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1.  ãfœjfÎ

1.0 m¿Kf« :

	 Mu«g fhy¤Âš ãfœjfÎ¡ bfhŸif Njh£l éisah£Lfis¢ rh®ªj 

fz¡Ffëš ga‹g£oU¡»wJ. mjhtJ ehza§fis¢ R©Ljš, gfil v¿jš, 

Ó£L¡f£oèUªJ Ó£Lfis vL¤jš ngh‹wt‰¿š ãfœjfÎ¡ bfhŸiffis¥ 

ga‹gL¤ÂÍŸsd®. b#uh‹ fh®l‹ (Jerane Cardon) v‹w Ï¤jhèa fâjéayh® 

vGÂa "éisah£Lfëš thŒ¥òfŸ" v‹w üš Kj‹ Kjyhf 1663 Ïš 

btëæl¥g£lJ. ãfœjfÎ v‹gJ Kjèš éisah£Lfëš cŸs bt‰¿ 

thŒ¥òfis¡ f©l¿tÂš Mu«Ã¤J Ï¥nghJ òŸëæaš fâ¥òfë‹ mo¥gil¡ 

fUéfSŸ x‹whf és§» tU»wJ.

	 j‰nghJŸs gy òŸëæaš eilKiwfŸ, khÂçfis¡ bfh©nl KobtL¡f 

nt©oÍŸsjhš, m«KoÎfis MuhŒtj‰F ãfœjfÎ¡ bfhŸiffis¥ g‰¿a 

T®ªj m¿Î njit¥gL»wJ.

	 ãfœjfÎ¡ bfhŸifahdJ r_f, bghUshjhu, tâf k‰W« Ãw 

JiwfëYŸs Á¡fšfis¤ Ô®¡f¥ ga‹gL¤j¥gL»wJ. Ï¥nghJ ãfœjfÎ¡ 

fU¤jhdJ äf K¡»a¤Jt« thŒªjjhfÎ« nkY« fâj« rh®ªj ãfœjfÎ¡ 

fU¤J¡fŸ, r_féaèY« KobtL¡F« Âw‹rh®ªj MŒÎfëY« mo¥gilahf 

és§» tU»wJ. F¿¥Ã£L¡ Tw nt©Lkhæ‹ ãfœjfÎ¡ bfhŸifna, òŸëæaš 

KobtL¤jšfëš mo¥gilahf és§F»wJ vdyh«.

1.1 tiuaiwfS« mo¥gil és¡f§fS« :

	 ãfœjfÎ¡ bfhŸifæš gy tiuaiwfS«, gy brhš és¡f§fS« 

ga‹gL¤j¥ gL»‹wd. mt‰iw Ï§F¡ fh©ngh«.

rkthŒ¥ò¢ nrhjid mšyJ uh©l« nrhjid (Random experiment) :

	 xU nrhjidæ‹ KoÎ, thŒ¥Ã‹ mo¥gilæš mikªJ, m«Koit 

K‹ghfnt Tw Koahjjhæ‹ m¢nrhjidia rkthŒ¥ò¢ nrhjid mšyJ uh©l« 

nrhjid v‹»nwh«.

	 ehza§fis¢ R©Ljš, gfil ÅRjš ngh‹wit rkthŒ¥ò¢ nrhjid¡F 

vL¤J¡fh£LfshF«.

Ka‰Á (Trial) :

	 rkthŒ¥ò¢ nrhjid brŒjiy “Ka‰Á'' v‹»nwh«.

éisÎfŸ (Outcomes) :

	 xU rkthŒ¥ò¢ nrhjidæ‹ KoÎfŸ mj‹ “éisÎfŸ'' vd¥gL«.
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ãfœ¢Á (Event) :

	 xU rkthŒ¥ò¢ nrhjidæ‹ xU éisÎ mšyJ gy éisÎfë‹ bjhF¥ò 

“ãfœ¢Á'' vd¥gL«.

	 vL¤J¡fh£lhf, xU ehza¤ij¢ R©LtJ v‹gJ xU rkthŒ¥ò¢ nrhjid. 

mÂš jiyéGjš mšyJ ó éGjš v‹gJ xU ãfœ¢Á MF«.

TWbtë (Sample space) :

	 xU nrhjidæš fUj¡Toa KoÎfŸ x›bth‹W« “TWòŸëfŸ'' (sample 
points) vd¥gL«. všyh TW òŸëfisÍ« bfh©l mid¤J¡fz« “TWbtë'' 

vd¥gL«. mJ S v‹w vG¤jhš F¿¡f¥gL«.

	 vL¤J¡fh£lhf, xU ehza¤ij¢ R©L« nghJ »il¡F« TWbtëahdJ  

S = { H, T } v‹w fz«. mÂš H, T v‹git TWòŸëfshF«. 

rçrkthŒ¥òŸs ãfœ¢ÁfŸ (Equally likely events) :

	 Ïu©L mšyJ mj‰F« nk‰g£l ãfœ¢ÁfŸ x›bth‹W« jå¤jåna 

ãfœtj‰fhd thŒ¥òfŸ rçrkkhf ÏU¡Fkhæ‹ mit rçrkthŒ¥òŸs 

ãfœ¢ÁfshF«.   vL¤J¡fh£lhf, xU ehza¤ij¢ R©L« bghGJ jiy éGtJ« 

óéGtJ« rçrkthŒ¥òŸs ãfœ¢ÁfshF«.

x‹iwbah‹W éy¡F« ãfœ¢ÁfŸ (Mutually exclusive events) :

	 Ïu©L mšyJ mj‰F« nk‰g£l ãfœ¢ÁfŸ x‹iwbah‹W éy¡F« 

ãfœ¢Áfshæ‹, mt‰¿š VnjD« x‹W el¡F« rka¤Âš ntW vªj ãfœ¢ÁÍ« 

eilbgw ÏayhJ. vL¤J¡fh£lhf, xU ehza¤ij¢ R©L« nghJ jiy mšyJ 

ó k£Lnk éG«. vdnt jiy éG« ãfœ¢ÁahdJ ó éG« ãfœ¢Áia K‰¿Y« 

éy¡F»wJ. vdnt Ï›éu©L ãfœ¢ÁfS« x‹iwbah‹W éy¡F« ãfœ¢ÁfŸ 

vd¥gL«.

óuzkhd ãfœ¢ÁfŸ (Exhaustive events) :

	 xU rkthŒ¥ò¢ nrhjidæš bgw¥gL« všyh éisÎfisÍ« bg‰¿U¡F« 

ãfœ¢Áfis¥ óuzkhd ãfœ¢ÁfŸ v‹»nwh«. vL¤J¡fh£lhf, xU gfilia 

ÅR« nghJ »il¡F« všyh éisÎfS« {1, 2, 3, 4, 5, 6} óuzkhd ãfœ¢ÁfshF«. 

Ï¥óuz ãfœ¢Áæš »il¡F« TWòŸëfë‹ v©â¡if 6 MF«.

vÂ®kiw ãfœ¢ÁfŸ (Complementary events) :

	 ‘A ãfœ»wJ’ vD« ãfœ¢ÁÍ« ‘A ãfHhJ’ vD« ãfœ¢ÁÍ« vÂ®kiw 

ãfœ¢ÁfŸ mšyJ ãu¥ò ãfœ¢ÁfŸ v‹W miH¡f¥gL»‹wd. ‘A ãfHhJ’ v‹w 

ãfœ¢Áia A′ mšyJ A mšyJ Ac vd¡ F¿¥ÃL»nwh«. xU ãfœ¢ÁÍ« mj‹ 

vÂ®kiw ãfœ¢ÁÍ« x‹iwbah‹W éy¡F« ãfœ¢ÁfshF«.

	 vL¤J¡fh£lhf xU gfilia ÅR« nghJ x‰iw v©fis¥bgW« ãfœ¢Á 
{ 1, 3, 5 } MF«. Ïu£il v©fis¥bgW« ãfœ¢Á {2, 4, 6} MF«. Ïit Ïu©L« 

vÂ®kiw ãfœ¢ÁfshF«.
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rh®g‰w ãfœ¢ÁfŸ (Independent events) :

	 xU ãfœ¢Áæ‹ njh‰w«, k‰w ãfœ¢Áfë‹ njh‰w¤ij¥ 

ghÂ¡fhkèU¡Fkhdhš, mªãfœ¢ÁfŸ mid¤J« rh®g‰w ãfœ¢ÁfŸ vd¥gL«. 

vL¤J¡fh£lhf, xU ehza¤ij¢ R©L« bghGJ KjšKiw “jiy'' éGtjhdJ, 

Ïu©lh« Kiw k‰W« _‹wh« Kiw “jiy'' éGtJ Kjš éisit¢ rh®ªÂuhJ.

1.2 ãfœjfé‹ tiuaiwfŸ :

	 ãfœjfÎ ÏU tif¥gL«. mit fâj ãfœjfÎ (Mathematical probability) 
k‰W« òŸëæaš ãfœjfÎ (Statistical probability) v‹gjhF«.

1.2.1 fâj ãfœjfÎ  :

	 xU ãfœ¢Á eilbgWtj‰F K‹dnu, mjhtJ mªãfœ¢Áia¡ fh©gj‰fhd 

nrhjid el¤Jtj‰F K‹ng, mj‹ ãfœjféid¡ fhz ÏaYkhæ‹ mªãfœjfÎ 

fâj ãfœjfÎ vd¥gL«. xU rkthŒ¥ò¢ nrhjidahdJ rçrkthŒ¥òŸsJ«, 

x‹iwbah‹W éy¡f¡ToaJkhd ‘n’ óuz KoÎfis¡ bfh©LŸsJ v‹f. ÏÂš 
‘m’ KoÎfŸ A - v‹w ãfœ¢Á eilbgWtj‰F¢ rhjfkhd KoÎfŸ våš, m/n v‹w 

é»j« A  v‹w ãfœ¢Áæ‹ ãfœjfÎ vd¥gL« mij P(A) vd¡ F¿¥ÃL»nwh«.

	 m Number of cases favourable to the even AP(A) = 
n Total number of exhaustive cases

=  = 
A  v‹w ãfœ¢Á¡F¢ rhjfkhd éisÎfë‹ v©â¡if

bkh¤j éisÎfë‹ v©â¡if

fâj ãfœjféid xU Kªija ãfœjfÎ (a priori probability) v‹W« TWt®. 

Vbdåš ehza§fis¢ R©Ljš, gfil ÅRjš ngh‹w vL¤J¡fh£Lfëš 

m¢nrhjidfis¢ brŒtj‰F K‹ghfnt mt‰¿‹ ãfœjféid¡ Tw ÏaY«.

	 nk‰T¿a ãfœjfé‹ tiuaiw mÂf« ga‹gL¤j¥gL»wJ. ÏU¥ÃD« Áy 

rka§fëš m›tiuaiwia Ñœ¡f©l fhuz§fshš ga‹gL¤j ÏayhJ.

1. xU nrhjidæ‹ všyh éisÎfisÍ« fhz Ïayhj nghJ.

2. TWòŸëfŸ mšyJ éisÎfŸ x‹W¡bfh‹W rh®ªÂU¡F« nghJ

3. bkh¤j éisÎfë‹ v©â¡if v©âyl§fhkš ÏU¡F« nghJ

4. x›bthU éisÎ« rçrkthŒ¥ig¥ bg‰¿uhÂU¡F« nghJ

	 fâj ãfœjféš fhz¥gL« Áy FiwghLfŸ Ã‹tU« tiuaiwæš 

Ú¡f¥gL»‹wd.

1.2.2 òŸëæaš ãfœjfÎ

	 xU ãfœ¢Áæ‹ ãfœjfthdJ mJ elªj Ã‹dnu Tw KoÍ« våš 

mªãfœjfÎ òŸëæaš ãfœjfÎ vd¥gL«.

	 xU nrhjidia n Kiw brŒÍ« nghJ, A v‹w ãfœ¢ÁahdJ m Kiw 

eilbgW»wJ våš mj‹ rh®ò ãfœbt© m/n MF«. n Ï‹ kÂ¥ò äf mÂfkhF« 

nghJ, Ïj‹ všiy kÂ¥ò X® v©iz¡ F¿¡F«. Ï›bt© ãfœ¢Á 'A' Ï‹ ãfœjfÎ 

MF«.
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P(A) = Limit 

n ®¥(  )m
n

ÏJ

 
	 vd¡ F¿¥Ãl¥gL«.

	 Ï›tiuaiw Ú©l fhy nrhjidia¡ fU¤Â‰bfh©L cUth¡f¥g£ljhF«. 

Ï›tiuaiw¡F¡ fhuzkhdt® th‹ik[° (Von Mises) v‹w fâjéayh® Mth®.

	 xU ehza« 10 Kiw R©l¥g£lhš, eh« bgWtJ 6 jiy, 4 ó mšyJ 4 jiy, 

6 ó mšyJ ntW vªj KoÎ« ek¡F¡ »il¡fyh«. Ï¢nrhjid KoÎfëš jiy 

éGtj‰fhd ãfœjfÎ rçahf 0.5 v‹W TwKotÂšiy. Mdhš fâj ãfœjfé‹ 

go jiyéGtj‰fhd ãfœjfÎ 0.5 v‹W TW»nwh«.

	 våD« Ï¢nrhjidia äf mÂf v©â¡ifæš brŒJ gh®¡F« nghJ, 

nrhjidæ‹ KoÎfëš jiyéGtJ«, ó éGtJ« Vw¤jhH rkv©â¡ifæš 

mikÍ« v‹W vÂ®gh®¡fyh«. m¥nghJ jh‹ mj‹ ãfœjfÎ 0.5 v‹gij 

beU§F»wJ v‹»nwh«. Ï›thW nrhjidfŸ ãfœ¤ÂaÃ‹ fz¡»L« òŸëæaš 

ãfœjfit xU Ãªija ãfœjfÎ  (a posteriori probability) v‹W« TWt®.

1.2.3 ãfœjfit¡ nfh£ghLfŸ _y« mQFjš :

	 ãfœjfit¡ nfh£ghLfŸ _y« mQF« Kiw eÅd KiwahF«. Ï«Kiw 

KGtJ« fz§fis mo¥gilahf¡ bfh©ljhF«. ÏJ nfhšnkhnfhu› 

(Kolmogorov) v‹w uZa fâjéayhsuhš 1933 M« M©L m¿Kf¥gL¤j¥g£lJ.

ãfœjfÎ¡ nfh£ghLfŸ (Axioms of probability) :

	 xU rkthŒ¥ò¢ nrhjidæ‹ A v‹w ãfœ¢Á S Ïš cŸsJ v‹f. P(A) v‹gJ 

ãfœjfthdhš mJ Ã‹tU« _‹W nfh£ghLfis ãiwÎ brŒÍ«.  mit

(1) 	 vªj xU ãfœ¢Áæ‹ ãfœjfÎ« 0 Kjš 1 Koa cŸs v©fS¡F Ïilna  

	 mikÍ«. mjhtJ 0 ≤ P(A) ≤ 1

(2)	 bkh¤j TWbtëæ‹ ãfœjfÎ 1 MF« mjhtJ P(S) = 1

(3) 	 A1, A2,… v‹git S Ïš cŸs x‹iwbah‹W éy¡F« ãfœ¢Áfshdhš

	 P (A1 ∪ A2 ∪ …) = P(A1) + P(A2) +...

fz¡F¿p£oš ãfœjfÎ brh‰bwhl®fŸ :

	 S	 ⇒ TWbtë

	 A 	 ⇒ A ãfHhJ ÏU¤jš

	 A ∪ A 	=   S

      A ∩ B = φ 	⇒ A, B Ïu©L ãfœ¢ÁfS« x‹iwbah‹W éy¡Ftd

	 A ∪ B 	⇒ A ãfœjš mšyJ B ãfœjš mšyJ A, B, Ïu©L« ãfœjš
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		       (A, B Ït‰WŸ VnjD« x‹whtJ ãfœjš)

	 A ∩ B 	⇒ ãfœ¢ÁfŸ A, B Ïu©L« ãfœjš

	 A ∩ B 	⇒ ãfœ¢ÁfŸ A, B Ïu©L« ãfHhJ ÏU¤jš

	 A ∩ B 	⇒ A ãfœjš, B ãfHhJ ÏU¤jš

	 A ∩ B 	⇒ A ãfHhJ ÏU¤jš, B ãfœjš

1.3 ãfœjfé‹ T£lš nj‰w§fŸ :

	 x‹iwbah‹W éy¡F« ãfœ¢ÁfS¡F« x‹iwbah‹W éy¡fh 

ãfœ¢ÁfS¡Fkhd ãfœjfÎfë‹ T£lš nj‰w§fis Ï§F fh©ngh«.

1.3.1 x‹iwbah‹W éy¡F« ãfœ¢ÁfS¡fhd T£lš nj‰w« :

	 A k‰W« B v‹git x‹iwbah‹W éy¡F« ãfœ¢ÁfŸ våš 'A mšyJ 
B v‹w ãfœ¢Áæ‹ ãfœjfthdJ A k‰W« B M»a ãfœ¢Áfë‹ jå¤jå 

ãfœjfÎfë‹ TLjš gyD¡F¢ rkkhF«. mjhtJ P (A∪B) = P(A) + P(B). ÏJ 

ãfœjfÎ¡ nfh£ghLfëš bjëthf¡ Tw¥g£LŸsJ.

A B

1.3.2 x‹iwbah‹W éy¡fhj ãfœ¢ÁfS¡fhd T£lš nj‰w« :

	 A k‰W« B v‹w ÏU ãfœ¢ÁfS« x‹iwbah‹W éy¡fh ãfœ¢ÁfŸ 

våš mitfëš VnjD« x‹whtJ mjhtJ A mšyJ B  mšyJ A, B Ïu©L« 

ãfœtj‰fhd ãfœjfÎ P(A∪B) = P(A) + P(B) – P(A ∩ B) MF«.

ã%gz« :

	 N TWòŸëfSila TWbtë S I¡ bfh©l xU rkthŒ¥ò¢ nrhjidia 

vL¤J¡ bfhŸnth«.

ãfœjfé‹ tiuaiwæ‹ go

n(A B) n(A B)P(A B) = 
n(S) N

∪ ∪∪ =

A A A AÉ É ÉB B B

B

S
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	 gl¤Âš, x‹iwbah‹W éy¡F« ãfœ¢ÁfS¡fhd ãfœjfé‹ nfh£gh£il¥ 

ga‹gL¤Â¥ Ã‹tUkhW vGJ»nwh«.

	
n(A)   n(A   B)

P(A   B)= 
N

+   Ç
È

	 n (A∩B) I bjhFÂæš T£o¡ fê¡f »il¥gJ,

	

n(A) (A B) n(A B) n(A B)= 
N

n(A) n(B) n(A B)
N

n(A) n(B) n(A B)
N N N

+ ∩ + ∩ − ∩

+ − ∩=

∩= + −
	

	 P(A∪B) = P(A) + P(B) – P(A∩B)

F¿¥ò :

	 A,B k‰W« C v‹w VnjD« _‹W ãfœ¢ÁfS¡F,

	  P(A∪B∪C) = P(A) + P(B) + P(C) – P( A∩B) – P(A∩C) – P(B∩C ) + P ( A ∩ B ∩ C)

T£L ãfœ¢ÁfŸ (Compound events) :

	 Ïu©L mšyJ mj‰F« nk‰g£l ãfœ¢ÁfŸ ÏizªJ xnu neu¤Âš 

ãfGkhdhš mit T£L ãfœ¢ÁfŸ vd¥gL«.

	 vL¤J¡fh£lhf, ÏU ehza§fis xnu neu¤Âš R©L« nghJ "Fiwªjg£r« 

xU jiy" tUtJ xU T£L ãfœthF«. Vbdåš ÏÂš Ïu©L rhjhuz ãfœÎfŸ 

cŸsd.

	 ãfœ¢Á A = xU jiy tUjš, mjhtJ A = { HT, TH} nkY«

	 ãfœ¢Á B = ÏU jiy tUjš, mjhtJ B = {HH}

	 Fiwªjg£r« xU jiy tUjš = { HT, TH, HH}

	 mnjnghš, xU igæš 6 btŸis k‰W« 6 Át¥ò gªJfŸ ÏU¡»‹wd. 

m¥igæèUªJ 2 gªJfŸ vL¡f¥gL»wJ. mit Ïu©L« btŸisahf ÏU¡f 

cŸs ãfœ¢ÁÍ« x‹W btŸis k‰W« x‹W Át¥ghf cŸs ãfœ¢ÁÍ« T£L 

ãfœ¢ÁfshF«. T£L ãfœ¢ÁfŸ, rh®òila ãfœ¢ÁfŸ v‹W«, rh®g‰w ãfœ¢ÁfŸ 

v‹W« gF¡f¥gL»‹wd.

rh®g‰w ãfœ¢ÁfŸ :

	 xU ãfœ¢Áæ‹ njh‰w«, k‰w ãfœ¢Áfë‹ njh‰w¤ij¥ ghÂ¡fhkš 

ÏU¡Fkhdhš, mªãfœ¢ÁfŸ mid¤J« rh®g‰w ãfœ¢ÁfŸ vd¥gL«.
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	 vL¤J¡fh£lhf, xU ehza¤ij ÏUKiw R©L« bghGJ, KjšKiw éG« 

Koit, Ïu©lh« Kiw éG« KoÎ vªj éj¤ÂY« ghÂ¡fhJ.

	 xU igæš 5 btŸis k‰W« 7 Át¥ò¥ gªJfŸ cŸsd. ÏU gªJfŸ 

x‹w‹Ã‹ x‹whf vL¡f¥gL»‹wd. m›thW vL¡F« nghJ Kjšgªij vL¤jÃ‹ 

m¥gªJ Û©L« m¥igænyna it¡f¥gL»wJ. Ï¢NHèš   "Kjš gªJ btŸis" 

k‰W« "Ïu©lhtJ gªJ Át¥ò" v‹w ãfœ¢ÁfŸ rh®g‰w ãfœ¢ÁfshF«. Vbdåš 

Ïu©lhtJ gªJ vL¥gj‰F K‹ m¥igæYŸs gªJfë‹ v©â¡ifæš vªjéj 

kh‰wK« Ïšiy.

rh®òila ãfœ¢ÁfŸ :

	 xU ãfœ¢Áæ‹ njh‰w«, mL¤j ãfœ¢Áæ‹ njh‰w¤ij¥ ghÂ¡Fkhdhš, 

Ïu©lhtJ ãfœ¢ÁahdJ Kjš ãfœ¢Áia¢ rh®ªÂU¡F« v‹»nwh«. nk‰f©l 

vL¤J¡fh£oš, Kjèš vL¤j gªij kWgoÍ« igæš it¡fhkš ÏUªjhš igæš 

cŸs gªJfëš x‹W FiwÍ«. vdnt mJ Ïu©lhtJ gªij vL¡F« nghJ 

cŸs thŒ¥òfëš kh‰w¤ij V‰gL¤J»wJ. mjhtJ Ïu©lhtjhf vL¡F« gªJ 

Át¥ghf ÏU¡f nt©Lkhdhš mJ Kjèš vL¡f¥g£l gªJ Át¥ò mšyJ btŸis 

ãw¥gªij¥ bghW¤jjhF«.

	 mnj nghš xU Ó£L¡f£oš xU Ó£L vL¡F« nghJ ÂU«gÎ« mij Û©L« 

m¡f£oš it¡fhkš ÏUªjhš, Ïu©lhtjhf Ã‹dhš vL¡F« Ó£L Kjèš 

vL¡f¥g£l Ó£il¢ rh®ªJ cŸsJ.

1.4 ãgªjid ãfœjfÎ (Conditional probability) :

	 A v‹gJ VnjD« xU ãfœ¢Á k‰W« P(A) > 0 v‹f. A, B M»a ÏU rh®òila 

ãfœ¢ÁfŸ våš, A K‹ng V‰g£LŸsJ vd¡bfh©L, mj‹ ÃwF B V‰gLtj‰fhd  

ãfœjfit, B v‹w ãfœ¢Á¡fhd ãfœjfit, ãgªjid ãfœjfÎ v‹»nwh«. 

Ïjid P(B|A) vd¡ F¿¥ÃL»nwh«.

	 mjhtJ A I¥ bghW¤j B v‹w ãfœ¢Á¡fhd ãgªjid ãfœjfÎ

	 P(A     B)
P(B|A)

P(A)

Ç=  vd¥gL»wJ.

	 mnjnghš B I¥ bghW¤j A v‹w ãfœ¢Áæ‹ ãgªjid ãfœjfÎ

	
P(A     B

B

)
P( B|A )

P( )

Ç=  vd¥gL»wJ.

F¿¥ò :

	 A, B vD« ãfœ¢ÁfŸ rh®g‰w ãfœ¢ÁfŸ Mæ‹ P(A|B) = P(A) k‰W«       
P(B/A) = P(B) v‹W« MF«.
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1.5 ãfœjfé‹ bgU¡fš nj‰w§fŸ :

	 rh®òila ãfœ¢ÁfS¡F«, rh®g‰w ãfœ¢ÁfS¡F« ãfœjfé‹ bgU¡fš 

nj‰w§fis Ï§F fh©ngh«.

1.5.1 rh®g‰w ãfœ¢ÁfS¡fhd ãfœjfé‹ bgU¡fš nj‰w« :

	 A k‰W« B M»ait ÏU rh®g‰w ãfœ¢ÁfŸ våš m›éU ãfœ¢ÁfŸ 

eilbgWtj‰fhd ãfœjfthdJ mt‰¿‹ jå¤jå ãfœjfÎfë‹ bgU¡fš 

gyD¡F¢ rkkhf ÏU¡F«. mjhtJ P(A∩B) = P(A) P(B)

ã%gz« :

	 bkh¤jKŸs n1 KoÎfëš m1 KoÎfŸ A v‹w ãfœ¢Á¡F¢ rhjfkhf cŸsd 

v‹f.

	
1

1

m
P(A)

n
∴ =

	 bkh¤jKŸs n2 KoÎfŸ m2 KoÎfŸ B v‹w ãfœ¢Á¡F¢ rhjfkhf cŸsd 

v‹f.

	
2

2

m
P(B)

n
∴ =

	 n1 Ïš cŸs x›bthU KoitÍ«, n2 Ïš cŸs x›bthU KonthL 

bjhl®ògL¤j KoÍ«. Mfnt ‘A k‰W« B’ v‹w ãfœ¢Á eilbgWtj‰fhd bkh¤j 

thŒ¥òfë‹ v©â¡if n1n2 MF«. Ï›thnw m1 Ïš cŸs x›bthU KoitÍ« 
m2 Ïš cŸs x›bthU KonthL bjhl®ò gL¤j KoÍ«. Mfnt ‘A k‰W« B’ v‹w 

ãfœ¢Á eilbgWtj‰F¢ rhjfkhd thŒ¥òfë‹ v©â¡if m1 m2 MF«. Mfnt 

‘A k‰W« B’ v‹w ãfœ¢Á eilbgWtj‰fhd bkh¤j thŒ¥òfë‹ v©â¡if n1n2 
MF«.  Ï›thnw m1 Ïš cŸs x›bthU KoitÍ« m2 Ïš cŸs x›bthU KonthL 

bjhl®ò gL¤j KoÍ«. Mfnt ‘A k‰W« B’ v‹w ãfœ¢Á eilbgWtj‰F¢ rhjfkhd 

thŒ¥òfë‹ v©â¡if m1 m2 MF«.

	

1 2

1 2

1 2

1 2

m m
P(A B)

n n
m m

.
n n
P(A).P(B)

∴ ∩ =

=

=

F¿¥ò :

	 Ï¤nj‰w¤ij Ïu©L¡F« nk‰g£l ãfœ¢ÁfS¡F« éçth¡fyh«. 

A,B,C……. M»ait rh®g‰w ãfœ¢ÁfŸ våš,

	 P(A∩B∩C…….) = P(A).P(B).P(C)……
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1.5.2 rh®òila ãfœ¢ÁfS¡fhd ãfœjfé‹ bgU¡fš njh‰w« :

	 A k‰W« B M»ait ÏU rh®òila ãfœ¢ÁfŸ våš mit Ïu©L« 

eilbgWtj‰fhd ãfœjfÎ

		  P(A ∩ B) = P(A) P(B|A)

ã%gz« :

	 xU nrhjidæš bkh¤jKŸs n rkthŒ¥ò KoÎfëš m KoÎfŸ A v‹w 

ãfœ¢Á ãfœtj‰F¢ rhjfkhf cŸsd v‹f. Ïªj n KoÎfëš, m1 KoÎfŸ B v‹w 

ãfœ¢Á¡F¢ rhjfkhf cŸsd v‹f.

	 Ï¥nghJ ‘A k‰W« B’ v‹w ãfœ¢Á eilbgw rhjfkhd thŒ¥òfë‹ 

v©â¡if m1 MF«.

1

1 1

1

m
P(A    B)

n

m m mm

n       n       nm

mm

n     m

P(A   B)    P(A).P(B|A)

\ Ç =

= ´ =

= ´

\ Ç = 	

F¿¥ò :

	 A, B, C v‹git _‹W rh®ªj ãfœ¢Áfshæ‹

	 P(A∩B∩C) = P(A). P(B|A). P(C|A∩B) MF«. 

1.6 ngbaì‹ nj‰w« (Bayes’ Theorem) :

	 K‹ò és¡f¥g£l ãgªjid ãfœjféš xU ãfœ¢Áæ‹ ãfœit¥ bghW¤J, 

k‰bwhU ãfœ¢Áæ‹ ãfœjfit¡ fâ¡f Ko»wJ v‹gij¡ f©nlh«.

	 Ï¡fU¤J nkY« éçth¡f¥g£L, ek¡F¡ »il¤j òÂa étu§fis¡ 

bfh©L ãfœjféid kWkÂ¥ÕL brŒJ, ãfœjfit¡ fhuz fhça§fS¡F V‰g¥ 

bgwyh« v‹w fU¤ij mo¥gilahf¡ bfh©lJ MF«. Ï›thW kWkÂ¥ÕL brŒJ 

bgw¥gL« ãfœjfit¡ fhQ« Kiw ngbaì‹ éÂ (Bayes' Rule) vd¥gL»wJ.

	 Ï¡fU¤J jhk° ngba° (Thomas Bayes) v‹gtuhš 1763Ïš cUth¡f¥g£lJ. 

Ï›éÂ¥go, Kªija ãfœjfit¡ (Prior probabilities) fU¤Âš bfh©L Ãªija 

ãfœjfÎfŸ (Posteriori probabilities) bgw¥gL»‹wd. vdnt ngbaì‹ ãfœjfÎfŸ, 

Ãªija ãfœjfÎfŸ v‹W« miH¡f¥gL»‹wd.

ngbaì‹ nj‰w« mšyJ ngbaì‹ éÂ :

	 A1, A2, A3, …….Ai, ……An v‹git x‹iwbah‹W éy¡F« n óuz 

ãfœ¢ÁfŸ. mt‰¿‹ ãfœjfÎfŸ Kiwna P(A1), P(A2) …, P(An) v‹gjhF«. B v‹gJ 

k‰bwhU ãfœ¢Á. P(B|Ai) i =1,2…, n všyh« bjçªj ãfœjfÎfŸ våš,
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i i
i k

i i
i 1

P(B | A ) P(A )
P(A | B)

P(B | A ) P(A )
=

=
∑

	

1.7 	 tçir kh‰w§fŸ k‰W« nr®khd§fS¡fhd mo¥gil éÂfŸ (Basic principles of 
Permutations and Combinations) :

	 ãfœjfit¡ fz¡»£L¡ fhQ« nghJ eh« ga‹gL¤j¥ nghF« tçir¡ 

fhuâ¥ bgU¡fš  (Factorial), tçir kh‰w§fŸ k‰W« nr®khd§fŸ ngh‹wt‰¿‹ 

mo¥gil és¡f§fis Ï§F fh©ngh«.

tçir¡ fhuâ¥ bgU¡fš (Factorial) :

bjhl®¢Áahd Kjš n Ïaš v©fë‹ bgU¡fš gyid, tçir¡ fhuâ¥ bgU¡fš n 
v‹»nwh«. mij n! mšyJ ∠n vd¡ F¿¡»nwh«.

mjhtJ	 n! = 1 × 2 × 3 × 4 × 5 × ... × n

		  3! = 3 × 2 × 1

		  4! = 4 × 3 × 2 × 1

		  5! = 5 × 4 × 3 × 2 × 1

	 nkY« 	5! = 5 × ( 4 × 3 × 2 × 1 ) = 5 × ( 4! ) vd vGjyh«. Ïij  n! = n × (n – 1)! 
vd vGjyh«.

F¿¥ò : 1! = 1, 0! = 1.

tçir kh‰w§fŸ (Permutations) :

	 tçirkh‰w« v‹gJ bghU£fis¥ gy têfëš kh‰¿ mik¤J¡ fh©gjhF«. 

A, B, C v‹w _‹¿š xnu rka¤Âš Ïu©ou©lhf mik¤jiy¥ Ã‹tUkhW 

brŒayh«.

	 A B 			   B A

	 A C			   C A

	 B C			   C B

	 Ït‰¿š Ï§F 6 tifahd tçir mik¥òfis¡ fh©»nwh«. AB v‹w 

mik¥ò« BA v‹w mik¥ò« ntWntwhd mik¥òfshF«.

	 nk‰f©l tçir mik¥òfë‹ v©â¡ifia '3bghU£fëèUªJ, 2 
bghU£fë‹ tçirkh‰w v©â¡if 6 MF«' v‹»nwh«. Ïij¡ F¿plhf 3P2 = 6 
vGJ»nwh«.

	 vdnt n bghU£fëèUªJ r bghU£fë‹ tçirkh‰w v©â¡if nPr vd¡ 

F¿¥ÃL»nwh«.
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	 nPr Ï‹ éçth¡f« Ñœ¡f©lthW mik»wJ.

	 nPr = n(n-1)(n-2) ……………[n – ( r – 1)]

	 Ïjid tçir¡ fhuâ¥ bgU¡fš F¿p£oš vGJ« bghGJ

	

n!nPr
(n r)!

=
−

	 vL¤J¡fh£lhf, 10P3 Ï‹ kÂ¥ig¡ fhz, Ã‹tUkhW vGJ»nwh«.

	 10P3	 = 10 (10 – 1) (10 – 2)

		  = 10 × 9 × 8

		  = 720

	 [10P3 Kjèš 10 Ïš bjhl§» 3 Ïaš v©fis Ïw§F tçiræš vGÂ¥ 

bgU¡Ff.]

	 10P3 I tçir¡ fhuâ¥ bgU¡fš Kiwæš RU¡F« éj«,

	

10 3
10!         10   9    8   7   6    5   4    3   2   1

P
(10 3)! 7 6 5 4 3 2 1

10    9   8

720

´ ´ ´ ´ ´ ´ ´ ´ ´= =
- ´ ´ ´ ´ ´ ´

= ´ ´
=

F¿¥ò : nP0 = 1, nP1 = n, nPn = n!

nr®khd§fŸ (Combinations) :

	 xU nr®khd« v‹gJ bghU£fë‹ tçir Kiwia¡ fUjhkš nj®ªbjL¡F« 

têahF«.

	 vL¤J¡fh£lhf A, B, C vD« _‹W bghU£fëš, Ïu©L bghU£fis xnu 

rka¤Âš vL¤jhš, mit

	 A B 		  A C 		  B C  v‹gjhf mikÍ«.

	 Ï§F AB, BA vD« Ïu©L« ntWntw‹W, Ïu©L« x‹nw. vdnt 

nr®khd§fëš tçir mik¥òfis¡ fU¤Âš bfhŸtj‰»šiy.

	 Ïªj vL¤J¡fh£oš `3 bghU£fëš 2 bghU£fis vL¡F« nghJ »il¡F« 

nr®khd§fë‹ v©â¡if 3 MF«.  Ïij 3C2 = 3 vd¡ F¿¥ÃL»nwh«.

	 vdnt n bghU£fëèUªJ r bghU£fis vL¡F« nr®khd§fë‹ 

v©â¡if nCr vd¡ F¿¡f¥gL»wJ.

	
n PrnCr
r!

=  v‹W«
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n!Or nCr

(n r)!r!
=

−
 vdÎ« F¿¥Ãlyh«.

	  

10   3
3

8 4 . 8 4

P 10    9   8
10C 120

3!        1   2   3

8    7   6    5
nkY« C C 70

1   2    3   4

´ ´= = =
´ ´

´ ´ ´= =
´ ´ ´

F¿¥ò :   nC0 = 1,	 nC1 = n,	 nCn = 1

vL¤J¡fh£lhf 10C3  Ï‹ kÂ¥ig¡ fh©ngh«.

	  [8C4 I¡fhd, bjhFÂæš 8 Ïš bjhl§» 4 Ïaš v©fë‹ bgU¡fš gyid 

Ïw§F tçiræš vGÂ, gFÂæš 4 Ï‹ tçir¡ fhuâ¥ bgU¡fiy vGÂ, Ã‹ 

RU¡f nt©L«.]

	 10C8 , 10C2 Ït‰¿‹ kÂ¥ig x¥ÃLnth«.

	

10 8

10 2

10 9 8 7 6 5 4 3 10 9C 45
1 2 3 4 5 6 7 8 1 2
10 9C 45
1 2

× × × × × × × ×= = =
× × × × × × × ×
×= =

×

	 nk‰f©l Ïu©oèUªJ 10C8 = 10C2 vd¡ fh©»nwh«.

	 Ïij Ï›thW« bgwyh«.

	 10C8 = 10C(10 – 8) = 10C2

	 n, r Ït‰¿‰»ilnaÍŸs é¤Âahr« nCr Ïš mÂfkhæU¡F« nghJ nk‰f©l 

Kiw¥go RU¡» vëÂš fz¡»lyh«.

	 nr®khd¤Âš Ï›éÂ nCr = nC(n-r)  vd¥gL»wJ.

	 vL¤J¡fh£lhf, 200C198 I¡ fz¡»l,

	
200     198     200     (200   198)       200    2

200   199
C C C 19900

1   2-
´= = = =
´

 v‹W vëjhf éilia¥  

bgwyh«.

vL¤J¡fh£lhf, »ç¡bf£ mâ¡fhf 13 éisah£L Åu®fSŸ 11 Åu®fis¡ 

bfh©l xU FG nj®ªbjL¡f¥gl ÏU¡»wJ. Ïij v¤jid têfëš 

nj®ªbjL¡fyh« ?

	 13 éisah£L Åu®fëš, 11 Åu®fis 13C11 têfëš nj®ªJ vL¡fyh«. 

mjhtJ

	
13 11 13 2

13 12i.e. C C 78.
1 2

×= = =
×
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vL¤J¡fh£L 1 :

_‹W ehza§fŸ xnu rka¤Âš R©l¥gL»‹wd våš

(i) jiyfŸ éHhkš ÏU¡f	  (ii) xU jiy éH (iii) ÏU jiyfŸ éH   (iv) Fiwªjg£r« 

ÏU jiyfŸ éH (v) mÂfg£r« ÏUjiyfŸ éH ãfœjfit¡ fh©f.

Ô®Î :

	 _‹W ehza§fis¢ R©L« nghJ V‰gL« TWbtë

	 S = { HHH, HHT, HTH, HTT, THH, THT, TTH, TTT} ; n(S) = 8

	 (i)	 jiyfŸ éHhkš ÏU¡f A = {TTT}; n(A) = 1

		

1P(A)
8

∴ =

	 (ii) 	 xU jiy éH B = {HTT, THT, TTH}; n (B) = 3

		

3P(B)
8

∴ =
		

	 (iii) 	 ÏU jiyfŸ éH C = {HHT, HTH, THH}; n(C) = 3

		

3
P(C)

8
\ =

	

	 (iv)	 Fiwªjg£r« ÏU jiyfŸ éH

		  D = { HHT, HTH, THH, HHH}; n(D) = 4

		

4P(D) 1 / 2
8

ℜ
	

	 (v) 	 mÂf g£r« ÏU jiyfŸ éH

		  E = { TTT, HTT, THT, TTH,HHT, HTH,THH}

		  n(E)     = 7

		
7

P(E)
8

\ =

vL¤J¡fh£L 2 :

	 ÏU gfilfŸ År¥gL« nghJ Ïu£ilfŸ (ÏU gfilæY« xnu v©) 

»il¥gj‰fhd ãfœjfit¡ fh©f.

Ô®Î :

	 ÏUgfilfŸ År¥gL« nghJ TWbtëæš cŸs TW òŸëfŸ 

	 n(S) = 36
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	 Ïu£ilfŸ tUtj‰fhd ãfœ¢Á

	 A = {(1,1) , (2,2) , (3,3) , (4,4) , (5,5) , (6,6)}

	

	

6 1P(A)
36 6

∴ = =
	

vL¤J¡fh£L 3 :

	 e‹F FY¡f¥g£l  xU Ó£L¡f£oèUªJ xU Ó£il vL¡F« nghJ mJ (i) A  
Mf ÏU¡f (ii) ilk©£ Mf ÏU¡f ãfœjÎ ahJ ?

Ô®Î :

xU Ó£L¡f£oš 52 Ó£LfŸ cŸsd v‹gij eh« m¿nth«

n(S) = 52

(i) xU Ó£L¡f£oš eh‹F `A' cŸsd.   ∴ n(A) = 4

	

4 1P(A)
52 13

ℜ
	

(ii) 13 ilk©£ Ó£LfŸ xU Ó£L¡f£oš ÏU¡»‹wd.   ∴ n(B) = 13

	

13 1P(B)
52 4

∴ = =

vL¤J¡fh£L 4 :

	 xU bg£oæš 5 g¢ir, 6 Át¥ò, 4 kŠrŸ ãw¥gªJfŸ cŸsd. xU gªJ 

rkthŒ¥ò Kiwæš vL¡f¥gL»wJ v‹whš mJ (i) g¢ir (ii) Át¥ò (iii) kŠrŸ         
(iv) g¢ir mšyJ Át¥ò (v) kŠrŸ ãw« Ïšyhkš ÏU¡f ãfœjfit¡ f©LÃo.

Ô®Î :

	 bkh¤j gªJfë‹ v©â¡if = 5 + 6 + 4 = 15 gªJfŸ

	 (i)	 P (g¢ir ãw¥gªJ)	 	  	 = 5 1
15 3

=

	 (ii) 	 P (Át¥ò ãw¥gªJ) 			   = 6 2
15 5

=

	 (iii) 	 P (kŠrŸ ãw¥gªJ) 			   = 
4

15

	 (iv) 	 P (g¢ir mšyJ Át¥ò ãw¥gªJ)	  = 5 6 11
15 15 15

+ =
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	 (v) 	 P (kŠrŸ ãw« Ïšyhkš ÏU¡f) 	 = 1 – P (kŠrŸ ãw¥gªJ)

							     
4

1
15

11

15
= - =

vL¤J¡fh£L 5 :

	 ÏU gfilfŸ År¥gL»‹wd. TLjš 8 mšyJ 10 Mf ÏU¡f ãfœjfÎ ahJ ?

Ô®Î :

	 TWbtë¥ òŸëfŸ : n(S)=36

	 A= {TLjš 8 »il¡f}

     ∴	  A= {(6,2), (5,3) , (4,4), (3,5) , (2,6)}; P(A) = 
5

36
	 B = {TLjš 10 »il¡f}

     ∴ 	 B = {(6,4), (5,5) (4,6)} ; 		    P(B) = 3
36

	 A ∩ B = {  } ; P(A ∩ B) = 0

     ∴ 	 vdnt ÏU ãfœ¢ÁfS« x‹iwbah‹W éy¡Ftd.

	

P(A     B)   P(A)     P(B)

5      3

36    36

8      2

36     9

\ È = +

= +

= =

vL¤J¡fh£L 6 :

	 ÏU gfilfŸ xnu rka¤Âš År¥gL»‹wd. våš TLjš 6 mšyJ ÏU 

gfilfëY« xnu v© tUtj‰fhd ãfœjfit¡ fh©f.

Ô®Î :

	 n(S) = 36

A v‹gJ TLjš 6 »il¥gj‰fhd ãfœ¢Á

    ∴ 	 A = {(5,1) , (4,2), (3,3) , (2,4) , (1,5)}; 	 P(A) = 
5

36
A v‹gJ ÏU gfilfëY« xnu v© »il¥gj‰fhd ãfœ¢Á

    ∴	 B = {(1,1) (2,2), (3,3), (4,4), (5,5), (6,6)}; 	 P(B) = 
6

36

	 A∩B = {(3,3)} ;  P(A∩B) = 
1
36

Ï§FŸs ãfœ¢ÁfŸ x‹iwbah‹W éy¡Ftd mšy.
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P(A     B)     P(A)   P(B)    P(A    B)

5 6 1

36 36 36

5 6 1

36

11 1

36

10

36

5

18

È = + - Ç

= +

+ -

-

=

-=

= =

vL¤J¡fh£L 7 :

	 xU ntiy¡fhf A k‰W« B v‹D« ÏUt® ne®Kf¤nj®it 

nk‰bfhŸ»‹wd®.  A v‹gt® nj®ªbjL¡f¥gLtj‰fhd ãfœjfÎ 1/3, B v‹gt® 

nj®ªbjL¡f¥gLtj‰fhd ãfœjfÎ 1/2 	våš (i) ÏUtU«  (ii) xUt® k£L« 

nj®ªbjL¡f¥gLtj‰fhd ãfœjfit¡ f©LÃo. (iii) vtU« nj®ªbjL¡f¥glhkš 

ÏU¡f ãfœjfÎ ahJ ?

Ô®Î :

	

1 1
P(A) ,        

,        

P(B)
3 2

2 1
P(A)         P(B)

3 2

= =

= =

	 xUtiu¤ nj®ªbjL¥gJ«, nj®ªbjL¡fhkš ÏU¥gJ« k‰wtiu¥ ghÂ¡fhJ 

våš A, B Ïu©L« rh®g‰w ãfœ¢ÁfshF«.

(i) ÏUtiuÍ« nj®ªbjL¥gj‰fhd ãfœjfÎ

	

P(A B) P(A).P(B)

1 1

3 2

1

6

Ç =

= ´

=

(ii) xUtiu k£L« nj®ªbjL¥gj‰fhd ãfœjfÎ

P (A nj®ªbjL¡f¥gLjš, B nj®ªbjL¡f¥glhkš ÏU¤jš) + 
P (A nj®ªbjL¡f¥glhkš ÏU¤jš, B nj®ªbjL¡f¥gLjš)



17

P (A B) P (A B) P(A).P(B) P(A).P(B)

1 1 2 1

3 2 3 2

1 2

6 6

3

6

1

2

 Ç + Ç = +

= ´ + ´

= +

= =

iii) ÏUtU« nj®ªbjL¡f¥glhkš ÏU¡f

	

P(A    B) P(A) . P(B)

2    1
.

3    2
1
3

Ç =

=

=

vL¤J¡fh£L 8 :

	 A , B, C v‹D« _‹W bjhiy¡fh£Á ãfœ¢Áfis efç‹ xU gFÂæš 2000 

FL«g¤Âd® gh®¡»‹wd®. Ñœ¡f©l étu§fŸ X® MŒé‹ go »il¡f¥bg‰wd.

	 1200 FL«g§fŸ A ãfœ¢Áia¥ gh®¡»‹wd®.

	 1100 FL«g§fŸ B ãfœ¢Áia¥ gh®¡»‹wd®. 

	 800 FL«g§fŸ C ãfœ¢Áia¥ gh®¡»‹wd®.

	 765 FL«g§fŸ A k‰W« B ãfœ¢Áia¥ gh®¡»‹wd®.

	 450 FL«g§fŸ A k‰W« C ãfœ¢Áia¥ gh®¡»‹wd®.

	 400 FL«g§fŸ B k‰W« C ãfœ¢Áia¥ gh®¡»‹wd®.

	 100 FL«g§fŸ A, B k‰W« C ãfœ¢Áia¥ gh®¡»‹wd®.

	 våš xU ãfœ¢ÁiaahtJ gh®¡F« FL«g§fë‹ ãfœjfÎ v‹d ?

Ô®Î :

	 bkh¤j FL«g§fŸ n(S)	 = 2000

				    n(A) 	 = 1200

				    n(B)	 = 1100

				    n(C) 	 = 800

			         n(A∩B) 	 = 765

			         n(A∩C)	 = 450
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			         n(B∩C) 	 = 400

			   n(A∩B∩C) 	 = 100

	 Kjèš n(A∪B∪C) I¡ fhz nt©L«.

	 n(A∪B∪C) 	 = n(A) + n(B)+ n(C) – n(A∩B)–n(A∩C)- n(B∩C) + n(A∩B∩C)

			   = 1200 + 1100 + 800 - 765 - 450 - 400 + 100

	 n(A∪B∪C) 	 = 1585

	

n(A B C)Now P(A B C)
n(S)

1585 0.792
2000

∪ ∪∪ ∪ =

= =
	

	 vdnt Rkh® 79% FL«g§fŸ x‹W mšyJ mj‰F nk‰g£l ãfœ¢Áfis¡ 

fh©»‹wd®.

vL¤J¡fh£L 9 :

	 xUt® 20 bghU£fŸ bfh©l bjhF¥òfshf é‰gid brŒ»wh®. 

m¤bjhF¥Ãš 12 Fiwghl‰wit. 8 FiwghL cŸsit. xU tho¡ifahs® 

m¤bjhF¥ÃèUªJ 3 bghU£fis vL¡»wh® våš,

(i) _‹Wnk Fiwghl‰witahf

(ii) Ïu©L Fiwghl‰wit, x‹W FiwghL cŸsitahf ÏU¡f ãfœjfÎ v‹d ?

Ô®Î :

	 Kjèš 20 bghU£fëèUªJ 3 bghU£fis vL¡F« têfŸ 20C3 MF«. 

mjhtJ  n(S) = 20C3 

i) _‹W bghU£fS« Fiwghl‰witahf cŸs ãfœ¢Á E1 v‹f.

12 Fiwghl‰w bghU£fëèUªJ 3 bghU£fŸ bgw 12C3 têfŸ cŸsd.  

	 ∴ n(E1)=12C3

						    

	

	

31
1

3

12Cn(E )
P(E )

n(S) 20C
12 11 10
20 19 18
0.193

∴ = =

× ×=
× ×

=

ii) Ïu©L bghU£fŸ Fiwghl‰witahfÎ«, xU bghUŸ FiwghLŸsitahfÎ« 

ÏU¥gj‰fhd ãfœ¢Á E2 v‹f.
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	 12 bghU£fëš 2 Fiwghl‰witahf ÏU¡f 12C2 têfŸ cŸsd.

	 8 bghU£fëš 1 FiwghL cŸsjhf ÏU¡f 8C1 têfŸ cŸsd.

		  n(E2) =12C2 . 8C1

	 	

2 2 1
2

3

n(E ) 12C .8C
Then the probability P(E )

n(S) 20C
12 11 8 3
20 19 18

0.463

= =

× × ×=
× ×

=

vL¤J¡fh£L 10 :

	 xU nj®Î¤jhëš cŸs 10 fz¡FfŸ, Ô®it¡ fh©gj‰fhd A,B,C v‹D« 

_‹W khzt®¡F¤ ju¥gL»wJ. A v‹gt® m¡fz¡Ffë‹ Ô®it¡ fh©gj‰fhd 

ãfœjfÎ 60% MfÎ« B v‹gtç‹ ãfœjfÎ 40% MfÎ« C v‹gtç‹ ãfœjfÎ 30% 
MfÎ« cŸsJ våš _tU« nr®ªJ Ô®Î fh©gj‰fhd ãfœjfit¡ fh©f.

Ô®Î :

	 A v‹gtç‹ fz¡»‹ Ô®Î fh©gj‰fhd ãfœjfÎ = 60%

	 B v‹gtç‹ fz¡»‹ Ô®Î fh©gj‰fhd ãfœjfÎ = 40%

	 C v‹gtç‹ fz¡»‹ Ô®Î fh©gj‰fhd ãfœjfÎ = 30%

	 xU khzt® fz¡»‹ Ô®it¡ fh©gJ v‹gJ«, mªj fz¡»‰F k‰w 

khzt® Ô®Î fh©gJ v‹gJ« rh®g‰w ãfœ¢ÁfshF«.

	 vdnt,  Hence, P(A B C) P(A). P(B).P(C)
60 40 30

100 100 100
0.6 0.4 0.3
0.072

∩ ∩ =

= × ×

= × ×
=

vL¤J¡fh£L 11 :

	 xU Ó£L¡f£oš, 2 Ó£LfŸ vL¡f¥gL»‹wd våš mit xU uh#h, xU uhâ 

Mf ÏU¡f ãfœjfit¡ fh©f.

Ô®Î :

	 52 Ó£LfëèUªJ 2 Ó£LfŸ vL¡f¥gL« têfŸ n(S)	 =52C2

	 xU uh#h vL¡f¥gL« têfŸ	 	 	 	 = 4C1

	 xU uhâ vL¡f¥gL« têfŸ	 	 	 	 = 4C1

	 xU uh#h k‰W« xU uhâ vL¡f¥gL« têfŸ	 	 = 4C1.4C1



20

	 mjhtJ  n(E) = 4C1.4C1

	

1 1

2

4C .4Cn(E)P(E)
n(S) 52C

52 514 4
1 2

4 4 2
52 51
8

663

∴ = =

×= × +
×

× ×=
×

=

	

1 1

2

4C . 4Cn(E)
P(E)

n(S)       52C

52   51
4   4

1   2
4    4   2
52   51
8

663

\ = =

´= ´
´

´ ´=
´

=

÷

vL¤J¡fh£L 12 :

	 xU bg£oæš 4 fU¥ò ãw¥ gªJfS« 6 btŸis ãw¥ gªJfS« cŸsd. 

3 gªJfŸ rkthŒ¥ò Kiwæš vL¡f¥g£lhš (i) všyh« fU¥ò ãwkhf (ii) všyh« 

btŸis ãwkhf ÏU¡f nt©oa ãfœjfit¡  fh©f.

Ô®Î :

	 bkh¤jkhd gªJfë‹ v©â¡if  	 = 10

	 mt‰WŸ 3 gªJfis vL¡F« têfŸ	 = 10C3

(i)	 3 fU¥ò gªJfŸ »il¥gj‰fhd têfŸ	 = 4C3

	 P (3 fU¥ò ãw¥ gªJfŸ)	 	 = 3

3

4C
10C

						    

4 3 2 10 9 8
1 2 3 1 2 3
4 3 2

10 9 8
1

30

× × × ×= ÷
× × × ×
× ×=
× ×

=
				  

	            

(ii)	 3 btŸis gªJfŸ »il¥gj‰fhd têfŸ  =  6C3

	 P (3 btŸis ãw¥ gªJfŸ)		 3

3

6C
10C

=

							     

6 5 4
10 9 8
1
6

× ×=
× ×

=

vL¤J¡fh£L 13 :

	 xU bg£oæš 5 g¢ir, 3 Át¥ò ãw¥ gªJfŸ cŸsd. 3 g¢ir ãw¥ gªJ¡fis 

x‹w‹ Ã‹ x‹whf vL¤jhš (i) ÂU«gÎ« m¥bg£oæš it¡fhkš ÏU¡F« nghJ  
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(ii) ÂU«gÎ« m¥bg£oæš it¤jÃ‹ »il¡F« ãfœjfit¡ fh©f.

Ô®Î :

(i)	 ÂU«g it¡fhkš ÏU¡F« nghJ fhQ« ãfœjfÎ

	 8 gªJfëš 3 gªJfis vL¡F« têfŸ =  8C3

		  n(S) = 8C3

	 5 g¢ir ãw¥gªJfëš 3 gªJfis vL¡F« têfŸ = 5C3

	 P (3 g¢ir ãw¥gªJfŸ) = 3

3

5C 5 4 3 5P(3 green balls)
8C 8 7 6 28

× ×∴ = = =
× ×

(ii)	 ÂU«g it¤j Ã‹ fhQ« ãfœjfÎ

	 xU gªij vL¤jÃ‹, kWgoÍ« mnj bg£oæš ÂU«gÎ« it¤J é£lhš 

bg£oæYŸs gªJfë‹ v©â¡if khwhJ. nkY« gªJfis vL¡F« _‹W 

ãfœ¢ÁfS« rh®g‰wit. vdnt g¢ir ãw¥gªij vL¡F« Kjš, Ïu©lh« k‰W« 

_‹wh« KiwÍ« mnj ãfœjfit¡ bfh©oU¡F«.

	 mjhtJ g¢ir ãw¥gªij vL¡F« ãfœjfthdJ x›bthU KiwÍ« 5
8

 Mf 

ÏU¡F«. vdnt 3 g¢ir ãw¥ gªJfis vL¥gj‰fhd ãfœjfÎ

	

5 5 5 1253green balls
8 8 8 512

= × × =

vL¤J¡fh£L 14 :

	 xU bg£oæš 5 Át¥ò k‰W« 4 btŸis ãw¡ nfhèF©LfŸ cŸsd. Ïu©L 

nfhè F©LfŸ x‹w‹ Ã‹ x‹whf ÂU«gÎ« mnj   bg£oæš it¡f¥glhkš 

vL¡f¥gL»‹wd. Ïu©lhtJ vL¡f¥gL« nfhèF©L btŸis ãwkhf ÏUªJ, 

Kjèš vL¡f¥gL« nfhèF©L«  btŸis ãwkhf ÏU¡f ãfœjfÎ v‹d ?

Ô®Î :

Kjš Kiw btŸis ãw¡ nfhè¡F©L »il¡F« ãfœ¢Áia w1 v‹ngh«.

Ïu©lh« Kiw btŸis ãw¡ nfhè¡F©L »il¡F« ãfœ¢Áia w2 v‹ngh«.

	 P(w1) = 4/9   P(w2) = 3/8

Ï¥nghJ eh« fhz nt©oaJ

	

1 2 1 2
1 2

2 2

P(w w ) P(w ).P(w )
P(w / w )

P(w ) P(w )
(4 / 9) (3 / 8)

(3 / 8)
4
9

∩
= =

=

=
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vL¤J¡fh£L 15 :

	 xU igæš 6 Át¥ò k‰W« 8 fU¥ò ãw¥gªJfŸ cŸsd. k‰bwhU igæš 

7 Át¥ò k‰W« 10 fU¥ò ãw¥gªJfŸ cŸsd. Kjèš xU ig nj®ªbjL¡f¥g£L 

mÂèUªJ xU gªJ vL¡f¥gL»wJ våš m¥gªJ Át¥ò ãwkhf ÏU¥gj‰fhd 

ãfœjfit¡ fh©f.

Ô®Î :

	 ÏU igfŸ m§F cŸsd. m›éU igfëš x‹iw¤ nj®ªbjL¡f  

ãfœjfÎ = 
1
2

A v‹gJ Kjš igiaÍ« B v‹gJ Ïu©lhtJ igiaÍ« R v‹gJ Át¥òãw¥ 

gªijÍ« F¿¡f£L«.

	 ∴ P(A) = P(B) = 
1
2

A v‹w igæš 6 Át¥ò, 8 fU¥ò ãw¥gªJfŸ cŸsd.

	 ∴ P (Át¥ò ãw¥gªJ) = 
6

14
A v‹w igia¤ nj®ªbjL¤J mÂèUªJ Át¥ò ãw¥gªij nj®ªbjL¥gj‰fhd 

ãfœjfÎ

	 P(A). P(R|A) = 
1 6 3
2 14 14

× =

mJnghy B v‹w igia¤ nj®ªbjL¤J mÂèUªJ Át¥ò ãw¥gªij 

nj®ªbjL¥gj‰fhd ãfœjfÎ

	 	 P(B). P(R|B) = × =1 7 7
2 17 34

Ïªãfœ¢ÁfŸ všyh« x‹iwbah‹W éy¡F« ãfœ¢ÁfŸ MF«. vdnt R 
v‹gJ Át¥ò ãw¥gªij¥ bgWtjhf ÏUªjhš mJ A mšyJ B v‹w igæèUªJ 

vL¡f¥gLtj‰fhd ãfœjfÎ.

	

P(R) P(A) P(R|A) P(B) P(R|B)

3 7

14 34

17 3 7 7

238

51 49

238

100 50

238 119

= +

= +

´ + ´=

+=

= =

vL¤J¡fh£L 16 :

	 P(A∩B) = 0.3, P(A) = 0.6, P(B) = 0.7 våš, P(B|A), P(A|B) M»at‰iw¡ fh©f.
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Ô®Î :

	

P(A     B)
P(B|A)

P(A)

0.3

0.6

1

2

Ç=

= =

	

	

P(A    B)
P(A |B)

P(B)

0.3

0.7

3

7

Ç=

= =

vL¤J¡fh£L 17 :

	 xU efu¤Âš M©fS«, bg©fS« rkkhf 50% ÏU¡»wh®fŸ. mt®fëš 

20% M©fS«, 5% bg©fS« ntiy»il¡fhjt®fŸ. X® MuhŒ¢Á khzt® ntiy 

thŒ¥ò g‰¿a MŒé‰fhf ntiy »il¡fhjt®fis rkthŒ¥ò Kiwæš nj®ªbjL¤J 

MŒÎ brŒ»wh®. m›thbwåš mt® nj®ªbjL¥gJ (i) M© (ii) bg© Mf ÏU¡f 

ãfœjfÎ v‹d ?

Ô®Î :

	 k¡f£bjhif 50% Ïš 20% M©fŸ ntiy »il¡fhjt®fŸ

	 mjhtJ  
50 20 10i.e 0.10

100 100 100
× = =

	 k¡f£bjhif 50% Ïš 5% bg©fŸ ntiy »il¡fhjt®fŸ

	 mjhtJ 
50 5 25i.e 0.025

100 100 1000
× = =

nk‰f©l étu§fis m£ltizæš Ã‹tUkhW F¿¥ÃLnth«.

ntiy 

bg‰wt®fŸ

ntiy 

»il¡fhjt®fŸ
bkh¤j«

M©fŸ 0.40 0.10 0.50

bg©fŸ 0.475 0.025 0.50

bkh¤j« 0.875 0.125 1.00

M© nj®ªbjL¡f¥gLjiy M v‹W« bg© nj®ªbjL¡f¥gLjiy F v‹W« 

bfhŸnth«. M©, bg© M»nahçš ntiy »il¡fhjt®fis U v‹ngh«. Ï¥nghJ,
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P(M     U)     0.10
(i) P(M | U) 0.80

P(U)         0.125

P(F     U)     0.025
(ii) P(F | U) 0.20

P(U)         0.125

Ç= = =

Ç= = =

vL¤J¡fh£L 18 :

	 xU ãWtd¤Âš, Ïa¡Fd® FGéš Ïl« bgWtj‰fhf Ïu©L FG¡fŸ 

ngh£oæL»‹wd. Kjš FG k‰W« Ïu©lh« FG mij¥ bgWtj‰fhd ãfœjfÎfŸ 

Kiwna 0.6 k‰W« 0.4 MF«. Kjš FG, Ïa¡Fd® FGéš Ïl« bgWth®fŸ 

v‹whš  mt®fŸ òÂa tif bghUis m¿Kf¥ gL¤Jtj‰fhd ãfœjfÎ 0.8 mnj 

nghš Ïu©lh« FGé‰fhd ãfœjfÎ 0.3 m›thbwåš òÂa tif bghUis 

m¿Kf¥gL¤Jtj‰fhd ãfœjfÎ v‹d ?

Ô®Î :

Kjš FG, Ïa¡Fd® FGéš Ïl« Ão¥gj‰fhd ãfœjfÎ

	 P(A1) 	 = 0.6

Ïu©lh« FG, Ïa¡Fd® FGéš Ïl« Ão¥gj‰fhd ãfœjfÎ

	 P(A2) 	 =  0.4

òÂa tif bghUis m¿Kf¥gL¤Jtj‰fhd ãfœjfÎ P(B)

Kjš FG Ïl« Ão¤J, òÂa tif bghUis m¿Kf¥gL¤Jtj‰fhd ãfœjfÎ 

	 P(B|A1) = 0.8

Ïu©lh« FG Ïl« Ão¤J, òÂa tif bghUis m¿Kf¥gL¤Jtj‰fhd ãfœjfÎ 

	 P(B|A2) = 0.3

T£lš éÂ¤ nj‰w¤Â‹ go,

òÂa tif bghUis m¿Kf¥gL¤Jtj‰fhd ãfœjfÎ

P (òÂa tif bghUŸ)

	 = P(Kjš FGÎ«, òÂa tif bghUS«) 

		  + P (Ïu©lh« FGÎ«, òÂa tif bghUS«)

          P(B) 	 = P(A1∩B) + P(A2∩B)

		  = P(A1) P(B|A1) + P(A2).P(B|A2)

		  = 0.6 × 0.8 + 0.4 × 0.3

		  = 0.60
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vL¤J¡fh£L 19 :

	 xU ãWtd¤Âš xU jiyik¥ gjé¡F A, B, C v‹w _t® ngh£oæL»‹wd®. 

mt®fŸ m¥gjé¡F nj®ªbjL¡f¥gLtj‰fhd nj®Î é»j« Kiwna 4:2:3 MF«. 

m¥gjé¡F A nj®ªbjL¡f¥g£lhš mt® ãWtd¤ij #dehaf Kiwæš el¤Â¢ 

brštj‰fhd ãfœjfÎ 0.3 mnj nghš B v‹gtU¡F 0.5 k‰W« C v‹gtU¡F 0.8 

MF«. mªãWtd¤Â‹ ã®thf¤Âš #dehaf Kiwia m¿Kf¥gL¤Jtj‰fhd 

ãfœjfÎ ahJ ?

Ô®Î :

	 A1, A2, A3 v‹w ãfœ¢Áæš, Kiwna A, B, C v‹gt® nj®ªbjL¡f¥gLtij 

F¿¡f£L«. E v‹D« ãfœ¢Á mªj ãWtd¤Â‹ ã®thf¤Âš #dehaf Kiwia 

m¿Kf¥gL¤Jtij¡ F¿¡f£L«.

	 P(A1)	 = 
4
9

		  P (A2)	 = 
2
9

		  P (A3)	 = 
3
9

        P (E|A1)	 = 0.3	          P (E|A2)	 = 0.5	         P (E|A3)	 = 0.8

	 E v‹D« ãfœ¢Á Ã‹tU« _‹W x‹iwbah‹W éy¡F« ãfœ¢Áfshš 

eilbgW«.

(i) 	 A v‹gt® nj®ªbjL¡f¥g£L #dehaf Kiw m¿Kf¥gL¤Jtj‰fhd ãfœ¢Á  

A1∩E v‹f.

(ii) 	B v‹gt® nj®ªbjL¡f¥g£L #dehaf Kiw m¿Kf¥gL¤Jtj‰fhd ãfœ¢Á   

A2∩E v‹f.

(iii)	C v‹gt® nj®ªbjL¡f¥g£L #dehaf Kiw m¿Kf¥gL¤Jtj‰fhd  

 ãfœ¢Á A3∩E v‹f.

	 mjhtJ E = (A1 ∩ E) U (A2 ∩ E) U(A3 ∩ E)

	 Ïit _‹W« bt£lh¡ fz§fŸ, vdnt T£lš nj‰w éÂ¥go,

	

1 2 3

1 1 2 2 3 3

P(E)     P(A     E)    P(A       E)   P(A      E)

P(A  ) P(E |A )        P(A )P(E |A )         P(A ) P(E|A )

4 2 3
0.3 0.5 0.8

9 9 9

46

90

23

45

= Ç + Ç + Ç
= + +

= ´ + ´ + ´

=

=
	

vL¤J¡fh£L 20 :

	  ÂUF MâfŸ jahç¡F« xU bjhê‰rhiyæš, mj‹ bkh¤j c‰g¤Âæš, 

m§FŸs A1, A2, A3  v‹w _‹W vªÂu§fŸ Kiwna 25%, 35%  k‰W« 40%  
jahç¡F« ÂwDilait. jahç¡f¥g£l ÂUF MâfSŸ, 5%, 4%, 2%  ÂUF 
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MâfŸ FiwghLŸsit. xU ÂUF Mâ rkthŒ¥ò Kiwæš nj®ªbjL¡f¥g£L 

mJ FiwghLŸJ v‹W f©l¿a¥gL»wJ. mJ A2 v‹w vªÂu¤ jahç¥Ãš ÏUªJ 

tUtj‰fhd ãfœjfÎ v‹d ?

Ô®Î :

	 P(A1) 	 = P (A1 v‹w vªÂu« jahç¥gJ) = 25%

		  = 0.25

	 P(A2) 	 = 35% = 0.35

	 P(A3) 	 = 40% = 0.40

	 B  v‹w ãfœ¢Á FiwghLŸs ÂUF Mâia¥ bgW« ãfœ¢Á

	 P(B|A1) = P (A1 v‹w vªÂu¤ jahç¥Ãš bgw¥g£l FiwghLŸs ÂUF Mâ)

		     = 5 % = 0.05

 mJnghy, P(B|A2) = 4% = 0.04

 k‰W«        P(B|A3) = 2% = 0.02

 eh« P(A2 / B) I fhz nt©L«.

 ngbaì‹ nj‰w¥go,

	

2 2
2

1 1 2 2 3 3

P(A ) P(B/A )
P(A |B)

P(A ) P(B/A ) P(A ) P(B/A ) P(A ) P(B/A )

(0.35) (0.04)

(0.25)(0.05) (0.35)(0.04) (0.4)(0.02)

28

69

0.4058

=
+ +

=
+ +

=

= 	

vL¤J¡fh£L 21 :

	 xU bjhê‰rhiyæš nkh£lh® ir¡»Ÿ c‰g¤Â brŒÍ« Ïu©L ÃçÎfŸ 

cŸsd. Kjš Ãçéš 80% nkh£lh® ir¡»ŸfŸ c‰g¤Â brŒa KoÍ«. Kjš 

c‰g¤Â¥Ãçéš  85% nkh£lh® ir¡»ŸfŸ äf¢Áwªj juKilait. Ïu©lhtJ 

c‰g¤Â¥Ãçéš 65% nkh£lh® ir¡»ŸfŸ äf¢Áwªj juKilait.

(i)	 Áwªj juKila nkh£lh® ir¡»shf ÏUªJ Kjš c‰g¤Â¥ ÃçéèUªJ  

	 nj®ªbjL¡f¥gLtj‰fhd ãfœjfÎ v‹d ?

(ii)	 äf¢ Áwªj juKila nkh£lh® ir¡»shf ÏUªJ Ïu©lh« c‰g¤Â¥  

	 ÃçéèUªJ nj®ªbjL¡f¥gLtj‰fhd ãfœjfÎ v‹d ?

Ô®Î :

	 A1 vD« ãfœ¢Á, Kjš c‰g¤Â¥ ÃçéèUªJ nkh£l® ir¡»is¥ bgW« 

ãfœ¢Á v‹f. A2 vD« ãfœ¢Á, Ïu©lh« c‰g¤Â¥ ÃçéèUªJ nkh£lh® ir¡»is¥ 
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bgW« ãfœ¢Á v‹f. B v‹D« ãfœ¢Á Kjš Ãçényh, Ïu©lh« Ãçényh nkh£lh® 

ir¡»is¥ bgW« ãfœ¢Á v‹f.

Kjèš »il¤j étu§fë‹ go P(A1) = 0.80, P(A2) = 0.20

TLjyhf¥ bg‰w étu§fë‹ go P(B|A1) = 0.85

	 P(B|A2) = 0.65

	 ÏÂèUªJ ek¡F¤ njitahd kÂ¥òfis¥ Ã‹tU« m£ltizæèUªJ 

bgwyh«. filÁ ãuèš éilfis¥ bgW« Åj« fh£l¥g£LŸsd.

ãfœ¢Á Kªija 

ãfœjfÎ

P(Ai)

ãgªjid 

ãfœjfÎ

P (B|Ai)

Ïizªj 

ãfœjfÎ

P(Ai ∩ B) = 
P(Ai) P (B|Ai)

Ãªija ãfœjfÎ 

P (Ai|B) = 

P(A B)
P(B)

∩

A1 0.80 0.85 0.68
0.68 68
0.81 81

=

A2 0.20 0.65 0.13
0.13 13
0.81 81

=

TLjš 1.00 P(B) = 0.81 1

	 m£ltizæèUªJ, ÂU¤j¥g£l ãfœjfé‹go äf¢Áwªj juKila 

nkh£lh® ir¡»Ÿ Kjš c‰g¤j¥ ÃçéèUªJ bgw¥g£LŸsd v‹gjhf¡ Twyh«. 

(Vbdåš P(A1) = 80% v‹gJ, P(A2) = 20% I él¥ bgçaJ)

ftd¡F¿¥ò :

	 nk‰f©l éilia¥ Ã‹tUkhW rçgh®¡fyh«. m¤bjhê‰rhiyæš 10,000 

nkh£lh® ir¡»ŸfŸ c‰g¤Â brŒa¥g£lhš Kjš c‰g¤Â¥ Ãçéš jahuhF« 

nkh£lh® ir¡»ŸfŸ 10,000 × 80% = 8000

Ïu©lh« c‰g¤Â¥Ãçéš jahuhF« nkh£lh® ir¡»ŸfŸ

	 10000 × 20% = 2000

mt‰WŸ äf¢Áwªj juKila nkh£lh® ir¡»Ÿfis Kjš Ãçéš bgWtJ

	

858000 6800
100

× =
	

Ïu©lh« Ãçéš

	

652000 1300
100

× =
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vdnt Kjš Ãçéš äf¢Áwªj nkh£lh® ir¡»ŸfŸ jahç¥gj‰fhd ãfœjfÎ

	 =
6800 6800 68

6800 1300 8100 81
= =

+
	

Ïu©lh« Ãçéš bgW« ãfœjfÎ = 1300 1300 13
6800 1300 8100 81

= =
+

	 Ï›thW Kªija ãfœjfÎfis, »il¡F« jftšfis¡ bfh©L 

ÂU¤j¥g£l ãfœjfÎfis¥ bgw KoÍ«. vdnt ngbaì‹ nj‰w«, ãfœjfé‹ 

ju¤ij nkY« mÂf¥gL¤J«. r¡Â thŒªj Kiwahf és§F»wJ. mjdhnyna 

nkyh©ik¤ Jiwæš Ô®khå¡F« bfhŸifæš Ï¤nj‰w« ga‹gL»wJ.

gæ‰Á - 1

I. 	 rçahd éilia¤ nj®ªbjL¡fÎ« :

1.	 ãfœjfÎ v‹gJ

	 m) xU é»jkhf	 	 	 M) xU rjÅjkhf	 	

	 Ï) é»jrkkhf	 	 	 	 <) nk‰T¿a mid¤J«

2. 	 ãfœjfÎ bgW« kÂ¥òfŸ

	 m) - ∞ ÏèUªJ + ∞ tiu 		  M) - ∞ ÏèUªJ 1 tiu		

	 Ï) 0 ÏèUªJ 1 tiu 			   <) –1 ÏèUªJ +1 tiu

3. 	 Ïu©L ãfœ¢ÁfŸ rh®g‰wit våš

	 m) éisÎfŸ x›bth‹W« rk thŒ¥òfis¥ bg‰¿U¡F«

	 M) Ïu©o‰F« bghJthf òŸëia¥ bg‰¿U¡F«

	 Ï) x‹¿‹ njh‰w« k‰wt‰¿‹ njh‰w¤ij¥ ghÂ¡fhJ

	 <) Ïu©L« xnu xU òŸëia¥ bg‰¿U¡F«

4. 	 Áw¥ò ãfœjfÎ (classical probability) v‹gJ

	 m) òŸëæaš ãfœjfÎ	 	 M) xU Kªija ãfœjfÎ

	 Ï) v«bgç¡fš ãfœjfÎ	 	 <) nk‰T¿a vJÎäšiy

5. 	 xU ehzaK«, xU gfilÍ« xU§nf År¥gL« nghJ V‰gL« všyh éisÎfë‹ 

v©â¡if

	 m) 7 			   M) 8 			   Ï) 12 			   <) 0

6. 	 e‹F FY¡f¥g£l xU Ó£L¡f£oèªJ xU “°ng£'' uhâ bgWtj‰fhd  

ãfœjfÎ

	 m) 1
13

			   M) 
1
52 		  Ï) 

4
13 			  <) 1
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7.	 _‹W gfilfŸ xU§nf År¥gL»‹wd mÂš TLjš 3 »il¥gj‰fhd  

	 ãfœjfÎ

	 m) 0 			   M) 1 / 216 		  Ï) 2 / 216 		  <) 3 / 216

8. 	 1 Kjš 20 tiuÍŸs KG¡fŸ v©fëš xU KG v© nj®ªbjL¡f¥gL»wJ mJ  

4 Mš tFgL« v©zhf ÏU¡f nt©oa ãfœjfÎ

	 m) 1
4

			   M) 1
3

			   Ï) 
1
2 			   <) 

1
10

9.	 A I¥ bghU¤j B v‹w ãfœ¢Á¡fhd ãgªjid ãfœjfÎ

	 m) 
P(A B)

P(B)
∩

		  M) P(A   B)
P(A)
Ç 		 Ï) P(A B)

P(B)
∪ 		  <) P(A   B)

P(A)

Ç

10.	 P(X) = 0.15, P(Y) = 0.25, P(X∩Y) = 0.10 våš P(X∪Y) Ï‹ kÂ¥ò

	 m) 0.10			   M) 0.20		  Ï) 0.30		  <) 0.40

11.	 If P(A) = 0.5, P(B) = 0.3 nkY« A, B rh®g‰w ãfœ¢ÁfŸ våš, P(A ∩ B) v‹gJ

	 m) 0.8 			   (b) 0.15 		  (c) 0.08		  <) 0.015

12.	 If P(A) = 0.4, P(B) = 0.5, P(A∩B) = 0.2 våš P(B|A) v‹gJ

	 m) 
1
2 			   M) 1

3
			   Ï) 

4
5

		  <) 2
5

13.	 xU ehza« 6 Kiw R©l¥gL»wJ våš TWbtëæš cŸs bkh¤j òŸëfŸ

	 m) 12 			   M)16 			   Ï) 32		  <) 64

14.	 xU gfil ÅR« nghJ x‰iw v©fŸ »il¡F« ãfœ¢ÁÍ«, Ïu£il v©fŸ  

»il¡F« ãfœ¢ÁÍ«

	 m) x‹iwbah‹W éy¡Ftd

	 M) x‹iwbah‹W éy¡Ftd mšy

	 Ï) rh®g‰w ãfœ¢ÁfŸ

	 <) rh®g‰w ãfœ¢ÁfŸ mšy

15. 	xU gfil ÅR« nghJ `2' »il¡fhkš ÏU¡f ãfœjfÎ

	 m) 1
3

			   M) 
2
3

			   Ï) 
1
6 		  <) 

5
6

II. 	 nfho£l Ïl¤ij ãu¥òf :

16.	 ã¢rakhd ãfœ¢Áæ‹ ãfœjfÎ  __________

17.	 el¡f Ïayhj ãfœ¢Áæ‹ ãfœjfÎ  _________

18.	 fâj¥ òŸëæaš __________ v‹W« miH¡f¥gL»wJ.
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19.	 Ïu©L mšyJ mj‰F nk‰g£l ãfœ¢ÁfŸ xnu rka¤Âš tUtj‰F ___________  
vd¥gL«.

20.	 A, B Ïu©L« x‹iwbah‹W éy¡F« ãfœ¢Áfshæ‹ P(A∪B) = _______

21.	 A, B Ïu©L« rh®g‰w ãfœ¢Áfshæ‹ P(A∩B) = _________

22.	 A, B Ïu©L« rh®ªj ãfœ¢Áfshæ‹ P(A|B) = ___________

23. 	A, B Ïu©L« x‹iwbah‹W éy¡F« ãfœ¢Áfshæ‹ P(A∩B) = _________

24.	 _‹W ehza§fis¢ R©L« bghGJ _‹Wnk jiyfshf ÏU¥gj‰fhd  

	 ãfœjfÎ _________

25.	 3 gfilfŸ År¥gL« nghJ TLjš 17 »il¥gj‰fhd ãfœjfÎ  __________

26.	 ÏU gfilfŸ År¥gL« nghJ TLjš 11 »il¥gj‰fhd ãfœjfÎ  ____________

III.  Ñœ¡f©l édh¡fS¡F éil jUf :

27.	 Ã‹tUtdt‰iw tiuaW¡f.

	 ãfœ¢Á, rçrkthŒ¥ò ãfœ¢ÁfŸ, x‹iwbah‹W éy¡F« ãfœ¢ÁfŸ, óuz 

ãfœ¢ÁfŸ, TWbtë.

28.	 rh®òila ãfœ¢ÁfŸ, rh®g‰w ãfœ¢ÁfŸ v‹gt‰iw tiuaW¡f.

29. 	fâj ãfœjfÎ - tiuaW¡f.

30. 	òŸëæaš ãfœjfÎ - tiuaW¡f.

31. 	ãfœjfÎ nfh£ghLfis¡ TWf.

32. 	VnjD« ÏU ãfœ¢ÁfS¡fhd ãfœjfé‹ T£lš nj‰w¤ij étç¡f.

33. 	ãfœjfé‹ bgU¡fš nj‰w¤ij¡ TWf.

34. 	ãgªjid ãfœjfit tiuaW¡f.

35. 	ngbaì‹ éÂia¡ TWf.

36. 	xU khÂçæš cŸs 30 bghU£fëš 5 FiwghLŸsit. m«khÂçæèUªJ 

xU bghUis vL¤jhš mJ (i) FiwghLŸsjhf (ii) Fiwghl‰wjhf ÏU¡f 

ãfœjfit¡ fh©f.

37. 	eh‹F ehza§fŸ xU§nf År¥gL»‹wd. mt‰¿š (i) 2 jiyfŸ (ii) 3 jiyfŸ 
(iii) Fiwªjg£r« 3 jiyfŸ éH ãfœjfit¡ f©LÃo.

38. 	ÏU gfilfŸ År¥gL»‹wd. mt‰¿š (i) TLjš 10 Mf (ii) Fiwªj g£r« 10 
Mf ÏU¡f ãfœjfit¡ fh©f.

39.	 _‹W gfilfŸ xUKiw År¥gL»‹wd. mt‰¿‹ TLjš (i) rçahf 17 Mf     

(ii) mÂfg£r« 17 Mf ÏU¡f nt©oa ãfœjfit¡ fh©f.
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40.	 20 èUªJ 30 ¡FŸ xU KG v© nj®ªbjL¡f¥gL»wJ. mJ xU gfh v©zhf 

ÏU¥gj‰fhd ãfœjfit¡ fh©f.

41.	 xU KG v© 1 ÏèUªJ 50¡FŸ nj®ªbjL¡f¥gL»wJ. mJ 5 Ï‹ kl§fhfnth 

mšyJ 7Ï‹ kl§fhfnth ÏU¥gj‰fhd ãfœjfit¡ fh©f.

42.	 xU Ó£L¡f£oèUªJ xU Ó£L vL¡f¥g£lhš mJ °ng£ mšyJ ilk©£ Mf 

ÏU¡f ãfœjfit¡ fh©f.

43. 	xU Ä¥ tUl¤Âš 53 Phæ‰W¡»HikfŸ tUtj‰fhd ãfœjfÎ ahJ ?

44.	 Ä¥ tUl« mšyhj rhjhuz M©oš 53 Phæ‰W¡»HikfŸ mšyJ 53 Â§f£ 

»HikfŸ tUtj‰fhd ãfœjfit¡ fh©f.

45. 	A, B v‹git x‹iwbah‹W éy¡fhj ãfœ¢ÁfshfÎ«, P(A)= 1/4, P(B) =2/5, 
P(A∪B) = 1/2 MfÎ« ÏUªjhš P(B/A) I¡ fh©f.

46.	 A, B v‹w ÏU rh®g‰w ãfœ¢ÁfSŸ P(A) = 1/2, P(B) = 1/3 våš VnjD« x‹W 

tUtj‰fhd ãfœjfit¡ fh©f.

47. 	A, B v‹w ÏU ãfœ¢ÁfSŸ P (A) = 1/3 = P    , P(B|A) =1/4 våš P(A|B) I¡ 

fh©f.

48. 	xU bg£oæš 4 Át¥ò ngdh¡fS«, 5 fU¥ò ngdh¡fS« cŸsd. 3 fU¥ò ãw 

ngdh¡fis x‹w‹ Ã‹ x‹whf vL¤jhš (i) ÂU«g it¡F« Kiwæš (ii) ÂU«g 

it¡fhj Kiwæš V‰gL« ãfœjfit¡ fh©f.

49. 	xU bfhŸfyåš 5 Át¥ò, 7 g¢ir ãw gªJfŸ cŸsd. k‰bwhU bfhŸfyåš 

6 Át¥ò, 9 g¢ir ãw gªJfŸ cŸsd. xU gªJ VnjD« xU bfhŸfyD¡FŸ 

vL¡f¥g£L, mJ g¢ir ãw¥ gªjhf ÏU¥gj‰fhd ãfœjfit¡ f©LÃo.

