ÿ#œ“þy îÄy…Äy „þöìîûÐ !m“þ#ëû!Ýþ £œ ö¢£z x‚Ÿ ëy x ~îû vþzþ™îû y
~îû ²Ì!“þ†›öì̃ îû šþöìœ y ‰þœöì„þîû þ™!îûî“Åþ˜Ÿ#œ“þy îÄy…Äy „þîûöì“þ þ™yöìîû ˜yÐ

10. ”%!Ýþ ¢îûœ÷ìîû!…„þ ²Ì!“þ†›˜ öîû…y þ™îûßþ™îûöì„þ öŠé” „þîûöìœ ”%!Ýþ öîû…yîû ›öì•Ä öë ö„þy’ vþzêþ™§¬ £ëû
ö¢!Ýþîû ›y˜ ‘O’ £öìî ë…˜ 1r  

xyîû ö„þy’!Ýþîû ›y˜ 90º £öìî ë…˜ r 0.

²Ì!“þ†›˜ öîû…ymöìëûîû ¢›#„þîû’ £œ

   ........ iy

x
y y r x x


  



~î‚    ....... iix

y
x x r y y
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¢›#„þîû’ (i) ~îû ‘þyœ (Slope) £œ 1
y

x
r m



  S•îûy ëy„äþV

~î‚ ¢›#„þîû’ (ii) ~îû ‘þyœ £œ 2
y

x
mr




  S•îûy ëy„äþV

ë!” ”%£z ²Ì!“þ†›˜ öîû…yîû ›öì•Ä öë ö„þy’ vþzêþ™§¬ £ëû ö¢!Ýþöì„þ  •îûy £ëû– “þöìî

1 12 1

1 2
tan tan1

1 ·

y y

x x

y y

x x

rrm m
m m

rr

 

 


 
  

  


 

 2
1

2 2

1
tan · x y

x y

r
r


  


  

ë…˜ 1,r    “þ…˜ tan   0 xíÅyê   0 ~î‚ ”%!Ýþ ²Ì!“þ†›˜ öîû…y ~öì„þ xþ™öìîûîû vþzþ™îû
¢›þ™y!“þ“þ £öìîÐ

xyîyîû ë…˜ r 0, cot  0 xíÅyê  90º ~î‚ ”%!Ýþ ²Ì!“þ†›˜ öîû…y ~„þ!Ýþ xyîû ~„þ!Ýþîû vþzþ™îû
œÁº £öìî xyîû 90º ö„þy’ vþzêþ™§¬ „þîûöìîÐ

vþz”y£îû’ õ 6·6 •îûy ëy„äþ 4u 2x 7 ~î‚ 6v 2y – 15 ö”çëûy xyöìŠéÐ x ~îû vþzþ™îû y ~îû
²Ì!“þ†›˜ †%’yA„þ ö”çëûy xyöìŠé 3, “þy£öìœ u ~îû vþzþ™îû v ~îû ²Ì!“þ†›˜ †%’yA„þ „þ“þ £öìîÚ

¢›y•y˜ õ 1 7
2 4u x   ~î‚ 1 5

3 2v y 

 1
2u u x x     ~î‚  1

3v v y y  

       
21 1var ·var var2 4u x x  

~î‚    1 1cov , · cov ,2 3u v x y
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1 1· cov ,cov , 2 22 3 · 3 21 3 3var var4
vu yx

x yu v
b b

u x
      

vþz”y£îû’ õ 6·7 îëû¢öì„þ x ‰þœ„þ ~î‚ îû=þ‰þyþ™öì„þ y ‰þœ„þ •öìîû !˜öìëû 10 ‹˜ ›!£œyîû ‹˜Ä ˜#öì‰þîû
“þíÄ þ™yçëûy ö†œ õ

x y

†vþü õ 53 142

ö¦þ”›y˜ õ 130 165

   1220x x y y  
~…˜ ~£z “þöìíÄîû !¦þ!_öì“þ x ~îû vþzþ™îû y ~îû ²Ì!“þ†›˜ ¢›#„þîû’ !˜’Åëû „þîû ~î‚ ú ¢›#„þîûöì’îû

