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1.1

1 MEASUREMENT)
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1.2

1.1.1 

(i)  

(ii)  

(iii)  

(iv)  

(v)  

6
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1.2.1
(

9
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1.2.2 

E = mc2

(
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1.3

• 
1018 s 10-22 s

• 
10  

= 9.11 × 10-  kg

• 

• 

•  

•  

i. 

ii. 

iii. 

www.tntextbooks.in



7

www.tntextbooks.in



8

1.4.2 

1.4.3 

1

1.4.4 

1.4

1.4.1 
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1.4.5 

m 1

299 79 2458, ,

kg
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rad
2 sr

× m2

× m3

m s−1

m s−2

s

1967)

A

2 10
7 1× − −N m

K

1

273 16.
(1967)

mol  

cd
5 40 10

14
. × Hz

1

683

www.tntextbooks.in
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 = 180° 

1 �
�

�
�180 180 ×7

22
57  27�

�
.�

061 ′=�  061 ′′=′

1° = π
180

 rad = 1.745 × 10-2 rad

� � � �

≈

�
�

�

1΄ 1
60

1 745 10
60

2 908 10

2 91 10

2
4

4

� . .

.

rad

rad

×
�

�  

� � � � �
�

�1΄́ 1
3600

1 745 10
3600 	
4.85 �
10-6 rad 

4 847 10
2

6
� . . rad

×

rad s−1

rad s−2

kg m−3

× kg m s−1

× 2 kg m2

× kg m s−2  N

N m−2  Pa

× N m  J

J s−1  w

× N s

N m−1

× N m

× A s  C
A m−2

× N A−1 m−1  
tesla
N m–1

J s

× J kg–1 K–1

 J K–1
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10-5 m 102 m

10-3 m
1 m

 10-5

)

101 da 10−1 (deci) d
102 h 10−2 c
103 k 10−3 m
106 M 10−6 μ
109 G 10−9 n
1012 T 10−12 p
1015 P 10−15 f
1018 E 10−18 a
1021 Z 10−21 z
1024 Y 10−24 y

1.5

1.5.1 
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0.01 mm

0.1 mm ( )

AB = h 
B 

x

∠ACB θ
ABC

tanθ = =AB

BC

h

x

h = x tan θ

x

MSR = 2.2 cm ; VSC = 4 
              = [2.2 cm+(4x0.01cm)] = 2.24 cm

www.tntextbooks.in
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h

A

BxC

θ

1

θ 60˚

x = 50 m

h = ?

θ = h
x

 h = x tan θ

h = 50 × tan 60° 

 = 50 × 1.732

 h = 86.6 m

1

L)

R)

LOR∠

LR

LO = RO = x

x
b=θ

θ x

L Rb

x x

θ

O

www.tntextbooks.in
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 θ = 1° 55 115
 =(115 60)˝ (4.85 10 ) rad

 =3.34 × 10−2 rad

1˝ = 4.85 × 10-6 rad)

= 64 × 106 m

x = ?

2x = 2 × 6.4 × 106m
= 6.4 × 106m

x b

x m

= = × ×
×

= ×

−

2 6 4 10

3 34 10

3 83 10

6

2

8

.

.

.

 

=

=

 2

tvd ×=

v

θ

θ1

θ2

AMB∠  = θ1 + θ2 = θ.

θ = AB

AM
; AM≈MC

θ
θ

= ⇒ =AB

MC
MC

AB
; AB θ

MS1 S2

A B

θθ1 θ2

C

6.4 × 106m

www.tntextbooks.in
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1026

1022

1021

1016

1012

1011

108

107

104

102

10−4

10−5

10−7

10−8

10−10

10−14

10−15

(i)  = 1 fm = 10−15m

(ii)  = 1 A0 = 10−10m

(iii)  = 1 nm = 10−9m

(iv)  = 1μm = 10−6m
(v) 

= 9.467 × 1015 m
(vi)  

1 AU = 1.496 × 1011 m
(vii)

= 3.08 × 1016 m 3.26

6.3 × 1010

d = 6.3 × 1010 m

t = 7 × 60 s.

v = ?