50. 	xU Ó£L¡f£oèUªJ Ïu©L Ó£LfŸ vL¡f¥gL»‹wd. mit (i) ‘ilk©£’ 

k‰W« ‘°ng£’ Mf (ii) xU uh#h k‰W« xU uhâ (iii)  Ïu©L 'A' fŸ ÏU¡f 

nt©oa ãfœjfit¡ fh©f.

51. 	xU òŸëæš fz¡F A, B v‹D« ÏU khzt®¡F¤ ju¥gL»wJ. A v‹gt® 

m¡fz¡»‹ Ô®it¡ fh©gj‰fhd ãfœjfÎ 1/2, B v‹gt®¡F 2/3 M»wJ 

våš m¡fz¡F Ô®Î brŒa¥gLtj‰fhd ãfœjfit¡ f©LÃo.

52. 	xU igæš 6 btŸis, 4 g¢ir, 10 kŠrŸ ãw¥ gªJfŸ cŸsd. Ïu©L gªJfŸ 

rkthŒ¥ò Kiwæš vL¡f¥gL»‹wd våš Ïu©Lnk kŠrŸ gªJfshf 

ÏU¥gj‰fhd ãfœjfit¡ fh©f.

53.	 xU tF¥Ãš gæY« khzt®fŸ A, B, C v‹D« ghl§fis¥ gæš»wh®fŸ. 

21 khzt®fŸ ghl« A v‹gijÍ«, 17 ng® B ghl¤ijÍ« 10 ng® C ghl¤ijÍ« 

go¡»wh®fŸ. 12 ng® A k‰W« B ghl§fisÍ«, 5 ng® B k‰W« C ghl§fisÍ«, 

6 ng® A k‰W« C ghl§fisÍ« go¡»wh®fŸ. 2 ng® _‹W ghl§fisÍ« 

go¡»wh®fŸ våš xU khzt® VnjD« xU ghl¤ij k£L« go¥gj‰fhd 

ãfœjfit¡ fh©f.

(B)
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54.	 P(A) = 0.3, P(B) = 0.2, P(C) = 0.1 nkY« A,B,C v‹git rh®g‰w ãfœ¢ÁfshF«. 

mt‰WŸ VnjD« x‹W tUtj‰fhd ãfœjfit¡ fh©f.

55.	 A c©ik ngRtj‰fhd rhjf é»j« 3 : 2. B c©ik ngRtj‰fhd rhjf é»j«  

5 : 3 ÏUtU« xnu rka¤Âš Ku©g£L¥ ngRtj‰fhd ãfœjfé‹ rjÅj« 

v‹d?

56.	 X® mYtyf¤Âš  X, Y k‰W« Z M»nah® mYtyf¤Â‹ jiyik mÂfhçahf 

bghW¥ng‰gj‰fhd thŒ¥òfŸ Kiwna 4 : 2 : 3 v‹w é»j¤Âš mikªJŸsd. 

mt®fŸ jiyik mÂfhçfshf bghW¥ng‰Ã‹ nghd° Â£l¤ij 

brašgL¤Jtj‰fhd ãfœjfÎfŸ Kiwna 0.3, 0.5 k‰W« 0.4 mYtyf¤Âš 

nghd° Â£l« m¿Kf¥gL¤j¥g£oU¥Ã‹ Z jiyikaÂfhçahf ãakd« 

brŒa¥gLtj‰fhd ãfœjféid¡ fh©f.

57.	 ÏU«ò¡ FHhŒfŸ jahç¡F« xU ãWtd¤Âš _‹W c‰g¤Â¥ ÃçÎfŸ cŸsd. 

mit Kiwna 500, 1000, 2000 FHhŒfis¤ Âdrç jahç¡F« ÂwDilait. 

Kªija mDgt§fë‹go m¥ÃçÎfëš V‰gL« FiwghLila FHhŒfë‹ 

ãfœjfÎfŸ Kiwna 0.005, 0.008 k‰W« 0.010 MF«. Âdrç c‰g¤Âæš xU 

FHhŒ nj®ªbjL¡f¥g£L FiwghL cilait v‹W fhz¥gLnkahdhš 

m¡FHhŒ 

	 (i) Kjš ÃçÎ

	 (ii) Ïu©lh« ÃçÎ k‰W«

	 (iii) _‹wh« Ãçéš tUtj‰fhd ãfœjfÎ ahJ ?

éilfŸ

I.

1. (<) 		  2. (Ï) 		 3. (Ï)	  	 4. (M) 	 5. (Ï)		  6. (M) 	

7. (M) 	 8. (m) 		 9. (M) 	 10. (Ï)	 11. (M) 	 12. (m) 

13.(<) 		 14.(m)  	 15. (<)

II.

16. 1 				    17. 0 				    18. Kªija ãfœjfÎ 	

19. T£L ãfœ¢ÁfŸ	 20. P(A) + P(B) 		  21. P(A) . P(B)		

22. P(A B)
P(B)

∩ 			   23. 0				    24. 1
8

	

25. 3
216

			   26. 1
18



33

III

36. 1 5,
6 6

	      	 37. 3 1 5, ,
8 4 16

     	  38. 
1 ,

12 6
1

		  39. 
1 3 215, ,

216 216 216

40. 2
11

			  41. 8
25

			  42. 1
2

			   43. 
2
7 		  44. 

2
7 	

45. P(A∩B) = 3/20 ; P(B/A) = 3/5		  46.  1
2

		 47. P (A∩B) = 1/12 P(A|B) = 1/8

48. 125 5,
729 42

		  49. 71
120

		  50. 13 8 1, ,
102 663 221

	 51. 
5
6

		  52. 9
38

53. 8
27

			  54. 0.496		  55. 3 3 2 5 19 47.5%
5 8 5 8 40

× + × = = 	 56. 6/17

57. (a) 
1 2 4, ,
7 7 7

	 (b) 5 16 40, ,
61 61 61

brŒJ gh®¡f :

	 xU ehza¤ij¢ R©L« nghJ, jiy tUtj‰fhd ãfœjfÎ 0.5 v‹W 

m¢nrhjid brŒahkny Twyh«. Ï¥nghJ Ã‹tU« nrhjidfis¢ brŒJ 

gh®¡f.

1. 	 xU ÃiHa‰w ehza¤ij vL¤J¡ bfh©L 10 Kiw R©Lf. mªãfœ¢Áfëš 

v¤jid jiyfŸ tªjd v‹gij¡ F¿¤J¡ bfhŸf.

2. 	 Ï¥nghJ mnj ehza¤ij 100 Kiw R©o, ckJ e©g® FHh« cjéÍl‹, 

v¤jid jiyfŸ »il¤jd v‹gijÍ« gÂÎ brŒf.

3. 	 nk‰f©l _‹¿š Úé® f‰wt‰iw¤ bjhF¤J c‹ fU¤ij¡ TWf.
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2. rkthŒ¥ò kh¿fS« fâj vÂ®gh®¤jY«

2.0 m¿Kf« :

	 xU nrhjidia mnj Nœãiyfëš gyKiw brŒÍ« nghJ bgw¥gL« 

kÂ¥òfŸ ahÎ« xnu khÂçahf ÏU¡F« v‹gJ xU bghJthd fU¤jhF«. 

m¢nrhjidæš jh« ftå¡f nt©oaJ xU fU¤ij¥ g‰¿ajhfnth, xU g©ig¥ 

g‰¿ajhfnth ÏUªjhš m¢nrhjidæ‹ nghJ mt‰¿‰F¥ gy kÂ¥òfŸ më¡fyh«. 

Ï›thW Ï¥g©Ã‰F më¡f¥gL« gy kÂ¥òfŸ khWg£L tUtjhš mij kh¿ v‹W 

miH¡»nwh«. nkY« nrhjidia, mnj Nœãiyfëš brŒjhY« kh¿fS¡fhd 

kÂ¥òfŸ khWgLtij¡ fh©»nwh«. vdnt, xU rk thŒ¥ò¢ nrhjidæš tU« 

éisÎfis¡ (TWòŸëfis¡) bfh©L, khWg£L tU« kÂ¥òfshš Md xU 

fz¤ij mik¡»nwh«. Ï›thW x›bthU éisé‰F« (TWòŸë¡F«) xU 

bkŒba© kÂ¥ig më¡F« kh¿ rkthŒ¥ò kh¿ v‹W miH¡f¥gL»wJ.

	 nk‰f©l és¡f§fëèUªJ x›bthU éisé‰F« xU kÂ¥ò më¡f¥g£L, 

mj‰Fça ãfœjfÎ« bgw¥gL»‹wJ v‹gJ btë¥gil. vdnt, rkthŒ¥ò kh¿fë‹ 

kÂ¥òfSl‹, mt‰whš bgw¥g£l ãfœjfÎfisÍ« bfh©l g£oaèl¥g£l 

étu§fŸ ãfHjfÎ¥ gutš v‹W miH¡f¥gL»wJ.

	 ãfœjfÎ¥ gutèš ãfœjfÎ Â©ik, ãfœjfÎ ml®¤Â, jå¤j k‰W« 

bjhl®¢Áahd kh¿fS¡fhd ãfœjfÎfŸ ngh‹w brh‰fŸ tH¡fkhf¥ 

ga‹gL¤j¥g£L   tU»‹wd. Ït‰iw¥ g‰¿ éçthf¡ fh©gj‰F K‹, rkthŒ¥ò 

kh¿æ‹ tiuKiwÍ«, mij¡ fz¡Ffëš brašgL¤J« KiwfS« Ï§F 

ju¥gL»‹wd.

2.1 rkthŒ¥ò kh¿ mšyJ uh©l« kh¿ (Random variable) :

	 xU kh¿æš bgw¥gL« v©fŸ, xU rkthŒ¥ò¢ nrhjidæ‹ éisÎfshš 

bgw¥g£l v©fshf ÏUªjhš mJ rkthŒ¥ò kh¿ mšyJ uh©l« kh¿ v‹W 

miH¡f¥gL»wJ.

	 rkthŒ¥ò kh¿ia xU rh®ò v‹W« Twyh«. mJ xU rkthŒ¥ò¢ nrhjidæš 

tiuaW¡f¥g£l TWbtëæš cŸs x›bthU kÂ¥Ã‰F« F¿¥Ã£l ãfœjfit 

vL¡F« rh®ghF«. bghJthf rkthŒ¥ò kh¿fŸ X, Y, Z….., v‹D« bgça M§» 

vG¤J¡fshš F¿¡f¥gL«. mnj nghš rkthŒ¥ò kh¿fë‹ kÂ¥òfŸ x, y, z … 
v‹D« M§»y Á¿a vG¤J¡fshš F¿¡f¥gL«.

	 ÏU ehza§fis¢ R©L« nghJ »il¡F« TWbtë S={HH,HT,TH,TT} 
v‹gjhF«. ÏÂš X v‹gJ jiyfs éGtij¡ F¿¡F« v‹whš, x›bthU 

TWòŸë¡F« eh« X® v©iz¤ jªjhš mij¡ Ñœf©l m£ltizæš 

Ã‹tUkhW F¿¥ngh«.
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TWòŸë HH HT TH TT

X 2 1 1 0

	 Ï›thW Ï¢rkthŒ¥ò¢ nrhjidæš, rkthŒ¥ò kh¿ X MdJ 0, 1, 2 
kÂ¥òfis¥ bgW»wJ.

	 nk‰f©l vL¤J¡fh£oš rkthŒ¥ò kh¿ KoÎW v©fis¡ bfh©oU¡»wJ. 

Ï§F x›bthU rkthŒ¥ò kÂ¥òfS¡F«, mj‰Fça ãfœjfÎfŸ Ã‹tUkhW 

m£ltizæš fh£l¥g£LŸsJ.

	 bghJthf x›bthU rkthŒ¥ò kh¿ xi ¡F«, mj‰Fça ãfœjfit p(xi) mšyJ 

RU¡fkhf pi v‹W F¿¥gJ tH¡f«.

X x1 = 0 x2 = 1 x3 = 2

p(xi)
1

p(x )1 4
=

2
p(x )2 4

= 1
p(x )3 4

=

	 Ïªj m£ltizæYŸs všyh ãfœjfÎfë‹ TLjš 1 v‹gij¡ ftå¡f.

	 mjhtJ p(x1) + p(x2) + p(x3) = 
1 2 1
4 4 4

+ +  = 1.

	 vdnt rkthŒ¥ò kh¿fis¡ bfh©l ãfœjfÎ¥ gutèš mj‹ x›bthU 

kÂ¥Ã‰F«, mj‰Fça ãfœjfÎfisÍ« mªãfœjfÎfë‹ TLjš 1 v‹W 

m¿»nwh«.

	 mJ nghy 3 ehza§fŸ R©l¥gL« bghGJ, jiyfŸ éGtj‰fhd rkthŒ¥ò 

kh¿ X = 0, X = 1, X = 2, X = 3 v‹w kÂ¥òfis V‰»wJ. nkY« mt‰¿‰Fça 

ãfœjfÎfë‹ TLjš, mjhtJ ∑p(xi) =1 M»wJ.

	 ÏU gfilfŸ cU£l¥gL« nghJ »il¡F« TWbtëæš, 36 
TWòŸëfŸ cŸsd. Ï§F X v‹gJ ÏU gfilfëš éG« v©fë‹ 

TLjš v‹f. Ã‹ X v‹w rkthŒ¥ò¢ rh®ò S Ïš tiuaW¡f¥g£L 
X (i, j) = i + j v‹w éÂia cUth¡F»wJ.

	 vdnt X v‹w rkthŒ¥ò kh¿ Ï§F 2,3,4……12 v‹w kÂ¥òfis V‰»wJ. 

vdnt, X Ï‹ Å¢RfŸ {2,3,4……12} MF«.

2.1.1 jå¤j rkthŒ¥ò kh¿ mšyJ bjhl®¢Áa‰w rkthŒ¥ò kh¿  (Discrete random 
variable) :

	 X v‹w rkthŒ¥ò kh¿æ‹ kÂ¥òfŸ KoÎWtjhfnth v©âl¤j¡f 

msÎŸsjhfnth ÏU¥Ã‹, mJ jå¤j rkthŒ¥ò kh¿ mšyJ bjhl®¢Áa‰w 

rkthŒ¥ò kh¿ v‹W miH¡f¥gL»wJ.

	 vL¤J¡fh£lhf, 3 ehza§fŸ R©l¥gL« bghGJ, jiy éGjš v‹gJ 

rkthŒ¥ò kh¿ X Mdhš, mJ bgW« kÂ¥òfŸ 0,1,2,3 MF«. ÏJ xU v©z¤j¡f 

fzkhF«. Ï›thwhd kh¿ xU jå¤j kh¿ v‹W miH¡f¥gL»wJ.
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2.1.2 bjhl® rkthŒ¥ò kh¿ (Continuous random variable) :

	 X v‹w rkthŒ¥ò kh¿, Ïilbtëæš F¿¥Ã£l Â£lkhd v©âyl§fh vªj 

kÂ¥igÍ« vL¡Fkhæ‹ mJ bjhl® rkthŒ¥ò kh¿ v‹W miH¡f¥gL»wJ. 

	 X v‹w bjhl® rkthŒ¥ò kh¿æš xU jå¤j kÂ¥ò¡F ãfœjfÎ ó¢ÁakhF« 

v‹gij m¿f. mjhtJ P (X = x) = 0 vdnt bjhl® rkthŒ¥ò kh¿fŸ, Ïu©L 

Â£lkhd ÏilbtëfS¡F Ïilæš k£Lnk ãfœjfit¡ bfh©oU¡F«. 

vL¤J¡fh£lhf, xU tF¥Ãš khzt®fë‹ caukhdJ 4 mo¡F« 6 mo¡F« 

c£g£lJ v‹gij¢ rkthŒ¥ò kh¿ X = {x|4 ≤ x ≤ 6} v‹W vGJ»nwh«.

	 ä‹ és¡F bjhl®¢Áahf ciH¥gj‰fhd mÂfg£r neu« 2000 kâfŸ 

v‹whš mj‹ bjhl® rkthŒ¥ò kh¿ia X = {x | 0 ≤ x ≤ 2000} vd vGjyh«.

2.2 ãfœjfÎ¤ Â©ik¢ rh®ò (Probability mass function) :

	 X v‹gJ xU jå¤j rkthŒ¥ò kh¿. mJ V‰F« kÂ¥òfŸ x1, x2, ...xn v‹W« 

Ï«kÂ¥òfŸ Ïiz¡f¥gL« x›nth® v©Q« ãfœjfÎ pi = P (X = xi), i = 1,2,3…n 
vd¥gL«. Ï¢rh®ghdJ xi Ï‹ ãfœjfÎ v‹W« Ã‹tU« ãgªjidfis ãiwÎ 

brŒtjhfÎ« ÏU¡F«.

	 (i) 	 pi > 0 mjhtJ pi všyh« Fiwa‰w v©fŸ

	 (ii) 	 ∑pi = p1 + p2 + …+ pn =1

		  mjhtJ všyh ãfœjfÎfë‹ TLjš 1 MF«.

	 Ï¢rh®ò pi mšyJ p (xi) v‹gJ jå¤j kh¿ X Ï‹ ãfœjfÎ¤ Â©ik¢ rh®ò 

v‹W miH¡f¥gL»wJ.

	 (x, p (x)) v‹w tçir¢   nrhofshš Md fz«, X v‹w rkthŒ¥ò kh¿æ‹ 

ãfœjfÎ gutš v‹W miH¡f¥gL»wJ.

F¿¥ò :

	 ãfœjfÎ gutš v‹w fU¤J miybt© gutš v‹w fU¤ij¥ ngh‹wnj. 

miybt© gutèš, v›thW bkh¤j miybt©fŸ gy ÃçÎ ÏilbtëfS¡F¥ 

g§ÑL brašg£oU¡»wnjh, mJ nghy ãfœjfÎ¥ gutèš bkh¤j ãfœjfthd 

1 gFÂ v‹gJ, rkthŒ¥ò kh¿na‰F« gšntW kÂ¥òfS¡Fça ãfœjfÎfshš 

g§»l¥g£LŸsd.

	 ÏJ m£ltizæš Ñœf©lthW vGj¥gL»wJ.

X x1 x2 x3 .... xn

P (X  = x) P (x1) P (x2) P (x3) .... p (xn)
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2.2.1 jå¤j kh¿¡fhd ãfœjfÎ¥ gutš (Discrete probability distribution) :

	 xU rkthŒ¥ò kh¿ jå¤j kh¿ahdhš, bghJthf mJ gutY« jå¤j 

kh¿ahfnt ÏU¡F«. xU jå¤j rkthŒ¥ò kh¿ X ¡F, gutš rh®ò mšyJ Fé¥ 

gutš rh®ò F(x) vd¥gL«. mJ F(x) = P(X ≤ x) ; - ∞ < x < ∞ v‹W vGj¥gL»wJ.

	 vdnt jå¤j kh¿¡fhd ãfœjfÎ¥ gutèš v©z¡Toa mséyhd 

òŸëfŸ x1, x2,….. MfÎ«, mt‰¿‹ ãfœjfÎfŸ pi MfÎ« ÏU¡f,

	  v‹W F¿¥Ãl¥gL»wJ.

F¿¥ò :

	 jå¤j kh¿¡fhd ãfœjfÎ¥ gutèš, F(xj) – F(xj-1) = p(xj) MF«.

2.2.2 ãfœjfÎ ml®¤Â¢ rh®ò (Probability density function) :

	 X v‹w bjhl® rkthŒ¥ò kh¿æ‹, ãfœjfÎ f (x) ml®¤Â¢ rh®ghf ÏU¡f 

nt©Lkhæ‹,

(i)    f (x) ≥ 0 	 - ∞ < x < ∞

(ii) f(x)dx 1
∞

−∞

=∫  v‹w g©òfis¥ bg‰¿U¡f nt©L«.

F¿¥ò :

	 jå¤j kh¿æš F¿¥Ã£l xU òŸëæš mjhtJ P (x = a) v‹gJ ó¢Ákhf 

ÏU¡f nt©oaÂšiy. Mdhš bjhl® rkthŒ¥ò kh¿æš xU òŸëæš fhQ« 

ãfœjfÎ v¥nghJ« ó¢Áa¤ij¤ jU«.

	 mjhtJ      
a

a

ie P(X a) f(x)dx 0= = =∫

	 vdnt P ( a ≤ X ≤ b) = P (a < X < b) = P (a ≤ X < b) = P (a < X ≤ b) v‹W vGjyh«.

	 f (x) v‹w ãfœjfÎ ml®¤Â¢ rh®ò¡F, rkthŒ¥ò kh¿ X v‹gJ (a, b) v‹w 

Ïilbtëæš ÏU¥gj‰fhd ãfœjfÎ

		  P (a < X < b) = 
b

a

f(x)dx∫
bjhl® rkthŒ¥ò kh¿æ‹ gutš rh®ò (Distribution function for continuous random 
variable) :

	 X xU bjhl® rkthŒ¥ò kh¿, mj‹ ãfœjfÎ ml®¤Â¢ rh®ò f(x) våš mj‹ 

gutš rh®ò F(x) MdJ

x

b

a

(i) F (x) f(x)dx P(X x) ; x

(ii) F(b) F(a) f(x)dx P(a X b)

−∞

= = ≤ − ∞ < < ∞

− = = ≤ ≤

∫

∫
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x

b

a

(i) F (x) f(x)dx P(X x) ; x

(ii) F(b) F(a) f(x)dx P(a X b)

−∞

= = ≤ − ∞ < < ∞

− = = ≤ ≤

∫

∫

2.3 gutš rh®Ã‹ g©òfŸ :

	 X v‹gJ jå¤j  mšyJ bjhl® rkthŒ¥g kh¿ våš gutš rh®Ã‹ g©òfŸ 

Ã‹tUkhW.

	 (i)	 F (x) v‹gJ X Ïš Fiwt‰w rh®ò.

	 (ii)	 0 ≤ F (x) ≤ 1 , – ∞ < x < ∞

	 (iii)	 F (– ∞) = x
limit
→−∞  F (x) = 0

	 (iv) 	 F (∞)    = x
limit

→∞   F (x) = 1

	 (v) 	 X v‹w bjhl® rkthŒ¥ò kh¿æ‹ ãfœjfÎ ml®¤Â¢ rh®ò f(x) MfÎ«,  

	 	 FéÎgutš rh®ò F(x) MfÎ« ÏUªjhš F′(x) = f (x) MF«.

vL¤J¡fh£L 1 :

	 xU rkthŒ¥ò kh¿ Ã‹tU« ãfœÎ¥gutiy¥ bg‰¿U¡»wJ.

X 0 1 2 3 4 5 6 7 8
P (x) a 3a 5a 7a 9a 11a 13a 15a 17a

	 (1) a Ï‹ kÂ¥ig¡ f©LÃo.

	 (2) Ã‹tUtdt‰iw¡ fh©f. (i) P( x < 3)   (ii) P (x ≤ 3)   (iii) P (x > 7)                  	
					       (iv) P( 2 ≤ x ≤ 5), (v) P (2 < x <5)

	 (3) FéÎ miybt© gutiy¡ fh©f.

Ô®Î :

1.	 pi v‹gJ X v‹w rkthŒ¥ò kh¿æ‹ ãfœjfÎ Â©ik¢ rh®ghjyhš, ∑pi = 1

	 ∴ a + 3 a + 5a + 7a + 9a +11a + 13a + 15a + 17a = 1

							       81a = 1

							           a = 1/81

2.	 (i) P (x <3) 	 = P (x = 0) + P (x = 1) + P (x = 2)

			   = a + 3 a + 5a

			   = 9a

			   = 9 1
81

 
  

			   = 
1
9

MF«.
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	 (ii)  P(x ≤ 3) 	 = P (x = 0) + P (x = 1) + P (x = 2) +P (x = 3)

			   = a + 3 a + 5 a + 7 a

			   = 16 a

			   = 16
81

	 (iii)  P (x >7) 	 = P (x = 8)

			   = 17 a

			   = 
17
81

       	 (iv)  P ( 2 ≤ x ≤ 5) = P (x = 2) +P (x = 3) + P (x = 4) +P (x = 5)

			   = 5 a + 7a +9a +11a

			   = 32a

			   = 
32
81

        	 (v)  P (2 < x < 5 ) = P (x = 3) + P (x = 4)

			   = 7a + 9a

			   = 16a

			   = 16
81

3) ãfœjfÎ¥ gutš rh®ò Ã‹tUkhW :

X = x 0 1 2 3 4 5 6 7 8

F (x) = P (X ≤ x) a 4a 9a 16a 25a 36a 49a 64a 81a

(or) F (x)
1
81

4
81

9
81

16
81

25
81

36
81

49
81

64
81

81 1
81

=

vL¤J¡fh£L 2 :

	 ÏU gfilfŸ År¥gL« nghJ ‘6’ v‹w v© »il¥gj‰fhd ãfœjfÎ¥ 

gutiy¡ fh©f.

Ô®Î :
	 ÏU gfilfŸ År¥gL« nghJ »il¡F« bkh¤j TWòŸëfŸ 36 MF«.

	 X v‹gJ gfilia ÅR« nghJ »il¡F« 6 v‹w v©fë‹ v©â¡if 

v‹whš, X Ï‹ kÂ¥òfŸ 0,1,2 v‹gij¥ bgW«.

	 A v‹gJ 6 v‹w v© »il¥gijÍ« A v‹gJ 6 »il¡fhkš ÏU¥gj‰fhd 

ãfœ¢ÁiaÍ« F¿¡f£L«.
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ÏÂèUªJ ‘6’ »il¥gj‰fhd ãfœjfÎ 

		

‘6’ »il¡fhkš ÏU¥gj‰fhd ãfœjfÎ 

	  ∴ P (x = 0)   = P (A , A)

  	

P(x 0) P(A and A)

P(A) .P(A)
5 5.
6 6
25
36

∴ = =

=

=

=

xU 6 k£L« »il¥gj‰fhd ãfœjfÎ

      	    P (x = 1)   = P (A , A)  mšyJ P (A , A)

	

            

	    

P (x 1) P(A and A) or P(A and A)

= P(A).P(A) + P (A) . P (A)
1 5 5 1= .
6 6 6 6
5 5

36 36
10
36
5

18

= =

+

= +

=

=

Ïu©oY«  6 »il¥gj‰fhd ãfœjfÎ

	 P (x = 2)     = P (A , A)

	

P(x 2) P(A and A)
P(A).P(A)
1 1.
6 6
1
36

= =
=

=

=

vdnt X Ï‹ ãfœjfÎ¥ gutš

X = x 0 1 2

P (X = x)
25
36

10
36

1
36

5P(A)
6

=

1P(A)
6

=
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vL¤J¡fh£L 3 :

	 xU bfhŸfyåš 6 Át¥ò k‰W« 4 btŸis gªJfŸ cŸsd. 3 gªJfŸ 

rkthŒ¥ò Kiwæš vL¡f¥gL»‹wd. btŸis¥ gªJfŸ bgW« v©â¡ifia¥ 

bghW¤J ãfœjfÎ¥ gutiy¥ bgWf.

Ô®Î :

	 bfhŸfyåš cŸs bkh¤j gªJ¡fë‹ v©â¡if 10

	 X v‹gJ btŸis¥ gªJfŸ vL¡f¥gL« v©â¡ifia¡ F¿¡f£L«.

	 3 gªJfŸ vL¡f¥g£lhš X bgW« kÂ¥òfŸ X= 0, 1, 2, 3 MF«. bkh¤jKŸs 10 

gªJfëèUªJ 3 btŸis¥ gªJfis vL¥gJ Ã‹tU« nr®khd§fëš mikÍ«.

	 P (btŸis Ïšiy, 3 Át¥ò gªJfŸ) 0 3

3

1 2

3

2 1

3

3 0

3

4C 6C 1 120 5P (no white, 3 red balls)
10C 720 30

4C .6C 15P (1 white, 2 red)
10C 30

4C 6C 9P (2 white, 1 red)
10C 30

4C 6C 1P (3 white, no red)
10C 30

×= = =

= =

= =

= =

			   P (1 btŸis, 2 Át¥ò)    

0 3

3

1 2

3

2 1

3

3 0

3

4C 6C 1 120 5P (no white, 3 red balls)
10C 720 30

4C .6C 15P (1 white, 2 red)
10C 30

4C 6C 9P (2 white, 1 red)
10C 30

4C 6C 1P (3 white, no red)
10C 30

×= = =

= =

= =

= =

			   P (2 btŸis, 1 Át¥ò)   

0 3

3

1 2

3

2 1

3

3 0

3

4C 6C 1 120 5P (no white, 3 red balls)
10C 720 30

4C .6C 15P (1 white, 2 red)
10C 30

4C 6C 9P (2 white, 1 red)
10C 30

4C 6C 1P (3 white, no red)
10C 30

×= = =

= =

= =

= =
		      P (3 btŸis, Át¥ò Ïšiy) 

0 3

3

1 2

3

2 1

3

3 0

3

4C 6C 1 120 5P (no white, 3 red balls)
10C 720 30

4C .6C 15P (1 white, 2 red)
10C 30

4C 6C 9P (2 white, 1 red)
10C 30

4C 6C 1P (3 white, no red)
10C 30

×= = =

= =

= =

= =

vdnt X v‹w kh¿æ‹ ãfœjfÎ¥ gutš

X = x 0 1 2 3

P (X = x)
5

30
15
30

9
30

1
30

2.4 E©fâj¤Â‹ mo¥gil brašfŸ g‰¿a X® m¿Kf« (An introduction to 
elementary calculus):

	 bjhl® rkthŒ¥ò kh¿æš mikªj fz¡FfS¡F¤ Ô®Î fh©gj‰F K‹, 

E© fâj¤Âš (calculus) cŸs tifælš (Differentiation) k‰W« bjhifælš 
(Integration) v‹git g‰¿a mo¥gil¡ fU¤J¡fis eh« bjçªJ bfhŸs 

nt©oæU¡»wJ.

	 vdnt, Ï¥gFÂæš E©fâj¤ij¥ ga‹gL¤Â¢ brŒa¡Toa 

fz¡FfS¡F V‰g, E©fâj¤ij¥ g‰¿a Áy és¡f§fS«, N¤Âu§fS« vëa 

Kiwæš ju¥gL»‹wd.
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2.4.1 tifælš (Differentiation) :

1.	 rh®Ã‹ kÂ¥ò v‹gJ äf¢ rçahd kÂ¥ghF«. f(x) v‹w rh®Ã‰F  x = a v‹W 

ÃuÂp£L¡ »il¡f¡ Toa h®Ã‹ kÂ¥ig f(a) = k v‹W vGJ»nwh«.

2.	 všiy kÂ¥ò v‹gJ njhuhakhd kÂ¥ghF«. Mdhš Ï«kÂ¥ò äf¢ rçahd 

kÂ¥ig äfÎ« beU§»æU¡F« kÂ¥ghF«. äf¢ rçahd kÂ¥ò 4 vd¡ bfhŸf. 

eh« bgW« všiy kÂ¥ghdJ 4.00000000001 Mfnth, 3.999999994 Mfnth 

ÏU¡F«. Ï§F äf¢ rçahd kÂ¥ò«, všiy kÂ¥ò« Vw¤jhH rkkhfnt 

ÏU¥gij¡ fh©»nwh«. vdnt gy rka§fëš Á¡fyhd fz¡FfS¡F eh« 

všiy kÂ¥òfis¥ ga‹gL¤J»nwh«. f(x) v‹w rh®Ãš x v‹gJ 2I neh¡» 

äf beU§»¢ br‹whš l v‹w v© »il¡F« v‹gij¡ F¿plhf Ã‹tUkhW 

vGJ»nwh«.

			   x    2
limit  f(x)     f(2)    l
®

= =

3.	 všiy kÂ¥òfëš, xU Áw¥ghd všiy kÂ¥ghd 
h 0

f(x h) f(x)limit
h→

+ −  v‹gJ 

ÏU¡Fnkahdhš, mªj všiy x I¥ bghU¤j f v‹w rh®Ã‹ tif¡bfG 

v‹»nwh«. mjid f ′(x) v‹W F¿¥ÃL»nwh«. 

4.	 tifælèš Áy éÂfŸ :

	 (i)   kh¿èæ‹ tif¡bfG ó¢Áa«. mjhtJ f ′(c)=0, c v‹gJ xU kh¿è.

	 (ii)  u v‹gJ x Ï‹ rh®ò, k v‹gJ kh¿è, k‰W« tifæliy¡ F¿¡f ′(dash) v‹w  

       F¿ia ÏLnth« våš [ku]′ = k[u]′

	 (iii) (u ± v)′ = u′ ± v′

	 (iv) (uv)′ = u′v +uv′

	 (v)  
2

u       u v   uv
v v

-¢ ¢é ù =ê úë û

¢

5.	 K¡»akhd N¤Âu§fŸ :

		  (i) (xn)′ = nxn–1

		  (ii) (ex)′ = ex

	  	 (iii) 1(log x)
x

=′

vL¤J¡fh£L 4 :

Ã‹tUtdt‰¿‰F všiy kÂ¥òfis¡ fh©f :

	

2 2

x 2 x 1

x 5x x 1(i) limit (ii) limit
x 2 x 1→ →

+ −
+ −
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Ô®Î :

2 2

x 2
2 2

x 1

x 5x (2) 5(2) 4 10 14 7(i) limit
x 2 2 2 4 4 2
x 1 1 1 0(ii) limit .
x 1 1 1 0

→

→

+ + += = = =
+ +
− −= =
− −

2 2

x 2
2 2

x 1

x 5x (2) 5(2) 4 10 14 7(i) limit
x 2 2 2 4 4 2
x 1 1 1 0(ii) limit .
x 1 1 1 0

→

→

+ + += = = =
+ +
− −= =
− −

 ÏJ xU Ô®khå¡f Koahj v©.

vdnt Kjèš nfhitia fhuâ¥gL¤Â¢ RU¡»a Ã‹ mnj všiyia më¡f, 

všiy kÂ¥ig eh« bgwyh«.

2

2

x 1 x 1

x 1 (x 1)(x 1) x 1
x 1 (x 1)

x 1limit limit(x 1) 1 1 2
x 1→ →

− − +∴ = = +
− −

−∴ = + = + =
−

vL¤J¡fh£L 5 :

Ã‹tUtdt‰iw x I¥ bghU¤J tifæLf.

	 (i) x12 + 7	 (ii) (x4 + 4x2 – 5)	 (iii) (x3) (ex)		  (iv) 
2x 1

x 5
+

−
Ô®Î :

(i)	        y	 = x12 + 7  v‹f

	 ∴ dy
dx

	 = 12x12–1 + 0 = 12x11

(ii)	       y	 = x3 + 4x2 – 5

	       y′	 = 4x3 + 4 (2x) – 0

		  = 4x3 + 8

(iii)	       y	 = x3ex

	    (uv)′	= u′v + uv′

		  = [x3]′ (ex) + (x3) [ex]′

		  = 3x2 ex + x3ex

		  = ex (3x2 + x3)

(iv)	 y = 
2x 1

x 5
+

−
. 		   

2
u       u v   uv
v v

-¢ ¢é ù =ê úë û

¢

	

2 2

2

2

2

2 2

2

2

2

dy [x 1] (x 5) (x 1)[x 5]
dx (x 5)

[2x](x 5) (x 1)[1]
(x 5)

2x 10x x 1
(x 5)

x 10x 1
(x 5)

+ − − + −′ ′∴ =
−

− − +=
−

− − −=
−

− −=
−
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2 2

2

2

2

2 2

2

2

2

dy [x 1] (x 5) (x 1)[x 5]
dx (x 5)

[2x](x 5) (x 1)[1]
(x 5)

2x 10x x 1
(x 5)

x 10x 1
(x 5)

+ − − + −′ ′∴ =
−

− − +=
−

− − −=
−

− −=
−

2.4.2 bjhifælš (Integration) :

	 bjhifælš v‹gJ, tifælš v‹gÂ‹ vÂ®kiw¢ brayhF«. mjhtJ x3 
Ï‹ tifp£L¡ bfG 3x2 våš 3x2 Ï‹ bjhif x3 MF«. Ït‰iw¥ Ã‹tUkhW 

F¿p£oš vGjyh«.

	 	

mJ nghy

	

8 7 7 8

x x x x

d (x ) 8x 8 x dx x
dx
d (e ) e e dx e
dx

= ⇒ =

= ⇒ =

∫

∫
	

F¿¥ò :

	 tif¥gL¤J« nghJ kh¿èfŸ ó¢Áakh»‹wd. Mdhš vÂ®kiw¢ brayhd 

bjhifælèš, kh¿èæ‹ kÂ¥ò bjçahé£lhš mij¢ nr®¡f ÏayhJ. vdnt 

bjhifæL« nghJ »il¡F« kÂ¥òl‹ C v‹w kh¿èia¢ nr®¡»nwh«.

	 vdnt nk‰f©l vL¤J¡fh£Lfis 
x xe dx e c= +∫ , 7 88x dx x c= +∫ v‹W 

vGJtJ tH¡f«.

	 Ï›thW »il¡F« bjhiffŸ mWÂa‰w bjhiffŸ mšyJ tiua‰w 

bjhiffŸ (indefinite integrals) v‹W miH¡f¥gL»‹wd.

bjhifælèš cŸs K¡»a éÂfS«, N¤Âu§fS« :

(i)	 k dx kx=∫
(ii)	

n 1
n xx dx

n 1

+
=

+∫
(iii)	 x xe dx e=∫
(iv)	

1 dx log x
x

=∫
(v)	 (u v)dx u dx v dx± = ±∫ ∫ ∫
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vL¤J¡fh£L 6 :

	 x I¥ bghU¤J Ã‹tUtdt‰¿‰F¤ bjhif fh©f.

6 1 7
6 x x(i) x dx c

6 1 7

+
= = +

+∫
5 1 4

5
4 4

x x 1 1 1(ii) x dx c
5 1 4 4 x 4x

− + −
− = = = − = − +

− + −∫

1(iii) dx log x c
x

= +∫
1/2 1 3/2

1/2 3/2x x 2(iv) x dx x dx x c1 3 31
2 2

+
= = = = +

+
∫ ∫

5 3 2
4 2 x x x

(v) (x 2x 4x 8)dx 2 4 8x c
5 3 2

+ + + = + + + +ò
x 4 3 x 5 2(vi) (e x 1 / x 10) dx e x / 5 1 / 2x 10x c+ + + = + − + +∫

	 nkny vL¤J¡fh£LfSl‹ és¡f¥g£l bjhiffŸ mWÂa‰w bjhiffŸ 

(indefinite integrals) mšyJ tiua‰w bjhiffŸ vd¥gL«. tiuaW¤j bjhiffŸ 

v‹D« bjhiffS¡F Ñœ všiyÍ«, nkš všiyÍ« c©L.

	 f(x) dx∫  v‹gJ xU tiua‰w bjhifahF«. mnj rh®ò¡F¤ bjhiff©L 

mij xU tiuaiw¡FŸ a, b v‹w všiy¡FŸ mik¤jhš mJ tiuaW¤j 

bjhif(definite integral) vd¥gL«.

	 mjhtJ 
b

a

f(x) dx k=∫  (xU ãiyba©) v‹gJ xU tiuaW¤j bjhifahF«. a 

v‹gJ Ñœ všiy vdÎ« b v‹gJ nkš všiy vdÎ« Tw¥gL«.

	 tiuaW¤j bjhifæ‹ kÂ¥ig¡ fhz Ã‹tU« éÂKiwia¥ 

ga‹gL¤J»nwh«.

	 f(x)dx F(x)=∫  våš

	

b

a

f(x) dx F(b) F(a)= −∫  MF«.

MÁça®¡F«, khzt®¡F« xU K¡»a F¿¥ò :

	 òŸëæaš fz¡Ffis¥ bghW¤j mséš tifælš k‰W« bjhifælš 

Kiwfëš vëa gšYW¥ò¡ nfhitfshš Md rh®òfns ga‹gL¤j¥gl 

nt©L«.
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vL¤J¡fh£L 7 :

kÂ¥ÃLf :

	

4
2

0

(i) 3x dx∫
			 

3
3

1

(ii) x dx∫
		

5

2

(iii) x dx∫

Ô®Î :

44 3
42 3
0

0 0

3 3

3x(i) 3x dx [x ]
3

4 0 64

 
= = 

  

= − =

∫

33 4
3

1 1

34
1

4 4

x(ii) x dx
4

1 [x ]
4
1 [3 1 ]
4
1 [81 1]
4
1 [80]
4
20

 
=  

  

=

= −

= −

=

=

∫

55 2

2 2

2 2

x(iii) x dx
2

1 [5 2 ]
2
1 21[25 4]
2 2

 
=  

  

= −

= − =

∫

vL¤J¡fh£L 8 :

	 X v‹w bjhl® rkthŒ¥ò kh¿æš mikªj rh®ò f (x) = 5x4 , 0 < x < 1 xU 

ãfœjfÎ ml®¤Â¢ rh®ghFkh v‹gij MuhŒf.

Ô®Î :

ãfœjfÎ ml®¤Â¢ rh®ghdhš f(x) dx 1
∞

−∞

=∫  vd¡ fh£l nt©L«. mjhtJ

1
4

0

5(x) dx 1=∫  vd¡ fh£l nt©L«.
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11 5
4

0 0

15

0

5

x
5(x)  dx          5

5

5
x

5

[1      0] 1

é ù
= ê ú

ê úë û

é ù= ë û

= - =

ò

	

	 ∴ f(x) v‹gJ xU ãfœjfÎ ml®¤Â¢ rh®ò.

vL¤J¡fh£L 9 :

	 xU bjhl® rkthŒ¥ò kh¿ X v‹gJ f (x) = Ax2, 0 < x < 1. v‹w éÂ¡F c£g£L 

ãfœjfÎ ml®¤Â¢ rh®ghF« våš A Ï‹ kÂ¥ig¡ fh©f.

Ô®Î :

	 f (x) xU ãfœjfÎ ml®¤Â¢ rh®ghjyhš f(x) dx 1
∞

−∞

=∫

	

1
2

0

13

0

13

0

Ax  dx      1

x
A 1

3

A
x 1

3

A
[1]   1

3

A      3

=

é ù
=ê ú

ê úë û

é ù =ë û

=

=

ò

vL¤J¡fh£L 10 :

	 f(x) = c(1-x) x2 , 0 < x < 1 v‹gJ xU ãfœjfÎ ml®¤Â¢ rh®ò våš, c Ï‹ 

kÂ¥ig¡ fh©f.

Ô®Î :

	 f(x) = c (1 – x)x2 , 0 < x < 1

f(x) v‹gJ xU ãfœjfÎ ml®¤Â¢ rh®ghjyhš f(x) dx 1
∞

−∞

=∫
1

2 3

0
13 4

0

3 4

c (x x )dx 1

x xc 1
3 4

1 1c (0 0) 1
3 4

1 1c 1
3 4
4 1c 1
12

1c 1
12

c 12

∴ − =

 
− =  

  
− − − =     

 − =  

−  =  

  =  
=

∫
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1
2         3

0
13 4

0

3          4

c(x       x  )dx     1

x       x
c 1

3      4

1       1
c (0 0) 1

3      4

1    1
c 1

3    4

1
c 1

12

c    12

\ - =

æ ö
- =ç ÷è ø

é ùæ ö
- - - =ê úç ÷è øê úë û

æ ö- =ç ÷è ø

æ ö =ç ÷è ø
=

ò

vL¤J¡fh£L 11 :

xU rkthŒ¥ò kh¿ x Ã‹tU« ãfœjfÎ ml®¤Â¢ rh®ig¥ bg‰WŸsJ.

	  

1 , 2 x 2
f(x) 4

0, else where

 − < <= 


	 (i) P (– 1 < x < 2)		  (ii) P (x > 1) M»at‰iw¡ fh©f.

Ô®Î :

[ ]

2

1
2

2
1

1

(i)     P(   1    x    2)       f(x)dx

1 1
dx x

4 4

1
[2    (  1)]

4
1

[3]
4
3
4

-

-
-

- < < =

=

= - -

=

=

ò

ò +

	 Ï§F ãfœjfÎ ml®¤Â¢ rh®Ã‹ nkš všiy 2 MF«. vdnt bfhL¡f¥g£l 

všiy¡F£g£l ãfœjfÎ.

	

[ ]

2

1

2
1

1
P(x 1) dx

4

1
x

4
1

[2   1]
4
1

[1]
4
1
4

> =

=

= -

=

=

ò

	

våš
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[ ]

2

1

2
1

1P(x 1) dx
4

1 x
4
1 [2 1]
4
1 ü
4
1
4

−

> =

=

= −

=

=

∫

2.5 fâj vÂ®gh®¤jš (Mathematical Expectation) :

	 vÂ®gh®¤jš (Expectation) v‹w mo¥gil¡ fU¤jhdJ Ô®khå¡F« bfhŸif, 

nkyh©ik m¿éaš, gF¥ghŒÎ¡ bfhŸif, éisah£L¡ bfhŸif ngh‹wt‰¿Y« 

nkY« gy JiwfëY« ga‹gL¤j¥gL»wJ. vÂ®gh®¤jè‹ Áy ga‹ghLfŸ e« 

ghl¤ÂYŸs Ô®khå¡F« bfhŸif v‹w gFÂæY« és¡f¥gL»‹wJ.

	 X v‹w rkthŒ¥ò kh¿æ‹ vÂ®gh®¡F« kÂ¥ò mšyJ fâj vÂ®gh®¤jš 

v‹gJ, X Ï‹ ãiwæ£l T£L¢ ruhrçahF«. mj‹ ãiwfshf, m¢rkthŒ¥ò kh¿æ‹ 

kÂ¥òfS¡Fça ãfœjfÎfŸ vL¤J¡ bfhŸs¥gL»‹wd.

	 X v‹w xU rkthŒ¥ò kh¿ V‰F« kÂ¥òfis mj‰Fça ãfœjfÎfshš 

bgU¡» m¥bgU¡fš gy‹fis¡ T£l¡ »il¥gnj vÂ®gh®¡F« kÂ¥ò vd¥gL»wJ.

2.5.1 jå¤j rkthŒ¥ò kh¿¡fhd fâj vÂ®gh®¤jš :

	 X v‹gJ xU jå¤j rkthŒ¥ò kh¿, mJ x1, x2, x3…….. xn v‹w kÂ¥òfis, 

Kiwna, mj‰Fça ãfœjfÎfshf p1, p2, p3……pn vd¡ bfh©L V‰»wJ. 
m›thbwå‹ X Ï‹ fâj vÂ®gh®¤jš.

	 E(x) = x1p1 + x2p2 + x3p3 +………+ xnpn

	
n n

i i i
i 1 i 1

x p , where p 1
= =

= =∑ ∑ 
n n

i i i
i 1 i 1

x p , where p 1
= =

= =∑ ∑  vd¥gL»wJ.

	 xU rkthŒ¥ò kh¿æ‹ fâj vÂ®gh®¤jè‹ nj‰w§fŸ Áyt‰iw¥ 

ga‹gh£o‰fhf ã%gz« Ï‹¿¤ jUnth«.

2.5.2 vÂ®gh®¤jè‹ nj‰w§fŸ :

1. 	 X,Y v‹w ÏU rkthŒ¥ò kh¿fS¡F E(X), E(Y) ÏU¡Fkhdhš, 	 E(X + Y) = E(X) + 
E(Y) MF«. ÏJ vÂ®gh®¤jè‹ T£lš nj‰w« vd¥gL»wJ.

2.	 X, Y v‹w ÏU rh®g‰w rkthŒ¥ò kh¿fS¡F vÂ®gh¤jš kÂ¥òfS« 

ÏU¡Fkhdhš E(XY) = E(X).E(Y) MF«. ÏJ vÂ®gh®¤jè‹ bgU¡fš nj‰w« 

vd¥gL»wJ.

3. 	 vÂ®gh®¤jè‹ kh¿è kÂ¥ò mnj kh¿è MF«. 

	 mjhtJ E(C) = C

4.	 E(cX) = cE(X)
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5.	 E (aX + b) = aE(X) +b

6.	 kh¿èæ‹ gutšgo (Variance) ó¢ÁakhF« mjhtJ Var(c) = 0

7.	 Var (X + c) = Var X

	 (F¿¥ò : Ï¤nj‰w« MÂia kh‰¿dhš gutšgo khwhJ v‹gij¤ bjçé¡»wJ)

8.	 Var (aX) = a2 var(X)

	 (F¿¥ò : Ï¤nj‰w« myF kh‰w¤Âdhš gutšgo khW« v‹gij¤ bjçé¡»wJ)

9.	 Var (aX + b) = a2Var (X)

10.	 Var (b – aX) = a2 Var (x)

F¿¥ò :

	 'Variance' v‹w brhšiy òŸëæaèš khWgh£lsit, éy¡f t®¡f ruhrç, 

gutšgo v‹W gythwhf¡ TWt®.

tiuaiw :

	 X v‹w rkthŒ¥ò kh¿æ‹ rh®ò f(x) våš, f(x) Ï‹ vÂ®gh®¤jš E (f(x)) = ∑f(x) 
P (X = x) vd¥gL»wJ. mÂš x v‹gJ P (X = x) Ï‹ ãfœjfÎ¢ rh®ò MF«.

Áy F¿¥Ã£l KoÎfŸ :

	 1.	 f(x) = Xr vd vL¤J¡ bfh©lhš E(Xr) = ∑xrp(x) v‹gij A v‹D« 

MÂia bah£oa r MtJ éy¡f¥ bgU¡F¤bjhif (rth moment about origin) 
v‹»wh«. mij μ′r vd¡ F¿¡»nwh«.

		       vdnt	 μ′r = E(Xr)

				    μ′1 = E(X)

				    μ′2 = E(X2)

	 Ï§F ruhrç   = 1

22

2 2

2
2 1

Hence mean X E(X)

x xVariance
N N

E(x ) (E(x))

( )

= = µ =′

∑ ∑ = −   
= −

= µ − µ′ ′

 MF«.

	 khWgh£lsit 

1

22

2 2

2
2 1

Hence mean X E(X)

x xVariance
N N

E(x ) (E(x))

( )

= = µ =′

∑ ∑ = −   
= −

= µ − µ′ ′

			       

1

22

2 2

2
2 1

Hence mean X E(X)

x xVariance
N N

E(x ) (E(x))

( )

= = µ =′

∑ ∑ = −   
= −

= µ − µ′ ′
			       

	 khWgh£lsit (Variance) μ2 vd¡ F¿¡f¥gL»wJ.

			    f (x) = (X – X ) r våš

		     E(X – X )r = ∑(X – X)r p(x) 
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v‹gij (rth moment about mean or rth central moment) r MtJ ika éy¡F¥ 

bgU¡F¤ bjhif v‹»nwh«. mJ μr vd¡ F¿¡f¥gL»wJ.

	 F¿¥ghf r = 2, våš

			         μ2	 = E (X – X )2

				    = Σ (X – X )2 p(X)

				    = E [(X – E (X)]2

				    = E (X) – E (X)]2  MF«.

	 Ïªj ÏUéÂfS«, vÂ®gh®¤jš _y« ãfœjfé‹ khWgh£lsitia¡ fhz 

cjÎ»‹wd.

vL¤J¡fh£L 12 :

	 xU gfilia ÅR« nghJ V‰gL« éisÎfŸ X våš, X-Ï‹ vÂ®gh®¤jiy¡ 

fh©f.

Ô®Î :

	 Ï§F xU gfilia ÅRtjhš V‰gL« éisÎfŸ 1, 2, 3, 4, 5 k‰W« 6 v‹w 

v©fshF«. Ïit x›bth‹W« 1
6

 v‹w ãfœjfit¡ bfh©oU¡F«. vdnt 

Ït‰¿‹ ãfœjfÎ¥ gutš Ã‹tUkhW :

x 1 2 3 4 5 6

P(x)
1
6

1
6

1
6

1
6

1
6

vdnt X Ï‹ vÂ®gh®¤jš kÂ¥ò

	

i i

1 1 2 2 3 3 4 4 5 5 6 6

E(X) x p
x p x p x p x p x p x p

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

7
2

E(X) 3.5

= ∑
= + + + + +

           = × + × + × + × + × + ×                      

=

= 	

F¿¥ò :

	 thŒ¥òfis mo¥gilahf¡ bfh©l éisah£Lfëš, vÂ®gh®¤jš kÂ¥ò, 

éisah£o‹ kÂ¥ghf, éisahLnthuhš vL¤J¡ bfhŸs¥gL»wJ. vÂ®gh®¤jš 

kÂ¥ò äf v©zhf ÏUªjhš mJ rhjfkhd kÂ¥ò v‹W«, Fiw v©zhf ÏUªjhš 

mJ rhjfk‰w kÂ¥ò v‹W« fUj¥gL»wJ. vÂ®gh®¤jš kÂ¥ò ó¢Áa« v‹whš 

Ïu©Lk‰w ãiy v‹W Tw¥gL»wJ.
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vL¤J¡fh£L 13 :

	 xUt® ešy gfil x‹iw ÅR»wh®. mÂš gfh v© tªjhš tU« v©â‰Fça 

gz¤ij vL¤J bt‰¿ bgW»wh®. k‰w v© tªjhš mªj v©Q¡Fça gz¤ij¡ 

bfhL¤J njhšéÍW»wh® våš éisahLgtç‹ vÂ®gh®¤jš kÂ¥ig¡ fâ¤J 

c‹ fU¤ij¡ TWf.

Ô®Î :

	 xU gfilia ÅRtjhš »il¡F« MW éisÎfS¡F« F¿¥Ã£l gz« 

yhgkhfnth, eZlkhfnth ju¥gL»wJ. vdnt vÂ®gh®¤jš kÂ¥ig¡ fhz 

m›éisÎfS¡fhd gz kÂ¥ò më¡f¥gL»wJ. Ïij X v‹w rkthŒ¥ò kh¿ahf¡ 

F¿¥ngh«. Ït‰iw¥ Ã‹tUkhW m£ltizæš vGjyh«.

gfilæš V‰gL«  

éisÎfŸ
1 2 3 4 5 6

mijbah£oa éisÎfë‹ 

ga‹fŸ (xi)
– 1 2 3 – 4 5 – 6

P (xi)
1
6

1
6

1
6

1
6

1
6

1
6

	 2, 3, 5 v‹git gfh v©fŸ v‹gj¿f.

	

	 Ï›éisah£o‹ vÂ®gh®¤jš kÂ¥ò Fiwba©zhf ÏU¥gjhš, ÏJ 

éisahLnth®¡F¢ rhjfk‰wJ vd¤ bjç»wJ.

vL¤J¡fh£L 14 :

	 xU bfhŸfyåš 7 btŸis k‰W« 3 Át¥ò ãw¥gªJfŸ cŸsd. ÏU gªJfŸ 

xU§nf rkthŒ¥ò Kiwæš vL¡f¥gL»‹wd. btŸis¥ gªJfŸ tUtj‰fhd 

vÂ®gh®¤jiy¡ fh©f.

Ô®Î :

	 bfhŸfyåš cŸs 7 btŸis k‰W« 3 Át¥ò ãw¥ gªJfëš, ÏU gªJfŸ 
10C2 têfëš vL¡fyh«. X v‹gJ btŸis¥ gªJfis vL¡f¡ F¿¥Ãl¥gLkhdhš, 

X Ï‹ kÂ¥òfŸ 0, 1, 2 Mf ÏU¡F«. vdnt, X Ï‹ ãfœjfÎ gutiy¥ Ã‹tUkhW 

bgwyh«.

P(0)	 = gªJfŸ Ïu©L« btŸis ãwk‰W ÏU¡f ãfœjfÎ
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(mšyJ)

	     gªJfŸ Ïu©L« Át¥ò ãwkhf ÏU¡f ãfœjfÎ

	
2

2

3C 3 2 1
10C 10 9 15

×= = =
× 	

P(1) 	 = 1 btŸis, 1 Át¥ghf ÏU¡f ãfœjfÎ

	
1 1

2

7C 3C 7 3 2 7
10C 10 9 15

× × ×= = =
× 	

P(2)	 = 2 btŸis ãwkhf ÏU¡f ãfœjfÎ

	
2

2

7C 7 6 7
10C 10 9 15

×= = =
×

vdnt ÏU btŸis ãw¥gªJfŸ tUtj‰fhd vÂ®gh®¤jš,

	

i        i
1 7 7

E(x) x p(x ) 0 1 2
15 15 15

7
1.4

5

é ù é ù é ù= å = ´ + ´ + ´ê ú ê ú ê úë û ë û ë û

= =
	

vL¤J¡fh£L 15 :

	 bjhiy¡fh£Á¥ bg£ofis é‰gid brŒÍ« xUt®, xU ehëš 

é‰gidahF« bjhiy¡fh£Á¥ bg£ofë‹ v©â¡ifæ‹ ãfœjfÎfis¤ 

jkJ Kªija é‰gid étu§fëèUªJ jªÂU¡»wh®. xU ehëš mtuJ é‰gid 

v©â¡ifæ‹ vÂ®gh®¤jiy¡ fh©f.

é‰gidahd 

bjhiy¡fh£Á¥ 

bg£ofë‹ v©â¡if

0 1 2 3 4 5 6

ãfœjfÎ 0.02 0.10 0.21 0.32 0.20 0.09 0.06

Ô®Î :
	 xU ehëš é‰gidahF« bjhiy¡fh£Á¥ bg£ofë‹ v©â¡if xU 

rkthŒ¥ò kh¿æš mikªJŸsJ våš, mJ V‰F« kÂ¥òfŸ 0, 1, 2, 3, 4, 5, 6 MfÎ« 

mj‰Fça ãfœjfÎfŸ m£ltizæš ju¥g£LŸsd.

	 X Ï‹ vÂ®gh®¤jš = E(X) = ∑xipi

	 =  x1p1 + x2p2 + x3p3 + x4p4 + x5p5 + x6p6

	 =  (0) (0.02) + (1) (0.010) + 2(0.21) + (3) (0.32) + 4(0.20) +(5) (0.09) + (6) (0.06) 

 	     E(X) = 3.09

mjhtJ E(X) = 3
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vL¤J¡fh£L 16 :

X v‹w rkthŒ¥ò kh¿ Ã‹tU« ãfœjfÎ¥ gutiy¡ bfh©oU¡»wJ.

	 våš ruhrç, khWgh£lsitia¡ fh©f.

X – 3 6 9

P (X = x) 1/6 1/2 1/3

Ô®Î :

	

i iE (x) x p
1 1 1( 3) (6) (9)
6 2 3

11
2

= ∑

     = − + +          
 =   

  	

2 2
i i

2 2 2

2 2

2

E(x ) x p
1 1 1 93( 3) (6) (9)
6 2 3 2

Var (X) E(X ) [E(X)]

93 11
2 2
93 121
2 4

186 121
4

65
4

= ∑

       = − + + =              
= −

   = −      
   = −      

−=

=

     

	

2 2
i i

2 2 2

2 2

2

E(x ) x p
1 1 1 93( 3) (6) (9)
6 2 3 2

Var (X) E(X ) [E(X)]

93 11
2 2
93 121
2 4

186 121
4

65
4

= ∑

       = − + + =              
= −

   = −      
   = −      

−=

=
	

	 vdnt T£L¢ruhrç 11/2, khWgh£lsit = 65/4 MF«.

2.5.3 	bjhl® rkthŒ¥ò kh¿¡fhd fâj vÂ®gh®¤jš (Expectation of a continuous  
random variable) :

	 X v‹w bjhl® rkthŒ¥ò kh¿¡fhd ãfœjfÎ ml®¤Â¢ rh®ò f(x) våš x Ï‹ 

fâj vÂ®gh®¤jš Ã‹tUkhW tiuaW¡f¥gL»wJ.

	 E (x) = x f(x) dx
∞

−∞
∫ , bjhifælš ÏU¡Fbkåš
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Ô®Î :

	 g(x) v‹gJ xU rkthŒ¥ò kh¿¢rh®ò nkY« E[g(x)] ÏU¡Fbkåš

		  E[(g(x)] = g(x) f(x) dx
∞

−∞
∫  MF«.

vL¤J¡fh£L 17 :

	 X v‹w bjhl® rkthŒ¥ò kh¿¡fhd ãfœjfÎ ml®¤Â¢ rh®ò f(x) = 4x3, 0< x< 1 
våš, X Ï‹ vÂ®gh®¤jš kÂ¥ig¡ fh©f.

Ô®Î :

			 

1
3

0
1

3

0
15

0
15
0

5 5

We know that E (X) = x f(x) dx

In this problem E (X) = x (4x )dx

4 x (x )dx

x4
5

4 x
5
4 [1 0 ]
5
4 [1]
5
4
5

∞

−∞

=

 
=  

  

 =  

= −

=

=

∫

∫

∫

 v‹gij eh« m¿nth«.

	    Ï¡fz¡»š 

1
3

0
1

3

0
15

0
15
0

5 5

We know that E (X) = x f(x) dx

In this problem E (X) = x (4x )dx

4 x (x )dx

x4
5

4 x
5
4 [1 0 ]
5
4 [1]
5
4
5

∞

−∞

=

 
=  

  

 =  

= −

=

=

∫

∫

∫

	

1
3

0
1

3

0
15

0
15
0

5 5

We know that E (X) = x f(x) dx

In this problem E (X) = x (4x )dx

4 x (x )dx

x4
5

4 x
5
4 [1 0 ]
5
4 [1]
5
4
5

∞

−∞

=

 
=  

  

 =  

= −

=

=

∫

∫

∫

vL¤J¡fh£L 18 :

	 X v‹w bjhl® rkthŒ¥ò kh¿¡fhd ãfœjfÎ ml®¤Â¢ rh®ò f(x) = 3x2, 0< x < 1 
våš T£L¢ruhrçiaÍ«, khWgh£lsitÍ« fh©f.

Ô®Î :

	          

1
2

0
1

3

0
14

0
14
0

4

E (X) = x f(x) dx

E (X) = x (3x )dx

3 (x )dx

x3
4

3 x
4
3 [1 0]
4
3
4

∞

−∞

=

 
=  

  

 =  

= −

=

∫

∫

∫
	 	 	     

E (x)

E (x)
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1
2

0
1

3

0
14

0
14
0

4

E (X) = x f(x) dx

E (X) = x (3x )dx

3 (x )dx

x3
4

3 x
4
3 [1 0]
4
3
4

∞

−∞

=

 
=  

  

 =  

= −

=

∫

∫

∫

             	

 2

1
2 2

0
1

4

0
15

0

15

0

5

E (X ) =    x² f(x)dx

=   x   (3x  )dx

3   (x  ) dx

x
3

5

3
x

5
3

[1     0]
5
3
5

¥

-¥

=

é ù
= ê ú

ê úë û

é ù= ë û

= -

=

ò

ò

ò

khWgh£lsit   2 2

2

Variance E(x ) [E(x)]

3 3Var(x)
5 4
3 9
5 16
48 45 3

80 80

= −

 = −   

= −

−= =
  	             

2 2

2

Variance E(x ) [E(x)]

3 3Var(x)
5 4
3 9
5 16
48 45 3

80 80

= −

 = −   

= −

−= =
	  

2.6 	 éy¡f¥ bgU¡F¤ bjhif cUth¡F« rh®ò  (Moment Generating function 
(M.G.F)):

	 éy¡f¥ bgU¡F¤ bjhiffŸ (Moments) fh©gj‰F éy¡f¥ bgU¡F¤ 

bjhif cUth¡F« rh®ò (Moment generating function) xU Áwªj fUéahf 

és§F»wJ. ÏJ fâj vÂ®gh®¤jèš xU Áwªj totkhF«. ÏJ ãfœjfÎ¥ 

gutè‹ éy¡f¥ bgU¡F¤ bjhiffis cUth¡f¥ ga‹gL»wJ.

E (x2)
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tiuaiw :

	 X xU rkthŒ¥ò kh¿ våš etx Ï‹ vÂ®gh®¤jš kÂ¥ò éy¡f¥ 

bgU¡F¤ bjhif cUth¡F« rh®ò vd¥gL»wJ. ÏÂš x›bthU t kÂ¥Ã‰F«, 
– h < t < h  v‹w Ïilbtëæš vÂ®gh®¤jš kÂ¥ig¥ bg‰¿U¡f nt©L«. (h xU 

äif bkŒba©).

	 éy¡f¥ bgU¡F¤ bjhif (M.G.F) cUth¡F« rh®ò Mx(t) v‹W 

F¿¥Ãl¥gL»wJ.

	 jå¤j rkthŒ¥ò kh¿¡fhd ika éy¡f bgU¡F¤ bjhif,

	 	

	 nk‰f©l nfhitæš, MÂiabah£oa r MtJ éy¡f¥ bgU¡F¤bjhif, 
rt

r!
 Ï‹ Fzfkhf¡ »il¡»wJ. bgU¡F¤ bjhiffis¡ fh©gj‰F, éy¡f¥ 

bgU¡F¤ bjhif cUth¡F« rh®ig, t I¥ bghU¤J, xUKiw, ÏUKiw, _‹WKiw 

…… tif¥gL¤Â mÂš t = 0 v‹gij ÃuÂæl, eh« KjyhtJ, Ïu©lhtJ, 

_‹whtJ ….. éy¡f¥ bgU¡F¤ bjhiffis¥ bgwyh«.

	 ÏÂèUªJ ika éy¡f¥ bgU¡F¤ bjhiffis¡ (central moments) 
fh©gj‰F Ïu©o‰FKŸs bjhl®ò éÂfis¥ ga‹gL¤Â¥ bgwyh«.

2.7 Áw¥Ãašò¢ rh®ò (Characteristic function) :

	 éy¡f¥ bgU¡F¤ bjhif cUth¡F« rh®ò všyh¥ gutšfS¡F« tiuaW¡f 

ÏayhJ. vdnt všyh¥ gutšfS¡F« bghU¤j¡Toa rh®ghf és§F« k‰bwhU 

rh®ghd Áw¥Ãašò¢ rh®ò (characteristic function) Ï§F m¿Kf¥gL¤j¥gL»wJ.

	 ÏJ eitx Ï‹ vÂ®gh®¤jš kÂ¥ghF«. ÏÂš i = 1− , t v‹gJ bkŒkÂ¥ig¡ 

bfh©ljhF«.

	 X v‹w rkthŒ¥ò kh¿æ‹ Áw¥Ãašò¢ rh®ò φx(t) v‹W F¿¥Ãl¥gL»wJ.

	 X v‹w bjhl® rkthŒ¥ò kh¿¡fhd ãfœjfÎ ml®¤Â¢ rh®ò f(x) våš,

 Áw¥Ãašò¢ rh®ò φx(t) = 
b

itx

a

e f(x) dx∫ , a < x < b MF«.
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gæ‰Á - 2

I. 	 rçahd éilia¤ nj®ªbjL¡fÎ« :

1.	
n

i
i 1

p(x )
=
∑  v‹gJ

	 (m) 0			   (M) 1			   (Ï) – 1		  (<) ∞

2.	 F(x) v‹gJ xU gutš rh®ghdhš F(– ∞) v‹gJ

	 (m) –1 		  (M) 0 			  (Ï) 1 			   (<) – ∞

3.	 bfhL¡f¥g£LŸs rkthŒ¥ò kh¿ m£ltizæš a Ï‹ kÂ¥ò

X = x 0 1 2
pi a 2a a

	 (m) 1			   (M) 		  (Ï) 4			   (<) 
1
4

4.	 E (2x + 3) v‹gJ

	 (m) E(2x) 		  (M) 2E(x) + 3 	 (Ï) E(3) 		  (<) 2x + 3

5.	 Var (x + 8) v‹gJ

	 (m) var (8) 		  (M) var(x) 		  (Ï) 8 var (x) 		  (<) 0

6.	 Var(5x+2) v‹gJ

	 (m) 25 var (x) 	 (M) 5 var (x) 		 (Ï) 2 var (x) 		  (<) 25

7.	 rkthŒ¥ò kh¿ X Ï‹ khWgh£lsit

	 (m) E(x2) – [E(x)]2 	 (M) [E(x)]2 – E(x2)	 (Ï) E(x2) 		  (<) [E(x)]2

8.	 xU rkthŒ¥ò kh¿æ‹ gutšgo 1
16

 våš mj‹ Â£léy¡f«

	 (m) 
1

256
		  (M) 1

32
		  (Ï) 1

64
		  (<) 

1
4

9.	 xU rkthŒ¥ò kh¿ X Ïš E(x) = 2, E(x2) = 8 våš mj‹ khWgh£lsit

	 (m) 4 			   (M) 6			   (Ï) 8 			   (<) 2

10. 	 f(x) v‹gJ ãfœjfÎ ml®¤Â¢ rh®ò x våš E(x2) v‹gJ

	 (m) f(x) dx
∞

−∞
∫ 	 (M) x f(x) dx

∞

−∞
∫ 	 (Ï) 2x f(x) dx

∞

−∞
∫ 	 (<) 2f(x ) dx

∞

−∞
∫
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II. 	 nfho£l Ïl¤ij ãu¥òf :

11.	 f(x) xU gutš rh®ò våš F(+ ∞) v‹gÂ‹ kÂ¥ò ________

12.	 f(x) xU bjhl® rkthŒ¥ò kh¿æš mikªj ãfœjfÎ ml®¤Â¢ rh®ò F(x) v‹gJ 

mj‹ FéÎ gutš rh®ò våš F′(x) = __________

13. 	X v‹w bjhl® rkthŒ¥ò kh¿æš mikªj f(x) xU ãfœjfÎ ml®¤Â¢ rh®ò våš, 

f(x) dx
∞

−∞
∫			      = ________

14.	 X v‹w rkthŒ¥ò kh¿æ‹ fâj vÂ®gh®¤jš _________ v‹W« miH¡f¥gL«.

15.	 kh¿èæ‹ gutšgo _____________

16.	 Var (12x) v‹gJ _____________

17. 	Var (4x + 7) v‹gJ _________

18.	 X v‹w jå¤j rkthŒ¥ò kh¿æ‹ kÂ¥òfë‹ ãfœjfÎfŸ pi v‹whš x2 Ï‹ 

fâj vÂ®gh®¤jiy ________ v‹W vGJ»nwh«.

19.	 f(x) v‹w ãfœjfÎ ml®¤Â¢ rh®òl‹ Toa bjhl® rkthŒ¥ò kh¿ X Ï‹ 

vÂ®gh®¤jš __________ v‹W vGj¥gL»wJ.

20.	 jå¤j rkthŒ¥ò kh¿¡fhd éy¡f¥ bgU¡F¤ bjhif cUth¡F« rh®ò 
________ MF«.

III. 	Ã‹tUtdt‰¿‰F éilaë¡f :

21.	 rkthŒ¥ò kh¿ia tiuaW¡f.

22. 	jå¤j rkthŒ¥ò kh¿ia tiuaW¡f.

23. 	bjhl® rkthŒ¥ò kh¿ia tiuaW¡f.

24.	 ãfœjfÎ¤ Â©ik¢ rh®ò v‹whš v‹d ?

25. 	jå¤j gutš rh®ò v‹whš v‹d ?

26. 	ãfœjfÎ ml®¤Â¢ rh®ig tiuaW¡f.

27. 	gutš rh®Ã‹ g©òfis vGJf.

28. 	jå¤j rkthŒ¥ò kh¿¡fhd fâj vÂ®gh®¤jiy tiuaW¡f.

29. 	bjhl® rkthŒ¥ò kh¿¡fhd vÂ®gh®¤jiy tiuaW¡f.

30.	 éy¡f¥ bgU¡F¤ bjhif cUth¡f« rh®ig (mgf) vGJf.

31. 	jå¤j rkthŒ¥ò kh¿¡fhd Áw¥Ãašò¢ rh®ig (characteristic function) vGJf.
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32.	 bjhl® rkthŒ¥ò kh¿¡fhd Áw¥Ãašò¢ rh®ig vGJf.

33.	 éy¡f¥ bgU¡F¤ bjhif cUth¡F« rh®ò (mgf) g‰¿ xU ÁW F¿¥ò vGJf.

34. 	Áw¥Ãašò¢ rh®ò g‰¿ xU ÁW F¿¥ò vGJf.

35. 	X v‹gJ jiyéGjiy¡ F¿¡Fkhdhš, 3 ehza§fis¢ R©Ltjhš V‰gL« 

gutš rh®ig¡ fh©f.

36.	 ÏU gfilfŸ xU§nf År¥gL»‹wd. 3 v‹w v© bgWtJ bt‰¿ahf¡ 

fUj¥gL»wJ v‹whš _‹WfŸ éGtj‰fhd gutš rh®Ãid¥ bgWf.

37.	 _‹W Ó£LfŸ x‹w‹Ã‹ x‹whf, ÂU«gÎ« mnj Ó£L¡f£oš it¡F« 

Kiwæš vL¡f¥gL»‹wd. 52 Ó£LfŸ cŸs m¡f£oš ilk©£ Ó£L tUtJ 

bt‰¿ahf¡ fUj¥g£lhš, bt‰¿fë‹ v©â¡ifia ãfœjfÎ¥ gutèš 

bgWf.

38. 	xU rkthŒ¥ò kh¿ X Ã‹tU« ãfœjfÎ¥ gutiy¥ bg‰¿U¡»wJ.

X 0 1 2 3 4
P (X = x) 3a 4a 6a 7a 8a

	 (a) a Ï‹ kÂ¥ig¡ f©LÃo¡f.

	 (b) p (1 < x < 4 ) I¡ fh©f.

	 (c) P(1 ≤ x ≤ 4 ) I¡ fh©f.

	 (d) P (x >2) gutš rh®ig¡ fh©f.

39.	 xU rkthŒ¥ò kh¿ X Ã‹tU« ãfœjfÎ¥ gutiy¥ bg‰¿U¡»wJ.

X 0 1 2 3 4 5 6 7
P (X = x) 0 k 2k 2k 3k k2 2k2 7k2 + k

	 (i) k Ï‹ kÂ¥ig¡ f©LÃo¡f.

	 (ii) p(0 < x < 5) I¡ fh©f.

	 (iii) p(x ≤ 6) I¡ fh©f.

40.	 Ã‹tUtd ãfœjfÎ ml®¤Â¢ rh®òfsh vd rçgh®¡f.

	 (i) f (x) = 5x4, 	 0 < x < 1

	 (ii) f (x) = 2x
9

,	 0 < x < 3

41. 	xU bjhl® rkthŒ¥ò kh¿ x, Ã‹tU« ml®¤Â¢ rh®ig¡ bfh©oU¡»wJ. mJ  

f (x) = Ax3, 0 < x < 1 våš, A Ï‹ kÂ¥ig¡ f©LÃo.

42.	 X v‹w rkthŒ¥ò kh¿ f(x) = Ax3, 0 < x < 1 v‹w ml®¤Â¢ rh®ig¡ 

bfh©oU¡»wJ. 0.2, 0.5 Ït‰¿‰F Ïil¥g£l ãfœjfit¡ fh©f.
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43. 	xU rkthŒ¥ò kh¿ X Ã‹tU« ãfœjfÎ¥ gutiy¥ bg‰¿U¡»wJ.

X = x 5 2 1

P (x)
1
4

1
2

1
4

	 X Ï‹ vÂ®gh®¤jiy¡ fh©f.

44. 	xU rkthŒ¥ò kh¿ X Ã‹tU« ãfœjfÎ¥ gutiy¥ bg‰¿U¡»wJ.

x – 1 0 1 2

P (x)
1
3

1
6

1
6

1
3

	 E(x) , E(x2), Var (x) M»at‰iw¡ fh©f.

45. 	xU rkthŒ¥ò kh¿ X Ïš E(x) = 
1
2

, E(x2) = 
1
2

 våš mj‹ gut‰goiaÍ«, Â£l 

éy¡f¤ijÍ« fh©f.

46. 	xU bjhl® rkthŒ¥ò kh¿æš, ãfœjfÎ ml®¤Â¢ rh®ò f(x) = 
3
4

x (2 – x) , 0 < x < 2, 
våš X Ï‹ vÂ®gh®¤jiy¡ fh©f.

47. 	xU bjhl® rkthŒ¥ò kh¿ X Ï‹ ãfœjfÎ ml®¤Â¢ rh®ò f(x) = x
2

, 0 < x < 2 våš 

ruhrç k‰W« khWgh£lsitia¡ fh©f.

éilfŸ

I.

	 1. (M) 		  2. (M) 		  3. (<) 		  4. (M) 		  5. (M)

	 6. (m) 		  7. (m) 			  8. (<) 		  9. (m) 			  10. (Ï)

II.

	 11. 1 		  12. f (x) 	 13. 1 		  14. ruhrç	 15. zero 

	 16. 144 var(x) 		  17. 16 var(x)		  18. ∑xi
2 pi	 19. x f(x) dx

∞

−∞
∫

	 20. 
r

!
r

r 0

t
r!

∞

=
µ∑

III.

35.

X = x 0 1 2 3
P (xi) 1/8 3/8 3/8 1/8
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36.

X = x 0 1 2

P (X = x)
25
36

10
36

1
36

37.

X = x 0 1 2 3

P (xi)
27
64

27
64

9
64

1
64

38.	 (i) a = 1/28 	 (ii) 13/28 	 (iii) 25/28 	 (iv) 15/28 				  
	

x 0 1 2 3 4

F(x)
3
28

7
28

13
28

20
28

28 1
28

=

39. 	(i) k = 1/10 	 (ii) 4/5 	 (iii) 83/100 		

40. 	(i) ãfœjfÎ ml®¤Â¢ rh®ò 	 (ii) ãfœjfÎ ml®¤Â¢ rh®ò

41. 	A = 4 		

42. P(0.2 < x , 0.5) = 0.117 		

43. 2.5		

44. 	E(x) = 1/2 , var (x) = 19/12 		

45. 1/4 , 1/2 		

46. E(x) = 1

47. 	E(x) = 4/3 , var (x) = 2/9

(v)
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3. Áy K¡»a nfh£gh£L¥ gutšfŸ

3.1 <UW¥ò¥ gutš

3.1.0 m¿Kf« :

	 eh« Ï¥ghl¥Ãçéš jå¤j kh¿fë‹ gutšfë‹ nfh£ghLfis¡ fh©ngh«. 

fâj¤Â‹ mo¥gilæY«, KoÎW ãfœjfÎ éÂfë‹ goÍ«, kh¿fë‹ gutš 

mikªÂU¥gij és¡fkhf m¿ayh«. Û©L« Û©L« ÏU ãfœ¢ÁfŸ k£Lnk 

ãfH¡ Toa mjhtJ bt‰¿ mšyJ njhšé I kh¿fshf bfh©l fz¤ij¡ 

bfh©L és¡f¡ Toa jå¤j (v©âl¤j¡fjhf) kh¿æ‹ gutš <UW¥ò gutš 

v‹wiH¡f¥gL«. Ï¥gutš tâf« k‰W« r_f m¿éaš ngh‹w gšntW Jiwfëš 

bgUkséš ga‹gL¤j¥gL»wJ.

3.1.1 bg®ndhèæ‹ gutš :

	 rkthŒ¥ò kh¿ x MdJ 0 k‰W« 1 v‹w kÂ¥òfë‹ ãfœjfÎfŸ q k‰W« p  
Kiwna V‰»wJ. ie P (x = 1) = p k‰W« P (x = 0) = q, q = 1 – p våš, ÏitfŸ 

bg®ndhèæ‹ kh¿fŸ v‹W miH¡f¥gL«. bt‰¿ k‰W« njhšéfë‹ ãfœjfÎfŸ 

Kiwna p k‰W« q v‹wikªj gutš bg®ndhèæ‹ gutš v‹wiH¡f¥gL«. Ïjid 

Ré° eh£L fâj nkij n#«° bg®ndhè v‹gt® (1654-1705) f©LÃo¤jh®.

vL¤J¡fh£lhf, bg®ndhèæ‹ Ka‰ÁfŸ ÑœtUkhW

1. 	 ehza« R©Ljš (jiy mšyJ ó éGjš)

2. 	 gfil x‹W ÅRjš (x‰iw¥ gil v© mšyJ Ïu£il¥ gil v© »il¤jš)

3. 	 nj®éš khzt® bgW« KoÎfŸ (bt‰¿ mšyJ njhšé)

3.1.2 <UW¥ò¥ gutš :

	 X v‹w rkthŒ¥ò kh¿æ‹ ãfœjfÎ ml®¤Â rh®ò

	
P X x P x

nC p q x n

otherwise
x

x n x

( ) ( )
; , , , .......,

;
= = = =






− 0 1 2

0 k‰wgo

	 v‹wikÍ« nghJ rkthŒ¥ò kh¿ X MdJ <UW¥ò¥ gutiy Ã‹g‰W»wJ 

vdyh«.

	 ÏU rh®g‰w kh¿èfshd n k‰W« p <UW¥ò¥ gutè‹ g©gsitfŸ MF«. 

vdnt n k‰W« p ‹ kÂ¥òfŸ bjçªjhš k£Lnk <UW¥ò¥ gutiy KGikahf 

ã®zæ¡f KoÍ«.

	 N v©â¡if bfh©l bjhFÂæš n Ka‰ÁfŸ nk‰bfhŸS« nghJ 

»il¡F« bt‰¿fŸ x Mf¡ bfh©lhš bkh¤j bt‰¿fë‹ v©â¡if,          
N(nCx px qn-x) MF«.
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	 nkY« N (q + p)n v‹w éçé‹ cW¥òfŸ 0, 1, 2,...,n bt‰¿fë‹ 

ãfœjfÎfshfÎ« Ïit N v‹w bjhFÂæš nk‰bfhŸs¥gL« n Ka‰ÁfS¡F 

mik»wJ.

3.1.3 <UW¥ò¥ gutè‹ ãgªjidfŸ :

	 <UW¥ò¥ gutš fh©gj‰fhd brašKiw ãgªjidfŸ ÑnH bfhL¡f¥g£LŸsd.

1) Ka‰Áfë‹ v©â¡if ‘n’ xU KoÎW v©zhf (v©âl¤j¡fjhf)  

ÏU¤jš nt©L«.

2) 	 Ka‰ÁfŸ x‹W¡bfh‹W rh®g‰witahf ÏU¤jš nt©L«.

3) bt‰¿¡fhd ãfœjfÎ ‘p’ MdJ x›bthU Ka‰Á¡F« khwhj v©zhf  

mikjš nt©L«.

4) x›bthU Ka‰ÁÍ« bt‰¿ mšyJ njhšéahf¤ jh‹ ÏU¤jš nt©L«.  

ehza« R©Ljš mšyJ gfil ÅRjš mšyJ Ó£L¡ f£oèUªJ xU  

Ó£L vL¤jš (ÂU«g it¤jš) ngh‹w ãfœ¢ÁfŸ ahÎ« <UW¥ò¥ gutiy¢  

rh®ªJ mik»wJ.

3.1.4 <UW¥ò¥ gutè‹ g©òfŸ :

1.	 <UW¥ò¥ gutš xU jå¤j kh¿ gutyhF«. Ï§F rkthŒ¥ò kh¿ X MdJ 0,1, 2, 
….n, (bt‰¿fë‹ v©â¡if) v‹w KoÎW kÂ¥òfis V‰»wJ.

2.	 ruhrç = np, khWghL = npq k‰W« Â£léy¡f« σ = npq , nfh£lsit¡  

bfG = 
q p

npq

−
,	 j£ilasit¡ bfG = 1 6− pq

npq
, ãfœjfÎfŸ ahÎ« vÂçil 

v©zhf (non-negative) mikahJ v‹W«, ãfœjfÎ kÂ¥òfë‹ bkh¤j¡ TLjš 

x‹W vd¤ bjëthf m¿»nwh«, ( p < 1 , q < 1 k‰W« p + q =1, q = 1- p ).

3.	 mÂf miybt© kÂ¥òila kh¿ vJnth mj‹ kÂ¥ng <UW¥ò gutè‹ KfL 

(mode) MF«. Ï¥gutèš x‹W mšyJ Ïu©L KfLfŸ ÏU¡fyh«.

4.	 X k‰W« Y vD« ÏU rkthŒ¥ò kh¿fŸ <UW¥ò gutè‹ Ñœ, Kiwna (n1, p) k‰W« 

(n2, p) g©gsitfshf bfh©LŸsJ våš, mitfë‹ TLjš (X + Y) v‹w 

rkthŒ¥ò kh¿æ‹ <UW¥ò¥ gutè‹ Ñœ g©gsitahf (n1 + n2, p) mik»wJ.

5.	 n rh®g‰w Ka‰ÁfŸ N KiwfŸ brŒÍ« nghJ, mjhtJ N bjhFÂfë‹ 

n Ka‰ÁfŸ eilbgW« nghJ x bt‰¿fë‹ vÂ®gh®¡F« miybt©                        

N(nCx px qn-x) MF«. vdnt, 0, 1, 2… n v‹w bt‰¿fë‹ vÂ®ghh®¡f¥gL« 

ãfœjfÎfŸ N(q + p)n v‹w éçé‹ bjhl®¢Áahf mL¤jL¤J tU« cW¥òfshf 

mik»wJ.
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vL¤J¡fh£L 1 :

	 X® <UW¥ò¥ gutè‹ ruhrç 5 k‰W« mj‹ khWghL 9 v‹w T‰iw és¡Ff.