¢y£yöìëÄ 45 îŠéîû îëûöì¢îû ~„þ‹˜ ›!£œyîû îû=þ‰þyþ™ „þ“þ £öì“þ þ™yöìîû x˜%›y˜ (estimate) „þîûÐ

¢›y•y˜ õ ö”çëûy xyöìŠé 53,x  142,y   var 130x   ~î‚  var 165b 

~…˜     1 1cov , 1220 12210 10x y x x y y     
¢%“þîûy‚ x ~îû vþzþ™îû y ~îû ²Ì!“þ†›˜ †%’yA„þ £öìî

 
 

cov , 122 0·94130varyx
x y

b
x

  

 x ~îû vþzþ™îû y ~îû ²Ì!“þ†›˜ ¢›#„þîû’ £öìî

   142 0·94 53 142 0·94 48·82yxy y b x x x x        

xíîy 92·18 0·94g x 

~…˜ x 45 ö”çëûy xyöìŠéÐ 92·18 0·94 45 134·48y    

vþz”y£îû’ õ 6·8 y ~îû vþzþ™îû x ~îû ²Ì!“þ†›˜ ¢›#„þîû’ £œ x 4y 5 ~î‚ x ~îû vþzþ™îû y ~îû
²Ì!“þ†›˜ ¢›#„þîû’ £œ y kx + 4

²Ì›y’ „þîû öë 0 0·25.k   !„þhs$þ k 0·10 ë!” ö”çëûy íyöì„þ– “þöìî x ~î‚ y ~îû †vþü !˜’Åëû „þîû
~î‚ “þyöì”îû ¢£ þ™!îûî“Åþ˜ †%’yA„þ †’˜y „þîûÐ
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¢›y•y˜ õ 4xyb   ~î‚ yxb k

0 · 1xy xy yxr b b   

0 4 1k  

xíîy 0 0·25k 

!„þhs$þ 0yxb k   [ „þyîû’ 4 0xyb   ]

0 0·25k  

ë!” k 0·10 ö”çëûy íyöì„þ– “þöìî ²Ì!“þ†›˜ ¢›#„þîû’ ”%!Ýþ £öìî

x 4y 5 ~î‚ y 0·10x + 4

öëöì£“%þ ”%!Ýþ ²Ì!“þ†›˜ öîû…y  ,x y  !î¨%öì“þ öŠé” „þöìîû– ”%!Ýþ ²Ì!“þ†›˜ öîû…yöì„þ ¢›y•y˜ „þöìîû þ™y£z

0·4 21x x 
21 350·6x  

3·5 4 7·5y    35x   ~î‚ 7·5y 

2 4· 0·4xyr k  0·4 0·63xyr   

rxy •˜yd„þ £öìî “þyîû „þyîû’ rxy ~î‚ ryx ¢îÅ”y ~„þ£z ¢y‚öì„þ!“þ„þ !‰þ£« íy„þöìîÐ rxy ~î‚ ryx ~…yöì̃
”%!Ýþ£z •˜yd„þ £öìîÐ

vþz”y£îû’ õ 6·9 ë!” x ~îû vþzþ™îû y ~îû ²Ì!“þ†›˜ ¢›#„þîû’ 3y – 2x 9 £ëû ~î‚ ë!” x ç y

~îû ¢£ þ™!îûî“þÅ̃  †%’yA„þ 1
3  £ëû xyîû x ~îû ö¦þ”›y˜ 4£ëû “þöìî y ~îû ö¦þ”›y˜ !˜’Åëû „þîûÐ

¢›y•y˜ õ ~…yöì̃  ö”çëûy xyöìŠé öë x ~îû vþzþ™îû y ~îû ²Ì!“þ†›˜ ¢›#„þîû’ £œ 3y – 2x 9

xíîy– 23 3y x 

2
3yxb   xíîy 2

3
y

x
r



  xíîy   1 2 1· , var 43 2 3 3

y r x


   