v
d

t
ms= = × ×

×
= × −2 2 6 3 10

7 60
3 10

10
8 1.
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1

10−30

10−27

10−25

10−14

10−10

10−9

10−6

10−5

10−3

10−1

102

103

105

1023

1025

1030

1041

1055

1.5.2 

(9.11×10-31 kg) 
(1055 kg) 

CSL

1 CSL = 

1 10−8 s
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1.5.3 

1

10−24

10−22

10−19

10−15

10−15

10−8

10−8

10−6

10−3

10−1

100

100

102

103

104

105

107

109

1011

1017
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9

°C
°C

10.4 °C, 10.2 °C, 10.3 °C, 10.1 °C, 
10.2 °C, 10.1 °C, 10.1 °C, 10.1 °C 

°C

°C
°C

1.6

1.6.1 

5 9
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1.6.2 

1)

  

5.678 cm 0.1 cm

5.5 cm 

0.01 cm

5.38 cm

www.tntextbooks.in
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1 2 3 n  

a
a a a a

n
m

n=
+ + +1 2 3 .............

a
n

am i
i

n

=
=
∑1

1

1

 

 

 

) 
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n
aaaa

a n
m

Δ++Δ+Δ+Δ
=Δ

...............
321

maΔ ∑
=

Δ=
n

i
ia

n 1

1

m maΔ

ma + maΔ ma — maΔ ) 

=

=
m

m

a
aΔ

1.6.3 

1 2 n

m

a
a a a a

n
m

n=
+ + + +1 2 3 ..............

a
n

am i
i

n

=
=
∑1

1

 |Δa1| = |am – a1|

 |Δa2| = |am – a2|

 ………………

 ………………

 |Δan| = |am – an|
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Tm = 13 12
5

2 624. .= s

m = 2 62. s

(ii) = ΔT = Tm — t

Δ
Δ
Δ

T s

T s

T

1

2

3

2 62 2 63 0 01
2 62 2 56 0 06
2 62 2 42 0 2

= − = −
= − = +
= − = +

. . .

. . .

. . . 00
2 62 2 71 0 09
2 62 2 80 0 18

4

5

s

T s

T s

Δ
Δ

= − = −
= − = −

. . .

. . .

(iii) =
n
TiΔΣ

ΔTm = + + + +0 01 0 06 0 20 0 09 0 18
5

. . . . .

 ΔT s sm = = =0 54
5

0 108 0 11. . .

(iv)

S
T

= = =ΔT
T

m

m

0 11

2 62
0 0419

.

.
.

T

(v) = 0.04 × 100 = 4%

(vi) T= (2.62 ± 0.11)s

1.6.4 

= %100×
Δ

m

m

a
a

t s1 2 63= . , t s2 2 56= . , t s3 2 42= . ,  
t s4 2 71= . , t s5 2 80= .

(i) 

   T
t t t t t

m =
+ + + +

= + + + +

1 2 3 4 5

5
2 63 2 56 2 42 2 71 2 80

5
. . . . .
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  ΔA ΔB

 A = A ± ΔA

B = B ± ΔB

Z = A — B

Z ΔZ

Z ± ΔZ = (A ± ΔA) — (B ± ΔB)

  = (A — B) ± (ΔA + ΔB)

  = Z ± (ΔA + ΔB)

 ( ) ΔZ = ΔA + ΔB

t1 = (20 ± 0.5)°C
t2 = (50 ± 0.5)°C

t1 = (20 ± 0.5)°C

t2 = (50 ± 0.5)°C

t = ?

 t = t2 − t1 = (A − B) ± (ΔA + ΔB) 
 = (50 ± 0.5) − (20 ± 0.5)

 = (50 – 20)) ± (0.5 + 0.5)
 t = (30 ± 1)°C

ΔA ΔB A B

Z = AB

ΔA ΔB A, B

A = A ± ΔA
B = B ± ΔB

Z = A + B
Z ΔZ

Z ± ΔZ = (A ± ΔA) + (B ± ΔB)

  = (A + B) ± (ΔA + ΔB)

  = Z ± (ΔA + ΔB)

 ( )   ΔZ = ΔA + ΔB

R1 = (100 ± 3)  R2 = (150 ± 2)  

 R1 = (100 ± 3)  R2 = (150 ± 2) 

R = ?