Ô®Î :

	 <UW¥ò¥ gutè‹ g©gsitfshtd n k‰W« p

	 ÏÂš ruhrç ⇒ np = 5

	 khWghL ⇒ npq = 9

	

∴ = =

= >

q
npq

np

q

9

5

9

5
1

		

	 q v‹gJ ãfœjfÎ MF«. Mfnt q v‹gJ v¥bghGJ« 1 ¡F« Fiwthf 

ÏU¡F«. vdnt bfhL¡f¥g£oU¡F« étu§fŸ jtwhdit MF«.

vL¤J¡fh£L 2 :

	 ÃiHa‰w v£L ehza§fŸ xnu rka¤Âš R©l¥gL»‹wd, våš FiwªjJ 

MW jiyfŸ »il¥gj‰fhd ãfœjfit¡ fh©f.

Ô®Î :

	 Ï§F Ka‰Áfë‹ v©â¡if n = 8, 

	 jiy »il¥gj‰fhd ãfœjfÎ = p

	 ∴ = =p and q
1

2

1

2 k‰W« ∴ = =p and q
1

2

1

2

	 X v‹w rkthŒ¥ò kh¿ahdJ »il¡F« jiyfë‹ v©â¡ifia¡ 

F¿¥gjhf¡ bfh©lhš, n Ka‰Áfëš »il¡F« (jiyfë‹ v©â¡if) 

bt‰¿fë‹ ãfœjfÎ¢ rh®ò.

P X x nC p q x n

C

x
x n x

x

x x

( ) , , , , .....,= = =

= 











=

−

−

0 1 2

8
1

2

1

2
8

8

CC

C

x

x

1

2

1

2
8

8

8







=
	

FiwªjJ 6 jiyfŸ »il¥gj‰fhd ãfœjfÎ

	

P x P x p x P x

C C C

C

( ) ( ) ( ) ( )

[

≥ = = + = + =

= + +

= +

6 6 7 8

1

2
8

1

2
8

1

2
8

1

2
8 8

8 6 8 7 8 8

8 6 CC C7 8

8

8

1

2
28 8 1

37

256

+

= + + =

]

[ ]
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P x P x p x P x

C C C

C

( ) ( ) ( ) ( )

[

≥ = = + = + =

= + +

= +

6 6 7 8

1

2
8

1

2
8

1

2
8

1

2
8 8

8 6 8 7 8 8

8 6 CC C7 8

8

8

1

2
28 8 1

37

256

+

= + + =

]

[ ]

vL¤J¡fh£L 3 :

	 ÃiHa‰w g¤J ehza§fŸ xnu rka¤Âš R©l¥gL»‹wd. mt‰¿š (i) 
FiwªjJ 7 jiyfŸ (ii) rçahf 7 jiyfŸ (iii) mÂfg£r« 7 jiyfŸ »il¥gj‰fhd 

ãfœjfÎ fh©f.

Ô®Î :

	 p = jiy »il¥gj‰fhd ãfœjfÎ = 1

2
	 q = jiy »il¡fhky ÏU¥gj‰fhd ãfœjfÎ = 1

2
	 10 ehza§fŸ ÅR« nghJ jiyfŸ »il¥gj‰fhd ãfœjfÎ rh®ò.

	

P X x nC p q x n

C

x
x n x

x

x x

( ) , , , , .....,= = =

= 











−

−

0 1 2

10
1

2

1

2

10

== 1

2
10

10
Cx

i) FiwªjJ 7 jiyfŸ »il¥gj‰fhd ãfœjfÎ

	

P x P x P x P x P x

C C C

( ) ( ) ( ) ( ) ( )

[

≥ = = + = + = + =

= + + +

7 7 8 9 10

1

2
10 10 10 10

10 7 8 9 CC10

1

1024
120 45 10 1

176

1024

]

[ ]= + + + =

ii) rçahf 7 jiyfŸ k£L« »il¥gj‰fhd ãfœjfÎ

	

P x C( ) ( )= = =

=

7
1

2
10

1

2
120

120

1024

10 7 10

	

iii) mÂfg£r« 7 jiyfŸ »il¥gj‰fhd ãfœjfÎ

	

P x P x

P x P x P x

C C

( ) ( )

{ ( ) ( ) ( )}

{

≤ = − >
= − = + = + =

= − +

7 1 7

1 8 9 10

1
1

2
10 10

10 8 9 ++

= − + +

= −

=

10

1
1

2
45 10 1

1
56

1024
968

1024

10

10

C }

[ ]
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P x P x

P x P x P x

C C

( ) ( )

{ ( ) ( ) ( )}

{

≤ = − >
= − = + = + =

= − +

7 1 7

1 8 9 10

1
1

2
10 10

10 8 9 ++

= − + +

= −

=

10

1
1

2
45 10 1

1
56

1024
968

1024

10

10

C }

[ ]

vL¤J¡fh£L 4 :

	 xU bg£oæš cŸs 100 if¡ fofhu§fëš 20 if¡ fofhu§fŸ 

FiwghLŸsit. rkthŒ¥ò Kiwæš 10 fofhu§fŸ nj®ªbjL¡F« bghGJ (i) 10-« 
FiwghLŸsitahf (ii) 10-« ešyitahf (iii) FiwªjJ x‹whtJ FiwghLŸsjhf 
(iv) mÂfg£r« 3 FiwghLŸsitahf ÏU¥gj‰fhd ãfœjfit fh©f.

Ô®Î :

	 x = FiwghLŸs if¡fofhu§fŸ v‹f.

	 100 if¡ fofhu§fëš FiwghLŸsit 20.

FiwghLŸs fofhu¤Â‹ ãfœjfÎ p = 
20

100

1

5
=

					   
∴ = − =q p1

4

5

rkthŒ¥ò Kiwæš 10 fofhu§fŸ nj®ªbjL¡f¥gL»‹wd.

n =10, <UW¥ò¥ gutè‹ rh®ò

	

P X x nC p q x n

C

x
x n x

x

x x

( ) , , , , .....,= = =

= 











−

−

0 1 2

10
1

5

4

5

10

	

i) 10-« FiwghLŸs fofhu§fshf ÏU¡f ãfœjfÎ

	

P x C( )

. .

= = 











= =

10 10
1

5

4

5

1
1

5
1

1

5

10

10 0

10 10
	

ii) 10-« ešy fofhu§fshf nj®ªbjL¡f ãfœjfÎ (Fiwghošyhj)

	

P x C( )

.

= = 











= 





= 





0 10
1

5

4

5

1 1
4

5

4

5

0

0 10

10 10
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iii) FiwªjJ x‹W FiwghLŸsjhf ÏU¡f ãfœjfÎ

	

P x P x

P x

C

( ) ( )

( )

≥ = − <
= − =

= − 











= − 


1 1 1

1 0

1 10
1

5

4

5

1
4

5

0

0 10




10

	

iv) mÂg£r« 3 fofhu§fŸ FiwghLŸsitahf ÏU¡f ãfœjfÎ

	 	
		    = 0.859 (njhuha«)

vL¤J¡fh£L 5 :

	 X v‹gJ <UW¥ò¥ gutè‹ rkthŒ¥ò kh¿  MF«. nkY« 9P(X = 4) = P(X = 2),   
n = 6 v‹w ãiyæš p ‹ kÂ¥ig¡ fh©f.

Ô®Î :

	 rkthŒ¥ò kh¿ X Ï‹ <UW¥ò¥ gutš rh®ò

	 P(X = x) = nCx px qn-x , x = 0 , 1, 2, ...,n

n = 6		  ∴ P (X = x) = 6Cx px q6-x

		      P (x = 4) = 6C4 p4 q2

		      P (x = 2) = 6C2 p2 q4

		  9. P (x = 4) = P (x = 2)

	            9. 6C4 p4 q2 = 6C2 p2 q4

	            ⇒ 9 × 15p2 = 15q2

		             9p2 = q2

ÏUòwK« t®¡f _y« (äif kÂ¥ò) vL¡f,
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3

1

4 1

1

4
0 25

p q

p

p

p

=
= −
=

∴ = = .

3.1.5 <UW¥ò¥ gutiy¥ bghU¤Jf (Fitting of a Binomial Distribution) :

	 f©l¿a¥g£l (bfhL¡f¥g£l) étu§fS¡F <UW¥ò¥ gutiy¥ 

bghU¤Jtj‰fhd têKiwfis¡ ÑnH bfhL¡f¥g£LŸsd.

1.	 ruhrç = x
fx

f
np= ∑

∑
=  I¡ fh©f.

	  ⇒ p
x

n
=  ÏÂš n v‹gJ Ka‰Áfë‹ v©â¡if MF«.

2.	 q = 1– p, vd q ‹ kÂ¥ig¡ fh©f.

3.	 P(x) = nCx px qn-x v‹w ãfœjfÎ¢ rh®Ãš, x = 0, vd kÂ¥Ã£L P(0) = qn v‹W« 

	 f(0) = N × P(0) vd mik¤J vÂ®gh®¡f¥gL« miybt© kÂ¥ò fh©f.

4.	 k‰w vÂ®gh®¡f¥gL« miybt© kÂ¥òfis kWjuÎ bjhl®ò (recurrence 	    	

	 relation) f x
n x

x

p

q
f x( ) ( )+ = −

+
1

1
 I ga‹gL¤Â¡ fhzyh«.

vL¤J¡fh£L 6 :

	 xnu khÂçahd 3 ehza§fŸ xU nru 100 Kiw R©l¥gL»‹wd. Ïj‹ 

KoÎfŸ ÑnH bfhL¡f¥g£LŸsJ.

jiyfë‹ v©â¡if :	 0	 1	 2	 3		

ãfœbt©		          :	 36	 40	 22	 2	

<UW¥ò¥ gutiy¥ bghU¤Jf.

Ô®Î :

X f fx

0 36   0

1 40 40

2 22 44

3   2   6

∑f = 100 ∑fx = 90
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	 ruhrç  

	 Ï§F n = 3, p = 0.3 q = 0.7

	 ãfœjfÎ¢ rh®ò, P(x) = nCx px qn-x

			       ∴ P(x)  = 3Cx (0.3)x (0.7)3-x

	 x = 0 våš,	          P(0) = 3C0 (0.3)0 (0.7)3

				         = (0.7)3 = 0.343

			       ∴ f(0)  = N × P(0) = 0.343 × 100 = 34.3

k‰w vÂ®gh®¡f¥gL« miybt©fŸ kWjuÎ bjhl®Ã‹ _y« fhzyh«.

f x
n x

x

p

q
f x( ) ( )+ = −

+






1
1

. ÏÂš x = 0, 1, 2 vd kÂ¥Ã£l Ãw vÂ®gh®¡f¥gL« 

miybt©fis¡ fz¡»lyh«.

	

f
p

q

f
p

q

( ) .

( . ) . .

( )

1
3 0

0 1
34 3

3 0 43 34 3 44 247

2
3 1

1 1

= −
+







×

= × × =

= −
+







= ×

=

= −
+







=

f

f
p

q
f

( )

( . ) .

.

( ) ( )

1

2

2
0 43 44 247

19 03

3
3 2

2 1
2

1

33
0 43 19 03

2 727

( . ) .

.

×

=

	 f©l¿a¥g£l k‰W« vÂ®gh®¡f¥gL« miybt©fŸ ÑœtUkhW m£ltiz 

brŒa¥g£LŸsJ.
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											           bkh¤j«

f©l¿a¥g£l miybt©fŸ 36 40 22 2 100
vÂ®gh®¡f¥gL« miybt©fŸ 34 44 19 3 100

vL¤J¡fh£L 7 :

	 eh‹F ehza§fŸ R©l¥g£L »il¡F« jiyfë‹ v©â¡if 

F¿¡f¥gL»wJ. Ï¢nrhjid 200 Kiw ÂU«g¤ ÂU«g brŒa¥gL« nghJ Ñœ¡f©l 

gutš »il¡»wJ.

jiyfë‹ v©â¡if 0 1 2 3 4

miybt© 62 85 40 11 2

	 <UW¥ò¥ gutiy¥ bghU¤Jf.

Ô®Î :

X 0 1 2 3 4 bkh¤j«

f 62 85 40 11 2 200
fx   0 85 80 33 8 206

	 ruhrç 

	 ∴ q = 1 – 0.2575 = 0.7425

	      Ï§F n = 4 , p = 0.2575 ; q = 0.7425

<UW¥ò¥ gutè‹ ãfœjfÎ rh®ò

		    P(x)   = nCx px q n-x 	

		      P(x) 	= 4Cx (0.2575)x (0.7425)4-x

		      P(0) 	= (0.7425)4

			   = 0.3039

		  ∴ f(0) 	= NP(0)

			   = 200 × 0.3039

			   = 60.78

k‰w ãfœbt©fis kWjuÎ bjhl®ig¥ (recurrence relation) ga‹gL¤Â¡ fhzyh«.

f x
n x
x

p

q
f x( ) ( )+ = −

+1
1

ö
ø
ö
ø

. ÏÂš x = 0,1, 2, 3 vd kÂ¥Ã£L Ãw vÂ®gh®¡f¥gL« 

miybt©fis¡ Ñœ¡f©lthW fz¡»lyh«.
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x = 0, våš f (0 + 1)  = f

f

( ) ( . ) ( . )

.

( ) ( . ) ( .

1
4 0

0 1
0 3468 60 78

84 3140

2
4 1

1 1
0 3468 84

= −
+

=

= −
+

= 33140

43 8601

3
4 2

2 1
0 3468 43 8601

10 1394

4
4

)

.

( ) ( . ) ( . )

.

( )

=

= −
+

=

=

= −

f

f
33

3 1
0 3468 10 1394

0 8791
+

=

( . ) ( . )

.

x = 1, våš f (1 + 1)  = 

f

f

( ) ( . )( . )

.

( ) ( . )( .

1
4 0
0 1

0 3468 60 78

84 3140

2
4 1
1 1

0 3468 84

=
�
+

=

= �
+

33140

43 8601

3
4 2
2 1

0 3468 43 8601

10 1394

4
4

)

.

( ) ( . )( . )

.

( )

=

= �
+

=

= �

f

f
33

3 1
0 3468 10 1394

0 8791
+

=

( . )( . )

.

x = 2, våš f (2 + 1)  = 

f

f

( ) ( . )( . )

.

( ) ( . )( .

1
4 0
0 1

0 3468 60 78

84 3140

2
4 1
1 1

0 3468 84

=
�
+

=

= �
+

33140

43 8601

3
4 2
2 1

0 3468 43 8601

10 1394

4
4

)

.

( ) ( . )( . )

.

( )

=

= �
+

=

= �

f

f
33

3 1
0 3468 10 1394

0 8791
+

=

( . )( . )

.

x = 3, våš f (3 + 1)  = 

f

f

( ) ( . ) ( . )

.

( ) ( . ) ( .

1
4 0

0 1
0 3468 60 78

84 3140

2
4 1

1 1
0 3468 84

= −
+

=

= −
+

= 33140

43 8601

3
4 2

2 1
0 3468 43 8601

10 1394

4
4

)

.

( ) ( . ) ( . )

.

( )

=

= −
+

=

=

= −

f

f
33

3 1
0 3468 10 1394

0 8791
+

=

( . ) ( . )

.

f©l¿a¥g£l k‰W« vÂ®gh®¡f¥gL« miybt©fŸ Ñœ¡f©l m£ltizæš 

bfhL¡f¥g£LŸsJ.

										                       bkh¤j«

f©l¿a¥g£l miybt©fŸ 62 85 40 11 2 200

vÂ®gh®¡f¥gL« miybt©fŸ 61 84 44 10 1 200

3.2 ghŒrh‹ gutš 

3.2.0 m¿Kf« :

	 fâj« k‰W« Ïa‰Ãaš rh®ªj nkijahd Ãuh‹R eh£L¡fhu® irk‹ 

blå° ghŒrh‹ v‹gt® 1837 M« M©L ghŒrh‹ gutiy¡ f©LÃo¤jh®. ghŒrh‹ 

gutš X® jå¤j kh¿ gutš MF«. Ï¥gutiy Ït® <UW¥ò¥ gutè‹ beU¡fkhf, 

všiyahf mik»wJ vd ãUéÍŸsh®.

	 n Ka‰ÁfS¡F x bt‰¿fë‹ <UW¥ò¥ gutš P(X = x) = nCx px qn-x MF«. 
Ï§F n Ka‰Áfë‹ v©â¡if äf mÂfkhfÎ«, k‰W« bt‰¿¡fhd ãfœjfÎ p 
äf¢ Á¿ajhfÎ« nkY« np = m v‹w vÂ®v© m‰w KoÎW v©zhf mik»wJ.

	 mjhtJ x bt‰¿fS¡fhd ghŒrh‹ gutš,

	

k‰wgo

 ¡F

	 vd¡ bfhL¡f¥gL»wJ.

	 Ï§F m v‹gJ Ï¥gutè‹ g©gsitahF«. nkY« m >0 Ka‰Áfë‹ 

v©â¡if äf mÂfkhfÎ« bt‰¿¡fhd ãfœjfÎ äf¢Á¿ajhf mikÍ« nghJ 

Ï¤jifa ãfœ¢ÁfŸ mça ãfœ¢Áfshf mik»wJ. vdnt ghŒrh‹ gutyhdJ 

Ï›thW mikÍ« mça ãfœ¢ÁfSl‹ bjhl®òilajhf mik»wJ.
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F¿¥ò :

	 1) e ‹ kÂ¥ò e = 1 + 
1

1

1

2

1

3! ! !
......+ + +  = 2.71828

	

	 2) P (X = 0) = 
e mm− 0

0!
,    Ï§F     0! = 1  k‰W«  1! = 1

	

	 3) P (X = 1) = e mm− 1

1!
ghŒrh‹ gutY¡F Áy vL¤J¡fh£LfŸ :

1.	 xU F¿¥Ã£l tUl¤Âš xU efçš Ãwé¡ FUlhf Ãw¡F« FHªijfë‹ 

v©â¡if.

2.	 j£l¢R brŒa¥g£l xU g¡f¤Âš cŸs j£l¢R¥ ÃiHfë‹ v©â¡if.

3.	 všyh ghl§fëY« äf mÂf kÂ¥bg© vL¤j khzt®fë‹ v©â¡if.

4.	 xU F¿¥Ã£l thu¤Âš V‰g£l ékhd ég¤Jfë‹ v©â¡if.

5.	 xU ešy bjhê‰rhiyæš brŒa¥g£l ÂUfhâfëš 100 bfh©l bg£oæš 

FiwghLŸs ÂUfhâfë‹ v©â¡if.

6.	 F¿¥Ã£l xU ehëš gÂthd j‰bfhiyfë‹ v©â¡if.

3.2.1 ãgªjidfŸ

	 <UW¥ò¥ gutè‹ všiyfshf (beU¡fkhf) mikªj ghŒrh‹ gutY¡fhd 

ãgªjidfŸ ÑœtUtd.

1. Ka‰Áfë‹ (KoÎfë‹) v©â¡if n MdJ všiya‰w msé‰F  

mÂfkhF« i.e., n → ∞

2. 	 x›bthU Ka‰ÁæY« bt‰¿¡fhd ãfœjfÎ äfÎ« Á¿ajhF«. i.e., p → 0

3. 	 np = m, ÏJ X® KoÎW v©. nkY« m > 0

3.2.2 ghŒrh‹ gutè‹ g©òfŸ :

1.	 jå¤j gutš : ghŒrh‹ gutY«, <UW¥ò¥ gutiy¥ ngh‹nw jå¤j gutš MF«. 

Ïj‹ rkthŒ¥ò kh¿ahdJ v©âl¤j¡f kÂ¥òfshd 0,1,2 …. ∞ I V‰»wJ.

2.	 p k‰W« q Ï‹ kÂ¥òfŸ : xU ãfœ¢Áæ‹ bt‰¿¡fhd ãfœjfÎ p Ï‹ kÂ¥ò 

äfÎ« FiwthfÎ«. k‰W« njhšé¡fhd ãfœjfÎ q Ï‹ kÂ¥ò mÂfkhfÎ«, n 
‹ kÂ¥ò äf äf mÂfkhF« nghJ Ï¥gutš mik»wJ.

3.	 g©gsit : ghŒrh‹ gutè‹ g©gsit m MF«. m ‹ kÂ¥ò bjçÍkhdhš, 

ghŒrh‹ gutè‹ mid¤J ãfœjfÎfisÍ« fz¡»lyh«.

4.	 kh¿èfë‹ kÂ¥òfŸ : ruhrç = m = khWgh£lsit MF«. Â£léy¡f«   
= m . ghŒrh‹ gutY¡F x‹W mšyJ Ïu©L KfLfŸ ÏU¡fyh«.
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5.	 T£L¥g©ò : X k‰W« Y vD« x‹iwbah‹W rhuhj ghŒrh‹ kh¿fë‹ 

g©gsitfŸ Kiwna m1 k‰W« m2 våš (X+Y) v‹w ghŒrh‹ kh¿æ‹ 

g©gsit (m1 + m2) MF«.

6.	 <UW¥ò¥ gutè‹ X® všiyahf (njhuhakhf) : n ‹ kÂ¥ò äf mÂfkhfÎ« p ‹ 

kÂ¥ò äf¡ FiwthfÎ« mikªJ, np = m ‹ kÂ¥ò ãiyahf (kh¿èahf) ÏU¡F« 

nghJ <UW¥ò¥ gutè‹ všiy ãiyæš ghŒrh‹ gutš mik»wJ.

7.	 ghŒrh‹ gutš Ã‹tU« mDkhd§fis bfh©LŸsJ.

i)	 xU ãfœ¢Áæš V‰gL« ãfœÎ mšyJ ãfHhik ntW vªj ãfœ¢Áæ‹  

ãfœÎ mšyJ ãfHhikia¥ ghÂ¥gÂšiy (MÂ¡f« brŒtÂšiy)

ii) 	 xU Á¿a Ïilbtëænyh mšyJ TWbtëæ‹ xU gFÂænyh  

bt‰¿æ‹ ãfœjfthdJ bkh¤j fhy Ïilbtë mšyJ TWbtëæ‹  

é»j rk¤Âš mikÍ«.

iii)	 xU äf¢Á¿a Ïilbtëæš x‹¿‰F nk‰g£l ãfœ¢Áfë‹ ãfœjfÎ  

jé®¡fj¡fjhf ÏU¡F«.+

vL¤J¡fh£L 8 :

	 xU F¿¥Ã£l kht£l¤Âš xU F¿¥Ã£l M©oš ruhrçahf 1000 ÅLfëš 1 

ÅL Ô ég¤J¡FŸsh»wJ. 2000 ÅLfŸ cŸs m«kht£l¤Âš m›th©oš rçahf 5 

ÅLfŸ k£L« Ôég¤J V‰gLtj‰fhd ãfœjfÎ v‹d ?

Ô®Î :

	 n = 2000 k‰W« Mean x np n and p

m

, ,= = =

= ×

=

2000
1

1000

2000
1

1000
2

	 ruhrç Mean x np n and p

m

, ,= = =

= ×

=

2000
1

1000

2000
1

1000
2

 

	 np 

Mean x np n and p

m

, ,= = =

= ×

=

2000
1

1000

2000
1

1000
2	 mjhtJ m = 2

x v‹gJ Ô ég¤J V‰gL« ÅLfŸ v‹f. ghŒrh‹ gutè‹ ãfœjfÎ rh®ghdJ,

P X x
e m

x

P X
e

m x

( )
!

( )
!

( . )

.

= =

∴ = =

= ×

=

−

−
5

2

5
0 13534 32

120
0 036

2 5
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vL¤J¡fh£L 9 :

	 ghŒrh‹ gutèš 3P(X = 2) = P(X = 4) våš g©gsit ‘m’  ‹ kÂ¥ig¡ fh©f.

Ô®Î :

	 P(X = x) = 
e m

x

m x−

!
	 3P(x = 2) = P(x = 4)

	

3
2 4

3 4

2
6

2 4

2

.
! !

!

!

e m e m

m

m

m m− −
=

= ×

∴ = ± 	

m MdJ v¥bghGJ« neçilahF«. Mfnt m = 6

vL¤J¡fh£L 10 :

	 xU ãWtd¤Âš jahç¡f¥g£l és¡Ffëš 2% FiwghLŸsit. 200 

és¡FfŸ bfh©l T¿š i) 2 és¡FfS¡F« Fiwthf ii) 3 és¡FfS¡F« 

nkyhf FiwghLfŸ ÏU¥gj‰fhd ãfœjfÎfis¡ fh©f. 

Ô®Î :

	 x = Fiwghlhf cŸs ä‹és¡FfŸ v‹f.

	 xU ä‹és¡F Fiwghlhf ÏU¥gj‰fhd ãfœjfÎ  p = 
2

100
 = 0.02, n = 200 

vd bfhL¡f¥g£LŸsJ.

	 p ‹ kÂ¥ò äf¡ FiwthfÎ« n ‹ kÂ¥ò mÂfkhfÎ« cŸsjhš Ï§F ghŒrh‹ 

gutiy¥ ga‹gL¤J»nwh«.

ruhrç m = np = 200 × 0.02 = 4

ghŒrh‹ ãfœjfÎ Â©k rh®ò P(X = x) = 
e m

x

m x−

!

i)  2 ä‹ és¡Ffis él¡ Fiwthd FiwghLfŸ ÏU¥gj‰fhd ãfœjfÎ

    

< = = + =

= +

= +

= + =

−

− −

−

P X P x

x

P x

e
-4
e

e e

e

( ) ( ) ( )

! !

( )

( )

2 0 1

4

0

1
4

1

4

1 4

4 0

4 4

4 00 0183 5

0 0915

.

.=
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	 ii) FiwghLŸs ä‹és¡FfŸ 3¡F« mÂfkhf ÏU¥gj‰fhd ãfœjfÎ

	

P x P x

P x P x P x P x

e

( ) ( )

{ ( ) ( ) ( ) ( )}

{

> = − ≤
= − = + = + = + =

= − + +−

3 1 3

1 0 1 2 3

1 1 44 44

2

4

3
1 0 0183 1 4 8 10 67

0 567

2 3

! !
}

{ . ( . )}

.

+

= − × + + +
= 		

3.2.3 ghŒrh‹ gutiy¥ bghU¤Jjš :

ghŒrh‹ gutiy¥ bghU¤JjY¡fhd têKiwfŸ

1)  Kjèš eh« ruhrçia¡ fz¡»l nt©L«. 

      ruhrç = x
fx

f
m= ∑

∑
=

2)  e–m ‹ kÂ¥ig¡ fhzÎ«.

3)  ghŒrh‹ gutš P(X = x) = 
e m

x

m x− .

!
 I ga‹gL¤Â mÂš x = 0 vd kÂ¥Ã£L,            	

     P(0) = e-m I fz¡»lÎ«. Ã‹d® f(0) = N x P (0) I fh©f.

k‰w vÂ®gh®¡f¥gL« miybt©fis Ã‹tU« kWjuÎ (Recurrence relation) bjhl®ò 
f x

m

x
f x x( ) ( ); , , , .......+ =

+
=1

1
0 1 2 I ga‹gL¤Â x = 0, 1,2,... vd kÂ¥Ã£L fhzyh«.

vL¤J¡fh£L 11 :

ò¤jf« x‹¿š xU g¡f¤Âš cŸs ÃiHfë‹ v©â¡if Ã‹tU« m£ltizæš 

bfhL¡f¥g£LŸsJ. Ïj‰F ghŒrh‹ gutiy¥ bghU¤Jf.

ÃiHfë‹ v©â¡if 

(g¡f« x‹¿š)
0 1 2 3 4

g¡f§fë‹ v©â¡if 211 90 19 5 0

Ô®Î :

xi fi fixi

0 211   0

1  90 90

2  19 38

3   5 15

4   0   0

N = 325 ∑fx = 143
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	 ruhrç  Mean x
fx

N

m

Then e em

= = ∑

= = =

⇒ =− −

143

325
0 44

0 64400 44

.

..

	 vdnt 

Mean x
fx

N

m

Then e em

= = ∑

= = =

⇒ =− −

143

325
0 44

0 64400 44

.

..

		      e–m = e–0.44 = 0.6440

ghŒrh‹ ãfœjfÎ Â©k¢ rh®ò (mass function), 

            	   
P x e

m

x

Put x P e

e

f N P

m
x

( )
!

, ( )
!

.

( ) (

.

.

=

= =

=
=

∴ =

−

−

−

0 0
44

0

0 6440

0

0 44
0

0 44

00

325 0 6440

209 43

)

.

.

= ×
=

            	      

P x e
m

x

Put x P e

e

f N P

m
x

( )
!

, ( )
!

.

( ) (

.

.

=

= =

=
=

∴ =

−

−

−

0 0
44

0

0 6440

0

0 44
0

0 44

00

325 0 6440

209 43

)

.

.

= ×
=

k‰w vÂ®gh®¡f¥gL« miybt©fis kWjuÎ bjhl®ò _y« fhzyh«.

	 f x
m

x
f x( ) ( )+ =

+
1

1
, ÏÂš x = 0,1,2,3 vd kÂ¥Ã£L Ãw vÂ®gh®¡f¥gL« 

miybt©fis¡ fz¡»lyh«.

	

f

f

f

( ) . . .

( )
.

. .

( )
.

.

1 0 44 209 43 92 15

2
0 44

2
92 15 20 27

3
0 44

3
20

= × =

= × =

= × 227 2 97

4
0 44

4
2 97 0 33

=

= × =

.

( )
.

. .f
	

											           bkh¤j«

f©l¿a¥g£l miybt©fŸ 211 90 19 5 0 325

vÂ®gh®¡f¥gL« miybt©fŸ 210 92 20 3 0 325

x = 0, våš
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vL¤J¡fh£L 12 :

	 FÂiu¥ ngh® Åu® mâæèUªJ FÂiu V‰w¤Â‹ nghJ FÂiuahš 

cijg£L, Ïwªjt®fë‹ v©â¡if fz¡»l¥g£L 20 M©L étu§fŸ ÑnH 

bfhL¡f¥g£LŸsd. ghŒrh‹ gutš ga‹gL¤Â ruhrç k‰W« khWghL fh©f.

X :    0   1   2 3 4 bkh¤j«

f : 109 65 22 3 1 200

Ô®Î :

xi fi fixi fixi
2

0 109 0 0

1 65 65 65

2 22 44 88

3 3 9 27

4 1 4 16

bkh¤j« N = 200 ∑fx = 122 ∑fx2 = 196

	     ruhrç   Mean x
f x

N
i i= =

∑

=

=

122

200
0 61.

	 khWghL Variance
f x

N
xi i= =

∑
−

= −

=

σ2
2

2

2196

200
0 61

0 61

( )

( . )

.
Ï§F ruhrç = khWghL = 0.61

vL¤J¡fh£L 13 :

	 fh® nuonah¡fŸ jahç¡F« nghJ 100 nuonah¡fëš fhz¥g£l 

FiwghLfë‹ v©â¡if étu« ÑnH bfhL¡f¥g£LŸsJ. Ïj‰F ghŒrh‹ 

gutiy¥ bghU¤Jf.

FiwghLfŸ 0 1 2 3 4

FiwghLfSŸs nuonah¡fë‹ 

v©â¡if
79 18 2 1 0
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Ô®Î :

x f fx
0 79   0
1 18 18
2   2   4
3   1   3
4   0   0

N = 100 ∑fx = 25

		  ruhrç Mean x
fx

N

m

= = ∑

=

∴ =

25

100
0 25.

		           ∴ m  = 0.25

e-m = e-0.25 = 0.7788 = 0.779

ghŒrh‹ ãfœjfÎ¥ gutš,

	

P x
e m

x

P
e

m x

( )
!

( )
( . )

!
( . )

.

=

= =

−

−
0

0 25

0
0 779

0 25 0

		           

	 ∴ f(0) = N.P(0) = 100 × (0.779) = 77.9

kWjuÎ bjhl®ò _y« k‰w vÂ®gh®¡f¥gL« miybt©fŸ fz¡»l¥gL»wJ.

	 f x
m

x
f x( ) ( ).+ =

+
1

1
Ï§F x = 0,1,2,3 vd kÂ¥Ã£L Ãw vÂ®gh®¡f¥gL« miybt©fŸ Ñœf©lthW 

fz¡»l¥gL»wJ.

	

f f
m

f

f

f

( ) ( ) ( )

( )
.

( . )

.

( )
.

( .

1 0 1
0 1

0

1
0 25

1
77 9

19 46

2
0 25

2
19 46

= + =
+

=

=

= ))

.= 2 43

	

f

f

( )
.

( . )

.

( )
.

( . )

.

3
0 25

3
2 43

0 203

4
0 25

4
0 203

0 013

=

=

=

=
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f

f

( )
.

( . )

.

( )
.

( . )

.

3
0 25

3
2 43

0 203

4
0 25

4
0 203

0 013

=

=

=

=

f©l¿a¥g£l miybt©fŸ 79 18 2 1 0 100

vÂ®gh®¡f¥gL« miybt©fŸ 78 20 2 0 0 100

vL¤J¡fh£L 14 :

	 FHªijfŸ Ãw¥ò fz¡bfL¡F« bghGJ, 80 Ãurt§fëš x‹W Ïu£il¡ 

FHªijfshf¥ Ãw¡»wJ vd¡ bfh©lhš, 30 Ãurt§fëš Ïu©L« mj‰F nkY« 

Ïu£il¡ FHªijfshf¥ Ãw¥gj‰fhd ãfœjfÎ fh©f. Ïjid (i) <UW¥ò¥ gutš 

k‰W« (ii) ghŒrh‹ gutiy¡ bfh©L x¥ÃLf.

Ô®Î :

(i) <UW¥ò¥ gutiy ga‹gL¤Â

x = Ïu£il¡ FHªij Ãurt§fë‹ v©â¡if v‹f.

Ïu£il¡ FHªij Ãw¥gj‰fhd ãfœjfÎ 

	
Probability of twins birth = = =

∴ = − = −
=

p

q p

1

80
0 0125

1 1 0 0125

0 9

.

.

. 8875

30n =

	

	

Probability of twins birth = = =

∴ = − = −
=

p

q p

1

80
0 0125

1 1 0 0125

0 9

.

.

. 8875

30n = 	

<UW¥ò¥ gutè‹ ãfœjfÎ Â©k¢rh®ò P (x) = nCx px qn-x 

Ïu©L« Ïu©o‰F nkY« Ïu£il¡ FHªijfshf¥ Ãw¥gj‰fhd ãfœjfÎ

	          P (x ≥ 2) 	= 1 – P(x < 2)

			   = 1 – {P(x = 0) + P(x =1)}

			   = 1 – {30C0(0.0125)0 (0.9875)30 + 30C1(0.0125)1(0.9875)29}

			   = 1– {1.1(0.9875)30 + 3 (0.125) (0.9875)29}

			   = 1 – { 0.6839 + 0.2597}

			   = 1 – 0.9436

	         P( x ≥ 2) 	= 0.0564

(ii) ghŒrh‹ gutiy¥ ga‹gL¤Â

	 ghŒrh‹ gutè‹ ãfœjfÎ Â©k¢ rh®ò
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P x

e m

x

m x

( )
!

=
−

ruhrç Mean m np

P x P x

P x P x

= =
= =

≥ = − <
= − = + =

30 0 0125 0 375

2 1 2

1 0 1

( . ) .

( ) ( )

{ ( ) ( )}}

( . )

!

( . )

!

. .

.

= − +












= −

− −

−

1
0 375

0

0 375

1

1

0 375 0 0 375 1

0 3

e e

e 775 1 0 375

1 0 6873 1 375 1 0 945 0 055

( . )

( . ) ( . ) . .

+
= − = − =

Ïu©L« Ïu©o‰F nkY« Ïu£il¡ FHªijfshf¥ Ãw¥gj‰fhd ãfœjfÎ

	

Mean m np

P x P x

P x P x

= =
= =

≥ = − <
= − = + =

30 0 0125 0 375

2 1 2

1 0 1

( . ) .

( ) ( )

{ ( ) ( )}}

( . )

!

( . )

!

. .

.

= − +












= −

− −

−

1
0 375

0

0 375

1

1

0 375 0 0 375 1

0 3

e e

e 775 1 0 375

1 0 6873 1 375 1 0 945 0 055

( . )

( . ) ( . ) . .

+
= − = − = 	

3.3 Ïašãiy¥ gutš

3.3.0 m¿Kf« :

	 jå¤j kh¿¥ gutšfshd <UW¥ò¥ gutš k‰W« ghŒrh‹ gutš Ïu©ilÍ« 

Ïj‰F Kªja gFÂæš eh« és¡fkhf m¿ªnjh«. Ï¥gFÂæš K¡»akhd bjhl® 

kh¿¥ gutiy¥ g‰¿¡ fh©ngh«. Ï¤bjhl® kh¿¥gutiy "Ïašãiy ãfœjfÎ¥ 

gutš mšyJ "Ïašãiy¥ gutš" v‹W miH¡»nwh«. òŸëæaš nfh£ghLfëš 

K¡»a¥g§F t»¥gjhš Ï¥gutš äfÎ« K¡»a¤Jt« thŒªjJ.

	 Kj‹ Kjyhf 1733š M§»y fâjnkij O khŒt® v‹gt® <UW¥ò¥ gutè‹ 

všiy ãiyahf¡ bfh©l Ïašãiy¥ gutiy¡ f©LÃo¤jh®. Ã‹d® Ãuh‹R 

fâjnkij yh¥yh° v‹gtuhš 1777š bghJ k‰W« r_f m¿éaèš Ï¥gutš 

ga‹gL¤j¥g£lJ. fh®š Ãçblç¡ fhìa‹ (1809) v‹gt® Ï¥gutiy cUth¡»ajhš 

mtU¡F kçahij brY¤J« tifæš mt® bgaçnyna "fhìa‹ gutš" v‹W« 

Ïašãiy¥ gutiy miH¡f¥g£lJ.

3.3.1 tiuaiw :

	 x v‹w bjhl® rkthŒ¥ò kh¿æ‹ ãfœjfÎ ml®¤Â¢ rh®ò 

	 	

våš x ‹ rh®ghdJ ruhrç = μ k‰W« Â£léy¡f« = σ I cilajhf mikÍ« nghJ 

Ï¥gutiy Ïašãiy¥ gutš v‹W miH¡»nwh«.

F¿¥ò :

	 ruhrç μ, Â£léy¡f« σ M»ait Ïašãiy¥ gutè‹ g©gsitfshf 

mik»wJ. vdnt Ïašãiy¥ gutiy X ~ N (μ, σ2) v‹W F¿¡f¥gL«.
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3.3.2 Ïašãiy¥ gutè‹ ãgªjidfŸ :

<UW¥ò gutè‹ všiy ãiyahf Ïašãiy¥ gutš mik»wJ vd Ñœ fhQ« 

ãgªjidfŸ _y« bgwyh«.

m) 	Ka‰Áfë‹ v©â¡if n MdJ äf¥bgça Kotwh v© (ie., n → ∞) Mf 

mik»wJ  k‰W«

M) 	p « q « äf¢Á¿aJ mšy.

	 mnj nghš ghŒrh‹ gutè‹ beU¡fkhf (všiy ãiyahf) mj‹ g©gsit       

m ‹ kÂ¥ò mÂfkhF« nghJ (ie m → ∞) ÏJ Ïašãiy¥ gutš M»wJ.

Ï)	 Ïašãiy¥ gutè‹ kh¿èahf ruhrç = μ khWghL = σ2  k‰W« Â£léy¡f« = σ 
Mf mik»‹wd.

3.3.3 Ïašãiy ãfœjfÎ tisnfhL :

	 Ïašãiy¥ gutiy më¡f¡ Toa ‘tisnfhL Ïašãiy ãfœjfÎ 

tisnfhL’ v‹wiH¡f¥gL«. Ï›tisnfhL ruhrç μ é‰F ÏUòwK« rk¢ÓuhfÎ«, 

kâ tot¤Âš mik»wJ. ÏUòwK« tyJ k‰W« ÏlJ ÏWÂ Koéè (∞) tiu 

bršY«. Ï›tis nfh£o‹ tot« ÑœfhQ« gl« _y« m¿ayh«.

3.3.4 Ïašãiy¥ gutè‹ g©òfŸ :

1. 	 Ïašãiy tisnfhL kâ tot« cilaJ k‰W« ruhrç μ é‰F ÏUòwK«  

rk¢Ó® Mf mik»wJ.

2. gutè‹ ruhrç, Ïilãiy k‰W« KfL _‹W« x‹W»‹wd. (xnu  

kÂ¥òilaJ) 

	 i.e. : ruhrç = Ïilãiy = KfL = μ

3. 	 x = μ v‹w òŸëæš xnu xU KfL k£L« c©L.

4. 	 Ï¥gutš rk¢Ó® tot« bfh©ljhš nfh£l msit = β1 = 0, k‰W« j£ilasÎ  
= β2 = 3 Mf mik»wJ.

5. 	 tistiuæ‹ tisÎ kh‰W òŸëfŸ x = μ ± σ -š mikÍ«.

6. 	 tistiuæ‹ Û¥bgU cau« (c¢r«) x = μ š mikÍ« 



83

	 ∴ Û¥bgU ãiy¤öu« (cau«) = 
1

2σ π

7. 	 x - m¢rhdJ tistiu¡F bjhiy bjhLnfhlhf mik»wJ. 

	 (i.e. tisnfhlhdJ x - m¢Áid bjhl®ªJ br‹whY« x m¢Áid bjhlhkš  

Ïizahf bršY«)

8. Kjš k‰W« _‹wh« fhškhd§fŸ Ïilãiy mséèUªJ rk öu¤Ây  

mikÍ«.

9. 	 ruhrçæèUªJ fz¡»l¥g£l ruhrç éy¡f« = (4/5) σ MF«.

10. 	fhškhd éy¡f« = (2/3) σ

11. x k‰W« y v‹w rh®g‰w ÏU Ïašãiy kh¿fë‹ ruhrçfŸ μ1 k‰W« μ2  
k‰W« khWghLfŸ σ1

2 k‰W« σ2
2 Kiwna ÏU¥Ã‹ (x + y) v‹w Ïašãiy      

kh¿æ‹ ruhrç (μ1 + μ2) k‰W« khWghL (σ1
2 + σ2

2) MfÎ« mikÍ«.

12. 	gu¥gsÎ g©òfŸ

	 P (μ - σ < × < μ + σ) 	 = 0.6826

	 P (μ - 2σ < × < μ + 2σ) 	 = 0.9544

	 P (μ - 3σ < × < μ + 3σ) 	 = 0.9973

3.3.5 Â£l Ïašãiy¥ gutš :

	 rkthŒ¥ò kh¿ X ‹ Ïašãiy¥ gutè‹ ruhrç μ k‰W« khWghL σ2 
vd ÏUªjhš ruhrç μ = 0 k‰W« Â£léy¡f« σ = 1 I bfh©l Ïašãiy¥ 

gutiy Â£l Ïašãiy¥ gutš v‹W miH¡»nwh«. Ïj‹ kh¿ Z = 
X − µ

σ  vd 

tiuaW¡f¥gL»wJ. Â£l Ïašãiy¥ gutè‹ rh®ò φ (z) = 
1

2

1
2

2

π
e

z
−

;  – ∞ < z < ∞ 

MF«. 

	 Ï¥gutY¡F g©gsitfŸ VJ« Ïšiy v‹gjhš ÏJ äfÎ« 

K‹nd‰wKila¥ gutyhF«. vdnt, Z ‹ thæyhf   Ïašãiy tisnfh£o‹ Ñœ 

mikÍ« gu¥òfis¡ bfh©L ãfœjfÎfŸ fz¡»l¥gL»wJ. 

3.3.6 Ïašãiy¥ gutè‹ gu¥gsÎ g©òfŸ :

	 X m¢Á‹ ÛJ mikÍ« Ïašãiy ãfœjfÎ tisnfh£o‹ bkh¤j gu¥gsé‹ 

kÂ¥ò x‹W MF«. nkY« Ï›tisnfhL “Â£l ãfœjfÎ tisnfhL'' v‹W« 

miH¡f¥gL«. x = a k‰W« x = b v‹w (a < b) ãiy¡nfhLfS¡F Ïilna cŸs 

gu¥ghdJ ; x ‹ kÂ¥òfshd x = a k‰W« x = b ÏitfS¡F Ïilæš mikÍ« 

ãfœjfÎfis¡ F¿¡F«. (i.e. P(a ≤ x ≤ b) v‹gij ÑœfhQ« gl¤Â‹ _y« m¿ayh«.
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	 x ‹ vªj xU kÂ¥Ã‰F« ãfœjfÎ fhz nt©Lbkåš, Kjèš Â£l 

Ïašãiy kh¿ Z = 
X − µ

σ
¡F kh‰w nt©L«. Ã‹d® Z ¡F cça gu¥Ãid 

m£ltizia¥ ga‹gL¤Â fhz nt©L«.

	 vL¤J¡fh£lhf, Ïašãiy kh¿ x ‹ kÂ¥òfŸ (μ – σ , μ + σ) v‹w 

Ïilbtëæš mikÍ« nghJ ãfœjfÎ,

	 P (μ – σ < x < μ + σ) 	 = P (–1 ≤ z ≤ 1 )

				    = 2P(0 < z < 1)

				    = 2 (0.3413) 

				    = 0.6826

F¿¥ò : x = μ + σ š mikÍ« òŸëfŸ tisÎkh‰W òŸëfŸ vd¥gL«.

mJ nghy         P(μ – 2σ < x < μ + 2σ) 	 = P(– 2 < z < 2 )

						      = 2P(0 < z < 2)

						      = 2 (0.4772) = 0.9544
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	 P(μ – 3σ < x < μ + 3σ) = P(– 3 < z < 3 )

				     = 2P(0 < z < 3)

				     = 2 (0.49865) = 0.9973

	 Ïašãiy kh¿ x ‹ kÂ¥òfŸ μ ± 3σ v‹w všiy¡F btëæš mikÍ« nghJ 

mj‹ ãfœjfÎ

		  P(|x – μ| > 3σ) = P(|z| >3)

				    = 1 – P(-3 < z < 3)

				    = 1 – 0.9773 = 0.0027

	 vdnt nfh£ogh£o‹ go Ïašãiy ãfœjfÎ tisnfh£o‹ všiy                   
– ∞ Kjš ∞ tiu ÏUªjhY« kÂ¥òfŸ (ãfœjfÎfŸ) tistiuæ‹ μ ± 3σ 
všiy¡FŸ miktjhf vÂ® gh®¡f¥gL»wJ.
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vL¤J¡fh£L 15 :

	 Â£l Ïašãiy kh¿æ‹ kÂ¥ò 0 k‰W« 1.56 ¡F Ïilæš mikÍ« våš mj‹ 

ãfœjfÎ fh©f.

Ô®Î :

	 P(0 < z < 1.56) v‹gJ z = 0 k‰W« z = 1.56 Ïilna cŸs gu¥ghdJ 0.4406 
MF«.

vL¤J¡fh£L 16 :

	 z = –1.96 èUªJ z = 0 tiuÍŸs Â£l Ïaš ãiy kh¿æ‹ gu¥ò fh©f.

Ô®Î :

z =1.96 èUªJ z = 0 tiuÍŸs Â£l Ïašãiy kh¿æ‹ gu¥ò v‹gJ z = – 1.96 èUªJ 
z = 0 tiuÍŸs gu¥Ã‰F rk«. 

	 mjhtJ P (–1.96 < z < 0) = P (0 < z < 1.96) (rk¢Ó®)

		    	     = 0.4750

vL¤J¡fh£L 17 :

z = 0.25 ¡F ty¥òw« mikÍ« gu¥ò fh©f.

Ô®Î :

	    P (z > 0.25)	 = P (0 < z < ∞) – P (0 < z < 0.25)

			   = 0.5000 – 0.0987 

			   = 0.4013
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vL¤J¡fh£L 18 :

z = 1.5 ¡F Ïl¥òw« mikÍ« gu¥ig¡ fh©f.

Ô®Î :

	      P (z < 1.5) 	= P(– ∞ < z < 0 ) + P( 0 < z < 1.5 )

			   = 0.5 + 0.4332

			   = 0.9332

vL¤J¡fh£L 19 :

Â£l Ïašãiy kh¿æ‹ kÂ¥ò = –1.96 k‰W« 1.5 ¡F Ïilg£l gu¥ig¡ fh©f.

Ô®Î :
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	     P (–1.96 < z < 1.5) 	= P (–1.96 < z < 0) + P(0 < z < 1.5)

				    = P (0 < z < 1.96) + P(0 < z < 1.5) (rk¢Ó®)

				    = 0.4750 + 0.4332

				    = 0.9082

vL¤J¡fh£L 20 :

	 μ = 50 k‰W« σ = 8 I bfh©l Ïašãiy¥ gutèš x ‹ kÂ¥ò 42 k‰W« 64¡F 

Ïilæš miktj‰fhd ãfœjfÎ fh©f.

Ô®Î :

	 bfhL¡f¥g£lit μ = 50 k‰W« σ = 8

	 Â£l Ïašãiy kh¿ z = 
x − m
s

	 X = 42 våš If X Z

If X Z

= = − = − = −

= = − = =

42
42 50

8

8

8
1

64
64 50

8

14

8
1 75

1

2

,

, .
	 X = 64 våš 

If X Z

If X Z

= = − = − = −

= = − = =

42
42 50

8

8

8
1

64
64 50

8

14

8
1 75

1

2

,

, .

	 ∴ P(42 < x < 64)	 = P(–1 < z < 1.75)

				    = P(–1 < z < 0) + P (0 < z < 1.95)

				    = P (0 < z < 1) + P (0 < z < 1.75) (rk¢Ó®)

				    = 0.3413 +0 .4599

				    = 0 .8012



89

vL¤J¡fh£L 21 :

	  xU tF¥Ãš cŸs khzt®fS¡F Âwik¡fhd nrhjid bfhL¡f¥g£lJ. 

mt®fSila kÂ¥bg©fë‹ gutš, ruhrç 60 «, Â£léy¡f« 5« bfh©l 

Ïašãiy¥ gutiy¢ rh®ªJŸsjhf¤ bjça tU»wJ. v¤jid rjÅj« khzt®fŸ 
i)  60¡F nk‰g£l kÂ¥bg©fS« (ii)  56¡F Ñœ kÂ¥bg©fS« (iii)  45 k‰W« 65 

kÂ¥bg©fS¡F Ïilæš bg‰WŸsd® vd¡ fh©f.

Ô®Î :

bfhL¡f¥g£lit, ruhrç μ = 60  k‰W« Â£léy¡f« σ = 5

	  Â£l Ïaš ãiy kh¿ Z = 
x − m
s

  X = 60  våš If X Z
x= = − = − =60

60 60

5
0,

µ
σ

	 ∴ P(x > 60)  = P (z > 0)

		            = P(0 < z < ∞ ) = 0.5000

    vdnt 60 kÂ¥bg©fS¡F nkš th§»a khzt®fë‹ rjÅj« 0.5000(100) = 50 %

  X = 56,  våš ii If X Z) , .= = − = − = −56
56 60

5

4

5
0 8

	        P(x < 56)	 = P(z < -0.8)

			   = P(– ∞ < z < 0) – P (– 0.8 < z < 0)

			   = P(0 < z < ∞) – P (0 < z < 0.8)  (rk¢Ó®)

			   = 0.5 – 0.2881 

			   = 0.2119

     vdnt, 56 kÂ¥bg©fS¡F Ñœ cŸs khzt®fë‹ rjÅj« 0.2119(100) = 21.19 %

X = 45,  våš iii If X Z) ,= = − = − = −45
45 60

5

15

5
3
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	 X = 65  våšX then z= = − = =65
65 60

5

5

5
1

          P (45 < x < 65)	 = P (– 3 < z < 1)

			   = P (– 3 < z < 0 ) + P (0 < z < 1)

			   = P (0 < z < 3) + P(0 < z < 1)	 (rk¢Ó®)

			   = 0.4986 + 0.3413 	

			   = 0.8399

	  45 k‰W« 65 kÂ¥bg©fS¡F Ïilæš cŸs khzt®fë‹                   

rjÅj«  = 0.8399 (100) = 83.99 %

vL¤J¡fh£L 22 :

	 ruhrç 2 k‰W« Â£léy¡f« 3 vd¡ bfh©l Ïašãiy¥ gutiy x jGÎ»wJ. 
x MdJ ãfœjfÎ 0.4115 I V‰»‹w ãiyæš kh¿ x ‹ kÂ¥ig¡ fh©f.

Ô®Î :

bfhL¡f¥g£lit, μ = 2, σ = 3. z I njitahd Â£lãiy kÂ¥ghf¡ bfhŸnth«. 

vdnt, m£ltizæèUªJ 0.4115 v‹w gu¥Ã‰F cça rçahd z ‹ kÂ¥ò 1.35 MF«. 

mjhtJ z = 1.35

	 z Here z
x

x

x

1

1 35
2

3
3 1 35 2

4 05 2 6 05

= −

= −

= +
= + =

µ
σ

.

( . )

. .

Here z
x

x

x

1

1 35
2

3
3 1 35 2

4 05 2 6 05

= −

= −

= +
= + =

µ
σ

.

( . )

. . 	

vL¤J¡fh£L 23 :

	 X® Ïaš ãiy¥ gutèš 31 % cW¥òfŸ 45¡F ÑG« 8 % cW¥òfŸ 64¡F nkY« 

cŸsd. mj‹ ruhrç k‰W« khWghL fh©f.
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Ô®Î :

	 Ïašãiy¥ gutèš ruhrç μ k‰W« Â£léy¡f« σ v‹W« cW¥òfŸ x vd 

F¿¥gjhf¡ bfhŸnth«.

0.31 0.08

0.19

0.42

x = 45 x = 65

When x z
x

z say= = − = − = −45
45

1, ( )
µ

σ
µ

σ
  v‹f.

gl¤Â‹ thæyhf x = 45 k‰W« x = 64 I F¿¡f¥g£oU¥gij m¿ayh«.

31 % cW¥òfŸ x = 45 ¡Ñœ miktjhš, x ‹ ãiyahdJ x = μ v‹w ãiy¡nfh£o‰F 

ÏlJòw« mik»wJ.

8 % cW¥òfŸ x = 64 ¡F nkš miktjhš, x ‹ ãiyahdJ x = μ v‹w 

ãiy¡nfh£o‰F tyJòw« mik»wJ.

Vbdåš x ‹ kÂ¥ò x = μ ¡F Ïl¥òw« cŸsjhš z1 ‹ kÂ¥ò vÂ® v©zhf (–z1) 
vL¡f¥gL»wJ.

nkY« gl¤Â‹ _ykhf

	   P(x < 45)	 = 0.31

		       P(z < – z1) 	= 0.31

	           P (– z1 < z < 0) 	= P (– ∞ < z < 0) – p (– ∞ < z < z1)

			           	 = 0.5 – 0.31 = 0.19

		   P (0 < z < z1) 	= 0.19 (rk¢Ó®)

			         z1 	 = 0.50 (m£ltizæèUªJ)

		  P (x > 64) 	 = 0.08

		  P(0 < z < z2) 	 = P(0 < z < ∞) – P(z2 < z < ∞)

				    = 0.5 - 0.08 = 0.42

			         z2 	 = 1.40 (m£ltizæèUªJ)

z1 k‰W« z2 ‹ kÂ¥òfis ÃuÂæl,
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vdnt

	
45

0 50
64

1 40
− = − − =µ
σ

µ
σ

. .and k‰W« 
45

0 50
64

1 40
− = − − =µ
σ

µ
σ

. .and

		    μ – 0.50 σ = 45 ----- (1)

		    μ + 1.40 σ = 64 ----- (2)

	  (2) – (1) ⇒ 1.90 σ = 19 ⇒ σ = 10

	 Â£léy¡f« σ = 10 I (1) š ÃuÂæl

		   	 μ = 45 + 0.50 (10)

			       = 45 + 5 = 50

	 ruhrç μ = 50 k‰W« khWghL σ2 = 100

gæ‰Á - 3

I. 	 rçahd éilia¤ nj®ªbjL¡fÎ« :

1.	 <UW¥ò¥ gutè‹ ga‹gh£o‰FçaJ

	 m) mça ãfœ¢ÁfŸ

	 M) ÂU«g ÂU«g eilbgW« ÏU ãfœ¢ÁfŸ

	 Ï) 3 ãfœ¢ÁfŸ

	 <) eilbgwhj ãfœ¢ÁfŸ

2.	 <UW¥ò¥ gutè‹ bt‰¿¡fhd ãfœjfÎ p k‰W« njhšé¡fhd ãfœjfÎ q våš 

ruhrç k‰W« khWghL Ïu©o‰F« Ïilna cŸs cwÎ

	 m) ruhrç < khWghL 		  M) ruhrç > khWghL	

	 Ï) ruhrç = khWghL 		  <) ruhrç ≤ khWghL

3.	 <UW¥ò¥ gutè‹ khWghlhdJ

	 m) npq		  M) np		  Ï) npq 		  <) 0

4.	 <UW¥ò¥ gutš 15Cx
2

3

1

3

15











−x x

 våš ruhrçahdJ 

	 m) 5		  M) 10		  Ï) 15			   <) 3
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5.	 <UW¥ò¥ gutè‹ ruhrç 8 k‰W« khWghL 4 våš P(x = 1) ‹ kÂ¥ghdJ

	 m) 1

212
		  M) 

1

24 		  Ï) 1

26
			  <) 

1

28

6.	 <UW¥ò gutèš n = 4 k‰W« P(x = 2) = 3P(x = 3) mikÍ« bghGJ p ‹ kÂ¥ghdJ

	 m) 9

11
		  M) 1			   Ï) 

1

3
			   <) ÏÂš VJäšiy

7.	 ruhrç 10« Ka‰Áfë‹ v©â¡if 30« cila <UW¥ò¥ gutèš njhšé¡fhd 

ãfœjfÎ

	 m) 0.25 		  M) 0.333 		  Ï) 0.666 		  <) 0.9

8.	 <UW¥ò¥ gutè‹ khWghL 2 våš mj‹ Â£léy¡f«

	 m) 2 		  M) 4 			   Ï) 1/2 			  <) 

9.	 <UW¥ò¥ gutèš rh®g‰w Ka‰Áfë‹ v©â¡if n våš n bt‰¿fS¡fhd 

ãfœjfÎ

	 m) nCxpxqn-x 	 M) 1 			   Ï) pn 			   <) qn

10.	 <UW¥ò¥ gutiy KGikahf ã®zæ¡f Ïit bjçªjhš nghJ«

	 m) p k£L« 	 M) q k£L« 		  Ï) p k‰W« q 		 <) p k‰W« n

11.	 <UW¥ò¥ gutèš Ka‰ÁfshdJ

	 m) x‹iw x‹W éy¡Ftd	 	 M) x‹iw x‹W éy¡fhjit

	 Ï) rh®g‰wit	 	 	 	 <) rh®g‰wit mšy

12.	 x‹iw x‹W rhuhj ÏU kh¿fŸ x k‰W« y M»at‰¿‹ <UW¥ò¥ gutšfë‹ 

g©gsitfshf (n1, p) k‰W« (n2, p) Kiwna ÏUªjhš mitfë‹ TLjš (x + y) 
Ï‹ <UW¥ò gutè‹ g©gsitahdJ

	 m) (n1 + n2, 2p)	 M) (n, p)		  Ï) (n1 + n2, p) 	 <) (n1 + n2, p + q)

13.	 ghŒrh‹ gutèš	

	 m) ruhrç > khWghL 			   M) ruhrç = khWghL

	 Ï) ruhrç < khWghL 			   <) ruhrç ≠ khWghL

14.	 ghŒrh‹ gutYl‹ bjhl®òilait

	 m) mça ãfœ¢ÁfŸ	 	 	 M) F¿¥Ã£l ãfœ¢ÁfŸ

	 Ï) eilbgw Koahj ãfœ¢ÁfŸ	 <) bgU«ghY« ã¢rakhd ãfœ¢ÁfŸ
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15. 	m1 k‰W« m2 v‹gd x k‰W« y v‹w ghŒrh‹ kh¿fë‹ g©gsitfŸ våš  

(x + y) v‹w ghŒrh‹ kh¿æ‹ g©gsitahdJ,

	 m) m1m2 		 M) m1 + m2 		  Ï) m1– m2 		  <) m1/m2

16.	 ghŒrh‹ gutš xU

	 m) bjhl®¢Áahd gutš	 	

	 M) jå¤j gutš

	 Ï) bjhl®¢Áahf mšyJ jå¤j gutyhf	

	 <) bjhl®¢ÁÍ« mšy jå¤j gutY« mšy

17.	 <UW¥ò gutè‹ všiy ãiyahf¥ ghŒrh‹ gutš miktj‰F njitahd 

ãgªjid

	 m) n → ∞ ; p → 0 k‰W« np = m 	 M) n → 0 ; p → ∞ k‰W« p=1/m

	 Ï) n → ∞ ; p → ∞ k‰W« np = m	 <) n → ∞ ; p → 0 k‰W« np = m

18.	 ghŒrh‹ gutè‹ vÂ®gh®¡f¥gL« ruhrç kÂ¥ghdJ 1 våš P(x < 1) ‹ kÂ¥ò

	 m) e-1 		  M) 1-2e-1		  Ï) 1- 5/2e-1 		  <)ÏÂš VJäšiy

19.	 Ïašãiy¥ gutš, <UW¥ò¥ gutè‹ všiy ãiyahf njitahd ãgªjid

	 m) n → ∞ p → 0 				   M) n → 0 , p → q 

	 Ï) n → ∞ , p → n			   <) n → ∞ k‰W« p « q « Á¿ajšy

20.	 Ïašãiy¥ gutèš nfh£l msÎ

	 m) x‹W   	 	 	 	 M) ó¢Áa«  	    	

	 Ï) x‹iw él bgçaJ		 	 <) x‹iw él Á¿aJ

21.	 Ïašãiy¥ gutè‹ KfL

	 m) σ 		  M) 1

2π
		  Ï) μ			   <) 0

22.	 Â£l Ïašãiy¥ gutiy Ï›thW F¿¥Ãlyh«

	 m) N (0,0) 	 M) N(1,1) 		  Ï) N(1,0) 		  <) N(0,1)

23.	 Ïašãiy ãfœjfÎ tisnfh£o‹ Ñœ mikÍ« bkh¤j gu¥ò

	  m) x‹iw él Á¿aJ		 	 M) x‹W

	 Ï) x‹iw él bgçaJ		 	 <) ó¢Áa«
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24.	 rkthŒ¥ò kh¿ x ‹ kÂ¥òfŸ (μ – 2σ , μ + 2σ) v‹w Ïilbtë¡FŸ V‰gL¤J« 

ãfœjfÎ

	 m) 0.9544 		  M) 0.6826 		  Ï) 0.9973 		  <) 0.0027

25.	 P(- ∞ < z < 0) Ï‹ gu¥gsÎ

	 m) 1 			   M) 0.1 		  Ï) 0.5 			  <) 0

26.	 Â£l Ïašãiy¥ gutèš

	 m) μ =1, σ = 0 		  M) μ = 0, σ = 1	 Ï) μ = 0, σ = 0	 <) μ =1, σ = 1

27.	 rkthŒ¥ò kh¿ x ‹ Ïašãiy¥ gutš f(x) = C e
x

.
( )− −1

2
100
25

2

 våš C ‹ kÂ¥ò

	 m) 		  M) 		  Ï) 		  <) 5

28.	 Ïašãiy¥ gutY¡F

	 m) KfL Ïšiy	 	 	 M) xnu xU KfL c©L

	 Ï) ÏU KfLfŸ c©L	 	 <) gy KfLfŸ c©L

29.	 Ïašãiy¥ gutY¡F

	 (a) ruhrç = Ïilãiy = KfL 	 (b) ruhrç < Ïilãiy < KfL

	 (c) ruhrç > Ïilãiy > KfL	 (d) ruhrç > Ïilãiy < KfL

30.	 Ïašãiy¥ gutè‹ ãfœjfÎ ml®¤Â rh®ò P(X = x) = 1

5 2

1
2

30
25

2

π
e

x− −( )
 ; - α<x<α 

våš ruhrç k‰W« khWghL

	 (a) ruhrç = 30 khWghL = 5 		  (b) ruhrç = 0, khWghL = 25

	 (c) ruhrç = 30 khWghL = 25 		  (d) ruhrç = 30, khWghL = 10

31.	 Ïašãiy¥ gutè‹ ruhrç = 60 våš Ïj‹ KfL  MdJ

	 m) 60 			   M) 40 			  Ï) 50 			   <) 30

32. 	Ïašãiy kh¿ x ¡F μ =100 k‰W« σ2 = 25 våš P(90 < x < 120) Ï‹ kÂ¥ò

	 m) P (– 1 < z < 1) 			   M) P(-2 < z < 4)

	 Ï) P(4 < z < 4.1)	 			   <) P(-2 < z < 3)

33.	 x v‹w kh¿ahdJ N(6, 1.2) k‰W« P(0 ≤ z ≤1) = 0.3413 våš P(4.8 ≤ x ≤ 7.2) Ï‹ 

kÂ¥ò

	 m) 0.3413 		  M) 0.6587 		  Ï) 0.6826 		  <) 0.3174
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II. 	 nfho£l Ïl§fis ãu¥òf :

34.	 ehza¤ij bjhl®ªJ R©Ltjhš jiy »il¥gj‰fhd ãfœjfÎ _________ 
MF«.

35.	 <UW¥ò gutè‹ ruhrç = 4 k‰W« khWghL = 2 våš g©gsitfshdJ 

__________ MF«.

36.	
2

3

1

3

9

+



  v‹gJ <UW¥ò gutiy F¿¡F« nghJ Ïj‹ Â£léy¡f« _________ 

MF«.

37.	 <UW¥ò gutèš Ka‰Áfë‹ v©â¡if äf¥ bgçajhfÎ«, bt‰¿¡fhd 

ãfœjfÎ ó¢ÁakhfÎ« mikªj ãiyæš Ï¥gutš ________ MF«.

38.	 ghŒrh‹ gutèš ruhrç k‰W« khWghL _______ MF«.

39. 	ghŒrh‹ gutè‹ ruhrç = 0.49 våš Â£léy¡f« ________ MF«.

40.	 ghŒrh‹ gutèš, vÂ®gh®¡f¥gL« ãfœbt© fhz ga‹gL¤j¥gL« kWjuÎ 

bjhl®ghdJ ______ MF«.

41.	 ∑ −fx

N
x

2
2( )  v‹w thŒ¥ghL _y« ________ f©l¿ayh«.

42.	 Ïašãiy¥ gutèš ruhrçahdJ __________Kjš ________ tiu kÂ¥òfis¥ 

bgW«.

43.	 μ = 0 k‰W« σ = 1 våš Ïašãiy¥ gutš ________ vd miH¡f¥gL«.

44.	 P(– ∞ < z < 0) vL¤J bfhŸS« gu¥gsÎ ______ MF«.

45.	 μ = 1200 k‰W« σ = 400 våš x = 800 ¡Fça Â£l Ïašãiy kh¿ z ‹ kÂ¥ò 
_________ MF«.

46.	 x = μ ± σ v‹w òŸëfŸ __________ v‹wiH¡f¥gL«.

47.	 P(-3 < z < 3) ‹ kÂ¥ò __________ MF«.

48.	 Ïašãiy tisnfh£o‰F x m¢R ________ MF«.

III. Ã‹tU« édh¡fS¡F éilaë.

49.	 <UW¥ò¥ gutèš ruhrç = 7 k‰W« khWghL = 16 v‹w T‰iw és¡Ff.

50.	 ruhrç 3 k‰W« khWghL 2 vd¡ bfh©l <UW¥ò gutiy¡ fh©f.

51.	 <UW¥ò¥ gutè‹ ruhrç k‰W« Â£léy¡f« Kiwna 12 k‰W« 2 våš n k‰W« p 
‹ kÂ¥òfis¡ fh©f.
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52.	 ÏU gfilfŸ 4 Kiw År¥gL»‹wd. xnu khÂçahd v©fŸ ÏUgfilæš 

»il¤jiy bt‰¿ vd¡ bfh©lhš, 2 bt‰¿fŸ »il¥gj‰fhd ãfœjfÎ 

fh©f.

53.	 <UW¥ò¥ gutš - és¡Ff.

54. 	<UW¥ò¥ gutè‹ g©òfis étç¡fÎ«.

55.	 <UW¥ò¥ gutè‹ kh¿fë‹ ãgªjidfis¡ TWf.

56. 	<UW¥ò¥ gutiy¥ bghU¤Jjš g‰¿ étç¡fÎ«.

57. 	(0.68 + 0.32)10 v‹w <UW¥ò¥ gutè‹ Ñœ ÏU bt‰¿fŸ »il¥gj‰fhd 

ãfœjfit fh©f.

58.	 <UW¥ò gutèš X® ãfœ¢Á eilbgw ãfœjfÎ = 1/5 k‰W« Ka‰Áfë‹ 

v©â¡if 100 våš mj‹ ruhrç v‹d ?

59.	 JiwKf« x‹¿š 10 f¥gšfëš ruhrçahf 8 f¥gšfŸ ghJfh¥ghd Kiwæš 

tªjil»‹wd. 1600 f¥gšfëš ghJfh¥ghd Kiwæš tªjiltj‰fhd ruhrç 

k‰W« Â£léy¡f« fh©f.

60.	 fšÿçfëš khiy neu¡fšé bgW« khzt®fëš Ïsãiy g£l« 

bgWgt®fë‹ ãfœjfÎ = 0.4 våš 5 khzt®fëš (i) xUtU« Ïšiy (ii) xUt® 

k£L« (iii) FiwªjJ xUt® k£L« g£l« bgWtj‰fhd ãfœjfÎfis¡ fh©f.

61.	 e‹F ehza§fŸ xnu rka¤Âš R©l¥gL»‹wd våš i) 2 jiyfŸ k‰W« 2 

ó¡fŸ ii) FiwªjJ 2 jiyfŸ iii) FiwªjJ xU jiy »il¡f ãfœjfÎ fh©f.

62.	 xU jhåa§» ÏaªÂu¤Â‹ 10% FiwghLŸsitahf 

f©l¿a¥gL»wJ. 20 ÂUfhâfŸ rkthŒ¥ò Kiwæš 

nj®ªbjL¡F« nghJ i) rçahf 2 k£L« Fiwghlhf 
ii) mÂfg£r« 3 Fiwghlhf iii) FiwªjJ 2 Fiwghlhf ÏU¡f ãfœjfÎ fh©f.

63.	 5 gfilfŸ x‹W nru 96 KiwfŸ År¥gL»‹wd. ÏÂš 4, 5 mšyJ 6 

»il¥gj‰fhd miybt©fŸ ÑnH bfhL¡f¥g£LŸsd. vÂ®gh®¡f¥gL« 

miybt©fŸ fh©f. k‰W« f©l¿a¥g£l k‰W« vÂ®gh®¡f¥gL« 

miybt©fS¡F Â£léy¡f¤ij fz¡»£L x¥ÃLf. 

	 4, 5 (m) 6 »il¤jš	 :	 0 	 1 	 2 	 3 	 4 	 5

	 miybt©	  	 : 	 1 	 10 	 24 	 35 	 18 	 8

64. 	ÑœtU« étu§fS¡F <UW¥ò¥ gutiy¥ bghU¤Jf.

	 X : 	 0 	 1 	 2 	 3 	 4

	 f 		  18 	 35 	 30 	 13 	 4

65.	 8 ehza§fŸ xU nru 256 Kiw R©l¥gL»‹wd. jiy éGjY¡fhd 

v©â¡if ÑnH bfhL¡f¥g£LŸsd. vÂ®gh®¡f¥gL« miybt©fis¡ 
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fh©f. vÂ®gh®¡f¥gL« miybt©fS¡F ruhrç k‰W« Â£léy¡f« fh©f. 

nkY« f©l¿a¥g£l miybt©fS¡F ruhrç k‰W« Â£léy¡f« fh©f.

jiyfë‹ v©â¡if : 0 1 2 3 4 5 6 7 8
miybt©fŸ : 2 6 30 52 67 56 32 10 1

66.	 ghŒrh‹ gutš g‰¿ étç¡fÎ«.

67.	 ghŒrh‹ gutY¡F vL¤J¡fh£LfŸ Ïu©il¤ jUf.

68. 	ghŒrh‹ gutè‹ g©òfis¡ TwÎ«.

69. 	ghŒrh‹ gutiy¥ bghU¤Jjš g‰¿ étç¡fÎ«.

70. 	ghŒrh‹ gutèš kh¿ x ‹ ruhrç 6 våš i) P(x = 0) k‰W« ii) P(x = 2) kÂ¥òfis¡ 

fh©f.

71.	 ghŒrh‹ gutè‹ khWghL 0.5 våš P(x = 3) ‹ kÂ¥ò fh©f. [e-0.5 = 0.6065]

72.	 ghŒrh‹ gutè‹ Ñœ rkthŒ¥ò kh¿ x ¡F P(x =1) = P(x = 2) våš gutè‹ ruhrç 

k‰W« P(x = 0) ‹ kÂ¥ò fh©f. [e-2 = 0.1353]

73.	 xU ãWtd¤jhš jahç¡f¥gL« és¡Ffëš 3% Fiwghlhf cŸsJ 100 

és¡FfŸ bfh©l xU T¿š rçahf 5 és¡FfŸ Fiwghlhf ÏU¡f ãfœjfÎ 

fh©f.

74.	 xU bjhê‰ng£ilæš flªj fhy mDgt¤Â‹ _ykhf khj« x‹¿‰F ruhrçahf 

4 bjhê‰rhiy ég¤JfŸ eilbgWtjhf¡ fz¡»l¥gL»wJ. bfhL¡f¥g£l X® 

M©oš 3¡F« Fiwthd ég¤JfŸ V‰gLtj‰fhd ãfœjfÎ fh©f. Ïj‰F 

ghŒrh‹ gutiy¥ ga‹gL¤Jf. [e-4 = 0.0183]

75.	 bjhiy¡fh£Á¥ bg£ofŸ jahç¡F« nghJ mÂš ruhrçahf 5% 
FiwghLŸsitahf¤ bjç»wJ. 100 ml§»a xU bjhFÂæid é‰gid 

brŒÍ« nghJ 4¡F nkš FiwghL Ïšiy vd cWÂ më¡»‹wd®. mªj cWÂ 

bkhêia ãiwÎ brŒa Koahkš nghtj‰fhd ãfœjfÎ fh©f. [e-5 = 0.0067]

76. 	xU T®f¤Â c‰g¤Â¢ brŒÍ« bjhê‰rhiyæš c‰g¤Âæ‹ nghJ 1/5% 
FiwghLŸsitahf ÏU¡»wJ. 10 T®f¤ÂfŸ bfh©l bg£ofshf 

é‰f¥gL»‹wd. ghŒrh‹ gutiy¥ ga‹gL¤Â 1,00,000 ml§»a bg£ofëš       
(i) x‹W Fiwghlhf (ii) Ïu©L Fiwghlhf ÏU¡f ãfœjfÎ fh©f. 

77.	 mÂfng® ntiy brŒÍ« xU bjhê‰rhiyæš, xU ntiy¥ gUt¤Âš ruhrçahf 

3 ng® éL¥Ãš cŸsd®. xU F¿¤j gUt¤Âš i) rçahf ÏUt® (ii) eh‹F 

eg®fS¡F nkš éL¥Ãš ÏU¥gj‰fhd ãfœjfÎ fh©f.

78. 	kUªJ ò£ofis jahç¡F« xUt® jkJ jahç¥Ãš 0.1% ò£ofŸ 

Fiwghl cŸsij¡ fh©»wh®. mitfŸ 500 ò£ofŸ bfh©ljhf 

bg£ofëš mil¡f¥gL»‹wd. kUªJ é‰gidahs® 100 

bg£ofis th§F»wh®. ghŒrh‹ gutiy¥ ga‹gL¤Â v¤jid¥ 
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bg£ofŸ (i) Fiwghošyhj ii) rçahf Ïu©L FiwghLŸsit  

(iii) FiwªjJ 2 FiwghLŸs bg£ofŸ ÏU¡F« vd¡ fh©f.

79.	 j£l¢R brŒÍ« nghJ V‰gL« j£l¢R¥ ÃiHfë‹ v©â¡ifæ‹ gutš ÑnH 

bfhL¡f¥g£LŸsJ. Ïj‰F ghŒrh‹ gutiy¥ bghU¤Jf.

	 xU g¡f¤Âš cŸs

	 ÃiHfë‹ v©â¡if	 	 : 	 0 	 1 	 2 	 3 	 4 	 5

	 g¡f§fë‹ v©â¡if	 	 : 	 142 	 156 	 69 	 57 	 5 	 1

80.	 ÑœfhQ« étu§fS¡F ghŒrh‹ gutiy¥ bghU¤Jf.

	 x :	0	 1	 2	 3	 4	 5	 6	 7	 8	 bkh¤j«

	 f :	229	 325	 257	 119	 50	 17	 2	 1	 0	 1000

81.	 xU efçš 50 eh£fŸ bfh©l xU fhy m£ltizæ‹ nghJ V‰gL« 

ég¤Jfë‹ v©â¡if, eh£fŸ étu« ÑnH bfhL¡f¥g£LŸsd. Ïj‰fhd 

ghŒrh‹ gutiy¥ bghU¤Jf.

	 ég¤Jfë‹ v©â¡if	 	 : 	 0 	 1 	 2 	 3 	 4

	 V‰g£l eh£fë‹ v©â¡if	 : 	 21 	 18	  7 	 3 	 1

82.	 Â£l Ïašãiy kh¿æ‹ kÂ¥ò Z = 0.78 k‰W« Z = 2.75 Ïilg£l kÂ¥Ã‹ 

ãfœjfÎ fh©f.

83.	 Ïašãiy Â£l tisnfh£o‹ Ñœ Z = 0 k‰W« Z = 1.75 Ïilg£l gu¥ò fh©f.

84. 	Ïašãiy Â£l tistiu¡F Ñœ Z = -1.5 k‰W« Z = 2.6 Ïilg£l gu¥ò fh©f.

85. 	Z = 1.96 ¡F Ïl¥òw« mikÍ« gu¥ig¡ fh©f.

86. 	Ïašãiy Â£l tisnfh£o‹ Ñœ Z = 2.70 ¡F ty¥òw« mikÍ« gu¥ò fh©f.

87. 	ruhrç = 50 k‰W« Â£léy¡f« = 8 vd¡ bfh©l Ïaš ãiy¥ gutèš x = 34 
k‰W« x = 62 Ïilna cŸs ãfœjfÎ fh©f.

88.	 Ïašãiy¥ gutè‹ ruhrç = 20 k‰W« Â£léy¡f« = 10 våš x =15 k‰W« x = 
40¡F  Ïilg£l gu¥ò ahJ ?

89. 	ruhrç 30 « Â£léy¡f« 5 vdÎ« bfh©l Ïašãiy tisnfh£oš 26 k‰W« 

40¡F Ïilg£l gu¥ò fh©f.

90.	 xU gšbghUŸ m§fhoæš tho¡ifahs®fë‹ ãYit¤ bjhiffŸ %.1200I 

ruhrçahfÎ«, %.400 I Â£léy¡fkhfÎ« bfh©l Ïaš ãiy¥ gutyhf 

mik»wJ våš (i) %.1500¡F mÂfkhf cŸs ãYit fz¡Ffë‹ rjÅj« 

(ii) %.1000¡F« %.1500¡F« Ïilæš cŸs ãYit fz¡Ffë‹ rjÅj« iii) 
%.1500¡F Fiwthd ãYit cŸs fz¡Ffë‹ rjÅj« fh©f.
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91.	 bjhêy E£g EiHÎ¤ nj®é‰F gæ‰Á tF¥òfŸ vL¡F« éçÎiuahs®fŸ 

100 ng®fë‹ thuhªÂu CÂa« ruhrç %.700« Â£léy¡f« %400khf 

bfh©l Ïašãiy¥ gutyhf¡ bfh©lJ våš i) %.720 k‰W« %.750¡F 

Ïilna bgWgt®fŸ ii) %.750¡F nkš bgWgt®fŸ iii) %.630¡F« Fiwthf 

bgWgt®fë‹ v©â¡ifia¡ fh©f.

92.	 X I kh¿ahf¡ bfh©l Ïašãiy¥ gutèš ruhrç 12« Â£léy¡f« 4« våš

	 i) X ≥ 20 ii) X ≤ 20 iii) 0 < x < 12 ¡fhd kÂ¥òfS¡F ãfœjfÎ fh©f.

93. 	100 cy®ä‹ fy§fŸ ml§»a xU khÂçæy mitfë‹ gy‹ jU« fhy§fis 

nrhjidæ£L »il¥gij Ã‹tUkhW ju¥g£LŸsJ.

	 ruhrç μ =12 kâfŸ, Â£léy¡f« σ = 3 kâfŸ 

Ï›étu§fŸ Ïašãiy¥ gutiy¥ bg‰WŸsjhf¡ bfh©L 

v¤jid rjÅj« ä‹fy§fŸ i) 15 kâ neu¤Â‰F nkš  

ii) 10 k‰W« 14 kâ neu¤Â‰F Ïilæš iii) 6 kâ neu¤Â‰F Ñœ gy‹ 

jUgitahf ÏU¡F« vd¡ fh©f.

94.	 xU nj®éš 44 % khzt®fŸ 55 kÂ¥bg©fS¡F ÑG«, 6 % khzt®fŸ 80 

kÂ¥bg©fS¡F nkY« bg‰wd® våš m¤nj®Î kÂ¥bg©fë‹ ruhrç k‰W« 

Â£léy¡f« fh©f.

95.	 X® Ïašãiy¥ gutèš 7 % cW¥òfŸ 35¡F ÑG« 89 % cW¥òfŸ 63¡F ÑG« 

cŸsd. mj‹ ruhrç k‰W« Â£léy¡f« fh©f.

éilfŸ

I.

1. M 	 2. M 	 3. m 	 4. M 	 5. m	 6. Ï 	 7. Ï 	 8. < 	 9. Ï 	 10. <	 11.Ï 	 12.Ï 

13. M 	14. m 	15. M	 16. M 	17. < 	 18. m 	19. < 	 20. M	 21. Ï 	 22. < 	 23. M 	24. m 

25. Ï	 26. M 	27. M 	28. M 	29. m 	30. Ï	 31. m 	32. M 	33. Ï 	 34. 1

2
	 35. (8, 1

2
)

36. 2 	 37. ghŒrh‹ gutš	 38. rk«	 39. 0.7	      40. 

41. khWghL	 42. – ∞, + ∞	 43. Â£l Ïašãiy¥ gutš	      44. 0.5		  45. – 1

46. tisÎ kh‰W òŸëfŸ	 47. 0.9973	 48. bjhiy¤ bjhLnfhL	

49. ÏJ V‰f Koahj étu«, Vbdåš q = 16

7
> 1	

50. 
2

3

1

3

2

3

1

3
9

9

+





= = =, ,p q and n k‰W« n = 9
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51. n = 18, p = 
2

3
	 52. 

25

216
	 57. 10C2 (0.32)2 + (0.68)8		  58. 20

59. 1280	 60. i) 0.08  ii) 0.259  iii) 0.92		 61. i ii iii) ) )
3

8

11

16

15

16

62. (i) 190
9

10

18

20
× 	 (ii) 

1

1020  [920 + 20 × 919 + 190 × 918 + 1140 × 917]

(iii) 1 – 
1

1020  [920 + 20 × 919 + 190 × 918]	

63. f©l¿a¥g£l Â£léy¡f« = 1.13 vÂ®gh®¡f¥gL« Â£léy¡f« = 1.12

65. f©l¿a¥g£l ruhrç = 4.0625 Â£léy¡f« = 1.462

70. i) 0.00279 		 ii) 0.938 			   71. 0.0126	

72. a) ruhrç = 2 b) P (x = 0) = 0.1353

73. P(x = 5) = 0.1008 				   74. 0.2379 		  75. 0.9598

76. i) 98,020 	 ii)1960  iii) 20 		  77. i) 0.2241 	 ii) 0.1846

78. i) 61 ii) 76 iii) 9 				    79. P x
e

x

x

( )
!

=
−11

	 80. P x
e

x

x

( )
( . )

!

.

=
−1 5 1 5

81. P x
e

x

x

( )
( . )

!

.