4y    var 16y 
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vþz”y£îû’ õ 6·10 (i) 3 ,2yxb   1
5xyb    ~…˜    var : vary x  !˜’Åëû „þîû

(ii) “%þ!› !„þ ›öì̃  „þîû öë 2 3 11x y   ~î‚ 3 5 12x y    ”%!Ýþ ²Ì!“þ†›˜ ¢›#„þîû’ £öì“þ þ™yöìîûÚ

¢›y•y˜ õ (i) ,yyx
x

b r





· x
xy

y
b r 



 
 

2

2

3
var 152

1 2var
5

yx y

xy x

b y
b x


    

 

   var : var 15 : 2b x 

(ii) ö”çëûy xyöìŠé  2 3 11........ 1x y 

 3 5 12...... 2x y  

(1) ~î‚ (2) ~£z¦þyöìîç öœ…y ëyëû

11 3
2 2x y   ~î‚ 12 3

5 5y x 

öëöì£“%þ ~…yöì̃  3
2xyb    ~î‚ 3

5yxb 

”%!Ýþ xyœy”y !‰þ£« S~„þ!Ýþ }’yd„þ ç xþ™îû!Ýþ •˜yd„þV

 ~£z ”%£z ¢›#„þîû’ ²Ì!“þ†›˜ öîû…y £öì“þ þ™yöìîû ˜y

6.15 ¢yîûy‚Ÿ

!m‰þœ„þ îûy!Ÿ“þöìíÄ xy›îûy x˜%¢r•y˜ „þ!îû öë ”%£z ‰þœöì„þîû ›öì•Ä ö„þyöì̃ y ¢îûœ÷ìîû!…„þ ¢Á™„Åþ xyöìŠé
!„þ˜yÐ ë!” ¢Á™„Åþ íyöì„þ “þöìî “þyîû ‰þ!îûe ö„þ›˜Ð

xþ™îûþ™öìÇþ– ”%!Ýþ ‰þœöì„þîû ~„þ!Ýþöì„þ ßþºy•#˜ ‰þœ„þ ~î‚ x˜Ä!Ýþöì„þ !˜¦ÅþîûŸ#œ ‰þœ„þ •öìîû !˜öìëû ~„þ!Ýþ
¢›#„þîûöì’îû ›y•Äöì› ‰þœ„þ ”%!Ýþîû ¢Á™„Åþ !˜•Åy!îû“þ £ëûÐ ßþºy•#˜ ‰þœöì„þîû ›y˜ ö”çëûy íy„þöìœ x˜yëûyöì¢
¢›#„þîû’!Ýþîû ¢y£yöìëÄ !˜¦ÅþîûŸ#œ ‰þœöì„þîû ›y˜ !˜’Åëû „þîûy ëyëûÐ

²Ìí› x %̃¢r•yöì̃ îû ˜y› ¢îûœ ¢£ þ™!îûî“Åþ˜ xyîû !m“þ#ëû x˜%¢r•yöì̃ îû ˜y› £œ ¢îûœ ²Ì!“þ†›˜Ð
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~£z !m‰þœ„þ îûy!Ÿ“þíÄöì„þ öœ…!‰þöìeîû ¢y£yöìëÄ vþzþ™Þíy!þ™“þ „þîûöìœ ~„þ!Ýþ !î!Çþ® !‰þe þ™yçëûy ëyëûÐ ”%!Ýþ
‰þœöì„þîû ›öì•Ä ¢Á™„Åþ íy„þöìœ !î!Çþ® !‰þöìeîû !î¨%†%!œ ö„þyöì̃ y ¢îûœöìîû…y îy î„Êþöìîû…yîû ‰þy!îû!”öì„þ Šévþüyöì̃ y
íyöì„þÐ !„þhs$þ ~£z ¢Á™„Åþ ¢î¢›ëû „þyëÅéôé„þyîû’ !˜öì”ÅŸ „þöìîû ˜yÐ xy›îûy xîŸÄ ¢îûœ ÷îû!…„þ ¢Á™„Åþ !˜öìëû£z
xyöìœy‰þ˜y „þîûîÐ