 R = R1 + R2

 = (100 ± 3) (150 ± 2)
 = (100 + 150) ± (3 + 2)
 R = (250 ± 5) 
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ΔA ΔB A, B

B
AZ =

1

1

⎟
⎠
⎞⎜

⎝
⎛ Δ±

⎟
⎠
⎞⎜

⎝
⎛ Δ±

=
Δ±
Δ±=Δ±

B
BB

A
AA

BB
AAZZ

1

11

−

⎟
⎠
⎞⎜

⎝
⎛ Δ±⎟

⎠
⎞⎜

⎝
⎛ Δ±=

B
B

A
A

B
A

⎟
⎠
⎞⎜

⎝
⎛ Δ

⎟
⎠
⎞⎜

⎝
⎛ Δ±=Δ±

B
B

A
AZZZ ∓11

[x (1+x)n ≈1+nx

⎟
⎠
⎞⎜

⎝
⎛ Δ

⎟
⎠
⎞⎜

⎝
⎛ Δ±=Δ±

B
B

A
A

Z
Z ∓111

B
B

A
A

B
B

A
A ΔΔ∓ΔΔ±= .1 ∓

A/A B/B

⎟
⎠
⎞⎜

⎝
⎛ Δ+Δ=Δ

B
B

A
A

Z
Z

Z ΔZ

 Z ± ΔZ = (A ± ΔA )(B ± ΔB)
 = (AB) ± (A Δ B) ± (B Δ A) ± (ΔA ΔB)

B
B

A
A

A
A

B
B

Z
Z ΔΔ±Δ±Δ±=Δ± .11

Δ ΔA
A

B
B

,

B
B

A
A ΔΔ

.

Z

Δ Δ ΔZ
Z

A
A

B
B

= ± +⎛
⎝⎜

⎞
⎠⎟

(5.7 ± 0.1) cm (3.4 ± 0.2) cm

l = (5.7 ± 0.1) cm
b = (3.4 ± 0.2) cm

 (A + ΔA) =?
A = l × b = 5.7 × 3.4 = 19.38 = 19.4 cm2

A
b
b

l
lA

b
b

l
l

A
A

⎟
⎠
⎞⎜

⎝
⎛ Δ+Δ=Δ

⎟
⎠
⎞⎜

⎝
⎛ Δ+Δ=Δ

⎟
⎠
⎞⎜

⎝
⎛ +=Δ

4.3

2.0

7.5

1.0A  × 19.4

= (0.0175 + 0.0588) × 19.4 
 = 1.48 = 1.5

 A = (19.4 ± 1.5) cm2
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r

qp

C
BAZ =

C
Cr

B
Bq

A
Ap

Z
Z Δ+Δ+Δ=Δ

Δ Δ Δ

Δ

Z

Z
p

A

A
q

B

B

r
C

C

× = × + ×

+ ×

100 100 100

100

1

x =
dc
ba 32

a, b, c d

x

x = dc
ba 32

Δ Δ Δ

Δ Δ

x
x

a
a

b
b

c
c

d
d

× = × + ×

+ × + ×

100 2 100 3 100

100
1

2
100

=  (2 × 4%) + (3 × 2%) + (1 × 3%) + (½ ×1%)

 = 8% +6%+3% +0.5% 

 x  = 17.5%

R V
I

=

= =100

10
10 Ω

⎟
⎠
⎞⎜

⎝
⎛ Δ+Δ=Δ

I
I

V
V

R
R

R
I
I

V
VR Δ+Δ=Δ ⎜

⎝
⎛ ⎜

⎝
⎛

= + ×(
.

)
5

100

0 2

10
10

 = (0.05 + 0.02) ×10

 = 0.07 × 10 = 0.7

 R = (10 ± 0.7) Ω

A Z Z = An

Z ΔZ

Z Z A A A
A

A

Z n
A

A

n n

n

± = ± = ±⎛
⎝⎜

⎞
⎠⎟

= ±⎛
⎝⎜

⎞
⎠⎟

Δ Δ Δ

Δ

( ) 1

1

|x| <<1, (1 + x)n ≈ 1 + nx

 1 1± = ± ⇒ =Δ Δ Δ ΔZ
Z

n A
A

Z
Z

n A
A

.