=
−0 9 0 9

			   82. 0.2147 	

83. 0.4599					     84. 0.9285 

85. 0.9750					     86. 0.0035 					   

87. 0.9104					     88. 0.6687 					   

89. 0.7653 					     90. i) 22.66 % ii) 46.49 % iii) 77.34 %	

91. i) 16 ii)16 iii) 8				    92. i) 0.0228 ii) 0.9772 iii) 0.4987		

93. i) 15.87 % ii) 49.72 % iii) 2.28 %		 94. ruhrç = 57.21 Â£léy¡f« = 14.71	

95. ruhrç = 50.27 Â£léy¡f« = 10.35
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4.  Áw¥òfh© nrhjidfŸ (bghJ¡ nfh£ghLfŸ)

4.0 m¿Kf« :

	 KGik¤ bjhFÂia¥ g‰¿ všyh étu§fS« nrfç¤jš v‹gJ vëjhdjšy. 

Vbdåš KGik¤ bjhFÂæ‹ g©òfŸ (KoÎW mšyJ KoÎwh) KGtJ« m¿a 

Ïayhkš nghtj‰fhd fhuz§fshf miktd fhy«, bryéd« k‰W« ntW 

Ïl®ghLfS« MF«. Mjyhš mÂèUªJ khÂçfŸ (TWfŸ) vL¡f¥gL»wJ. khÂç 

(TW) v‹gJ òŸëæaš kh¿æ‹ jå¤j‹ikÍilajhfÎ« m¤bjhFÂæ‹ KoÎW 

c£fzkhfÎ« mik»wJ. khÂçæš cŸs jå¤j cW¥òfë‹ v©â¡ifna 

m«khÂçæ‹ "khÂç msÎ" (TW msÎ) vd¥gL«.

	 m‹whl thœ¡ifæš eh« khÂç vL¤jš v‹gJ mo¡fo ga‹gL¤j¡ 

Toabjh‹whF«. vL¤J¡fh£lhf xU filæš cŸs, mçÁ, nfhJik k‰W« ntW 

vªj xU bghUŸfë‹ ju¤ij eh« m¿ªJ bfhŸs éU«Ãdhš igæèUªJ xU 

if¥Ão vL¤J¥ gh®¡»nwh«. mj‹ Ãwnf mjid th§Ftjh mšyJ Ïšiyah 

v‹gij Ô®khå¡»‹nwh«.

4.1 KGik¤ bjhFÂ¥g©gsit k‰W« òŸëæaš msit :

	 KGik¤ bjhFÂæš cŸs mid¤J cW¥òfisÍ« vL¤J¡ bfh©L 

fz¡»l¥gL« òŸëæaš kh¿èfshd ruhrç (μ), khWghL (σ2), x£LwÎ¡ bfG 

(ρ) k‰W« KGik¤ bjhFÂ é»jrk« (P) M»aitfŸ KGik¤ bjhFÂæ‹ 

g©gsitfŸ vd miH¡f¥gL«.

	 KGik¤ bjhFÂæèUªJ vL¡f¥g£l khÂçfS¡F fz¡»l¥gL« 

òŸëæaš kh¿èfshd ruhrç ( x ), khWghL (S2), khÂç x£LwÎ¡bfG (r) é»j rk« 

(p) M»aitfŸ khÂç¥ òŸëæaš msitfŸ vd miH¡f¥gL«.

	 g©gsitfŸ mid¤J« KGik¤ bjhFÂ kÂ¥òfë‹ rh®ghfÎ«, khÂç¥ 

òŸëæaš msitfŸ khÂç kÂ¥òfë‹ rh®ghfÎ« mik»wJ. bghJthf KGik¤ 

bjhFÂæ‹ g©gsitfŸ bjçahj ãiyæš, khÂç¥ òŸëæaš msitfŸ mt‰¿‹ 

kÂ¥ÕLfshf¥ ga‹gL¤j¥gL»wJ.

4.2 khÂç¥ gutš :

	 N msÎ bfh©l KGik¤ bjhFÂæèUªJ vL¡f¥g£l n msÎ bfh©l 

mid¤J kh¿fë‹ òŸëæaš msitæ‹ gutny mªj òŸëæaš msitæ‹ 

khÂç¥ gutš v‹W miH¡f¥gL«. (nlåaš k‰W« bg®uš). KGik¤ bjhFÂæš 

N kÂ¥ò¡fŸ cŸsjhf¡ fUJnth«. Ï«KGik¤ bjhFÂæèUªJ n msÎila 

rkthŒ¥ò khÂç vL¡f¥gL»wJ våš »il¡f¥bgW« khÂçfë‹ v©â¡if 

NC
N

n N nn =
−
!

!( )!
 = K MF«. Ï›thW »il¡f¥bg‰w K khÂçfŸ x›bth‹¿èUªJ« 

òŸëæaš msitfŸ (ruhrç, khWghL, x£LwÎ¡bfG, nfh£l msit k‰W« gy) 
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fz¡»l¥g£L mªj K kÂ¥òfS¡F xU miybt© gutš mik¡fyh«. m›thW 

mik¡f¥g£l miybt© gutny  m¥òŸëæaš msitæ‹ khÂç¥gutš vd¥gL«. 
vL¤J¡fh£lhf eh« t = t(x1, x2,…..xn) v‹w òŸëæaš msitia Ïªj K 
khÂçfS¡F f©LÃo¡fyh«. ÃwF mªj òŸëæaš msit t -‹ kÂ¥òfshd t1, 
t2 ….., tk khÂç¥ gutiy ã®za« brŒ»wJ. Ïªj òŸëæaš msit t xU rkthŒ¥ò 

kh¿ahfÎ«, mJ bgW« kÂ¥òfŸ t1, t2 ….., tk vdÎ« fUjyh«. mªj khÂç¥ gutY¡F 

gšntwhd òŸëæaš kh¿èfshf ruhrç, khWghL, nfh£lsit, j£ilasit k‰W« 

gy fz¡»lyh«.

t -‹ khÂç¥ gutè‹ ruhrçahdJ

	  t
K

t t t
K

tk i
i

k

= + + + =
=
∑1 1

1 2
1

[ ........ ]

k‰W« t ‹ khWghL  and t
K

t t t t t t

K
t t

k

i

var ( ) [( ) ( ) ....... ( ) ]

( )

= − + − + + −

= ∑ −

1

1

1
2

2
2 2

2

4.3 Â£l¥ÃiH :

	 xU òŸëæaš msitæ‹ khÂç¥ gutè‹ Â£léy¡fnk Â£l¥ÃiH 

vd¥gL«. Ïjid S.E. vd¡ F¿¡f¥gL«. vL¤J¡fh£lhf ruhrç  x ‹ khÂç¥ 

gutè‹ Â£l éy¡f« m¢ruhrçæ‹ Â£l¥ÃiH MF«.

Ï§F,

	

Where v x v
x x x

n

v x

n

v x

n

v

n( )
......

( ) ( )
......

(

=
+ +





= + + +

1 2

1
2

2
2

xx

n

n n n

n

n

n )

........

2

2

2

2

2

2

2

2

2
= + + + =σ σ σ σ

		

∴ ruhrçæ‹ Â£l¥ÃiH = 
σ
n

		  bgU§TWfsš mÂf mséš ga‹gL¤j¥gL« e‹F m¿ªj òŸëæaš 

msitfë‹ Â£l¥ÃiHfŸ ÑnH bfhL¡f¥g£LŸsd. ÏÂš n v‹gJ khÂçæ‹ 

msÎ, σ2 v‹gJ KGik¤ bjhFÂæ‹ khWghL k‰W« P v‹gJ KGik¤ bjhFÂæ‹ 

é»jrk« MF«. nkY« Q = 1-P. n1 k‰W« n2 v‹gd ÏU khÂçfë‹ msÎfshF«.
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t.v© òŸëæaš msit Â£l¥ÃiH

1. khÂçæ‹ ruhrç  x
σ
n

2. f©l¿a¥g£l khÂç é»j rk« p PQ

n

3. ÏU kh¿fë‹ ruhrçfë‹ é¤Âahr« (x1 – x2)
σ σ1

2

1

2
2

2n n
+

4. ÏU khÂçfë‹ é»j rk§fë‹ é¤Âahr« (p1 – p2)
P Q

n

P Q

n
1 1

1

2 2

2
+

Â£l¥ ÃiHæ‹ ga‹ghLfŸ :

1)	 Â£lÃiHahdJ bgU§TW nfh£ghLfëY«, vLnfhŸ nrhjidfS¡F 

mo¥gilahfÎ« ga‹gL»wJ.

2)	 g©gsitæ‹ kÂ¥Õ£o‹ E©ikæ‹ msÅlhf brašgL»wJ.

3)	 Â£l¥ÃiHæ‹ jiyÑêia khÂçæ‹ E©ik mšyJ e«gf¤ j‹ikæ‹ 

msthf bfhŸsyh«.

4)	 Â£l¥ÃiHahdJ KGik¤ bjhFÂæ‹ g©gsit miktj‰fhd ãfœjfÎ 

všiyfis¡ f©LÃo¡f VJthf mik»wJ.

F¿¥ò :

	 xU khÂçæ‹ msitia mÂfç¤J òŸëæaš msitæ‹ Â£l¥ÃiHia¡ 

Fiw¡fyh«. Mdhš Ï«Kiwæš bryÎ, ciH¥ò, k‰W« neu« M»ait 

mÂfç¡»‹wd.

4.4 Ïš vD« vLnfhŸ k‰W« kh‰W vLnfhŸ :

	 KGik¤ bjhFÂæ‹ g©gsitæš Cf¤Â‹ mo¥gilæš nk‰bfhŸs¥gL« 

nrhjidna vLnfhŸ vd¥gL«.

	 VnjD« xU fhuz¤Â‹ mo¥gilæš V‰gL¤j¥gL« Cfnk vLnfhŸ 

vdyh«. xU KGik¤ bjhFÂæ‹ g©gsitæ‹ Cf¤Â‹ mo¥gilæš 

mik¡f¥gL« vLnfhshdJ, kuò rh®ªj mQF Kiwæš xnu xU vLnfhshf 

mik¡f¥gLtÂšiy. mj‰F gÂyhf ÏU ntW vLnfhŸfŸ mik¡f¥gL»‹wd. 

mÂš x‹iw V‰W¡ bfhŸS« vLnfhshfÎ« k‰bwh‹iw kW¡f¥gLtj‰fhd 

vLnfhshfÎ« mik¡f¥gL»‹wd. Ïij ne® vÂ®khwhfÎ« (vice versa) mik¡fyh«.

Ïš vD« vLnfhŸ :

	 vªj ntWghL« Ïšiy v‹w vLnfhns "Ïš vD« vLnfhŸ" vd¥gL«. Ïjid 

tH¡fkhf H0 vd F¿¡f¥gL«. 
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	 “c©ik vd vL¡f¥g£l vLnfhis kW¥gj‰fhd nrhjid¡Fça 

vLnfhns “Ïš vD« vLnfhŸ” v‹gJ nguhÁça® ~Ãõç‹ T‰whF«. Áw¥ò fh© 

nrhjidfS¡F ÏJ äfÎ« cgnahfkhd fUéahf mik»wJ. vL¤J¡fh£lhf, 

xU ãWtd« mJ jahç¡F« ä‹és¡FfŸ ruhrçahf 1000 kâ neu« 

vçÍbkd és«gu« brŒ»wJ. Ï›és«gu« V‰W bfhŸtjh Ïšiyah v‹gij 

m¿a éU«Ãdhš Ï§F Ïš vD« vLnfhŸ (H0) MdJ, ãWtd« jahç¡F« 

ä‹és¡Ffë‹ ruhrçahf vçÍ« neu« 1000 kâ vd mik¤J¡ bfhŸ»nwh«.

kh‰W vLnfhŸ :

	 Ïš vD« vLnfhS¡F vªj xU vLnfhshdJ ãu¥ò¥ g©ghf 

(complementary) mšyJ vÂuhf mik»wjh mªj vLnfhis "kh‰W vLnfhŸ" v‹W 

miH¡f¥gL»wJ. mJ tH¡fkhf H1 v‹W F¿¡f¥gL«. vL¤J¡fh£lhf, KGik¤ 

bjhFjæ‹ ruhrç μ æ‹ F¿¥Ã£l kÂ¥ò μ0 v‹WŸsthW Ïš vD« vLnfhŸ 

nrhjid brŒa nt©Lbkåš,

go : 1 Ïš vD« vLnfhŸ : H0: μ = μ0 v‹W«,

go : 2 kh‰W vLnfhŸ : H1 v‹gij ÑœtUkhW vL¡fyh«.

	 i) H1 : μ ≠ μ0 (ie μ > μ0 or μ < μ0)

	 ii) H1 : μ > μ0

	 iii) H1 : μ < μ0

	 Ïitfëš (i) Ïš F¿¥Ã£LŸs kh‰W vLnfhshdJ ÏUKid kh‰W 

vLnfhŸ v‹W«, (ii) Ïš Tw¥g£lJ ty Kid kh‰W vLnfhŸ v‹W« k‰W« (iii) Ïš 

Tw¥g£lJ Ïl Kid kh‰W vLnfhŸ v‹W« miH¡f¥gL«. Ï›thW mik¡f¥gL« 

kh‰W vLnfhë‹ cjéahš eh« ga‹gL¤j¡ Toa nrhjid, xU Kid (ty k‰W« 

Ïl Kid) nrhjidah mšyJ ÏU Kid nrhjidah vd KoÎ vL¡f bgU« 

cjéahf ÏU¡F«.

4.5 Áw¥ò fh© k£l« k‰W« Ô®khd kÂ¥ò : 

Áw¥ò fh© k£l« :

	 bfhL¡f¥g£l vLnfhŸ nrhjid brŒÍ« nghJ V‰gL« ÏH¥ig V‰W 

bfhŸS« mÂf¥goahd ãfœjfÎ m¢nrhjidæ‹ Áw¥ò fh© k£l« vd¥gL«. 

Ïªj ãfœjfÎ bghJthf α vd F¿¡f¥gL«. bghJthf khÂçfŸ vL¥gj‰F 

K‹djhfnt α F¿¥Ãl¥gL»wJ.

	 Áw¥ò j‹ik nrhjid brŒÍ« nghJ tH¡fkhf ifahs¥gL« (vL¤J¡ 

bfhŸs¥gL«) Áw¥ò fh© k£l« 0.05 (mšyJ 5 %) k‰W« 0.01 (mšyJ 1 %) MF«. 

vL¤J¡fh£lhf xU vLnfhŸ nrhjidæ‹ nghJ Áw¥ò fh© k£l« 0.05 (mšyJ 5%) 
vd vL¤J¡ bfhŸnth« våš ÏJ 100 thŒ¥òfëš V‰W bfhŸs nt©oat‰¿š 5 

thŒ¥ò¡fis eh« kW¥ngh« v‹gjhF«. eh« vL¤JŸs kÂ¥òfëš 95 % rçahdjhf 

vL¤JŸnsh« v‹w e«Ã¡if c©lh»wJ. Ïªj ãiyfëš 5 % Áw¥ò fh© k£l 

všiyæš kW¡f¥gL»wJ v‹gjhF«. mjhtJ ekJ Koéš jtW V‰gLtj‰fhd 

ãfœjfÎ 0.05 MF« vd¡ Twyh«.
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	 5 % Áw¥ò fh© k£l ãiyæš ÏU Kid nrhjid brŒÍ« nghJ Ïš 

vD« vLnfhis eh« V‰F« k‰W« kW¡F« gFÂæid Ñœ¡fhQ« gl« és¡f¡ 

fh©ngh«.

khÂç¥ òŸëæaš msitæ‹ Ïš

vD« vLnfhëid V‰Fbkåš mJ

Ï¥gFÂæš mikÍ«

khÂç¥ òŸëæaš msitæ‹ Ïš vD« 

vLnfhëid kW¡f¥gL»wJ våš

Ï›éU gFÂæš mikÍ«

F¿¥ò :

kW¡f¥gL« gFÂ (Ô®Î f£l gFÂ)

	 TW btëæš Ïš vD« nrhjid H0 I vªjsÎ kW¡f¥gL»wnjh mªj msnt 

Ô®Î f£l gFÂ mšyJ kW¡f¥gL« gFÂ vd¥gL«.

Ô®khd kÂ¥ò :

	 nrhjid òŸëæaš msitæ‹ vªj kÂ¥ghdJ V‰W¡ bfhŸS« gFÂ k‰W« 

kW¡f¥gLtj‰fhd gFÂæid¥ Ãç¡»wnjh m«kÂ¥ng Áw¥ò fh© k£l« mšyJ 

Ô®khd kÂ¥ò v‹wiH¡f¥gL«.

ÏJ	 i) Áw¥ò fh© k£l« ga‹gL¤Jtij¥ bghW¤J«,

	 ii) kh‰W vLnfhsh»a ÏU Kid nrhjid k‰W« xU Kid nrhjidfis  

	      bghW¤J« mik»wJ.

	 bgU§TWfëš t òŸëæaš msitæ‹ Â£l Ïašãiy kh¿ahdJ, n → ∞ 
v‹w ÚŸngh¡F ãiyæš 

Z
t E t

S E t
N= − ( )

. .( )
~ ( , )0 1

 MF«.

	 Ïš vD« vLnfhë‹ Ñœ z ‹ kÂ¥ng nrhjid òŸëæaš msit vd¥gL«. 

ÏU Kid nrhjidæš Áw¥ò fh© k£l« α mséš Â£l kÂ¥ghdJ Zα/2 vdÎ«, xU 

Kid¢ nrhjidæš Ô®khd kÂ¥ò Zα  vdÎ« F¿¡f¥gL»wJ.
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	 Ï§F Zα I ã®zæ¡F« rk‹ghL, P(|Z| >Zα)= α, ÏU KidfëY« cŸs 

bkh¤j Ô®Îf£l gFÂahdJ α vd ÏU¡FkhW Zα v‹w kÂ¥ò f©LÃo¡f¥gL»wJ. 

Mfnt 

	 ∴ P(Z > Zα) = 
α
2

. x›bthU Kidæ‹ gu¥ò 
α
2

 MF«.

	 tyJ Kid gu¥ò k‰W« ÏlJ Kid gu¥ò 
α
2

 ÏU¡FkhW 'Zα' k‰W« – Zα 
M»ait mikÍ« v‹gij Ñœ¡fhQ« gl¤Âš fh£l¥gL»wJ.

ÏlJ Ô®Î f£l 

kÂ¥ò

tyJ Ô®Î f£l 

kÂ¥ò

Ô®Î 

f£l gFÂ 

(α/2) Ô®Î f£l gFÂ 

(α/2)

4.6 xU Kid k‰W« ÏU Kid nrhjidfŸ:

	 vªj xU nrhjidahdhY« Ô®khå¡F« gFÂahdJ òŸëæaš msit¡Fça 

khÂç gutè‹ ãfœjfÎ tisnfh£o‹ Ñœ cŸs xU gFÂæ‹ gu¥ig¡ 

F¿¥ÃLtjhF«.

xU Kid nrhjid :

	 v¤jifa òŸëæaš vLnfhŸ nrhjidahdhY« kh‰W vLnfhshdJ 

xU Kid (Ïl Kid mšyJ ty Kid)æš ÏUªjhš mJ xU Kid nrhjid 

v‹wiH¡f¥gL«.

vL¤J¡fh£lhf, KGik¤ bjhFÂæ‹ ruhrç nrhjidæš

	 H0: μ = μ0, ¡F vÂuhd kh‰W vLnfhŸ H1: μ > μ0 (tyKid) mšyJ H1:μ<μ0 
(Ïl Kid) vD« xU Kid nrhjidahf mik»wJ. mjhtJ ruhrç x ‹ khÂç 

gutè‹ Ô®Î f£l gFÂahdJ KGtJ« ty Kidæš mik»wJ. Ïjid H1:μ>μ0 
vd F¿¡f¥gL«. ÏJ ty Kid nrhjid v‹wiH¡f¥gL«. Ïnj nghš Ô®Î 

f£l gFÂ KGtJ« ÏlKidæš mikÍkhdhš H1: μ < μ0 I Ïl Kid nrhjid 

v‹wiH¡f¥gL«.

V‰F« 

gFÂ 1 – α

Ô®Î f£l 

gFÂ 

α
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V‰F« gFÂ 

1 – α
Ô®Î f£l gFÂ 

α

ÏU Kid nrhjid :

	 òŸëæaš nrhjidæš Ïš vD« vLnfhŸ H0 : μ = μ0 v‹gj‰F vÂuhd 

kh‰W vLnfhŸ H1: μ ≠ μ0 (μ > μ0 k‰W« μ < μ0) vd brŒa¥gL« nrhjid ÏU Kid 

nrhjid vd¥gL«. Ïªãiyæš Ô®Îf£l gFÂahdJ òŸëæaš nrhjidæ‹ 

ãfœjfÎ tisnfh£o‹ ÏUòwK« Kid¥gFÂæš mik»wJ. vL¤J¡fh£lhf, 

ÏU tifæš jahç¡f¥gL« ryit ÏaªÂu§fŸ (Washing machines) vL¤J¡ 

bfhŸnth«. mitfëš x‹W rhjhuz ju¤Jl‹ (ruhrç ciH¥ò fhy« μ1) 
jahç¡f¥gL»wJ. k‰bwh‹W Áy òÂa bjhêš E£g (ruhrç ciH¥ò fhy« μ2) 
ju¤Jl‹ jahç¡f¥gL»wJ. Ï›éU ryit ÏaªÂu§fë‹ ruhrç ciH¥ò (bfL) 

fhy¤Â‹ ntWgh£o‹ Áw¥ò¤ j‹ikia¢ nrhÂ¡f nt©Lkhdhš

Ïš vD« vLnfhŸ : H0 : μ1 = μ2 v‹W« k‰W«

kh‰W vLnfhŸ : H1: μ1 ≠ μ2 v‹W« vL¤J¡ bfhŸnth«.

ÏJ X® ÏU Kid nrhjidia¡ bfhL¡»wJ. Ï›thW ÏU¥ÃD«, òÂa bjhêš 

E£g¤Jl‹ jahç¡f¥g£l ryit ÏaªÂu¤Â‹ ruhrç ciH¥ò fhy« rhjhuz 

ju¤Jila ÏaªÂu¤ij él mÂf« vd¡ bfhŸnth« våš

Ïš vD« vLnfhŸ H0 : μ1 = μ2 ¡F vÂuhd

kh‰W vLnfhŸ H1 : μ1 < μ2 vd »il¡f bgWtJ Ïl Kid nrhjid MF«.

	 Ïnj ngh‹W òÂa bjhêš E£g¤Jl‹ jahç¡f¥g£l ÏaªÂu¤Â‹ ruhrç 

ciH¥ò fhy« rhjhuz ju¤Jl‹ jahç¡f¥g£l ÏaªÂu¤Â‹ ruhrç ciH¥ò 

fhy¤ij él FiwÎ vd¡ bfh©lhš

Ïš vD« vLnfhŸ H0 : μ1 = μ2 ¡F vÂuhd

kh‰W vLnfhŸ H1 : μ1 > μ2 v‹gJ

	 ty Kid nrhjidahf mik»wJ. Mjyhš ÏU Kid nrhjidahdhY« 

mšyJ xU Kid nrhjid (ty mšyJ ÏlKid) MdhY« Ïitfis mik¥gJ 

v‹gJ vL¡f nt©oa Ô®khd§fis bghW¤nj mikÍ«. 
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Z -‹ Ô®khd kÂ¥òfŸ :

Áw¥ò fh© 

k£l« α
0.05 (m) 5% 0.01 (m) 1%

ÏlJ tyJ ÏlJ tyJ

xU Kid 

nrhjidfëš 

Zα ‹ Ô®khd 

kÂ¥ò

– 1.645 1.645 – 2.33 2.33

ÏU Kid 

nrhjidfëš 
Zα/2 ‹ Ô®Î 

f£l gFÂ

– 1.96 1.96 – 2.58 2.58

4.7 Kjš tif (Type I Error) k‰W« Ïu©lh« tif (Type II Error) ÃiHfŸ :

	 òŸëæaš rh®ªj vLnfhŸ nrhjid brŒÍ« nghJ eh‹F tifahd thŒ¥òfŸ 

miktij¡ fh©»nwh«. mitfŸ :

1. 	 vLnfhŸ rçahf (c©ikahf) ÏUªJ ekJ nrhjid kW¡f¥gLtJ (Kjš tif 

ÃiH)

2. 	 vLnfhŸ jtwhf ÏUªJ ekJ nrhjid V‰f¥gLjš (Ïu©lh« tif ÃiH)

3. 	 vLnfhŸ rçahf ÏUªJ ekJ nrhjid V‰W¡ bfhŸtJ (rçahd KoÎ)

4. 	 vLnfhŸ jtwhf ÏUªJ ekJ nrhjid kW¡f¥gLjš (rçahd KoÎ)

	 nk‰f©l Ïªj eh‹»š Kjš Ïu©L«, ÃiHfis V‰gL¤J« thŒ¥òfshf 

mik»wJ.

	 òŸëæaš rh®ªj nrhjidæ‹ nghJ Ïš vD« vLnfhŸ rçahf ÏUªJ ekJ 

nrhjidahdJ kW¡f¥gLtjhš c©lhF« "ÃiHna Kjš tif ÃiH" vd¥gL«. 

khwhf Ïš vD« vLnfhŸ ÃiHahf ÏUªJ ekJ nrhjidahdJ V‰W bfhŸS« 

nghJ c©lhF« ÃiHna "Ïu©lh« tif ÃiH" vd¥gL«.

	 Ïjid α = P (Kjš tif ÃiH) = P (H0 - I kW¡f¥gLtJ | H0 rçahdJ)

	 β = P (Ïu©lh« tif ÃiH) = P (H0 I V‰f¥gLtJ | H0 jtwhdJ)

	 braš Kiwæš gh®¡F« nghJ Kjš tif ÃiHahdJ Féaš jukhf ÏUªJ« 

mjid kW¡f¥gLtjhfÎ« k‰W«, Ïu©lh« tif ÃiHahdJ juäšyhj Féaiy 

V‰W bfhŸs¥gLtjhfÎ« mik»wJ. Ï¢NHšfis és¡F« tifæš Ñœ cŸs 

m£ltiz mikªJŸsJ.

H0 I V‰wš H0 I kW¤jš

H0 rçahdJ rçahd KoÎ Kjš tif ÃiH

H0 ÃiHahdJ Ïu©lh« tif ÃiH rçahd KoÎ
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4.8 nrhjid¡fhd têKiwfŸ :

	 vLnfhŸ nrhjid nk‰bfhŸS« nghJ ga‹gL¤J« gofŸ ÑnH 

bfhL¡f¥g£LŸsd. (bgU§TW k‰W« ÁWTW nrhjidfS¡F V‰òilaJ)

1.	 Ïš vD« vLnfhŸ : Ïš vD« vLnfhŸ H0 I mik¡fÎ«.

2. 	 kh‰W vLnfhŸ : H0 ¡F ãu¥Ãahf mikÍkhW kh‰W vLnfhŸ H1 I mik¡fÎ«. 

ÏJ xU Kid (Ïl mšyJ ty nrhjid) mšyJ ÏU Kid nrhjidahf 

mikÍ«.

3.	 Áw¥ò fh© k£l« : bghU¤jkhd Áw¥ò fh© k£l« α I K‹djhf Ô®khå¤J¡ 

bfhŸsÎ«.

4.	 nrhjid òŸëæaš msit : Ïš vD« vLnfhŸ H0 ‹ Ñœ òŸëæaš nrhjid 

msitæ‹ kÂ¥ò Z = t E t

S E t

− ( )

. .( )
 I fz¡»Lf. Ï§F t v‹gJ òŸëæaš  

msitahF«.

5.	 KoÎ : f©l¿a¥g£l Z0  ‹ kÂ¥ig m£ltizæYŸs Zα (xU Kid) mšyJ 

Zα/2 (ÏU Kid¢ nrhjid) Ït‰Wl‹ x¥Ã£L mj‰nf‰g Ïš vD« vLnfhis 

V‰W bfhŸSjš mšyJ kW¤jš vd KoÎ nk‰bfhŸs¥gL»wJ.

	 i)	 Z0 > Zα våš Ïš vD« vLnfhŸ α k£l mséš kW¡f¥gL»wJ.

	 ii)	Z0 < Zα våš Ïš vD« vLnfhŸ k£l mséš V‰W bfhŸs¥gL»wJ.

F¿¥ò :

	 bgU§TW (bgça khÂç) : X® khÂçahdJ 30 «, mj‰F nk‰g£l cW¥òfisÍ« 

bfh©oU¡Fkhdhš mJ bgU§TW v‹W miH¡f¥gL«.

	 ÁW TW (Á¿a khÂç) : X® khÂçahdJ 30 ¡F Ñœ cW¥ò¡fis¡ 

bfh©oUªjhš mjid ÁWTW v‹W miH¡f¥gL«.

gæ‰Á - 4

I. äf¢rçahd éilia¤ nj®ªbjL¡fÎ« :

1.	 khÂç msitæ‹ g©òfsh»a  x mšyJ S I Ï›thW miH¡f¥gL«.

	 m) KGik¤ bjhFÂ	 	 	 M) òŸëæaš msit	

	 Ï) ngu©l«	 	 	 	 <) ruhrç

2.	 ruhrçæ‹ Â£l¥ÃiH

	 m) σ2			   M) 
σ
n

			  Ï) 
σ
n

		  <) 
n

σ
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3.	 f©l¿a¥g£l khÂçæ‹ é»j« "P" ‹ Â£l¥ÃiH

	 m) P Q

n

( )1− 		  M) PQ

n
		  Ï) ( )1− P Q

n
		 <) PQ

n

4.	 kh‰W vLnfhŸ v‹gJ

	 m) v¥nghJ« Ïl Kid	 	 	 M) v¥nghJ« ty Kid

	 Ï) v¥nghJ« X® Kid		 	 	 <) xU Kid mšyJ ÏU Kid

5.	 Ô®Î f£l gFÂ v‹gJ

	 m) kW¡F« gFÂ	 	 	 	 M) V‰F« gFÂ

	 Ï) ãfœjfÎ	 	 	 	 	 <) nrhjid¥ òŸëæaš kÂ¥ò

6.	 Áw¥ò fh© k£l« α éš ÏU Kid nrhjidæ‹ Ô®Î f£l kÂ¥ò

	 m) Zα/2 		  M) Zα 		 Ï) Z2α 		 <) Zα/4

7.	 tyKid nrhjidæš Ô®Î f£l gFÂ

	 m) 0 						      M) 1		

	 Ï) KGtJ« ty Kidæš mikÍ«	 	 <) KGtJ« Ïl Kidæš mikÍ«

8.	 5% Áw¥ò fh© k£l mséš ÏUKid nrhjid¡fhd Ô®Î f£l kÂ¥ò |Zα| 
MdJ

	 m) 1.645 		 M) 2.33 	 Ï) 2.58 	 <) 1.96

9.	 Ïš vD« vLnfhë‹ Ñœ nrhjid òŸëæaš msit Z ‹ kÂ¥ò

	 m) 
t S E t

E t

− . .( )

( )
		  M) 

t E t

S E t

+ ( )

. .( )
		  Ï) t E t

S E t

− ( )

. .( )
		  <) PQ

n

10.	 kh‰W vLnfhŸ H1: μ ≠ μ0 (μ > μ0 mšyJ μ < μ0) V‰F« Ô®Îf£l gFÂ

	 m) ty Kid k£L«	 	 	 	 M) tyJ k‰W« Ïl Kid gFÂfŸ

	 Ï) Ïl Kid k£L«	 	 	 	 <) V‰W¡ bfhŸS« gFÂ

11.	  vLnfhŸ v‹gij Ï›thW tif¥gL¤jyh«

	 m) vëajhf	 	 	 	 	 M) fyitahf

	 Ï) Ïš vDkhW	 	 	 	 	 <) nk‰F¿¤j mid¤J«
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12. 	nrhjidahdJ xU Kid mšyJ ÏU Kid v‹gJ Ïjid bghW¤jjhF«.

	 m) kh‰W vLnfhŸ	 	 	 	 M) fy¥ò vLnfhŸ

	 Ï) Ïš vD« vLnfhŸ	 	 	 	 <) vëa vLnfhŸ

13.	 Ïš vD« vLnfhŸ H0 I g‰¿ jtwhd KoÎ vL¤jš v‹gJ

	 m) Kjš tif ÃiH	 	 	 	  M) Ïu©lh« tif ÃiH

	 Ï) _‹wh« tif ÃiH		 	 	 <) eh‹fh« tif ÃiH

14.	 Ô®Î f£l gFÂæ‹ gu¥ghdJ Ïjid¢ rh®ªJŸsJ

	 m) Kjš tif ÃiHæ‹ msÎ

	 M) Ïu©lh« tif ÃiHæ‹ msÎ

	 Ï) òŸëæaš msitæ‹ kÂ¥ò

	 <) f©l¿ªj v©â¡if

15.	 H0 : μ = 70 vD« vLnfhS¡F vÂuhd H1 = μ > 70 v‹w vLnfhŸ

	 m) xU Kid - Ïl Kid nrhjid	 	 M) xU Kid - ty Kid nrhjid

	 Ï) ÏU Kid nrhjid	 	 	 <) VJ« Ïšiy

16.	 H0 : μ = 1500 v‹w vLnfhS¡F khwhf μ < 1500 v‹w nrhjid

	 m) xU Kid - Ïl Kid nrhjid	 	 M) xU Kid - ty Kid nrhjid

	 Ï) ÏU Kid nrhjid	 	 	 <) nk‰ F¿¤j mid¤J«

17.	 H0 : μ = 100 ¡F khwhf H1: μ ≠ 100 v‹w nrhjid

	 m) xU Kid - ty Kid nrhjid	 	 M) xU Kid - Ïl Kid nrhjid

	 Ï) ÏU Kid nrhjid	 	 	 <) VJ« Ïšiy

II. 	 nfho£l Ïl§fis ãu¥òf.

18.	 n1 k‰W« n2 v‹gd x‹iw x‹W rhuh (rkthŒ¥ò kh¿) khÂçfë‹ _________ 
MF«.

19.	 f©l¿a¥g£l khÂç é»j rk« p ‹ Â£l¥ÃiH _______ MF«.

20. 	vLnfhŸ c©ikahf ÏUªJ nrhjid kW¡f¥gL« nghJ mJ _______ MF«.

21.	 vLnfhŸ ÃiHahf ÏUªJ nrhjid V‰f¥gL« nghJ mJ  _______ 
v‹wiH¡f¥gL«.

22.	 òŸëæaèš msit Z ‹ kÂ¥ò fhQ« thŒ¥ghL _________ MF«.
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III. Ñœ¡fhQ« édh¡fS¡F éil jUf.

23.	 khÂç¥ gutiy tiuaiw brŒf.

24. 	òŸëæaš msit k‰W« bjhFÂ¥ g©gsit tiuaW.

25. 	Â£l¥ÃiH tiuaW¡f.

26.	 ÏU khÂç é»j rk§fë‹ é¤Âahr¤Â‰fhd Â£l¥ÃiHia¤ jUf.

27.	 Ïš vD« vLnfhŸ k‰W« kh‰W vLnfhŸ tiuaW.

28.	 "Ô®Î f£l kÂ¥ò" étç.

29. 	Áw¥ò fh© k£l« g‰¿ Úé® m¿tJ ahJ ?

30. 	"Kjš tif¥ÃiH k‰W« Ïu©lh« tif ÃiH" Ït‰iw bjëthf étç.

31. 	vLnfhŸ nrhjidæ‹ nghJ bghJthf Ã‹g‰w¥gL« têKiwfŸ ahit ?

32. 	"vLnfhŸ nrhjid" g‰¿ Úé® m¿tJ ahJ ?

33. 	xU Kid k‰W« ÏU Kid nrhjidfis¥ g‰¿ éçthd éil¤ jUf.

éilfŸ

I.

1. M) 			   2. Ï) 		  3. M) 		  4. <)  		  5. m)		  6. m) 	

7. Ï) 			   8. <) 		  9. Ï) 		  10 M)		  11.<) 		  12.m) 

13.M) 			  14.m) 		 15.M)		  16.m) 		 17.Ï)

II.

18. msÎ (mšyJ v©â¡if)	 	

19. PQ

n
		

20. Kjš tif ÃiH	

21. Ïu©lh« tif ÃiH			 

22. z =  t E t

S E t

− ( )

. .( )
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5. Áw¥ò fh© nrhjid (bgU§TWfŸ)

5.0 m¿Kf« :

	 brŒKiw fz¡Ffëš òŸëæayhs®fŸ khÂçfŸ jU« étu§fis¡ 

bfh©L xU j‰fhèfkhd fz¡»Ljiy¢ brŒa nt©oæU¡»wJ.

vL¤J¡fh£lhf,

(m) gŸë khzt®fë‹ ruhrç vil 35 »nyh

(M) ehza« xU jiyrh®g‰wJ.

vdnt mt‰iw¤ Ô®khå¥gj‰F KGik¤ bjhFÂæ‹ g©gsitia¥ g‰¿ Áy 

mDkhd§fis nk‰bfhŸs nt©oÍŸsJ. m›thW V‰gL« mDkhdnk òŸëæaš 

vLnfhŸ MF«. khÂçia MuhŒtj‹ _y« Ïj‹ e«gf¤j‹ik nrhÂ¡f¥gL»wJ. 

Ïªj¥ òŸëæaš vLnfhŸfŸ rçahditah, jtwhditah vd¢ nrhÂ¡f¥ ga‹gL« 

Kiwna Áw¥ò fh© nrhjid (Test of significance) vd¥gL«.

	 eh« xU kÂ¥ig KGik¤ bjhFÂæ‹ T£L ruhrç vd vL¤J¡ bfhŸnth«. 

ekJ mDkhd« rçahdjh vd nrhjid brŒa khÂç étu« nrfç¤J mj‰fhd 

T£L ruhrçæ‹ vÂ®gh®¡f¥gL« kÂ¥ò k‰W« c©ikahd kÂ¥òfS¡fhd 

é¤Âahr¤ij f©l¿a nt©L«. mªj é¤Âahr« Áw¥ghdjhf Ïšiyah vd eh« 

KobtL¡f nt©L«.

	 é¤Âahr« Á¿ajhdhš T£Lruhrç¡fhd vÂ®gh®¡f¥gL« ãfG« j‹ik 

mÂfkhF« nkY« é¤Âahr« mÂfkhdhš T£Lruhrç¡fhd vÂ®gh®¡f¥gL« ãfG« 

j‹ik FiwÍ«. 

5.1 bgU§TWfŸ (n ≥ 30):

	 bgU§TWfS¡fhd mDkhd« ÁW TWfS¡fhd mDkhd¤ij 

él é¤ÂahrkhdJ. vdnt, mt‰W¡fhd Áw¥ò fh© nrhjid KiwfS« 

khWgL»‹wd. bgU§TWfë‹ fz¡FfS¡F Ñœ¡fhQ« mDkhd§fŸ 

V‰gL¤j¥g£LŸsJ.

	 (i) mnefkhf mid¤J khÂç¥ gutšfS« bjhl®ªJ ÏizahJ Ïašãiy¥  

	       gutiy mQ»¢ brš»‹wd.

	 (ii) mid¤J khÂç kÂ¥òfS« njhuhakhf KGik¤ bjhFÂæ‹ kÂ¥òfS¡F  

	      mU»š cŸsJ.
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Ñœ¡fhQ« nrhjidfŸ, bgU§TW nrhjid Kiwæš nrhjid brŒa¥gL»wJ. 

mitahtd,

	 (i) é»jrk§fS¡fhd Áw¥ò fh© nrhjid

	 (ii) ÏU khÂçfë‹ é»jrk é¤Âahr¤Â‰fhd Áw¥ò fh© nrhjid

	 (iii) T£L ruhrç¡fhd Áw¥ò fh© nrhjid

	 (iv) ÏU khÂçfë‹ T£L ruhrçfë‹ é¤Âahr¤Â‰fhd Áw¥ò fh©  

	        nrhjid

5.2 é»jrk§fS¡fhd Áw¥ò fh© nrhjid :

nrhjid têKiwfŸ :

Ïš vD« vLnfhŸ :  H0 : P = P0

kh‰W vLnfhŸ :  H1 = P ≠ P0 (P > P0 mšyJ P < P0)

Áw¥ò fh© k£l« : 	  α = 0 .05 mšyJ 0.01

òŸëæaš msit fz¡»Ljš :

	 H0 ‹ Ñœ, nrhjid òŸëæaš msitahdJ,

	

Z
p P

PQ
n

0 =
−

      

vÂ®gh®¡f¥gL« kÂ¥ò :

	

Z
p P

PQ
n

Ne =
−

~ ( , )0 1

= 1.96 for  = 0.05 (1.645)

= 2.58 for  = 

α
α 00.01 (2.33)

	       

		  = 1.96, α = 0.05 -¡F (1.645) (xU Kid)

		  = 2.58 α = 0.01 -¡F (2.33) (xU Kid)

KoÎ :

Z0 ≤ Ze våš, H0 V‰W bfhŸs¥gL»wJ. vdnt khÂçahdJ P0 vD« é»j¤ij 

cila KGik¤ bjhFÂæèUªJ vL¡f¥g£lJ vd KoÎ brŒa¥gL»wJ.

Z0 > Ze våš, H0 kW¡f¥gL»J. vdnt khÂçahdJ P0 vD« é»j¤ij cila 

KGik¤ bjhFÂæèUªJ vL¡f¥gléšiy vd KoÎ brŒa¥gL»wJ.
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vL¤J¡fh£L 1 :

	 xU äf¥ bgça KGik¤ bjhFÂæèUªJ 400 ngiu rkthŒ¥ò khÂç Kiwæš 

nj®ªbjL¡f¥g£lÂš 120 ng® bg©fŸ. vdnt KGik¤ bjhFÂæš M©fS«, 

bg©fS« 5:3 v‹w é»j¤Âš cŸsd® vd¢ brhšyyhkh ? (Áw¥ò fh© k£l« 1% )

Ô®Î :

ek¡F¡ bfhL¡f¥g£lit

					          n 	 =  400

x = khÂçæš cŸs bkh¤j bg©fŸ 	 =  120

p = khÂçæš cŸs bg©fë‹ é»j«	 =  
120

400
 = 0.30

Ïš vD« vLnfhŸ :

	 KGik¤ bjhFÂæš M©fS« bg©fS« cŸs é»j« 5:3 

mjhtJ, H0: P = KGik¤ bjhFÂæš cŸs bg©fë‹ é»j« = 
3

8
 = 0.375

kh‰W vLnfhŸ :

	 H1 : P ≠ 0.375 (ÏU Kid)

Áw¥ò fh© k£l« :

	 α = 1 %  mšyJ 0.01

òŸëæaš msit fz¡»Ljš :

H0 - ‹ Ñœ, nrhjid òŸëæaš msitahdJ,

	

Z
p P

PQ
n

0

0 300 0 375

0 375 0 625
400

0 075

0 000586

0 075

0 0

=
−

=
−
×

= =

. .

. .

.

.

.

. 224
3 125= .

	

vÂ®gh®¡f¥gL« kÂ¥ò :

	

Z
p P

PQ
n

Ne =
−

=~ ( , ) .0 1 2 58
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KoÎ :

	 Ï§F Z0 > Ze v‹gjhš, 1% Áw¥ò fh© k£l¤Âš H0 kW¡f¥gL»wJ. Mfnt 

KGik¤ bjhFÂæš M©fS« bg©fS« 5:3 v‹w é»j¤Âš Ïšiy vd KoÎ 

brŒa¥gL»wJ.

vL¤J¡fh£L 2 :

	 xU bjhê‰rhiyæš jahç¡f¥gL« ghf§fëš 400 ghf§fis khÂçahf 

vL¤J¡ bfhŸs¥gL»wJ. mÂš 30 ghf§fŸ gGjilªJŸsJ. Mdhš mªj ãWtd« 

mt®fŸ jahç¥Ãš 5% k£Lnk gGjilªJŸs ghf§fŸ cŸsd vd m¿é¡»wJ. 

mªj m¿é¥ò V‰f¡ Toajh ?

Ô®Î :

ek¡F¡ bfhL¡f¥g£lit 

				          			   n 	 = 400

x = khÂçæš cŸs FiwÍŸs ghf§fŸ	 	 	 = 30

p = khÂçæš cŸs FiwÍŸs ghf§fë‹ é»j«	 = = =x

n

30

400
0 075.

Ïš vD« vLnfhŸ :

	 H0: P = 0.05 ãWtd¤Â‹ m¿é¥ò V‰f¡ ToaJ.

kh‰W vLnfhŸ :

	 H1 : P > 0.05 (ty Kid)

Áw¥ò fh© k£l« :

	 α = 5% v‹f

òŸëæaš msit fz¡»Ljš :

	 H0 ‹ Ñœ, nrhjid¥ òŸëæaš msitahdJ,

		

Z
p P

PQ
n

0

0 075 0 050

0 05 0 95
400

0 025

0 0001187
2 27

=
−

=
−
×

= =

. .

. .

.

.
.
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vÂ®gh®¡f¥gL« kÂ¥ò :

Z

p P

PQ

n

Ne 0 1

1 645

=
−

=

~ ( , )

.
	

 	       = 1.645

KoÎ :

	 Ï§F Z0 > Ze v‹gjhš, 5% Áw¥ò fh© k£l¤Âš vLnfhŸ kW¡f¥gL»wJ. 

Mfnt ãWtd¤Â‹ m¿é¥ig V‰f ÏayhJ vd KoÎ nk‰bfhŸs¥gL»wJ.

5.3  ÏU khÂçfë‹ é»jrk é¤Âahr¤Â‰fhd Áw¥ò fhz nrhjid:

nrhjid têKiwfŸ :

Ïš vD« vLnfhŸ :

	 H0 : P1 = P2 = P (v‹f)

kh‰W vLnfhŸ :

	 H1 : P1 ≠ P2 (P1 > P2 mšyJ P1 < P2)

Áw¥ò fh© k£l« :

	 α = 0.05 mšyJ 0.01

òŸëæaš msit fz¡»Ljš :

	 H0 ‹ Ñœ, nrhjid¥ òŸëæaš msitahdJ,

	

Z

p p

P Q

n

P Q

n

P

p p

PQ
n n

0
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1 1
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1 2

1 1
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=

−

+

(  and P are known)

  





+
+

=
+

(P

n p n p

n n

x x

n

1 2

1 1 2 2

1 2

1 2

1

 and P are known)

where P =


++

= −

n

Q P

2

1
 

 

	 ö ö
ø ø

Z

p p

P Q
n

P Q
n

P
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PQ
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0
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1 1

1

2 2

2

1 2

1 2

1 2

1 1

=
−

+

=

−

+

(  and P are known)

+
+

=
+
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n p n p
n n

x x
n

1 2

1 1 2 2

1 2

1 2

1

 and P are known)
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= �

n

Q P
2

1

< <

<

< <

 (P1, P2 bjçahj ãiyæš)

	 Ï§F 

ö ö
ø ø

Z

p p

P Q
n
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n

P

p p
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n n

0
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1 1

1

2 2

2

1 2

1 2

1 2

1 1

=
−

+

=

−

+

(  and P are known)

+
+
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+
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n p n p
n n

x x
n

1 2

1 1 2 2

1 2
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1

 and P are known)
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++
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n

Q P
2

1

< <

<
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vÂ®gh®¡f¥gL« kÂ¥ò :

	
Z

p p

S E p p
Ne =

−
−

1 2

1 2
0 1

. ( )
~ ( , )

	

(P1, P2 bjçªj ãiyæš)
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KoÎ :

(i)	 Z0 ≤ Ze våš, H0 V‰f¥gL»wJ. é»j rk é¤Âahr¤Â‰fh khÂç¤ nj®éš  

V‰w¤jhœÎfis¥ bghW¤jjhF«.

(ii) 	Z0 > Ze våš, H0 kW¡f¥gL»wJ. vdnt é»j rk nt‰WikfŸ khÂç¤ nj®éš  

V‰w¤jhœÎfis¥ bghW¤jjhfhJ.

vL¤J¡fh£L 3 :

	 xU gšfiy¡fHf khzt®fëilna th¡bfL¥ò el¤ÂaÂš 850 khzt®fS« 

550 khzéfS« th¡fë¤jd®. khzt®fëš 530 ngU« khzéaçš 310 ngU« 

"M«" vd th¡fë¤jd®. khzt®fS¡F« khzéaU¡F« Ïilnaahd fU¤J 

ntWghL Áw¥ò thŒªjjh vd¡ F¿¥ÃLf.

Ô®Î :

ek¡F¡ bfhL¡f¥g£lit

n1 = 850 		  n2 = 550 		  x1 = 530 		  x2 = 310

p1
530

850
0 62= = .

	
p2

310

550
0 56= = .





p
x x

n n

Q

=
+
+

= + =

=

1 2

1 2

530 310

1400
0 60

0 40

.

.

Ïš vD« vLnfhŸ :

	 H0 : P1 = P2 mjhtJ bfhL¡f¥g£l étu§fŸ khztU¡F« khzéaU¡F« 

Ïilnaahd fU¤J ntWghL Áw¥ò thŒªjÂšiy vd¡ bfhŸs¥gL»wJ.

kh‰W vLnfhŸ :

	 H1 : P1 ≠ P2 (ÏU Kid)

Áw¥ò fh© k£l« :

	 α = 0.05 v‹f

òŸëæaš msit fz¡»Ljš :

	 H0-‹ Ñœ, nrhjid¥ òŸëæaš msitahdJ

	 ø

ø

ø

øZ

p p

PQ
n n

0 =

−

+

1 2

1 2

1 1 
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Z

p p

PQ
n n

0

1 2

1 2

1 1

0 62 0 56

0 6 0 4
1

850
1

550

=

−

+






=
−

× +





=

 

. .

. .

00 06

0 027
2 22

.

.
.=

vÂ®gh®¡f¥gL« kÂ¥ò :

ö ö
ø

ø< <Z

p p

PQ
n n

Ne =

−

+
=

1 2

1 2

1 1 0 1 1 96~ ( , ) .

	

KoÎ :

	 Ï§F Z0 > Ze v‹gjhš 5% Áw¥ò fh© k£l¤Âš Ïš vD« vLnfhŸ 

kW¡f¥gL»wJ. Mfnt bfhL¡f¥g£l étu§fëèUªJ khztU¡F« 

khzéaU¡F« Ïilnaahd fU¤J ntWghL Áw¥ò thŒªjit vd¡ 

bfhŸs¥gL»wJ.

vL¤J¡fh£L 4 :

	 xU F¿¥Ã£l efu¤Âš 500 M©fëš 125 ng® Rabjhêš brŒgt®fŸ k‰bwhU 

efu¤Âš 1000 M©fëš 375 ng® Rabjhêš brŒgt®fŸ. ÏJ Kjš efu¤ij él 

Ïu©lhtJ efu¤Âš Rabjhêš brŒgt® mÂf« cŸsd® v‹gij¡ fh£L»wjh ?

Ô®Î :

ek¡F¡ bfhL¡f¥g£lit

n1 = 500 		  n2 = 1000 		  x1 = 125 		  x2 = 375

	
p1

125

500
0 25= = .

 	
p2

375

1000
0 375= = .

	

	

P
x x

n n

Q

=
+
+

= +
+

= =

= − =

1 2

1 2

125 375

500 1000

500

1500

1

3

1
1

3

2

3





Ïš vD« vLnfhŸ :

H0 : P1 = P2 ÏU KGik¤ bjhFÂ é»j rk§fS¡»ilnaahd é¤Âahr« Áw¥ò 

thŒªjÂšiy.
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kh‰W vLnfhŸ :

	 H1 : P1 < P2 (ty Kid)

Áw¥ò fh© k£l« :

	 α = 0.05 v‹f

òŸëæaš msit fz¡»Ljš :

	 H0-‹ Ñœ, nrhjid¥ òŸëæaš msitahdJ

	

ø

ø

ø

ø

ø

ø

ø

ø

Z

p p

PQ
n n

0

1 2

1 2

1 1

0 25 0 375

1

3

2

3

1
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1
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+

=
−

+
=

. .
00 125

0 026
4 8

.

.
.=

 

x

vÂ®gh®¡f¥gL« kÂ¥ò :

	
ø

ø

ø

øZ

p p

PQ
n n

Ne =

−

+
=

1 2

1 2

1 1 0 1 1 645~ ( , ) . 

	

KoÎ :

	 Ï§F Z0 > Ze v‹gjhš, 5% Áw¥ò fh© k£l¤Â‹ Ñœ Ïš vD« vLnfhŸ 

kW¡f¥gL»wJ. Mfnt ÏU KGik¤ bjhFÂ é»j rk§fS¡»ilnaahd 

é¤Âahr« Áw¥ò thŒªjJ.

vL¤J¡fh£L 5 :

	 200 ngU¡F Áéš r®Å° nj®Î elªjJ. mt®fë‹ bkh¤j kÂ¥bg©fis¡ 

fz¡»š bfh©L mt®fis Kjš 30% eg®fŸ k‰W« Ã‹dhš cŸs 70% eg®fŸ 

v‹W« Ãç¡f¥gL»‹wd®. xU F¿¥Ã£l édhé‰F Kjš gFÂæš 40 ngU« k‰W« 

Ñœ¥gFÂæš 80 ngU« rçahf éilaë¤jd®. Ïjid mo¥gilahf¡ bfh©L ÏU 

ÃçÎfë‹ Âwikia nrhÂ¡f Ï›édh ga‹gLkh ?

Ô®Î :

ek¡F¡ bfhL¡f¥g£lit

	

n n

x x

p p

1 2

1 2

1 2

30 200

100
60

70 200

100
140

40 80

40

60

2

3

80

14

= × = = × =

= =

= = =
00

4

7
=
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P
x x

n n

Q P

=
+
+

= +
+

= =

= − = − =

1 2

1 2

40 80

60 140

120

200

6

10

1 1
1

6

4

10



 

	

Ïš vD« vLnfhŸ :

	 H0 : P1 = P2 Ïu©L ãiyfëš cŸs eg®fë‹ Âwikæ‹ é¤Âahr« m¿a 

F¿¥Ã£l édh ga‹gléšiy.

kh‰W vLnfhŸ :

	  H1 : P1 ≠ P2 (ÏU Kid)

Áw¥ò fh© k£l« : 

	 α = 0.05 v‹f

òŸëæaš msit fz¡»Ljš :

	 H0-‹ Ñœ, nrhjid¥ òŸëæaš msitahdJ

	

ø

ø

ø

ø
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ø
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ø

Z

p p

PQ
n n

0

1 2

1 2

1 1

2

3

4

7

6

10

4

10

1

60

1

140

10

21 3

=

−

+

=
−

+
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x

vÂ®gh®¡f¥gL« kÂ¥ò :
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p p

PQ
n n
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−

+
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1 2

1 1 0 1

1 96

~ ( , )

.

ø

ø

ø

ø
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	      = 1.96

KoÎ :

	 Ï§F Z0 < Ze v‹gjhš, 5% Áw¥ò fh© k£l¤Â‹ Ñœ Ïš vD« vLnfhŸ 

V‰f¥gL»wJ. Mfnt Ïu©L ãiyfëš cŸs eg®fë‹ Âwikæ‹ é¤Âahr« 

m¿a mªj F¿¥Ã£l édh ga‹gléšiy.
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5.4 T£L ruhrç¡fhd Áw¥ò fh© nrhjid :

	 σ2  khWgh£lsit   vd cŸs KGik¤ bjhFÂæèUªJ n khÂç 

vL¡f¥g£lJ. mit xi (i = 1, 2….. n) mj‹ khÂçæ‹ T£L ruhrç  x MdJ ÑnH 

bfhL¡f¥g£LŸsJ.

	

x
n

x x x

E x

V x V
n

x x x

n

n

= + +

=

= + +





1

1

1 2

1 2

( ....... )

( )

( ) ( ....... )

µ

== + +

= =

∴ =

1

1

2 1 2

2
2

2

n
V x V x V x

n
n

n

S E x
n

n[( ( ) ( ) ...... ( )]

. ( )

σ σ

σ

	

nrhjid tê KiwfŸ :

Ïš vD« vLnfhŸ k‰W« kh‰W vLnfhŸ :

H0 : μ = μ0.

H1: μ ≠ μ0 (μ > μ0 mšyJ μ < μ0)

Áw¥ò fh© k£l« : 

	 α = 0.05 mšyJ 0.01

òŸëæaš msit fz¡»Ljš :

	 H0-‹ Ñœ, nrhjid¥ òŸëæaš msitahdJ

	
Z

x E x

S E x

x

n
0 = − = −( )

. ( ) /

µ
σ 	

vÂ®gh®¡f¥gL« kÂ¥ò :

	
Z

x

n
N

for

or

for

e = −

= =

= =

µ
σ

α

α

/
~ ( , )

. . ( . )

. . ( .

0 1

1 96 0 05 1 645

2 58 0 01 2 33))

	       = 1.96, (α = 0.05) mšyJ = 2.58, (α = 0.01)

KoÎ :

	 Z0 < Ze våš, Ïš vD« vLnfhŸ V‰W¡ bfhŸs¥gL»wJ. Mfnt khÂçahdJ 

T£L ruhrç μ = μ0 vd¡ bfh©l KGik¤ bjhFÂæèUªJ vL¡f¥g£ljhF« vd 

KoÎ brŒa¥gL»wJ.
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	 Z0 > Ze våš, Ïš vD« vLnfhŸ kW¡f¥gL»wJ. Mfnt khÂçahdJ T£L 

ruhrç μ = μ0 vd¡ bfh©l KGik¤  bjhFÂæèUªJ vL¡f¥gléšiy vd KoÎ 

brŒa¥gL»wJ.

vL¤J¡fh£L 6 :

	 xU f«bgå c‰g¤Â brŒj 100 xëU« xë és¡Ffë‹ ruhrç MÍ£fhy« 

1570 kâ neu« k‰W« mj‹ Â£l éy¡f« 120 kâ neu« MF«. mªj f«bgå 

jahç¤j mid¤J és¡Ffë‹ ruhrç MÍ£fhy« μ våš vLnfhŸ μ = 1600 kâ 

neu« v‹gij mj‰F vÂuhd kh‰W vLnfhŸ μ ≠ 1600 kâ neu¤J¡F, 5% Áw¥ò 

fh© k£l¤Âš nrhjid brŒf.

Ô®Î :

ek¡F¡ bfhL¡f¥g£lit

x = 1570 kâ neu«	  		  μ = 1600 kâ neu« 		
s =120  kâ neu« 			   n=100

Ïš vD« vLnfhŸ :

H0 : μ = 1600 khÂçæ‹ ruhrç¡F« KGik¤ bjhFÂæ‹ ruhrç¡F« Áw¥ghd 

é¤Âahr« Ïšiy.

kh‰W vLnfhŸ :

	 H1: μ ≠ 1600 (ÏU Kid)

Áw¥ò fh© k£l« : 

	 α = 0.05 v‹f

òŸëæaš msit fz¡»Ljš :

	 H0-‹ Ñœ, nrhjid¥ òŸëæaš msitahdJ

	 	

vÂ®gh®¡f¥gL« kÂ¥ò :

	 	

	       = 1.96
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KoÎ :

	 Ï§F Z0 < Ze v‹gjhš, Ïš vD« vLnfhŸ V‰W¡ bfhŸs¥gL»wJ. 

Mfnt khÂçahdJ T£L ruhrç μ = 1600 cila KGik¤ bjhFÂæèUªJ 

vL¡f¥g£ljhF« vd KoÎ brŒa¥gL»wJ.

vL¤J¡fh£L 7 :

	 j‰nghJ  cgnahf¤Âš ÏU¡F« fhiu él jh§fŸ òÂajhf m¿Kf« brŒj 

fhç‹ bg£nuhš cgnahf« FiwÎ vd xU fh® c‰g¤Â brŒÍ« ãWtd« m¿é¥ò 

brŒjJ. 50 òÂa fh®fŸ khÂçahf vL¤J mj‹ bg£nuhš cgnahf« F¿¤J nrhjid 

brŒa¥g£l nghJ mJ ruhrçahf xU è£lU¡F 30 ».Û k‰W« 1 è£lU¡F mj‹ 

Â£léy¡f« 3.5 ».Û vd m¿a¥g£lJ. òÂa fhç‹ ruhrç bg£nuhš cgnahf« 

è£lU¡F 28 ».Û v‹w ãWtd¤Â‹ m¿é¥ig V‰W¡ bfŸsyhkh vd 5% Áw¥ò 

fh© k£l¤Â‹ Ñœ nrhjid brŒ.

Ô®Î :

ek¡F¡ bfhL¡f¥g£lit

	  x = 30 ; μ = 28 ; n = 50 ; s = 3.5

Ïš vD« vLnfhŸ :

	 H0 : μ = 28 mjhtJ òÂa fhç‹ bg£nuhš cgnahf« ruhrçahf è£lU¡F 28 

».Û v‹w ãWtd¤Â‹ m¿é¥ò V‰W¡ bfhŸs¥g£lJ.

kh‰W vLnfhŸ :

	 H1: μ < 28 (ÏlJ Kid)

Áw¥ò fh© k£l« :

	 α = 0.05 v‹f

òŸëæaš msit fz¡»Ljš :

	 H0-‹ Ñœ, nrhjid¥ òŸëæaš msitahdJ

	

Z
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s n
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vÂ®gh®¡f¥gL« kÂ¥ò :

	 Z
x

s n
Ne 0 1

1 645

= −

=

m
/

~ ( , )

.
KoÎ :

	 Ï§F Z0 > Ze v‹gjhš, 5% Áw¥ò fh© k£l¤Âš Ïš vD« vLnfhŸ 

kW¡f¥gL»wJ. vdnt ãWtd¤Â‹ m¿é¥ig V‰W¡ bfhŸs KoahJ.

5.5  ÏU khÂçfë‹ T£L ruhrçfë‹ é¤Âahr¤Â‰fhd Áw¥ò fh© nrhjid :

nrhjid têKiw

Ïš vD« vLnfhŸ :

	 H0: μ1 = μ2 

kh‰W vLnfhŸ :

	 H1: μ1 ≠ μ2 (μ1 > μ2 mšyJ μ1 < μ2)

Áw¥ò fh© k£l« :

	 α % v‹f

òŸëæaš msit fz¡»Ljš :

	 H0-‹ Ñœ, nrhjid¥ òŸëæaš msitahdJ

	

Z
x x

n n

0
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1
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2
2

2

= −

+σ σ

		

σ1
2 = σ2

2 = σ2 mjhtJ khÂçfŸ Ïu©L« bghJthd Â£léy¡f« σ cila xnu 

KGik¤ bjhFÂæèUªJ vL¡f¥g£lhš H0 : μ1 = μ2 -‹ Ñœ

	

Z
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0
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1 1
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+σ

vÂ®gh®¡f¥gL« kÂ¥ò :

	
Z

x x

S E x x
Ne = −

−
1 2

1 2
0 1
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~ ( , )

		

KoÎ :

	 Z0 ≤ Ze H0 V‰f¥gL»wJ.

	 Z0 > Ze H0 kW¡f¥gL»wJ.
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vL¤J¡fh£L 8 :

	 Ïu©L tifahd nfÃŸfë‹ cilÍ« j‹ikia nrhjid brŒa n1=n2= 100 
v‹w mséš Ïu©L tifæY« x›bthU khÂç vL¡f¥gL»wJ.

	 nfÃŸ I 		  nfÃŸ II

	 x1 =1925 		   x2 = 1905

	 σ1= 40 			  σ2 = 30

	 Ïu©L nfÃŸfë‹ cilÍ« j‹ikæ‹ é¤Âahr¤ij¡ fhz bfhL¡f¥g£l 

étu§fŸ nghJkhd rh‹W jU»wjh ? 1% Áw¥ò fh© k£l¤ij¥ ga‹gL¤Jf.

Ô®Î :

ek¡F¡ bfhL¡f¥g£lit

x1 =1925 		  x2 = 1905 		  σ1 = 40 		  σ2 = 30

Ïš vD« vLnfhŸ :

H0: μ1 = μ2 Ïu©L nfÃŸfë‹ ruhrç cilÍ« j‹ikæ‹ é¤Âahr« Áw¥ò 

thŒªjjšy.

kh‰W vLnfhŸ :

	 H1 : μ1 ≠ μ2 (ÏU Kid)

Áw¥ò fh© k£l« :

	 α = 0.01 mšyJ 1%

òŸëæaš msit fz¡»Ljš :

	 H0-‹ Ñœ, nrhjid¥ òŸëæaš msitahdJ

	

Z
x x

n n

0
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2
2

2

2 2
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vÂ®gh®¡f¥gL« kÂ¥ò :
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KoÎ :

	 Ï§F Z0 > Ze, v‹gjhš H0 kW¡f¥gL»wJ. mjhtJ Ïu©L nfÃŸfë‹ 

ruhrç cilÍ« j‹ikæ‹ é¤Âahr« Áw¥ò thŒªjJ.

vL¤J¡fh£L 9 :

	 Kiwna 1000, 2000 v©â¡ifÍila äf¥ bgça khÂçfë‹ T£L¢ruhrç 

Kiwna 67.5 br.Û k‰W« 68.0 br.Û MF«. Â£léy¡f« 2.5 br.Û cila KGik¤ 

bjhFÂæèUªJ khÂçfŸ vL¡f¥g£ld v‹gij 5% Áw¥ò fh© k£l mséš 

nrhjid brŒf.

Ô®Î :

ek¡F¡ bfhL¡f¥g£lit

n1 = 1000 ; n2 = 2000 		 x1 = 67.5 br.Û ; x2 = 68.0 br.Û 	 σ = 2.5 br.Û

Ïš vD« vLnfhŸ :

	 H0 : μ1 = μ2 mjhtJ xnu KGik¤ bjhFÂæèUªJ khÂçfŸ vL¡f¥g£ld.

kh‰W vLnfhŸ :

	 H1: μ1 ≠ μ2 (ÏU Kid)

Áw¥ò fh© k£l« :

	 α = 5%

òŸëæaš msit fz¡»Ljš :

	 H0-‹ Ñœ, nrhjid¥ òŸëæaš msitahdJ

	

Z
x x

n n

0
1 2

1 2

1 1

67 5 68 0

2 5
1

1000
1

2000
0 5 20

2 5 3 5
5 1

= −

+

= �

+

= ×

=

σ

. .

.

.

. /

. 	

vÂ®gh®¡f¥gL« kÂ¥ò :

Z
x x

n n

Ne = −

+
=1 2

1 2

1 1
0 1 1 96

σ
~ ( , ) .
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KoÎ :

	 Ï§F Z0 > Ze v‹gjhš, 5% Áw¥ò fh© k£l¤Âš H0 kW¡f¥gL»wJ. vdnt 

xnu KGik¤ bjhFÂæèUªJ khÂçfŸ vL¡f¥gléšiy vd KoÎ brŒa¥gL»wJ.

gæ‰Á - 5

I. rçahd éilia bjçÎ brŒf :

1. 	 bt‰¿fë‹ v©â¡if¡fhd Â£l¥ÃiHahdJ

	  m) pq

n
		 M) npq 		  Ï) npq			  <) np

q

2.	  bgU§T‰W¡ nfh£gh£il¥ ga‹gL¤JtJ v¥nghJ våš

	 m) n > 30 	 M) n < 30 		  Ï) n < 100 		  <) n < 1000

3. 	 Ïu©L ruhrçfS¡F Ïilnaahd é¤Âahr¤Â‰fhd òŸëæaš  

nrhjidahdJ

	 m) x

n

− µ
σ /

					     M) 
p P

PQ
n

−
	

	 Ï) x x

n n

1 2

1
2

1

2
2

2

−

+σ σ
					     <) 

p p

PQ
n n

1 2

1 2

1 1

−

+






4.	 é»j rk é¤Âahr¤Â‰fhd (p1 – p2) Â£lÃiHahdJ, vLnfhŸ H0 : p1 = p2 vd 

cŸs nghJ

	 m) ö
ø

ö
ø

<<
pq

n n
1 1

1 2
+ 				    M) ö

ø
ö
ø

<
p

n n
1 1

1 2
+ 	

	 Ï) ö
ø

ö
ø

<<
pq

n n
1 1

1 2
+ 				    <) 

p q

n

p q

n
1 1

1

2 2

2
+
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5.	 òŸëæaš msit z = x y

n n

−

+σ 1 1

1 2

 ga‹gL¤j¥gL« Ïš vD« vLnfhshdJ

	

	 m) H0: μ1 + μ2 = 0 				    M) H0: μ1 – μ2 = 0

	 Ï) H0: μ = μ0 (xU kh¿è) 			   <)  nk‰T¿at‰¿š vitÍ« Ïšiy

II. 	 nfho£l Ïl§fis ãu¥òf :

6.	
<
P = 2

3
 våš, 

<
Q  = _________.

7.	 z0 < ze våš, Ïš vD« vLnfhshdJ ____________

8.	 é¤ÂahrkhdJ __________ våš, Ïš vD« vLnfhŸ kW¡f¥gL»wJ.

9. 	 ÏU é»j rk§fS¡F Ïilna cŸs é¤Âahr¤Â‰fhd òŸëæaš  

nrhjidahdJ ________.

10. 	T£L ruhrçæ‹ khWghlhdJ  ________.

III. 	Ñœ¡fhQ« édh¡fS¡F éil jUf :

11.	 xU nrhjidæš z0 ≤ ze vD« bghGJ, Ïš vD« vLnfhis¥ g‰¿ Úé® vL¡F«  

KoÎ v‹d ?

12.	 òŸëæaš nrhjid msÅLfŸ jUf.

	 m) é»j rk«

	 M) ruhrç

	 Ï) ÏU T£L ruhrçfS¡fhd é¤Âahr«

	 <) ÏU é»j rk é¤Âahr«

13.	 ÏU é»j rk é¤Âahr§fë‹ khWgh£il vGJf.

14. 	é»j rk¤Â‹ Â£lÃiHia vGJf.

15. 	Ñœ¡f©lt‰¿‹ Áw¥ò fh© nrhjid¡fhd têKiwfis vGJf.

	 m) é»j rk«   M) T£L ruhrç   Ï) ÏU é»j rk é¤Âahr«

	 <) ÏU T£L ruhrçfS¡fhd é¤Âahr«

16.	 xU ehza« 400 KiwfŸ R©l¥gL»wJ. k‰W« mÂš 216 Kiw jiy éG»wJ. 

ehza« eLãiy khwhjj‰fhd vLnfhis¢ nrhÂ¡fÎ«.

17.	 xUt® 10 gfilfis 500 Kiw ÅR« nghJ mÂš 2560 Kiw 4, 5 mšyJ 6 

»il¡»‹wJ. ÏJ khÂç nj®é‹ V‰w¤jhœÎfS¡F fhuzkhf cŸsjh ?
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18. 	xU kU¤Jtkidæš xU thu¤Âš 480 bg© k‰W« 520 M© FHªijfŸ 

Ãw¡»‹wd. Ïªj v©â¡ifahdJ M© k‰W« bg© FHªijfë‹ Ãw¥ò 

rkkhf cŸsJ v‹w vLnfhis cWÂ¥gL¤J»‹wjh ?

19.	 xU bgça efu¤Âš 600 M©fëš 325 ng® Rabjhêš brŒgt®fŸ. Ïªj¢ 

brŒÂia Mjhukhf¡ bfh©L Ïªj efu¤Âš cŸs bgU«gh‹ikahd M©fŸ 

Rabjhêš brŒgt® vd KoÎ brŒayhkh ?

20.	 xU ÏaªÂu« 500 khÂçfëš 16 FiwghLŸs bghUŸfis jahç¡»wJ. 

ÏaªÂu¤ij gGJgh®¤j ÃwF 100¡F 3 FiwghLŸs bghUis¤ jU»‹wJ. 

ÏaªÂu¤Âš VnjD« K‹nd‰w« cŸsjh ?

21.	 1000 eg®fŸ cŸs efu« A-š vL¡f¥g£l rkthŒ¥ò khÂçæš 400 eg®fŸ 

nfhJik czÎ rh¥ÃLgt®fŸ. 800 eg®fŸ bfh©l efu« B -æš vL¡f¥g£l 

khÂçæš 400 eg®fŸ nfhJik czÎ rh¥ÃLgt®fŸ. bfhL¡f¥g£l étu«, efu« 
A k‰W« B æ‹ é»j rk é¤Âahr« Áw¥ò thŒªjJ v‹gij btë¥gL¤J»wjh?

22.	 bjhê‰rhiy A æš jahç¡f¥g£l 1000 bghUŸfëš 3% gGJŸsit 

bjhê‰rhiy B æš jahç¡f¥g£l 1500 bghUŸfëš 2% gGJŸsit. 

Ïu©lhtJ bjhê‰rhiyæš jahç¡f¥g£l bghUŸfis él Kjš 

bjhê‰rhiyæš jahç¡f¥g£l bghUë‹ ju« FiwªjJ vd KobtL¡fyhkh ?

23.	 xU fšÿçæš go¡F« 600 khzt®fëš 400 ng® Úy ãw ikia¥ 

ga‹gL¤J»‹wd®. k‰bwhU fšÿçæš go¡F« 900 ngçš 450 ng® Úy 

ãw ikia¥ ga‹gL¤J»‹wd®. Úy ãw ikia¥ ga‹gL¤JtÂš Ïu©L 

fšÿçfS¡F« Ïilna cŸs é¤Âahr« Áw¥ò thŒªjjh vd¢ nrhjid brŒf.

24.	 xU rkthŒ¥ò khÂçæš vL¡f¥g£l 100 la®fë‹ ruhrç MÍ£fhy« 15269 ».Û 

vd cçik bfh©lhl¥gL»wJ. Ïªj khÂç vL¡f¥g£l KGik¤ bjhFÂ 

la®fë‹ ruhrç MÍ£fhy« 15200 ».Û k‰W« mj‹ Â£léy¡f« 1248 ».Û MF«. 

mªj cçikæ‹ ãaha¤ij nrhjid brŒf.

25.	 400 khÂçfë‹ T£L ruhrç 99. Ïªj khÂç T£L ruhrç 100 k‰W« khWghL 64 

cŸs Ïašãiy KGik¤ bjhFÂæèUªJ vL¡f¥g£ljh vd 5% Áw¥ò fh© 

k£l¤Â‹ _y« nrhjid brŒf.

26.	 äf¥ bgça KGik¤ bjhFÂæèUªJ vL¡f¥g£l 100 v©â¡if bfh©l 

khÂçæ‹ T£L ruhrç 52 MF«. KGik¤ bjhFÂæ‹ Â£léy¡f« 7 våš, 

KGik¤ bjhFÂæ‹ ruhrç 55 vd¡ bfh©l vLnfhS¡F vÂuhf kh‰W 

vLnfhë‹ ruhrç 55 mšy v‹gij nrhjid brŒf.  5% Áw¥ò fh© k£l¤ij¥ 

ga‹gL¤Jf.

27. 	xU ãWtd« jahç¤j xë és¡Ffë‹ KGik¤ bjhFÂæ‹ ruhrç MÍ£fhy« 

1200 kâ neu«, mj‹ Â£léy¡f« 125 kâ ne«, 100 és¡FfŸ khÂçahf 

vL¡f¥g£L nrhjid brŒjÂš mj‹ ruhrç MÍ£fhy« 1150 kâ neu« vd¡ 

»il¡f¥ bg‰wJ. KGik¤ bjhFÂ k‰W« khÂçæ‹ T£L ruhrçfS¡F 

Ïilna cŸs é¤Âahr« òŸëæaš ßÂahf Áw¥ò thŒªjjh vd 5% Áw¥ò  fh© 

k£l¤Â‹ _y« nrhjidæLf.
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28.	 ÑnH bfhL¡f¥g£LŸs étu§fS¡F khÂçfë‹ T£L ruhrçfS¡»ilna 

cŸs é¤Âahr¤Â‰fhd Áw¥ò fh© nrhjidia nk‰bfhŸsÎ«.

khÂçæ‹ 

v©â¡if

ruhrç Â£léy¡f«

khÂç A 100 50 4
khÂç B 150 51 5

29.	 Kiwna 40 k‰W« 50 khzt®fŸ bfh©l Ïu©L tF¥òfS¡F xU nj®Î 

el¤j¥g£lJ. Kjš tF¥Ã‹ ruhrç kÂ¥bg© 74, mj‹ Â£l éy¡f« 8, 

Ïu©lh« tF¥Ã‹ ruhrç 78, mj‹ Â£l éy¡f« 7. Ïu©L tF¥òfS¡F elªj 

nj®é‹ brŒiffS¡F Ïilna VnjD« é¤Âahr« cŸsjh vd 0.05 Áw¥ò 

fh© k£l¤Âš nrhjid brŒf.

30.	 M.A. bghUshjhu« go¡F« 60 khzt®fë‹ ruhrç cau« 63.60 m§Fy§fŸ 

k‰W« 50 M.Com go¡F« khzt®fë‹ ruhrç cau« 69.51 m§Fy§fŸ. 

bghUshjhu« go¡F« khzt®fis él tâféaš go¡F« khzt®fŸ 

mÂf cau« cilat®fŸ vd Úé® KobtL¡fyhkh ? KJfiy khzt®fë‹ 

Â£léy¡f cau« 2.48 m§Fy§fŸ vd vL¤J bfhŸsÎ«.

éilfŸ :

I.

1. m) 			   2. m) 		  3. Ï) 		  4. m) 		  5. M)

II.

6. 1

3
				    7.V‰W¡ bfhŸs¥gL« 		  8. Áw¥ò thŒªjJ

9. 
ö
ø

ö
ø

< <

p p

PQ
n n

1 2

1 2

1 1
−

+

 	 10. 
σ2

n

III.

16. z = 1.6 H0 V‰f¥gL»wJ.			 

17. z = 1.7 H0 V‰f¥gL»wJ.

18. z = 1.265H0 V‰f¥gL»wJ. 			 

19. z = 2.04 H0 V‰f¥gL»wJ.

20. z = 0.106 H0 V‰f¥gL»wJ. 			 
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21. z = 4.17 H0 kW¡f¥gL»wJ.

22. z = 1.63 H0 V‰f¥gL»wJ. 			 

23. z = 6.38 H0 kW¡f¥gL»wJ.

24. z = 0.5529 H0 V‰f¥gL»wJ. 			 

25. z = 2.5 H0 kW¡f¥gL»wJ.

26. z = 4.29 H0 kW¡f¥gL»wJ.	  		

27. z = 4 H0 kW¡f¥gL»wJ.

28. z = 1.75 H0 V‰f¥gL»wJ. 			 

29. z = 2.49 H0 kW¡f¥gL»wJ.

30. z = 12.49 H0 kW¡f¥gL»wJ.
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6. Áw¥ò fh© nrhjid (ÁW TWfŸ)

6.0 m¿Kf« :

	 bgU§TWfŸ r«kªj¥g£l fz¡Ffis Ïj‰F Kªija ghl¤Âš eh« 

gh®¤njh«. bgU§TW nfh£ghLfŸ Ïu©L K¡»khd mDkhd¤Â‹ mo¥gilæš 

mikªJŸsd. mitahtd

(a)	  òŸëæaš msitæ‹ rkthŒ¥ò khÂç gutyhdJ, njhuhakhf Ïašãy  

	 gutiy¢ rhU«. k‰W«,

(b)		  xU khÂç étu¤ÂèUªJ »il¤j kÂ¥òfŸ nghJkhd msÎ KGik¤  

	 bjhFÂæ‹ kÂ¥òfS¡F mU»š cŸsJ.

	 vdnt Â£l¥ ÃiHia tiuaW¡F« fz¡ÑLfS¡F mªj kÂ¥ò 

ga‹gL¤j¥gL»wJ.

	 nk‰f©l mDkhd§fŸ ÁW TWfŸ KiwfS¡F bghUªjhJ. Mfnt, ÁW 

TWfis¡ ifahŸtj‰F xU òÂa Kiw njit¥gL»wJ. khÂçæ‹ v©â¡if 

30-¡F« Fiwthf ÏU¡Fkhæ‹ mJ ÁW TW vd¥gL«. ( n< 30)

	 gy fz¡Ffëš Fiwªj v©â¡ifæyhd khÂçfŸ vL¡f 

nt©oæU¡»wJ. vdnt, ÁW TWfis¡ ifahStj‰F bghU¤jkhd 

nrhjidfis nk«gL¤j nghÂa ftd« brY¤j¥g£lJ. Ï›thWŸs ÁW TWfë‹ 

nfh£ghLfŸ g‰¿ m¿tÂš g§F M‰¿at®fŸ r®.éšèa« fhbr£ k‰W« nguhÁça® 
R.A. Ãõ® Mth®. r®.éšèa« fhbr£ jdJ f©LÃo¥òfis "°^l©£" v‹w òid¥ 

bgaçš 1905-š btëæ£lh®. ÃwF nguhÁça® R.A.Ãõ® mt®fshš éçth¡f¥g£lJ. 

mt® f©LÃo¤j nrhjid òfœbg‰w ‘t nrhjid’ MF«.

6.1 t - òŸëæaš msit tiuaiw :

	 xU Ïašãiy KGik¤ bjhFÂæèUªJ x1, x2, ……xn v‹w n msÎfŸ 

bfh©l xU rk thŒ¥ò khÂç vL¡f¥gL»‹wJ. mj‹ ruhrç μ k‰W« khWghL σ2 

våš °^l©£  t - òŸëæaš msit Ñœ¡f©lthW tiuaW¡f¥gL»wJ. 

	 t = 
x

S

n

− µ
 Ï§F x

x

n
= ∑  v‹gJ khÂçæ‹ ruhrç k‰W« S

n
x x2 21

1
=

−
∑ −( )  

v‹gJ KGik¤ bjhFÂæ‹ khWghL, σ2 Ï‹ ÃiHa‰w kÂ¥ÕlhF«. ÏJ °^l©o‹ 

gutiy n = n – 1 tiua‰w ghiffnshL jGÎ»wJ.

6.1.1 t - nrhjid¡fhd mDkhd§fŸ:

1. khÂç vL¡f¥g£l KGik¤ bjhFÂahdJ Ïašãiy MF«.

2. f©l¿ªj khÂçæ‹ kÂ¥òfŸ ahÎ« rkthŒ¥òilait k‰W« rh®g‰wit.

3. KGik¤ bjhFÂæ‹ Â£léy¡f«  σ bjçahj ãiy.
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6.1.2 t- gutè‹ g©òfŸ :

1. 	 Ïašãiy kh¿ia¥ nghy, t-kh¿Í« – ∞ ¡F«, ∞ ¡F« Ïilæš mikÍ«.

2. Ïašãiy¥ gutiy¥ nghy t - gutY« rk¢Óuhf ÏU¡F« k‰W« mj‹ ruhrç 

ó{ía« MF«.

3. 	 Â£l Ïašãiy¥ gutiy él t - gutš mÂf éy¡f¤ij¥ bg‰¿U¡F«.

4. 	 khÂç cW¥òfë‹ v©â¡if 30-¡F« nkš ÏU¡F« nghJ t - gutš Ïašãiy  

gutiy mQF»wJ.

Ïašãiy tistiu k‰W« t - tistiu¡Fkhd x¥ÕL :

-¥ +¥t = 0
z= 0

¬

¬

t tistiu

Ïašãiy 
tistiu

6.1.3 tiua‰w ghiffŸ :

	 xUtiu VjhtJ eh‹F v©fis vGj¢ brh‹dhš mid¤J v©fS« 

mtUila nj®thf ÏU¡F«. eh‹F v©fë‹ TLjš 50 v‹w ãgªjid¡F 

c£gL¤j¥gL« nghJ Ï§nf eh« v©fis 10, 15, 20  vd nj®Î brŒjhš, eh‹fhtJ 

v© MdJ [50 – (10 + 15 + 20)] = 5 MF«. mjhtJ v©fë‹ TLjš 50 v‹w 

ãgªjid éÂ¥gjdhš eh« nj®ªbjL¡F« cçikæš x‹W FiwÍ« k‰W« tiua‰w 

ghif 3 MF«. f£L¥ghLfŸ mÂfç¡F« nghJ cçik Fiw»wJ.

	 òŸëæaš msitia cUth¡F« rh®g‰w kh¿fë‹ v©â¡ifna tiua‰w 

ghiffŸ vd¥gL«. mJ bghJthf n (ãô) vd¡ F¿¡f¥gL»wJ.

	 n f©l¿ªj kÂ¥òfë‹ tiua‰w ghiffë‹ v©â¡if n - k MF«. Ï§F 

k v‹gJ mt‰¿‹ ÛJ éÂ¡f¥g£l rh®g‰w ne®¡nfh£L ãgªjidfë‹ v©â¡if 

MF«.

	 °^l©£ t - gutY¡F tiua‰w ghifæ‹ v©â¡if khÂçfë‹ 

v©â¡ifæèUªJ x‹iw¡ fê¡f »il¡F«. mJ ν = n – 1 vd¡ F¿¡f¥gL»wJ.

