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x
x

n
σ

x y x − y xO yO Ex yFO
N V U N UN SQ
O U S Q SQ PS
P NM T V NMM QV
Q NO U NS NQQ SQ
R NN S OR NON PS
S NP T PS NSV QV
T NQ T QV NVS QV
OU TT QV NQM UTR PQT
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2 2 22 875
11 4

7y

y
y

n
σ

2

2
2 2347

7 0.57
7x y

x y
x y

n
σ

p³ ±²§²³²§¬¥=²¦£±£=´~ª³£±=§¬ °I=µ£=¥£²

4 4 0.57
0.93

2 2 2
r

^ª±­I=µ£=¦~´£=²¦£=£¯³~²§­¬±=­¤=²¦£=°£¥°£±±§­¬=ª§¬£±=~°£

y

x

y y r x x
σ

σ
~¬¢ x

y

x x r y y
σ
σ

2
11 0.93 4

2
y x ~¬¢ 2

4 0.93 11
2

x y

11 0.93 4y x ~¬¢ 4 0.93 11x y

0.93 7.28y x ~¬¢ 0.93 6.23x y

q¦£±£=~°£=²¦£=ª§¬£±=­¤=°£¥°£±±§­¬K

b¶~«®ª£= QKNKPW= c§¬¢= ²¦£= ¡­£¤¤§¡§£¬²= ­¤= ¡­°°£ª~²§­¬= ~¬¢= ²¦£= ª§¬£±= ­¤
°£¥°£±±§­¬=¤­°=²¦£=¢~²~

x N O P Q R S T U V NM
y NM NO NS OU OR PS QN QV QM RM

p­ª³²§­¬W Esqr=OMMRI OMMTI=OMNMI=OMNSF

t£=¦~´£I
2 2 2

2
x y x y

x y

r
σ σ σ

σ σ

t£=®°£®~°£=~=°£ª£´~¬²=²~ ª£=~±=¤­ªª­µ±

x y x − y xO yO Ex yFO
N V V N NMM UN
O NO NM Q NQQ NMM
P NS NP V ORS NSV
Q OU OQ NS TUQ RTS
R OR OM OR SOR QMM
S PS PM PS NOVS VMM
T QN PQ QV NSUN NNRS
U QV QN SQ OQMN NSUN
V QM PN UN NSMM VSN
NM RM QM NMM ORMM NSMM
RR PMT ORO PUR NNPUT TSOQ
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e£°£I n Z=NMI x Z=RRI y Z=PMTI Ex− yF=Z OROI xO Z=PURI yO Z=NNPUT=~¬¢
Ex yFO Z=TSOQ

55
5.5

10

x
x

n

307
30.7

10

y
y

n

252
25.2

10

x y
x y

n
2 2 22 385

5.5 8.25
10x

x
x

n
σ

2 2 22 11387
30.7 196.21

10y

y
y

n
σ

2

2
2 27624

25.2 127.36
10x y

x y
x y

n
σ

p³ ±²§²³²§¬¥=²¦£±£=´~ª³£±=§¬ °I=µ£=¥£²

8.25 196.21 127.36
0.96

2 8.25 196.21
r

^ª±­I=µ£=¦~´£=²¦£=£¯³~²§­¬±=­¤=²¦£=°£¥°£±±§­¬=ª§¬£±=~°£

y

x

y y r x x
σ

σ
~¬¢ x

y

x x r y y
σ
σ

196.21
30.7 0.96 5.5

8.25
y x ~¬¢ 8.25

5.5 0.96 30.7
196.21

x y

4.686 4.927y x ~¬¢ 0.197 0.548x y

q¦£±£=~°£=²¦£=ª§¬£±=­¤=°£¥°£±±§­¬K

b¶~«®ª£= QKNKQW= f¬= ~= ®~°²§~ªª·= ¢£±²°­·£¢= ª~ ­°~²­°·= °£¡­°¢= ­¤= ¡­°°£ª~²§­¬
¢~²~I=²¦£=¤­ªª­µ§¬¥=°£±³ª²±=­¬ª·=~°£=~´~§ª~ ª£W
s~°§~¬¡£=­¤ x §±=V=~¬¢=²¦£= °£¥°£±±§­¬=£¯³~²§­¬±=~°£=Qx Ry H=PP=Z=M=~¬¢
OMx Vy Z= NMTK= `~ª¡³ª~²£= E§F= ²¦£= «£~¬= ´~ª³£±= ­¤ x ~¬¢ yI= E§§F= ±²~¬¢~°¢
¢£´§~²§­¬=­¤ y ~¬¢=E§§§F=²¦£=¡­£¤¤§¡§£¬²=­¤=¡­°°£ª~²§­¬= £²µ££¬ x ~¬¢ yK

p­ª³²§­¬W Esqr=OMMRI=OMMVI=OMNPF

t£=©¬­µ=²¦~²=²¦£=°£¥°£±±§­¬=ª§¬£=®~±±£±=²¦°­³¥¦ ,x y
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NUU p²~²§±²§¡~ª=j£²¦­¢±=~¬¢=`³°´£=c§²²§¬¥
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4 5 33