1.7

1.7.1 
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1 9

-11 2 -2

i)

ii)

iii)

iv)

v)

vi)

vii)

S = 2πr

= 5.70 m = 5.70 × 102 cm = 5.70 × 103 mm = 5.70 × 10-3 km
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i)

ii)

iii) × 6

iv)

v)

× 6

(i) 600800 (iv) 5213.0

(ii) 400 (v) 2.65 × 1024m

(iii) 0.007 (vi) 0.0006032

1.7.2 
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1.8.1 

=

= = −[ ]

[ ]
[ ]

L
T

M LT0 1

0 -2

1.7.3 

1. 3.1 + 1.780 + 2.046 = 6.926

2. 12.637 – 2.42 = 10.217

1. 1.21 × 36.72 = 44.4312= 44.4

2. 36.72 ÷ 1.2 = 30.6 = 31

1.8

www.tntextbooks.in



30

 1.8.3 

n u =

n1 u1 = n2 u2

1 1

1

2 2 2

n na b c a b cM L T M L T1 1 1 1 2 2 2 2
      ⎡

⎣
⎤
⎦

⎡
⎣

⎤
⎦=

cm
-2

1 × × -2

2

0 -2

1.8.2 

2

2 2 2

2T-2
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× [L2]
× [L3]

[ML−3]
[LT−1]
[LT−2]

× [MLT−1]
× [MLT−2]
× [ML2T−2]

[ML2T−3]
[ML2T−2]

× [MLT−1]
[L]
[ML−1T−2]
[MT−2]
[T−1]

× 2 [ML2]

× [ML2T−2]

[T−1]
[T−2]

× [ML2T−1]
[ML−1T−2]

× × [ML−1T−1]
[MT−2]
[ML2T−2K−1]

× [AT]
× [MT−2A−1]

[MT−2]
× 2 2 [M−1L3T−2]

[ML2T−1]
× [AT mol−1]

[ML2 T–2 K–1]
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ML T− −1 2

][][
22221111

cbacba TLMPTLMP =
cba

T
T

L
L

M
MPP ⎥

⎦

⎤
⎢
⎣

⎡
⎥
⎦

⎤
⎢
⎣

⎡
⎥
⎦

⎤
⎢
⎣

⎡
=∴

2

1

2

1

2

1

12

M1 = 1 g; M2 = 1 kg

 L1  = 1 cm; L2 = 1 m
 T1= 1 s; T1 = 1 s

a = 1 b = 1 c = 2

P
g

kg

cm

m

s

s
2

1 1 2

76 13 6 980 1
1

1
1

1
1

= × ×
⎡

⎣
⎢

⎤

⎦
⎥

⎡
⎣⎢

⎤
⎦⎥

⎡
⎣⎢

⎤
⎦⎥

− −

.

� � �
�

�


�

�
�

�

�


�

�
�

�
�

�
��

� � � �

76 13 6 980 10
1

10
1

1
1

3 1 2 1 2

. kg

kg

m

m

s

s

= 76 × 13.6 × 980 × [10−3] × 102 

= 1.01 × 105 N m−2

= 6.6 10

SI  

cgs

= 6.6 10

= 

= [ ]M L T− −1 3 2

n n
M

M

L

L

T

T

a b c

2 1
1

2

1

2

1

2

�
�

�


�

�
�

�

�


�

�
�

�

�


�

�
�

=
M

M

L

L

T

T

a b c

1

2

1

2

1

2

⎡

⎣
⎢

⎤

⎦
⎥

⎡

⎣
⎢

⎤

⎦
⎥

⎡

⎣
⎢

⎤

⎦
⎥

1 = 1 = =

2 = 2 = 2 =

a = 1 b = 3 c = 2

= 6.6 10
1
1

1
1

1
1

1 3 2
kg

g

m

cm

s

s

⎡

⎣
⎢

⎤

⎦
⎥

⎡

⎣
⎢

⎤

⎦
⎥

⎡

⎣
⎢

⎤

⎦
⎥

− −

= 6.6 10
1

10
1

10
1
13

1

2

3 2
kg

kg

m

m

s

s−

−

−

−
⎡

⎣
⎢

⎤

⎦
⎥

⎡

⎣
⎢

⎤

⎦
⎥

⎡

⎣
⎢

⎤

⎦
⎥

= 6.6 10 10  106 1

= 6.6 10 dyne cm g

= +

[LT−1] = [LT−1] + [LT−2] [T]