	 χ2 nrhjidfëš tiua‰w ghiffŸ äf K¡»a g§F M‰W»wJ. xU gutiy¥ 

bghU¤J« nghJ tiua‰w ghifæ‹ v©â¡if [n – k – 1] MF«. ÏÂš n v‹gJ 

f©l¿ªj kÂ¥Ã‹ v©â¡if k‰W« k v‹gJ bfhL¡f¥g£l étu§fëèUªJ 
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kÂ¥ÕL brŒa¥g£l g©gsitfë‹ v©â¡ifahF«. cjhuzkhf ghŒrh‹ 

gutiy¥ bghU¤J« nghJ mj‹ tiua‰w ghif ν = n – 1 – 1.

	 ne®Î¥ g£oaè‹ tiua‰w ghif (r – 1) (c –1) MF«. Ï§F r ãiufë‹ 

v©â¡ifiaÍ« k‰W« c ãušfë‹ v©â¡ifiaÍ« F¿¡»‹wd. Mfnt 3 × 4 
ne®Î¥ g£oaY¡F tiua‰w ghifahdJ (3 – 1) (4 – 1) = 6. ne®Î¥ g£oaš 2 × 2 é‹ 

tiua‰w ghifahdJ (2 – 1) (2 – 1) = 1 MF«.

t -‹ Ô®Î f£l kÂ¥ò :

	 t - m£ltizæš cŸgFÂæ‹ ãušfŸ t0.100, t0.05, t0.025, t0.010 k‰W« t0.005. 
v‹w jiy¥òfis¥ bg‰WŸsd. ÏÂš cŸs 0.10, 0.05 ngh‹w v©fŸ "ÏWÂ¥" 

gFÂ gu¥Ãš cŸs gutè‹ é»j§fis¡ bfhL¡»‹wd. Ï›éjkhf ÏUKid 

nrhjidæš 5%  Áw¥ò fh© k£l¤Âš x›bth‹W« bkh¤j gu¥Ãš 2.5% ÏU¡FkhW 

ÏUòwK« kW¡f¥gL« gFÂfŸ cŸsd.

vL¤J¡fh£lhf :

	 xU Kid¢ nrhjidæš tn (0.05) = ÏU Kid¢ nrhjidæš tn (0.25)                 
xU Kid¢ nrhjidæš tn (0.01) = ÏU Kid¢ nrhjidæš tn (0.005) Ï›éjkhf       

xU Kid nrhjidæš 5% mséš kW¡F« gu¥ò v‹gJ gutè‹ X® Kid¥ gFÂæš 

miktjhF«. ÏJ t0.05 v‹w jiy¥Ãš mikªj ãuè‹ Ñœ »il¡F«.

t gutè‹ Ô®Î f£l kÂ¥ò

– ∞ + ∞– tα tαt = 0

6.1.4  gutè‹ ga‹ghLfŸ :

	 òŸëæaš MŒéš t - gutš gy ga‹ghLfis¥ bg‰¿U¡»‹wd. mt‰iw¡ 

ÑœtU« gFÂæš fhzyh«.

(i)	 KGik¤ bjhFÂæ‹ khWghL bjçahj ãiyæš X® khÂçæ‹ ruhrç¡fhd  

	 t-æ‹ Áw¥ò nrhjid.

(ii)	 KGik¤ bjhFÂfë‹ khWghLfŸ rk« k‰W« bjçahj ãiyæš, Ïu©L  

	 khÂçfë‹ ruhrçfë‹ ntWgh£L¡fhd t - æ‹ Áw¥ò nrhjid,

			   m) rh®g‰w khÂçfŸ

	 	 	 M) rh®òŸs khÂçfS¡fhd Ïiz t - nrhjid
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6.2 T£L ruhrç¡fhd Áw¥ò fh© nrhjid :

Ïš vD« vLnfhŸ k‰W« kh‰W vLnfh£fis mik¡fÎ«.

H0 : μ = μ0; khÂç¢ ruhrç¡F«, KGik¤ bjhFÂ ruhrç¡F« cŸs ntWghL Áw¥ò 

thŒªjJ mšy.

H1: μ ≠ μ0 ( μ < μ0 mšyJ μ > μ0)

Áw¥ò fh© k£l« :

5% mšyJ 1%

òŸëæaš msitia¡ fz¡»Ljš :

H0 ‹ Ñœ, nrhjid òŸëæaš msitahdJ

	 t
x

S

n

or
x

s n

where x
x

n

n

0

2

1

1

= − −
−

= ∑

=

µ µ
/

is the sample mean

and    S
−−

∑ − = ∑ −
1

12 2 2( ) ( ) ( )x x or s
n

x x

 mšyJ 
x

s n 1

−

−

m

/

	 Ï§F 

t
x

S

n

or
x

s n

where x
x

n

n

0

2

1

1

= − −
−

= ∑

=

µ µ
/

is the sample mean

and    S
−−

∑ − = ∑ −
1

12 2 2( ) ( ) ( )x x or s
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 v‹gJ khÂçæ‹ ruhrç MF«.

	 k‰W« 

t
x

S

n

or
x

s n

where x
x

n

n

0
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1

1

= − −
−

= ∑

=

µ µ
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is the sample mean

and    S
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12 2 2( ) ( ) ( )x x or s
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t
x

S

n
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x

s n

where x
x

n

n

0

2

1

1

= − −
−

= ∑

=

µ µ
/

is the sample mean

and    S
−−

∑ − = ∑ −
1

12 2 2( ) ( ) ( )x x or s
n

x x

vÂ®gh®¡f¥gL« kÂ¥ò :

  

t
x

S

n

e = − µ
~ student's t-distribution with (n-1) d.f

	

KoÎ :

	 t0 ≤ te våš, Ïš vD« vLnfhŸ V‰f¥gL« gFÂæš mik»wJ. vdnt mJ 

V‰f¥gL»wJ.

	 to > te våš, Ïš vD« vLnfhŸ bfhL¡f¥g£l Áw¥ò fh© k£l¤Âš 

kW¡f¥gL»wJ.

vL¤J¡fh£L 1 :

	 xU tif ó¢Á¡bfhšè kUªJ ÏaªÂu¤Â‹ _y« igfëš ãu¥g¥gL»wJ. 

xU rkthŒ¥ò khÂç Kiwæš 10 igfŸ vL¡f¥g£L mj‹ cŸns cŸs bghUŸfë‹ 

vilfŸ (».».æš) ÑnH bfhL¡f¥g£LŸsJ.

	 50 	 49 	 52 	 44 	 45 	 48 	 46 	 45 	 49 	 45

(n – 1) tiua‰w ghiffis¡ bfh©l °^l©£o‹ t - gutš
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	 ãu¥g¥gL« igfë‹ vil 50 ».» ÏU¡F« vd vL¤J¡ bfh©L nrhjid 

brŒf.

Ô®Î :

Ïš v‹D« vLnfhŸ :

H0 : μ = 50 ».» mjhtJ ãu¥g¥g£l igæ‹ ruhrç vil 50 ».». v‹f.

kh‰W vLnfhŸ :

			   H1 : μ ≠ 50 ».». (ÏU Kid)

Áw¥ò fh© k£l« :

α = 0.05 v‹f

khÂç ruhrç k‰W« Â£l éy¡f« fz¡»Ljš

X d = x – 48 d2

50 2 4
49 1 1
52 4 16
44 – 4 16
45 – 3 9
48 0 0
46 – 2 4
45 – 3 9
49 + 1 1
45 – 3 9

bkh¤j« – 7 69

			 

x A
d

n

S
n

d
d

n

= + ∑

= + −

= − =

=
−

∑ − ∑











= −

48
7

10
48 0 7 47 3

1

1

1

9
69

2 2
2

. .

( )

(( )

.
.

7

10

64 1

9
7 12

2











= =
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òŸëæaš msitia¡ fz¡»Ljš :

H0 -‹ Ñœ, nrhjid òŸëæaš msitahdJ

				  

t
x

S n
0 2

47 3 50 0

7 12 10

2 7

0 712
3 2

= −

= −

= =

µ

/

. .

. /

.

.
.

	

vÂ®gh®¡f¥gL« kÂ¥ò : 

	 t
x

S n
e

2
= −m

/

 MdJ (10 – 1 = 9) tiua‰w ghiffŸ bfh©l t - gutiy¤  

	 	 	   jGÎ»wJ.

	      = 2.262

KoÎ :

	 Ï§F t0 > te v‹gjhš 5% Áw¥ò fh© k£l¤Âš Ïš vD« vLnfhŸ 

kW¡f¥gL»wJ. Mfnt, ãu¥g¥g£l igæ‹ ruhrç vil 50 ».». Ïšiy vd KoÎ 

brŒa¥gL»wJ.

vL¤J¡fh£L 2 :

	 xU nrh¥ò jahç¡F« ãWtd«, F¿¥Ã£l tif nrh¥ig Ášyiw é‰gid¡ 

filfë‹ _y« é‰»wh®fŸ. és«gu« brŒtj‰F K‹ò xU filæ‹ ruhrç 

é‰gid 140 l#‹fŸ. és«gu« brŒj ÃwF, 26 filfis khÂçahf vL¤jÂš 

ruhrç é‰gid 147 l#‹fŸ k‰W« mj‹ Â£l éy¡f« 16. és«gu« gaDŸsJ vd 

v©Q»whah ?

Ô®Î :

ek¡F¡ bfhL¡f¥g£lit

n = 26; 	 x = 147 l#‹fŸ 		  s = 16

Ïš v‹D« vLnfhŸ :

H0: μ = 140 l#‹fŸ. mjhtJ és«gu« brŒtjdhš é‰gid mÂfç¡f¥gLtÂšiy.

kh‰W vLnfhŸ :

H1: μ > 140 l#‹fŸ (ty Kid)

Áw¥ò fh© k£l« :

				    α = 0.05 v‹f
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òŸëæaš msitia¡ fz¡»Ljš :

H0 ‹ Ñœ, nrhjid òŸëæaš msitahdJ,

				  

t
x

s n
0

1

147 140

16 25

7 5

16
2 19

= −

−

= − = =

m

/

/
.

	

vÂ®gh®¡f¥gL« kÂ¥ò : 

	
t

x

s n
e = −

−
−

=

µ
/

( )

.

1
26 1

1

 follows t-distribution with  = 25 d.f

7708

 MdJ (26 – 1 = 25) tiua‰w ghiffŸ bfh©l t - gutiy¤  

	 	 	     jGÎ»wJ.

KoÎ :

	 Ï§F t0 > te, v‹gjhš 5% Áw¥ò fh© k£l¤Âš Ïš vD« vLnfhŸ 

kW¡f¥gL»wJ. vdnt és«gu« brŒtJ é‰gidia mÂf¥gL¤J« vd KoÎ 

brŒa¥gL»wJ.

6.3 Ïu©L ruhrçfë‹ Ïilna cŸs é¤Âahr¤Â‹ Áw¥ò fh© nrhjid :

6.3.1 rh®g‰w khÂçfŸ :

	 khWghLfŸ rkkhf cŸs Ïu©L Ïašãiy KGik¤ bjhFÂæèUªJ 

vL¡f¥g£l Ïu©L rh®g‰w khÂçfë‹ ruhrçfŸ rk« vd nrhjidæl nt©L« 

vd¡ fUJnth«. x1, x2, …., xn1
 k‰W« y1, y2, ……, yn2

 Ïu©L rh®g‰w rkthŒ¥ò 

khÂçfŸ bfhL¡f¥g£LŸs Ïašãiy KGik¤ bjhFÂæèUªJ vL¡f¥g£lJ 

v‹f.

Ïš v‹D« vLnfhŸ :

H0 : μ1 = μ2 mjhtJ Ïu©L khÂçfS« ruhrçfŸ rkkhf cŸs Ïašãiy KGik¤ 

bjhFÂæèUªJ vL¡f¥g£ld.

kh‰W vLnfhŸ :

H1 : μ1 ≠ μ2 (μ1 < μ2 mšyJ μ1 > μ2)

òŸëæaš msitia¡ fz¡»Ljš :

H0 ‹ Ñœ, nrhjid òŸëæaš msitahdJ

			 

t
x y

S
n n

where x
x

n
y

y

n

0

1 2

1 2

1 1
= −

+

= =;
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			   Ï§F 

t
x y

S
n n

where x
x

n
y

y

n

0

1 2

1 2

1 1
= −

+

= ∑ = ∑
;

k‰W« and S
n n

x x y y
n s n s

n n
2

1 2

2 2 1 1
2

2 2
2

1 2

1

2 2
=

+ −
∑ − + ∑ − =

+
+ −

[ ( ) ( ) ]

vÂ®gh®¡f¥gL« kÂ¥ò : 

	 t
x y

S
n n

n d fe = −

+
+ −

1 1
2

1 2

1 2follows t-distribution with n . MdJ (n1 + n2 – 2) tiua‰w ghiffŸ bfh©l t - gutiy¤  

	 	 	       jGÎ»wJ.

KoÎ :

	 t0 < te våš Ïš vD« vLnfhŸ V‰W¡ bfhŸs¥gL»wJ. t0 > te våš Ïš vD« 

vLnfhŸ kW¡f¥gL»wJ.

vL¤J¡fh£L 3 :

	 5 nehahëfŸ bfh©l xU FGé‰F A vD« kUªJ bfhL¤jÂš mt®fë‹ 

vil 42, 39, 48, 60 k‰W« 41 ».». vd ÏU¡»wJ. 7 nehahëfis¡ bfh©l 

Ïu©lhtJ FGé‰F B vD« kUªJ bfhL¤jÂš mt®fë‹ vil 38, 42, 56, 64, 68, 

69 k‰W« 62 ».». vd ÏU¡»wJ. B vD« kUªJ vilia mÂf¥gL¤J»wJ v‹gij 

Úé® V‰W¡ bfhŸÅuh ?

Ô®Î :

	 A k‰W« B kUªJ bfhL¤J Á»¢iraë¤jÂš nehahëfë‹ vil (».» š) 

Kiwna x k‰W« y kh¿fŸ _y« F¿¡f¥gL»‹wd v‹f.

Ïš v‹D« vLnfhŸ :

H0 : μ1 = μ2 mjhtJ kUªJ A k‰W« B M»at‰¿‹ vilia mÂf¥gL¤J« 

éisÎfëš Áw¥ghd ntWghL Ïšiy.

kh‰W vLnfhŸ :

H1 : μ1 < μ2 mjhtJ B vD« kUªJ vilia mÂf¥gL¤J»wJ.

Áw¥ò fh© k£l«: 

	 α = 0.05 v‹f.
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khÂç ruhrç k‰W« Â£l éy¡f« fz¡»Ljš.

kUªJ A

X x – x (x = 46) (x – x)2

42 – 4   16

39 – 7   49

48    2     4

60 14 196

41 – 5   25

230 0 290

				  
x

x

n
= ∑ = =

1

230

5
46

kUªJ B

Y y – y (y = 57) (y – y)2

38 – 19 361

42 – 15 225

56   – 1     1

64     7   49

68 11 121

69 12 144

62   5   25

399 0 926

				  

y
y

n

S
n n

x x y y

= ∑ = =

=
+ −

∑ − + ∑ −

= + =

2

2

1 2

2 2

399

7
57

1

2

1

10
290 926 12

[ ( ) ( ) ]

[ ] 11 6.
	

òŸëæaš msitia¡ fz¡»Ljš :

H0 ‹ Ñœ, nrhjid òŸëæaš msitahdJ
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t
x y

S
n n

0
2

1 2

1 1

46 57

121 6
1
5

1
7

11

121 6
12
35

1

= −

+




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= −

+





=
×

=
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6 57
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vÂ®gh®¡f¥gL« kÂ¥ò : 

	 t
x y

S
n n

e = −

+






+ −
2

1 2

1 1
5 7 2 follows t-distribution with  ( ) == 10 d.f

=1.812

 MdJ (5 + 7 – 2) = 10 tiua‰w ghiffis¡ bfh©l t -   
				     gutiy¤ jGÎ»wJ.

KoÎ :

	 Ï§F t0 < te v‹gjhš, H0 V‰W¡ bfhŸs¥gL»wJ. mjhtJ kUªJ A k‰W« B 
M»at‰¿‹ vilia mÂfç¡F« éisÎfëš Áw¥ghd ntWghL Ïšiy.

vL¤J¡fh£L 4 :

	 Ïu©L tifahd ä‹fy§fë‹ MÍ£fhy¤ij nrhjid brŒjÂš Ñœf©l 

étu§fŸ bgw¥g£ld.

khÂçfë‹ 

v©â¡if

ruhrç MÍŸ

(kâ neu«)

khWghL

tif A 9 600 121
tif B 8 640 144

	 Ïu©L ruhrçfS¡F Ïilna cŸs é¤Âahr« Áw¥ò thŒªjjh ?

Ô®Î :

bfhL¡f¥g£l étu§fŸ

n1 = 9; 		 x1 = 600 kâ neu« ; 		  s1
2 =121; 	

n2 =8; 		 x2 = 640 kâ neu«; 			  s2
2  =144

Ïš v‹D« vLnfhŸ :

H0 : μ1 = μ2 ; A k‰W« B tif ä‹fy§fë‹ ruhrç MÍ£ fhy§fëš é¤Âahräšiy.
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kh‰W vLnfhŸ :

	 H1 : μ1 ≠ μ2 (ÏU Kid)

Áw¥ò fh© k£l«: 

	 α = 0.05 v‹f

òŸëæaš msitia¡ fz¡»Ljš :

H0 ‹ Ñœ, nrhjid òŸëæaš msitahdJ
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S
n n
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vÂ®gh®¡f¥gL« kÂ¥ò :

	 t
x y

S
n n

e = −

+






+ − =
2

1 2

1 1
9 8 2 15 follows t-distribution with   d.f

= 2 131.

 MdJ (9 + 8 – 2 = 15) tiua‰w ghiffis bfh©l t -   
				    gutiy¤ jGÎ»wJ.

KoÎ :

	 Ï§F t0 > te v‹gjhš H0 kW¡f¥gL»wJ. Mfnt Ïu©L tif ä‹fy§fë‹ 

ruhrç MÍ£fhy§fëilna Áw¥ghd ntWghL cŸsJ vd KoÎ brŒa¥gL»wJ.

6.3.2 bjhl®òila khÂçfŸ t -‹ Ïiz nrhjid :

	 ruhrçfë‹ é¤Âahr¤Â‰fhd nrhjidæš Ïu©L khÂçfS« 

x‹W¡bfh‹W rh®g‰wit.

	 khÂçfë‹ v©â¡iffŸ rkkhf ÏU¡F«. mjhtJ n1 = n2 = n k‰W« eh« 

Ï§F
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Ï¥bghGJ xU F¿¥Ã£l Nœãiyfis vL¤J¡ bfhŸnth«. m§F khÂçfë‹ 

f©l¿ªj étu§fŸ (x1, x2, …….. xn) k‰W« (y1, y2, ……. yn) M»ad K‰¿Ykhf 

rh®g‰wit mšy. Mdhš mt‰¿‹ ÏizfŸ rh®òŸsit.

	 xnu egU¡F Á»¢ir¡F K‹ò«, Á»¢ir¡F Ã‹ò« vL¡f¥g£l étu§fë‹ 

Ïizfis vL¤J¡fh£lhf Twyh«. ÏJnghynt xU kUªJ jahç¡F« ãWtd« 

xU F¿¥Ã£l kUªÂ‹ éisit nrhjid brŒthf bfhŸnth«. mjhtJ m«kUªJ 

bfhL¡f¥g£l Ã‹d® mJ v›thW ö¡f¤ij ö©L»wJ v‹gij nrhjid 

brŒtJ vd¡ bfhŸnth«. nkny Tw¥g£l NœãiyfS¡F t-‹ Ïiz nrhjid 

V‰wJ.

t – Ï‹ Ïiz nrhjid:

	 di = Xi – Yi (i = 1, 2, ……n) v‹gJ i msé‹ Ïiz étu§fë‹ ntWghL 

vd¡ bfhŸnth«.

Ïš v‹D« vLnfhŸ :

H0 : μ1 = μ2 mjhtJ ca®Î j‰brayhdJ.

kh‰W vLnfhŸ :

H1 : μ1 ≠ μ2 (μ1 > μ2 mšyJ μ1 < μ2)

òŸëæaš msitia¡ fz¡»Ljš :
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vÂ®gh®¡f¥gL« kÂ¥ò :

	
t

d

S n
n d fe = −

/
. follows t-distribution with 1

 MdJ n – 1 tiua‰w ghiffis¡ bfh©l t – gutiy¤  

	 	 	 jGÎ»wJ.

KoÎ :

	 t0, te M»at‰iw njitahd Áw¥ò fh© k£l¤Âš x¥Ã£L V‰fnth mšyJ 

kW¡fnth brŒayh«.

vL¤J¡fh£L 5 :

	 j£l¢r®fŸ nki#fëš xU kh‰w« brŒÍ« njit¡F xU nrhjid 

it¡f¥g£lJ. xnu tifahd j£l¢r®fŸ nj®Î brŒa¥g£L Ïu©L éjkhd 

nrhjid¡F£gL¤j¥ g£ld®. x‹W V‰fdnt cgnah»¤j nki#fŸ, k‰bwh‹W 

òÂa tif nki#fŸ. xU ãäl¤Âš j£l¢R brŒa¥g£l bkh¤j th®¤ijfë‹ 

é¤Âahr§fŸ gÂÎ brŒa¥g£ld.
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j£l¢r®fŸ A B C D E F G H I

mÂfç¡f¥g£l 

v©â¡if
2 4 0 3 – 1 4 – 3 2 5

	 nkny bfhL¡f¥g£l étu§fŸ _y« nki#æš V‰g£l kh‰w« j£l¢R 

ntf¤ij mÂf¥gL¤Âajh ?

Ô®Î :

Ïš v‹D« vLnfhŸ :

H0 : μ1 = μ2 mjhtJ nki#æš V‰g£l kh‰w« j£l¢R ntf¤ij mÂf¥gL¤jéšiy.

kh‰W vLnfhŸ :

H1 : μ1 < μ2 (ÏlJ Kid)

Áw¥ò fh© k£l«: 

	  α = 0.05 v‹f.

j£l¢r® d d2

A 2 4

B 4 16

C 0 0

D 3 9

E –1 1

F 4 16

G –3 9

H 2 4

I 5 25

∑d = 16 ∑d2 = 84

				  

d
d

n

S
n

d
d

n

= ∑ = =

=
−

∑ − ∑











= −











16

9
1 778

1

1

1

8
84

16

9

2
2

2

.

( )

( )


= =6 9 2 635. .

òŸëæaš msitia¡ fz¡»Ljš :

H0 -‹ Ñœ, nrhjid òŸëæaš msitahdJ
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t

d n

S0
1 778 3

2 635
2 024= = × =. .

.
.

	

vÂ®gh®¡f¥gL« kÂ¥ò :

	 t
d n

S
d fe = − =

=

.
.

.

 follows t-distribution with 9 1 8

1 860

 MdJ 9 – 1 = 8 tiua‰w ghiffŸ bfh©l t-gutiy¤ jGÎ»wJ.

KoÎ :

	 Ï§F t0 < te v‹gjhš, Ïš v‹D« vLnfhŸ V‰f¥gL»wJ. Ï§F 

bfhL¡f¥g£l étu¤Â‹ _y« nki#æš V‰g£l kh‰w« j£l¢R ntf¤ij 

mÂf¥gL¤jéšiy v‹gij¡ fh£L»wJ.

vL¤J¡fh£L 6 :

	 5 eg®fS¡F gæ‰Á K‹ò«, Ã‹ò« E©z¿Î nrhjid brŒa¥g£lJ. mj‹ 

KoÎfŸ ÑnH bfhL¡f¥g£LŸsd.

eg®fŸ I II III IV V

gæ‰Á¡F K‹ 

E©z¿Î
110 120 123 132 125

gæ‰Á¡F¥ Ã‹ 

E©z¿Î
120 118 125 136 121

	 gæ‰Á Â£l¤Â‰F¥ ÃwF E©z¿éš VjhtJ kh‰w« c©lh v‹gij1% 
Áw¥ò fh© k£l mséš nrhÂ¡fÎ«.

Ô®Î :

Ïš v‹D« vLnfhŸ :

H0 : μ1 = μ2 mjhtJ gæ‰Á¡F Ã‹ò E©z¿éš F¿¥Ãl¤j¡f kh‰w« Ïšiy.

kh‰W vLnfhŸ :

H1 : μ1 ≠ μ2 (ÏU Kid)

Áw¥ò fh© k£l«: 

α = 0.01

x 110 120 123 132 125 Total

y 120 118 125 136 121 -

d = x – y – 10 2 – 2 – 4 4 – 10

d2 100 4 4 16 16 140
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2( )

òŸëæaš msitia¡ fz¡»Ljš :

H0 -‹ Ñœ nrhjid òŸëæaš msitahdJ

				  

t
d

S n0

2

30 5
2

2.4 5
0 816

=

= −

=

=

/

/

. 	

vÂ®gh®¡f¥gL« kÂ¥ò :

	 t
d

S n
e 5 1 4

4 604

= − =

=
/

.

 follows t-distribution with  d.f 	 MdJ 5 – 1 = 4 tiua‰w ghiffŸ bfh©l t – gutiy¤  

	 	 	 jGÎ»wJ.

KoÎ :

	 Ï§F t0 < te v‹gjhš 5% Áw¥ò fh© k£l¤Âš Ïš vD« vLnfhŸ 

v‰f¥gL»wJ. vdnt, gæ‰Á¡F Ã‹ò E©z¿éš F¿¥Ãl¤j¡f kh‰w« Ïšiy.

6.4 if t®¡f nrhjid :

	 K‹ò étç¤j gyéjkhd Áw¥ò fh© nrhjidfŸ v© msit 

étu§fS¡F k£Lnk ga‹gL¤j¥gL»‹wd. k‰W« bghJthf Ïašãiy¥ gutiy¡ 

bfh©l étu§fS¡F k£Lnk ga‹gL¤j¥gL»‹wd. Áy neu§fëš étu§fŸ 

Ïašãiy¥ gutiy¤ jGthkš ÏU¡fÎ« neçL»wJ. vdnt ntW KiwfŸ 

njit¥gL»wJ. Ïªj KiwfŸ vÂ®gh®¡F« k‰W« f©l¿ªj miybt©fS¡F 

Ïilna cŸs é¤Âahr¤ij f©l¿tj‹ neh¡f¤Â‰f ga‹gL»‹wd.

	 k‰bwhU KiwahdJ g©gsitia¢ rhuhj mšyJ g©gsit rhuhj gutš 

Kiw MF«. xU g©gsitia¢ rhuhj òŸëæaš nrhjidæš g©gsitfë‹ 

xU F¿¥Ã£l kÂ¥Ã‰fhd vLnfhŸfŸ mik¡f¥gLtÂšiy. Ïªj KiwfŸ 

f©LÃo¥gj‰F vëjhf ÏU¥gjhš òŸëæaš MŒÎfëš mÂf K¡»a¤Jt« 

bgW»‹wd.
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6.4.1 tiuaiw :

	 if t®¡f (χ2) nrhjid äfÎ« vëaJ k‰W« äf mÂf mséš òŸëæaèš 

ga‹gL¤j¥gL« nrhjidfëš, g©gsitia rhuhj nrhjidahF«. 1900-M« 

tUl« χ2 nrhjidahdJ fh®š Ãa®rdhš Kj‹ Kjèš ga‹gL¤j¥g£lJ. χ2 ‹ 

msÎ f©l¿ªj kÂ¥ò k‰W« vÂ®gh®¡f¥gL« kÂ¥Ã‰F« Ïilna cŸs Ku©ghL 

MF«. Ïjid Ñœf©lthW tiuaW¡fyh«.

	
χ2

2

1

= −









=

∑ ( )Oi Ei

Eii

n

		

	 Ï§F O f©l¿ªj miybt©fisÍ« k‰W« E vÂ®gh®¡F« 

miybt©fisÍ« F¿¡»‹wd.

F¿¥ò :

	 χ2 -‹ kÂ¥ò ó{íakhf ÏU¥Ã‹ f©l¿ªj k‰W« vÂ®gh®¡F« 

miybt©fŸ x‹nwhblh‹W x‹¿ ÏU¡F«. χ2 -Ï‹ kÂ¥ò mÂfkhf ÏUªjhš 

f©l¿a¥g£l k‰W« vÂ®gh®¡f¥gL« miybt©fS¡F Ïilna cŸs Ku©ghL« 

mÂfkhf ÏU¡F«.

if t®¡f¥ gutš :

	 Â£l Ïašãiy kh¿æ‹ t®¡fnk if t®¡f kh¿ahF«. Ïj‹ tiua‰w ghif 

1 MF«. mjhtJ X Ïašãiyæš guéæUªjhš mj‹ ruhrç μ k‰W« Â£léy¡f« 

σ våš ÃwF
x −





µ
σ

2

 v‹gJ tiua‰w ghif 1 vd¡ bfh©l if t®¡f kh¿ MF«. 

Ïªj if t®¡f¥ gutš tiua‰w¥ ghifia¢ rh®ªJ ÏU¡F«. x›bthU tiua‰w 

ghifæ‹ v©â¡if¡F« bt›ntW gutšfŸ »il¡F«. 
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6.4.2 if t®¡f¥ gutè‹ g©òfŸ :

1.	 χ2 gutè‹ ruhrç mj‹ tiua‰w ghiffS¡F rk«. (n)

2.	 χ2 gutè‹ khWghlhdJ 2n

3.	 χ2 gutè‹ Ïilãiy, tisnfh£L¥ gu¥ig ÏU rkkhf¥ Ãç¡»wJ. x›bthU 

gFÂÍ« 0.5 MF«.

4.	 χ2 gutè‹ KfL (n-2) MF«.

5.	 if t®¡f kÂ¥òfŸ v¥bghGJ« neçil. vdnt, if t®¡f tiuaiu v¥bghGJ« 

ne®¡nfh£l« Mf ÏU¡F«.

6.	 tiua‰w ghiffŸ mÂfç¡f mÂfç¡f if t®¡f kÂ¥òfŸ mÂfç¥gjhš 

tiua‰w ghiffë‹ x›bthU mÂfç¥Ã‰F« xU òÂa if t®¡f¥ gutš 

»il¡»wJ.

7.	 if t®¡f¤Â‹ äf¡ Fiwªj kÂ¥ò 0. äf mÂf kÂ¥ò ∞ MF«. χ2 ≥ 0.

8.	 n1, n2 tiua‰w ghiffshf¡ bfh©l χ1
2, χ2

2 v‹git rh®g‰w ÏU if 

t®¡f gutšfŸ våš mitfë‹ TLjš χ1
2 + χ2

2 v‹gJ (n1 + n2) tiua‰w 

ghiffshf¡ bfh©l xU if t®¡f¥ gutyhF«.

9.	 tiua‰w ghiffŸ n > 30 våš 2 2χ  njhuhakhf Ïašãiy¥ gutiy 

beU§F»wJ. 2 2χ  Ï‹ ruhrç 2 1n −  Â£léy¡f« 1 MF«.

6.4.3 χ2 gutiy¥ ga‹gL¤Jtj‰F Ã‹tU« ãgªjidfŸ ãiwÎ brŒa¥gl nt©L« 

1.	 N, miybt©fë‹ TLjš, F¿¥Ãl¤j¡f msé‰F mÂfkhf (50¡F nkš) 

ÏU¡f nt©L«.

2.	 vªj¥ Ãçé‹ f£l miybt©Q« 5¡F Fiwthf ÏU¡f¡ TlhJ. m¥go 

Fiwthf ÏU¥Ã‹ k‰w ÃçÎ miybt©fnshL Ïjid¢ nr®¤J¡ T£o 5¡F« 

Fiwahj miybt©zh¡f nt©L«.

3.	 Ï¢nrhjid¡F¥ ga‹gL¤j¥gL« x›bthU khÂç kÂ¥ò« rh®g‰wjhf ÏU¤jš 

nt©L«.

4.	 χ2 nrhjid KGikÍ« tiua‰w ghiffis¢ rh®ªÂU¡F«.

6.5 bghU¤Jjè‹ br«ik¢ nrhjid (<UW¥ò k‰W« ghŒrh‹ gutš) :

	 fh®š Ãa®r‹ v‹gt® 1900 Ïš f©LÃo¤j k‰W« vÂ®gh®¡f¥gL« 

kÂ¥òfë‹ Ku©ghLfS¡fhd nrhjidia Áy nfh£ghLfŸ mšyJ vL 

nfhŸfë‹ Ñœ éçÎgL¤Âdh®. Ïªj¢ nrhjidahdJ bghU¤Jjè‹ br«ik¡fhd 
χ2-nrhjid vd¥gL»wJ. f©l¿a¥g£l kÂ¥Ã‰F«, vÂ®gh®¡f¥gL« kÂ¥òfS¡F« 

Ïilna cŸs éy¡f« Ïašghd ntWgh£L thŒ¥òfshyh mšyJ nfh£gh£oš 

cŸs étu§fë‹ g‰wh¡Fiwædhyh v‹gij nrhjid brŒa χ2 cjÎ»wJ. Ï§F 

f©l¿ªj k‰W« vÂ®gh®¡f¥gL« kÂ¥òfS¡F Ïilna cŸs é¤Âahr« F¿¥Ãl¤ 

jFªjjhf Ïšiy v‹gJ Ïš vD« vLnfhshf vL¤J¡ bfhŸs¥gL»wJ.
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χ2
2

1

1 1
2

1

2 2
2

2

= −











=
−

+
−

+

=
∑ ( )

( ) ( )
.......

(

Oi Ei

Ei

O E

E

O E

E

O

i

n

nn n

n

E

E

− )2

	

	 nk‰f©l χ2msitahdJ ν = (n – k – 1) tiua‰w ghiffŸ bfh©l χ2 

gutiy¤ jGÎ»wJ v‹W fh®š Ãa®r‹ ã%Ã¤JŸsh®. Ï§F 01, 02, ...0n v‹gd 

f©l¿a¥g£l miybt©fisÍ« k‰W« E1, E2…En, v‹gJ bfhL¡f¥g£l 

étu§fëèUªJ kÂ¥Ãl nt©oa miybt©fisÍ« F¿¡»‹wJ. 

Ï¢nrhjidæ‹ _y« fz¡»l¥g£l kÂ¥òl‹ jFªj tiua‰w ghiffS¡fhd χ2 

m£ltiz kÂ¥ig x¥Ã£L KoÎfŸ nk‰bfhŸs¥gL»‹wd. 

vL¤J¡fh£L 7 :

	 xnu neu¤Âš 4 ehza§fŸ R©l¥gL« nghJ x›bthU KiwÍ« jiyfŸ 

éG« v©â¡if F¿¤J it¡f¥g£lJ. 240 Kiw Ïªj nrhjidia ÂU«g¢ 

brŒÍ« nghJ ÑœfhQ« étu§fŸ »il¡»‹wd.

jiyfë‹ v©â¡if 0 1 2 3 4

v¿a¥g£l v©â¡iffŸ 13 64 85 58 20

	 Ïj‰F X® <UW¥ò gutiy¥ bghU¤Â ehza§fŸ gGj‰wit v‹w vLnfhis 

nrhÂ¡fÎ«.

Ô®Î :

Ïš v‹D« vLnfhŸ :

bfhL¡f¥g£l étu§fŸ X® <UW¥ò¥ gutiy bghU¤J»wJ. mjhtJ ehza§fŸ 

gGj‰wit.

p = q = 1/2 			   n = 4 			   N = 240

vÂ®gh®¡f¥gL« miybt©fis¡ fz¡»Ljš

jiyfë‹ 

v©â¡if
P (X = x) = 4Cxpxqn–x

vÂ®gh®¡f¥gL« miybt©

N. P (X = x)

0 4
1

2

1

2

1

160

0 4

C












= 





1

16
240 15







× =

1 4
1

2

1

2

4

161

1 3

C












= 





4

16
240 60







× =



152

2 4
1

2

1

2

6

162

2 2

C












= 





6

16
240 90







× =

3 4
1

2

1

2

4

163

3 1

C












= 





4

16
240 60







× =

4 4
1

2

1

2

1

164

4 0

C












= 





1

16
240 15







× =

                     240

ift®¡f kÂ¥òfis¡ fz¡»Ljš

f©l¿ªj 

miybt©

O

vÂ®gh®¡f¥gL«

miybt©

E

(O – E)2 ( )O E

E

−





2

13 15 4 0.27

64 60 16 0.27

85 90 25 0.28

58 60   4 0.07

20 15 25 1.67

2.56

	
χ0

2
2

2 56= ∑ −





=( )

.
O E

E

vÂ®gh®¡f¥gL« kÂ¥ò :

	

?? çç
æ
è

æ
è

ce
2

2

= S −
?

( )O E

E
 	MdJ (n – k – 1) tiua‰w ghiffis¡ bfh©l χ2 gutiy¤  

	 	 	 	 jGÎ»wJ.

	  = 9.488  (ν = 5 – 1= 4 tiua‰w ghiffS¡F)

(Ï§nf k = 0 Vbd‹whš étu§fëèUªJ vªj g©gsitÍ« kÂ¥ÕL 

brŒa¥gléšiy)

KoÎ :

Ï§F χ0
2 < χe

2 v‹gjhš, 5% Áw¥ò fh© k£l¤Âš Ïš vD« vLnfhŸ 

V‰W¡ bfhŸs¥gL»wJ. Mfnt, bfhL¡f¥g£l étu¤Â‰F <UW¥ò¥ gutš 

bghUªÂæU¡»wJ.
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vL¤J¡fh£L 8 :

ÑnH bfhL¡f¥g£l m£ltiz fhšgªJ ngh£oæš »il¤j bt‰¿¥òŸëfë‹ 

gutiy¡ fh£L»wJ.

bt‰¿¥ òŸëfë‹ 

v©â¡if

0 1 2 3 4 5 6 7

 ngh£ofë‹ v©â¡if 95 158 108 63 40 9 5 2

Ï›étu¤Â‰F xU ghŒrh‹ gutiy¥ bghU¤Â mj‹ br«ikia nrhjid brŒaÎ«.

Ô®Î :

Ïš v‹D« vLnfhŸ :

bfhL¡f¥g£l étu§fŸ ghŒrh‹ gutiy bghU¤J»wJ.

Áw¥ò fh© k£l«: 

	 α = 0.05 v‹f.

vÂ®gh®¡f¥gL« miybt©fis¡ fz¡»Ljš

	

m

P e

f N P

= =

= =

= = ×

−

812

480
1 7

0
1 7

0
0 183

0 0 480 0 183

1 7
0

.

( )
( . )

!
. .

( ) . ( ) .

.

== 87 84. 	

ÛÂ cŸs vÂ®gh®¡f¥gL« miybt©fŸ kWjuÎ [recurrence relation] bjhl®Ã‹ 

_y« »il¡F«.

	
f x

m

x
x f x( ) ( )+ =

+
1

1 	

N¤Âu¤Âš x = 0, 1, 2, ... vd¥ ÃuÂæl ek¡F ÑœfhQ« miybt©fŸ »il¡F«.

	

	

f

f

f

( ) . .

.

( )
.

.

.

( )
.

1 1 7 87 84

149 328

2
1 7

2
149 328

126 93

3
1 7

3
12

= ×
=

= ×

=

= × 66 93

71 927

4
1 7

4
71 927

30 569

5
1 7

5
30 569

10 393

.

.

( )
.

.

.

( )
.

.

.

=

= ×

=

= ×

=

f

f

ff

f

( )
.

.

.

( )
.

.

.

6
1 7

6
10 393

2 94

7
1 7

7
2 94

0 719

= ×

=

= ×

=
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f

f

f

( ) . .

.

( )
.

.

.

( )
.

1 1 7 87 84

149 328

2
1 7

2
149 328

126 93

3
1 7

3
12

= ×
=

= ×

=

= × 66 93

71 927

4
1 7

4
71 927

30 569

5
1 7

5
30 569

10 393

.

.

( )
.

.

.

( )
.

.

.

=

= ×

=

= ×

=

f

f

ff

f

( )
.

.

.

( )
.

.

.

6
1 7

6
10 393

2 94

7
1 7

7
2 94

0 719

= ×

=

= ×

=

bt‰¿¥ òŸëfë‹ 

v©â¡if
0 1 2 3 4 5 6 7 bkh¤j«

vÂ®gh®¡f¥gL« 

miybt©
88 149 127 72 30 10 3 1 480

f©l¿ªj 

miybt©

O

vÂ®gh®¡f¥gL« 

miybt©

E

(O – E)2 ( )O E

E

−





2

95 88 49 0.56

158 150 64 0.43

108 126 324 2.57

63 72 91 1.13

40 30 100 3.33

9

5

2

16







10

3

1

14






4 0.29

8.31

òŸëæaš msitia¡ fz¡»Ljš :

	
χ0

2
2

8 31= ∑ −





=( )

.
O E

E 	
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vÂ®gh®¡f¥gL« kÂ¥ò :

	
çç
æ
è

æ
è

χe
2

2

= −( )O E

E

 	MdJ ν = 6 – 1 – 1 = 4 tiua‰w ghiffis¡ bfh©l   
				    χ2 - gutiy¤ jGÎ»wJ.

	         = 9.488 

KoÎ :

	 Ï§F χ0
2 < χe

2 v‹gjhš, 5% Áw¥ò fh© k£l¤Âš Ïš vD« vLnfhŸ 

V‰f¥gL»wJ. Mfnt bfhL¡f¥g£l étu¤Â‰F ghŒrh‹ gutš bghUªJ»wJ.

6.6 rh®g‰w j‹ik¡fhd nrhjid :

	 bfhL¡f¥g£l N cW¥òfis¡ bfh©l KGik¤ bjhFÂ, g©ò A I 

mo¥gilahf¡ bfh©L A1, A2, …, Ar v‹w x‹iwbah‹W nruhj k‰W« KGikahd 

r ÃçÎfshf¥ Ãç¡f¥gL»wJ v‹f. Ïnj nghy mnj KGik¤ bjhFÂ cW¥òfŸ 

k‰bwhU g©ò B I mo¥gilahf¡ bfh©L B1, B2, …, Bc v‹w c x‹iwbah‹W 

nruhj k‰W« KGikahd ÃçÎfshf¥ Ãç¡f¥gL»‹wJ v‹f. A1, A2, …, Ar k‰W« 

B1, B2, …, Bc ÃçÎfis¢ rh®ªJ ÏU¡F« cW¥òfë‹ miybt© - gutš Ñœf©l 

gšneh¡F ne®Î m£ltizahf ÑnH ju¥g£LŸsJ.

r × c gšneh¡F ne®Î m£ltiz

B1 B2 

Bj 

Bc Total

A1 (A1B1) (A1B2)


(A1Bj) 

(A1Bc) (A1)

A2 (A2B1) (A2B2)


(A2Bj) 

(A2Bc) (A2)

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

Ai (AiB1) (AiB2)


(AiBj) 

(AiBc) (Ai)

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

Ar (ArB1) (ArB2)


(ArBj) 

(ArBc) (Ar)

bkh¤j« (B1) (B2)


(Bj) 

(Bc)
∑Ai = ∑Bj

        = N

	 Ai, (i = 1, 2, … r) g©ig¡ bfh©l eg®fë‹ bkh¤j v©â¡ifia (Ai) 
F¿¡F«, Bj,(j = 1,2,3,….c) g©ig¡ bfh©l eg®fë‹ bkh¤j v©â¡if (Bj) 
k‰W« Ai , Bj (i = 1, 2, …r, j = 1,2,…c) ÏU g©òfisÍ« bfh©l bkh¤j eg®fë‹ 

v©â¡if (Ai Bj) MF«.

A
B
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	 nkY«, ∑Ai = ∑Bj = N

	 A k‰W« B v‹w ÏU g©òfŸ rh®g‰wit v‹w Ïš vD« vLnfhë‹ Ñœ            
(AiBj) -‹ vÂ®gh®¡f¥gL«.

	 miybt©zhdJ = ( ) ( )Ai Bj

N
òŸëæaš msitia¡ fz¡»Ljš :

	 Mfnt g©òfë‹ rh®g‰w j‹ik v‹w Ïš vD« vLnfhë‹ Ñœ nkny f©l 

m£ltizæ‹ x›bthU f£l miybt©fë‹ vÂ®gh®¡F« miybt©fis ÑnH 

cŸs N¤Âu¤Â‹ _y« fz¡»lyh«.

χ0
2

2

= ∑
−









( )O E

E
i i

i 	

vÂ®gh®¡f¥gL« kÂ¥ò :

	 æ
è

æ
èce

2
2

= S
−

?
( )O E

E
i i

i

 MdJ (r – 1) (c – 1) tiua‰w ghiffŸ χ2 gutiy¤  

	 	 	 	    jGÎ«.

KoÎ :

	 χ0
2 cl‹ χe

2 -I¡ F¿¥Ã£l Áw¥ò fh©k£l¤Â‹ Ñœ x¥Ã£L eh« Ïš vD« 

vLnfhis V‰fnth mšyJ kW¡fnth brŒayh«.

6.6.1  2 × 2 ne®Î m£ltiz :

	 g©òfë‹ rh®g‰w j‹ik¡fhd Ïš vD« vLnfhë‹ Ñœ Ñœ¡f©l 

m£ltiz¡fhd χ2 -‹ kÂ¥ò

χ0
2

2

= −
+ + + +

N ad bc

a c b d a b c d

( )

( ) ( ) ( ) ( ) 	

2 × 2 ne®Î m£ltiz

bkh¤j«

a b a + b
c d c + d

bkh¤j« a + c b + d N

6.6.2 V£Á‹ ÂU¤j« :

	 xU 2 × 2 ne®Î¥ g£oaèš tiua‰w ghiffë‹ v©â¡if                            

(2–1) (2–1)=1 MF«. VjhtU xU f£l¤Âš vÂ®gh®¡f¥gL« miybt© Iªij él 

Fiwthf ÏU¥Ã‹ mªj miybt©iz k‰bwhU f£l¤Â‹ miybt©nzhL 
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T£o vGJtj‹ _y« tiua‰w ghifæ‹ v©â¡if 0 M» éL»wJ. ÏJ 

bghUs‰wjhF«.

	 Ïªãiyæš F. V£° (1934) v‹gtuhš bfhL¡f¥g£l "bjhl®¢Á¡fhd 

V£Á‹ ÂU¤j¤ij" eh« ga‹gL¤J»nwh«. Ï«Kiw¥go 5I él Fiwthd f£l 

miybt©nzhL 0.5¡ T£o k‰w miybt©fis¡ rçbrŒ»nwh«. Ï›éj« 

ÂU¤j¥g£l χ2 ‹ kÂ¥ò.

	

?? çç
æ
è

æ
è

æ
è

æ
è

æ
è

æ
è

æ
è

æ
è ??

c2

1

2

1

2

2
1

2

1

2
=

? ? − ± ? ± ?

+

N a d b c

a c b( )( ++ + +d a b c d)( ) ( )

é
êë

é
êë

+ + 
_ _

	

vL¤J¡fh£L 9 :

	 xU fšÿçæš gæY« 1000 khzt®fŸ, mt®fë‹ E©z¿Î k‰W« Å£o‹ 

bghUshjhu ãiyia it¤J ju« Ãç¡f¥gL»‹wd®. χ2 nrhjidia¥ ga‹gL¤Â 

Å£o‹ bghUshjhu ãiy¡F« E©z¿é‰F« bjhl®ò ÏU¡»wjh vd¡ fh©f.

bghUshjhu ãiy
E©z¿Î

bkh¤j«
mÂf« FiwÎ

gz¡fhu® 460 140 600
ViH 240 160 400
bkh¤j« 700 300 1000

Ô®Î :

Ïš v‹D« vLnfhŸ :

	 Å£o‹ bghUshjhu ãiy¡F«, E©z¿é‰F« bjhl®ò Ïšiy. mjhtJ 

mit rh®g‰wit.

	
E

A B

N11
600 700

1000
420= = × =( ) ( )

	

vÂ®gh®¡f¥gL« miybt©fë‹ m£ltiz Ñœf©lthW

bkh¤j«

420 180 600
280 120 400

bkh¤j« 700 300 1000

f©l¿ªj 

miybt©

O

vÂ®gh®¡f¥gL«

miybt©

E

(O – E)2 ( )O E

E

−





2

460 420 1600      3.81

240 280 1600   5.714
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140 180 1600   8.889

160 120 1600 13.333

31.746

	
χ0

2
2

31 746= ∑ −





=( )

.
O E

E

vÂ®gh®¡f¥gL« kÂ¥ò :

	
?? çç
æ
è

æ
è

ce
2

2

= S −
?

( )O E

E
 MdJ (2 – 1) (2 –1) = 1 tiua‰w ghiffŸ bfh©l 

				    χ2- gutiy¤ jGÎ»wJ.

	  = 3.84

KoÎ :

	 Ï§F χ0
2 > χe

2 v‹gjhš, 5% Áw¥ò fh© k£l¤Âš Ïš vD« vLnfhŸ 

kW¡f¥gL»wJ. mjhtJ Å£o‹ bghUshjhu ãiy¡F«, E©z¿é‰F« bjhl®ò 

cŸsJ.

vL¤J¡fh£L 10 :

	 xU »uhk¤Âš 120 ngiu khÂçahf vL¤J¡ bfh©L mt®fëš 76 ngU¡F 

~òq fhŒ¢riy jL¥gj‰fhd òÂa kUªJ bfhL¤jh®fŸ. mt®fëš 24 ngiu 

mªj fhŒ¢rš jh¡»aJ. jL¥ò kUªJ bfhL¡fhjt®fëš 12 ngU¡F mªj fhŒ¢rš 

tuéšiy.

	 (i)	 f©l¿a¥g£l miybt©fë‹ 2 × 2 m£ltizia¤ jah® brŒf.

	 (ii)	 òÂa kUªJ gadë¤jjh Ïšiyah v‹gij f©LÃo¡f if t®¡f  

	 	 nrhjidia¢ ga‹gL¤Jf.

Ô®Î :

	 nkny bfhL¡f¥g£l étu« 2 × 2 ne®Î m£ltizæš ÑnH më¡f¥gL»wJ.

f©l¿a¥g£l miybt©fë‹ m£ltiz

òÂa kUªJ

¥q fhŒ¢rè‹ éisÎ

bkh¤j«fhŒ¢rš 

jh¡»at®

fhŒ¢rš 

jh¡fhjt®

bfhL¡f¥g£lt®fŸ 24 76 – 24 = 52 76

bfhL¡f¥glhjt®fŸ 44 – 12 = 32 12 120 – 76 = 44

bkh¤j« 120 – 64 = 56

  24 + 32 = 56

52 + 12 = 64 120
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Ïš v‹D« vLnfhŸ :

	 ¥q fhŒ¢rY«, òÂa kUªJ bfhL¤jY« rh®g‰wit.

Áw¥ò fh© k£l«: 

	 α = 0.05 v‹f.

òŸëæaš msitia¡ fz¡»Ljš :

	

c0
2

2

2120 24 12 52 32

56 64 7

= −

+ + + +

= −

N ad bc

a c b d a b c d

( )

( ) ( ) ( ) ( )

( )

66 44

120 1376

56 64 76 44

120 1376

56 64 76 44

2 2

= − =

=

( ) ( )

logAnt [[log log (log log log log )]

( .

120 2 1376 56 64 76 44

1 277

+ − + + +
= Antilog 77 18 95) .=

x x

x x x

x x x x x x

i

	

vÂ®gh®¡f¥gL« kÂ¥ò :

	

?? çç
æ
è

æ
è

ce
2

2

= S −
?

( )O E

E
 	MdJ (2 – 1) (2 – 1) tiua‰w ghiffŸ bfh©l χ2 gutiy¤  

	 	 	 jGÎ»wJ.

	  = 3.84

KoÎ :

	 Ï§F χ0
2 > χe

2 v‹gjhš, 5 % Áw¥ò fh© k£l¤Âš H0 kW¡f¥gL»wJ. vdnt 

òÂa kUªJ ~¥q fhŒ¢riy¡ f£L¥gL¤J»wJ vd KoÎ brŒa¥gL»wJ.

vL¤J¡fh£L 11 :

	 Ïu©L MuhŒ¢Áahs®fŸ bt›ntW tifahd khÂç¡ fâ¥ò Kiwfis 

ga‹gL¤Â xnu FGéš cŸs khzt®fë‹ bt›ntW E©z¿Î k£l msÎfis¡ 

f©LÃo¤jd®. mj‹ KoÎfŸ Ñœ¡f©lthW.

MuhŒ¢Á 

ahs®fŸ

khzt®fë‹ v©â¡if

bkh¤j«ruhrç¡F« 

ÑnH
ruhrç

ruhrç¡F« 

nkny

ä¡f 

m¿Î¤Âw‹

X 86 60 44 10 200

Y 40 33 25 2 100

bkh¤j« 126 93 69 12 300

ÏU MuhŒ¢Áahs®fŸ ifah©l khÂç¡ fâ¥ò KiwfŸ rh®g‰wit.
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Ô®Î :

Ïš v‹D« vLnfhŸ :

	 ÏU MuhŒ¢Áahs®fŸ nk‰bfh©l khÂç¡fâ¥ò KiwfŸ rh®g‰wit.

Áw¥ò fh© k£l«: 

	 α = 0.05 v‹f.

òŸëæaš msitia¡ fz¡»Ljš :

	

E

E

E

( )

( )

( )

86
126 200

300
84

60
93 200

300
62

44
69 200

300
46

= × =

= × =

= × =
	

	 vÂ®gh®¡f¥gL« miybt©fŸ m£ltiz.

ruhrç¡F« 

ÑnH
ruhrç

ruhrç¡F« 

nkny

ä¡f 

m¿Î¤Âw‹
bkh¤j«

X 84 62 46 200 – 192 = 8 200

Y 126 –84 = 42 93 – 62 = 31 69 – 46 = 23 12 – 8  = 4 100

bkh¤j« 126 93 69 12 300

if t®¡f òŸëæaš msit¡ fz¡»lš:

f©l¿a¥g£l 

miybt©

O

vÂ®gh®¡f¥gL« 

miybt©

E

(O – E) (O – E)2 ( )O E

E

−





2

86 84 2 4 0.048

60 62 – 2 4 0.064

44 46 – 2 4 0.087

10 8 2 4 0.500

40 42 – 2 4 0.095

33 31 2 4 0.129

25

2
27











23

4
27









 0 0 0

300 300 0 0.923
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χo

O E

E
2

2

0 923= ∑ −





=( )

.

vÂ®gh®¡f¥gL« kÂ¥ò :

	

χe
O E

E
2

2

= ∑ −





( )  	MdJ (4 – 1 ) ( 2 – 1 ) = 3 – 1 = 2 tiua‰w ghiffŸ bfh©l χ2  

			   gutiy¤ jGÎ»wJ.

	        = 5.991

KoÎ :

	 Ï§F χ0
2 < χe

2 Mifahš, 5 % Áw¥ò¡ fh© k£l¤Âš Ïš v‹D« vLnfhŸ 

V‰f¥gL»wJ. vdnt ÏU MuhŒ¢Áahs®fŸ nk‰bfh©l khÂç¡ fâ¥ò KiwfŸ 

rh®g‰wit.

6.7 KGik¤ bjhFÂ khWgh£o‰fhd nrhjid :

	 bfhL¡f¥g£l Ïašãiy KGik¤ bjhFÂ xU F¿¥Ã£l khWghL σ2 = σo
2 I¡ 

bfh©LŸsJ vd¢ nrhjid brŒa éU«Ãdhš

Ïš v‹D« vLnfhŸ :

	 Ho : σ2 = σo
2

Áw¥ò fh© k£l«:

	 α = 5% mšyJ 1%

òŸëæaš msitia¡ fz¡»Ljš :

	
χ

σ σ0
2 1

2

0
2

2

0
2

2

1

21

=
∑ −

=

= ∑ −

=

=

i

n

i

i

n

i

x x
ns

Where s
n

x x

( )

( )

	

	 Ï§F 

χ
σ σ0

2 1

2

0
2

2

0
2

2

1

21

=
∑ −

=

= ∑ −

=

=

i

n

i

i

n

i

x x
ns

Where s
n

x x

( )

( )

vÂ®gh®¡f¥gL« kÂ¥ò :

	
χ

σe
i

n

ix x
2 1

2

0
2

=
∑ −
=

( )  MdJ (n – 1) tiua‰w ghiffis¡ bfh©l χ2- gutiy¤  

	 	 	        jGÎ»wJ.

KoÎ :

	 χ0
2 ≤ χe

2 våš Ïš vD« vLnfhis V‰»nwh« khwhf χ0
2 > χe

2 våš eh« Ïš 

vD« vLnfhis kW¡»nwh«.
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vL¤J¡fh£L 12 :

	 khÂçæ‹ Â£léy¡f« 6 vd bfh©LŸs 20 v©â¡if cila xU 

rkthŒ¥ò khÂç xU KGik¤ bjhFÂæèUªJ vL¡f¥gL»J. mªj KGik¤ 

bjhFÂæ‹ Â£léy¡f« 9 v‹gij¢ nrhjid brŒf.

Ô®Î :

ek¡F¡ bfhL¡f¥g£lit

n = 20 k‰W« s = 6

Ïš v‹D« vLnfhŸ :

H0 KGik¤ bjhFÂæ‹ Â£léy¡f« σ = 9.

Áw¥ò fh© k£l«:

	 α = 5 % v‹f.

òŸëæaš msitia¡ fz¡»Ljš :

H0 -‹ Ñœ, òŸëæaš nrhjid msitahdJ

	
χ

σ0
2

2

2

20 36

9 9
8 89= = ×

×
=ns

.

vÂ®gh®¡f¥gL« kÂ¥ò :

	
χ

σe
ns2

2

2
=

 MdJ (20 – 1 = 19) tiua‰w ghiffŸ bfh©l χ2 - gutiy¤ 

	 	       jGÎ»wJ.

	        = 30.144

KoÎ :

	 Ï§F χ0
2 < χe

2 v‹gjhš, 5 % Áw¥ò fh© k£l¤Âš Ïš vD« vLnfhŸ 

V‰f¥gL»wJ. mjdhš KGik¤ bjhFæ‹ Â£léy¡f« 9 vd KobtL¡f¥gL»wJ.

vL¤J¡fh£L 13 :

1 0 khzt®fë‹ vil (».»š) ÑnH bfhL¡f¥g£LŸsJ.

		  38, 40, 45, 53, 47, 43, 55, 48, 52 k‰W« 49.

nk‰f©l khÂç vL¡f¥g£l mid¤J khzt®fë‹ vilfë‹ gutè‹ khWghL 20 

».». vd¢ brhšyyhkh ?

Ô®Î :

Ïš v‹D« vLnfhŸ :

	 H0 : σ2 = 20 mjhtJ mid¤J khzt®fë‹ vilfë‹ gutè‹ khWghL 20 

vd¡ bfhŸsyh«.
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Áw¥ò fh© k£l« : α = 0.05 v‹f

khÂç ntWghL fz¡»Ljš

vil (».».) 

x
x – x = x – 47 (x – x)2

38 – 9 81

40 – 7 49

45 – 2 4

53 6 36

47 0 0

43 – 4 16

55 8 64

48 1 1

52 5 25

49 2 4

280

khÂç T£L ruhrçahdJ

	
x

x

n
= ∑ = =470

10
47

	

òŸëæaš msitia¡ fz¡»Ljš :

nrhjid òŸëæaš msitahdJ

	
χ

σ σo
ns x x2

2

2

2

2

280

20
14= = ∑ − = =( )

		

vÂ®gh®¡f¥gL« kÂ¥ò :

	
χ

σe
ns2

2

2
=

 MdJ (10 – 1 = 9) tiua‰w ghiffŸ bfh©l χ2 gutiy¤ 

	 	        jGÎ»wJ.

	        = 16.919

KoÎ :

	 Ï§F χ0
2 < χe

2 Mifahš, Ho V‰f¥gL»wJ. vdnt KGik¤ bjhFÂæš 

cŸs mid¤J khzt®fë‹ vilfë‹ gutè‹ khWghL 20 ».» vd eh« KoÎ¡F 

tuyh«.
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6.8 F – òŸëæaš msit : tiuaiw

	 X v‹gJ xU n1 tiua‰w ghiffŸ bfh©l χ2 kh¿ k‰W« Y xU rh®g‰w n2 
tiua‰w ghiffŸ bfh©l χ

2 kh¿.

	 ÃwF F - msitahdJ F = 
X n

Y n

/

/
1

2
.

	 mjhtJ F - msitahdJ Ïu©L rh®g‰w if t®¡f kh¿fis Kiwna 

mj‹ tiua‰w ghiffshš tF¡f¡ »il¡F« é»j« MF«. Ïªj òŸëæaš 

msitahdJ °belfç‹ (n1, n2) tiua‰w ghiffis¡ bfh©l F - gutyhF«.

6.8.1 khWghLfë‹ é»j¤ij nrhÂ¤jš :

	 x1, x2, x3 …..xn1 v‹w n1 v©â¡iffŸ bfh©l xU rkthŒ¥ò khÂçahdJ 

σ1
2 v‹w khWghL bfh©l Kjš KGik¤ bjhFÂæèUªJ«, k‰W« y1, y2, y3 …

yn2 v‹w n2 v©â¡iffŸ bfh©l xU rkthŒ¥ò khÂçahdJ, σ2
2 v‹w khWghL 

bfh©l Ïu©lhtJ KGik¤ bjhFÂæèUªJ« vL¡f¥gL»‹wd. ÏU khÂçfS« 

rh®g‰witahf cŸsd v‹gJ bjëÎ.

Ïš v‹D« vLnfhŸ :

	 H0 = σ1
2 = σ2

2 = σ2 mjhtJ KGik¤ bjhFÂ khWghLfŸ rk«.

òŸëæaš msitia¡ fz¡»Ljš :

H0 -‹ Ñœ, nrhjid òŸëæaš msitahdJ

	 Ï§F  

F
S

S

Where S
n

x x
n s

n

S
n

y y
n

0
1
2

2
2

1
2

1

2 1 1
2

1

2
2

2

2

1

1 1

1

1

=

=
−

∑ − =
−

=
−

∑ − =

( )

( ) 22 2
2

2 1

s

n −

	 F-é»j¤Âš v¥nghJ« bjhFÂæš cŸs v© gFÂæš cŸs v©iz él 

mÂfkhf ÏU¡F«.

	
F =

bgça khWghL

Á¿a khWghL 	  

	 ν1 = bgça khWghL cŸs khÂçæ‹ tiua‰w ghif

	 ν2 = Á¿a khWghL cŸs khÂçæ‹ tiua‰w ghif

vÂ®gh®¡f¥gL« kÂ¥ò :

	
F

S

S
e = 1

2

2
2

 MdJ (ν1 = n1 – 1 , ν2 = n2 – 1) tiua‰w ghiffŸ bfh©l 

F - gutiy¤ jGÎ»wJ.
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KoÎ :

	 F-‹ f©l¿a¥g£l kÂ¥ò (n1, n2) -é‰Fça F m£ltiz kÂ¥nghL 

5% mšyJ 1% Áw¥ò fh© k£l¤Âš x¥Ãl¥gL»wJ. mÂš F0 > Fe våš H0 
kW¡f¥gL»wJ. F0 < Fe våš V‰f¥g£L Ïu©L khÂçfS« xnu khWghL cŸs 

KGik¤ bjhFÂæèUªJ vL¡f¥g£ld v‹W KobtL¡f¥gL»wJ. F - nrhjid 

khWgh£lsitæ‹ é»jkhf cŸsjhš Ïjid khWgh£L é»j nrhjid v‹»nwh«.

vL¤J¡fh£L 14 :

Ïu©L Ïaš ãiy KGik¤ bjhFÂæèUªJ Ïu©L rkthŒ¥ò khÂçfŸ 

vL¡f¥g£ld.

khÂç I: 20 	 16 	 26 	 27 	 22 	 23 	 18 	 24 	 19 	 25

khÂç II: 27 	 33 	 42 	 35 	 32 	 34 	 38 	 28 	 41 	 43 	 30 	 37

KGik¤ bjhFÂ khWgh£o‹ kÂ¥ÕLfis¡ f©LÃo¤J, mªj Ïu©L KGik¤ 

bjhFÂfS« xnu khWghL bfh©ldth v‹gij 5% Áw¥ò fh© k£l¤Âš nrhjid 

brŒf.

Ô®Î :

Ïš v‹D« vLnfhŸ :

H0: σ1
2 = σ2

2 mjhtJ Ïu©L KGik¤ bjhFÂfS« xnu khWgh£il¡ 

bfh©LŸsd.

kh‰W vLnfhŸ:

H1: σ1
2 ≠ σ2

2 (ÏU Kid)

bjhFÂ khWghL fz¡»Ljš :

	

x
x

n

x
x

n

1
1

1

2
2

2

220

10
22

420

12
35

=
∑

=

=

=
∑

=

= 	
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x1 x1 – x1 (x1 – x1)2 x2 x2 – x2 (x2 – x2)2

20 – 2 4 27 – 8 64

16 – 6 36 33 – 2 4

26 4 16 42 7 49

27 5 25 35 0 0

22 0 0 32 – 3 9

23 1 1 34 – 1 1

18 – 4 16 38 3 9

24 2 4 28 – 7 49

19 – 3 9 41 6 36

25 3 9 43 8 64

220 0 120 30 – 5 25

37 2 4

420 0 314

Áw¥ò fh© k£l«:

	 α = 5 % v‹f.

F -òŸëæaš msit Ñœ¡fhQ« é»jkhf tiuaW¡f¥gL»wJ.

	  

		

F
S

S

Where S
x x

n

S
x x

n

0
1
2

2
2

1
2 1 1

2

1

2
2 2 2

2

2

1

120

9
13 33

=

=
−

−
= =

=
−

−

( )
.

( )

11

314

11
28 54= = .

S2
2 > S1

2 vdnt, gFÂæš bgça khWghL« bjhFÂæš Á¿a khWghL« ÃuÂæl 

nt©L«.

	
∴ = =F0

28 54

13 33
2 14

.

.
.

	

vÂ®gh®¡f¥gL« kÂ¥ò :

	 F
S

S
e = 2

2

1
2

 MdJ (n1 = 12 – 1 = 11 ; n2 = 10 – 1= 9) tiua‰w ghiffŸ bfh©l F-  
		       gutiy¤ jGÎ»wJ.

	      = 3.10

Ï§F
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KoÎ :

	 Ï§F F0 < Fe Mifahš, 5% Áw¥ò fh© k£l¤Âš Ïš vD« vLnfhŸ 

V‰f¥gL»wJ. vdnt xnu khWghL cila KGik¤ bjhFÂæèUªJ ÏU khÂçfS« 

vL¡f¥g£ld vd KobtL¡»nwh«.

vL¤J¡fh£L 15 :

	 A k‰W« B v‹w ÏU étrha ãy§fŸ rkkhd ÁW gh¤Âfshf¥ Ãç¡f¥g£L 

mÂš »il¡F« nfhJikæ‹ éis gy‹fŸ ÑnH bfhL¡f¥g£LŸsd. ãy« A I¥ 

nghy ãy« B æY« xnu khÂç cu§fŸ ga‹gL¤j¥g£ld.

gh¤Âfë‹ 

v©â¡if

ruhrç  

éisgy‹

khWghL

gFÂ A 8 60 50

gFÂ B 6 51 40

	 Ïu©L gFÂfë‹ khWghLfS¡F Ïilna cŸs é¤Âahr« Áw¥ò thŒªjjh 

vd F nrhjidia¥ ga‹gL¤Â f©LÃo¡fÎ«.

Ô®Î :

ek¡F¡ bfhL¡f¥g£lit

n1 = 8 		 n2 = 6 		 x1 = 60 	 x2 = 51 	 s1
2 =50		  s2

2 = 40

Ïš v‹D« vLnfhŸ :

H0: σ1
2 = σ2

2 mjhtJ nfhJikæ‹ éisgy‹fë‹ khWgh£L é¤Âahr« Áw¥ò 

thŒªjjšy.

kh‰W vLnfhŸ :

H1: σ1
2 ≠ σ2

2 (ÏU Kid)

Áw¥ò fh© k£l«:

	 α = 0.05 v‹f

òŸëæaš msitia¡ fz¡»Ljš :

	

S
n s

n

S
n s

n

1
2 1 1

2

1

2
2 2 2

2

2

1

8 50

7

57 14

1

6 40

5

48

=
−

= ×

=

=
−

= ×

=

.
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S1
2 > S2

2 vdnt,

	
F

S

S
0

1
2

2
2

57 14

48
1 19= = =.
.

	

vÂ®gh®¡f¥gL« kÂ¥ò :

	
F

S

S
e =

1
2

2
2

 MdJ (n1 = 8 – 1 = 7 ; n2 = 6 – 1= 5) tiua‰w ghiffŸ bfh©l F-  
		       gutiy¤ jGÎ»wJ.

	      = 4.88

KoÎ :

	 Ï§F F0 < Fe v‹gjhš, Ïš vD« vLnfhŸ V‰f¥gL»wJ. mjhtJ 

nfhJikæ‹ éisgy‹fë‹ khWgh£o‹ é¤Âahr« Áw¥ò thŒªjjšy.

gæ‰Á- 6

I. rçahd éilia¤ nj®ªbjL¡fÎ« :

1.	 °^l©£ t - gutè‹ K‹ndho

	 m) fh®š Ãa®[‹	 	 	 M) yh¥yh°

	 Ï) R.A. ÃB®	 	 	 	 <) éšèa« S. fhb[£

2.	 t - gutè‹ Å¢R

	 m) – ∞ Ïš ÏUªJ 0 			   M) 0 Ïš ÏUªJ ∞ 		

	 Ï) – ∞ Ïš ÏUªJ ∞ 			   <) 0 Ïš ÏUªJ 1

3.	 ÁW TWfëš ÏU ruhrçfS¡»ilæyhd ntWghL Ï›thŒgh£lhš 

nrhÂ¡f¥gL»wJ.

	 m) t
x x

s
=

−1 2 				    M) t = 
x x

s

n n

n n
1 2 1 2

1 2

− +
+

	 Ï) t
x x

s

n n

n n
=

−
+

1 2 1 2

1 2
		  <) t

n n

n n
=

+
1 2

1 2

4.	 ÏU ÁW TWfë‹ ruhrçS¡»ilna cŸs ntWgh£o‰fhd Áw¥ò nrhjidæ‹ 

nghJ tiua‰w ghiffë‹ v©â¡if

	 m) n1 + n2 	 M) n1 + n2 – 1		 Ï) n1 + n2 – 2 		 <) n1 + n2 +2
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5.	 f©l¿a¥g£l ÏU TWfS¡F Ïiz¡f¥g£l t nrhjidia ga‹gL¤J« 

bghGJ mit _________ ÏU¡F«.

	 m) Ïizahf	 	 	 	 	 M) x£Lwthf	

	 Ï) cW¥òfë‹ v©â¡if¡F rkkhf	 <) Ïit mid¤Jkhf

6.	 9 Ïiz kÂ¥òfë‹ kÂ¥òfëš ruhrçfS¡»ilæyhd é¤Âahr« 15 k‰W« 

Â£léy¡f« 5.0 våš nrhjid msit t -‹ kÂ¥ò

	 m) 27 		  M) 9 			   Ï) 3 			   <) 0

7.	 f©l¿a¥g£l k‰W« vÂ®gh®¡f¥gL« kÂ¥òfŸ KGtJ« rk« våš χ2 ‹ kÂ¥ò

	 m) –1 						      M) + 1 		

	 Ï) x‹iwél mÂf« 				    <) 0

8.	 n = 2 våš χ2 0.05 ‹ kÂ¥ò

	 m) 5.9 		  M) 5.99 		  Ï) 5.55 		  <) 5.95

9. 	 fz¡ÑL brŒa¥g£l χ2 -‹ kÂ¥ò

	 m) v¥bghGJ« äif v©	 	 	 M) v¥bghGJ« Fiw v©

	 Ï) äif mšyJ Fiw v©	 	 	 <) Ït‰¿š vJÎ« Ïšiy

10.	 f£l miybt© ________ ÏU¡F« nghJ V£Á‹ ÂU¤j« ga‹gL»wJ.

	 m) 5 		  M) < 5 		  Ï) 1 			   <) 4

11.	 χ2 nrhjidia¡ f©LÃo¤jt®

	 m) R.A. ÃB®	 M) fh°	 	 Ï) fh®š Ãa®r‹	 <) ny¥yh°

12.	 ift®¡f nrhjidæš 4 × 3 nj®Î¥ g£oaè‹ tiua‰w ghif

	 m) 12 		  M) 9 			   Ï) 8 			   <) 6

13.	 F - msitæš tH¡fkhf bgça khWghL ________ š ÏU¡F«.

	 m) bjhFÂæš	   M) gFÂæš	 	 Ï) Ïu©oY«	 <) Ïit vJÎäšiy

14.	 F = 
S

S

1
2

2
2  v‹w nrhjid òŸëæaš msit _________ I nrhjid brŒa¥ 

ga‹gL»wJ.

	 m) H0 : μ1 = μ2	 M) H0 : σ1
2 = σ2

2	 Ï) H0 : σ1 = σ	 	 <) H0: σ2 = σ0
2

15.	 F - msitæ‹ Ñœ KGik¤ bjhFÂ ruhrç¡F« khÂç ruhrç¡F« Ïilna cŸs 

é¤Âahr¤ij nrhjidæl cjÎ« khÂç ruhrçæ‹ Â£l¥ÃiH

	 m) σ2

n
		  M) 

s

n
		  Ï) 

σ
n

		  <) 
s

n
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II. 	 nfho£l Ïl¤ij ãu¥òf :

16.	 t - nrhjidæš KGik¤ bjhFÂæ‹ Â£léy¡f«  ____________

17.	 t- kÂ¥òfŸ  ____________ Ïilæš ÏU¡F«.

18.	 Ïiz¡f¥g£l t- nrhjid khÂç v©â¡iffŸ _____________ Mf ÏU¡F« 

nghJ ga‹gL¤j¥gL«.

19.	 °^l©£o‹ t- nrhjidia khÂçfŸ___________ Mf ÏU¡F« nghJ 

ga‹gL¤jyh«.

20.	 χ2 òŸëæaš msitæ‹ kÂ¥ò __________ k‰W« _________ miybt©fë‹ 

é¤Âahr§fS¡F k¤Âæš mikÍ«.

21.	 χ2 ‹ kÂ¥ò ___________ ¡F«  ___________ ¡F« Ïilæš mikÍ«.

22. 	Ïu©L KGik¤ bjhFÂ khWgh£o‹ rk¤Jt« ___________ -‹ _y« nrhjid 

brŒa¥gL«.

23.	 χ2 nrhjidahdJ vëikahfÎ« mÂf mséš ga‹gl¡ ToaJkhd _________ 

nrhjid.

24.	 f©l¿a¥g£l k‰W« vÂ®gh®¡f¥gL« miybt©fë‹ Ku©ghL mÂf¥go‹ 
χ2 ‹ kÂ¥ò« _________.

25.	 rh®ò m£ltizæš n =_________.

26. 	χ2 ‹ gutš __________ I¢ rh®ªJ ÏU¡F«.

27.	 χ2 gutè‹ khWgh£L msit tiua‰w ghifæ‹ _______ kl§fhf ÏU¡F«.

28.	 χ2 nrhjidæ‹ xU ãgªjidahdJ, vªj f£l miybt©Q« _________ Mf 

ÏU¡f¡ TlhJ.

29.	 3 × 2 rh®ò m£ltizæš ________  f£l§fŸ cŸsd.

30.	 F- nrhjid __________ é»j nrhjid vd¥gL«.

III. 	Ñœ¡f©l édh¡fS¡F éilaë¡fÎ«.

31.	 °^l©£o‹ t – òŸëæaš kh¿ia tiuaiw brŒf.

32.	 °^l©£o‹ t - nrhjid nfh£ghLfis vGJf.

33.	 t – gutè‹ g©òfis¡ F¿¥ÃLf.

34. 	t - gutè‹ ga‹ghLfŸ ahit ?

35. 	ÁW TWfë‹ ruhrçæ‹ Áw¥ò fh© nrhjidæ‹ têKiwfis és¡Ff.

36.	 Ïiz¡f¥g£l t - nrhjidæèUªJ Úé® m¿tbj‹d ? mt‰¿‹ nfh£ghLfŸ 

ahit ?
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37. 	Ïiz¡f¥g£l t - nrhjidæ‹ nrhjid têKiwfis és¡Ff.

38. 	if t®¡f nrhjidia tiuaW.

39. 	if t®¡f¥ gutiy tiuaW.

40. 	χ2 nrhjidæ‹ bghU¤Jjè‹ br«ik v‹whš v‹d ?

41. 	χ2 nrhjidia ga‹gL¤J« nghJ ftd¤Âš bfhŸs nt©oait vit ?

42. 	V£Á‹ ÂU¤j« - xU ÁW F¿¥ò tiuf.

43. 	tiua‰w ghiffŸ v‹w gj¤ij és¡Ff.

44. 	g©gsit rhuh nrhjidia tiuaW¡fÎ«.

45. 	KGik¤ bjhFÂ khWgh£o‰fhd χ2 nrhjidia tiuaW¡fÎ«.

46. 	xU bjhFÂæèUªJ rkthŒ¥ò Kiwæš nj®ªbjL¡f¥g£l ó¤j©Lfë‹ 

cau§fŸ (br.Ûš) ÑnH bfhL¡f¥g£LŸsd.

	 63 , 63, 66, 67, 68, 69, 70, 70, 71 k‰W« 71 bjhFÂæ‹ ruhrç cau« 66 br.Û ÏU¡f 

KoÍkh vd MuhŒf.

47. 	xU ÏaªÂu« ruhrçahf 0.025 br.Û gUk‹ cŸs ä‹rhu¥ bghUS¡F¥ 

ga‹gL¤J« ä‹fl¤jh thõ®fis   totik¤J c‰g¤Â brŒ»wJ. xU 

rkthŒ¥ò Kiwæš vL¡f¥g£l 10 khÂç thõ®fë‹ ruhrç gUk‹ 0.024 br.Û 

k‰W« mj‹ Â£l éy¡f« 0.002 br.Û ruhrç¡fhd Áw¥ò¡ fh© nrhjid brŒf.

48.	 Kiwna 5 k‰W« 7 nehahëfë‹ vilia¡ Fiw¡f Ïu©L tif kUªJfŸ 

ga‹gL¤j¥gL»‹wd. A tif kUªJ btëeh£oš jahç¡f¥g£lJ. B tif 

kUªJ ekJ eh£oš jahç¡f¥g£lJ. MW khj§fŸ mªj kUªij c£bfh©lÂš 

mt®fë‹ vilæš V‰g£l FiwÎ Ã‹tUkhW :

	 kUªJ A : 	 10 	 12	 13 	 11 	 14

	 kUªJ B : 	 8 	 9 	 12 	 14 	 15 	 10 	 9

	 Ïu©L kUªJfë‹ vilia Fiw¡F« éisÎfë‹ Ïilnaahd é¤Âahr« 

Áw¥ò thŒªjjh ? Ïšiyah ? v‹gij nrhjid brŒf.

49.	 xU ehëš Ïu©L ÏaªÂu§fŸ _y« c‰g¤Â brŒj bghUŸfë‹ ruhrç 

v©â¡if 200 k‰W« 250. mj‹ Â£l éy¡f§fŸ Kiwna 20 k‰W« 25 MF«. 

Ïªj kÂ¥òfŸ 25 eh£fŸ c‰g¤Â brŒj F¿¥òfë‹ mo¥gilæš fhz¥g£lJ. 

Ïu©L ÏaªÂu§fS« xnu khÂç Âwik thŒªjJ vd 1% Áw¥ò fh© k£l¤Âš 

KoÎ brŒayhkh?

50.	 xU F¿¥Ã£l kUªJ 10 nehahëfS¡F¡ bfhL¡f¥g£lÂš Ñœ¡f©lthW 

Ïu¤j mG¤j¤Âš khWjš V‰g£lJ. 3, 6, -2 , +4, -3, 4, 6, 0, 0, 2 Ïªj kUªJ Ïu¤j 

mG¤j¤ij kh‰wtšyJ vd ãid¡f thŒ¥ò cŸsjh ?
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51.	 Áw¥ò é‰gid Â£l¤Â‰F K‹ò« Ã‹ò« vL¡f¥g£l 6 filfë‹ é‰gid 

étu« ÑnH bfhL¡f¥g£LŸsJ.

	 filfŸ : 		  A 	 B 	 C 	 D 	 E 	 F

	 Â£l¤Â‰F K‹ò : 	 53 	 28 	 31	  48 	 50 	 42

	 Â£l¤Â‰F Ã‹ò : 	 58 	 29 	 30 	 55 	 56 	 45

	 Áw¥ò é‰gid Â£l« bt‰¿ vd¡ fâ¡fyhkh ? 5% Áw¥ò fh© k£l¤Âš 

nrhjid brŒf.

52.	 x›bth‹W« 5 FHªijfis¡ bfh©l 320 FL«g§fë‹ étu« Ã‹tUkhW

M© FHªijfë‹ 

v©â¡if
5 4 3 2 1 0

bg© FHªijfë‹ 

v©â¡if
0 1 2 3 4 5

FL«g§fë‹ 

v©â¡if
14 56 110 88 40 12

	 M© k‰W« bg© FHªij Ãw¥gj‰F rkthŒ¥ò cŸsJ v‹W Ï›étu¤ÂèUªJ 

Tw ÏaYkh ?

53. 	xU ò¤jf¤Âš xU g¡f¤Âš cŸs ÃiHfŸ Ã‹tUkhW

xU g¡f¤Âš 

cŸs ÃiHfë‹ 

v©â¡if

0 1 2 3 4 bkh¤j«

g¡f§fë‹ 

v©â¡if
211 90 19 5 0 325

	 ghŒrh‹ gutiy¥ bghU¤Â mj‹ bghU¤Jjè‹ br«ikia¢ nrhjid brŒ.

54.	 800 ng®fëš 25% ng® go¤jt®fŸ. ÏÂš 300 ng® mt®fë‹ kht£l¤Â‰F« 

m¥ghš gaz« brŒjt®fŸ. go¤jt®fëš 40% ng® gaz« brŒahjt®fŸ. 

gaz¤Â‰F«, go¥g¿é‰F« VnjD« bjhl®ò ÏU¡»wjh v‹W 5% Áw¥ò¡ fh© 

k£l¤Âš nrhjid brŒf.

55.	

jªijfŸ
ò¤Â T®ik 

cila kf‹fŸ

ò¤Â T®ik m‰w 

kf‹fŸ
bkh¤j«

Âwik 

cilat®fŸ

24 12 36

Âwik m‰wt®fŸ 32 32 64

bkh¤j« 56 44 100
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	 Ï›étukhdJ ÂwikÍila jªijfS¡F ò¤Ârhè kf‹fŸ ÏU¥gh®fŸ v‹w 

vLnfhis cWÂ¥gL¤Jkh v‹W nrhjid brŒf.

56.	 xU Ïašãiy bjhFÂæèUªJ rkthŒ¥ò Kiwæš vL¡f¥g£l 10 khÂçfë‹ 

kÂ¥òfŸ ÑnH bfhL¡f¥g£LŸsJ.

	 65 , 72, 68, 74, 77, 61,63, 69 , 73, 71

	 bjhFÂ khWghL 32 v‹w vLnfhis nrhjid brŒ.

57.	 15 v©â¡ifÍila xU khÂçæ‹ Â£léy¡f« 6.4 vd¡ fh£L»wJ. Ïašãiy 

bjhFÂahf ÏU¥Ã‹ mj‹ Â£léy¡f« 5 v‹w vLnfhŸ rç vd x¥ò¡ bfhŸs 

KoÍkh ?

58.	 8 cW¥òfSŸs xU khÂç ruhrçæèUªJ cW¥òfë‹ éy¡f§fë‹ 

t®¡f§fë‹ TLjš 94.5 MF« . 10 cW¥òfSŸs Ï‹bdhU khÂçæš Ï«kÂ¥ò 

101.7 MF«. khWghLfS¡F Ïilna cŸs é¤Âahr« Áw¥ò thŒªjjh v‹gij 
5% k£l¤Âš nrhjid brŒf.

59.	 9 k‰W« 13 v©â¡if bfh©l xU khÂçfë‹ Â£léy¡f§fŸ Kiwna 2 

k‰W« 1.8 MF«. ÏU khÂçfS« rk Â£léy¡f« cŸs Ïaš bjhFÂæèUªJ 

vL¡f¥g£oU¥gjhf¡ fUj KoÍkh ?

60.	 ÏU Ïašãiy¤ bjhFÂæèUªJ vL¡f¥g£l rkthŒ¥ò khÂçfë‹ kÂ¥òfŸ 

Ã‹tUkhW

A 66 67 75 76 82 84 88 90 92 - -
B 64 66 74 78 82 85 87 92 93 95 97

	 ÏU bjhFÂfS¡F« rk khWghL cŸsjh v‹gij 5% Áw¥ò fh© k£l¤Âš 

nrhÂ¡fÎ«.