20 9 107

x y

x y

p­ª´§¬¥=²¦£±£=£¯³~²§­¬±I=µ£=¥£²

13 and 17x y

t£=°£µ°§²£=²¦£=¥§´£¬=°£¥°£±±§­¬=£¯³~²§­¬±=~±

4 33 9 107
and

5 5 20 20
y x x y JJJJJ ENF

t£=¦~´£I=²¦£=¡­£¤¤§¡§£¬²=­¤=¡­°°£ª~²§­¬= £²µ££¬ ¶ ~¬¢ · §±

coefficient of coefficient ofr x y

4 9 3

5 20 5
r

3

5
r E  ­²¦=²¦£=¡­£¤¤§¡§£¬²±=~°£=®­±§²§´£F  

d§´£¬=²¦~²I 2 9 3x xσ σ

t£=¦~´£I y

x

y y r x x
σ

σ
JJJJJ EOF

`­«®~°§¬¥=EOF=µ§²¦=ENFI=µ£=¦~´£ 4

5
y

x

r
σ

σ

4

5
x

y r

σ
σ

4 3
4

5 3 / 5

b¶~«®ª£= QKNKRW= `­«®³²£ , andx y r ¤°­«= ²¦£= £¯³~²§­¬±= ­¤= ²¦£= °£¥°£±±§­¬
ª§¬£± 2 3 1 0x y+ + = ~¬¢ 6 4x y+ = K
p­ª³²§­¬W
t£=©¬­µ=²¦~²=²¦£=°£¥°£±±§­¬=ª§¬£=®~±±£±=²¦°­³¥¦ ,x y

2 3 1

6 4

x y

x y

p­ª´§¬¥=²¦£±£=£¯³~²§­¬±I=µ£=¥£²
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2 and 1x y

t£=°£µ°§²£=²¦£=¥§´£¬=°£¥°£±±§­¬=£¯³~²§­¬±=~±

2 1
and 6 4

3 3
y x x y JJJJJ ENF

t£=¦~´£=²¦£=¡­£¤¤§¡§£¬²=­¤=¡­°°£ª~²§­¬= £²µ££¬ x ~¬¢ y §±

coefficient of coefficient ofr x y

µ¦§¡¦ §±=¬­²=®­±±§ ª£= £¡~³±£ 1 1r K

e£¬¡£I=µ£=°£µ°§²£=²¦£=¥§´£¬=°£¥°£±±§­¬=£¯³~²§­¬±=§¬=­²¦£°=¤­°«=~±

3 1 1 2
and

2 2 6 3
x y y x JJJJJ EOF

t£=¦~´£I=²¦£=¡­£¤¤§¡§£¬²=­¤=¡­°°£ª~²§­¬= £²µ££¬ x ~¬¢ y §±

coefficient of coefficient of

3 1 1

2 6 2
r

1

2
r E  ­²¦ ²¦£=¡­£¤¤§¡§£¬²±=~°£=¬£¥~²§´£F

b¶~«®ª£=QKNKSW=f¤=Ox − Py Z=M=~¬¢=Px − Oy Z=R=~°£=²¦£=ª§¬£±=­¤=°£¥°£±±§­¬=­¤
²¦£=´~°§~ ª£± x ~¬¢ yK=c§¬¢=²¦£=¤­ªª­µ§¬¥W
E§F j£~¬=­¤ x ~¬¢ y
E§§F `­£¤¤§¡§£¬²=­¤=¡­°°£ª~²§­¬= £²µ££¬ x ~¬¢ yK
E§§§F ^¬¥ª£= £²µ££¬=²¦£=ª§¬£±=­¤=°£¥°£±±§­¬K
E§´F p²~¬¢~°¢=¢£´§~²§­¬=­¤ x µ¦£¬=´~°§~¬¡£=­¤ y §±=OK

p­ª³²§­¬W

E§F t£=©¬­µ=²¦~²=²¦£=°£¥°£±±§­¬=ª§¬£=®~±±£±=²¦°­³¥¦ ,x y

2 3 0

3 2 5

x y

x y
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p­ª´§¬¥=²¦£±£=£¯³~²§­¬±I=µ£=¥£²

3 and 2x y

E§§F t£=°£µ°§²£=²¦£=¥§´£¬=°£¥°£±±§­¬=£¯³~²§­¬±=~±

2 2
and 5

3 3
y x x y JJJJJ ENF

t£=¦~´£=²¦£=¡­£¤¤§¡§£¬²=­¤=¡­°°£ª~²§­¬= £²µ££¬ x ~¬¢ y §±

coefficient of coefficient ofr x y

2 2 2

3 3 3
r

2

3
r E  ­²¦=²¦£=¡­£¤¤§¡§£¬²±=~°£=®­±§²§´£F  

E§§§F q¦£=~¬¥ª£= £²µ££¬=²¦£=ª§¬£±=­¤=°£¥°£±±§­¬=§± 1 2

1 2
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1

m m

m m
θ

µ¦£°£ «N ~¬¢ «O ~°£=²¦£=±ª­®£±=­¤=²µ­=°£¥°£±±§­¬=ª§¬£±K

k­µI 1
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coefficient of 3 3
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y
~¬¢