x ‰þœ„þ ç y ‰þœöì„þîû ›y˜ ë!” ~„þ£z !”öì„þ þ™!îûî!“Åþ“þ £ëû xíÅyê x ~îû ›y˜ ç y ~îû ›y˜ £ëû ”%öìÝþy£z
~„þ ¢öìA† îyvþüöìî îy ”%öìÝþy£z ~„þ¢öìA† „þ›öìî “þ…˜ x ~î‚ y ~îû ¢£ þ™!îûî“Åþ˜ •˜yd„þ îœy £öìîÐ xyîyîû
x ~îû ›y˜ ç y ~îû ›y˜ ë!” !îþ™îû#“þ !”öì„þ þ™!îûî!“Åþ“þ £ëû xíÅyê ~„þ!Ýþîû ›y˜ îyvþüöìœ x˜Ä!Ýþîû ›y˜ „þöì›
ëyëû “þy£öìœ x ç y ~îû ¢£ þ™!îûî“þÅ˜ }’yd„þ îœy £öìîÐ

!„þhs$þ !î!Çþ® !‰þöìeîû ¢y£yöìëÄ x ç y ‰þœöì„þîû ¢£ þ™!îûî“Åþöì̃ îû •yîû’yîû ~„þÝþy xy¨y‹ þ™yçëûy ëyëû ›yeÐ
!˜¦%Åþœ¦þyöìî ¢£ þ™!îûî“Åþ˜ þ™!îû›yþ™ „þîûöì“þ £öìœ ¢£ þ™!îûî“Åþ˜ †%’yöìA„þîû ¢y£yëÄ !˜öì“þ £ëûÐ

Karl Pearson ~îû †%’šþœéôé¼y›„þ ¢£þ™!îûî“Åþ˜ †%’yöìA„þîû ¢)e £œ

x ç y ~îû ¢£þ™!îûî“Åþ˜ †%’yA„þ 
  i i

xy
x y

x x y y
r n

 
 

 


xíîy– 
 cov ,

xy
x y

x y
r 

   [ ¢£öì¦þ”yA„þ     1cov ,x y x x y yn  

¢£ þ™!îûî“Åþ˜ †%’yöìA„þ •›yîœ# õ

1. ¢£ þ™!îûî“Åþ˜ †%’yöìA„þîû ö„þy˜ ~„þ„þ ˜y£zÐ ~!Ýþ ~„þ!Ýþ ¢‚…Äy›yeÐ

2. ¢£ þ™!îûî“Åþ˜ †%’yA„þ x ~î‚ y ~îû ›öì•Ä ²Ì!“þ¢›Ð xíÅyê xy yxr r

3. ¢£ þ™!îûî“Åþ˜ †%’yöìA„þîû þ™îû› ›y˜ ›)œ!î¨%îû (Origin) vþzþ™îû xíîy ›yeyîû (Scale) vþzþ™îû !˜¦Åþîû
„þöìîû ˜yÐ

4. ¢£ þ™!îûî“Åþ˜ †%’yöìA„þîû ›y˜ –1 ç 1 ~îû ›öì•Ä xîÞíy˜ „þöìîûÐ

xíÅyê 1 1xyr   

ë!” x ç y ‰þœ„þ ”%!Ýþîû ›yöì̃ îû î”öìœ „Êþ›¢‚…Äy ö”çëûy íyöì„þ “þy£öìœ ¢£ þ™!îûî“Åþ˜ †%’yöìA„þîû
†%’šþœéôé¼y›„þ ¢)e!Ýþ îÄî£yîû „þîûy ëyöìî ˜yÐ ~…yöì̃  ¢y!îûîå• ¢£þ™!îûî“Åþ˜ þ™å•!“þ ²Ìöìëûy† „þîûöì“þ £ëûÐ