61.	 xU nkh£lh® t©o jahç¡F« ãWtd« xU òÂa tif fhiu m¿Kf¥gL¤ÂaJ. 

mªj fh® F¿¥Ã£l taJilnah® mšyJ mid¤J taÂdU¡F« 

V‰òilajh v‹gij m¿tj‰fhf xU és«gu Kfh« el¤ÂaJ. òÂa fhç‹ 

K‹ndh£l¤Âš fyªJ bfh©lt®fëilna khÂç vL¤J »il¤j étu« ÑnH 

bfhL¡f¥g£LŸsJ.

taJ

20¡F« Ñœ 20-39 40-50 60¡F« nkš bkh¤j«

fhiu 

éU«ògt®fŸ

146 78 48 28 300

fhiu 

éU«ghjt®fŸ

54 52 32 62 200

bkh¤j« 200 130 80 90 500

	 nkny bfhL¡f¥g£LŸs étu¤ÂèUªJ ÚÅ® v‹d KoÎ brŒÅ® ?
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éilfŸ :
I.
1. (<) 		  2.(Ï) 		  3. (Ï) 		 4. (Ï) 		 5. (<)		  6. (M) 	
7. (<) 		  8. (M) 	 9. (m) 		 10. (Ï)	 11 (Ï) 		 12. (<) 
13. (m) 	 14. (M) 	 15. (M)
II.
16. bjçahJ 	
17. - ∞ Ïš ÏUªJ ∞ 	
18. Ïizahf

19 Á¿ajhf	
20.f©l¿a¥g£l, vÂ®gh®¡f¥g£l

21. 0, ∞	
22. F- nrhjid 	
23. g©gsit rhuh 	
24. mÂf«	
25. (r – 1 ) ((–1)) 	
26. tiua‰w ghif 	
27. v©â¡if¡F¢	
28. 5 ¡F« Fiwthf

29. 6 	 30. khWgh£L

III.
46. t = 1.891 H0 V‰W¡ bfhŸs¥gL»wJ

47. t = 1.5 H0 V‰W¡ bfhŸs¥gL»wJ

48. t = 0.735 H0 V‰W¡ bfhŸs¥gL»wJ

49. t = 7.65 H0 kW¡f¥gL»wJ

50. t = 2, H0 V‰W¡ bfhŸs¥gL»wJ

51. t = 2.58 H0 kW¡f¥gL»wJ

52. χ2 = 7.16 H0 V‰W¡ bfhŸs¥gL»wJ 
53. χ2 = 0.068 H0 V‰W¡ bfhŸs¥gL»wJ

54. χ2 = 0.016 H0 V‰W¡ bfhŸs¥gL»wJ

55. χ2 = 2.6 H0 V‰W¡ bfhŸs¥gL»wJ

56. χ2 = 7.3156 H0 V‰W¡ bfhŸs¥gL»wJ

57. χ2 = 24.58 H0 kW¡f¥gL»wJ

58. χ2 = 24.576 H0 kW¡f¥gL»wJ

59. F = 1.41 H0 V‰W¡ bfhŸs¥gL»wJ

60. F = 1.415 H0 V‰W¡ bfhŸs¥gL»wJ 
61. χ2 = 7.82 , H0 kW¡f¥gL»wJ
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7. khWgh£L gF¥ghŒÎ

7.0 m¿Kf« :

	 khWgh£L gF¥ghŒÎ v‹gJ Áw¥ò¢ nrhjidfS¡fhd xU gy« thŒªj 

òŸëæaš fUéahF«. khWgh£L gF¥ghŒÎ v‹w gj« nguh~Ãõuhš étrha¤ Jiw 

MŒÎ¥ gâfis ifahŸtj‰fhf m¿Kf¥gL¤j¥g£lJ. t - gutiy¢ rh®ªj Áw¥ò¢ 

nrhjidahdJ Ïu©L khÂç ruhrçfë‹ é¤Âahr§fë‹ Áw¥ig nrhjid 

brŒtj‰F k£Lnk ga‹gL¤Jtj‰F VJthd tê KiwahF«. xnu neu¤Âš _‹W 

mšyJ mj‰F mÂfkhd khÂçfis ifahs¡ Toa jUz¤Âš všyh khÂçfS« 

xnu KGik¤ bjhFÂæèUªJ bgw¥g£ldth mjhtJ všyh khÂçfS« xnu 

ruhrçia bg‰wdth v‹w vLnfhŸ nrhjid brŒtj‰F ek¡F ntbwhU tê Kiw 

njit¥gL»wJ. cjhuzkhf eh‹F gFÂfshf¥ Ãç¡f¥g£l ãy¤Âš x›bthU 

gFÂæY« IªJ tif cu§fis ga‹gL¤Â gæçl¥g£l nfhJikæ‹ éis¢rš 

(x›bthU gFÂ ãy¤ÂY«) bfhL¡f¥g£lhš ekJ neh¡fkhdJ nfhJikæ‹ 

éis¢rèš Ïªj IªJ tif cu§fë‹ éisÎfŸ Áw¥ghd é¤ÂahrKiladth 

mšyJ Ïªj khÂçfŸ xnu Ïašãiy gutèèUªJ bgw¥g£litah v‹gij m¿tnj 

MF«. Ïj‰fhd gÂiy ek¡F khWgh£L gF¥ghŒÎ Kiw më¡»wJ. Mfnt 

khWgh£L gF¥ghŒé‹ mo¥gil neh¡fkhdJ gy ruhrçfë‹ Óuh‹ikia nrhjid 

brŒtjhF«.

	 f©l¿ªj kÂ¥òfŸ ntWg£L miktbj‹gJ Ïašghd bjh‹whF«. xU v© 

étu kÂ¥òfë‹ bjhFÂæ‹ bkh¤j khWgh£il¥ gy fhuâfŸ V‰gL¤ÂæU¡f 

TL«. mt‰iw¡ Ñœ¡f©lthW ghFghL brŒayh«.

	 (i) F¿¥Ãl¤ j¡f fhuz§fshš V‰gLgit

 	 (ii) Ïašghd ntWgh£lhš V‰gLgit

	 F¿¥Ãl¤ j¡f fhuz§fshš V‰gL« khWghLfŸ f©LÃo¡f¥g£L mt‰iw 

msél KoÍ«. Mdhš Ïašghd ntWgh£lhš V‰gL« khWghLfis jåahf¥ 

Ãç¤bjL¥gJ v‹gJ kåj Ka‰Á¡F m¥gh‰g£lJ.

7.1 tiuaiw :

	 ~Ãõç‹ T‰Wg¥o khWgh£L gF¥ghŒthdJ xU FG (Group) fhuz§fis¢ 

rh®ªj khWghLfis k‰w FG fhuz§fis¢ rh®ªj khWghLfëå‹W 

Ãç¤bjL¡F« KiwahF«. khÂç étu§fë‹ bkh¤j khWgh£il vÂ®kiw mšyhj 

ÃçÎfë‹ bjhF¥ghf btë¥gL¤Jjš Ï«Kiwæš rh¤ÂakhF«.

	 Ï§F x›bthU ÃçÎ« xU F¿¥Ã£l rh®Ãšyh njh‰WthŒ mšyJ fhuâ 

mšyJ fhuz¤jhš V‰gL« khWghLfë‹ msÅ£lsthF«.
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7.2 mDkhd§fŸ :

	 khWgh£L gF¥ghŒéš F - nrhjidæ‹ V‰òilik¡F Ñœ¡f©l 

mDkhd§fis brŒa nt©L«.

(i)	 f©l¿ªj étu§fŸ ahÎ« rh®g‰wit.

(ii) 	 vL¡f¥g£l étu§fŸ Ïašãiy KGik¤ bjhFÂæèUªJ bgw¥g£lit  

	 k‰W«

(iii) 	 ntWg£l el¤J KiwfŸ k‰W« R‰W¢ NHš éisÎfŸ ahÎ« T£L¤  

	 j‹ikia bfh©LŸsJ.

7.3 xU tê ghFghL :

	 x v‹w rkthŒ¥ò kh¿æ‹ N f©l¿ªj kÂ¥òfŸ xij, i = 1, 2, …… k ; j = 

1,2….ni) I Kiwna n1, n2 , …..nk N ni
i

k

=










=
∑

1
 msÎfŸ bfh©l k tF¥òfshf 

tif¥gL¤j¥g£L ÑnH fh£l¥g£LŸsJ.

ruhrç bkh¤j«

x11      x12     ...      x1n1 x1. T1

x21      x22     ...      x2n2 x2. T2

         .              .                             .

         .              .                             .

         .              .                             .

.

.

.

.

.

.

xi1      xi2     ...      xini xi. Ti

         .              .                             .

         .              .                             .

         .              .                             .

.

.

.

.

.

.

xk1      xk2     ...      xknk xk. Tk

G

	 f©l¿ªj kÂ¥òfŸ xij ‹ bkh¤j khWgh£lsit Ñœ¡f©l Ïu©L 

ÃçÎfshf Ãç¡f¥gL»‹wd.

(i)	 tF¥òfë‹ Ïilna cŸs khWghL mšyJ ntWg£l mo¥gilfŸ bfh©l 

ghFghLfshš c©lhF« khWghL. mit bghJthf el¤J KiwfŸ vd 

m¿a¥gL«.
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(ii)	 tF¥òfS¡FŸnsna ÏU¡F« khWghL mjhtJ xU tF¥Ã‹ f©l¿ªj 

kÂ¥òfS¡FŸ Ïa‰ifahfnt cŸsl§»a khWghLfŸ.

	 ÏÂš Kjš tif khWghL MdJ F¿¥Ãl¤j¡f fhuz§fshš V‰gLgit 

mit kåj r¡Âahš f©LÃo¡f¥g£L f£L¥gL¤j¥gL«. Ïu©lh« tif khWghL 

Ïašghd ntWgh£lhš V‰gLgit. mt‰iw f£LgL¤Jjš v‹gJ kåj Ka‰Á¡F 

m¥gh‰g£lit.

	 F¿¥ghf k ntWg£l czÎfŸ më¡f¥gL« xnu Ïd N khLfŸ k 
ÃçÎfshf Ãç¡f¥g£L x›bthU ÃçÎ« Kiwna n1, n2 , …..nk msÎfŸ cilad 

v‹whš mt‰¿‹ ghš c‰g¤Âæš k ntWg£l czÎfë‹ éisÎfŸ fz¡»š 

bfhŸs¥gL»‹wd. Ï§F N ni
i

k

=










=
∑

1

 vdnt, khWghLfë‹ njh‰WthŒfŸ Mtd :

(i)	 ntWg£l czÎfë‹ éisÎfŸ

(ii)	 gštif fhuz§fshš c©lhF« Ïašghd ntWghLfŸ mit  

milahs« fhz¥g£L f©l¿a Koahjit.

7.4 nrhjid têKiw :

	 gF¥ghŒit¢ brŒtj‰fhd gšntW gofŸ

1) Ïš vD« vLnfhŸ :

	 Kjš goahdJ Ïš vD« vLnfhis mik¥gjhF«.

	 H0: μ1 = μ2 = …= μk

kh‰W vLnfhŸ :

	 H1: všyh μi fS« rkkšy. (i = 1, 2, …, k)

2) Áw¥ò fh© k£l«:  

	 α : 0.05 v‹f.

3) nrhjid òŸëæaš msit :

gšntW t®¡f§fë‹ TLjšfis¡ Ñœ¡f©lthW bgwyh«.

m) bfhL¡f¥g£l étu§fë‹ N cW¥òfë‹ bkh¤j¤ijf f©LÃo¤J mjid G  

v‹W F¿¥ÃLf. ÃwF ÂU¤j¡ fhuâahdJ (C.F) = G

N

2

M) všyh jå¤j cW¥òfŸ (xij) Ï‹ t®¡f§fë‹ TLjiy f©LÃo¤J ÃwF 

bkh¤j t®¡f§fë‹ TLjš (TSS) MdJ

						      TSS = ∑∑xi
2
j – ÂU¤j¡ fhuâ

Ï) 	 všyh tF¥ò bkh¤j§fë‹ t®¡f§fë‹ TLjš (mšyJ x›bthU el¤J Kiw 

bkh¤j¤Â‹ t®¡f§fë‹ TLjš) Ti (i:1,2,….k) f©LÃo¤J, ÃwF ÃçÎfë‹ 
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Ïilnaahd t®¡f§fë‹ TLjš mšyJ el¤J Kiwæ‹ Ïilnaahd 

t®¡f§fë‹ TLjš (SST)  MdJ

					     SST
T

n
C Fi

ii

k

= −
=
∑

2

1

. ÂU¤j¡ fhuâ

	 Ï§F ni (i: 1, 2, ….. k) v‹gd i MtJ tF¥Ã‹ f©l¿ªj étu§fŸ mšyJ i 
MtJ eilKiwia V‰F« f©l¿ªj étu§fŸ MF«.

<)	 tF¥òfS¡FŸnsna cŸs t®¡f§fë‹ TLjš mšyJ ÃiHahš c©lhF« 

t®¡f§fë‹ TLjiy¡ (SSE) fê¤jè‹ têahf fhz nt©L«.

				    mjhtJ SSE = TSS – SST

4) tiua‰w ghiffŸ (d.f):

	 bkh¤j t®¡f§fë‹ TLjY¡Fça (TSS) tiua‰w ghiffŸ (N-1) MF«. 

el¤J Kiwfë‹ Ïilnaahd t®¡f§fë‹ TLjY¡Fça (SST) tiua‰w ghiffŸ 
(k - 1) MF«. nkY« ÃiHæ‹ t®¡f§fë‹ TLjY¡Fça (SSE) tiua‰w ghiffŸ 
(N - k) MF«.

5) t®¡f§fë‹ T£L¤ bjhif ruhrç :

	 el¤J Kiwfë‹ t®¡f§fë‹ TLjè‹ ruhrçahdJ, SST

k −1
 nkY« 

ÃiHfS¡Fça t®¡f§fë‹ TLjè‹ ruhrçahdJ SSE

N k−
.

6) khWgh£L gF¥ghŒÎ m£ltiz :

	 nk‰f©l t®¡f§fë‹ TLjšfŸ mt‰¿‰Fça tiua‰w ghiffŸ k‰W« 

t®¡f§fë‹ TLjšfë‹ ruhrçfŸ M»ait RU¡fkhf Ñœ¡f©l m£ltizæš 

ju¥g£LŸsd.

xU tê ghF¥gh£o‰Fça khWgh£L gF¥ghŒÎ m£ltiz :

khWgh£o‹  

_y«

tiua‰w 

ghiffŸ

t®¡f§fë‹ 

TLjš

t®¡f§fë‹ 

TLjè‹ 

ruhrç

F é»j 

kÂ¥ò

el¤J Kiwfë‹ 

Ïilna
K – 1 SST

SST

k −1
 = MST MST

MSE
FT=

ÃiH N – k SSE SSE

N k−
 = MSE

bkh¤j« N – 1

khWgh£L é»j fz¡ÑL :

	 F -Ï‹ khWgh£L é»jkhdJ mÂf khWgh£L msé‰F« Fiwªj 

khWgh£lsé‰F« Ïilna cŸs é»jkhF«.
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F =

el¤J Kiwfë‹ Ïilna cŸs khWghL

el¤J KiwfS¡F cŸns cŸs khWghL

	

F = Variance between the treatments

Variance within the treatmment

= MST

MSE

	 el¤J KiwfS¡FŸns ÏU¡F« khWghL el¤J KiwfS¡»ilna cŸs 

khWgh£il él mÂfkhf ÏUªjhš gFÂ bjhFÂ kh‰¿¡ bfh©L mt‰¿‹ 

tiua‰w ghiffisÍ« V‰wthW kh‰¿¡ bfhŸs nt©L«.

7) F Ï‹ Ô®khd kÂ¥ò mšyJ F Ï‹ m£ltiz kÂ¥ò :

	 F m£ltizæèUªJ (k-1, N-k) tiua‰w ghiffS¡Fça 5% Áw¥ò fh© 

k£l msÎ F -‹ Ô®khd kÂ¥ò mšyJ F -‹ m£ltiz kÂ¥ig bgwyh«.

8) KoÎ :

	 f©LÃo¡f¥g£l F -‹ kÂ¥ò m£ltiz F -‹ kÂ¥ig él Fiwthf 

ÏUªjhš eh« Ïš vD« vLnfhis V‰W¡ bfhŸsyh«. nkY« el¤J Kiwfë‹ 

Ïilnaahd é¤Âahr« Áw¥ò thŒªjit mšy v‹W Twyh«.

	 f©LÃo¡f¥g£l F-‹ kÂ¥ò m£ltiz F-‹ kÂ¥ig él mÂfkhf 

ÏUªjhš eh« Ïš vD« vLnfhis H0 ãuhfç¤J élyh«. nkY« el¤J 

KiwfS¡»ilnaahd é¤Âahr« Áw¥ò thŒªjJ v‹W Twyh«.

vL¤J¡fh£L 1 :

	 _‹W brŒKiwfŸ A, B k‰W« C M»at‰¿‹ btëpLfŸ rkhdkhditah 

vd nrhjid brŒa¥gL»wJ. mt‰¿‹ btëpLfë‹ f©l¿ªj kÂ¥òfŸ ÑnH 

cŸsd.

A 10 12 13 11 10 14 15 13
B 9 11 10 12 13
C 11 10 15 14 12 13

	 khWgh£L gF¥ghŒit el¤Â KoÎfis¡ TWf.

Ô®Î :

	 khWgh£L gF¥ghŒit el¤Âl Ñœ¡f©l m£ltizfis mik¡f nt©L«.

bkh¤ 

j«

t®¡f§ 

fŸ

A 10 12 13 11 10 14 15 13 98 9604
B 9 11 10 12 13 55 3025
C 11 10 15 14 12 13 75 5625

G = 228
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t®¡f§fŸ :

A 100 144 169 121 100 196 225 169
B 81 121 100 144 169
C 121 100 225 196 144 169

bkh¤j« = 2794

nrhjid têKiw :

Ïš vD« vLnfhŸ : 

	 H0: μ1 = μ2 = μ3

mjhtJ _‹W brŒKiwfS¡»ilnaahd é¤Âahr« Áw¥ghdjšy.

kh‰W vLnfhŸ

	  H1: μ1 ≠ μ2 ≠ μ3

Áw¥ò fh© k£l« : 

	 α : 0.05 v‹f

nrhjid òŸëæaš msit :

	 ÂU¤j¡ fhuâ  Correct factor (c.f) =

=

=

=

G

N

2

2228

19
51984

19
2736

bkh¤j t®¡f§fë‹ TLjš (TSS)  = ∑∑xij
2 – C. F

					         = 2794 – 2736

					         = 58

brŒKiwfS¡fhd t®¡f§fë‹ TLjš  Sum of squares due to processes = (SST)

= −

=

=
T

n
C F

i
i

i

2

1

3

960

.

44

8

3025

5

5625

6
27

2743 - 2736

36

1200 5 605 937 5 2736

7

+ + −

= + + −

=

=

( . . )
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ÃiH¡fhd t®¡f§fë‹ TLjš (SSE)    = TSS – SST

						       = 58 – 7 = 51

khWgh£L gF¥ghŒÎ m£ltiz :

khWgh£o‹ _y«
tiua‰w 

ghiffŸ

t®¡f§ 

fë‹ 

TLjš

t®¡f§fë‹ 

TLjè‹ 

ruhrç

F é»j  

kÂ¥ò 

F0

brŒKiwfS¡F 

Ïilna
3 – 1 = 2 7

7

2
3 50= .

3 5

3 19
1 097

.

.
.=

ÃiH 16 51
51

16
3 19= .

bkh¤j« 19 –1 = 18

m£ltiz kÂ¥ò :

	 (2, 16) tiua‰w ghiffS¡Fça 5% Áw¥ò fh© k£l Fm£ltiz kÂ¥ghdJ 

Fe = 3.63.

KoÎ :

	 f©LÃo¡f¥g£l F0 m£ltiz kÂ¥ò Fe I él Fiwthf cŸsjhš Ïš vD« 

vLnfhis V‰W¡ bfh©L _‹W brŒKiwfS¡»ilnaahd é¤Âahr« Áw¥ò 

thŒªjjšy v‹W Twyh«.

vL¤J¡fh£L 2 :

	 xU efu¤Âš _‹W gŸëfëš Iªjh« tF¥ò khzt®fŸ IªijªJ ngiu 

rkthŒ¥ghf nj®ªbjL¤J xU nrhjid ju¥gL»wJ. jå eg® v©â¡iffŸ 
(Scores) Mtd.

gŸë I 9 7 6 5 8

gŸë II 7 4 5 4 5

gŸë III 6 5 6 7 6

	 khWgh£L gF¥ghŒit el¤Jf.

Ô®Î :

	 khWgh£L gF¥ghŒit el¤Âl Ñœ¡f©l m£ltizfŸ mik¡f nt©L«.

bkh¤j« t®¡f§fŸ

gŸë I 9 7 6 5 8 35 1225
gŸë II 7 4 5 4 5 25 625
gŸë III 6 5 6 7 6 30 900

bkh¤j« G = 90 2750
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t®¡f§fŸ :

gŸë I 81 49 36 25 64

gŸë II 49 16 25 16 25

gŸë III 36 25 36 49 36

bkh¤j« = 568

nrhjid têKiw :

Ïš vD« vLnfhŸ : 

	 H0: μ1 = μ2 = μ3

mjhtJ gŸëfë‹  brŒKiwfS¡F Ïilna cŸs é¤Âahr« Áw¥ò thŒªjjšy.

kh‰W vLnfhŸ

	  H1: μ1 ≠ μ2 ≠ μ3

Áw¥ò fh© k£l« : 

	 α : 0.05 v‹f

nrhjid òŸëæaš msit :

	 ÂU¤j¡ fhuâ Correct factor (c.f) =

=

= =

G

N

2

290

15
8100

15
540

bkh¤j t®¡f§fë‹ TLjš (TSS)   = ∑∑xij
2 – C. F

					          = 568 – 540 = 28

gŸëfS¡»ilnaahd t®¡f§fë‹ TLjš  Sum of squares between schools =
∑

−

= −

= −

T

n
C Fi

i

2

2750

5
540

550 54

.

00 10=

   ÃiH¡fhd t®¡f§fë‹ TLjš  (SSE) 	 = TSS – SST

							       = 28-10 = 18



183

khWgh£L gF¥ghŒÎ m£ltiz :

khWgh£o‹ _y«
tiua‰w 

ghiffŸ

t®¡f§ 

fë‹ 

TLjš

t®¡f§fë‹ 

TLjè‹ 

ruhrç

F é»j  

kÂ¥ò 

F0

gŸëfS¡F  

Ïilna
3 – 1 = 2 10

10

2
5 0= .

5

1 5
3 33

.
.=

ÃiH 12 18
18

12
1 5= .

bkh¤j« 15 –1 = 14

m£ltiz kÂ¥ò :

	 (2,12) tiua‰w ghiffS¡Fça 5%  Áw¥ò k£l msÎ F -‹ m£ltiz 

kÂ¥ghdJ Fe = 3.8853

KoÎ :

	 f©LÃo¡f¥g£l F0 m£ltiz kÂ¥ò Fe I él Fiwthf cŸsjhš eh« Ïš 

vD« vLnfhis V‰W¡ bfh©L gŸëfë‹ braškiwfS¡»ilnaahd é¤Âahr« 

Áw¥ò thŒªjjšy v‹W Twyh«.

7.5 ÏU tê ghFghL :

	 kh¿fë‹ kÂ¥òfŸ xij, Ïu©L fhuâfshš ghÂ¡f¥gL»‹wd v‹W eh« 

fU¤Âš bfhŸnth«. cjhuzkhf ghè‹ c‰g¤Â msÎ ntWg£l el¤J KiwfŸ 

mjhtJ czÎ tif é¤Âahr§fshš ghÂ¡f¥gLjš, mnj ntis ntWg£l 

tiffŸ mjhtJ khLfë‹ Ïd§fë‹ é¤Âahr§fshš ghÂ¡f¥gLjš. eh« 

Ï¥bghGJ N khLfis mt‰¿‹ Ïd§fë‹ tiffis bfh©L h ntWg£l 

ÃçÎfshfÎ« x›bthU ÃçéY« K khLfŸ cŸsthW« Ãç¤J Ã‹ò ghè‹ c‰g¤Â 

ÛJ K el¤J Kiwfë‹ éisÎfis (mjhtJ x›bthU ÃçÎ khLfS¡F« 

ntWg£l czÎ tiffis rkthŒ¥ghf më¤jš) fU¤Âš bfhŸnth«.

	 Ã‹åiz¥ò 'i' el¤J Kiwfis (czÎ tiffŸ) F¿¡»‹wd v‹W«, 'j' 
tiffis (khLfë‹ Ïd§fŸ) F¿¡»‹wd v‹W« bfh©lhš, el¤J Kiwfis 

(czÎ tiffŸ) x¥òik brŒtj‰Fça N = h × k khLfë‹ ghš c‰g¤Â étu§fŸ  

xij (i:1,2, …..k; j:1,2….h) ÑnH fh£l¥g£LŸsd. ghš c‰g¤Â msÎfŸ kh¿fë‹ 

kÂ¥òfshf ÑnH cŸs k × h ÏU tê m£ltizæš btë¥gL¤j¥g£LŸsd.
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ruhrçfŸ bkh¤j«

x11      x12     x1j ... x1h x1. T1

x21      x22     x2j ... x2h x2. T2

         .              .               .             .

         .              .               .             .

        

.

.

.

.

.

.

xi1      xi2     xij ... xih xi. Ti

         .              .              .             .

         .              .              .             .

         .              .              .             .

.

.

.

.

.

.

xk1      xk2     xkj ... xkh xk. Tk

ruhrç   x.1.      x.2      x.j ... x.h x

bkh¤j«   T.1     T.2. ...... T.j ..... T.h G

	 f©LÃo¡f¥g£l étu§fŸ xij Ï‹ khWgh£o‹ bkh¤j« Ñœ¡f©l _‹W 

ÃçÎfshf Ãç¡f¥gL»‹wd.

(i)	 el¤J KiwfS¡F (czÎ tif) Ïilna fhz¥gL« khWghLfŸ

(ii)	 tiffS¡F (khLfë‹ Ïd«) Ïilna fhz¥gL« khWghLfŸ

(iii)	el¤JKiw étu§fSŸnsÍ« k‰W« Ïd tif étu§fS¡FŸnsÍ«  

cŸsl§»a khWghLfŸ

	 Kjš ÏU tif khWghLfŸ F¿¥Ãl¤j¡f fhuz§fshš V‰gLgit. mit 

kåj r¡Âahš f©LÃo¡f¥g£L f£L¥gL¤j¥gLtd. _‹wh« tif khWghL 

Ïašghd ntWgh£lhš V‰gLgit. mit kåj Ka‰Á¡F m¥gh‰g£lit.

7.6 ÏU tê gF¥ghŒé‰fhd nrhjid tê Kiw :

	 gF¥ghŒit el¤Jtj‰fhd gofshtd :

1.  Ïš vD« vLnfhŸ : 

	 Kj‰ goahdJ Ïš vD« vLnfhis mik¤jš MF«.

	 Ho : μ1. = μ2. = …… μk. = μ

	 Ho : μ .1 = μ .2 = … μ .h = μ
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	 mjhtJ czÎ Kiwfë‹ (el¤J Kiwfë‹) Ïilna cŸs ntWghLfŸ 

Áw¥ghdjšy k‰W« tiffë‹ (khLfë‹ Ïd§fŸ) Ïilna cŸs ntWghLfŸ 

Áw¥ghdjšy.

2. Áw¥ò fh© k£l« :  	 α : 0.05

3. nrhjid òŸëæaš msit :

	 gšntW t®¡f§fë‹ TLjšfis Ñœ¡f©lthW bgwyh«.

m)	 bfhL¡f¥g£oU¡F« étu§fë‹ všyh kÂ¥òfŸ N (k × h) Ï‹ bkh¤j¤ijÍ« 

f©LÃo¤J mij G vd F¿æLf. 

	 	 ÃwF ÂU¤j fhuâ (C.F) = G

N

2
.

M) 	všyh jå¤j kÂ¥ò¡fŸ (xij) t®¡f§fë‹ TLjiy¡ f©LÃo¡fÎ«.

	 ÃwF bkh¤j t®¡f§fë‹ TLjš (TSS) = x C Fij
j

k

i

k
2

11

−
−−
∑∑ .

Ï)	 el¤J Kiwfë‹ (czÎ KiwfŸ) bkh¤j§fë‹ t®¡f§fë‹ TLjš mjhtJ 
h × k ÏU tê m£ltizæ‹ ãiufë‹ (rows) bkh¤j§fë‹ t®¡f§fë‹ 

TLjiy fh©f. ÃwF el¤J KiwfS¡»ilnaahd t®¡f§fë‹ TLjš 

mšyJ ãiufë‹ Ïilnaahd t®¡f§fë‹ TLjyhdJ

	
SST SSR

Ti

h
C F

i

k

= = −
−
∑ .

.
2

1 			 

		  Ï§F h v‹gJ x›bthU ãiuæY« cŸs f©LÃo¡f¥g£l étu§fŸ MF«.

<)	 tiffë‹ (khLfë‹ Ïd§fŸ) bkh¤j§fë‹ t®¡f§fë‹ TLjš mjhtJ 
h × k ÏU tê m£ltizæ‹ ãušfë‹ (Columns) bkh¤j§fë‹ t®¡f§fë‹ 

TLjiy fh©f. ÃwF tiffë‹ Ïilnaahd t®¡f§fë‹ TLjš mšyJ 

ãušfë‹ Ïilnaahd t®¡f§fë‹ TLjyhdJ

	
SSV SSC

T j

k
C F

j

k

= = −−

2

1

.

.
			 

		  Ï§F k v‹gJ x›bthU ãuèY« cŸs f©LÃo¡f¥g£l étu§fŸ MF«.

c)	 ÃiHfëdhš c©lhF« t®¡f§fë‹ TLjiy fê¤jè‹ têahf fhz 

nt©L«.

				    mjhtJ SSE = TSS – SSR - SSC
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4. tiua‰w ghiffŸ :

(i)	 bkh¤j t®¡f§fë‹ TLjY¡Fça tiua‰w ghiffŸ N – 1 = h × k – 1 MF«.

(ii)	 el¤J Kiwfë‹ Ïilnaahd t®¡f§fë‹ TLjY¡Fça tiua‰w ghiffŸ 
(k – 1) MF«.

(iii)	tiffë‹ Ïilnaahd t®¡f§fë‹ TLjY¡Fça tiua‰w ghiffŸ  
(h – 1) MF«.

(iv) 	ÃiH¡fhd t®¡f§fë‹ TLjY¡Fça tiua‰w ghiffŸ (k – 1) (h – 1) MF«.

5. t®¡f§fë‹ T£L¤ bjhif ruhrç :

(i) 	 el¤J Kiwfë‹ t®¡f§fë‹ TLjè‹ ruhrç (MST) SST

k −1
 MF«.

(ii) 	 tiffë‹ t®¡f§fë‹ TLjè‹ ruhrç (MSV) 
SSV

h −1
 MF«.

(iii)	 ÃiHæ‹ t®¡f§fë‹ TLjè‹ ruhrç (MSE) SSE

h k( )( )− −1 1
 MF«.

6. khWgh£L gF¥ghŒÎ m£ltiz

	 nk‰f©l t®¡f§fë‹ TLjšfŸ, mt‰¿‰Fça tiua‰w ghiffŸ k‰W« 

t®¡f§fë‹ TLjšfë‹ ruhrçfŸ M»ait RU¡fkhf Ñœ¡f©l m£ltizæš 

ju¥g£LŸsd. ÏUtê ghFgh£o‰Fça khWgh£L gF¥ghŒÎ m£ltiz

khWgh£o‹ _y«
tiua‰w 

ghiffŸ

t®¡f§ 

fë‹ 

TLjš

t®¡f§fë‹ 

TLjè‹ 

ruhrç

F é»j  

kÂ¥ò 

F0

el¤J Kiwfë‹ 

Ïilna
k – 1 SST MST

MST

MSE
FR=

tiffë‹ Ïilna h – 1 SSV MSV
MSV

MSE
Fc=

ÃiH (h – 1) (k – 1) SSE MSE

bkh¤j« N – 1

7. F Ï‹ Ô®khd kÂ¥ò mšyJ F Ï‹ m£ltiz kÂ¥ò :

(i)	 el¤J KiwfS¡»ilnaahd F-Ï‹ Ô®khd kÂ¥ò mšyJ m£ltiz kÂ¥ig 

F - m£ltizæèUªJ [(k –1, (k – 1) (h – 1)] tiua‰w ghiffS¡fhd 5% Áw¥ò 

fh© k£l msÎ _y« bgw nt©L«.

(ii)	 tiffS¡»ilænyahd F -‹ Ô®khd kÂ¥ò mšyJ m£ltiz kÂ¥ig F- 
m£ltizæèUªJ [(h – 1), (k –1) (h – 1)] tiua‰w ghiffS¡fhd 5% Áw¥ò 

fh© k£l msÎ _y« bgw nt©L«.
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8. KoÎ :

(i)	 el¤J KiwfS¡F Ïilnaahd f©LÃo¡f¥g£l F0 kÂ¥ò, m£ltiz kÂ¥ò Fe 
I él Fiwthfnth mšyJ mÂfkhfnth ÏUªjhš mj‰nf‰wthW H0 I V‰W¡ 

bfhŸSjš mšyJ ãuhfç¤jš brŒa nt©L«.

(ii)	 tiffS¡F Ïilnaahd f©LÃo¡f¥g£l F0 kÂ¥ò m£ltiz Fe I él 

Fiwthfnth mšyJ mÂfkhfnth ÏUªjhš mj‰nf‰wthW H0 I V‰W¡ 

bfhŸSjš mšyJ ãuhfç¤jš brŒa nt©L«.

vL¤J¡fh£L 3 :

	 _‹W tif ãy¡fçfŸ mt‰¿š rh«gš fyªJŸs msé‰fhd 

eh‹F ntÂæayhs®fshš gF¥ghŒÎ brŒa¥g£L mt‰¿‹ msÎfŸ ÑnH 

bfhL¡f¥g£LŸsd.

ntÂæayhs®fŸ

tiffŸ 1 2 3 4

A 8 5 5 7

B 7 6 4 4

C 3 6 5 4

	 gF¥ghŒit el¤ÂLf.

Ô®Î :

	 khWgh£L gF¥ghŒit el¤Âl Ñœ¡f©l m£ltizfŸ mik¥ngh«.

ntÂæayhs®fŸ

tiffŸ 1 2 3 4 bkh¤j« t®¡f«

A 8 5 5 7 25 625

B 7 6 4 4 21 441

C 3 6 5 4 18 324

bkh¤j« 18 17 14 15 G = 64 1390

t®¡f« 324 289 196 225 1034

jå¤j cW¥òfë‹ t®¡f§fŸ

ntÂæayhs®fŸ

tiffŸ 1 2 3 4

A 64 25 25 49

B 49 36 16 16

C 9 36 25 16
bkh¤j« = 366
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nrhjid têKiw :

1. Ïš vD« vLnfhŸ :

	 Ho : μ1. = μ2. = μ3. = μ

	 Ho : μ. 1 = μ. 2 = μ. 3 = μ. 4 = μ

(i) 	 tiffŸ (ãiufŸ) Ïilna cŸs é¤Âahr« Áw¥ò thŒªjjšy.

(ii) 	 ntÂæayhs®fshš (ãušfŸ) Ïilna cŸs é¤Âahr« Áw¥ò thŒªjjšy.

kh‰W vLnfhŸ :
	 (i) všyh μi. - fS« rkkšy.

	 (ii) všyh μ.j - fS« rkkšy.

2. Áw¥ò fh© k£l« : 

	 α : 0.05 v‹f.

3. nrhjid òŸëæaš msit :

	 ÂU¤j¡ fhuâ  Correction factor (c.f) = =
×

=
×

=

= =

G

N

G

h k

2 2

2 264

3 4

64

12
4096

12

( ) ( )

3341 33.

bkh¤j t®¡f§fë‹ TLjš Total sum of squares (TSS) = −

= −
=

−−
∑∑ x C Fij
j

k

i

k
2

11

366 341 33

2

.

.

44 67.

tiffë‹ Ïilnaahd t®¡f§fë‹ TLjš

					   

= −

= −

= −

=

T
C F

.
.

.

. .

.

2

4

1390

4
341 33

347 5 341 33

6 17

i

			 

ntÂæayhs®fë‹ Ïilnaahd t®¡f§fë‹ TLjš
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ÃiHahd t®¡f§fë‹ TLjš (SSE)

				    = TSS – SSR – SSC

				    = 24.67 – 6.17 – 3.34

				    = 24.67 – 9.51

				    = 15.16

khWgh£L gF¥ghŒÎ m£ltiz :

khWgh£o‹ _y«
tiua‰w 

ghiffŸ

t®¡f§ 

fë‹ 

TLjš

t®¡f§fë‹ 

TLjè‹ 

ruhrç

F é»j  

kÂ¥ò 

F0

tiffS¡

»ilnaahd
3 – 1 = 2 6.17 3.085

3 085

2 527
1 22

.

.
.=

ntÂæayhs® 

fS¡»ilna
4 – 1 = 3 3.34 1.113 2 527

1 113
2 27

.

.
.=

ÃiH 6 15.16 2.527

bkh¤j« 12 – 1 = 11

m£ltiz kÂ¥ò :

(i)	 2, 6 tiua‰w ghiffS¡Fça 5% Áw¥ò fh© k£l F m£ltiz kÂ¥ghdJ  
	 Fe = 5.14

(ii) 	 (6, 3) tiua‰w ghiffS¡Fça 5% Áw¥ò fh© k£l F m£ltiz kÂ¥ghdJ  
	 Fe = 8.94

KoÎ :

(i)	 f©LÃo¡f¥g£l F0 kÂ¥ghdJ m£ltiz kÂ¥ò Fe  - I él Fiwthf 

cŸsjhš eh« H0 -I V‰W bfh©L tiffS¡F Ïilnaahd é¤Âahr« 

Áw¥ghdjšy v‹W Twyh«.

(ii)	 f©LÃo¡f¥g£l F0 kÂ¥ghdJ m£ltiz kÂ¥ò Fe  - I él Fiwthf 

cŸsjhš eh« H0 -I V‰W bfh©L ntÂæayhs®fS¡F Ïilnaahd 

é¤Âahr« 	 Áw¥ghdjšy v‹W Twyh«.
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gæ‰Á - 7

I. 	 Ñœ¡f©lt‰WŸ rçahd éilia nj®ªbjL¡fÎ« :

1.	 gy Ïašãiy KGik¤ bjhFÂ ruhrçfë‹ rkãiyia m¿a brŒa¥gL« 

nrhjid

	 m) gh®£by£ nrhjid 	M) F - nrhjid 	 Ï) χ2 - nrhjid 	 <) t- nrhjid

2.	 khWgh£L gF¥ghŒÎ Kiwfis éçÎgL¤Âat®

	 m) S. D. ghŒrh‹ 		  M) fh®š - Ãa®[‹		

	 Ï) R.A. ~Ãõ®	 	 	 <) W. S. fhbr£

3.	 khWgh£L gF¥ghŒÎ Kiw bjhl§f¥g£l fskhdJ

	 m) étrha«	 	 M) bjhêš	 	 Ï) cæçaš	 	 <) kuÃaš

4.	 khWgh£L gF¥ghŒé‰Fça mDkhd§fëš x‹whd vL¡f¥g£l TWfŸ 

bgw¥g£l KGik¤ bjhFÂahdJ

	 m) <UW¥ò	 	  M) ghŒrh‹	 	 Ï) if-t®¡f«	 <) Ïašãiy

5. 	 xU tê ghFgh£oš bkh¤j khWgh£o‹ ÃçÎfë‹ v©â¡ifahdJ

	 m) Ïu©L ÃçÎfŸ	 	 M) _‹W ÃçÎfŸ

	 Ï) eh‹F ÃçÎfŸ	 	 <) xnu xU ÃçÎ

6.	 N f©l¿ªj kÂ¥òfŸ k‰W« t el¤J KiwfS« bfh©l xU tê ghFgh£oš 

ÃiH¡fhd tiua‰w ghiffshdit

	 m) N-1 			   M) t -1 		  Ï) N - t 		  <) Nt

7. 	 t - el¤J KiwfŸ bfh©l xU tê ghFgh£oš el¤J Kiwfë‹ t®¡f§fë‹ 

TLjY¡fhd ruhrçahdJ

	 m) SST/N-1 		  M) SST/ t-1 		  Ï) SST/N-t 		  <) SST/t

8.	 r ãiufŸ k‰W« c ãušfŸ bfh©l ÏUtê ghFgh£oš ÃiH¡fhd tiua‰w 

ghiffshdit

	 m) (rc) – 1 		  M) (r-1).c 		  Ï) (r-1) (c-1) 		  <) (c-1).r

9.	 ÏUtê ghFgh£oš bkh¤j khWgh£o‰F (TSS) rkkhdJ

	 m) SSR + SSC + SSE 		  M) SSR - SSC + SSE

	 Ï) SSR + SSC – SSE 		  <) SSR + SSC.

10. 	TSS, SSR k‰W« SSC Kiwna 90, 35, 25 bfh©l ÏUtê ghFgh£oš SSE MdJ

	 m) 50 			   M) 40 			  Ï) 30 			   <) 20	
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II. 	 nfho£l Ïl§fis ó®¤Â brŒf.

11. 	khWgh£L gF¥ghŒÎ Kiwia éçÎgL¤Âat®  ____________.

12. 	khWgh£L gF¥ghŒé‹ mDkhd§fëš x‹W f©l¿ªj kÂ¥òfŸ  __________.

13. 	ÏUtê ghFgh£oš bkh¤j khWghL  ____________ ÃçÎfshf Ãç¡f¥gL«.                           

14. 	30 f©l¿ªj kÂ¥ò¡fŸ k‰W« 5 el¤J KiwfS« bfh©l xU tê ghFgh£oš 
SSE ¡Fça tiua‰w ghiffŸ _____________.

15. 	TSS, SSC k‰W« SSE Kiwna 120, 54  k‰W« 45 v‹W cŸs ÏU tê ghFgh£oš 

SSR MdJ _____________.

III. 	Ñœ¡f©l nfŸéfS¡F gÂyë¡fÎ« :

16.	 khWgh£L gF¥ghŒÎ v‹whš v‹d ?

17. 	Ïu©L ruhrçfS¡F Ïilnaahd é¤Âahr¤Â‰Fça t-nrhjid k‰W« 

khWgh£L gF¥ghŒÎ Ït‰iw ntWgL¤Â¡ fh£Lf.

18. 	khWgh£L gF¥ghŒÎ Kiwæš cŸsl¡»a mDkhd§fis TW.

19. 	xU tê ghFgh£o‹ f£lik¥ig és¡Ff.

20. 	xU tê ghFgh£o‰Fça khWgh£L¥ gF¥ghŒÎ m£ltizia vGJf.

21. 	xU tê gFghL k‰W« ÏU tê ghFghL Ït‰iw ntWgL¤Â¡ fh£Lf.

22.	 ÏU tê ghFgh£L étu§fë‹ f£lik¥ig és¡Ff.

23. 	xU tê ghFgh£oš gšntW t®¡f§fë‹ TLjšfis milÍ« têKiwfis 

és¡Ff.

24. 	ÏUtê ghFgh£o‰Fça khWgh£L gF¥ghŒÎ m£ltizia vGJf.

25.	 ÏU tê ghFgh£oš gšntW t®¡f§fë‹ TLjšfis milÍ« têKiwfis 

és¡Ff.

26. 	5 gŸëfëš v£lh« tF¥ò go¡F« khzt®fëš Áyiu rkthŒ¥ò Kiwæš 

nj®ªbjL¤J mt®fS¡F xU nrhjid më¡f¥gL»wJ. mÂš mt®fŸ vL¤j 

v©â¡iffŸ ÑnH ju¥g£LŸsd.

I II III IV V
8 9 12 10 12
9 7 14 11 11
10 11 15 9 10
7 12 12 12 9
8 13 11 10 13

	 khWgh£L gF¥ghŒit el¤Â c‹Dila KoÎfis bfhL¡fÎ«.
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27.	 ÑnH bfhL¡f¥g£LŸs v©fŸ 14 ÃçÎ ãy§fëš gæçl¥g£l A, B k‰W« C 
tif nfhJikæ‹ c‰g¤Â msit (»nyh »uhäš) F¿¡»‹wd.

	 A: 	 20 	 18 	 19	

	 B: 	 17 	 16 	 19 	 18

	 C: 	 20 	 21 	 20 	 19 	 18

	 _‹W tif nfhJik c‰g¤Â mséš VjhtJ Áw¥ghd é¤Âahr« cŸsjh ?

28. 	A,B,C k‰W« D v‹w eh‹F étrha ãy§fëš xU Áw¥ò tif cu« 

ga‹gL¤j¥g£lJ. x›bthU ãyK« eh‹F ÃçÎfshf Ãç¡f¥g£L mt‰¿‹ 

nkš cu« Ïl¥gL»wJ. eh‹F ãy§fë‹ éis¢rš ÑnH bfhL¡f¥g£LŸsd. 

ãy§fë‹ ruhrç éis¢rè‹ é¤Âahr« Áw¥ò thŒªjjh mšyJ Áw¥ò 

thŒªjÂšiyah v‹gij f©l¿f.

éis¢rš

			   A 		  B		  C 		  D
			   8 		  9 		  3 		  3
			   12 		  4 		  8 		  7
			   1 		  7 		  2 		  8
			   9 		  1 		  5 		  2

29.	 eh‹F efu§fëš Áy filfŸ rkthŒ¥ghf bjçÎ brŒa¥g£L m¡filfëš 

xU F¿¥Ã£l bghUë‹ Ášyiw éiyfŸ (%. »nyh »uhK¡F) ÑnH cŸs 

m£ltizæš ju¥g£LŸsd.

				    A 	 22 	 24 	 20 	 21
		  efu§fŸ	 B 	 20 	 19 	 21 	 22
				    C 	 19 	 17 	 21 	 18
				    D 	 20 	 22 	 21 	 22

	 eh‹F efu§fëš m¥bghUë‹ éiyæš cŸs é¤Âahr« Áw¥ghdjh v‹gij 

nrhjid brŒa bfhL¡f¥g£oU¡F« étu§fis gF¥ghŒÎ brŒf.

30.	 xU bghoæ‹ khÂçæš <u¥giræ‹ msit f©l¿a x›bthU egU« MW 

mD¥g¥g£l ru¡Ffë‹ khÂçfis vL¤J nrhjid brŒjd®. mt®fë‹ 

kÂ¥ÕLfë‹ Mtd.

mD¥g¥g£l ru¡FfŸ

nrhÂ¥gt® 1 2 3 4 5 6

1 9 10 9 10 11 11

2 12 11 9 11 10 10

3 11 10 10 12 11 10

4 12 13 11 14 12 10
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	 Ïªj étu§fS¡F khWgh£L gF¥ghŒit el¤Â mD¥g¥g£l ru¡FfŸ Ïilna 

cŸs é¤Âahr« mšyJ nrhÂ¥gt®fŸ Ïilna cŸs é¤Âahr« Áw¥ghdjh 

v‹gij étç¡f.

31.	 eh‹F bt›ntW ÏaªÂu§fëš Kiwna ntiy brŒÍ« eh‹F Ïa¡Fgt®fŸ 

c‰g¤Â brŒj gGJg£l ÁW J©Lfë‹ v©â¡if ÑnH ju¥g£LŸsd. 

Ïa¡Fgt®fŸ

ÏaªÂu§fŸ I II III IV
A 3 2 3 2
B 3 2 3 4
C 2 3 4 3
D 3 4 3 2

	 Áw¥ò fh© k£l mséš khWg£L¥ gF¥ghŒÎ nrhjid el¤Â c‰g¤Âæ‹ 

khWgh£o‰F Ïa¡Fgt®fë‹ braš Kiwfëš cŸs khWghL mšyJ 

ÏaªÂu§fë‹ brašghLfëš cŸs khWghL Ït‰¿š vJ fhuz« vd 

f©l¿f.

32.	 3 f£Lfëš gæçl¥g£l 4 tif nfhJikfë‹ éis¢rè‹ étu§fŸ ÑnH 

ju¥g£LŸsd.

f£LfŸ

tiffŸ 1 2 3
I 10 9 8
II 7 7 6
III 8 5 4
IV 5 4 4

	 Ït‰¿‹ nkš khWgh£L¥ gF¥ghŒÎ Kiwia ga‹ghL brŒf.

33. 	xnu msÎ k‰W« mik¥ig cila IªJ ÃçÎ ãy§fëš eh‹F tifahd 

cUis »H§FfŸ gæçl¥gL»‹wd. nkY« x›bthU tifÍ« IªJ bt›ntW 

cu§fëdhš el¤J Kiw brŒa¥gL»‹wd. éis¢rš (l‹ msÎfëš) ÑnH 

bfhL¡f¥g£LŸsd.

cu§fŸ

tiffŸ F1 F2 F3 F4 F5

V1 1.9 2.2 2.6 1.8 2.1
V2 2.5 1.9 2.2 2.6 2.2
V3 1.7 1.9 2.2 2.0 2.1
V4 2.1 1.8 2.5 2.2 2.5

	 khWgh£L gF¥ghŒit el¤Â tiffS¡»ilna Áw¥ghd é¤Âahr« cŸsjh 

k‰W« cu§fëilna Áw¥ghd é¤Âahr« cŸsjh vd nrhjid brŒf.
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34.	 kåj brašghLfëš j£g bt¥g ãiyæ‹ éisÎfëš gçnrhjidæš 4 j£g 

bt¥g ãiyfëš 8 eg®fS¡F xU nrhjid ju¥gL»wJ. mªj nrhjidæš mªj 

eg®fŸ bg‰w v©â¡iffŸ ÑnH m£ltizgL¤j¥g£LŸsd.

eg®fŸ

j£g bt¥gãiy 1 2 3 4 5 6 7 8
1 70 80 70 90 80 100 90 80
2 70 80 80 90 80 100 90 80
3 75 85 80 95 75 85 95 75
4 65 75 70 85 80 90 80 75

	 khWgh£L gF¥ghŒit el¤Â, eg®fS¡F Ïilna VjhtJ Áw¥ghd é¤Âahr« 

cŸsjh nkY« j£g bt¥g ãiyfS¡F Ïilna VjhtJ Áw¥ghd é¤Âahr« 

cŸsjh vd¡ TWf.

35.	 nk, #]‹, #]iy M»a _‹W khj§fëš 4 é‰gidahs®fshš 

é‰f¥g£l Fë®rhjd¥ bg£ofë‹ v©â¡if ÑnH cŸs m£ltizæš 

bfhL¡f¥g£LŸsd.

é‰gidahs®

khj§fŸ A B C D
nk 50 40 48 39

#]‹ 46 48 50 45

#]iy 39 44 40 39

	 khWgh£L gF¥ghŒÎ el¤Â khj§fS¡F Ïilna VjhtJ Áw¥ghd é¤Âahr« 

cŸsjh ? nkY« é‰gidahs®fëilna Áw¥ghd é¤Âahr« cŸsjh vd¡ 

f©l¿f.

éilfŸ

I.

1. M 	 2. Ï 	 3. m 	 4. < 	 5. m	 6. Ï 	 7. M	 8. Ï 	 9. m 	 10. Ï

II.

11. ~Ãõ® 	 12. rh®g‰wit	 13. _‹W	 14. 25 		 15. 21

III.

26.	 fz¡»l¥g£l F = 4.56, m£ltiz kÂ¥ò F (4,20) 	= 2.866

27.	 fz¡»l¥g£l F = 9.11, m£ltiz kÂ¥ò F (9,2) 	 = 19.385

28.	 fz¡»l¥g£l F = 1.76, m£ltiz kÂ¥ò F (12,3) 	= 8.74
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29.	 fz¡»l¥g£l F  =   3.29, m£ltiz kÂ¥ò F (3,12) = 3.49

30.	 fz¡»l¥g£l FR =  5.03, m£ltiz kÂ¥ò F (3,15) =  3.29

	 fz¡»l¥g£l FC =  2.23, m£ltiz kÂ¥ò F (5,15) =  2.90

31. 	fz¡»l¥g£l FR  = 2.76, FC = m£ltiz kÂ¥ò F (9,3) =	8.81477

32. 	fz¡»l¥g£l FR  = 18.23, m£ltiz kÂ¥ò F (3,6) = 4.77

	 fz¡»l¥g£l FC  =  6.4,  m£ltiz kÂ¥ò F (2,6) = 5.15

33. 	fz¡»l¥g£l FR  =  1.32,  m£ltiz kÂ¥ò F (3,12) = 3.49

	 fz¡»l¥g£l FC  =  1.59,  Fc = m£ltiz kÂ¥ò F (4,12) = 3.25

34. 	fz¡»l¥g£l FR  =  3.56,  m£ltiz kÂ¥ò F (3,21) = 3.07

	 fz¡»l¥g£l FC  =  14.79, m£ltiz kÂ¥ò F (7,21) = 2.49

35. 	fz¡»l¥g£l FR  =  3.33,  m£ltiz kÂ¥ò F (2,6) = 5.15

	 fz¡»l¥g£l FC  =  1.02,  m£ltiz kÂ¥ò F (3,6) = 4.77
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8. fhy¤bjhl® tçir

8.0 m¿Kf« :

	 òŸëæaš étu§fis fhy tçirahf, mjhtJ étu§fŸ ãfœ»‹w, 

fhy¤ij¥ bghU¤J xG§FgL¤Jjny "fhy¤bjhl® tçir"ahF«. Ï¤jifa 

bjhl®fŸ bghUshjhu« k‰W« tâf¥ òŸëæaš Jiwfëš xU jå K¡»a¤Jt« 

thŒªj Ïl¤ij t»¡»wJ. tU« fhy§fë‹ k¡fŸ bjhif¥ bgU¡f¤Â‰nf‰g 

czÎ më¤jš k¡fS¡fhd ntiy thŒ¥ò Ï‹D« ÏJ ngh‹wt‰iw Â£läLtÂš 

xU bghUëayhd M®t« fh£lyh«. ÏJ nghynt xU éahghç jdJ bghUë‹ 

tU§fhy¤ njit¡nf‰g c‰g¤Âia rç brŒtj‰fhf mj‹ tU§fhy é‰gid 

msit¥ g‰¿a kÂ¥ÕL fhz éiHayh«. Ïj‹ bjhl®ghf mL¤jL¤j fhy 

Ïilbtëfëš nrfç¡f¥g£L gÂa¥g£l òŸëæaš étu§fis xUt® Muha 

nt©oÍŸsJ. Ï¤jifa étu§fŸ bghJthf "fhy¤bjhl® tçirfŸ" v‹W 

miH¡f¥gL»‹wd.

8.1 tiuaiw :

	 _ç° A«g®¡ v‹gt® "fhy¤ bjhl® tçir" v‹gJ "fhythçahf xG§F 

gL¤j¥g£l òŸëæaš étu§fŸ" v‹W tiuaW¡»wh®.

	 "bghUëæaš kh¿ mšyJ T£L kh¿fë‹ bt›ntW fhy Ïilbtëfëš 

eilbg‰w msÅLfë‹ bjhF¥ò" vd fhy¤bjhl® tçiria ah-ÿ‹-nrh 

tiuaW¡»wh®.

	 fhy¤bjhl® tçir v‹gJ rkfhy Ïilbtëfëš eilbg‰w v© 

étu§fë‹ bjhF¥ò MF«. Ï¢rk fhy ÏilbtëahdJ kâahfnth, ehshfnth, 

khjkhfnth, tUlkhfnth, tUl§fë‹ bjhF¥ghfnth ÏU¡fyh«. xU Ïl¤Âš 

xU ehëš xU kâ neu Ïilbtëæš msél¥g£l bt¥gãiy msÎfŸ, Âdrç 

é‰gid, xU bjhê‰rhiyæ‹ khjhªÂu c‰g¤Â, M©L njhW« cŸs étrha 

c‰g¤Â, g¤jh©Lfëš vL¡f¥gL« k¡fŸ fz¡Ñ£oš cŸs k¡fŸ bjhif ts®¢Á 

Kjèad fhy¤ bjhl® tçirfshF«.

	 v©z‰w fhuâfŸ, bjhl®¢Áahf fhy¤ bjhl® tçiræ‹ msÅLfis¥ 

ghÂ¡»‹wd. mt‰¿š Áy rk Ïilbtëfëš ãfœ»‹wd. k‰wit ÂO® 

ãfœÎfshš V‰gL»‹wd. m¡fhuâfis¡ f©L gF¤jhŒÎ brŒJ mjid 

bjëthf ga‹gL¤Jtnj "fhy¤ bjhl® tçir gF¥ghŒÎ" MF«.

	 fhy¤bjhl® tçiræYŸs étu§fëš fhy¥ ngh¡»ny‰gL»‹w khWjšfŸ 

g‰¿a xG§F Kiwfis¡ f©LÃo¤J mséLjny fhy¤bjhl® tçiræ‹ 

K¡»a neh¡fkhF«. fhy¤bjhl® tçiræš fhz¥gL»‹w gšntW fhuâfis¤ 

jå¤jåahf¥ Ãç¤J mt‰iw tâf KobtL¤jY¡F¥ ga‹gL¤Jtnj Ïj‹ ika 

neh¡fkhF«.
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8.2 fhy¤bjhl® tçiræ‹ ÃçÎfŸ :

	 fhy¤bjhl® tçiræš cŸs khWghLfë‹ njit¡nf‰wthW Ãç¥gnj fhy¤ 

bjhl® tçiræ‹ ÃçÎfŸ MF«. mJ Ñœ¡f©lthW eh‹F bgU« ÃçÎfshf¥ 

Ãç¡f¥gL»‹wd.

ÃçÎfŸ

Ú©l fhy«

Ú©l fhy¥ 

ngh¡F
RHš khWghL

Kiwahd khWghLfŸ

gUtfhy 

khWghL
xG§f‰w 

khWghL

FW»a fhy«

	 fhy¤bjhl® gF¥ghŒéš Ïªeh‹F ÃçÎfS¡»ilna xU bgU¡fš cwÎ 

cŸsjhf¡ fUj¥gL»wJ.

	 F¿p£L Kiwæš,	 Y = T × S × C × I

	 Ï§F Y v‹gJ eh‹F fhuâfshš bgw¥gL»‹w KoÎ. Ï§F T = Ú©l fhy 

ngh¡F ; S = gUt fhy khWghL ; C = RHš khWghL ; I = xG§f‰w khWghL

	 Ï¥bgU¡fš Kiwæš gšntW fhuz§fshš V‰gL»‹w eh‹F fhuâfS« 

rh®g‰witahf ÏU¡f nt©oa mtÁaäšiy vd¡ fUj¥gL»wJ. 

	 k‰bwhU Kiwæš fhy¤ bjhl® tçiræš fhz¥gL»‹w étu§fŸ Ïªeh‹F 

Ãçé‹ TLjyhf vL¤J¡ bfhŸs¥gL»wJ. F¿p£oš,

		  Y = T + S +  C + I

	 TLjš Kiwæš Ïªeh‹F ÃçÎfSnk x‹iw x‹W rh®ªjitašy v‹W 

fUj¥gL»wJ.

fhy¤bjhl® tçiræ‹ eh‹F ÃçÎfŸ

	 1)	 Ú©l fhy¥ ngh¡F mšyJ ngh¡F

	 2)	 gUt fhy khWghL

	 3)	 RHš khWghL

	 4)	 xG§f‰w mšyJ Kiwa‰w khWghL

8.2.1 Ú©l fhy¥ ngh¡F :

	 fhy¤bjhl® tçiræš ÏJ xU Ú©l fhy mirÎ MF«. xU fhy¤bjhlç‹ 

gy M©LfS¡Fça kÂ¥ò¡fŸ bghJthd V‰w¤Jlndh mšyJ Ïw¡f¤Jlndh 
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mšyJ ãiyahfnth ÏU¡F« Ï¤j‹ik Ú©lfhy¥ ngh¡F mšyJ vëikahd 

ngh¡F v‹W miH¡f¥gL«. k¡fŸ bjhif¥ bgU¡f«, bjhêš E£g K‹nd‰w¤jhš 

Ef®nth® éU¥g§fŸ khWgLtJ« VW»‹w ngh¡»‰F fhuz« kU¤Jt trÂ 

mÂfç¤JŸsjhY« Rfhjhu NœãiyahY« Ïw¥ò Åj« FiwªJ tUtij¡ fhz 

ÏaY«. ÏJnt ngh¡»‹ Ïw¡f¤Â‰F fhuz«. bghJthf fhy¤bjhl® tçiræ‹ 

Ïªj V‰w Ïw¡f§fŸ Ú©l fhy¤Â‰F ÏU¡F«.

8.2.2 ngh¡»id mséL« KiwfŸ :

	 ngh¡F Ñœ¡f©l fâj Kiwfëš ms¡f¥gL»wJ.

	 1) tiugl Kiw

	 2) miu ruhrç Kiw

	 3) efU« ruhrç Kiw

	 4) Û¢ÁW t®¡f Kiw

tiugl Kiw :

	 Ï«Kiwæš ngh¡if ms¥gJ äf¢ RygK« vëikahdJ« MF«. ÏÂš 

fhy« X - m¢ÁY« kÂ¥òfŸ Y - m¢ÁY« vL¡f¥g£L bfhL¡f¥g£l étu§fŸ 

tiugl¤Â‹ òŸëfshf¡ F¿¡f¥gL»‹wd. òŸëfis ifahš Ïiz¤J 

tistiu tiua mJ ngh¡»‹ Âiria¡ F¿¡F«.

	 ngh¡F¡ nfh£il tiuÍ« bghGJ Ñœ¡f©l K¡»a fU¤Jfis ftd¤Âš 

bfhŸs nt©L«.

	 (i)	 tistiu Óuhf ÏU¡f nt©L«.

	 (ii)	 Toa tiuæš ngh¡F¡ nfh£o‰F nkY« ÑG« rk v©â¡if cŸs  

	 	 òŸëfŸ mika nt©L«.

	 (iii)	 òŸëfëèUªJ ngh¡F¡ nfh£o‰F cŸs br§F¤J öu é¤Âahr¤Â‹  

	 	 t®¡f§fë‹ TLjš Ïa‹w tiuæš Á¿ajhf ÏU¡f nt©L«.

	 (iv)	 RHš khWghLfŸ ÏU¡Fkhdhš ngh¡»‰F nkY« ÑG« rk msÎ RHš  

	 	 khWghLfŸ ÏU¡f nt©L«.

	 (v)	 nfh£o‰F nkny cŸs RHšfë‹ gu¥gsÎ« ÑnH cŸs RHšfë‹  

	 	 gu¥gsÎ« rkkhf ÏU¡f nt©L«.

vL¤J¡fh£L 1 :

	 Ã‹tU« étu§fS¡F tiugl Kiwæš ngh¡F¡ nfhL tiuf.

tUl« 1996 1997 1998 1999 2000 2001 2002

é‰gid

(1000 %ghæš)
60 72 75 65 80 85 95
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Ô®Î :

tUl«

é
‰
g
i
d

ãiwfŸ :

1. ÏJ äfÎ« RygkhdJ«, vëikahdJ« MF«. ÏJ ciH¥igÍ« 

neu¤ijÍ«ä¢r¥gL¤J»wJ.

2. 	 všyh tif¥ ngh¡FfisÍ« és¡Ftj‰F ga‹gL»wJ.

3. 	 ÏJ ngh¡»‹ ga‹ghLfëš éçthf cgnahf¥ gL¤j¥gL»wJ.

FiwfŸ :

1. 	 ÏJ äfÎ« rh®òilaJ. xnu khÂçahd étu§fis bt›ntW eg®fŸ tiuÍ« 

nghJ bt›ntW ngh¡F¡ nfhLfŸ »il¡»‹wd.

2. Ï›tif¥ ngh¡Ffis K‹fâ¥Ã‰F ga‹gL¤Jjš égßj éisit¡ 

bfhL¡F«.

3. 	 F¿¥Ã£l mséš ngh¡»‹ kÂ¥ig fz¡»l ÏayhJ.

miu ruhrç Kiw :

	 Ï«Kiwæš bfhL¡f¥g£l étu§fis rk v©â¡if M©L kÂ¥òfSl‹ 

Toa ÏU miu¥gFÂfshf¥ Ãç¤J¡ bfhŸs nt©L«. vL¤J¡fh£lhf 1981-š 

ÏUªJ 1998 tiu cŸs 18 tUl§fS¡fhd bfhL¡f¥g£l étu§fis Kjš 9 tUl 

étu§fŸ mjhtJ 1981š ÏUªJ 1990 tiu xU gFÂahfÎ« 1990š ÏUªJ 1998 tiu 

k‰bwhU gFÂahfÎ« ÏU gFÂfshf¥ Ãç¡f¥gL»wJ.

	 bfhL¡f¥g£l kÂ¥òfŸ x‰iw v©â¡ifæèUªjhš eL kÂ¥ig Ú¡» é£L 

eL kÂ¥ò¡F nkYŸs kÂ¥òfis xU gFÂahfÎ« eLkÂ¥ò¡F ÑGŸs kÂ¥òfis 

k‰bwhU gFÂahfÎ« vL¤J¡ bfhŸs nt©L«. vL¤J¡fh£lhf 1991-š ÏUªJ 1997 

tiu cŸs 7 tUl§fë‹ étu§fŸ bfhL¡f¥g£lhš 1994-« tUl¤ij Ú¡» é£L 

1991 Kjš 1993 tiu cŸs étu§fis xU gFÂahfÎ«, 1995 Kjš 1997 tiu cŸs 

étu§fis k‰bwhU gFÂahfÎ« vL¤J¡ bfhŸs nt©L«.

	 étu§fŸ ÏU gFÂfshf¥ Ãç¡f¥g£l Ã‹ x›bthU gFÂæ‹ ruhrçia 

jå¤jåna fhz nt©L«. m¢ruhrç kÂ¥òfis m¥gFÂfë‹ ÃçÎ 

Ïilbtëfë‹ k¤Âæš F¿¤J¡ bfhŸs nt©L«. m¥òŸëfŸ ne®nfh£oš 

Ïiz¡f¥gL« bghGJ njitahd ngh¡F¡nfhL »il¡F«. Ï¡nfh£oid nkš 
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neh¡»Í«, Ñœ neh¡»Í« Ú£Ltj‹ _y«, Ï¡fhy§fS¡F Ïil¥g£l kÂ¥òfisÍ« 

tU§fhy kÂ¥òfisÍ« fz¡»l ÏaY«.

vL¤J¡fh£L 2 :

	 miu ruhrç Kiwæš ngh¡F¡ nfhL tiuf.

tUl« 1991 1992 1993 1994 1995 1996

é‰gid

(1000 %ghæš)
60 75 81 110 106 120

Ô®Î :

	 x›bthU gFÂæY« 3 kÂ¥òfŸ ÏU¡FkhW ÏU gFÂfshf¥ Ãç¡fÎ«.

tUl«
é‰gid  

%.

miu¥gFÂæ‹ 

bkh¤j«
miu ruhrç

ngh¡F 

kÂ¥òfŸ

1991

1992

1993

1994

1995

1996

60

75

81

110

106

117

216

333

72

111

59

72

85

98

111

124

ika M©LfS¡»ilnaahd ntWghL 	 = 	 1995 –1992 = 3 tUl§fŸ

miu ruhrçfS¡»ilna cŸs ntWghL 	 = 	 111 –72 = 39

∴	 tUlhªÂu¥ ngh¡F 	= 	 39/3 = 13

	 1991-‹ ngh¡F 	 = 	 1992-‹ ngh¡F -13

				    = 	 72 – 13 = 59

	 1993-‹ ngh¡F 	 = 	 1992-‹ ngh¡F +13

				    = 	 72 + 13 = 85

Ïnj nghš k‰w ngh¡F kÂ¥òfis¡ fz¡»l nt©L«.

Ã‹tU« tiugl« ngh¡F¡ nfh£oid bjëthf és¡F«.

æ
è

æ
è



201

vL¤J¡fh£L 3 :

	 Ã‹tU« étu§fS¡F miu ruhrç Kiwæš ngh¡F kÂ¥òfis¡ fz¡»Lf.

tUl« 1995 1996 1997 1998 1999 2000 2001

bryéd§fŸ 

%. y£r¤Âš
1.5 1.8 2.0 2.3 2.4 2.6 3.0

Ô®Î :

tUl«
é‰gid  

%.

miu¥gFÂæ‹ 

bkh¤j«
miu ruhrç

ngh¡F 

kÂ¥òfŸ

1995

1996

1997

1998

1999

2000

2001

1.5

1.8

2.0

2.3

2.4

2.6

3.0

5.3

8.0

1.77

2.67

1.545

1.770

1.995

2.220

2.445

2.670

2.895

ika M©LfS¡»ilnaahd ntWghL		 = 2000 – 1996

							       = 4 tUl§fŸ

miu ruhrçfS¡»ilna cŸs ntWghL	 = 2.67 - 1.77

							       = 0.9

	 ∴ tUlhªÂu ngh¡F kÂ¥ò			  = 
0 9

4

.
 = 0.225

tUl«

é
‰
g
i
d



202

	 1995 -‹ ngh¡F = 1996 -‹ ngh¡F  – 0.225

				    = 1.77 – 0.225

				    = 1.545

	 1996 -‹ ngh¡F 	 = 1.77

	 1997-‹ ngh¡F 	 = 1.77 + 0.225

				    = 1.995

Ïnj nghy k‰w kÂ¥òfis¡ fz¡»l nt©L«.

ãiwfŸ :

1. 	 Ï«Kiw äf vëikahdJ k‰W« fz¡»l RygkhdJ.

2. 	 Ï«Kiwæš x›bthUtU« xnu xU ngh¡F¡ nfh£oidna bgw KoÍ«.

3. 	 Ï¡nfh£oid ÏU têfëY« Ú£L« bghGJ flªj fhy kÂ¥ÕLfisÍ« 

tU§fhykÂ¥ÕLfisÍ« fhz ÏaY«.

FiwfŸ :

1.	 fhy¤bjhl® tçiræš ne®nfh£L¥ ngh¡F Ïšyhj bghGJ Tl mJ 

ÏU¡»wbj‹w j‰nfhë‹ mo¥gilæš Ï«Kiw ga‹gL¤j¥gL»wJ.

2.	 Ï«Kiwæš bgw¥gL« ngh¡F kÂ¥òfŸ e«gf¤j‹ik cilait mšy.

efU« ruhrç Kiw :

	 Ï«Kiw äf vëikahdJ. ÏJ T£L ruhrçia mo¥gilahf¡ bfh©lJ. 

xU fhy t£l¤Â‰FŸsl§F»‹w všyh kÂ¥òfë‹ T£L¢ ruhrç fz¡»l¥g£L 

mt‰¿‹ eL kÂ¥Ã‰F ne® vGj nt©L«. Ã‹ Ïu©lhtJ kÂ¥Ãš ÏUªJ xU 

fhy t£l¤Â‰FŸsl§F»‹w kÂ¥òfë‹ T£L ruhrçia¡ fz¡»£L mt‰¿‹ 

eLkÂ¥Ã‰F neuhf vGj nt©L«. Ï«Kiwia¤ bjhl®ªJ ÏWÂ tiu brŒa 

nt©L«. Ï¡fhyt£l« efU« ruhrç Ïilbtë v‹W miH¡f¥gL«.

tUl«

b
r
y
é

d
§
f
Ÿ
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	 x‰iwba©â¡if fhy Ïilbtë¡fhd efU« ruhrç Kiw Ã‹tUkhW     

(3 mšyJ 5)

	 3 M©LfS¡fhd efU« ruhrçfŸ  a b c b c d c d e+ + + + + +
3 3 3

, ,  ......... MF«.

	 5 M©LfS¡fhd efU« ruhrçfŸ Kiwna a b c d e b c d e f c d e f g+ + + + + + + + + + + +
5 5 5

, , 

	a b c d e b c d e f c d e f g+ + + + + + + + + + + +
5 5 5

, , ....... MF«.

efU« ruhrçæ‹ fhy t£l« x‰iwba©â¡if M©Lfshf ÏUªjhš 

fz¡»Ltj‰fhd gofŸ (3 tUl§fŸ)

1. 	 Kjš _‹W tUl§fS¡fhd bkh¤j kÂ¥ig fz¡»£L Ïu©lhtJ 

tUl¤Â‰F neuhf vGj nt©L«.

2. 	 Kjš kÂ¥ig éL¤J, mL¤J tU« _‹W tUl kÂ¥òfis¡ T£o _‹whtJ 

tUl¤Â‰F neuhf vGj nt©L«.

3. 	 filÁ kÂ¥ò vL¡f¥gL« tiu Ïnj nghš bjhl®f.

4. 	 x›bthU bkh¤j kÂ¥igÍ« 3 Mš tF¤J mitat‰¿‰F neuhf mL¤j ãuèš 

vGJf.

	 Ïitna efU« ruhrç Kiwæš fz¡»l¥g£l ngh¡F kÂ¥òfshF«.

vL¤J¡fh£L 4 :

	 Ã‹tU« étu§fS¡F 3 tUl§fS¡fhd efU« ruhrç fz¡»Lf.

tUl« 1975 1976 1977 1978 1979 1980

c‰g¤Â (l‹fëš) 50 36 43 45 39 38

tUl« 1981 1982 1983 1984

c‰g¤Â (l‹fëš) 33 42 41 34
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Ô®Î :

tUl« c‰g¤Â l‹fëš

3 tUl§fS¡fhd 

efU«  

bkh¤j«

3 tUl§fS¡fhd 

efU« ruhrçna ngh¡F 

kÂ¥òfŸ

1975

1976

1977

1978

1979

1980

1981

1982

1983

1984

50

36

43

45

39

38

33

42

41

34

-

129

124

127

122

110

113

116

117

-

-

43.0

41.3

42.3

40.7

36.7

37.7

38.7

39.0

-

efU« ruhrçæ‹ fhyt£l« Ïu£il v©â¡if M©Lfshf ÏUªjhš :

	 x›bthU bjhFÂæ‹ ika kÂ¥ò« ÏU fhy¥ òŸëfS¡F Ïilæš mikÍ«. 

vdnt efU« ruhrçfis ika ãiy¥gL¤j nt©L«.

Ïj‰fhd gofŸ Ã‹tUkhW :

1.	 Kjš eh‹F tUl kÂ¥ò¡fë‹ TLjiy¡ fz¡»£L mjid Ïu©lhtJ k‰W« 

_‹whtJ tUl¤Â‹ eL Ãçé‰F neuhf _‹whtJ ãuèš vGj nt©L«.

2.	 Kjš tUl kÂ¥ig éL¤J, mL¤J tU« 4 - tUl bkh¤j kÂ¥igÍ« fz¡»£L 

mjid _‹W k‰W« eh‹fhtJ tUl¤Â‹ eLÃçé‰F nenu vGj nt©L«.

3.	 filÁ kÂ¥ò vL¡f¥gL« tiu Ïªãiyia bjhlu nt©L«.

4.	 Kjš ÏU eh‹F tUl¡ TLjšfë‹ bkh¤j¤ij fz¡»£L mjid _‹whtJ 

tUl¤Â‰F neuhf eh‹fhtJ ãuèš vGj nt©L«.

5.	 Kjš eh‹F tUl TLjiy éL¤J mL¤J cŸs ÏU eh‹F tUl¡ TLjšfë‹ 

bkh¤j¤ij fz¡»£L 4-tJ tUl¤Â‰F vÂuhf vGj nt©L«.

6.	 filÁ 4-tUl¡ TLjiy¡ fz¡»š vL¡F« tiu Ïªãiyia¤ bjhlu 

nt©L«.

7.	 4-tJ ãuèš cŸs x›bthU TLjiyÍ« 8-Mš tf¤J (ÏJ 8-tUl§fS¡fhd 

TLjš) mij 5-tJ ãuèš vGJf. Ïitna ngh¡F kÂ¥òfshF«.
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vL¤J¡fh£L 5 :

ÏªÂahé‹ njæiy c‰g¤Â Ã‹tUkhW 4 tUl efU« v©fis¡ fz¡»Lf.

tUl« 1993 1994 1995 1996 1997 1998

c‰g¤Â (l‹fëš) 464 515 518 467 502 540

tUl« 1999 2000 2001 2002

c‰g¤Â (l‹fëš) 557 571 586 612

Ô®Î :

tUl«
c‰g¤Â 

l‹fëš

4 tUl

 efU«  

bkh¤j«

ikaãiy¥ 

gL¤j¥g£l 

efU« bkh¤j«

ngh¡f 

kÂ¥òfŸ

1993 464 - -

-

1994 515

1964

1995 518 3966 495.8

2002

1996 467 4029 503.6

2027

1997 502 4093 511.6

2066

1998 540 4236 529.5

2170

1999 557 4424 553.0

2254

2000 571 4580 572.5

2326

2001 586

-

2002 612
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ãiwfŸ :

1.	 k‰w KiwfnshL x¥ÃLifæš Ï«Kiw òçªJ bfhŸtj‰f« ifahŸtj‰f« äf 

vëikahdJ.

2.	 bfhL¡f¥g£l étu§fSl‹ Ï‹D« Áy étu§fŸ nr®¡f¥g£lhš KG 

fz¡ÑLfëY« kh‰w« V‰gLtÂšiy. ngh¡F kÂ¥òfŸ k£Lnk mÂfç¡»‹wd.

3.	 RHš khWghLfë‹ xU fhy t£l¤ij efU« ruhrç fhy Ïilbtëahf vL¥gj‹ 

_y« Kiwahd RHš khWghLfŸ KGtJkhf Ú¡f¥gL»wJ.

4.	 F¿¥ghf bjhlç‹ ngh¡F kÂ¥òfŸ xG§f‰witahf ÏU¡F« bghGJ Ï«Kiw 

äfÎ« Áw¥ò thŒªjJ.

FiwfŸ :

1.	 K‹fâ¥ò«, tU§fhy¥ ngh¡»id m¿tijÍ« K¡»a neh¡fkhf¡ bfh©l 

ngh¡F gF¥ghŒéš Ï«Kiw ga‹gL¤j¥gLtÂšiy.

2.	 Áy rka§fëš efU« ruhrçæ‹ fhy¤nj®Î Nœãiyia¥ bghW¤jJ.

3.	 bghJthf efU« ruhrçfŸ, Kid kÂ¥òfshš ghÂ¡f¥gL»‹wd.

4.	 ÏJ xG§f‰w khWghLfis K‰¿Ykhf Ú¡FtÂšiy.

8.3 Û¢ÁW t®¡fKiw :

	 Ï«Kiw gutyhf¥ ga‹gL¤j¥g£L tU»wJ. bghUshjhu k‰W« tâf fhy¤ 

bjhl® tçirfë‹ ngh¡F kÂ¥òfis¡ fh©gÂš Ï«Kiw K¡»a g§F t»¡»wJ. 

tU§fhy kÂ¥Õ£o‰F«, K‹fâ¥Ã‰F« ÏJ bgçJ« cjÎ»wJ. Ï«Kiwæš 

bgw¥gL« ngh¡F¡ nfhL äf bghU¤jkhd ne®¡nfhL v‹wiH¡f¥gL»wJ.

	 ngh¡f¡ nfh£o‹ rk‹ghL y = a + bx, v‹f. bfhL¡f¥g£LŸs y 
kÂ¥òfS¡F« Ï¢rk‹gh£o‹ _y« bgw¥gL« y kÂ¥ÕLfS¡F« cŸs 

é¤Âahr¤Â‹ t®¡f§fë‹ TLjiy Û¢ÁW kÂ¥ò M¡f nt©L« v‹w 

mo¥gilæš a, b v‹w kh¿èfŸ kÂ¥Ãl¥gL»‹wd.

	 Ï«kh¿èfŸ Ã‹tU« Ïašãiy rk‹ghLfis¤ Ô®¥gj‹ _y« 

fz¡»l¥gL»‹wd.	

		  ∑y = na + b∑x ………. (1)

		  ∑xy = a∑x + b∑x2 ……… (2)

Ï§F x v‹gJ fhy¥ òŸëfisÍ« y v‹gJ mj‰fhd kÂ¥òfisÍ« F¿¡»‹wd. ‘ n’ 
v‹gJ bfhL¡f¥g£l n#ho kÂ¥òfë‹ v©â¡if.

tUl§fŸ x‰iw v©â¡ifahf mikÍ« bghGJ :

go 1 	 : bfhL¡f¥g£l tUl§fis ãuš 1-Y« mj‰bfh¤j kÂ¥Ãid ãuš 2-Y«  	

  	   vGj  nt©L«.

go 2 	 : 3-tJ ãuèš, ãuš-1š cŸs tUl§fS¡F neuhf 0, 1, 2 .... vd vGÂ mt‰iw     
 	 X vd¡ F¿¡f nt©L«.
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go 3	 : mj‹ eL cW¥ig A vd F¿¡f nt©L«.

go 4	 : eL cW¥ò A -š ÏUªJ éy¡f« u = X – A fz¡»£L mjid ãuš 4-š  	 	

	  F¿¡f  nt©L«.

go 5 	 : u2 kÂ¥ig¡ f©LÃo¤J ãuš 5-š vGj nt©L«.

go 6	 : ãuš 6-š cŸs kÂ¥òfŸ bgU¡fš uy I¡ F¿¡f nt©L«.

Ïj‰fhd Ïašãiy rk‹ghLfŸ Ã‹tUkhW

		  ∑y = na + b∑u 	 ........	 (1)  Ï§F u = X-A

		  ∑uy = a∑u + b∑u2 	 .........	 (2)

∑u = 0 , v‹gjhš rk‹ghL (1) ‹ _y«

		
a

y

n
= ∑

rk‹ghL (2)-‹ _y«

		

∑ = ∑

∴ = ∑
∑

uy b u

b
uy

u

2

2
		

äf¥ bghU¤jkhd ne®nfh£o‹ rk‹ghL

	 y = a + bu = a + b ( X - A)

vL¤J¡fh£L 6 :

Ã‹tU« étu§fS¡F Û¢ÁW t®¡f Kiwia¥ ga‹gL¤Â ngh¡F kÂ¥òfis¡ 

fh©f.

tUl« 1990 1991 1992 1993 1994
c‰g¤Â 

l‹fëš
50 55 45 52 54

Ô®Î :

tUl«

(x)
c‰g¤Â

(y)
X = x - 1990 u = x-A     

= x-2
u2 uy ngh¡F 

kÂ¥òfŸ

1990 50 0 – 2 4 – 100 50.2
1991 55 1 – 1 1 – 55 50.7
1992 45 2  A 0 0 0 51.2
1993 52 3 1 1 52 51.7
1994 54 4 2 4 108 52.2

bkh¤j« 256 10 5
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A v‹gJ c¤njr kÂ¥ò

bghU¤jkhd ne®nfh£o‹ rk‹ghL

	         Y 	= a + bX

		  = a + bu , Ï§F u = X - 2

Ïašãiy¢ rk‹ghLfŸ Ã‹tUkhW

	    ∑y = na + b∑u……….(1)

	  ∑uy = a∑u + b∑u2 …..(2)

∑u = 0 v‹gjhš, rk‹ghL (1) Ï‹ _y« ∑y = na

	

a y
n

= ∑

= =256
5

51 2.
	

rk‹ghL (2) Ï‹ _y«

	

∑ = ∑
=

= =

uy b u

b

b

2

5 10

5

10
0 5.

	

bghU¤jkhd ne®nfh£o‹ rk‹ghlhdJ

	 y = a + bu

	 y = 51.2 + 0.5 (X-2)

	 y = 51.2 + 0.5X –1.0

	 y = 50.2 + 0.5X

ngh¡F kÂ¥òfŸ

	   50.2, 50.7, 51.2, 51.7, 52.2

1996« tUl c‰g¤Âia kÂ¥Ãl

	  X = x – 1990 vd ÃuÂæLf

	 X = 1996 –1990 = 6

	 Y = 50.2 + 0.5X = 50.2 +0.5(6)

	    = 50.2 +3.0 = 53.2 l‹fŸ

Ã‹tU« tiugl« ngh¡F¡ nfh£il¤ bjëthf és¡F»wJ.
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tUl§fŸ Ïu£ilba©â¡ifahf bfhL¡f¥g£LŸs bghGJ

	 Ï§F X š eLéš cŸs ÏU kÂ¥òfë‹ ruhrçia A vd vL¤J¡ bfhŸs 

nt©L«. m¥bghGJ u = 
X A−
1 2/

= 2 (X-A) vd¡ »il¡F«. tUl§fŸ x‰iw 

v©â¡ifahf mikÍ« bghGJ Ã‹g‰¿a k‰w tê Kiwfis Ï§F« Ã‹g‰w 

nt©L«.

vL¤J¡fh£L 7 :

Ã‹tU« étu§fS¡F Û¢ÁW t®¡f Kiwæš ngh¡f¡ nfh£il bghU¤Jf.

tUl« 1983 1984 1985 1986 1987 1988

é‰gid 

(y£r§fëš)
3 8 7 9 11 14

1991« tUl é‰gid kÂ¥ÕL fh©f.