2
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y

2 / 3 3 / 2 5 / 6 5
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1 2 / 3 3 / 2 2 12
θ

1 5
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θ

E§´F d§´£¬=²¦~²I 2 2 2y yσ σ

t£=¦~´£I y
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y y r x x
σ

σ
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`­«®~°§¬¥=EOF=µ§²¦=ENFI=µ£=¦~´£ 2

3
y

x

r
σ

σ

2 2 2

3 3xσ

2xσ
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b¶~«®ª£=QKNKTW=c§¬¢=²¦£=ª§¬£±=­¤=°£¥°£±±§­¬=¤­° ²¦£=¤­ªª­µ§¬¥=¢~²~

^¥£±=­¤=¡~°±
E§¬=·£~°±F O Q S T U NM NO

^¬¬³~ª
j~§¬²£¬~¬¡£
¡­±²=E§¬
¦³¬¢°£¢±F

NS NR NU NV NT ON OM

e£¬¡£=£±²§«~²£=²¦£=«~§¬²£¬~¬¡£=¡­±²=§¤=²¦£=~¥£=­¤=~=¡~°=§±=V=·£~°±=~¬¢=²¦£
~¥£=­¤=~=¡~°=§¤=²¦£=«~§¬²£¬~¬¡£=¡­±²=§±=o±KNRRMLJ

p­ª³²§­¬W

t£=¦~´£I
2 2 2

2
x y x y

x y

r
σ σ σ

σ σ

t£=®°£®~°£=~=°£ª£´~¬²=²~ ª£=~±=¤­ªª­µ±

e£°£I n Z=TI x Z=QVI y Z=NOSI Ex− yF=Z TTI xO Z=QNPI yO Z=OOVS=~¬¢
Ex yFO Z=UTN
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x
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y
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n

77
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x y
x y

n
2 2 22 413
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7x

x
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n
σ

2 2 22 2296
18 4

7y

y
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n
σ

2

2
2 2871

11 3.429
7x y

x y
x y

n
σ

p³ ±²§²³²§¬¥=²¦£±£=´~ª³£±=§¬ °I=µ£=¥£²

x y x − y xO yO Ex yFO
O NS NQ Q ORS NVS
Q NR NN NS OOR NON
S NU NO PS POQ NQQ
T NV NO QV PSN NQQ
U NT V SQ OUV UN
NM ON NN NMM QQN NON
NO OM U NQQ QMM SQ
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10 4 3.429
0.8357

2 10 4
r

^ª±­I=µ£=¦~´£=²¦£=£¯³~²§­¬± ­¤=²¦£=°£¥°£±±§­¬=ª§¬£±=~°£

y

x

y y r x x
σ

σ
~¬¢ x

y

x x r y y
σ
σ

2
18 0.8357 7

10
y x ~¬¢ 10

7 0.8357 18
2

x y

0.52857 14.3y x ~¬¢ 1.321429 16.786x y

q¦£±£=~°£=²¦£=ª§¬£±=­¤=°£¥°£±±§­¬K

^ª±­I

E§F f¤=²¦£=~¥£=­¤=²¦£=¡~° x = V=²¦£¬=²¦£=«~§¬²£¬~¬¡£=¡­±² y §±=¥§´£¬= ·=²¦£=ª§¬£

­¤=°£¥°£±±§­¬=­¤ y ­¬ x §±

y Z=MKROURT=EVF=H=NQKP=Z=NVKMS=¦³¬¢°£¢±K

q¦£=«~§¬²£¬~¬¡£=¡­±²=Z o±KNVMSLJ

E§§F f¤=²¦£=«~§¬²£¬~¬¡£=¡­±² y §±=o±KNRRMLJ §K£KI=NRKR=¦³¬¢°£¢±=²¦£¬=²¦£=~¥£=­¤

²¦£=¡~° x §±=¥§´£¬= ·=²¦£=ª§¬£=­¤=°£¥°£±±§­¬=­¤ x ­¬ y §±

x Z=NKPONQOV=ENRKRF NSKTUS=Z=PKT=·£~°±

^¥£=­¤=¡~°=Z=PKT=·£~°±K

b¶~«®ª£=QKNKUW f¬ ²¦£= ¤­ªª­µ§¬¥ ²~ ª£=~°£ °£¡­°¢£¢=¢~²~=±¦­µ§¬¥=²¦£= ²£±²
±¡­°£±=«~¢£= ·=±~ª£±«£¬=­¬=~¬=§¬²£ªª§¥£¬¡£=²£±²=~¬¢=²¦£§°=µ££©ª·=±~ª£±W