xyîyîû †%’îy‰þ„þ (attributes) ”%!Ýþ ‰þœöì„þîû þ™yîûßþ™!îû„þ ¢Á™„Åþ †’˜y „þîûöì“þç ¢y!îûîå• ¢£ þ™!îûî“Åþ˜
þ™å•!“þ îÄî£yîû „þîûy £ëûÐ öë›˜ !îöì„Êþ“þyîû î%!å•›_y ç „þ›Å!˜þ™%’“þyîû ›öì•Ä ¢Á™„Åþ !˜’Åöìëûîû ¢›ëû ¢y!îûîå•
¢£ þ™!îûî“Åþ˜ þ™å•!“þîû ²Ìöìëûy† £ëûÐ
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Edward Spearman ~£z ¢y!îûîå• ¢£ þ™!îûî“Åþ˜ †%’yöìA„þîû öë ¢)e !”öìëûöìŠé˜ ö¢Ýþy £óœ õ

2

1
R 3

6
1

n

i
i
d

r
n n
 




öë…yöì̃  d  ö„þyöì̃ y þ™öì”îû ”%!Ýþ ¢y!îûöì“þ „Êþ› x %̃ëyëû# xîÞíyöì̃ îû xhsþîû

n  ²Ìöì“þÄ„þ ¢y!îûîû ö›yÝþ þ™”¢‚…Äy

¢y!îûîå• ¢£ þ™!îûî“Åþ˜ †%’yöìA„þîû ›y˜ – 1 ~î‚ 1 ~îû ›öì•Ä íyöì„þÐ xíÅyê R1 1r   

!„þhs$þ îr•˜ë%=þ „Êþ› íy„þöìœ ¢)e!Ýþ !„þŠ%éÝþy þ™yöìÎÝþ ëyöìîÐ îr•˜ë%=þ „Êþ› xíÅyê îûy!Ÿ“þöìíÄîû ö×!’ ”%!Ýþöì“þ
„þ…˜ç „þ…˜ç ”%£z îy “þöì“þy!•„þ þ™” ~„þ£z „Êþöì›îû x!•„þyîû# £ëûÐ

 
 2 3

R tied 3

6 12
1

i i id t t
r

n n

    


 

öë…yöì̃  d  ”%!Ýþ ö×!’îû þ™”†%!œîû „Êþ›¢‚…Äyîû xhsþîû

n ²Ìöì“þÄ„þ!Ýþ ¢y!îûîû ö›yÝþ þ™”¢‚…y

t vþz¦þëû ö×!’öì“þ ö„þyöì̃ y þ™” îr•˜ë%=þ „Êþ› xîÞíyëû íy„þöìœ “þyöì”îû ¢‚…Äy

ö×!’îå• !m‰þœ„þ þ™!îû¢‚…Äy !î¦þy‹öì̃ îû öÇþöìe ~£z þ™å•!“þ îÄî£yîû „þîûy ëyëû ˜yÐ þ™”¢‚…Äy ë!” …%î
öî!Ÿ £ëû S30 ~îû öî!ŸV “þy£öìœ ~£z þ™å•!“þöì“þ ¢£ þ™!îûî“Åþ˜ †%’yA„þ †’˜y „þîûy „þTþ¢y•ÄÐ

!m‰þœ„þ îûy!Ÿ“þöìíÄîû vþzþ™îû !¦þ!_ „þöìîû x ç y ‰þœ„þ ”%!Ýþîû þ™yîûßþ™!îû„þ ¢Á™„Åþ ~„þ!Ýþ ¢›#„þîûöì’îû
›y•Äöì› ²Ì„þyŸ „þîûy £ëûÐ •îûy ëy„äþ x £öìFŠé ßþºy•#˜ ‰þœ„þ ~î‚ y £öìFŠé !˜¦ÅþîûŸ#œ ‰þœ„þÐ ¢›#„þîû’!Ýþ •îûy
ëy„äþ y a bx

x ~îû ö„þyöì̃ y !˜!”ÅTþ ›yöì̃ îû ‹˜Ä y ~îû †vþü ›y˜ x˜%›y˜ (estimate) „þîûy ¢½þîÐ

n xo £öìœ y ~îû x %̃!›“þ ›y˜ £öìî (a bxo)