=

 

1
2

2mv mgh=

1
2

2mv

 1 2 2 2= =− −[M][LT ] [ML T ]

mgh

= =− −[M][LT ][L] [ML T ]2 2 2  
2T 2T

1
2

2mv mgh=
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T k
g

k
g

=
⎛
⎝⎜

⎞
⎠⎟

=
1
2

k = 2π

T
g

= 2π

k = 1)

 F  m ν rc

 F = k m ν r

MLT = M LT L

= M L T L

MLT = M L T

T

 a = 1; b + c = 1 -b = -2
 2 + c = 1 b = 2

= = = 

 F = ma νb r c 

 F = m1v2r−1

   F = mv

r

2

1 2 3  

Q Q1 Q2 Q c

Q = k Q1 Q2 Q c

1 2 3 

π

 T  m l  gc

 T = k. m l  gc

1 c

T1 T

M, L T

a = 0, b + c = 0, -2c = 1

a = 0, b = 1/2,  c = −1/2
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2

2
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FPS

CGS

MKS

SI
10kg10kg 10kg10k10kg
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I.  

1

2       

 3     

-1

 
2

24 

2

π
π2

2T-1

2T-3

-1

3T-3

9.  
2

-1

-2

-3

10.  
[AIPMT-2004]

3T-2

-1 3T-2

-1 -3T-2

-3T2
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11.  
-3

12.  

0

-1

-2

-1T0

13.  2
1

00
)(

−εμ

hG

c
3
2

hG

c
5
2

hc

G

Gc

h
3
2

l
k

B

T

n
q

l
nq

k TB

�
2

�

l
k T

nq
B�

�
2

l
q

n k TB

�
2

2
3�

l
q

nk TB

�
2

�

II. 

2

5
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III
1. 

2. 

3. 

4. 

5. 

IV. 

-1

2)
3 )

l)

1
l

F

m

5

(

V. 
1

1

4
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h

2.1
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x, y, z x,y z

2.2

x, y z

2.2
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“
”

“ ”
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7
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ii

y-z x

y z
9

z

y

P1

P2

(y1,z1)

(y2,z2)

x, y z

x, y z

i

x

x

y

x
A B
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2.3.1 

A, A  
'A '

)

ªõ‚ìK¡ â‡ñFŠ¹

 ªõ‚ì˜

2.3.2 

A
��

B
��

)

A

B

0° 180°

) A
��

B
��

2.3
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90°

,̂ ˆi j

k̂

2.3.3 

A
��

B
��

0° )

A

B

 A
��

B
��

180°

A

B

AB

A
��

Â

hat

 ˆ A
A

A
�
�

 ˆA AA�
�

 

,̂ ˆi j k̂
x, y z
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A

B
R

O A N

B

B sin θ

B cos θ

θα

 cos cosθ θ= ∴ =AN

B
AN B  

 sin sinθ θ= ∴ =BN

B
BN B 

ΔOBN  OB ON BN2 2 2= +

 ⇒ = + +R A B B2 2 2( cos ) ( sin )θ θ 

 ⇒ = + + +R A B AB B2 2 2 2 2 22cos sinθ θ θcos

 ⇒ = + +( ) +R A B cos sin AB2 2 2 2 2 2θ θ θcos

 ⇒ = + +R A B AB2 2 2 cosθ
2

   

⇒ = + +R A B AB2 2 2 cosθ  

A
��

B
��

A
��

B
��

θ

 A B A B AB+ = + +2 2 2 cosθ  (2.1)

R A
��

α
Δ

 tanα = =
+

BN

ON

BN

OA AN

tan sin
cos

tan sin
cos

α θ
θ

α θ
θ

=
+

⇒ =
+

⎛
⎝
⎜

⎞
⎠
⎟

−

B

A B

B

A B

1

A
��

B
��

A
��

B
��

A
��

B
��

θ A
��

B
��

R

R

R A
��

R A
��

B
��

OQ OP PQ= +

R = A+B

A

B

P

Q

O

 

www.tntextbooks.in



50

A
��

B
��

°

A
��

B

A60°

7 unit

5 unit

→

→

R A B= +

 