p~ª£±«£¬ N O P Q R S T U V NM
q£±²=±¡­°£± QM TM RM SM UM RM VM QM SM SM
p~ª£± OKR SKM QKR RKM QKR OKM RKR PKM QKR PKM

`~ª¡³ª~²£=²¦£=°£¥°£±±§­¬=ª§¬£ ­¤=±~ª£±=­¬=²£±²=±¡­°£±=~¬¢=£±²§«~²£=²¦£=«­±²
®°­ ~ ª£=µ££©ª·=±~ª£±=´­ª³«£=§¤=~=±~ª£±«~¬=«~©£±=~=±¡­°£=­¤=TMK

p­ª³²§­¬W

t£=¦~´£I
2 2 2

2
x y x y

x y

r
σ σ σ

σ σ

t£=®°£®~°£=~=°£ª£´~¬²=²~ ª£=~±=¤­ªª­µ±
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e£°£I n Z NMI x Z SMMI y Z QMKRI Ex− yF=Z I xO Z PUQMMI yO Z NUMKOR
~¬¢ Ex yFO Z PPQQMKOR

600
60

10

x
x

n

40.5
4.05

10

y
y

n

559.5
55.95

10

x y
x y

n
2 2 22 38400

60 240
10x

x
x

n
σ

2 2 22 180.25
4.05 1.6225

10y

y
y

n
σ

2

2
2 233440.25

55.95 213.6225
10x y

x y
x y

n
σ

p³ ±²§²³²§¬¥=²¦£±£=´~ª³£±=§¬ °I=µ£=¥£²

240 1.6225 213.6225
0.71

2 240 1.6225
r

^ª±­I=µ£ ¦~´£=²¦£=£¯³~²§­¬±=­¤=²¦£=°£¥°£±±§­¬=ª§¬£ ­¤ y ­¬ x §±

y

x

y y r x x
σ

σ

1.6225
4.05 0.71 60

240
y x

q£±²
±¡­°£±

x

p~ª£±
y x − y xO yO Ex yFO

QM OKR PTKR NSMM SKOR NQMSKOR
TM SKM SQ QVMM PSKM QMVS
RM QKR QRKR ORMM OMKOR OMTMKOR
SM RKM RR PSMM ORKM PMOR
UM QKR TRKR SQMM OMKOR RTMMKOR
RM OKM QU ORMM QKM OPMQ
VM RKR UQKR UNMM PMKOR TNQMKOR
QM PKM NSMM VKM NPSV
SM QKR PSMM OMKOR PMUMKOR
SM PKM PSMM VKM POQV
SMM QMKR RRVKR PUQMM NUMKOR PPQQMKOR

notesforvtu.in



NVQ p²~²§±²§¡~ª=j£²¦­¢±=~¬¢=`³°´£=c§²²§¬¥
JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ

4.05 0.06 60y x

0.06 3.6 4.05y x

0.06 0.45y x

k­µ=¤­° x Z=TM 0.06 70 0.45 4.65y

q¦³±I=²¦£=«­±²=®°­ ~ ª£=µ££©ª·=±~ª£±=´­ª³«£=¤­°=~=±¡­°£=TM=§±=QKSR

b¶~«®ª£= QKNKVW= t¦§ª£= ¡~ª¡³ª~²§¬¥= ¡­°°£ª~²§­¬= ¡­£¤¤§¡§£¬²=  £²µ££¬= ²µ­
´~°§~ ª£± x ~¬¢ y ¤°­«=OR=®~§°±=­¤=­ ±£°´~²§­¬±I=²¦£=¤­ªª­µ§¬¥=°£±³ª²±=µ£°£
­ ²~§¬£¢W 2 225, 125, 100, 650, 460, 508.n x y x y xy= Σ = Σ = Σ = Σ = Σ = i~²£°= §²= µ~±

¢§±¡­´£°£¢= ~²= ²¦£= ²§«£= ­¤= ¡¦£¡©§¬¥= ²¦~²= ²¦£= ®~§°±= ­¤= ´~ª³£± 8 12

6 8

x y

µ£°£

¡­®§£¢=¢­µ¬=~± 6 14

8 6

x y

l ²~§¬=²¦£=¡­°°£¡²=´~ª³£=­¤=¡­°°£ª~²§­¬=¡­£¤¤§¡§£¬²K

p­ª³²§­¬W Esqr=OMMVI=OMNNI=OMNRF

q­=¥£²=²¦£=¡­°°£¡²=°£±³ª²±I=µ£=±³ ²°~¡²=²¦£=§¬¡­°°£¡²=´~ª³£±=~¬¢=~¢¢=²¦£
¡­°°£±®­¬¢§¬¥=¡­°°£¡²=´~ª³£±K

q¦£=¡­°°£¡²=°£±³ª²±=~°£

2 2 2 2 2

2 2 2 2 2

25,

125 6 8 8 6 125,

100 14 6 12 8 100,

650 6 8 8 6 650,

460 14 6 12 8 436,

508 6 14 8 6 8 12 6 8 520

n

x

y

x

y

xy

t£=¦~´£I
2 22 2

n xy x y
r

n x x n y y

2 2

25 520 125 100 20 2

325 3625 650 125 25 436 100
r
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bubo`fpb=QKN