~£z ¢›#„þîû’öì„þ x ~îû vþzþ™îû y ~îû ²Ì!“þ†›˜ ¢›#„þîû’ îœy £ëûÐ

~„þ£z¦þyöìî x c dy ¢›#„þîû’!Ýþöì„þ y ~îû vþzþ™îû x ~îû ²Ì!“þ†›˜ ¢›#„þîû’ îœy £ëûÐ

~…˜ œ!‡Ûþ î†Å þ™å•!“þöì“þ x˜%›yöì̃ îû ¼y!hsþîû îöì†Åîû öëy†šþöìœîû ¢îÅ!˜Á¬„þîûöì’îû ›y•Äöì› ”%!Ýþ ßþºy¦þy!î„þ
¢›#„þîû’ (normal equations) þ™yçëûy ëyëûÐ ú ßþºy¦þy!î„þ ¢›#„þîû’ ”%!Ýþîû ¢›y•y˜ „þöìîû a ç b ~£z •Ê%î„þ
”%!Ýþîû ›y˜ þ™yçëûy ëyëûÐ ú ›y˜ ”%!Ýþ y  a  bx ¢›#„þîûöì’îû ›öì•Ä î!¢öìëû !”öìœ þ™)’ÅyA† ²Ì!“þ†›˜
¢›#„þîû’ þ™yçëûy ëyëûÐ
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ú ~„þ£z þ™å•!“þöì“þ xþ™îû ²Ì!“þ†›˜ ¢›#„þîû’ x c dy ~îû ›öì•Ä c ç d •Ê%î„þ möìëûîû ›y˜ î¢yöìœ
xþ™îû þ™)’ÅyA† ²Ì!“þ†›˜ ¢›#„þîû’ þ™yçëûy ëyöìîÐ

²Ì!“þ†›˜ öîû…yîû •›Åyîœ# !˜Á¬îû)þ™ õ

1. ²Ì!“þ†›˜ †%’yA„þ Ÿ%•%›ye ›yeyîû vþzþ™îû !˜¦Åþîû „þöìîû !„þhs$þ ›)œ!î¨%îû vþzþ™îû !˜¦Åþîû „þöìîû ˜yÐ

2. ”%!Ýþ ²Ì!“þ†›˜ öîû…y þ™îûßþ™îû !›öìŸ ëyëû ë…˜ 1
yx

xy
b b  £ëû–

öë…yöì̃
y

yx
x

b r



  ö„þ x ~îû vþzþ™îû y ~îû ²Ì!“þ†›˜ †%’yA„þ ~î‚

x
xy

y
b r 

  ö„þ y ~îû vþzþ™îû x ~îû ²Ì!“þ†›˜ †%’yA„þ îöìœÐ

[ r ¢£ þ™!îûî“Åþ˜ †%’yA„þ– x x   ~îû ¢›„þ þ™yíÅ„þÄ xyîû y y   ~îû ¢›„þ þ™yíÅ„þÄ ]

3. ”%!Ýþ ²Ì!“þ†›˜ öîû…y ë!” þ™îûßþ™îû !›öìŸ ˜y ëyëû “þy£öìœ öîû…y”%!Ýþ þ™îûßþ™îûöì„þ öŠé” „þîûöìî  ,x y
!î¨%öì“þÐ

4. x ~îû vþzþ™îû y ~îû ²Ì!“þ†›öì̃  ö”…y ëyëû öë y ~îû x˜%!›“þ ›yöì̃ îû †vþü xyîû þ™ëÅöìîÇþöì’îû ›y•Äöì›
y ~îû îûy!Ÿ“þöìíÄîû †vþü éôôôééôôôé ”%!Ýþ£z ¢›y˜Ð y ~îû vþzþ™îû x ~îû ²Ì!“þ†›öì̃ îû ¢›ëû ~„þ£z šþœ þ™yçëûy ëyëûÐ