Ô®Î :

tUl«  
(x)

é‰gid 

(y)
X =  

x-1983
u = 2X - 5 u2 uy ngh¡F 

kÂ¥òfŸ

1983 3 0 – 5 25 –15 3.97

1984 8 1 – 3 9 – 24 5.85

1985 7 2 – 1 1 – 7 7.73

1986 9 3 1 1 9 9.61

1987 11 4 3 9 33 11.49

1988 14 5 5 25 70 13.37

bkh¤j« 52 0 70 66

	

u
X A

X X

= −

= − = −
1 2

2 2 5 2 5
/

( . )

c
‰
g
¤
Â
 

tUl«
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ne®nfh£o‹ rk‹ghlhdJ

	 y = a + bX = a + bu

Ïašãiy¢ rk‹ghLfshtd

	 ∑y = na …….(1)

	 ∑uy = b∑u2 ……(2)

rk‹ghL (1) ‹ _y« 52 = 6a

	

a

From b

b

=

=
=

=

=

52

6
8 67

2 66 70

66

70
0 94

.

( )

.

rk‹ghL (2) ‹ _y«  66  =  70 b

	

a

From b

b

=

=
=

=

=

52

6
8 67

2 66 70

66

70
0 94

.

( )

.

bghU¤j¥g£l ne®nfh£o‹ rk‹ghlhdJ

	 y = a + bu

	 y = 8.67+0.94(2X-5)

	 y = 8.67 + 1.88X - 4.7

	 y = 3.97 + 1.88X -----------(3)

ngh¡F kÂ¥òfshdJ ngh¡F nfh£oš Ã‹tU« kÂ¥òfis X ‰F kÂ¥Ãl 

»il¡»‹wd

 	 X = 0, y = 3.97 		  X = 1, y = 5.85

	 X = 2, y = 7.73 		  X = 3, y = 9.61

	 X = 4, y = 11.49 		  X = 5, y = 13.37

1991« tUl é‰gid kÂ¥Õ£il bgw

	 X	 = x –1983 vd ÃuÂæLf

		  = 1991 – 1983 = 8

	 y	 = 3.97 + 1.88 × 8

		  = 19.01 y£r§fŸ
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Ñœ¡f©l tiugl« ngh¡F nfh£oid¤ bjëthf fh£L»wJ.

tUl«

é
‰
g
i
d

ãiwfŸ :

1.	 ÏJ xU fâjéaš Kiwahf ÏU¥gjhš ÏJ vij¢ rh®ªJ« mikahJ vdnt 

MŒthsç‹ brhªj éU¥ò btW¥òfis Ú¡F»wJ.

2.	 Ï«Kiwæš tU§fhy kÂ¥òfis kÂ¥ÃLtnjhL fhy¤ bjhl® tçiræ‹ 

Ïil¥g£l kÂ¥òfisÍ« kÂ¥Ãl ÏaY«.

3.	 mid¤J ngh¡F kÂ¥òfisÍ« Ï«Kiwæš fz¡»l ÏaY«.

FiwfŸ :

1.	 ÏJ xU fodkhd Kiw Áy kÂ¥òfis nr®¡F« bghGJ fz¡ÑLfis Û©L« 

brŒa nt©L«.

2.	 tâf bghUshjhu fhy¤bjhl®fŸ ne®¡nfh£L ngh¡fhf ÏU¥gÂšiy v‹gjhš 

Ïit ne®¡nfh£L ngh¡Filait v‹W mDkhå¤J Ï¥ngh¡F kÂ¥òfis 

fz¡»£lhš Áy neu§fëš jtWfŸ V‰glyh«.

3.	 ÏJ RHš, gUtfhy k‰W« Kiwa‰w khWghLfis fU¤Âš bfhŸtÂšiy.

4.	 ngh¡F kÂ¥ÕLfis mL¤J tU»‹w Áy fhy§fS¡F k£Lnk kÂ¥Ãl ÏaY«. 

Ú©l fhy mséš bgW»‹w kÂ¥ÕLfŸ bghU¤jkhf ÏuhJ.

8.4 gUtfhy khWghLfŸ :

	 gUtfhy khWghLfŸ v‹gJ xU tUl¤Â‰FŸ gUt¤Â‰nf‰g V‰gl¡Toa 

V‰w Ïw¡f§fshF«. gUtfhy khWghLfŸ V‰gLtj‰fhd fhuz fhça§fshtd

	 i) xU Ïl¤Â‹ j£g bt¥gãiy k‰W« thåiy

	 ii) k¡fë‹ bjh‹W bjh£L tU« gH¡f tH¡f§fŸ

	 vL¤J¡fh£lhf nfhil fhy¤Âš I°»ß« é‰gid, kiH fhy¤Âš Fil 

é‰gid, Fë®fhy¤Âš f«gë MilfŸ é‰gid k‰W« rhFgo fhy§fëš 

éis¢rš ngh‹wit mÂfç¡»‹wd.



212

	 Ïu©lhtjhf, ÂUkz fhy§fëš j§f¤Â‹ éiy TL»wJ. g©oif 

fhy§fëš g£lhR, òJ¤JâfŸ M»at‰¿‹ éiy VW»wJ.

	 vdnt c‰g¤Âahs®fŸ, é‰gidahs®fŸ, éahghçfŸ, tho¡ifahs®fŸ 

ngh‹w midtU¡F« tU§fhy¤ij¥ g‰¿ Â£läl gUt fhy khWghLfŸ äf 

K¡»a¤Jt« thŒªjit MF«.

	 gUt fhy khWghLfis mséLtj‹ neh¡fkhdJ mt‰¿‹ éisÎfis¥ 

g‰¿ m¿ªJ k‰W« mj‹ éisit¥ ngh¡»å‹W ntWgL¤Jjš MF«.

gUtfhy khWghLfis mséLjš :

	 gUt fhy khWghLfis mséLtÂš Ã‹tU« eh‹F KiwfS« mÂf msÎ 

ga‹gL¤j¥gL»‹wd.

1.	 vëa ruhrç Kiw

2.	 ngh¡F é»j Kiw

3.	 efU« ruhrç é»j Kiw

4.	 bjhl® cwÎ Kiw

	 nk‰f©l eh‹F Kiwfëš gUt fhy khWghLfis   mséLtj‰F vëa 

ruhrç Kiw äf RygkhdJ.

8.4.1 vëa ruhrç Kiw :

	 Ïªj Kiwæš gUt fhy F¿p£il fz¡»Ltj‰fhd gofŸ

i) 	 bfhL¡f¥g£l étu§fis fhy thçahf tçirgL¤Jf.

ii) 	 x›thU gUt¤Â‰F« ruhrç fz¡»Lf.

iii) 	 gUt fhy ruhrçfë‹ ruhrçia fz¡»l nt©L«. ÏJ bkh¤j ruhrç  

MF«.

iv)	 gUt fhy ruhrçia bkh¤j ruhrçæ‹ rjÅj¤Âš vGJf. ÏJ gUt  

fhy¡ F¿pL MF«.

	 Ï¥gUt fhy F¿pLfë‹ bkh¤j« 100n. Ï§F ‘n’ v‹gJ xU tUl¤Âš cŸs 

gUt§fë‹ v©â¡if MF«.

vL¤J¡fh£L 8 :

	 ÑnH bfhL¡f¥g£l étu§fS¡F vëa ruhrç Kiwæš gUt fhy F¿pLfŸ 

fh©f.
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fhyh©L

tUl« I II III IV
1989 30 40 36 34
1990 34 52 50 44
1991 40 58 54 48
1992 54 76 68 62
1993 80 92 86 82

Ô®Î :

fhyh©L

tUl« I II III IV

1989 30 40 36 34

1990 34 52 50 44

1991 40 58 54 48

1992 54 76 68 62

1993 80 92 86 82

bkh¤j« 238 318 294 270

ruhrç 47.6 63.6 58.8 54

gUtfhy 

F¿pLfŸ

85 113.6 105 96.4

bkh¤j ruhrç Grand average = + + +

= =

47 6 63 6 58 8 54

4
224

4
56

. . .

Kjš fhyh©o‰fhd gUtfhy F¿pL =

			 

Kjš fhyh©L ruhrç

bkh¤j ruhrç

× 100=

	  		

I quarter
 quarterly Average

Grand Average
= ×

= ×

First
100

47 6

56
85

.
1100 =

	           

Ïu©lhtJ fhyh©o‰fhd gUtfhy F¿pL =

			 

Ïu©lhtJ fhyh©L ruhrç

bkh¤j ruhrç

× 100=
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II quarter
 quarterly Average

Grand Average
= ×

=

Second
100

63 6

5

.

66
100 113 6× = .

			 

_‹whtJ fhyh©o‰fhd gUtfhy F¿pL =

			 

_‹whtJ fhyh©L ruhrç

bkh¤j ruhrç

× 100=

			 

III quarter
 quarterly Average

Grand Average
= ×

=

Third
100

58 8

5

.

66
100 105× =

		

eh‹fhtJ fhyh©o‰fhd gUtfhy F¿pL =

			 

eh‹fhtJ fhyh©L ruhrç

bkh¤j ruhrç

× 100=

			 

IV quarter
 quarterly Average

Grand Average
= ×

= ×

Fourth
100

54

56
1100 96 4= .

			 

vL¤J¡fh£L 9 :
	 Ã‹tU« étu§fS¡F vëa ruhrç Kiwæš gUtfhy F¿pLfis¡ fh©f.

tUl«

fhyh©L 1974 1975 1976 1977 1978

I 72 76 74 76 74

II 68 70 66 74 74

III 80 82 84 84 86

IV 70 74 80 78 82

Ô®Î :
fhyh©L

tUl« I II III IV

1974 72 68 80 70

1975 76 70 82 74

1976 74 66 84 80

1977 76 74 84 78

1978 74 74 86 82

bkh¤j« 372 352 416 384

ruhrç 74.4 70.4 83.2 76.8

gUtfhy 

F¿pLfŸ

97.6 92.4 109.2 100.8
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bkh¤j ruhrç	Grand Average = + + +

= =

74 4 70 4 83 2 76 8

4
304 8

4
76 2

. . . .

.
.

Kjš fhyh©o‰fhd gUtfhy F¿pL =

			 

Kjš fhyh©L ruhrç

bkh¤j ruhrç

× 100=

			 

I quarter
 quarterly Average

Grand Average
= ×

=

First
100

74 4

76

.

.22
100

97 6

×

= . 			 

Ïu©lhtJ fhyh©o‰fhd gUtfhy F¿pL =

			 

Ïu©lhtJ fhyh©L ruhrç

bkh¤j ruhrç

× 100=

			 

II quarter
 quarterly Average

Grand Average
= ×

=

Second
100

70 4

7

.

66 2
100

92 4
.
.

×

= 			 

_‹whtJ fhyh©o‰fhd gUtfhy F¿pL =

			    

_‹whtJ fhyh©L ruhrç

bkh¤j ruhrç

× 100=

			 

III quarter
 quarterly Average

Grand Average
= ×

=

Third
100

83 2

7

.

66 2
100

109 1

.

.=

x

			 

eh‹fhtJ fhyh©o‰fhd gUtfhy F¿pL =

			 

eh‹fhtJ fhyh©L ruhrç

bkh¤j ruhrç

× 100=

			 

IV quarter
 quarterly Average

Grand Average
= ×

=

Fourth
100

76 8

7

.

66 2
100

100 8
.
.

×

= 			 

 	      		  = 97.6 + 92.4 + 109.2 + 100.8

			   = 400 vdnt rçgh®¡f¥g£lJ.
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RHš khWghLfŸ :

	 tH¡fkhf Ïu©L mšyJ Ïu©o‰F nk‰g£l M©Lfëš fhy¤ bjhl® 

tçiræš ÂU«g ÂU«g V‰gL« khWghLfis "RHšfŸ" v‹w gj« F¿¡»wJ. 

tâf« k‰W« bghUshjhu¤Jl‹ bjhl®òila fhy¤ bjhl® tçirfŸ ahÎ« 

RHš khWghLfis¥ bg‰¿U¡F«. tâf brašghLfŸ ÂU«g, ÂU«g V‰w Ïw¡f 

mirÎfis¥ bgWtnj éahghu RH‰ÁahF«. Ï¢RH‰Á eh‹F gFÂfis¡ bfh©lJ. 

mitahtd 1. mÃéU¤Â   2. Ã‹dilÎ   3. Åœ¢Á   4. Û£Á x›bthU ãiyÍ« 

bkJthf kh¿ k‰bwhU ãiyia mil»wJ. Ã‹tU« gl« xU tâf RHiy 

bjëthf és¡F»wJ.

mÃé
U¤Â

Ã‹dilÎ

Åœ¢Á

Û£Á

	 xU éahghu¤ij ãiy ãW¤j¤ njitahd bfhŸif kh‰w§fis 

cUth¡Ftj‰F RHš khWghLfis¥ g‰¿ m¿ªJ bfhŸtJ äf mtÁakh»wJ. 

éahghçfŸ mt®fSila tâf¤Â‹ ts®¢Á k‰W« Åœ¢Á ãiy¡ nf‰wthW 

mt®fSila éahghu¤ij ãiyãW¤j j¡f elto¡iffŸ vL¡f RHš khWghLfŸ 

cjÎ»‹wd.

xG§f‰w khWghLfŸ :

	 xG§f‰w khWghLfŸ Kiwa‰w khWghLfŸ v‹W« miH¡f¥gL»‹wd. 

Ï«khWghLfŸ Kiwahdit mšy. Ïit F¿¥Ã£l tot¤Âš Û©L« Û©L« 

ãfHhJ.

	 Ï«khWghLfŸ ÂObud V‰gL« ngh®, ãyeL¡f«, ntiy ãW¤j«, btŸs« 

k‰W« òu£Á ngh‹wt‰whš V‰gL»‹wd.

	 Ï«khWghL xU FW»a fhy khWghL MF«. Mdhš ÏJ fhy¤ bjhl® 

tçiræ‹ všyh¥ gFÂfisÍ« ghÂ¡»wJ. Ï«Kiwa‰w khWghLfis msélnth, 

jå¤J¥ Ãç¤J¡ Twnth vªjéj òŸëæaš KiwfS« Ïšiy. xU Kiwahd 

bjhl®òila gFÂfŸ mid¤ijÍ« Ú¡»a ÃwF vŠR»‹w gFÂna xG§f‰w 

khWghLfis¡ F¿¡»wJ.

K‹fâ¥ò :

8.5 m¿Kf« :

	 tU§fhy¤Â‹ thŒ¥ò kÂ¥òfis K‹fâ¥ò brŒtnj fhy¤bjhl® 

tçiræ‹ K¡»a gadhF«. K‹fâ¥ò v‹gJ bgU«ghyhd neu§fëš 

kh¿æ‹ bfhL¡f¥g£oU¡F« kÂ¥òfS¡F bghU¤Âa ne®nfh£il nghJkhd 

Ú©l fhy¤Â‰F éçth¡Ftnj MF«. K‹fâ¥ò KiwfŸ g‰¿ éçthf 
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Ã‹d® étç¡f¥gL«. gUtfhy k‰W« RH‰Á fhuâfis¢ rçgL¤Jjš _y« 

ngh¡»id éçth¡f« brŒtij mo¥gilahf¡ bfh©L, K‹fâ¥ò brŒjš 

br«ik¥gL¤j¥gL»wJ. tâf« k‰W« bghUshjhu¤ Jiwfëš Â£läLjèY« 

kÂ¥ÕL brŒtÂY« K‹fâ¥ò K¡»a g§F t»¡»wJ. r_f«, muÁaš k‰W« 

muR bfhŸiffŸ ngh‹w gšntW éõa§fis¡ fU¤Âš bfh©L bghU¤jkhd 

òŸëæaš Kiwfis c£gL¤Â bgw¥gL« K‹fâ¥ò, Ô®khd« nk‰bfhŸtj‰F 

m¤ÂahtÁakh»wJ.

	 tU§fhy kÂ¥ÕLfis fâ¥gij¥ bghW¤nj xU tâf¤Â‹ bt‰¿ 

mik»wJ. Ïªj kÂ¥ÕLfë‹ mo¥gilæš xU tâf® mtUila c‰g¤Â, ÏU¥ò, 

é‰gid¢ rªij, TLjš ãÂia V‰gL¤Â¡ bfhŸSjš ngh‹wt‰iw Â£läl 

ÏaY«. K‹fâ¥ò v‹gJ K‹T£o ô»¤jš mšyJ K‹djhf éçth¡f« brŒjš 

v‹gÂèUªJ ntWgL»wJ. cl‹ bjhl®ò¥ gF¥ghŒÎ, fhy¤bjhl® tçir gF¥ghŒÎ, 

F¿p£bl©fŸ ngh‹wt‰¿‹ _y« tU§fhy kÂ¥òfis ô»¤jš k‰W« éçth¡f« 

brŒa KoÍ«.

	 khwhf flªj fhy« k‰W« j‰fhy étu§fis bghUshjhu¡ bfhŸif k‰W« 

NœãiyfS¡nf‰wthW gF¥ghŒÎ brŒJ tâf bra‰ghLfŸ v›thW mika 

nt©L« v‹gij¥ g‰¿ K‹T£ona TW« Kiw K‹fâ¥ò MF«. F¿¥ghf 

K‹fâ¥ò v‹gJ K‹bd¢rç¡ifahF«. òŸëæaš gF¥ghŒéid mo¥gilahf 

bfh©l K‹fâ¥ò, ôf¤Â‹ mo¥gilæš brŒÍ« K‹fâ¥ig él mÂf 

e«gf¤j‹ik cilaJ.

	 T.S. byé° k‰W« R.A. ~gh¡° (T.A. Levis and R.A.Fox) v‹gt®fë‹ T‰Wgo 

“flªj fhy étu§fëš ÏUªJ tU§fhy¤Âš V‰gL« kh‰w§fis kÂ¥ÕL brŒtnj 

K‹fâ¥ò MF«.”

8.5.1 tâf K‹fâ¥ò KiwfŸ :

	 tâf K‹fâ¥ig mséLtÂš _‹W KiwfŸ cŸsd.

1. 	 neé Kiw (Naive)

2. 	 ghnuhbk£ç¡ (Barometric)

3. 	 gF¥ò KiwfŸ (Analytical)

1. neé Kiw :

	 ÏJ bghUshjhu V‰w Ïw¡f¡ bfhŸifia k£Lnk bfh©lJ.

2. ghnuhbk£ç¡ KiwfŸ :

	 ÏJ Ã‹tU« Kiwfis cŸsl¡»aJ.

i) 	 F¿¥Ã£l tuyh‰W x¥òilik

ii) 	 V‰w - Ïw¡f cwÎfŸ

iii) 	 guÎjš Kiw

iv) 	 braš - vÂ®braš bfhŸif
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3. gF¥ò KiwfŸ :

	 ÏJ Ã‹tU« Kiwfis¡ bfh©lJ.

i) 	 fhuâ g£oaš Kiw

ii) 	 FW¡F bt£L¥ gF¥ghŒÎ

iii) 	mL¡F¡F¿ tistiuia Óuh¡Fjš

iv) 	 fâj rh® bghUëæaš KiwfŸ

bghUshjhu V‰w Ïw¡f¡ bfhŸif :

	 Ï«Kiwæš xU c‰g¤Âahs® j‹ brhªj ãWtd¤Â‹ fhy¤ bjhl® tçir 

étu§fis MuhŒªJ mt‰¿‹ éçth¡f¤ij mo¥gilahf¡ bfh©L K‹fâ¥ò 

brŒjš MF«. Ï«Kiwæš gF¥ghŒÎ brŒa¥g£l étu§fŸ xU jå ãWtd¤Â‰F 

k£Lnk bghUªJ«. nkY«, Ï«Kiwæš bgw¥g£l K‹fâ¥ò e«gf¤ j‹ik 

thŒªjit mšy.

tâf K‹fâ¥Ãš guÎjš Kiw :

	 Ïªj Kiw, xU tâf¤ij ghÂ¡f¡ Toa bt›ntW fhuâfŸ xnu 

rka¤Âš V‰w¤ijnah Ïw¡f¤ijnah mila ÏayhJ v‹w bfhŸifia 

mo¥gilahf¡ bfh©lJ. mt‰¿‰»ilna v¥bghGJ« xU fhy¤jil ÏU¡F«. 

v¤bjhl® K‹ndh¡» cŸsJ k‰W« vJ Ã‹ j§» cŸsJ v‹gij R£o¡ fh£l 

ÏaY« trÂ Ïªj Kiwæš cŸsJ. jå¤jå bjhl®fis k£L« fUjhkš gy 

bjhl®fis x‹whf nr®¤J mt‰¿‹ kh‰w§fis éç¤Jiu¥gnj guÎjš Kiw 

MF«. xU F¿¥Ã£l fhy¤Â‰FŸ bfhL¡f¥g£l bjhl® bjhFÂ vªj Åj¤Âš 

éçtil»wJ v‹gij¡ fh£L»wJ. gutš F¿p£o‹ V‰w Ïw¡f« tâf RH‰Áæ‹ 

V‰w Ïw¡f¤ij¡ F¿¡fhJ v‹gij ftd¤Âš bfhŸs nt©L«. všyh¤ 

bjhl®fS« xUä¤J éçanth RU§fnth brŒahJ. bfhL¡f¥g£l fhy¤Âš I«gJ 

rjÅj¤Â‰F« mÂfkhd bjhl®fŸ éçtilÍbkåš m›tâf« brê¥ò ãiyæš 

cŸsJ vdyh«. nkY« xU tâf« brê¥ò ãiyæš ÏUªjhš I«gJ rjÅj¤Â‰F« 

nkyhd bjhl®fŸ éçtilÍ« vdyh«.

	 gutš F¿pL tH¡fkhf tiugl Kiwæš F¿¥Ãl¥gL»wJ. éiythÁ, 

KjÄL, Ïyhg« ngh‹w tâf kh¿fS¡F gutš F¿pL mik¡f¥gL»wJ.

tâf K‹fâ¥Ãš FW¡F bt£L¡ bfhŸif :

	 Ï«Kiwæš eilKiw¢ NHY¡nf‰g mid¤J fhuâfëY« KGikahd 

gF¥ghŒÎ nk‰bfh©L m¡fhuâfshš V‰gL« T£L éisÎfŸ kÂ¥ÕL 

brŒa¥gL»‹wd. K‹fâ¥ò brŒtj‰F K‹ghf Ï«Kiwæš ã®thf mYty®fŸ, 

bghUshjhu tšYe®fŸ, Ef®nth® ngh‹nwhç‹ fU¤JfŸ fz¡»š vL¤J¡ 

bfŸs¥gL»wJ tâf¤Â‹ tU§fhy ãiyikia K‹fâ¥ò brŒtj‰F všyh 

fhuâfë‹ éisÎfë‹ kÂ¥Ã£il mo¥gilahf¡ bfhŸsyh«.
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gæ‰Á - 8

I. 	 rçahd éilia¤ nj®Î brŒf :

1.	 fhy¤bjhl®tçiræš cŸs ÃçÎfë‹ v©â¡if

	 m) Ïu©L	 	 M) _‹W	 	 Ï) eh‹F 	 	 <) IªJ

2	  Ñœ¡f©lt‰WŸ vJ gUtfhy khWghLfŸ c©lhf¡ fhuzkhdJ

	 m) j£g bt¥gãiy	 	 	 M) rKjha gH¡f§fŸ

	 Ï) g©oiffŸ	 	 	 	 <) Ïit mid¤J«

3.	 Ñœ¡f©lt‰WŸ vjid¡ fz¡»l vëa ruhrç Kiw ga‹gL¤j¥gL»wJ

	 m) ngh¡F kÂ¥òfŸ	 	 	 M) RHš khWghLfŸ

	 Ï) gUtfhy F¿pLfŸ	 	 <) Ït‰¿š vJÎ« Ïšiy

4.	 xG§f‰w khWghLfŸ v‹git

	 m) Kiwahdit	 	 	 M) RHš khWghLfŸ

	 Ï) Kiwa‰wit	 	 	 <) Ït‰¿š vJÎ« Ïšiy

5.	 ngh¡F¡ nfh£o‹ rhŒÎ neçil våš ÏJ fh£LtJ ?

	 m) VW« ngh¡F		 	 	 M) Ïw§F« ngh¡F

	 Ï) ãiy¤j‹ik	 	 	 <) nk‰T¿at‰WŸ vJÎ« Ïšiy

6.	 xU gšbghUŸ m§fhoæš Ôghtë rka¤Âš MF« é‰gidahdJ Ã‹tU« 

fhy¤ bjhl® tçiræš bjhl®òila ÃçthdJ

	 m) ngh¡F	 	 	 	 M) gUt fhy khWghLfŸ

	 Ï) xG§f‰w khWghLfŸ	 	 <) nk‰T¿a mid¤J«

7. 	 fhy¤bjhl® tçiræš "Ú©l fhy khWghL" v‹gÂ‹ bjhl®òila ÃçthdJ

	 m) RHš khWghL	 	 	 M) gUt fhy khWghL

	 Ï) xG§f‰w khWghL	 	 	 <) nk‰T¿a mid¤J«

8. 	 bjhêš K‹fâ¥ò v‹gjid nk‰bfhŸs mo¥gilahdJ

	 m) j‰fhy étu§fŸ	 	 	 M) flªj fhy étu§fŸ

	 Ï) Nœãiy¡ bfhŸiffŸ	 	 <) nk‰Tw¥g£l mid¤J«

9. 	 fâj« rh® bghUëæaš Kiw cŸsl¡»aJ

	 m) bghUëæaš k‰W« fâj«	 	

	 M) bghUëæaš k‰W« òŸëæaš

	 Ï) bghUëæaš, òŸëæaš k‰W« fâj«	 	

	 <) nk‰T¿at‰WŸ vJÎ« Ïšiy
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10.	 bghUshjhu V‰w Ïw¡f¡ nfh£ghL bfh©LŸs Ãçé‹ tifahdJ

	 m) gF¥ghŒÎ KiwfŸ		 	 M) neé Kiw

	 Ï) msÅ£L KiwfŸ	 	 	 <) vJÎ« Ïšiy

II. 	 nfho£l Ïl§fis ãu¥òf :

11. 	"fhy¤ bjhl® tçir" v‹gJ bfhL¡f¥g£l kÂ¥òfis  ________  
xG§FgL¤JtJ MF«.

12. 	xU fhy¤ bjhl® tçiræš fhz¥gL« fhyh©L V‰w Ïw¡f§fis bjçÎ  

brŒtJ _______ khWghL MF«.

13.	 tâf« rh® fhy¤ bjhl® tçiræš Û©L« Û©L« V‰gL« khWghLfŸ  

________ v‹W miH¡f¥gL»‹wd.

14.	 xU KG RH‰ÁahdJ  _____________ ãiyfis bfh©lJ.

15.	 fhy¤ bjhl® tçiræ‹ KGikahd VW»‹w mšyJ Ïw§F»‹w ãiy  
___________ vd¡ F¿¥Ãl¥gL»wJ.

16.	 Û¢ÁW t®¡f Kiwædhš bgw¥gL« ngh¡F¡ nfhL ___________ MF«.

17.	 K‹fâ¥ò v‹gJ ________ k‰W« _________ èUªJ ntWg£lJ.

18.	 _________ mséLtj‰F mšyJ jåik¥gL¤Jtj‰F òŸëæaš Í¤Â vJÎ«  

	 Ïšiy.

III. 	Ñœ¡f©lt‰¿‰F éilaë¡f.

19.	 fhy¤bjhl® tçir v‹whš v‹d ?

20.	 fhy¤bjhl® tçiræ‹ ÃçÎfŸ ahit ?

21.	 gUtfhy khWghLfis¥ g‰¿ RU¡fkhf TWf.

22.	 RHš khWghL v‹whš v‹d ?

23. 	ngh¡»id mséL« bt›ntW Kiwfë‹ bga®fis¡ TWf.

24.	 miu ruhrçæ‹ ãiw, Fiwfis¡ TWf.

25. 	fhy¤ bjhl® gF¥ghŒé‹ fâjéaš Kiwfis étç.

26. 	fhy¤ bjhl® tçiræš cŸ xG§f‰w khWghLfŸ Ãçéid étç.

27.	 bjhêš K‹fâ¥ò g‰¿ Úé® m¿ªjt‰iw¥ g‰¿ étç.

28. 	K‹fâ¥ig mséL« bt›ntW Kiwfis étç.

29.	 K‹fâ¥ig g‰¿a VnjD« xU Kiw g‰¿ ÁW F¿¥ò tiuf.

30. 	"ô»¤jš" k‰W« btë¥gL¤Jjš v‹gt‰¿èUªJ K‹ fâ¥ò v›thW  

ntWgL»wJ.
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IV. 	 fz¡FfŸ

31.	 tiugl¤Â‹ cjéÍl‹ ngh¡F kÂ¥òfis¡ fh©f.

tUl« 1996 1997 1998 1999 2000 2001 2002

kÂ¥ò 65 85 95 75 100 80 130

32.	 tiugl Kiwæš Ã‹tU« étu§fS¡F ngh¡F¡ nfhL bghU¤Jf.

tUl« 1982 1983 1984 1985 1986 1987

kÂ¥ò 24 22 25 26 27 26

33.	 miu ruhrç Kiwæš ngh¡F¡ nfhL tiuf.

tUl« 1993 94 95 96 97 98 99 2000

é‰gid 210 200 215 205 220 235 210 235

34. 	xU bjhê‰rhiyæ‹ c‰g¤Â Ã‹tUkhW miu ruhrç Kiwæš ngh¡F¡ nfhL 

tiuf.

tUl« 1996 1997 1998 1999 2000 2001 2002
btëpL 600 800 1000 800 1200 1000 1400

35. 	Ã‹tU« étu§fS¡F 3-tUl efU« ruhrç fz¡»Lf.

tUl« 91 92 93 94 95 96 97 98 99 00

khzt®fë‹ 

v©â¡if

15 18 17 20 23 25 29 33 36 40

36.	 xU tâf ãWtd¤Â‹ 8 tUl§fS¡fhd Ïyhg étu§fŸ Ã‹tUkhW 

Ïj‰fhd 3 tUl efU« ruhrçia¡ fz¡»Lf.

tUl« Ïyhg« tUl« Ïyhg«

1995 15,420 1999 26,120

1996 14,470 2000 31,950

1997 15,520 2001 35,370

1998 21,020 2002 35,670

37.	 Ã‹tU« étu§fS¡F ika ãiy¥gL¤j¥g£l 4 tUl efU« ruhrç fz¡»Lf.

tUl« 1940 1950 1960 1970 1980 1990 2000

Ïw¡FkÂ 

brŒa¥g£l gŠR 

bfhŸKjš ('000)
129 131 106 91 95 84 93
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38.	 Ã‹tU« étu§fS¡F 4 tUl« efU« ruhrçiaÍ« ngh¡F kÂ¥igÍ« 

mséLf. bfhL¡f¥g£l kÂ¥òfisÍ« ngh¡F kÂ¥òfisÍ« tiugl¤Âš 

F¿¤J fh£Lf.

tUl« 93 94 95 96 97 98 99 00 01 02

kÂ¥ò 50 36.5 43 44.5 38.9 38.1 32.6 41.7 41.1 33.8

39. 	ÑnH bfhL¡f¥g£l étu¤Â‰F 5 tUl efU« ruhrçia fz¡»Lf.

tUl« 1987 88 89 90 91 92 93 94

c‰g¤Â 

l‹fëš
4 5 6 7 9 6 5 7

tUl« 95 96 97 98 99 2000 01 02

c‰g¤Â 

l‹fëš
8 7 6 8 9 10 7 9

40.	 Ã‹tU« étu§fS¡F Û¢ÁW t®¡f Kiwæš bghU¤jkhd ne®¡nfhL tiuªJ 

ngh¡F kÂ¥òfis¡ fh©f.

tUl« 1996 1997 1998 1999 2000

bjhiy¡fh£Á 

bg£ofë‹ 

é‰gid 

(%.'000)

4 6 7 8 10

41. 	xU r®¡fiu Miyæ‹ c‰g¤Â étu§fŸ 1000 Fé©lhšfëš ÑnH 

bfhL¡f¥g£LŸsJ. Û¢ÁW t®¡f Kiwæš ngh¡F kÂ¥òfis¡ fh©f.

tUl« 1994 95 96 97 98 99 2000

c‰g¤Â l‹fëš 80 90 92 83 94 99 92

42. 	Ã‹tU« étu§fS¡F Û¢ÁW t®¡f Kiwæš bghU¤jkhd ne®¡nfhL tiuf.

tUl« 1996 97 98 99 2000 2001

Ïyhg« 300 700 600 800 900 700

43.	 Ã‹tU« étu§fS¡F Û¢ÁW t®¡f Kiwæš bghU¤jkhd ne®¡nfhL tiuf. 

2002« tUl¤Â‰fhd CÂa é»j¤ij kÂ¥ÃLf.

tUl« 1993 94 95 96 97 98 99 2000

CÂa« 38 40 65 72 69 60 87 95
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44. 	Ã‹tU« étu§fS¡F ruhrç khWghL fz¡»Lf.

fhyh©L

tUl« I II III IV

1999 3.5 3.9 3.4 3.6

2000 3.5 4.1 3.7 4.0

2001 3.5 3.9 3.7 4.2

2002 4.0 4.6 3.8 4.5

2003 4.1 4.4 4.2 4.5

45. 	Ã‹tU« fhy¤ bjhl® tçiræš gUt fhy khWghLfis¡ fh©f. eh‹F 

tUl§fë‹ ãy¡fç fhyh©L c‰g¤Â msÎ bfhL¡f¥g£LŸsJ.

tUl«

fhyh©L 2000 2001 2002 2003

I 65 58 70 60

II 58 63 59 55

III 56 63 56 51

IV 61 67 52 58

éilfŸ

I

1. (Ï) 	2.(<) 	 3. (Ï) 	4. (Ï) 	5. (m) 	6. (M)	7. (m) 	8.(<) 	 9. (Ï) 	10.(M)

II.

11. fhy« rh® 			  12. gUt fhy		 13. RHšfŸ

14. eh‹F 			   15. ngh¡F	 	 16. äf¥ bghU¤jkhd ne®nfhL

17. ô»¤jš, éçth¡Fjš	 18. Kiwa‰w khWghLfŸ

III

33. ngh¡F kÂ¥òfshtd 200.94, 205.31, 209.69, 214.06, 218.43, 222.80, 227.19, 231.56

34. 700, 800, 900, 1000, 1100, 1200, 1300

35. 16.7, 18.3, 20, 22.7, 25.7, 29, 32.7, 36.3

36. 15137, 17003, 20363, 26363, 31.147, 34330

37. 110.0, 99.88, 92.38
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38. 42.1, 40.9, 39.8, 38.2, 38.1, 37.8,

39. 6.2, 6.6, 6.6, 6.8, 7.0, 6.6, 6.6, 7.2, 7.6, 8.0, 8.0

40. ngh¡F kÂ¥òfshtd 4.2, 5.6, 7, 8.4, 9.8

41. 84, 86, 88, 90, 92, 94, 96

42. 446.67, 546.67, 626.67, 706.67, 786.67, 866.67

43. 40.06, 47.40, 54.74, 62.08, 69.42, 76.76, 84.10, 91.44

44. 94.18, 105.82, 95.19, 105.32

45. 106.4, 98.7, 94.9,100
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9. g©òrh® nfh£ghLfŸ

9.0 m¿Kf« :

	 bghJthf òŸëæaš v‹gJ v©zsit étu§fSl‹ bjhl®òilaJ. 

Mdhš el¤ij rh® m¿éaèš v© msÎfŸ _y« msél Ïayhj g©òfis 

kh¿fshf¡ fUj nt©oÍŸsJ. rçahf Tw nt©L« våš g©ò v‹gJ jå Ïašò 

mšyJ Fz eyid¡ F¿¡»‹wJ. v©rh® msÅLfSl‹ bjhl®Ãšyhj g©òrh® 

Fz§fis¥ g‰¿ bjçªJ bfhŸtnj "g©ò rh® nfh£ghL"fë‹ neh¡fkhF«. 

vL¤J¡fh£lhf clš ey«, ne®ik, FU£L¤j‹ik ngh‹w g©òfis neçilahf 

ms¡f ÏayhJ. Mdhš Ï¥g©òfŸ xUtçl« cŸsjh mšyJ Ïšiyah v‹gij 

e«khš fhz ÏaY«. g©òrh® òŸëæaš v‹gJ g©òfë‹ és¡f¤ j‹ikia 

mo¥gilahf¡ bfh©lJ.

9.1 F¿pLfŸ :

	 xU F¿¥Ã£l g©ò "c©L" mšyJ "Ïšiy" v‹gij¥ g‰¿ "g©òfë‹ 

cwÎfŸ" v‹w jiy¥Ãš go¡fyh«. xnu xU g©Ãid k£L« fU¤Âš bfh©lhš 

KGik¤ bjhFÂahdJ, mªj g©Ãid¥ bghW¤J m¥g©ò cŸs bjhFÂ, g©ò 

Ïšyhj bjhFÂ vd ÏUÃçÎfshf¥ Ãç¡f¥gL»wJ. nkY« m¤jifa ghFghL "ÏU 

ÃçÎ¥ ghFghL"(dichotomy) vd¥gL»wJ.

	 Ï¤jifa ÃçÎ x‹¿‰F nk‰g£l g©òfë‹ mo¥gilæš gy ÃçÎfshf¥ 

Ãç¡f¥g£lhš m¤jifa ghFghL "gy g©ò¥ ghFghL" (manifold attribute) v‹W 

miH¡f¥gL»wJ.

	 bghJthf g©Ãd¥ ghFgh£oš, Ïl« bgW»‹w g©òfŸ, cŸs 

ÃçÎfis "neçil¥ ÃçÎfŸ" (Positive Classes) v‹W« mit A,B,C…. 
v‹w M§»y¥ bgça vG¤J¡fshY«, m¥g©òfŸ Ïšyhj ÃçÎfis 

"vÂçil¥ ÃçÎfŸ" (Negative Classes) v‹W« mit α, β, γ…. v‹w 

»nu¡f vG¤J¡fshY« F¿¡f¥gL»‹wd. vL¤J¡fh£lhf, A v‹gJ 

‘fšéa¿Î’ v‹w g©igÍ« B v‹gJ ‘F‰wthë’ v‹gijÍ« F¿¥Ã£lhš  

α, β v‹gd Kiwna ‘fšéa¿t‰w’ ‘F‰wthë mšy’  v‹w g©òfisÍ« 

F¿¡»‹wd.

9.2 ÃçÎfŸ k‰W« ÃçÎ miybt©fŸ :

	 bt›ntW g©òfŸ, mt‰¿‹ c£ÃçÎfŸ k‰W« mt‰¿‹ nr®ÎfŸ M»ait 

bt›ntW ÃçÎfshf fUj¥gL»‹wd. mt‰¿‰F xJ¡f¥g£l f©l¿ªj kÂ¥òfŸ 

mªj ÃçÎfë‹ miybt©fŸ vd fUj¥gL»‹wd. ÏU g©òfis¥ g‰¿ go¡F« 

bghGJ 9 ÃçÎfŸ »il¡»‹wd.  mjhtJ, (A), (α), (B), (β), (A B) (A β), (α B), (α β),   
N, ÑnH bfhL¡f¥g£LŸs gl« Ïjid bjëth¡F«.
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(A)

N

(AB) (αB) (αβ)(Aβ)

(α)

	 xU Ãçéš cŸs cW¥òfë‹ v©â¡if mj‹ miybt© v‹W«, 

m¥ÃçÎ milÎ F¿pL _yK« F¿¥Ãl¥gL»wJ. mjhtJ (A) v‹gJ A g©Ãid¥ 

bg‰wt®fë‹ cW¥òfë‹ v©â¡ifiaÍ«, (AB) v‹gJ A, B v‹w ÏU 

g©òfisÍ« xU§nf bg‰wt®fë‹ v©â¡ifiaÍ« F¿¡»‹wJ. A, B v‹w ÏU 

g©òfS¡fhd ne®Î g£oaèš Ñœ¡f©lthW m£ltiz¥gL¤j¥gL»wJ. 

A α bkh¤j«

B (AB) (αB) (B)

β (Aβ) (αβ) (β)

bkh¤j« (A) (α) N

ÃçÎ miybt©fS¡»ilæyhd bjhl®ò :

	 v¥bghGJ« nkšãiy¥ ÃçÎ miybt©fŸ _ykhf Ñœãiy¥ ÃçÎ 

miybt©fis vGj ÏaY«.

 	 N 	 = ( A ) + (α) = (B) + (β)

	 (A) 	 = (AB) + (Aβ)

	 (α) 	 = (αB) + (αβ)

	 (B) 	 = (AB) + (α B)

	 (β) 	 = (Aβ) + (α β)

	 g©òfë‹ v©â¡if 'n' våš 3n v‹w ÃçÎfS« 2n v‹w f£l 

miybt©fS« »il¡F«.

9.3 òŸë étu¤Â‹ bghU¤jKilik :

	 bfhL¡f¥g£l òŸë étu§fŸ bghU¤jKiladth Ïšiyah v‹gij 

m¿a xU vëa nrhjidia nk‰bfhŸs nt©L«.   »il¡»‹w všyh ÃçÎ 

miybt©fëš xU ÃçÎ miybt©nzh x‹¿‰F nk‰g£l ÃçÎfë‹ 

miybt©nzh Fiw v©zhf ÏU¡»‹wdth vd fhz nt©L«. Fiw v©iz 

miybt©zhf cila vªj xU ÃçÎ« Ïšiybaåš bfhL¡f¥g£l étu§fŸ 

bghU¤jKilad (mjhtJ všyh miybt©fS« x‹Wl‹ x‹W v›tifæY« 

Ku©glhJ) khwhf VnjD« xU ÃçÎ miybt© Fiw v©zhf ÏUªjhš 

bfhL¡f¥g£l étu§fŸ bghU¤jKilait Ïšiy mšyJ Kuzhdit vd 

m¿ayh«.
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	 vdnt x‹iwbah‹W rhuhj ÃçÎfë‹ miybt©fŸ vJÎ« Fiw v©fŸ 

Ïšiy v‹w étu§fŸ bghU¤jKilik¡F njitahdJ« nghJkhdJkhd 

ãgªjid MF«.

vL¤J¡fh£L 1:

	 tH¡fkhd F¿pLfë‹ go N = 2500, (A) = 420, (AB) = 85, (B) = 670 vd 

bfhL¡f¥g£LŸsJ. éLg£l kÂ¥òfis¡ fh©f.

Ô®Î :

	 N = (A) +(α) = (B) + (β)	 ............... (1)

	 (A)	 = (AB) + (Aβ)		 ............... (2)

	 (α) 	 = (αB) + (αβ)		  ............... (3)

	 (B) 	 = (AB) + (α B)	 ............... (4)

	 (β) 	 = (Aβ) + (α β)

(2) èUªJ 420 = 85 + (Aβ)

    ∴ 	 (Aβ) 	 = 420 –85

	 (A β) 	 = 335

(4) èUªJ 670 = 85 + (αB)

    ∴ 	   (αB) 	 = 670 - 85

	   (αB) 	 = 585

(1) èUªJ 2500 = 420 + (α)

           ∴    (α) = 2500 - 420

		  (α) = 2080

(1) èUªJ (β) = 2500 - 670

		  (β) = 1830

(3) èUªJ = 2080 = 585 + (αβ)

   	 ∴ (αβ) = 1495

vL¤J¡fh£L 2:

	 tH¡fkhd F¿pLfëš ÑnH bfhL¡f¥g£LŸs étu§fë‹ 

bghU¤jKilikia MuhŒf.

	 N = 1000, (A) = 600, (B) = 500, (AB) = 50
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Ô®Î :

A α bkh¤j«

B 50 450 500

β 550 – 50 500

bkh¤j« 600 400 1000

(αβ) = – 50 v‹gJ xU Fiw v©. vdnt bfhL¡f¥g£l étu§fŸ 

bghU¤jKilikæš Ïšiy.

vL¤J¡fh£L 3:

	 bfhL¡f¥g£l étu§fŸ bghU¤jKiladth vd MuhŒf.

		   N = 60, (A) = 51, (B) = 32, (AB) = 25

Ô®Î :

A α bkh¤j«

B 25 7 32

β 26 2 28

bkh¤j« 51 9 60

	 všyh miybt©fS« äif v©fshf ÏU¥gjhš bfhL¡f¥g£l étu§fŸ 

bghU¤jKilait MF«.

9.4 g©òfë‹ rh®g‰w j‹ik :

	 ÏU g©òfS¡»ilna bjhl®ò Ïšiybaåš, mjhtJ A, B v‹w g©òfëš 

'A' v‹w g©ò 'c©L' mšyJ 'Ïšiy' v‹gJ k‰bwhU g©ò B 'c©L' mšyJ 

'Ïšiy'  v‹gij¥ bghW¤J mikahJ våš m›éU g©òfS« rh®g‰wit vdyh«. 

vL¤J¡fh£lhf xUtç‹ 'ãw«' 'ò¤Â T®ik' v‹w ÏU g©òfS« rh®g‰w g©òfŸ 

MF«. A, B v‹w ÏU g©òfS« rh®g‰wit våš A, B v‹w ÏU g©òfS« xU§nf 

ãfœtj‰Fça miybt©, N š A g©ò ãfœtj‰Fça miybt© × N š B g©ò 

ãfœtj‰Fça miybt©â‰F rk«. 

	 mjhtJ (AB) ‹ fhz¥gL»‹w miybt© (AB) ‹ vÂ®gh®¡f¥gL« 

miybt©â‰F rk« våš A, B rh®g‰wit MF«.

	

	 mjhtJ ( )
( ) .( )

( )
( ) .( )

AB
A B

N

Similarly
N

=

=α b α b

	 Ïnj nghš 

( )
( ) .( )

( )
( ) .( )

AB
A B

N

Similarly
N

=

=α b α b
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9.4.1 g©òfë‹ bjhl®ò (cwÎ) :

	 A, B v‹w ÏU g©òfŸ VnjD« xU éj¤Âš x‹iw x‹W rh®ªJ, mikÍ« 

våš mjhtJ x‹Wl‹ x‹W bjhl®òilaJ våš, A, B g©òfŸ bjhl®òilait 

MF«.

	 nkY« (AB) > ( ) .( )A B

N
 våš A k‰W« B M»ait neçilahf¤ 

bjhl®òilait vdÎ« (AB) < ( ) .( )A B

N
 våš mit vÂçil¤ bjhl®òilait 

vdÎ« miH¡f¥gL«.

vL¤J¡fh£L 4:

	 Ñœ¡f©l étu§fëèUªJ A, B v‹w g©òfŸ rh®g‰witah mšyJ 

neçil¤ bjhl®òilaitah mšyJ vÂçil¤ bjhl®òilaith vd¡ fh©f.

	 (AB) = 128, (αB) = 384, (Aβ) = 24 (αβ) = 72
Ô®Î :

	 (A)	 = (AB) + (Aβ)

		  = 128 + 24

	 (A) 	 = 152

	 (B)	 = (AB) + (αB)

		  = 128 +384

	 (B) 	 = 512

	 (α) 	 = (αB) + (αβ)

		  = 384 + 72

      ∴ 	 (α) 	 = 456

	 (N) 	 = (A) + (α)

		  = 152 + 456

		  = 608

  	

( ) ( )

( )

( )
( ) ( )

A B

N

AB

AB
A B

N

× = ×

=
=

∴ = ×

152 512

608
128

128

  

vdnt A Í« B Í« rh®g‰wit MF«.
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vL¤J¡fh£L 5:

	 Ã‹tU« étu§fëš ÏUªJ A, B ¡»ilæš cŸs cwé‹ j‹ikia¡ 

fh©f.

	 1) N = 200 	 (A) = 30 	 (B) = 100 	 (AB) = 15

	 2) N = 400 	 (A) = 50 	 (B) = 160 	 (AB) = 25

	 3) N = 800 	 (A) = 160 	 (B) = 300 	 (AB) = 50

Ô®Î :

1. (AB) ‹ vÂ®gh®¡f¥gL« miybt©	 (AB) 	 = ( ) .( )A B

N

							     
= =( ) ( )30 100

200
15

    fhz¥gL« miybt© vÂ®gh®¡f¥gL« miybt©â‰F rk«. mjhtJ 15 = 15

   vdnt A k‰W« B rh®g‰wit MF«.

2. (AB) ‹ vÂ®gh®¡f¥gL« miybt©	 (AB) 	 = ( ) .( )A B

N

							     
= =( ) ( )50 160

400
20

    fhz¥gL»‹w miybt© > vÂ®gh®¡f¥gL« miybt© mjhtJ 25 > 20

    vdnt A, B neçil bjhl®òilait MF«.

3. (AB) ‹ vÂ®gh®¡f¥gL« miybt© (AB)	 = ( ) .( )A B

N
 = =( ) ( )160 300

800
60

    fhz¥gL»‹w miybt© < vÂ®gh®¡f¥gL« miybt© 

   mjhtJ 50 < 60 

   vdnt A, B vÂçil¤ bjhl®òilait MF«.

9.5 "ôè‹" bjhl®ò¡ (cwÎ) bfG :

	 nkny Tw¥g£l vL¤J¡fh£L A, B ¡»ilna v›tif cwÎ cŸsJ v‹gij 

TW»wnj jéu m›Îwé‹ msit és¡féšiy. nguhÁça®  G. C‹o ôš (G. Undy 
Yule) v‹gt® bjhl®Ã‹ msit mséLtj‰F xU thŒgh£oid¡ T¿dh®. ÏJ A, 
B g©òfS¡»ilæyhd 'rh®ò msit' MF«. A, B, a k‰W« b v‹gt‰¿‹ eh‹F 

bt›ntW nr®ÎfŸ (AB), (aB), (Ab) k‰W« (ab) våš ôè‹ g©ò cwÎ¡bfG MdJ

	
Q

AB A B

AB A B
= −

+
( ) ( ) ( ) .( )

( ) ( ) ( ) .( )

αb b α
αb b α
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F¿¥ò :

I. 	 Q = + 1 våš A, B ¡»ilna KGikahd neçil cwÎ cŸsJ.

	 Q = – 1 våš A, B ¡»ilna KGikahd vÂçil cwÎ cŸsJ.

	 Q = 0 våš A, B mt‰¿‰»ilna cwÎ Ïšiy. mjhtJ A k‰W« B rh®g‰wit.

2. Ïij ãidéš it¤J bfhŸtj‰F ÑnH bfhL¡f¥g£LŸs m£ltizia¥  

     ga‹gL¤J»nwh«.

A α

B AB αB

β Aβ αβ

vL¤J¡fh£L 6 :

	 ÑnH bfhL¡f¥g£l étu¤Âš ÏUªJ jªij k‰W« kf‹ f©fë‹ fUik 

ãw§fS¡»ilæyhd cwé‹ j‹ikia MuhŒf.

	 fUik ãw¡ f©fSila kf‹fis¥ bg‰w fUik ãw¡ f©fSila  

	 jªija®  = 50

	 fUik ãwk‰w f©fSila kf‹fis¥ bg‰w fUik ãw¡ f©fSila  

	 jªija® = 79

	 fUik ãw¡ f©fSila kf‹fŸ, fUik ãwk‰w f©fSila  

	 jªija®  = 89

	 fUik ãwk‰w f©fSila kf‹fŸ, fUik ãwk‰w f©fSila  

	 jªija® = 782

Ô®Î :

	 'A' v‹gJ fUik ãw¡ f©fis¥ bg‰w jªijÍ« 'B' v‹gJ fUik ãw¡ 

f©fis¥ bg‰w kf‹fisÍ« F¿¡f£L«.

A α bkh¤j«

B 50 89 139

β 79 782 861

bkh¤j« 129 871 1000

'ôš' cwÎ bfG	

	
Q

AB A B

AB A B
= −

+

= ´ − ´
´ +

( ) ( ) ( ).( )

( ) ( ) ( ).( )

aβ β a
aβ β a

50 782 79 89

50 782 779 89

32069

46131
0 69

´

= = .
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Q
AB A B

AB A B
= −

+

= ´ − ´
´ +

( ) ( ) ( ).( )

( ) ( ) ( ).( )

aβ β a
aβ β a

50 782 79 89

50 782 779 89

32069

46131
0 69

´

= = .

∴ jªij kf‹fë‹ f©fS¡»ilna KGikahd neçil cwÎ cŸsJ vdyh«.

vL¤J¡fh£L 7 :

	 ÑnH bfhL¡f¥g£LŸs étu§fis¡ bfh©L m«ik F¤Jjiy xU jL¥ò 

Kiwahf V‰W¡ bfhŸsyhkh vd MuhŒf.

	 m«ik nehahš ghÂ¡f¡ Toa Nœãiyæš cŸs 1482 ng®fëš 368 ng® 

m«ik nehahš ghÂ¡f¥g£ld®. mªj 1482 ngçš 343 ng® jL¥ò CÁ nghl¥g£lt®fŸ. 

mt®fëš 35 ng®fŸ m«ikahš ghÂ¡f¥g£ld®.

Ô®Î :

	 'A' v‹gJ m«ik F¤Â bfh©lt®fisÍ« 'B' v‹gJ mªnehahš 

ghÂ¡f¥g£lt®fisÍ« F¿¥gjhf¡ bfhŸnth«.

A α bkh¤j«

B 35 333 368
β 308 806 1114

bkh¤j« 343 1139 1482

'ôš' bjhl®ò bfG

	

Q
AB A B

AB A B
= −

+

= × − ×
×

( ) ( ) ( ) .( )

( ) ( ) ( ) .( )

αb b α
αb b α

35 806 308 333

35 8066 308 333
74354

130774
0 57

+ ×

= − = − .
		

	 mjhtJ 'm«ik F¤jY¡F«' ghÂ¡f¥g£lt®fS¡F« Ïilna vÂçil¤ 

bjhl®ò cŸsJ. Ïijna 'm«ik F¤jY¡F«' ghÂ¡f¥glhik¡F« neçilahd 

bjhl®ò cŸsJ vdyh«. vdnt m«ik F¤Â¡ bfhŸtj‹ _y« Ïªnehia jL¡f 

ÏaY« v‹w Koé‰F tuyh«.

vL¤J¡fh£L 8 :

	 ÏUghy® gæY« xU fšé ãiya¤Âš go¡F« 200 ng®fëš 150 ng® 

khzt®fŸ. mt®fëš 120 ng® nj®éš nj®¢Á milªjd®. 10 khzéfŸ 

njhšéÍ‰wd®. nj®éš bt‰¿ bg‰wik¡F« ghèd¤Â‰F« Ïilna VnjD« 

bjhl®ò cŸsjh vd MuhŒf.
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Ô®Î :

	 N = 200 	 (A) = 150 	 (AB) = 120 	 (αβ) = 10

'A' v‹gJ khzt®fisÍ« 'a' v‹gJ khzéaiuÍ« F¿¡f£L«.

'B' v‹gJ nj®éš bt‰¿ bg‰wtiuÍ« 'b' v‹gJ njhšé milªjtiuÍ« F¿¡f£L«.

ek¡F bfhL¡f¥g£lit N = 200

k‰w miybt©fis Ñœ¡f©l m£ltiz _y« fz¡»lyh«.

A α bkh¤j«

B 120 40 160

β 30 10 40

bkh¤j« 150 50 200

'ôš' bjhl®ò¡ bfG

	

Q
AB A B

AB A B
= −

+

= × − ×
× +

( ) ( ) ( ) .( )

( ) ( ) ( ) .( )

αb b α
αb b α

120 10 30 40

120 10 330 40
0

×
=

vdnt, nj®éš bt‰¿ bgWjY¡F« 'ghèd¤Â‰f«' bjhl®ò Ïšiy vd m¿ayh«.

ãidÎ T®f

	 (A), (B) v‹git neçil g©òfŸ

	 (α), (β) v‹git vÂçil g©òfŸ

A α bkh¤j«

B (AB) (αB) (B)

β (Aβ) (αβ) (β)

bkh¤j« (A) (α) N

	 bkh¤j« ne®F¤jhf		 bkh¤j« »ilahf

	 (AB) + (Aβ) = (A) 		  (AB) + (αB) = B

	 (αB) + (αβ)  = (α) 		  (Aβ) + (αβ)  = β

	 (B) + (β)      = N  		  (A) + (α)      = N 	
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cwÎfë‹ j‹ikfŸ

	 (AB) > ( ) .( )A B

N
 våš neçil¤ bjhl®ò

	 (AB) < ( ) .( )A B

N
 våš vÂçil¤ bjhl®ò

	 (AB) = ( ) .( )A B

N
 våš mit rh®g‰wit

'ôš' bjhl®ò¡ bfG

	
Q

AB A B

AB A B
= −

+
( ) ( ) ( ) .( )

( ) ( ) ( ) .( )

αb b α
αb b α 	

gæ‰Á - 9

I. 	 rçahd éilia¤ bjçªJ vL¡fÎ« :

1.	 'cwÎfë‹ msit' v‹gJ tH¡fkhf Ñœ¡f©lt‰WŸ vjDl‹ 

bjhl®òilait.

	 m) g©òfŸ	 	 	 	 M) v©rh® fhuâfŸ

	 Ï) kh¿fŸ	 	 	 	 <) v©fŸ

2.	 xU Ãçé‹ miybt© v‹gJ v¥bghGJ« v›tçir miybt©fë‹ 

TLjiy¡ bfh©lJ

	 m) Ñœtçir ÃçÎfŸ	 	 	 M) nkštçir ÃçÎfŸ

	 Ï) ó{ía tçir ÃçÎfŸ	 	 <) Ït‰¿š vJÎ« Ïšiy

3. 	 ÏU g©òfis¡ fUJ« nghJ ÃçÎ miybt©fë‹ v©â¡if

	 m) Ïu©L	 	 M) eh‹F	 	 Ï) v£L	 	 <) x‹gJ

4. 	 A, B v‹w ÏU g©òfS¡F (AB) > ( ) .( )A B

N
 våš m›éU g©òfS«

	 m) rh®g‰wit 				    M) neçil¤ bjhl®ò cilait

	 Ï) vÂçil¤ bjhl®ò cilait 	 <) xU Koé‰F« tu ÏayhJ

5. 	 A, B v‹w ÏU g©òfS¡F (AB) = 0 våš Q ‹ kÂ¥ò

	 m) 1 		  M) – 1 		  Ï) 0 		  <) –1 ≤ Q ≤ 1
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II. 	 nfho£l Ïl§fis ãu¥òf :

6. 	 xU g©ò ÏU ÃçÎfis bfh©oUªjhš mJ  __________ v‹W miH¡f¥gL«.

7. 	 étu§fŸ bghU¤jKilik bg‰¿U¥Ã‹ vªj ÃçÎ miybt©Q« _________ 
ÏU¡f ÏayhJ.

8. 	 A, B v‹w g©òfŸ x‹iw x‹W rhuhjit våš ôè‹ bfGthdJ ________

9. 	 A, B v‹git vÂçil¥ g©òfis¥ bg‰¿U¥Ã‹ __________

10. 	N = 500, (A) = 300, (B) = 250 k‰W« (AB) = 40 v‹w étu§fŸ ________

III. 	Ñœ¡f©lt‰¿‰F éilaë :

11. 	g©Ãd ghFgh£oš ga‹gL¤j¥gL« F¿pLfis¥ g‰¿ RU¡fkhf TWf.

12. 	gyéj g©òfë‹ miybt©fŸ v›éj« ne®Î g£oaèš mik¡f¥gL»‹wd?

13. 	 'bghU¤jKilik' étu§fŸ g‰¿ Úé® òçªJ bfh©lJ v‹d ?

14. 	g©òfë‹ cwÎ g‰¿ RU¡fkhf étç¡fÎ«.

15. 	ôè‹ bjhl®ò¡ bfGit TWf.

IV. 	 fz¡FfŸ

16. 	A, B v‹w ÏU g©òfS¡F (AB) = 35, (A) = 55; N=100, (B) = 65 våš éLg£l 

kÂ¥òfis¡ fz¡»Lf.

17. 	Ã‹tU« g©ò miybt©fëš ÏUªJ ne®g©òfŸ k‰W« vÂ® g©òfë‹ 

miybt©fisÍ« bkh¤j v©â¡ifÍ« fh©f. (AB) = 9, (Aβ) = 14, (αB) = 4, 
(αβ) = 37.

18. 	bfhL¡f¥g£l étu§fŸ N = 100, (A) = 75, (B) = 60, (AB) = 15 v‹gd 

bghU¤jKilik ciladth vd rçgh®¡fÎ«.

19. 	(AB) = 256 	 (αB) = 768 	 (Aβ) = 48 	 (αβ) = 144 v‹w étu§fëš ÏUªJ A 
k‰W« B v‹gd rh®g‰w g©òfsh vd MuhŒf.

20.	 Ef®nth® éU¥g¤ij g‰¿a MŒt¿¡ifæš 500 ngçš 410 ng® A tifiaÍ« 

380 ng® B tifiaÍ« 270 ng® Ïu©ilÍ« éU«ò»‹wd®. Ï›étu§fŸ 

bghU¤jKilik j‹ik bg‰WŸsjh vd¡ fh©f.

21.	 A, B v‹w ÏU g©òfS¡F (AB) = 35, (A) = 55, N=100, (αβ) = 20 vd¡ 

bfhL¡f¥g£LŸsJ. Ï›étu§fS¡F ôè‹ bjhl®ò¡ bfGit¡ fh©f.

22.	 N = 1500, (A) = 383, (B) = 360 k‰W« (AB) = 35. Ïj‰fhd 2 × 2 ne®Î¥ g£oaiyÍ« 

ôè‹ bjhl®ò¡ bfGitÍ« fz¡»Lf. nkY« Ï«Koéid és¡Ff.

23.	 Ñœ¡f©l, fhšeilfS¡fhd fhrnehŒ jL¥ò m£ltizæèUªJ ôš bjhl®ò¡ 

bfGit¡ fh©f.
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ghÂ¡f¥ 

g£litfŸ

ghÂ¡f¥ 

glhjitfŸ

jL¥ò CÁ 

nghl¥g£lit

12 26

jL¥ò CÁ 

nghl¥glhjit

16 6

	 nkY« Ï¤jL¥óÁ nghl¥gLtjhš Ïªnehia¤ jL¡f KoÍkh ? vd¡ fh©f.

24.	 Ã‹tU« étu§fëèUªJ jªij kf‹fë‹ ò¤Â T®ik¡»ilna cŸs 

bjhl®Ãid fz¡»Lf.

	 ò¤Â T®ik cila kf‹fis bg‰w ò¤Â T®ik cila jªija®fŸ = 300

	 kªjkhd kf‹fis¥ bg‰w ò¤jrhè jªijah® = 100

	 ò¤Ârhè kf‹fis¥ bg‰w kªjkhd jªija® = 50

	 kªjkhd kf‹fis¥ bg‰w kªjkhd jªija® = 500

25.	 xU bjhê‰rhiyæš cŸs 3000 Âwika‰w bjhêyhëfëš 2000 ng® 

»uhk¥òw¤jt®fŸ 1200 Âwikahd bjhêyhëfëš 300 ng® »uhkòw¤Âd® 

ÏÂèUªJ Âwik¡F« ÏU¥Ãl¤Â‰F« Ïilna VnjD« bjhl®ò cŸsjh vd 

MuhŒf.

26. 	knyçah¤ jL¥ò¤ Jiw Kfh« _y« xU Cçš bkh¤jKŸs 3248 ng®fëš 812 

ng®fS¡F bfhŒdh kh¤ÂiufŸ bfhL¡f¥g£ld. knyçah fhŒ¢rš f©lt®fŸ 

g‰¿a étu« Ã‹tUkhW :

Á»¢ir
fhŒ¢rš 

f©lt®fŸ

fhŒ¢rš 

tuhjt®fŸ

bfhŒdh 

rh¥Ã£lt®fŸ

20 792

rh¥Ãlhjt®fŸ 220 2216

	 knyçah jL¥Ãš bfhŒdhé‹ gaid MuhŒf.

27.	 1500 ng® vGÂa ngh£o¤ nj®éš 425 ng® bt‰¿ bg‰wd®. ÏÂš jå¥gæ‰Á bg‰w 

250 ngçš 150 ng® bt‰¿ bg‰wd®. jå¥gæ‰Áæ‹ ga‹gh£il kÂ¥ÃLf.

28.	 xU nj®btGÂa 600 ng®fëš 348 ng® khzt®fŸ, njhšéÍ‰wt®fis él 

nj®¢Á milªjt®fŸ 310 ng® mÂf«. nj®éš njhšéÍ‰w khzt®fë‹ 

v©â¡if 88 ng®. nj®éš bt‰¿ bgWjš ghèd« Ït‰¿‰»ilna cŸs 

bjhl®ò¡ bfG fh©f.
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29.	 500 ng®fis¡ bfh©l bjhFÂæš fšéa¿é‰F« ntiyæšyhik¡F« cŸs 

bjhl®Ãid Ã‹tU« étu« më¡»wJ. fšéa¿é‰F« ntiyæšyhik¡F« 

Ïilna cŸs ôš bjhl®ò bfGit¡ fh©f.

	 fšéa¿Î bg‰w ntiy Ïšyhnjh® = 220

	 fšéa¿Î bg‰w ntiy cŸst®fŸ = 20

	 fšéa¿t‰w ntiy Ïšyhnjh® = 180

30.	 400 ngiu¡ bfh©l khzt® bjhFÂæš 160 ng® ÂUkzkhdt®fŸ, njhšéÍ‰w 

120 khzt®fëš 48 ng® ÂUkzkhdt®fŸ, ÂUkzK« nj®éš bg‰w njhšéÍ« 

x‹Wl‹ x‹W rh®g‰witah vd¡ fh©f.

éilfŸ :

I.

1. (m) 		 2. (M) 		  3. (<) 		  4. (M) 	 5. (M)

II.

6. ÏU ÃçÎ ghFghL 		  7. Fiwba©zhf	  	 8. 0

9. AB < ( ) .( )A B

N
	 10. bghU¤jKilad mšy

IV.

16.

A α bkh¤j«

B 35 30 65

β 20 15 35

bkh¤j« 55 45 100

17.

A α bkh¤j«

B 9 4 13

β 14 37 51

bkh¤j« 23 41 64

	 bkh¤j v©â¡if = 64

18. 	bghU¤jKilad mšy
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19. 	A, B Ïu©L« x‹iw x‹W rhuhjit

20. 	bghU¤jKilad mšy

21. 	0.167

22. 	– 0.606, vÂçil bjhl®òilad

23. 	- 0.705, jL¥óÁ ngh£L bfhŸSjš ešyJ

24. 	+ 0.935

25. 	ÂwikÍ« ÏU¥ÃlK« vÂçil¤ bjhl®òilait

26. 	– 0.59. vÂçil¤ bjhl®ò vdnt bfhŒdh vL¤J¡ bfhŸtJ ešyJ

27. 	+ 0.68. Áw¥ò gæ‰Á gydë¡f¡ ToaJ.

28. 	– 0.07

29. 	0.92 fšéa¿é‰F« ntiy Ïšyhik¡F« Ïilna neçil¤ bjhl®ò cŸsJ.

30. 	Q = 0, ÂUkzK«, nj®éš njhšéÍ« x‹iw x‹W rhuhjit.
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10. Ô®khd¡ nfh£ghL

10.0 m¿Kf«:

	 Ô®khd¡ nfh£gh£o‹ Kjyhtjhd bjhl®ghdJ k¡fŸ k‰W« mik¥òfŸ 

nk‰bfhŸs¥gL« Ô®ÎfS¡F cjé òçjyhF«. ÏJ Ô®ÎfS¡fhd K¡»a KoÎfis 

nk‰bfhŸs bghUŸ jU»‹w   fU¤Jz®Îfis Âu£o¤ jU»wJ. Ô®khå¤jš 

v‹gJ vjid F¿¥ÃL»wJ våš bfhL¡f¥g£LŸs Nœãiyæš gšntwhd 

bra‰gh§Ffëš ÁwªjbjhU bra‰gh§»id nj®Î brŒtjhF«.

	 Â£läLjš, mik¥òfŸ, têfh£Ljš, c¤ÂuéLjš k‰W« f£L¥gL¤Jjš 

vd gšntwhd njh‰w§fis nkyh©ikahs®fŸ fU¤Âš bfhŸs nt©L«. 

gyéjkhd bra‰gh§Ffis brašgL¤J« nghJ nkyh©ikahs®fŸ gšntwhd 

Nœãiyfis vÂ®bfh©L mt‰¿š Áwªj x‹iw nj®Î brŒjš nt©L«. Ï›thW 

Áwªj x‹iw nj®Î brŒjš v‹gij bjhêš E£g brhšyhš TW« bghGJ Ô®khd« 

nk‰bfhŸtJ "mšyJ" Ô®khd« vL¤J¡ bfhŸtJ vd¥gL«. Ô®khd« nk‰bfhŸtJ 

v‹gJ tiuaiw¥gjhtJ "gšntwhd bra‰gh§Ffë‹ bjhFÂæèUªJ Áwªj 

bra‰gh§if nj®Î brŒtjhF«". m›thW nj®Î brŒa¥g£l bra‰gh§F Ô®khd« 

nk‰bfhŸgtç‹ neh¡f§fis ÂU¥Â brŒtjhf vL¤J¡ bfhŸs¥gL»wJ.

	 Áwªj bra‰gh§»id nj®Î brŒtj‰F òŸëæaš m¿Î c¤Â Kiw cjé 

òç»‹wJ. Ia¥gh£L ãiyæš cfªjbjhU Ô®éid nj®Î brŒa òŸëæaš Ô®khd¡ 

nfh£ghL têfh£L»wJ. Ï¤jifa Nœãiyæš ãfœjfÎ¡ bfhŸif Ï‹¿aikahj 

g§F it¡»‹wJ. Ia¥gh£L ãiy k‰W« ÏilôW cŸs ãiyæš Ô®khd¡ nfh£ghL 

ãiy¡F ãfœjfÎ bfhŸif äf mÂf mséš mo¡fo ga‹gL»wJ.

	 òŸëæaš Ô®khd¡ nfh£ghlhdJ fhuz fhça¤ bjhl®òila Ãu¢Áid 

mik¥òfis bra‰gh§»‹ kh‰W elto¡if, Nœãiyæ‹ ãiy¥ghLfŸ, ãfH¡ 

Toa éisÎfŸ k‰W« x›bthU éisÎ¡fhd ãfH¡ Toa më¤jšfisÍ« 

btë¥gL¤J»wJ. j‰bghGJ Ãu¢Áid¡fhd Ô®éid Ô®khd¡ nfh£ghL mQF 

Kiwæš Ô®Î fhz mj‹ bjhl®òila fU¤J¡fis és¡Fnth«.

Ô®khå¤jš KoÎ vL¥gt® :

	 Ô®khå¤jš KoÎ vL¥gt® v‹gJ xU jå egnuh mšyJ xU FGéYŸs 

eg®fnsh, »il¡f¡ Toa bra‰gh§F elto¡iffëš jFªjbjhU bra‰gh§F 

elto¡ifia nj®ªbjL¥gj‰F bghW¥ghdtiu F¿¥gJ MF«.

bra‰gh§F (mšyJ) bra‰gh§»‹ elto¡iffŸ :

	 Ãu¢ÁidfS¡F Ô®khd¡ nfh£gh£o‹ g§fhdJ, kh‰W elto¡iffis¡ 

bfh©l bra‰gh§FfëèUªJ xU bra‰gh§»id nj®Î brŒjyhF«. Ïu©L 

mšyJ Ïu©o‰F nk‰g£l bra‰gh§Ffis¡ bfh©l Ãu¢Áid Nœãiyæš 

Ô®khd¡ nfh£gh£il¡ bfh©L xU bra‰gh§F elto¡ifia nj®Î brŒa 

mtÁakh»wJ.
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	 a1, a2, a3,… vd¡ bfh©LŸs bra‰gh§FfŸ mšyJ brašfŸ 

vd vL¤J¡ bfh©lhš, mid¤J bra‰gh§Ffë‹ bkh¤jkhdJ 

'bra‰gh§Fbtë' (action space) vdÎ«, Ïjid A vd F¿¥Ãl¥gL»wJ. 

_‹W bra‰gh§FfŸ a1, a2 a3 våš A = bra‰gh§Fbtë = (a1, a2, a3) mšyJ 
A = (A1, A2, A3) bra‰gh§Fbtë mšyJ bra‰gh§Ffis¡ Ñœ¡f©l mâ 

thæyhf ãiuahfnth mšyJ ãušfshfnth bjçÎ brŒayh«.

							       bra‰gh§FfŸ

							             

bra‰gh§FfŸ

A1

A2

.

.

An
 	

A1 A2 . . . An

mšyJ

bra‰gh§F mšyJ bra‰gh§Ffis xU ku tot és¡f¥gl« _ykhfÎ« 

fh©Ã¡fyh«.

Mu«g«

A1

A2

A3

ãfœ¢ÁfŸ (mšyJ Nœãiyfë‹ ãiy¥ghL) :

	 Ô®khå¤jè‹ KoÎ vL¥gtç‹ f£L¥gh£o‰F btëna cŸs bghGJ 

bfhL¡f¥g£LŸs bra‰gh§F vªj msÎ bt‰¿ milªJŸsJ v‹gij ã®za« 

brŒa ãfœ»‹w ãfœ¢ÁfŸ milahs« fh©Ã¡»‹wJ. Ï¤jifa ãfœ¢Áfis 

Nœãiyfë‹ ãiy¥ghL mšyJ éisÎfŸ vd miH¡»‹nwh«. xU F¿¥Ã£l 

bghUS¡F ã®zæ¡f¥g£l fhy mséš rªijæš njitæ‹ msit ãfœ¢Á 

mšyJ Nœãiyæ‹ ãiy¥gh£o‰F X® vL¤J¡fh£lhF«.

	 xU fz¤Â‹ thæyhf Nœãiyfë‹ ãiy¥gh£il¡ Ñœ¡f©l VnjD« xU 

Kiwæš bjçÎ brŒayh«.

	     	   S = {S1, S2, …,Sn}

	 mšyJ E = {E1, E2, …,En}

	 mšyJ Ω = {θ1, θ2, θ3}
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	 vL¤J¡fh£lhf xU rªijæš ryit¤öŸ é‰gid¡F tUifæš mjid 

mÂf¥goahd mséš éU«ò»‹wt®fë‹ éisÎfŸ (éisÎ θ1) mšyJ 

btë¥ghL tho¡ifahs®fŸ ftd¤Â‰F bršyhjJ (éisÎ θ2) mšyJ xU Á¿a 

é»jh¢rhuh tho¡ifahs®fshš éU«g¥gLtJ mjid 25% v‹ngh«. (éisÎ θ3).

\	 Mfnt Ω = {θ1 , θ2, θ3}

	 ku tot és¡f¥gl¤Âš bra‰gh§FfS¡F mL¤j Ïl¤Âš F¿¡f¥gL»wJ. 

V‰gL»‹w ãfœ¢ÁfŸ _y« k‰bwhU bra‰gh§F ek¡F »il¥gij Ñœ¡f©lthW 

F¿¥Ãlyh«.

A1

bra‰gh§F ãfœ¢ÁfŸ

A2

A3

	 Ïjid mâ thæyhf, ÏU têfëš VnjD« xU têæš bjçÎ brŒayh«.

Nœãiyæ‹ ãiy¥ghLfŸ

bra‰ghLfŸ
S1 S2

A1
A2

mšyJ

 bra‰ghLfŸ 

 Nœãiyæ‹ 

 ãiy¥ghLfŸ

A1 A2, ...., An

S1
S2

10.1 më¤jšfŸ (Pay-off) :

	 më¤jš v‹gJ x›bthU Nœãiyæ‹ ãiy¥ghLfë‹ bra‰gh§F 

nr®Îfë‹ KothdJ x›bthU Nœãiyæ‹ ãiy¥ghLfë‹ éisÎ k‰W« 

fzneunk ãiy¡»‹w x›bthU éisé‹ Mjha« mšyJ ÏH¥ò MF«. Ïij v© 

msitæš F¿¥Ãl¥gl  nt©L« vd¡ F¿¡»‹wJ.
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	 më¤jšfŸ gz nrä¥ò mšyJ neu nrä¥ò vdÎ« F¿¥Ãl¥gL»wJ. 

bghJthf k kh‰W elto¡iffŸ k‰W« n Nœãiyæ‹ ãiy¥ghLfŸ ÏU¡Fkhdhš 

mj‹ éisÎfshdJ k × n v©â¡if mšyJ më¤jšfŸ MF«.

	 Ï¤jifa k × n më¤jšfis, äf trÂahf k × n më¤jšfŸ m£ltizahf 

bjçÎ brŒayh«.

Nœãiyæ‹ ãiy¥ghL
Ô®khd¤Â‹ kh‰W elto¡if

A1 A2 ................... Ak

E1 a11 a12 ................... a1k

E2 a21 a22 ................... a2k

.

.

.

.

.

.

.

.

.

...................

...................

...................

.

.

.

En an1 an2 ................... ank

	 nk‰f©l më¤jš m£ltizia më¤jš mâ vd¡ Twyh«. Ï§F 
aij = i v‹»w ãfœ¢Áæš j v‹»w kh‰W elto¡if vd nj®Î brŒÍ« bghGJ 

f£L¥gh£L btë¥ghlhF«. vL¤J¡fh£lhf xU étrhæ j‹ éis ãy¤Âš _‹W 

tifahd gæ®fëš VnjD« x‹iw gæçL»wh®. gæ® éis¢rš thåiyia¥ 

bghW¤J mik»‹wJ. x›bthU gæW¡F« jå¤jåahf më¤jšfis _‹W 

éis bghU£fë‹ éis¢ršfë‹ éiyfis m£ltizæ‹ filÁ ãuyhf 

fh©Ã¡f¥gL»wJ.

xU 

bA¡nlçš 

éis¢rš 

(»nyhéš)

thåiy

tw£Á

(E1)

eL¤jukhd

(E2)

<u«

(E3)

éiy %. 

(»nyh 

Î¡F)

beš (A1) 500 1700 4500 1.25

fliy (A2) 800 1200 1000 4.00

òifæiy (A3) 100 300 200 15.00

më¤jšfŸ m£ltiz

E1 E2 E3

A1 500 × 1.25 = 625 1700 × 1.25 = 2125 4500 × 1.25 = 5625

A2 800 × 4      = 3200 1200 × 4      = 4800 1000 × 4      = 4000

A3 100 × 15    = 1500 300 × 15      = 4500 200 × 15      = 3000
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10.1.1 ÏH¥ò (mšyJ rªj®¥g ÏH¥ò) :

	 xU Nœãiy¥ghLfëš »il¡f¡ Toa mÂfg£r yhg¤Â‰F« xU F¿¥Ã£l 

bra‰gh§»š »il¡f¡ Toa mÂf g£r yhg¤Â‰F« Ïilna cŸs é¤Âahr« 

rªj®¥g ÏH¥ò MF«. mjhtJ rªj®¥g ÏH¥ò v‹gJ Áwªj bra‰gh§»id 

bra‰gL¤jhkš ÏUªjj‰fhd ÏH¥ò MF«. x›bthU Nœãiy¥gh£o‰F« 

jå¤jåahf rªj®¥g ÏH¥ò fz¡»l¥gL»wJ. bfhL¡f¥g£LŸs 

NœãiyghLfëš rªj®¥g ÏH¥Ã‹ bra‰ghL m¢bra‰gh£o‹ më¤jš k‰W« nj®Î 

brŒa¥g£l Áwªj bra‰gh£o‹ më¤jY¡F« cŸs é¤ÂahrkhF«.

	 P11, P12………P1n v‹gd më¤jè‹ éisÎfŸ Kjš ãiwæš cŸsJ v‹W«, 

ÏJnghynt k‰w ãiwfëY« F¿¡fyh«.

më¤jš m£ltiz

bra‰ghL
Nœãiyfë‹ ãiy¥ghL

S1 S2 ................... Sn

A1 P11 P12 ................... P1n

A2 P21 P22 ................... P2n

.

.

.

.

.

.

.

.

.

.

.

.
Am Pm1 Pm2 ................... Pmn

	 xU ãiyahd Nœãiyæ‹ ãiy¥ghL Si I vL¤J¡ bfhŸnth«. 

	 Pi1, Pi2,…,Pin v‹gd n c¤ÂfS¡fhd më¤jšfŸ MF«. Ïitfëš Mi 
v‹gJ mÂfg£r« më¤jš v‹ngh«. Pi1 v‹gJ bra‰ghL A1 I ga‹gL¤J« bghGJ 

Ô®khd« vL¤J¡ bfhŸ»‹wtç‹ rªj®¥g ÏH¥ò M1 – Pi1 k‰W« Ãw.

	 Ñœ¡f©l m£ltiz rªj®¥g ÏH¥ò fz¡»l¥gLtij¡ fh£L»‹wJ.

	 	 	 fêéu¡f« (mšyJ rªj®¥g ÏH¥ò m£ltiz)

bra‰ghLfŸ
Nœãiyfë‹ ãiy¥ghLfŸ

S1 S2 .... Sn

A1 M1-P11 M2-P12 .... Mn-P1n

A2 M1-P21 M2-P22 .... Mn-P2n

.

.

.

.

.

.

.

.

.

.

.

.
Am M1-Pm1 M2-Pm2 .... Mn-Pmn
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Ô®khd« nk‰bfhŸtÂ‹ tiffŸ :

	 »il¡f¡Toa ãfœ¢ÁfS¡fhd étu§fis mo¥gilahf¡ bfh©L« 

k‰W« Ô®khd¤Â‹ Nœãiy¡F V‰wthW« Ô®khd« nk‰bfhŸs¥gL»wJ. _‹W 

tifahd Nœãiyfëš Ô®khd« nk‰bfhŸs¥gL»wJ. ã¢rakhd ãiy, ã¢rak‰w 

ãiy k‰W« Ïl®ghL.

ã¢rakhd Nœãiyæš Ô®khd« nk‰bfhŸtJ :

	 Ï§F Ô®khd« nk‰bfhŸgtU¡F jh‹ nj®Î brŒÍ« Ô®khd§fS¡F 

mjdhš V‰gL« éisÎfis g‰¿a jftšfis ã¢rakhf KGikahf 

bjçªÂU¥gh®. Ï¤jifa Ô®khd mik¥Ãš xnu xU Nœãiyæ‹ ãiy¥ghL k£Lnk 

ãfHTL« vd mDkhå¡f¥gL»wJ.

vL¤J¡fh£L 1 :

	 xU Á‰W©o éLÂæš jahç¡f¥gL« czé‹ xU j£o‰fhd bkh¤j 

ruhrç éiy %.4 k‰W« mJ %.6¡F é‰f¥gL»wJ. fhiyæš czÎ jahç¡f¥g£L 

m‹iwa Âdnk mit é‰f¥gL»‹wJ. m‹iwa Âdnk é‰f¥glhj czÎfis 

bf£L¥nghdit vd¡ bfh©L btëna År¥gL»wJ. flªj fhy é‰gidia¡ 

bfh©L 50 j£LfS¡F FiwéšyhkY« mšyJ 53 j£LfS¡F äifahfhkY« 

czÎ jahç¡f¥gL»wJ. Úé® (i) bra‰gh§F btë (ii) Nœãiyæ‹ ãiy¥gh£L 

btë (iii) më¤jš m£ltiz (iv) ÏH¥ò m£ltiz M»at‰iw Kiw¥gL¤Â¡ 

TWf.