NK c§¬¢=²µ­=ª§¬£±=­¤=°£¥°£±±§­¬=~¬¢=¡­£¤¤§¡§£¬²=­¤=¡­°°£ª~²§­¬=¤­°=²¦£=¢~²~
2 218, 12, 18, 6, 96, 48.n x y x y xy

OK c§¬¢=²¦£=¡­£¤¤§¡§£¬²=­¤=¡­°°£ª~²§­¬=~¬¢=²¦£=ª§¬£±=­¤=°£¥°£±±§­¬=¤­°=²¦£=¢~²~

PK c§¬¢=²¦£=¡­£¤¤§¡§£¬²=­¤=¡­°°£ª~²§­¬ ¤°­« ²¦£ ¤­ªª­µ§¬¥ ¢~²~

QK c§¬¢=²¦£=¡­£¤¤§¡§£¬²=­¤=¡­°°£ª~²§­¬=¤­°=²¦£=¢~²~

RK f¤=²¦£=¡­£¤¤§¡§£¬²=­¤=¡­°°£ª~²§­¬= £²µ££¬=²µ­=´~°§~ ª£± x ~¬¢ y §±=MKR=~¬¢

²¦£=~¡³²£=~¬¥ª£= £²µ££¬=²¦£§°=ª§¬£±=­¤=°£¥°£±±§­¬=§± 1 3
tan

8
I=±¦­µ=²¦~²

1
.

2x yσ σ Esqr=OMMQF

SK qµ­= °~¬¢­«= ´~°§~ ª£±= ¦~´£= ²¦£= °£¥°£±±§­¬= ª§¬£±= µ§²¦= £¯³~²§­¬±
3 2 26x y ~¬¢ 6 31.x y c§¬¢= ²¦£= «£~¬= ´~ª³£±= ~¬¢= ²¦£= ¡­°°£ª~²§­¬
¡­£¤¤§¡§£¬²= £²µ££¬ x ~¬¢ yK

TK q¦£= °£¥°£±±§­¬= £¯³~²§­¬±= ­¤= ²µ­= ´~°§~ ª£± x ~¬¢ y ~°£ 0.7 5.2x y ~¬¢
0.3 2.8.y x c§¬¢= ²¦£= «£~¬±= ­¤= ²¦£= ´~°§~ ª£±= ~¬¢= ²¦£= ¡­£¤¤§¡§£¬²= ­¤

¡­°°£ª~²§­¬= £²µ££¬=²¦£«K
UK f¬=~=®~°²§~ªª·=¢£±²°­·£¢=ª~ ­°~²­°·=¢~²~I=­¬ª·=²¦£=£¯³~²§­¬±=¥§´§¬¥=²¦£=²µ­
ª§¬£±=­¤=°£¥°£±±§­¬=­¤ · ­¬ ¶ ~¬¢ x ­¬ y ~°£=~´~§ª~ ª£=~¬¢=~°£=°£±®£¡²§´£ª·I
7 16 9 0x y ~¬¢ 5 4 3 0.y x `~ª¡³ª~²£= ²¦£= ¡­£¤¤§¡§£¬²= ­¤= ¡­°°£ª~²§­¬
~¬¢ «£~¬=´~ª³£±=­¤ x ~¬¢ yK

VK q¦£=²µ­=°£¥°£±±§­¬=£¯³~²§­¬±=­¤=²¦£=´~°§~ ª£± x ~¬¢ y ~°£ 19.13 0.87x y

~¬¢ 11.64 0.50 .y x c§¬¢=²¦£=«£~¬=´~ª³£±=­¤ x ~¬¢ y ~¬¢=²¦£=¡­°°£ª~²§­¬
¡­£¤¤§¡§£¬²= £²µ££¬ x ~¬¢ yK Esqr=OMMQF

NMKm±·¡¦­ª­¥§¡~ª ²£±²±=­¤=§¬²£ªª§¥£¬¡£=~¬¢=­¤=£¬¥§¬££°§¬¥=~ §ª§²·=µ£°£=~®®ª§£¢
²­=NM=±²³¢£¬²±K=e£°£=§±=~=°£¡­°¢=­¤=³¬¥°­³®£¢=¢~²~=±¦­µ§¬¥=§¬²£ªª§¥£¬¡£
°~²§­= EfKoF= ~¬¢= £¬¥§¬££°§¬¥= °~²§­= EbKoFK= `~ª¡³ª~²£= ²¦£= ¡­£¤¤§¡§£¬²= ­¤
¡­°°£ª~²§­¬K
p²³¢£¬² ^ _ ` a b c d e f g
fKo NMR NMQ NMO NMN NMM VV VU VS VP VO
bKo NMN NMP NMM VU VR VS NMQ VO VT VQ

x O Q S U NM
y R T V U NN

x TU UV VT SV RV TV SU RT
y NOR NPT NRS NNO NMT NPU NOP NMU

x ON OP PM RQ RT RU TO TU UT VM
y SM TN TO UP NNM UQ NMM VO NNP NPR
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NVS p²~²§±²§¡~ª=j£²¦­¢±=~¬¢=`³°´£=c§²²§¬¥
JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ

^kptbop

NK ° Z=MKSPOI 0.467 0.8 ,y x
0.167 0.5x y

OK ° Z=MKVNI 1.3 4.4,x y
0.65 4.1y x

PK ° Z=MKVS QK=====MKUTS

SK 4, 7, 0.5x y r TK 9.06, 5.52, 0.46x y r

UK 0.7395, 0.1034, 0.5172r x y
VK

9.0 or 15.79, 3.74, 0.66x y r

NMK °=Z MKRV

QKQ o~¬©=`­°°£ª~²§­¬

^=¥°­³®=­¤=§¬¢§´§¢³~ª±=«~·= £=~°°~¬¥£¢=§¬=­°¢£°=²­ «£°§²=µ§²¦=°£±®£¡²=²­
±­«£= ¡¦~°~¡²£°§±²§¡K= q¦£= ±~«£= ¥°­³®=µ­³ª¢= ¥§´£= ¢§¤¤£°£¬²= ­°¢£°±= ¤­°= ¢§¤¤£°£¬²
¡¦~°~¡²£°§±²§¡±K=`­¬±§¢£°§¬¥= ²¦£=­°¢£°±= ¡­°°£±®­¬¢§¬¥= ²­= ²µ­= ¡¦~°~¡²£°§±²§¡±=^
~¬¢= _I= ²¦£= ¡­°°£ª~²§­¬=  £²µ££¬= ²¦£±£= ¬= ®~§°±= ­¤= °~¬©±= §±= ¡~ªª£¢= ²¦£= °~¬©
¡­°°£ª~²§­¬=§¬=²¦£=¡¦~°~¡²£°§±²§¡±=^=~¬¢=_=¤­°=²¦~²=¥°­³®=­¤=§¬¢§´§¢³~ª±K

i£² andi ix y  £= ²¦£= °~¬©±= ­¤= ²¦£ §²¦ §¬¢§´§¢³~ª±= §¬= ^= ~¬¢= _= °£±®£¡²§´£ª·K
^±±³«§¬¥= ²¦~²=¬­= ²µ­= §¬¢§´§¢³~ª±=~°£= °~¡©£²£¢=£¯³~ª= §¬= £§²¦£°= ¡~±£I= £~¡¦=­¤
²¦£=´~°§~ ª£±=²~©§¬¥=²¦£=´~ª³£±=NI=OI= =I ¬I

µ£=¦~´£I
11 2 3 ... 1

2 2

n nn n
x y

n n

f¤ u ~¬¢ v  £=²¦£=¢£´§~²§­¬±=­¤ ¶ ~¬¢ · ¤°­«=²¦£§°=«£~¬±I=²¦£¬

2 2
2 2 2i i i iX x x x n x x x

2
2 1 1

2
4 2

n n n
n n

2 2
31 2 1 1 1 1

6 4 2 12

n n n n n n n
n n

p§«§ª~°ª·I 2 31

12iY n n

k­µI=ª£² i i id x y ±­=²¦~² i i i i id x x y y X Y
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`­«®ª£¶=^¬~ª·±§±I=m°­ ~ §ª§²·=~¬¢ p²~²§±²§¡~ª=j£²¦­¢± NVT
JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ

2 2 2 2i i i i id X Y X Y

2 2 21

2i i i i iX Y X Y d

3 21 1

12 2i i iX Y n n d

e£¬¡£=²¦£=¡­°°£ª~²§­¬=¡­£¤¤§¡§£¬²  £²µ££¬=²¦£±£=´~°§~ ª£±=§±

3 2

2 2 3

1 1
12 2

1
12

i
i i

i i

n n dX Y
r

X Y n n

2

3

6
1 id

r
n n

q¦§±= ¤­°«³ª~= §±= ¡~ªª£¢= ²¦£= °~¬©= ¡­°°£ª~²§­¬= ¡­£¤¤§¡§£¬²= ­° p®£~°«~¬D±= o~¬©

`­°°£ª~²§­¬=`­£¤¤§¡§£¬² ~¬¢=§±=¢£¬­²£¢  · ρK

§K£KI
2

3

6
1 id

n n
ρ

p®£~°«~¬D±=°~¬©=§±=®°­ ~ ª·=­¬£=­¤=²¦£=«­±²=³±£¤³ª=±²~²§±²§¡~ª=²£±²±=²¦~²

µ£= ¡~¬=¢­= §¬=d£­¥°~®¦·= ²­=®°­´£=~= °£ª~²§­¬±¦§®= £²µ££¬= ²µ­=¢§¤¤£°£¬²= ±£²±= ­¤