5. ¢£ þ™!îûî“Åþ˜ †%’yA„þ £œ ”%!Ýþ ²Ì!“þ†›˜ †%’yöìA„þîû †%öì’y_îû †vþüÐ

6. x ç y ‰þœöì„þîû ¢£ þ™!îûî“Åþ˜ †%’yöìA„þîû ¢‚…Äy†“þ ›yöì̃ îû xíÅ £œ ~!Ýþ ö¢£z x %̃þ™y“þ öë x˜%þ™yöì“þ
x ~îû vþzþ™îû y ~îû ²Ì!“þ†›˜ y ‰þœöì„þîû ö›yÝþ þ™!îûî“Åþ˜Ÿ#œ“þyöì„þ îÄy…Äy „þöìîûÐ

7. x˜%›yöì̃ îû ¼y!hsþîû (e) ¢›„þ þ™yíÅ„þÄöì„þ y ~îû x %̃›yöì̃ îû ²Ì›y’ ¼y!hsþ (Standard error of

estimate) îœy £ëûÐ e ~îû ¢›„þ þ™yíÅ„þÄ £œ 21y r 

8. x˜%›yöì̃ îû ¼y!hsþ e £öìFŠé y ‰þœöì„þîû ö¢£z x‚Ÿ ëyîû ¢öìA† x ‰þœöì„þîû ö„þyöì̃ y ¢Á™„Åþ ö˜£zÐ xíÅyê

 cov , 0x e  0xer 

9.        2 22 1 1ˆ ˆˆVar Y Yi iy y y y yn n n
       

~…yöì̃  yi ~ ö›yÝþ þ™!îûî“Åþ˜Ÿ#œ“þy (variability) ö„þ ”%!Ýþ x‚öìŸ ¦þy† „þîûy £öìëûöìŠéÐ ²Ì!“þ†›öì̃ îû
›y•Äöì› ²Ìí›!Ýþ ~£zþ þ™!îûî“Åþ˜Ÿ#œ“þyöì„þ îÄy…Äy „þöìîû– xyîû þ™öìîûîû x‚Ÿ!Ýþ ~£z þ™!îûî“Åþ˜Ÿ#œ“þyöì„þ îÄy…Äy
„þöìîû ˜yÐ
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6.16 x˜%Ÿ#œ˜#

²ÌÙÀ›yœy õ

1. !˜öìÁ¬îû ‰þœ„þ möìëûîû ¢£ þ™!îûî“þÅöì̃ îû ²Ì„,þ!“þ !î‰þyîû „þîû õ

(i) !ŸÇþyhßþîû ç xyëû
(ii) ”y› ç ‰þy!£”y
(iii) xyëû ç îÄëû
(iv) î,!Tþþ™yöì“þîû þ™!îû›y’ ç vþzêþ™y!”“þ Ÿ¢Ä
(v) î%!å•›_y ç ‹%öì“þyîû ›yþ™

2. !î!Çþ® !‰þöìeîû ¢y£yöìëÄ „þ#¦þyöìî !î!¦þ§¬ •îûöì̃ îû ¢£ þ™!îûî“Åþ˜ ö”…yöì̃ y ëyëû îÄy…Äy „þîûÐ

3. ¢£ þ™!îûî“Åþ˜ †%’yA„þ „þyöì„þ îöìœÚ ~£z †%’yöìA„þîû †%’šþœéôéé¼y›„þ ¢)e!Ýþ „þ#¦þyöìî vþzq(“þ £ëû ö”…yçÐ

4. ë!” ”%!Ýþ ‰þœ„þ x ç y ~îû ›öì•Ä ¢£ þ™!îûî“Åþ˜ †%’yA„þ 0·52 £ëû ~î‚ “þyöì”îû ¢£ ö¦þ”yA„þ
(Covariance) 7·8 £ëû “þöìî y ~îû ¢›„þ þ™yíÅöì„þÄîû ›y˜ !˜’Åëû „þîû ë…˜ x ~îû ö¦þ”yA„þ £œ 16.