Ô®Î :

(i) Á‰W©o éLÂæš 50 j£LfS¡F FiwéšyhkY« 53 j£LfS¡F 

äifahfhkY« czÎ jahç¡f¥gL»wJ. Mfnt bra‰gh§FfŸ mšyJ 

bra‰gh§»‹ elto¡iffshdJ

	 a1 = 50 j£LfŸ jahç¡f¥gLtJ

	 a2 = 51  j£LfŸ jahç¡f¥gLtJ

	 a3 = 52  j£LfŸ jahç¡f¥gLtJ

	 a4 = 53  j£LfŸ jahç¡f¥gLtJ

Mfnt bra‰gh§F btëahdJ  A = {a1, a2, a3, a4}

(ii) Âdrç njitahd czÎ jahç¥gJ Nœãiyæ‹ ãiy¥ghL våš ãfH¡Toa 

eh‹F tifahd Nœãiyæ‹ ãiy¥ghLfshdJ

	 S1 = 50 j£LfŸ njit¥gL»wJ

	 S2 = 51 j£LfŸ njit¥gL»wJ

	 S3 = 52 j£LfŸ njit¥gL»wJ

	 S4 = 53 j£LfŸ njit¥gL»wJ

Mfnt Nœãiyæ‹ ãiy¥ghL btëahdJ S= {S1, S2, S3, S4}
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iii) bfhL¡f¥g£LŸs fz¡»š Âdrç njit v‹gJ ã¢rak‰wjhF«. Á‰W©o 

éLÂæ‹ Ïyhg« Âdrç njitia bghU¤jJ.

n = njitahd msÎ v‹f.

m = c‰g¤Â brŒa¥g£l msÎ v‹f.

n >  m våš

ÏWÂ ãiy Ïyhg«	 = (ml¡féiy - é‰F« éiy) × m

		     = (6 – 4) × m = 2m

m > n våš,

Ïyhg« 	 ={(ml¡féiy - é‰F« éiy) × n}- {ml¡féiy × (m – n) }

		  = 2n – 4 (m – n) = 2n - 4m + 4n

		  = 6n – 4m

më¤jš m£ltiz

më¥ò  

(m)

njit (n)

(S1)

50

(S2)

51

(S3)

52

(S4)

53

(a1)  50 100 100 100 100

(a2)  51 96 102 102 102

(a3)  52 92 98 104 104

(a4)  53 88 94 100 106

(iv) rªj®¥g ÏH¥ig¡ fz¡»l eh« Kjèš mÂfg£r më¤jšfis x›bthU 

Nœãiy ãiy¥ghLfS¡F« fhz nt©L«.

	 Kjš Nœãiyæš mÂf g£r më¤jš 		  = 100

	 Ïu©lh« Nœãiyæš mÂf g£r më¤jš	 = 102

	 _‹wh« Nœãiyæš mÂf g£r më¤jš	 = 104

	 eh‹fh« Nœãiyæš mÂf g£r më¤jš 	 = 106

	 nk‰f©l më¤jš m£ltiz¡F bjhl®ghd ÏH¥ò m£ltiz

nk‰f©l më¤jš m£ltiz¡F, bjhl®ghd ÏH¥ò m£ltiz

më¥ò

(m)

njit (n)

(S1)

50

(S2)

51

(S3)

52

(S4)

53

(a1)  50 100 – 100 = 0 102 – 100 = 2 104 – 100 = 4 106 – 100 = 6
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(a2)  51 100 – 96 = 4 102 – 102 = 0 104 – 102 = 2 106 – 102 = 4

(a3)  52 100 – 92 = 8 102  –  98 = 4 104 – 104 = 0 106 – 104 = 2

(a4)  53 100 – 88 = 12 102  –  94 = 8 104 – 100 = 4 106 – 106 = 0

10.2 ã¢rak‰w ãiyæš Ô®khd« vL¤jš (ãfœjfÎ bfhL¡f¥glhkš  ÏU¡ifæš) :

	 ãgªjidfë‹ mo¥gilæš ã¢rak‰w ãiyæš më¤jšfŸ k£Lnk 

bjçÍ« k‰W« x›bthU Nœãiy¥gh£o‹ ãfœjfÎ¤ j‹ik bjçtÂšiy. 

Ï¤jifa Nœãiy xU òÂa bghUis rªijæš m¿Kf¥gL¤J« bghGJ mšyJ 

òÂajhf bjhê‰rhiyæYŸs xU ÏaªÂu¤ bjhFÂia ãWÎ« bghGJ V‰glyh«. 

ãgªjidfë‹ mo¥gilæš gy tifahd Ô®khå¤jš msitfŸ Ñœ¡f©lthW 

ek¡F »il¡»‹wJ.

cfªj msit (Û¥bgUé‹ Û¥bgU kÂ¥ò) :

	 Û¥bgUé‹ Û¥bgU kÂ¥ò _y« bra‰gh§»‹ elto¡iffis¡ fhz 

mšyJ äifahd më¤jiy äif¥gL¤J« kh‰W c¤Âia fz¡»lyh«. 

Ï¤jifa Ô®khd¤Â‹ msit kh‰W elto¡iffis bfh©L« mÂf mséyhd 

Mjha¤ijÍ« F¿¥gjhš, cfªj Ô®khd¤Â‹ msit v‹W« miH¡f¥gL»wJ. 

Ïj‹ braš KiwahdJ

	 (i) x›bthU kh‰W elto¡if¡F« ÁwªjbjhU éisit Ô®khå¡fÎ«.

	 (ii) bjhl®òila kh‰W elto¡iffëš Áwªj x‹¿id nj®ªbjL¡fÎ«.

vÂ®gh®¡f¥gL« gz« rh®ªj kÂ¥ò (EMV):

	 kh‰W elto¡ifæ‹ bra‰gh§»id kÂ¥ÕL brŒtj‰F vÂ®gh®¡f¥gL« 

gz« rh®ªj kÂ¥ò gutyhf ga‹gL¤j¥gL»wJ. bfhL¡f¥g£LŸs kh‰W 

elto¡if¡F vÂ®gh®¡f¥gL« gz« rh®ªj kÂ¥ò fz¡»l¥gLtJ, x›bthU kh‰W 

elto¡iffS¡fhd ãfœjfit mj‹ më¤jšfshš bgU¡f¥g£L mjid T£L« 

bghGJ »il¡f¥ bgWtjhF«.

ghjfkhd msit mšyJ Û¢ÁWé‹ Û¥bgU kÂ¥ò :

	 Ïªj Ô®khd msitahdJ vL¡f¥g£l bra‰gh§»‹ elto¡ifæš ãfH¡ 

Toa më¤jšfë Û¥bgU kÂ¥òfëš Û¢ÁW kÂ¥ghF«. Ï¤Ô®khd msit kh‰W 

c¤Âfshš ãfH¡ Toa äf¡ Fiwªj ÏH¥ig F¿¡»‹wJ. mjdhš Ïjid 

ghjfkhd Ô®khd msit vdÎ« Tw¥gL»wJ. Ïj‹ braš KiwahdJ

(i) 	 x›bthU kh‰W elto¡if¡F« Fiwªj g£r éisit Ô®khå¡f nt©L«.

(ii) 	 Ït‰¿š ÁwªbjhU bjhl®òila kh‰W elto¡ifia¤ nj®ªbjL¡fÎ«.

Û¥bgU kÂ¥Ã‹ Û¢ÁW ÏH¥ò msit (rhntí msit) :

	 Ïªj msitia rªj®¥g ÏH¥ò Ô®khd msit v‹W« Twyh«. Vbd‹whš 

Ô®khd« nk‰bfhŸgt® jh‹ nk‰bfh©l jtwhd bra‰gh£odhš (mšyJ khWg£l) 
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më¤jèš rªj®¥g ÏH¥ò V‰g£LŸsJ vd Ã‹d® tUªjyh«. Mfnt, v¥bghGJ« 

Ït® Ïªj msitia Fiwthfnt ÏU¡f fUJth®. Ïj‹ braš KiwahdJ

(m) 	më¤jš mâia mik¤J, mjå‹W rªj®¥g ÏH¥ò mâia cUth¡Ff.

	 (i)      x›bthU Nœãiy ãiygh£o‰F« Áwªj më¤jiy¡ fh©f.

	 (ii) Ï«kÂ¥ÃèUªJ mªj ãiwæYŸs kÂ¥òfis (më¤jš kÂ¥òfŸ)  

	      fê¡fÎ«.

(M) 	 x›bthU bra‰gh£o‰F« (c¤Â¡F«) mÂf g£r ÏH¥ò kÂ¥ig f©l¿f.

(Ï) Ïitfëš äf¢Á¿a rªj®¥g ÏH¥ò kÂ¥ig¡ bfh©l bra‰gh£il  

 (khWg£l) nj®Î brŒf.

rçrkthŒ¥ò Ô®khd ( `ngæ° mšyJ yh¥yh°' ) msit :

	 Nœãiy ãiy¥gh£o‹ ãfœjfÎfŸ bjçahj fhuz¤jhš mid¤J Nœãiy 

ãiy¥ghLfS« rkkhd ãfœjfit bfh©LŸsJ vd mDkhå¡f¥gL»wJ. 

mjhtJ x›bthU Nœãiy ãiy¥gh£o‰F« rkkhd ãfœjfit xJ¡ÑL 

brŒ»‹nwh«. Nœãiy ãiy¥ghLfŸ x‹iwbah‹W éy¡FtjhfÎ« k‰W« T£lhf 

KGikahdjhfÎ« cŸsjhš, x›bth‹W¡Fkhd ãfœjfthdJ

	 	 1 / (Nœãiy¥ghLfë‹ v©â¡if)

Ïj‹ braš KiwahdJ

m) 	 x›bthU Nœãiy ãiy¥gh£o‰F«

	 1/(Nœãiy ãiy¥ghLfë‹ v©â¡if)

	 v‹»w N¤Âu¤ij ga‹gL¤Â ãfœjfit xJ¡ÑL brŒf.

M)	 x›bthU brašgh£o‰F« vÂ®gh®¡f¥gL« kÂ¥ig¡ fhz, x›bthU  

éisé‰Fkhd mj‹ ãfœjfÎfshš bgU¡» Ã‹d® mjid T£l  

nt©L«.

Ï)  Áwªj vÂ®gh®¥ò më¤jš kÂ¥ig nj®Î brŒaÎ«.

 	 (Ïyhg« våš Û¥bgU kÂ¥ò k‰W« bryÎ våš Û¢ÁW kÂ¥ò)

	 Ïªj msitia nghJkhdj‰w msit vd¡ Tw¥gL»wJ. Vbdåš, xU 

Áy ãfœ¢Áfis jéu, Nœãiy ãiy¥ghL g‰¿a ãfœjfÎ jftšfŸ Á¿njD« 

»il¡f¥ bgW«.

bkŒahd msit (A®é£° msit) :

	 ÏJ cfªj k‰W« ghjfkhd Ô®khd msitfë‹ cl‹go¡if msitahF«. 

Kjèš α cfªj bfGit nj®ªbjL¡f nt©L«. α kÂ¥ò x‹W¡F mU»š 

ÏUªjhš Ô®khd« vL¥gt® cfªjbjhU vÂ®fhy¤ij nk‰bfhŸth® mšyJ α 

kÂ¥ò ó{ía¤Â‰F mUnf ÏU¡Fkhdhš Ô®khd« vL¥gt® ghjfkhd Ô®kh¤ij 

vÂ®fhy¤Âš nk‰bfhŸth®.
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	 mÂf g£r c¤Âia nj®Î brŒa H = α (më¤jè‹ Û¥bgU kÂ¥ò ãiuæš) +  

(1 – α) (më¤jè‹ Û¢ÁW kÂ¥ò ãiuæš) vd Ah®é£° TW»wh®.

vL¤J¡fh£L 2 :

	 Ñœ¡f©l më¤jš (Ïyhg«) mâia fUJf.

bra‰ghL

Nœãiy

(S1) (S2) (S3) (S4)

A1 5 10 18 25

A2 8 7 8 23

A3 21 18 12 21

A4 30 22 19 15

	 Nœãiy¥gh£o‹ ãfœjfÎfŸ bjçahj ãiy. Ñœ¡f©l x›bthU msitfŸ 

_ykhf Ô®Î fhz¥g£L x¥ÃLf.

	 (i) Û¢ÁWé‹ Û¥bgU (ii) yh¥yh° (iii) A®é£° (α = 0.5 vd mDkhå¡fÎ«)

Ô®Î :

i) Û¢ÁWé‹ Û¥bgU :

					         Û¢ÁW kÂ¥ò

	 A1:	 5 	 10 	 18 	 25 	 5

	 A2: 	 8 	 7 	 8 	 23 	 7

	 A3:	  21 	 18 	 12 	 21 	 12

	 A4:	 30 	 22 	 19 	 15 	 15 	 Û¥bgU kÂ¥ò

Áwªj brašghL A4 MF«.

ii) 'yh¥yh°' msit

	 E(A1) = 1/4 [5 +10+18+25] 	 = 14.5

	 E(A2) = 1/4 [8 +7+8+23] 	 = 11.5

	 E(A3) = 1/4 [21 +18+12+21] = 18.0

	 E(A4) = 1/4 [30 +22+19+15]	 = 21.5 Û¥bgU kÂ¥ò

E(A4) Û¥bgU kÂ¥ghF«. Mfnt Áwªj bra‰ghL A4 MF«.

iii) A®é£° msit (α = 0.5 v‹f)
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Û¢ÁW kÂ¥ò Û¥bgU kÂ¥ò
α (Û¥bgU kÂ¥ò) +  
(1 – α) Û¢ÁW kÂ¥ò

A1 5 25 0.5(25) + 0.5(5) = 15

A2 7 23 0.5(7) + 0.5(23) = 15

A3 12 21 0.5(12) + 0.5(21) = 16.5

A4 15 30 0.5(15) + 0.5(30) = 22.5 Û¥bgU kÂ¥ò

Áwªj bra‰ghL A4 MF«.

vL¤J¡fh£L 3 :

	 xU Ô®khd« nk‰bfhŸgt® 3 Ô®khd kh‰W elto¡iffŸ k‰W« 2 Nœãiy 

ãiy¥ghLfis vÂ®bfhŸ»‹wd®. (i) Û¢ÁWé‹ Û¥bgU kÂ¥ò k‰W« (ii) Û¥bgU 

kÂ¥Ã‹ Û¢ÁW ÏH¥ò Kiwfis ifah©L Ñœ¡f©l më¤jš m£ltizia¡ 

bfh©L nk‰bfhŸS« Ô®khd¤ij gçªJiu¡fÎ«.

Nœãiy ãiy¥ghL  →

bra‰ghL ↓
S1 S2

A1 10 15

A2 20 12

A3 30 11

Ô®Î :

(i) 	 Û¢ÁW Û¥bgU kÂ¥ò 

	 bra‰ghL	 	 Û¢ÁW kÂ¥ò

	         A1 			   10

	         A2 			   12 Û¥bgU kÂ¥ò

	         A3 			   11

A2 bra‰ghL gçªJJiu¡f¥gL»wJ.

ii) Û¥bgU Û¢ÁW ÏH¥ò

bra‰ghLfŸ
Nœãiy ãiy¥ghLfŸ

Û¥bgU ÏH¥ò
S1 S2

A1 30 – 10 = 20 15 – 15 = 0 20

A2 30 – 20 = 10 15 – 12 = 3 10

A3 30 – 30 = 0 15 – 11 = 4   4

	 Û¥bgU ÏH¥Ãš Û¢ÁW kÂ¥ò 4. Mfnt A3 bra‰gh§F gçªJiu¡f¥gL»wJ.
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vL¤J¡fh£L 4 :

	 xU éahghç _‹W kh‰W elto¡iffis¤ nj®Î brŒa btë¥gilahf 

cŸsJ. x›bth‹W« VnjD« eh‹F ãfH¡ Toa ãfœ¢Áfis¡ bfh©LŸsJ. 

f£L¥ghL më¤jšfŸ x›bthU bra‰gh£L ãfœ¢ÁfS¡F« ÑnH 

bfhL¡f¥g£LŸsJ.

kh‰W 

elto¡if

më¤jšfŸ - f£L¥ghL ãfœ¢ÁfŸ

A B C D

X 8 0 – 10 6

Y – 4 12 18 – 2

Z 14 6 0 8

	 éahghç Ã‹tU« msitfis¥ ga‹gL¤Âdhš vªj kh‰W elto¡ifia 

nj®Î brŒtJ v‹gij Ô®khå¡fÎ«.

	 m) Û¢ÁWé‹ Û¥bgU msit

	 M) Û¥bgUé‹ Û¥bgU msit

	 Ï) A®é£° msit (α = 0.7) vd cfªj msthf bfhŸf.

	 <) Û¥bgUé‹ Û¢ÁW ÏH¥ò msit

	 c) yh¥yh° msit

Ô®Î :

	 bfhL¡f¥g£LŸs më¤jš mâæš x›bthU kh‰W elto¡if¡ fhz 

Û¥bgU kÂ¥ò k‰W« Û¢ÁW kÂ¥ò« ãfH¡ Toa më¤jš ÑnH bfhL¡f¥g£LŸsJ.

kh‰W 

elto¡if

Û¥bgU më¤jš 

(%)

Û¢ÁW më¤jš (%) (α = 0.7)

H = α (Û¥bgU më¤jš)

+ (1 – α) (Û¢ÁW më¤jš)

X   8 – 10   2.6

Y 18   – 4 11.4

Z 14      0   9.8

m) Û¢ÁWé‹ Û¥bgU msit Kiwæš, Û¢ÁW më¤jèš Û¥bgU kÂ¥ò Z  
 v‹gjhš kh‰W elto¡if Z nj®Î brŒa¥gL»wJ.

M) Û¥bgUé‹ Û¥bgU kÂ¥ò msitæš éahghç kh‰W elto¡if Y - I nj®Î  

brŒth®.

Ï) 	 Ah®é£° msitæš Y -I nj®Î brŒtJ cfªjjhF«.
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<) 	 bfhL¡f¥g£l më¤jš mâ¡F, ÏH¥ig Ñœ¡f©lthW f©l¿ayh«. A  
v‹»w ãfœ¢Á¡F ÏH¥ò më¤jš = A-‹ Û¥bgU më¤jš kÂ¥ò - më¤jš  

kÂ¥ò. ÏJ nghynt k‰w ãfœ¢ÁfS¡F« fz¡»l¥gL»wJ.

kh‰W 

elto¡if

më¤jš  

(%)

ÏH¥ò më¤jš  

(%)
Û¥bgU  

ÏH¥ò
A B C D A B C D

X 8 0 – 10 6 6 12 28 2 28

Y – 4 12 18 – 2 18 0 0 10 18

Z 14 6 0 8 0 6 18 0 18

Û¥bgU 

më¤jš

14 12 18 8

	 kh‰W elto¡iffshd Y k‰W« Z Û¥bgU ÏH¥Ãš Û¢ÁW kÂ¥ghf cŸsjhš 

Ô®khd« nk‰bfhŸgt® Ïu©oš x‹iw¤ nj®Î brŒth®.

c) yh¥yh° msit :

	 Ï«Kiwæš x›bthU c¤Â¡F« rkkhd ãfœjfit g»®ªjë¡f¥gL»wJ. 

Ïj‹ Kothf Ñœ¡f©l vÂ®gh®¡f¥gL« më¤jš »il¡»‹wJ.

kh‰W 

elto¡if

më¤jš (%)
vÂ®gh®¡f¥gL« 

më¤jš kÂ¥ò
A

P = ¼

B

P = ¼

C

P = ¼

D

P = ¼

X 8 0 – 10 6 ¼ [8 + 0 – 10 + 6]     = 1

Y – 4 12 18 – 2 ¼ [– 4 + 12 + 18 –2] = 6

Z 14 6 0 8 ¼ [14 + 6 + 0 + 8]     = 7

	 vÂ®gh®¡f¥gL« më¤jš kÂ¥ò  Z ¡F Û¥bgU kÂ¥ò. Mifahš éahghç 

kh‰W elto¡ifahf Z I nj®Î brŒayh«.

10.3 Ïl®gh£L ãiyæš Ô®khd« nk‰bfhŸtJ ((ãfœjfÎl‹) :

	 Ï§F Ô®khd« nk‰bfhŸgt® gytifahd Nœãiy ãiy¥ghLfS« 

vÂ®bfhŸ»‹wh®. mt® e«gf¤jFªj jftšfis e«òtjhfÎ«, m¿Î, K‹ mDgt«, 

mšyJ el¡»‹w ãfœ¢ÁfS¡F« ãfœjfit x›bthU ãfH Toa Nœãiy 

ãiyghLfS¡F« xJ¡Ftjhf bfhŸnth«. Áy ntisfëš Kªija Mtz§fŸ, 

mDgt« mšyJ jftšfis rh‹whf bfh©L tU§fhy¤Âš ãfœ¢ÁfŸ 

xJ¡f¥glyh«.

	 ãfœjfÎ gutiy mo¥gilahf bfh©L x›bthU Nœãiy 

ãiy¥ghLfS¡F« vÂ®gh®¡f¥gL« më¤jš kÂ¥Ãš äf mÂf kÂ¥ig¡ bfh©L 

ÁwªjbjhU kh‰W elto¡ifia xUt® nj®Î brŒayh«.
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vL¤J¡fh£L 5 :

	 _‹W bra‰gh§F elto¡iffS« (A) _‹W Nœãiy ãiy¥ghLfS« (E) 
(mšyJ ãfœ¢ÁfŸ) k‰W« mt‰¿‹ ãfœjfÎfS« Kiwna më¤jš m£ltizæš 

bfhL¡f¥g£LŸsJ. ÁwªjbjhU elto¡ifia¡ fh©f.

ãfœ¢ÁfŸ E1 E2 E3

ãfœjfÎ       →

bra‰gh§F    ↓
0.2 0.5 0.3

A1 2 1 – 1

A2 3 2    0

A3 4 2    1

Ô®Î :

	 x›bthU bra‰gh§»‰F« vÂ®gh®¡f¥gL« kÂ¥ghdJ

	 A1 : 2(0.2) + 1(0.5) - 1(0.3) 	 = 0.6

	 A2 : 3(0.2) + 2(0.5) + 0(0.3)	 = 1.6

	 A3 : 4(0.2) + 2(0.5) + 1(0.3) 	 = 2.1

	 bra‰gh§F 3¡F vÂ®gh®¡f¥gL« gz« rh®ªj kÂ¥ò mÂfkhf cŸsJ. 

Mfnt ÁwªjbjhU elto¡if A3 MF«.

vL¤J¡fh£L 6 :

3 bra‰gh§FfŸ (A1, A2, A3) k‰W« ãfœ¢Á (E1, E2, E3) fë‹ më¤jš ÑnH 

bfhL¡f¥g£LŸsJ.

    Nœãiyæ‹  → 
ãiy¥ghL   

↓

bra‰gh§F

A1 A2 A3

E1   35 – 10 – 150

E2 200   240    200

E3 550   640   750

	 x›bthU Nœãiy ãiy¥gh£o‰fhd ãfœjfÎfŸ Kiwna 0.3, 0.4 k‰W«0.3 

MF«. EMV kÂ¥ig fz¡»£L m£ltizæLf k‰W« vªjbthU bra‰gh§Ffëš 

Áwªj x‹iw nj®Î brŒthŒ v‹gij KoÎ brŒf.
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Ô®Î :

ãfœ¢Á ãfœ 

jfÎ
A1 A2 A3

E1 0.3   35 × 0.3 =   10.5 – 10 × 0.3 =  – 3 – 150 × 0.3 = – 45

E2 0.4 200 × 0.4 =   80.0  240 × 0.4 =   96    200 × 0.4 =    80

E3 0.3 550 × 0.3 = 165.0  640 × 0.3 = 192    750 × 0.3 =  225

EMV                     255.5                     285                        260

	 Ï§F A2 -‹ EMV Û¥bgU kÂ¥ghf cŸsJ. Mfnt bra‰gh§F A2 it nj®Î 

brŒaÎ«.

vL¤J¡fh£L 7 :

	 xU fil¡fhuU¡F mêa¡ Toa ãiwa¥ bghU£fis nrä¤J it¡f 

njitahd trÂÍŸsJ. mt® xU bghUis %. 3¡F thh§» mjid xU bghUŸ 

%. 5 vd é‰gid brŒ»‹wh®. xU ehëš bghUŸ é‰fgléšiybaåš mtU¡F 

ÏH¥ò xU bghUS¡F %.3 MF«. Âdrç njitahdJ Ñœ¡f©l ãfœjfÎ gutiy¢ 

rh®ªJŸsJ.

njitahd bghU£fë‹ 

v©â¡if

3 4 5 6

ãfœjfÎ 0.2 0.3 0.3 0.2

	 v›tsÎ bghU£fis mt® nrä¤jhš mtuJ Âdrç vÂ®gh®¡f¥gL« Ïyhg« 

Û¥bgU kÂ¥ghF« ?

Ô®Î :

 	 m = Âdrç nrä¤J it¡f¡ Toa bghU£fë‹ v©â¡if v‹f.

	 n = Âdrç njitahd bghU£fë‹ v©â¡if v‹f.

n ≥ m våš

 	 Ïyhg«  = 2m

k‰W«  m > n, 

	 Ïyhg«	 = 2n – 3(m-n)

			   = 2n – 3m + 3n 

			   = 5n – 3m
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më¤jš m£ltiz

nrä¥ò (m)
njit (n)

3 4 5 6

3 6 6 6 6

4 3 8 8 8

5 0 5 10 10

6 – 3 2 7 12

ãfœjfÎ 0.2 0.3 0.3 0.2

nrä¥ò (m) vÂ®gh®¡f¥gL« Mjha«

3 6 × 0.2 + 6 × 0.3 + 6 × 0.3 + 6 × 0.2      = Rs.6.00

4 3 × 0.2 + 8 × 0.3 + 8 × 0.3 + 8 × 0.2      = Rs.7.00

5 0 × 0.2 + 5 × 0.3 + 10 × 0.3 + 10 × 0.2  = Rs.6.50

6 – 3 × 0.2 + 2 × 0.3 + 7 × 0.3 + 12 × 0.2 = Rs.4.50

	 4 bghU£fis nrä¡ifæš mÂfg£r vÂ®gh®¡f¥gL« Mjha« %. 7, Mfnt 

4 bghU£fis nrä¤J it¤jhš vÂ®gh®¡f¥gL« Âdrç Ïyhg« éahghç¡F 

»il¡F«.

vL¤J¡fh£L 8 :

	 xU khj Ïjœ g§Ñ£lhs® khj Ïjœ njit¡fhd Ñœ¡f©l ãfœjfit 

xJ¡ÑL brŒ»‹wh®.

	 njitahd khj Ïjœfë‹ v©â¡if :       	  2   	  3 	  4 	  5

	 ãfœjfÎ	 	 	                	  :	 0.4 	 0.3 	 0.2 	 0.1

	 xU Ïjê‹ éiy %.6 ¡F th§» mjid %.8¡F é‰»‹wd®. v¤jid 

khj Ïjœfis mt® nrä¡ifæš mtU¡F mÂfg£r vÂ®gh®¡f¥gL« Ïyhg« 

»il¡F«? nkY« mt® é‰gidhfhj ÏjœfŸ x›bth‹iwÍ« %.5¡F é‰»‹wh®.

Ô®Î :

	       m = Âdrç nrä¡f¥gL« khj Ïjœfë‹ v©â¡if

	        n = njitahd khj Ïjœfë‹ v©â¡if

j‰bghGJ,

	 n ≥ m vD« bghGJ,

		            Ïyhg« = %. 2m

k‰W«
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m > n våš

		            Ïyhg«	= 8n –6m + 5(m – n)

				    = 8n –6m + 5m – 5n

				    = 3n –m

më¥ò m£ltiz

nrä¥ò 

(m)
njit (n)

2 3 4 5
2 4 4 4 4
3 3 6 6 6
4 2 5 8 8
5 1 4 7 10

ãfœjfÎ 0.4 0.3 0.2 0.1

nrä¥ò 

(m)
vÂ®gh®¡f¥gL« Mjha« (%ghæš)

2 4 × 0.4 + 4 × 0.3 + 4 × 0.2 + 4 × 0.1   = 4.0

3 3 × 0.4 + 6 × 0.3 + 6 × 0.2 + 6 × 0.1   = 4.8

4 2 × 0.4 + 5 × 0.3 + 8 × 0.2 + 8 × 0.1   = 4.7

5 1 × 0.4 + 4 × 0.3 + 7 × 0.2 + 10 × 0.1 = 4.0

	 3 khj Ïjœfis nrä¡F« bghGJ mÂfg£r vÂ®gh®¡f¥gL« Mjha« %.4.8. 

Mfnt g§Ñ£lhs® 3 khj Ïjœfis nrä¡F« bghGJ mÂf g£r Ïyhg« »il¡F«.

10.4 Ô®khd ku tot MŒÎ :

	 xU Ô®khå¤jš Ãu¢Áidia és¡f¥gl cjéÍl‹ bjçÎ brŒayh«. 

Ï›és¡f¥gl« mid¤J ãfHToa bra‰ghL, Nœãiy ãiy¥ghL k‰W« 

Nœãiy¥gh£o‰F bjhl®ghd ãfœjfÎfisÍ« fh©Ã¡»‹wJ. Ïªj Ô®khd 

és¡f¥gl« xU ku¤ij tiuªJ gh®¡F« bghGJ ÏU¥gJ nghy ÏU¥gjhš Ïjid  

"Ô®khd ku«" v‹W« Twyh«.

	 xU Ô®khd ku« fQ¡fŸ, »isfŸ, ãfœjfÎ kÂ¥ÕLfŸ k‰W« 

më¤jšfisÍ« bfh©LŸsJ. fQ¡fŸ ÏUtif¥gL«. Ô®khd fQ (rJu¤jhš 

F¿pL brŒ»nwh«) k‰W« thŒ¥ò fQ (t£l¤jhš F¿pL brŒ»nwh«). khWg£l 

bra‰ghLfë‹ MÂahdJ Ô®khd fQéèUªJ K¡»a »isahf (Ô®khd 

»isahf) bjhl§F»‹wJ. Ô®khd fQé‹ Kothf cŸs òŸëæš, thŒ¥ò fQ 

bjhl§F»wJ. thŒ¥òfQ¡f c£»isfshf btë¥gL¤J»‹wd. mt‰¿‰Fça 

më¤jšfŸ k‰W« khWg£l bra‰ghLfS¡F¤ bjhl®òila ãfœjfÎfŸ k‰W« 

thŒ¥ò ãfœ¢ÁfŸ g¡f¤J¥ g¡fkhf thŒ¥ò »isfëš fh©Ã¡f¥gL»wJ. 

thŒ¥ò »isfë‹ Koéš vÂ¥h®¡f¥gL« më¤jš kÂ¥òfë‹ éisÎfŸ 

fh©Ã¡f¥gL»wJ.
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	 mo¥gilæš Ô®khd ku tot§fŸ, Kothd Ô®khd« k‰W« ãfH¡Toa 

Ô®khd« vd ÏU tif¥gL«. Ïit nkY« xU go k‰W« gy go ku§fŸ vd 

Ãç¡f¥gL»‹wJ. xUgo Kothd Ô®khd¤Âš Ô®khd kukhdJ xnu xU Ô®khd¤ij 

ã¢rakhd ãgªjidfSl‹ cŸsl¡»ÍŸsJ. gygo Ô®khd¤Âš xU bjhl® 

mšyJ r§»èahd Ô®khd§fŸ nk‰bfhŸs¥gL»wJ. EMV ‹ c¢r kÂ¥ò MdJ 

cfªjbjhU ghij (c¤Â) MF«.

	 Ô®khd kutot« tiua xUt® Ã‹g‰w¥gl nt©oa F¿¥Ã£l mo¥gil 

éÂfŸ k‰W« Ïz¡f éÂfŸ ÑnH ãWt¥gL»wJ.

1.	 mid¤J Ô®khd§fŸ (k‰W« mj‹ kh‰W) mit vªj tçiræš 

nk‰bfhŸs¥gL»J v‹gij f©l¿aÎ«.

2.	 thŒ¥ò ãfœ¢ÁfŸ mšyJ x›bthU kh‰W Ô®khd§fë‹ Kothš V‰gL« 

Nœãiy ãiy¥gh£il f©l¿f.

3.	 thŒ¥ò ãfœ¢Á k‰W« tçir Ô®khd§fis fh£L»‹w ku tot és¡f¥gl¤ij 

éçth¡Ff. kués¡fgl« mik¡F« bghGJ ÏlJ òwkhf bjhl§» tyJ òwkhf 

ef®»‹wJ. rJu¥bg£o  és¡FtJ Ô®khd¥òŸë, m§F »il¡f¡ Toa 

bra‰gh£L elto¡iffŸ fU¤Âš vL¤J bfhŸs¥gL»wJ. t£l« ○ bjçÎ 

brŒtJ thŒ¥ò fQ mšyJ ãfœ¢Á, gšntwhd Nœãiy ãiy¥ghLfŸ mšyJ 

Ï›thŒ¥ò ãfœ¢ÁæèUªJ éisÎfŸ btë¥gL¤J»‹wJ.

4.	 ãfH¡Toa ãfœ¢Áfë‹ ãfœjfÎfŸ mšyJ kh‰W Ô®khd§fshš »il¡f¡ 

Toa Nœãiy¥ghLfis kÂ¥ÕL brŒf.

5.	 ãfH¡Toa vÂ®éisÎfë‹ Ô®khd kh‰w§fŸ k‰W« ãfœ¢Áfë‹ 

éisÎfis¡ fh©f.

6.	 vÂ®gh®¡f¥gL« kÂ¥ig mid¤J ãfH¡Toa Ô®khd kh‰Wfis fz¡»Lf.

7.	 äfÎ« ftu¡ Toa vÂ®gh®¡f¥gL« kÂ¥ig bfhL¡f¡Toa Ô®khd kh‰iw 

(mšyJ bra‰gh§F) nj®ªbjL¡fÎ«.

Ô®khd ku tot¤Â‹ ga‹ghLfŸ :

1.	 Ô®khd ku« tiutjhš, Ô®khd« nk‰bfhŸgt® mid¤J Á¡fyhd 

Ãu¢ÁidfisÍ« éçÎgL¤Â gh®¡f KoÍ«.

2.	 Ô®khd« nk‰bfhŸgtU¡F, Ãu¢Áidfë‹ gy ntwhd _y¡TWfis cŸsl¡» 

k‰W« KiwahfÎ« gh®¡f cjéaë¡»wJ.

3.	 xU Ô®khd kués¡f¥ gl¤Â‹ _y« fU¤J¡fis kh‰whkš gy gçkhd Ô®khd 

tçirfshf nfh®it¥gL¤jyh«.

4.	 Ô®khd ku tot« gšntwhd Ïl§fëY« ga‹gL¤j¥gL»wJ. òÂajhf 

m¿Kf¥gL¤j¥gl cŸs bghUŸ, rªij c¤Â KiwfŸ vd¥gy.
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vL¤J¡fh£L 9 :

	 xU c‰g¤Â brŒÍ« ãWtd¤Âš A mšyJ B v‹»w c‰g¤Â¡F¥ 

ga‹gL¤j¥gL« bghUŸfëš x‹iw nj®Î brŒjš nt©L«. A v‹»w bghUS¡F 

%.20,000 k‰W« B v‹»w bghUS¡F %.40,000-« _yjdkhf¤ njit¥gL»‹wJ. 

rªij MŒit nk‰bfh©lÂš mÂf njit, eL¤ju¤ njit k‰W« Fiwªj njit, 

mt‰¿‹ ãfœjfÎfŸ k‰W« ÏU bghUŸfë‹ éiyfŸ %. Mæu¤Âš Ñœ¡f©l 

m£ltizæš bfhL¡f¥g£LŸsJ.

rªij njit
ãfœjfÎ é‰gid

A B A B

mÂf« 0.4 0.3 50 80

eL¤ju« 0.3 0.5 30 60

Fiwªj 0.3 0.2 10 50

bghU¤jkhd Ô®khd ku« mik¡fÎ« bjhê‰rhiy v¤jifa Ô®khd¤ij vL¡f 

cŸsJ ?

Ô®Î :

bghUŸ A

bghUŸ B

mÂf¤ njit (80)

Fiwªj njit (10)

Fiwªj njit (50)

0.2

20

24

10

9

3

30
0.5

0.3

0.3

0.3

0.4

eL¤ju¤ njit (30)

eL¤ju¤ njit (60)

mÂf¤ njit (50)

rªij njit
A B

X('000) P PX X('000) P PX

mÂf« 50 0.4 20 80 0.3 24

eL¤ju« 30 0.3   9 60 0.5 30

Fiwªj 10 0.3   3 50 0.2 10

bkh¤j« 32 64
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bghUŸ tuÎ (%) _yjd« (%) Ïyhg« (%)

A 32,000 20,000 12,000

B 64,000 40,000 24,000

	 bjhê‰rhiyæ‹ Ô®khd« B ¡F rhjfkhf cŸsJ Vbdåš B-bghUë‹ 

Ïyhg« mÂf«.

vL¤J¡fh£L 10 :

	 xU g©iz¡F brhªj¡fhu® jdJ g©izæš »zW x‹iw njh©l 

cŸsh®. mªj¥ gFÂæš flªj fhy§fëš 20 Û£l®fŸ MH¤Âš njh©oaÂš 70 

rjÅj« bt‰¿ailªJŸsJ. nkY« 25 Û£l®fŸ njh©oÍ« 20 rjé»jnk j©Ù® 

»il¤JŸsJ. g©izah® »zW njh©léšiybaåš mL¤j 10 M©LfS¡F 

jdJ g¡f¤J g©izahçläUªJ j©Ù® th§f %.15,000 bryÎ MF« vd kÂ¥ÕL 

brŒ»wh®.

	 bghU¤jkhd Ô®khd ku« tiuaÎ« k‰W« g©izahç‹ c¤Âfis EMV 
Kiwæš ã®zæ¡fÎ«.

Ô®Î :

	 bfhL¡f¥g£l étu§fŸ Ñœ¡f©l ku és¡f¥gl¤Â‹ _y« bjçÎ 

brŒa¥gL»wJ.

D1

D2

njh©l nt©lh« 

njh©l 

njh©lÎ« 

25 Û tiu

nt©lh« 

j©Ù® Ïšiy 

j©Ù® Ïšiy 

njh©lÎ« 

% 15, 000 

20Û tiu  

0.3 

j©Ù® 

0.7 

% 500x 20 

%15,000 + 500 x 20 

= % 25,000 

j©Ù® 

0.2 

%15,000 + 500 x 25 

= % 27,500 

%500 x 25 

= % 12,500 

= % 10,000 
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Ô®khd« ãfœ¢Á ãfœjfÎ gz¢ bryÎ vÂ®gh®¡f¥gL« 

gz¢  

bryÎ

Ô®khd¥ òŸë D2

1. 25 Û£l®fŸ 

tiu 

njh©lÎ«

j©Ù® 

»il¥gJ

j©Ù® 

»il¥gÂšiy

0.2

0.8

%.12,500

%.27,500

%.2,500

%.22,000

EMV %.24,500

2. njh©l  

    nt©lh«

EMV = %.25,000

D2 òŸëæš Ô®khd« : 25 Û£l®fŸ tiu njh©lÎ«

Ô®khd¥ òŸë D1

1. 20 Û£l®fŸ 

tiu 

njh©lÎ«

j©Ù® 

»il¥gJ

j©Ù® 

»il¥gÂšiy

0.7

0.3

%.10,000

%.24,500

%.7,000

%.7,350

EMV %.14,350

2. njh©l  

    nt©lh«

EMV = %.15,000

	 D1 òŸëæš Ô®khd« : 20 Û£l®fŸ tiu njh©lÎ«.
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gæ‰Á - 10

I. 	 rçahd éilia nj®Î brŒf :

1. 	 Ô®khd¡ nfh£ghL bjhl®òilaJ

m) 	»il¡f¡ Toa jftšfë‹ msÎ	 	

M) 	e«gf¤j‹ik¡ bfh©l Ô®khd¤ij msÅL brŒtJ

Ï) 	 tçir¤ bjhl® Ãu¢ÁidfS¡F cfªj Ô®khd§fis nj®ªJ vL¥gJ

<) 	 nk‰T¿a mid¤J« 

2. 	 ã¢rak‰w ãiyæš Ñœ¡f©l vªj msitia¡ bfh©L Ô®khd« nk‰bfhŸs 

ga‹gL¤JtÂšiy

m) 	 Û¢ÁWé‹ Û¥bgU _y« éil TWjš

M) 	Û¥bgUé‹ Û¥bgU _y« éil TWjš

Ï) 	 Û¥bgUé‹ Û¢ÁW _y« éil TWjš

<) 	 vÂ®gh®¡f¥gL« éilia Û¥bgUk« M¡Fjš

3.	 Û¢ÁWé‹ Û¥bgU _y« éil TWjš, Û¥bgUé‹ Û¥bgU _y« éil TWjš 

k‰W« Û¥bgW Û¢ÁW ÏH¥ò msitfshdJ

m) 	mid¤J« xnu cfªj Koit jU»‹wd

M) 	ãfœjfÎ ga‹gL¤JtÂšiy

Ï) 	 m k‰W« M Ïit Ïu©L«

<) 	 nk‰T¿at‰¿š vitÍäšiy

4. 	 ku tot Ô®khd¤Â‰F Ñœ¡f©lt‰¿š vit bra‰gL¤JtÂšiy ?

m)	 xU rJu fQ¥òŸë m§F Ô®khd« nk‰bfhŸs nt©L«

M) 	xU t£l fQ bjçé¥gJ ã¢rk‰w ãiyia rªÂ¥gJ

Ï) xUt® bjhl®ghd Ô®khd§fis nj®Î brŒtJ mJ bt‰¿¡F mÂfhd 

ãfœjfit jU«.

<)	 xUt® Ka‹W vÂ®gh®¡F« éil TWjš Û¥bgU kÂ¥gh¡Fjš

5. 	 Ï›tsitia¡ bfh©L Û¥bgU më¤jš Fiwthf ÏU¡ifæš bra‰gh£il 

nj®Î brŒtJ

m) Û¢ÁWé‹ Û¥bgU msit	 	 M) Û¥bgUé‹ Û¢ÁW msit

Ï) Û¥bgUé‹ Û¥bgU msit		 <) Ït‰¿š x‹Wäšiy
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II.  	 nfho£l Ïl§fis ãu¥òf :

6.	 Ô®khd kutot« bfh©LŸsJ  ____________ Ô®khd§fŸ k‰W« rkthŒ¥ò 

éisÎfŸ.

7. 	 ã¢rak‰w ãiyæš Ô®khd« nk‰bfhŸs xU têahdJ všyh Nœãiy 

ãiy¥ghLfisÍ« ___________ k‰W« vÂ®gh®¡f¥gL« éil TWjiy 

Û¥bgU¥gL¤JtjhF«.

8. 	 v¥bghGJ« vÂ®gh®¡f¥gL« tué‹ ãfu gz¤ij Û¥bgUk« M¡FtJ v‹gJ« 

vÂ®gh®¡f¥gL« ÏH¥ig ___________ M¡FtJ v‹gJ« xnu khÂçahd cfªj 

bfhŸifahF«.

9. 	 Ïl®ghL ãiyæš gy tifahd msitfëš Ô®khd« nk‰bfhŸtJ v‹gJ 

v¥bghGJ« »il¡f¡ Toa xnu khÂçahd _________ nj®nt MF«.

10. 	ã¢rak‰w ãiyæš Ô®khd« nk‰bfhŸtJ yh¥yh° msit khWjš éU«ghj 

äf¢Á¿ajhfÎ« mnj rka¤Âš ___________ msitahdJ äf¥bgU«ghyhd 

khWjš éU«g¤jfhjitahF«.

III. 	Ñœ¡f©lt‰¿‰F éil jUf :

11. 	òŸëæaš Ô®khd¡ nfh£ghL v‹gÂ‹ bghUis és¡Ff.

12. 	ã¢rak‰w ãiyæš v¤jifa bjhêš EQ¡f§fis¥ ga‹gL¤Â Ô®khd¥ 

Ãu¢ÁidfŸ Ô®Î nk‰bfhŸs¥gL»wJ.

13. 	Ô®khd tot ku« - ÁW F¿¥ò tiuf.

14. 	më¤jš mâ v‹whš v‹d ?

15. 	EMV msitÍl‹ ku tot Ô®khd¤ij ga‹gL¤Â Áwªj Kothd Ô®khd« 

fh©gJ v›thW v‹gij és¡Ff.

IV. 	 fz¡FfŸ:

16.	 bfhL¡f¥g£LŸs më¤jš m£ltizæš _‹W bra‰ghLfSl‹ (A) 
mt‰¿‹ _‹W Nœãiy ãiy¥ghLfŸ (E) (mšyJ ãfœ¢Á) Ït‰Wl‹ 

Kiwahd ãfœjfÎfS« (P) ju¥g£LŸsJ. ÁwªjbjhU bra‰gh§if nj®Î 

brŒf.

ãfœ¢ÁfŸ →

bra‰ghLfŸ ↓

E1 E2 E3

A1 2.5 2.0 – 1

A2 4.0 2.6   0

A3 3.0 1.8   1

ãfœjfÎ 0.2 0.6 0.2
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17. 	EMV kÂ¥ig fz¡»£L Ñœ¡f©l më¤jš m£ltizæš ÁwªjbjhU 

braiy nj®Î brŒf.

Nœãiy 

ãiy¥ghL

ãfœjfÎ éisah£L Åuç‹ më¤jš 

(%ghæš)

      A             B             C

X 0.3    – 2            – 5            20

Y 0.4     20          – 10           – 5

Z 0.3     40             60            30

18.	 më¤jš mâia fUJf.

Nœãiy 

ãiy¥ghL

ãfœjfÎ braš (A1) 
éçth¡f 

nt©lh«

braš (A2) 

200 myFfŸ 

éçth¡Ff

braš (A3) 
200 myFfŸ 

éçth¡Ff

mÂf¤ njit 0.4 2500 3500 5000

eL¤ju njit 0.4 2500 3500 2500

Fiwªj njit 0.2 2500 1500 1000

	 EMV msitia¥ ga‹gL¤Â Áwªj braiy KoÎ brŒf.

19.	 (i) Û¢ÁWé‹ Û¥bgU (ii) Û¥bgUé‹ Û¢ÁW ÏH¥ig ga‹gL¤Â Ñœ¡f©l 

më¤jš mâæš ãfœjfit¥ g‰¿ bjçahj ãiyæš vªj Ô®khd¤ij 

gçªJiu brŒthŒ ?

Nœãiy ãiy¥ghL

braš S1 S2 S3

a1 14 8 10

a2 11 10   7

a3   9 12 13

20.	 xU fil¡fhuçl« Áy mÂf mséš mGf¡ Toa gH§fŸ cŸsd. jh‹ 

thœ»‹w gFÂæš Âdrç gH¤ njitia X vd¡ bfh©l ãfœjfÎ gutš 

Ñœ¡f©lthW cŸsJ.

	 Âdrç njit (l#‹fëš) 	 : 	 6 	 7 	 8 	 9

	 ãfœjfÎ	 			   : 	 0.1 	 0.3 	 0.4 	 0.2

	 éahghç xU l#‹ gH§fis %. 4¡F th§» mjid %.10¡F é‰»‹wh®. xU 

ehëš é‰gidahfhj gH§fis mL¤j ehŸ xU l#‹ %.2¡F é‰»‹wh®. 

gH§fŸ l#‹ fz¡»š nrä¥ò brŒ»wh® vd mDkhd« nk‰bfh©L 

vÂ®gh®¡f¥gL« Ïyhg« Û¥bgUk« Mf v›tsÎ nrä¡f nt©L«.
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	 [F¿¥ò : n ≥ m våš Ïyhg«  = 6m

			   n < m våš Ïyhg«	 = 10n – 4m +2 (m – n)

						      = 8n – 2m]

21.	 xU ó§bfh¤J é‰gidahs® jdJ tH¡fkhd tho¡ifahs®fë‹ njitia 

ó®¤Â brŒa ó¡fis nrä¤J it¡»wh®. xU l#‹ ó¡fis %.3¡F th§» 

mjid %.10¡F é‰»wh®. ó¡fŸ mnj ehëš é‰féšiybaåš mit 

gad‰witahF«. xU l#‹ ó¡fS¡fhd njit¥gutš ÑnH¤ju¥g£LŸsJ.

njit 

(l#‹fëš)

1 2 3 4

ãfœjfÎ 0.2 0.3 0.3 0.2

	 ÏtuJ vÂ®gh®¡f¥gL« ãfu yhg¤ij mila v¤jid ó¡fis mt® nrä¤J 

it¡f nt©L« ?

22. 	xU ó é‰gidahs® äfÎ« mGf¡ Toa ó¡fis nrä¡»‹wh®. xU l#‹ 

ó¡fë‹ éiy %.3 k‰W« é‰F« éiy %.10 VnjD« ó m‹iwa ehëš 

é‰fhkš ÏUªjhš mit gad‰wit. xU l#‹ ó¡fS¡fhd njit ÑnH 

bfhL¡f¥g£LŸsJ.

njit 

(l#‹fëš)

0 1 2 3 4

ãfœjfÎ 0.1 0.2 0.4 0.2 0.1

	 VnjD« xU tho¡ifahsç‹ njitia ó®¤Â brŒa jt¿dhš mj‹ ghÂ¥ò 

Ïyhg¤Âš eZl« %.5 MF« k‰W« Ïyhg« ÏH¥gJl‹ cldo é‰gidÍ« 

ghÂ¡f¥gL»‹wJ. våš, vÂ®gh®¡f¥gL« Û¥bgU« yhg¤ij mila v¤jid 

ó¡fis mt® nrä¤J it¡f nt©L« ?

23.	 xU brŒÂjhŸ é‰gidahsç‹ mDgt¤Âš x v‹»w brŒÂjhS¡F jdJ 

gFÂæš cŸs njitia, Ñœ¡f©l ãfœjfÎ gutš fh©Ã¡»wJ.

Âdrç¤njit (x) 300 400 500 600 700
ãfœjfÎ 0.1 0.3 0.4 0.1 0.1

	 mt® brŒÂ¤jhŸ x›bth‹iwÍ« % 1 ¡F th§» mit x›bth‹iwÍ« % 2 

¡F é‰»‹wh®. é‰f¥glhj ÃçÂfŸ gad‰wit vd¡fê¡f¥g£L m¤jifa 

x›bthU ÃçÂÍ« 10 igrh éiy¡F é‰f¥gL»wJ. 100 ‹ kl§Ffshf 

brŒÂjhŸfis nrä¡»‹wh® vd mDkhd« bfhŸnth«. ÏtuJ vÂ®gh®¡f¥L« 

Û¥bgU« yhg¤ij mila v¤jid brŒÂjhŸfis nrä¡f nt©L« ?

24. 	xU Ô®khd« nk‰bfhŸgt® _‹W Ô®khd kh‰W elto¡iffŸ k‰W« eh‹F 

Nœãiy ãiy¥ghLfis vÂ®bfhŸ»wh® vd¡ bfhŸnth«. më¤jš m£ltiz 

ÑnH bfhL¡f¥g£LŸsJ.
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brašghLfŸ
Nœãiyfë‹ ãiy¥ghL

S1 S2 S3 S4

A1 16 10 12 7

A2 13 12 9 9

A3 11 14 15 14

	 Nœãiy ãiy¥ghLfë‹ ãfœjfÎfŸ bjçahJ vd mDkhå¤J Ñœ¡f©l 

msitfis¡ bfh©L vªj Ô®khd« gçªJiu brŒa¥gL»wJ ?

	 (i) Û¢ÁWé‹ Û¥bgU   			  (ii) Û¥bgUé‹ Û¥bgU	

	 (iii) Û¥bgUé‹ Û¢ÁW ÏH¥ò

25.	 A, B k‰W« C më¤jš k‰W« X, Y k‰W« Z M»at‰¿‹ Nœãiy ãiy¥ghL ÑnH 

ju¥g£LŸsJ.

Nœãiy 

ãiy¥ghL

më¤jš (%ghæš)

brašfŸ

A B C

X – 20 – 50 2000

Y 200 – 100 – 50

Z 400 600 300

	 Nœãiy ãiy¥ghLfë‹ ãfœjfÎfŸ 0.3, 0.4 k‰W« 0.3 MF«. EMV fz¡»£L 

Áwªj braiy¤ nj®Î brŒaÎ«.

éilfŸ :

I.

1. (<) 		  2. (<) 		  3. (M) 		  4. (Ï) 		 5. (m)

II.

6. bjhl® 	 7. rkthŒ¥ò	 	 8. Û¢ÁW	 9. cfªj	 10. Û¥bgUé‹ Û¢ÁW

IV.

16. 	A2 ÁwªjJ

17. 	äf mÂf EMV %.194, A -I nj®Î brŒf.

18. 	EMV: 3200, braš A3 I nj®Î brŒJ, 400 myFfŸ éçth¡Ff.
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19. 	(i) Û¢ÁWé‹ Û¥bgU kÂ¥ò : braš a3	

	 (ii) Û¥bgUé‹ Û¢ÁW ÏH¥ò : braš a1

20. 	fil¡fhu® 8 l#‹ ó¡fis nrä¡F« bghGJ vÂ®gh®¡f¥gL« mÂf g£r 

Ïyhg¤ij bgWth®.

21. 	fil¡fhu® 3 l#‹ ó¡fis nrä¡F« nghJ vÂ®gh®¡f¥gL« mÂf g£r 

Ïyhg¤ij bgWth®.

22. 	mt® 3 l#‹ ó¡fis nrä¡F« bghGJ vÂ®gh®¡f¥gL« mÂf g£r Ïyhgkhd 

%.9.50 bgWth®.

23. 	405 brŒÂ¤jhŸfis (fh¥ÃfŸ) nrä¡F« bghGJ ÏtuJ vÂ®gh®¡f¥gL« yhg« 

mÂfg£rkhF«.

24. 	(i) braš a3 gçªJiu¡f¥gL»wJ.

	 (ii) braš a1 gçªJiu¡f¥gL»wJ.

	 (iii) braš a3 gçªJiu¡f¥gL»wJ.

25. EMV - A Î¡F mÂf«, Mfnt braš A -I Áwªj brayhf nj®ªbjL¡fÎ«.
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RANDOM NUMBERS

4652
9031
2030
0641
8479
9917
6376
7287
0592
6499
0769
8678
0178
3392
0264
4089
9376
3039
8971
0375
9092
2464
3027
5754
4358
7178
5035
3318
9058
7886
3354
3415
3918
6138
3828
1349
4234
6880
0714
3448
5711
2588
8581
8475
0272
7383

3819
7617
2327
1489
6062
3490
9899
0983
4912
9118
1109
4873
7794
0963
6009
7732
7365
3780
8653
4153
4773
1038
6215
9247
3716
8324
5939
0220
1735
5182
8454
7671
5872
9045
1704
0417
0248
3201
5008
6421
7343
3301
4253
6322
5624
7795

8431
1220
7353
0828
5593
5533
9259
3236
3457
3711
7909
2061
6488
6364
1311
8163
7987
2137
1855
5199
0002
3163
3125
1164
6949
8379
3665
3611
7435
7595
7386
0846
7898
6950
2835
9311
7760
7044
5076
3304
7539
0553
7404
3949
8549
7939

2150
4129
6007
0385
6322
2577
5117
3252
8773
8838
4528
1835
7364
5762
5873
2798
1937
7641
5285
5765
7000
3569
5856
3283
8502
7365
2160
9887
6822
0305
1333
7100
6125
8843
4677
9787
6504
3657
1134
0583
3684
2427
5264
9675
5552
2652

2352
7148
9410
8488
9439
4348
1336
0277
5146
0691
8772
0954
4094
0322
5926
1984
2251
4030
5631
2067
7800
715
9543
1865
1573
4577
6700
4608
6622
4903
5345
1790
2268
6533
4637
1284
2754
5263
5342
12650
9397
3598
5411
6533
7469
4456

2472
1943
9179
0422
4996
0971
0146
8001
2519
1425
1876
5026
1649
2592
8597
1292
3411
1604
2649
6627
2292
2029
3660
5274
5763
4864
7249
8664
8286
3306
6565
9449
1898
0917
7329
0769
4044
0374
1608
0662
5335
2580
3431
1133
2799
6993

0043
4890
2722
7209
1322
2580
0680
6058
3931
7768
2113
2967
2284
3452
9051
0041
6737
2517
6696
3100
2933
2538
0255
5471
5046
0629
1738
2185
8901
8088
3159
6285
0755
6673
3156
8422
0842
7563
5179
7257
4031
7017
3092
8776
2882
2950

3488
1749
3445
4950
4918
1943
4052
4501
6794
9544
4781
6560
7753
9002
8995
2500
0367
9211
5475
5716
6125
7080
5544
1346
7135
5100
2721
7290
5534
3899
3991
2525
6034
5721
3291
1077
9080
6599
0967
0766
1486
9176
8573
2216
9620
8573
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Logarithms
Mean Difference

0 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9
10 0000 0043 0086 0125 0170 0212 0253 0294 0334 0374 4 8 12 17 21 25 29 33 37
11
12
13
14
15

0414
0792
1139
1461
1761

0453
0828
1173
1492
1790

0492
0864
1206
1523
1847

0531
0934
1271
1583
1875

0569
0934
1271
1584
1875

0607
0969
1303
1614
1903

0645
1004
1335
1644
1931

0682
1038
1367
1673
1959

0719
1072
1399
1703
1987

0755
1106
1430
1732
2014

3
3
3
3
3

8
7
6
6
6

11
10
10
9
8

15
14
13
12
11

19
17
16
15
14

23
21
19
18
17

26
24
23
21
20

30
28
26
24
22

34
31
29
27
25

16
17
18
19
20

2041
2304
2553
2788
3010

2068
2330
2577
2810
3032

2095
2355
2601
2833
3054

2122
2380
2625
2856
3075

2148
2405
2648
2878
3096

2175
2330
2672
2900
3118

2201
2455
2695
2923
3139

2227
2480
2718
2945
3160

2253
2504
2742
2967
3181

2279
2529
2765
2989
3201

3
2
2
2
2

5
5
5
4
4

8
7
7
7
6

11
10
9
9
8

13
12
12
11
11

16
15
14
13
13

18
17
16
16
15

21
20
19
18
17

24
22
21
20
19

21
22
23
24
25

3222
3424
3617
3802
3979

3243
3444
3636
3820
3997

3263
3464
3655
3838
4014

3284
3483
3674
3856
4031

3304
3502
3692
3874
4048

3324
3522
3711
3892
4065

3345
3541
3729
3909
4082

3365
3560
3747
3927
4099

3385
3579
3766
3945
4116

3404
3598
3784
3962
4133

2
2
2
2
2

4
4
4
4
3

6
6
6
5
5

8
8
7
7
7

10
10
9
9
9

12
12
11
11
10

14
14
13
12
12

16
15
15
14
14

18
17
17
16
15

26
27
28
29
30

4150
4314
4472
4624
4771

4166
4330
4487
4639
4786

4183
4346
4502
4654
4800

4200
4362
4518
4669
4814

4216
4378
4533
4683
4829

4232
4393
4548
4698
4843

4249
4409
4564
4713
4857

4265
4425
4579
4728
4871

4281
4440
4594
4742
4886

4298
4456
4609
4757
4900

2
2
2
1
1

3
3
3
3
3

5
5
5
4
4

7
6
6
6
6

8
8
8
7
7

10
9
9
9
9

11
11
10
10
10

13
13
12
12
11

15
14
14
13
13

31
32
33
34
35

4914
5051
5185
5315
5441

4928
5065
5198
5328
5453

4942
5079
5211
5340
5465

4955
5092
5224
5353
5478

4969
5105
5237
5366
5490

4983
5119
5250
5378
5502

4997
5132
5263
5391
5514

5011
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6368

5821
5957
6095
6237
6383

5834
5970
6109
6252
6397

5848
5984
6124
6266
6412

5861
5998
6138
6281
6427

5875
6012
6152
6295
6442

1
1
1
1
1

3
3
3
3
3

4
4
4
4
4

5
5
6
6
6

7
7
7
7
7

8
8
8
9
9

9
10
10
10
10

11
11
11
11
12

12
12
13
13
13

.81

.82

.83

.84

.85

6457
6607
6761
6918
7079

6471
6622
6776
6934
7096

6486
6637
6792
6950
7112

6501
6653
6808
6966
7129

6516
6668
6823
6982
7145

6531
6683
6839
6998
7161

6546
6699
6855
7015
7178

6561
6714
6871
7031
7194

6577
6730
6887
7047
7211

6592
6745
6902
7063
7228

2
2
2
2
2

3
3
3
3
3

5
5
5
5
5

6
6
6
6
7

8
8
8
8
8

9
9
9
10
10

11
11
11
11
12

12
12
13
13
13

14
14
14
15
15

.86

.87

.88

.89

.90

7244
7413
7586
7762
7943

7261
7430
7603
7780
7962

7278
7447
7621
7798
7980

7295
7464
7638
7816
7998

7311
7482
7656
7834
8017

7328
7499
7674
7852
8035

7345
7516
7691
7870
8054

7362
7534
7709
7889
8072

7379
7551
7727
7907
8091

7396
7568
7745
7925
8110

2
2
2
2
2

3
3
4
4
4

5
5
5
5
6

7
7
7
7
7

8
9
9
9
9

10
10
11
11
11

12
12
12
13
13

13
14
14
14
15

15
16
16
16
17

.91

.92

.93

.94

.95

8128
8318
8511
8710
8913

8147
8337
8531
8730
8933

8166
8356
8551
8750
8954

8185
8375
8570
8770
8974

8204
8395
8590
8790
8995

8222
8414
8610
8810
9016

8241
8433
8630
8831
9036

8260
8453
8650
8851
9057

8279
8472
8670
8872
9078

8299
8492
8690
8892
9099

2
2
2
2
2

4
4
4
4
4

6
6
6
6
6

8
8
8
8
8

9
10
10
10
10

11
12
12
12
12

13
14
14
14
15

15
15
16
16
17

17
17
18
18
19

.96

.97

.98

.99

9120
9333
9550
9772

9141
9354
9572
9795

9162
9376
9594
9817

9183
9397
9616
9840

9204
9419
9638
9863

9226
9441
9661
9886

9247
9462
9688
9908

9268
9484
9705
9931

9290
9506
9727
9954

9311
9528
9750
9977

2
2
2
2

4
4
4
5

6
7
7
7

8
9
9
9

11
11
11
11

13
13
13
14

15
15
16
16

17
17
18
18

19
20
20
20
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VALUES OF e-m (For Computing Poisson Probabilities (0 < m < 1)

m 0 1 2 3 4 5 6 7 8 9

0.0 1.0000 .9900 .9802 .9704 .9608 .9512 .9418 .9324 .9231 .9139

0.1 0.9048 .8957 .8860 .8781 .8694 .8607 .8521 .8437 .8353 .8270

0.2 0.8187 .8106 .8025 .7945 .7866 .7788 .7711 .7634 .7558 .7483

0.3 0.7408 .7334 .7261 .7189 .7178 .7047 .6977 .6907 .6839 .6771

0.4 0.6703 .6636 .6570 .6505 .6440 .6376 .6313 .6250 .6188 .6125

0.5 0.6065 .6005 .5945 .5883 .5827 .5770 .5712 .5655 .5599 .5543

0.6 .5488 .5434 .5379 .5326 .5278 .5220 .5160 .5117 .5066 .5016

0.7 0.4966 .4916 .4868 .4810 .4771 .4724 .4670 .4630 .4584 .4538

0.8 0.4493 .4449 .4404 .4360 .4317 .4274 .4232 .4190 .4148 .4107

0.9 0.4066 .4025 .3985 .3946 .3606 .3867 .3829 .3791 .3753 .5716

(m = 1, 2, 3, ..... 10)

m 1 2 3 4 5 6 7 8 9 10

e-m .36788 .13534 .04979 .07832 .00698 .00279 .00092 .000395 .000123 .000045

Note: To obtain values of e-m for other values of m, use the laws of exponents.

Example, e–2.35 = (e–2.0) (e–0.35) = (.13534) (.7047) = 0.095374
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AREA UNDER STANDARD NORMAL CURVE

z .00 .01 .02 .03 .04 .05 .06 .07 .08 .09

0.0
0.1
0.2
0.3
0.4
0.5

.0000

.0398

.0793

.1179

.1554

.1915

.0040

.0438

.0832

.1217

.1591

.1950

.0080

.0478

.0871

.1255

.1628

.1985

.0120

.0517

.0910

.4593

.1664

.2019

.0160

.0557

.0948

.1331

.1700

.2054

.0199

.0596

.0987

.1368

.1736

.2088

.0239

.0636

.1026
.14706
.1772
.2123

.0279

.0675

.1064

.1443

.1808

.2157

.0319

.0714

.1103

.1480

.1844

.2190

.0359

.0753

.1141

.1517

.1879

.2224

0.6
0.7
0.8
0.9
1.0

.2257

.2580

.2881

.3159

.3413

.2291

.2611

.2910

.3186

.3438

.2324

.2642

.2939

.3212

.3461

.2357

.2673

.2967

.3238

.3485

.2389

.2704

.2995

.3264

.3508

.2422

.2734

.3023

.3289

.3531

.2454

.2764

.3051

.3315

.3554

.2486

.2794

.3078

.3340

.3577

.2517

.2823

.3106

.3365

.3599

.2549

.2852

.3133

.3389

.3621

1.1
1.2
1.3
1.4
1.5

.3643

.3849

.4032

.4192

.4332

.3665

.3869

.4049

.4207
4345

.3686

.3888

.4066
4222
.4357

.3708

.3907

.4082

.4236
4370

.3729

.3925

.4099

.4251

.4382

.3749

.3944

.4115

.4265

.4394

.3770

.3962

.4131

.4279

.4406

.3790

.3980

.4147

.4292

.4418

.3810

.3997

.4162

.4306

.4429

.3830

.4015

.4177

.4319

.4441

1.6
1.7
1.8
1.9
2.0

.4452

.4554

.4641

.4713

.4772

.4463

.4564

.4649

.4719

.4778

.4474

.4573

.4956

.4726

.4783

.4484

.4582

.4664

.4732

.4788

.4495

.4591

.4671

.4738

.4793

.4505

.4599

.4678

.4744

.4798

.4515

.4608

.4686

.4750

.4803

.4525

.4616

.4693
..4756
.4808

.4535

.4625

.4699

.4761

.4812

.4545

.4633

.4706

.4767

.4817

2.1
2.2
2.3
2.4
2.5

.4821

.4861

.4893

.4918

.4938

.4826

.4864

.4896

.4920

.4940

.4830

.4868

.4898

.4922

.4941

.4834

.4871

.4901

.4925

.4943

.4838

.4875

.4904

.4927

.4945

.4842

.4878

.4906

.4929

.4946

.4846

.4881

.4909

.4931

.4948

.4850

.4884

.4911

.4932

.4949

.4854

.4887

.4913

.4934

.4951

.4857

.4890

.4916

.4936

.4952

2.6
2.7
2.8
2.9
3.0

.4953

.4965

.4974

.4981

.4987

.4955

.4966

.4975

.4982

.4987

.4956

.4967

.4976

.4982

.4987

.4957

.4968
04977
.4983
.4988

.5959

.4969

.4977

.4984

.4988

.4960

.4970

.4978

.4984

.4989

.4961

.4971

.4979

.4985

.4989

.4962

.4972

.4979

.4989

.4989

.4963

.4973

.4980

.4986

.4990

.4964

.4974

.4981

.4986

.4990
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VALUE OF t

d.f t.100 t .050 t.025 t.010 t.005
1
2
3
4
5

3.078
1.886
1.638
1.533
1.476

6.314
2.920
2.353
2.132
2.015

12.706
4.303
3.182
2.776
2.571

31.821
6.965
4.541
3.747
3.354

63.657
9.925
5.841
4.604
4.032

6
7
8
9
10

1.440
1.415
1.397
1.383
1.375

1.943
1.895
1.860
1.833
1.812

2.447
2.365
2.306
2.262
2.228

3.143
2.998
2.896
2.821
2.764

3.707
3.499
3.355
3.250
3.169

11
12
13
14
15

1.363
1.356
1.350
1.345
1.341

1.796
1.782
1.771
1.761
1.753

2.201
2.179
2.160
2.145
2.131

2.718
2.681
2.650
2.624
2.602

3.106
3.055
3.012
2.977
2.947

16
17
18
19
20

1.337
1.333
1.330
1.328
1.325

1.746
1.740
1.734
1.729
1.725

2.120
2.110
2.101
2.093
2.086

2.583
2.567
2.552
2.539
2.528

2.921
2.898
2.878
2.861
2.845

21
22
23
24
25

1.323
1.321
1.519
1.318
1.316

1.721
1.717
1.714
1.711
1.708

2.080
2.074
2.069
2.064
2.060

2.518
2.508
2.500
2.492
2.485

2.831
2.819
2.807
2.797
2.787

26
27
28
29
inf.

1.315
1.314
1.313
1.311
1.282

1.706
1.703
1.701
1.699
1.645

2.056
2.052
2.048
2.045
1.960

2.479
2.473
2.467
2.462
2.326

2.779
2.771
2.763
2.756
2.576
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PERCENTILE VALUE OF CHI. SQUARE DISTRIBUTION

0

α

χ2 α

d.f          α .100 .050 .025 .010 .005 .001
1 2.71 3.84 5.02 6.63 7.88 10.8
2 4.61 5.99 7.38 9.21 10.6 13.8
3 6.25 7.81 9.35 11.3 12.8 15.3
4 7.78 9.49 11.1 13.3 14.9 18.5
5 9.24 11.1 12.8 15.1 16.7 20.5
6 10.6 12.6 14.4 16.8 18.5 22.5
7 12.0 14.1 16.0 18.5 20.3 24.3
8 13.4 15.5 17.5 20.1 22.0 26.1
9 14.7 16.9 19.0 21.7 23.6 27.9
10 16.0 18.3 20.5 23.2 25.2 29.6
11 17.3 19.7 21.9 24.7 26.8 31.3
12 18.5 21.0 23.3 26.2 28.3 32.9
13 19.8 22.4 24.7 27.7 29.8 34.5
14 21.1 23.7 26.1 29.1 31.3 36.1
15 22.3 25.0 27.5 30.6 32.8 37.7
16 23.5 26.3 28.8 32.0 34.3 39.3
17 24.8 27.6 30.2 33.4 35.7 40.8
18 26.0 28.9 31.5 34.8 37.2 42.3
19 27.2 30.1 32.9 36.2 38.6 43.8
20 28.4 31.4 34.2 37.6 40.0 45.3
21 29.6 32.7 35.5 38.9 41.4 46.8
22 30.8 33.9 36.8 40.3 42.8 48.3
23 32.0 35.2 38.1 41.6 44.2 49.7
24 33.2 36.4 39.4 43.0 45.6 51.2
25 34.4 37.7 40.6 44.3 46.9 52.6
26 35.6 38.9 41.9 45.6 48.3 54.1
27 36.7 40.1 43.2 47.0 49.6 55.5
28 37.9 41.3 44.5 48.3 51.0 56.9
29 39.1 42.6 45.7 49.6 52.3 58.3
30 40.3 43.8 47.0 50.9 53.7 59.7
35 46.1 49.8 53.2 57.3 60.3 66.6
40 51.8 55.8 59.3 63.7 66.8 73.4
45 57.5 61.7 65.4 70.0 73.2 80.1
50 63.2 67.5 71.4 76.2 79.5 86.7
55 68.8 73.3 77.4 82.3 85.7 93.2
60 74.4 79.1 83.3 88.4 92.0 99.6
65 80.0 84.8 89.2 94.4 98.1 106.0
70 85.5 90.5 95.0 100.4 104.2 112.3
75 91.1 96.2 100.8 106.4 110.3 118.6
80 96.6 101.9 106.6 112.3 116.3 124.8
85 102.1 107.5 112.4 118.2 122.3 131.0
90 107.6 113.1 118.1 124.1 128.3 137.2
95 113.0 118.8 123.9 130.0 134.2 143.3
100 118.5 124.3 129.6 135.8 140.2 149.4
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5% POINTS OF FISHER'S F-DISTRIBUTION

n         m 1 2 3 4 5 6 7 8

1 161.45 199.50 215.70 224.58 230.16 223.99 236.77 238.88
2 18.513 19.000 19.164 19.247 19.296 19.330 19.353 19.371
3 10.128 9.5521 9.2766 9.1172 9.0135 8.9406 8.8868 8.8452
4 7.7086 6.9443 6.5914 6.3883 6.2560 6.1631 6.0942 6.0410

5 6.6079 5.7861 5.4095 5.1922 5.0503 4.9503 4.8759 4.8183
6 5.9874 5.1456 4.7571 4.5337 4.3874 4.2839 4.2066 4.1468
7 5.5914 4.7374 4.3468 4.1203 3.9715 3.8660 3.7870 37257
8 5.3177 4.4590 4.0662 3.8378 3.6875 3.5806 3.5005 3.4381
9 5.1174 4.2565 3.8626 3.6331 3.4817 3.3738 3.2927 3.2296

10 4.9646 4.1028 3.7083 3.4780 3.3258 3.2172 3.1355 3.0717
11 4.8443 3.9823 3.5874 3.3567 3.2039 3.0946 3.0123 2.9480
12 4.7472 3.8853 3.4903 3.2592 3.1059 2.9961 2.9134 2.8446
13 4.6672 3.8056 3.4105 3.1791 3.0254 2.9153 2.8321 2.7069
14 4.6001 3.7380 3.3439 3.1122 2.9582 2.8477 2.7642 2.6987

15 4.5431 3.6823 3.2874 3.0556 2.9013 2.7905 2.7066 2.6408
16 4.4940 3.6337 3.2389 3.0069 2.8524 2.7413 2.6572 2.5911
17 4.4513 3.5915 3.1968 2.9647 2.8100 2.6987 2.6143 2.5480
18 4.4139 3.5546 3.1599 2.9277 2.7229 2.6613 2.5767 2.5102
19 4.3808 3.5219 3.1274 2.8951 2.7401 2.6283 2.5435 2.4768

20 4.3513 3.4928 3.0984 2.8661 2.7109 2.5990 2.5140 2.4471
21 4.3248 3.4658 3.0725 2.8401 2.6848 2.5727 2.4876 2.4205
22 4.3009 3.4434 3.0491 2.8167 2.6613 2.5491 2.4638 2.3965
23 4.2793 3.4221 3.0280 2.7955 2.6400 2.5277 2.4422 2.3748
24 4.2597 3.4028 3.0088 2.7763 2.6207 2.5082 2.4226 3.3551

25 4.2417 3.3852 2.9912 2.7587 2.6030 2.4904 2.4047 2.3371
26 4.2252 3.3690 2.9751 2.7426 2.5868 2.4741 2.3883 2.3205
27 4.2100 3.3541 2.9604 2.7278 2.5719 2.4591 2.3732 2.3053
28 4.1960 3.3404 2.9467 2.7141 2.5581 2.4453 2.3593 2.2913
29 4.1830 3.3277 2.9340 2.7014 2.5451 2.4324 2.3463 2.2782

30 4.1709 3.3158 2.9223 2.6896 2.5336 2.4205 2.3343 2.2662
40 4.0848 3.2317 2.8387 2.6060 2.4495 2.3359 2.2490 2.1802
60 4.0012 3.1504 2.7581 2.5252 2.3683 2.2540 2.1665 2.0970

120 3.9201 3.0718 2.6802 2.4472 2.2900 2.1750 2.0867 2.0164
00 3.8415 2.9957 2.6049 2.3719 2.2141 2.0986 2.0096 1.9384
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m         n 9 10 12 15 20 30 60 α

1 240.54 241.88 245.91 245.95 248.01 250.09 252.20 254.32
2 19.385 19.396 19.413 19.420 19.446 19.462 19.479 19.496
3 8.8123 8.7855 8.7446 8.7029 8.6602 8.6166 8.5720 8.5265
4 5.9988 5.9644 5.9117 5.8578 5.8025 5.7459 5.6878 5.0281

5 4.7725 4.7351 4.6777 4.6188 4.5581 4.4959 4.4314 4.3650
6 4.0990 4.0600 3.9999 3.0381 3.8742 3.8082 3.7398 3.6688
7 3.6767 3.6365 3.5747 3.5108 3.4445 3.3758 3.3043 3.2298
8 3.3881 3.3472 3.2840 3.2184 3.1503 3.0794 3.0053 2.9276
9 3.1789 3.1373 3.0729 3.0061 2.9365 2.8637 2.7872 2.7067

10 3.0204 2.9782 2.9130 2.8450 2.74740 2.6996 2.6211 2.5379
11 2.8962 2.8536 2.7876 2.7186 2.6464 2.5705 2.4901 2.4045
12 2.7964 2.7534 2.6866 2.6169 2.5436 2.4663 2.3842 2.2062
13 2.7144 2.6710 2.6037 2.5331 2.4589 2.3803 2.2966 2.2064
14 2.6458 2.6021 2.5342 2.4630 2.3879 2.3082 2.2230 2.1307

15 2.5876 2.5437 2.4753 2.4035 2.3275 2.2468 2.1601 2.06558
16 2.5377 2.4935 2.4247 2.3522 2.2756 2.1938 2.1058 2.0096
17 2.4943 2.4499 2.3807 2.3077 2.2304 2.1477 2.0584 1.9604
18 2.4563 2.4117 2.3421 2.2686 2.1906 2.1071 2.0166 1.9168
19 2.4227 2.3779 2.3080 2.2341 2.1555 2.0712 1.9796 1.8780

20 2.3928 2.3479 2.2776 2.2033 2.1242 2.0391 1.9464 1.8432
21 2.3661 2.3210 2.2504 2.1757 2.0960 2.0102 1.9165 1.8117
22 2.3419 2.2967 2.2258 2.1508 2.0707 1.9842 1.8895 1.7831
23 2.3201 2.2747 2.2036 2.1282 2.0476 1.9605 1.8649 1.7570
24 2.3002 2.2547 2.1834 2.1077 2.0267 1.9390 1.8424 1.7331

25 2.2821 2.2365 2.1649 2.0889 2.0075 1.9192 1.8217 1.7110
26 2.2655 2.3197 2.1479 2.0716 1.9898 1.90410 1.8027 1.6906
27 2.2501 2.2043 2.1323 2.0558 1.9736 1.8842 1.7851 1.6717
28 2.2360 2.1900 2.1179 2.0411 1.9586 1.8687 1.7689 1.6541
29 2.2229 2.1768 2.1045 2.0275 1.9446 1.8543 1.7537 1.6377

30 2.2107 2.1646 2.0921 2.0148 1.9317 1.8409 1.7396 1.6223
40 2.1240 2.0772 2.0035 1.9245 1.8389 1.7444 1.6373 1.5089
60 2.0401 1.9926 1.9194 1.8364 1.7480 1.6491 1.5343 1.3893

120 1.9588 1.9105 1.6337 1.7505 1.6587 1.5543 1.4290 1.2539
00 1.8799 1.8307 1.7522 1.6664 1.5705 1.4591 1.3180 1.0000
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1% POINTS OF FISHER'S F-DISTRIBUTION

df
        α 1 2 3 4 5 6 7 8

1 4052.2 4999.5 5403.3 5624.6 5763.7 5859.0 5928.3 5981.6
2 98.503 90.000 99.106 99.249 99.299 99.332 99.356 99.374
3 34.116 60.817 29.457 28.710 28.237 27.911 27.672 27.489
4 21.186 18.000 16.694 15.977 15.522 15.207 14.976 14.799

5 16.258 13.274 12.060 11.392 10.967 10.672 10.456 10.289
6 13.745 10.925 9.7795 9.1483 8.8759 8.4001 8.2600 8.1016
7 12.246 9.5466 8.4513 7.8467 7.4604 7.1914 6.9926 6.8401
8 11.259 8.6491 7.5910 7.0060 6.6318 6.3707 6.1776 6.0289
9 10.567 8.0215 6.9919 6.4221 6.0569 5.8018 5.6129 5.4671

10 10.044 7.5594 6.5523 5.9943 5.6363 5.3858 5.2001 5.0567
11 9.6460 7.2057 6.167 5.668. 5.3160 5.0692 4.8861 4.7445
12 9.3302 6.9266 4.9526 54.4119 5.0643 4.8206 4.6395 4.4994
13 9.0738 6.7010 5.7394 5.2053 4.8616 4.6204 4.4410 4.3021
14 8.8616 6.5149 5.5639 5.0354 4.6950 4.4558 4.2779 4.1399

15 8.6831 6.3589 5.4170 4.8932 4.5556 4.3183 4.1415 4.0045
16 8.5310 6.2262 5.2922 4.7726 4.4374 4.2016 4.0259 3.8896
17 8.3997 6.1121 5.1850 4.6690 4.3359 4.1015 3.9267 3.7910
18 8.2854 6.0129 5.0919 4.5790 4.2479 4.0146 3.8406 3.7054
19 8.1850 5.9259 5.0103 4.5003 4.1708 3.9386 3.7653 3.6305

20 8.0960 5.8489 4.9382 4.4307 4.1027 3.8714 3.3987 3.5644
21 8.0166 5.7804 4.8740 4.3688 4.0421 3.8117 3.6396 3.5056
22 7.9454 5.7190 4.8166 4.3134 3.9880 3.7583 3.5867 3.4530
23 7.8811 5.6637 4.7649 4.2635 3.9392 3.7102 3.5390 3.4057
24 7.8229 5.6136 4.7181 4.2184 3.8951 3.6667 3.4959 3.3629

25 7.7698 5.5680 4.6755 4.1774 3.8550 3.6272 3.4568 3.3239
26 7.7213 5.5263 4.6366 4.1400 3.8183 3.5911 3.4210 3.2884
27 7.6767 5.4881 4.6009 4.1056 3.7848 3.5580 3.3882 3.2558
28 7.6356 5.4229 4.5881 4.0740 3.7539 3.5276 3.3581 3.2259
29 7.5976 5.4205 4.5378 4.0440 3.7254 3.4995 3.3302 3.1982

30 7.5627 5.3904 4.5097 4.0179 3.6990 3.4735 3.3045 3.1726
40 7.3141 5.1785 4.3126 3.8283 3.5138 3.2910 3.1238 2.9930
60 7.0771 4.9774 4.1259 3.6491 3.3389 3.1187 2.9530 2.8233

120 6.8510 4.7865 3.9493 3.4796 3.1735 2.9559 2.7918 2.6629
00 6.6349 4.6052 3.7816 3.3192 3.0173 2.8020 2.6393 2.5113
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m         n 9 10 12 15 20 30 60 α

1 6022.5 6055.8 6106.3 6157.3 6208.7 6260.7 6313.0 6366.0
2 99.388 99.399 99.416 99.432 99.449 99.466 99.483 99.501
3 27.345 27.229 27.052 26.872 26.690 26.505 26.316 26.125
4 14.659 14.546 14.374 14.198 14.020 13.838 13.652 13.463

5 10.158 10.051 9.8883 9.7222 9.5527 9.3793 9.2020 9.0204
6 7.9761 7.8741 77183 7.5590 7.3958 7.2285 7.0568 6.8801
7 6.7188 6.6201 6.4691 6.3143 6.1554 5.9921 5.8235 5.6495
8 5.9106 5.8143 5.6668 5.5151 5.5151 5.1981 5.0316 4.8588
9 5.3511 5.2565 5.1119 4.9621 4.8080 4.6486 4.4831 4.3105

10 4.9424 4.8492 4.7059 4.5582 4.4054 4.2469 4.0819 3.9090
11 4.6315 4.5393 4.3974 4.2509 4.0990 3.9411 3.7761 3.6025
12 4.3875 4.2961 4.1553 4.0096 3.8584 3.7008 3.5355 3.3608
13 4.1911 4.1003 3.9603 3.8154 3.6646 3.5070 3.3413 3.1654
14 4.0297 3.9394 3.8001 3.6557 3.5052 3.3476 3.1813 3.0040

15 3.8948 3.8049 3.6662 3.5222 3.3719 3.2141 3.0471 2.8684
16 3.7804 3.6909 3.5527 3.4089 3.2588 3.1007 3.9330 2.7528
17 3.6822 3.5931 3.4552 3.3117 3.1615 3.0092 2.8348 2.6530
18 3.5971 3.5082 3.3706 3.2273 3.0771 2.9185 2.7493 2.5660
19 3.5225 3.4338 3.2965 3.1533 3.0031 3.8442 3.6742 2.4893

20 3.4567 3.3682 3.2311 3.0880 2.9377 2.7785 2.6077 2.4212
21 3.3981 3.3098 3.1729 3.0299 2.8796 2.7200 2.5484 2.3603
22 3.3458 3.2576 3.1209 2.9709 2.8274 2.6675 2.4951 2.3055
23 3.2986 3.2106 3.0740 2.9311 2.7805 2.6202 2.4471 2.2559
24 3.2560 3.1681 3.0316 2.8887 2.7380 2.5773 2.4035 2.2107

25 3.2172 3.1294 2.9931 2.8502 2.6993 2.5383 2.3637 2.1694
26 3.1818 3.0941 2.9579 2.8150 2.6640 2.5026 2.3273 2.1315
27 3.1494 3.0618 2.9256 2.7827 2.0316 2.4699 2.2938 2.0965
28 3.1195 3.0320 2.8959 2.7530 2.6017 2.4397 2.2629 2.0642
29 3.0920 3.0045 2.8685 2.7256 2.5742 2.4118 2.2344 2.03472

30 3.0665 2.9791 2.8431 2.7002 2.5487 2.3860 2.2079 2.0062
40 2.8876 2.8005 2.6648 2.5216 2.3689 2.2034 2.0194 1.8047
60 2.7185 2.6318 2.4961 2.3523 2.1978 2.0285 1.8363 1.6006

120 2.5586 2.4721 2.3363 2.1915 2.0346 1.8600 1.6557 1.3805
00 2.4073 2.3209 2.1848 2.0385 1.8783 1.6964 1.4730 1.0000