¢~²~K

q¦£= p®£~°«~¬= °~¬©= ¡­°°£ª~²§­¬ ¡­£¤¤§¡§£¬² ρI= §±= ²¦£ ¬­¬J®~°~«£²°§¡
´£°±§­¬=­¤=²¦£ m£~°±­¬=¡­°°£ª~²§­¬=¡­£¤¤§¡§£¬²K=a~²~=«³±²= £ ­°¢§¬~ªI §¬²£°´~ª ­°
°~²§­K=p®£~°«~¬ ±=°£²³°¬±=~=´~ª³£=¤°­« N=²­=NI=µ¦£°£W

HN=Z=~=®£°¤£¡²=®­±§²§´£ ¡­°°£ª~²§­¬  £²µ££¬=°~¬©±

N=Z=~=®£°¤£¡²=¬£¥~²§´£=¡­°°£ª~²§­¬= £²µ££¬=°~¬©±

M=Z=¬­=¡­°°£ª~²§­¬= £²µ££¬=°~¬©±K

k­²£W q­ ~±±§¥¬= ²¦£ °~¬© ¤­°= ²¦£= ¥§´£¬= ±£²= ­¤= ´~ª³£±I= ­°¢£°= ²¦£= ±¡­°£±= ¤°­«
¥°£~²£±²= ²­= ±«~ªª£±²X= ~±±§¥¬= ²¦£= °~¬©= N= ²­= ²¦£= ¦§¥¦£±²= ±¡­°£I= O= ²­= ²¦£= ¬£¶²

¦§¥¦£±²=~¬¢=±­=­¬K= f¤=°~¬©±=~°£=²§£¢I= §K£KI=q§£¢=°~¬©±=~°£=µ¦£°£=²µ­= §²£«±=§¬=~

¡­ª³«¬=¦~´£=²¦£=±~«£=°~¬©=²¦£¬=£~¡¦=²§£¢=¢~²~=®­§¬²=~±±§¥¬£¢ ~ «£~¬ °~¬©K

notesforvtu.in



NVU p²~²§±²§¡~ª=j£²¦­¢±=~¬¢=`³°´£=c§²²§¬¥
JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ

tlohba=bu^jmibp

b¶~«®ª£ QKQKNW=`~ª¡³ª~²£=²¦£=°~¬©=¡­°°£ª~²§­¬=¡­£¤¤§¡§£¬²=~¬¢=¡­««£¬²=­¬
²¦£=¤­ªª­µ§¬¥=¢~²~=­¬=±³¬¤ª­µ£°W

e£§¥¦²=­¤=~
±³¬¤ª­µ£°
E§¬=¡«F

NUP NPQ OPQ ORS NVM UV NNO

t§¢²¦=­¤
²¦£=±²£«
E§¬=««F

ON NQ OQ PO OV NU OM

p­ª³²§­¬W

t£=®°£®~°£=~=°£ª£´~¬²=²~ ª£=~±=¤­ªª­µ±

e£§¥¦²=­¤=~
±³¬¤ª­µ£°
E§¬=¡«F

o~¬©
¶§

t§¢²¦=­¤=²¦£
±²£«
E§¬=««F

o~¬©
y§ i i id x y 2

id

NUP Q ON Q M M
NPQ R NQ T JO Q
OPQ O OQ P JN N
ORS N PO N M M
NVM P OV O N N
UV T NU S N N
NNO S OM R N N

U
e£°£I ¬ Z=TI 2 8id

t£=¦~´£I ²¦£=°~¬©=¡­°°£ª~²§­¬=¡­£¤¤§¡§£¬²=§±
2

3

6
1 id

n n
ρ

3

6 8
1 1 0.143 0.857

7 7
ρ

^± ρ §±= ¡ª­±£= ²­= ­¬£I=µ£= ¡~¬= ¡­¬¡ª³¢£= ²¦~²= ²¦£= µ§¢£°= ²¦£= ±²£«= ²­= ¦§¥¦£°= ²¦£

±³¬¤ª­µ£°=¥°­µ±K
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`­«®ª£¶=^¬~ª·±§±I=m°­ ~ §ª§²·=~¬¢ p²~²§±²§¡~ª=j£²¦­¢± NVV
JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ

b¶~«®ª£= QKQKOW q¦£= ±¡­°£±= ¤­° V ±²³¢£¬²±= §¬ m¦·±§¡±= ~¬¢ j~²¦± ~°£= ~±
¤­ªª­µ±W

m¦·±§¡±W PR OP QT NT NM QP V S OU
j~²¦£«~²§¡±W PM PP QR OP U QV NO Q PN

`­«®³²£= ²¦£ °~¬©± ­¤= ±²³¢£¬²± §¬= ²¦£= ²µ­= ±³ ¨£¡²±= ~¬¢= ¡­«®³²£= ²¦£
p®£~°«~¬ ± °~¬©=¡­°°£ª~²§­¬K

p­ª³²§­¬W

t£=®°£®~°£=~=°£ª£´~¬²=²~ ª£=~±=¤­ªª­µ±

m¦·±§¡± o~¬©
¶§

j~²¦£«~²§¡± o~¬©
y§ i i id x y 2

id

PR P PM R JO Q
OP R PP P O Q
QT N QR O JN N
NT S OP S M M
NM T U U JN N
QP O QV N N N
V U NO T N N
S V Q V M M
OU Q PN Q M M