5. ë!” 10,x  15y   ~î‚ 2·50yxb   ö”çëûy íyöì„þ “þy£öìœ x ~îû vþzþ™îû y ~îû ²Ì!“þ†›˜

¢›#„þîû’ !˜’Åëû „þîûÐ

6. ë!” 1·6,yxb  0·4xyb   ö”çëûy íyöì„þ “þöìî– ?xyr 

7. ë!” 0·6yxb    ~î‚ 1·35xyb    ö”çëûy íyöì„þ– “þöìî ?xyr 

8. îûy!Ÿ“þöìíÄ ö”çëûy xyöìŠé x y

öëï!†„þ †vþü (AM) 20 25

¢›„þ þ™yíÅ„þÄ (SD) 5 4

x ~î‚ y ~îû ›öì•Ä ¢£ þ™!îûî“Åþ˜ †%’yA„þ 0·6

²Ì!“þ†›˜ ¢›#„þîû’ ”%!Ýþ !˜’Åëû „þîûÐ

²ÌÙÀ›yœy õ

9. ²Ì›y’ „þîû öë ¢£ þ™!îûî“Åþ˜ †%’yöìA„þîû ›y˜ – 1 ç 1 ~îû ›öì•Ä íyöì„þÐ

10. 10 ‹˜ Šéyöìeîû ”%!Ýþ !î¡ìöìëû (A ç B) ²Ìy® ˜Áºîû „Êþ›y %̃¢yöìîû ö”çëûy xyöìŠéÐ
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¢y!îûîå• ¢£þ™!îûî“Åþ˜ †%’yA„þ !˜’Åëû „þîûÐ
A : 3 4 8 4 7 10 2 1 6 9
B : 6 4 9 8 1 2 3 10 5 7

²ÌÙÀ›yœy õ

11. ”%!Ýþ ‰þœ„þ x ç y ~îû ›öì•Ä ¢£ þ™!îûî“Åþ˜ †%’yöìA„þîû þ™îû› ›y˜ ›)œ!î¨%îû (Origin) !„þ‚îy ›yeyîû
(Scale) vþzþ™îû !˜¦Åþîû „þöìîû ˜y –– ²Ì›y’ „þîûÐ

12. ë!” z x y £ëû “þöìî ²Ì›y’ „þîû 
2 2 2

2
x y x y

xy
x y

r   


 

xyîû ë!” z x – y £ëû “þöìî ²Ì›y’ „þîû 
2 2 2

2
x y x y

xy
x y

r     


 

13. x ç y ‰þœ„þ ”%!Ýþîû ¢£ þ™!îûî“Åþ˜ †%’yA„þ !˜’Åëû „þîûyîû ¢›ëû !˜öìÁ¬îû “þíÄ†%!œ þ™yçëûy ëyëû õ

25,n  125,x  100,y  2 650,x  508xy 
þ™öìîû ö”…y ö†œ (x, y) ~îû ”%£z ö‹yvþüy ›y˜ ¦%þœ „þöìîû ö”…y £öìëûöìŠé (6, 4) ~î‚ (8, 6) !„þhs$þ “þyöì”îû

xy¢œ ›y˜ £œ (8, 12) ç (6, 8)– ¢£ þ™!îûî“Åþ˜ †%’yöìA„þîû xy¢œ ›y˜ !˜’Åëû „þîûÐ

14. ˜#öì‰þîû îûy!Ÿ“þíÄ öíöì„þ ¢£ þ™!îûî“Åþ˜ †%’yA„þ !˜’Åëû „þîû

x : 1 2 3 4 5

y : 3 2 5 4 6

~î‚ ²Ì›y’ „þîû öë ¢£ þ™!îûî“Åþ˜ †%’yA„þ– ”%£z!Ýþ ²Ì!“þ†›˜ †%’yöìA„þîû †%öì’y_îû †vþüÐ
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