NO
e£°£I ¬ Z=VI 2 12id

t£=¦~´£I ²¦£=°~¬©=¡­°°£ª~²§­¬=¡­£¤¤§¡§£¬²=§±

2

3

6
1 id

n n
ρ

3

6 12
1 1 0.1 0.9

9 9
ρ

b¶~«®ª£ QKQKPW q£¬=®~°²§¡§®~¬²±=§¬=~=¡­¬²£±²=~°£=°~¬©£¢= ·=²µ­=¨³¢¥£±=~±
¤­ªª­µ±W

u N S R NM P O Q V T U
v S Q V U N O P NM R T

`~ª¡³ª~²£=²¦£=°~¬©=¡­°°£ª~²§­¬=¡­£¤¤§¡§£¬²K

p­ª³²§­¬W Esqr=OMMOF

t£=®°£®~°£=~=°£ª£´~¬²=²~ ª£=~±=¤­ªª­µ±

notesforvtu.in



OMM p²~²§±²§¡~ª=j£²¦­¢±=~¬¢=`³°´£=c§²²§¬¥
JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ

o~¬©
¶§

o~¬©
y§ i i id x y 2

id

N S JR OR
S Q O Q
R V JQ NS
NM U O Q
P N O Q
O O M M
Q P N N
V NM JN N
T R O Q
U T N N

SM
e£°£I ¬ Z=NMI 2 60id

t£=¦~´£I ²¦£=°~¬©=¡­°°£ª~²§­¬=¡­£¤¤§¡§£¬²=§±
2

3

6
1 id

n n
ρ

3

6 60
1 1 0.36 0.64

10 10
ρ

b¶~«®ª£ QKQKQW q¦°££= ¨³¢¥£±= ^I= _= ~¬¢= `= ¥§´£= ²¦£= ¤­ªª­µ§¬¥= °~¬©±K= c§¬¢
µ¦§¡¦=®~§°=­¤=¨³¢¥£±=¦~±=¡­««­¬=~®®°­~¡¦

^ N S R NM P O Q V T U
_ P R U Q T NM O N S V
` S Q V U N O P NM R T

p­ª³²§­¬W Esqr=OMMPF

t£=®°£®~°£=~=°£ª£´~¬²=²~ ª£=~±=¤­ªª­µ±

o~¬©±
 ·=^

x§

o~¬©±
 ·=_

y§

o~¬©±
 ·=`
¸§

1

i i

d

x y
2

i i

d

y z
3

i i

d

z x
2

1d 2
2d 2

2d

N P S JO JP R Q V OR
S R Q N N JO N N Q
R U V JP JN Q V N NS
NM Q U S JQ JO PS NS Q
P T N JQ S JO NS PS Q
O NM O JU U M SQ SQ M
Q O P O JN JN Q N N
V N NM U JV N SQ UN N
T S R N N JO N N Q
U V T JN O N N Q N

OMM ONQ SM
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`­«®ª£¶=^¬~ª·±§±I=m°­ ~ §ª§²·=~¬¢ p²~²§±²§¡~ª=j£²¦­¢± OMN
JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ

e£°£I ¬ Z=NM

t£=¦~´£I ²¦£=°~¬©=¡­°°£ª~²§­¬=¡­£¤¤§¡§£¬²=§±
2

3

6
1 id

n n
ρ

2
1

3 3

6 2006
, 1 1 0.2

10 10

d
x y

n n
ρ

2
2

3 3

6 2146
, 1 1 0.3

10 10

d
y z

n n
ρ

2
3

3 3

6 606
, 1 1 0.6

10 10

d
z x

n n
ρ

p§¬¡£ ,z xρ §± «~¶§«³«I= ²¦£=®~§°=­¤= ¨³¢¥£±=^=~¬¢=`=¦~´£= ²¦£=¬£~°£±²

¡­««­¬=~®®°­~¡¦K

bubo`fpb=QKO

NK c§¬¢=²¦£=°~¬©=¡­°°£ª~²§­¬=¤­°=²¦£=¤­ªª­µ§¬¥=¢~²~W

x RS QO TO PS SP QT RR QV PU QO SU SM
y NQT NOR NSM NNU NQV NOU NRM NQR NNR NQM NRO NRR

OK `~ª¡³ª~²£= ²¦£= °~¬©= ¡­°°£ª~²§­¬ ¡­£¤¤§¡§£¬²= ¤°­«= ²¦£= ¤­ªª­µ§¬¥= ¢~²~
±¦­µ§¬¥=°~¬©±=­¤=NM=±²³¢£¬²±=§¬=²µ­=±³ ¨£¡²±W

j~²¦±W P U V O T NM Q S N R
m¦·±§¡±W R V NM N U T P Q O S

3. Find the rank correlation coefficient for the following data

x 68 64 75 50 64 80 75 40 55 64
y 62 58 68 45 81 60 68 48 50 70

(VTU 2018)

^kptbop

NK MKVPO OK MKURQR
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