R = A + B

A

α

B

→ → →

→

→

R

 R R= = + + × × °5 7 2 5 7 602 2 cos

 R = + + ×25 49 70 1
2

 109  

R A
��

α

 tan sin
cos

α θ
θ

=
+
B

A B
 (2.2)

tan sin
cos

.α = × °
+ °

=
+

= ≅7 60
5 7 60

7 3
10 7

7 3
17

0 713

 ∴ ≅ °α 35

R

A

α = 35 °

→

→

2.3.4 

A B  

A B  

B

A B

θ
R = A+B

→
→

→
B→

A
180 − θ−B

α1

α2

R = A− B

→
→

→
→

→
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A B  A B A B

2.1

A B A B AB− = + + ° −2 2 2 180cos( )θ

cos cos180° −( ) = −θ θ

 ⇒ − = + −A B A B AB2 2 2 cosθ  (2.4)

  tan
sin

cos
α

θ
θ2

180
180

=
° −( )

+ ° −( )
B

A B
 (2.5)

sin sin180° −( ) =θ θ 

   ⇒ =
−

tan sin
cos

α θ
θ2

B

A B
 (2.6)

A, B  A–B

2.4) 2.6)

A B  

A B
A

A B

2.4)

 A B− = + − × × °5 7 2 5 7 602 2 cos

 = + −25 49 35 = 39   

A A B

   tan sin
cos

α2
7 60

5 7 60
7 3

10 7
= °

− °
=

−  = 7
3

4 041.

 α2
1 4 041= ( )−tan . 76≅ °

2.4
COMPONENTS OF A VECTOR

A x, y, z

2.20

A

ˆˆˆ� � �
�

x y zA A i A j A k
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x y z

y

x

−x

−y

−z

−k

−i
−j

z

∧
∧

∧

x y z

î� ĵ� k̂�

2.4.1 

A B

 ˆˆˆ� � �
�

x y zA A i A j A k

 ˆˆˆ� � �
�

x y zB B i B j B k

x
y z

 � � � � ˆ( )ˆˆ� � � � � � �
� �

x x y y z zA B A B i A B j A B k

 � � � � ˆ( )ˆˆ� � � � � � �
� �

x x y y z zA B A B i A B j A B k

Ax  x A

 Ay y A

 Az z A

A 

 ˆˆ� �
�

x yA A i A j

A x
Ax Ay x y A

 A Ax = cosθ

A Ay = sinθ

‘ ’ A 

A A Ax y= +2 2

y

x
o

A
y 

=
 A

 s
in

 θ

Ax = A cos θ

θ

A

x, y z
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2.5

A 
A A

A A 

ˆ3ˆ2� �
�
A i j 3A

 � �ˆ3 3 2 3 6 9ˆˆ ˆ� � � �
�
A i j i j

3A A

A A

A

A

−4A

4A

→

→

→

F ma  ‘ ’
a 

A B

5 7 ˆˆˆ 4� � �
�
A i j k 6 3 ˆˆˆ 2� � �

�
B i j k 

A B B A A B+ + −, , ,     B A

 
7 4 3 2

11 1

ˆ ˆˆ ˆˆ ˆ(5 ) (6
ˆˆ 0

)
ˆ 2

A B i j k i j k

i j k

� � � � � �

�

�

��

� �

 
ˆ ˆˆ ˆˆ ˆ(6 ) (5 )

ˆˆˆ(6 5)
ˆˆ

3 2 7 4

(3 7) (2 4)

11 10 2ˆ

B A i j k i j k

i j k

i j k

� � � � � �

� �

�

� � � �

� � �

��

 ˆ ˆˆ ˆˆ ˆ(5 7 4 ) (6 3 2 )
ˆ6ˆ4ˆ

A B i j k i j k

i j k

� � � � � � �

� � � �

� �

 4 ˆˆ 6ˆ� � � �
��

B A i j k

A B B A 
A B B A 
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A B C. +( ) = A B A C. .+

)

θ = cos–1
A B
AB

⋅⎡

⎣
⎢

⎤

⎦
⎥

)
0

cos 0 1

( A B⋅ )  = AB

)
180°

cos 180° = 1

( A B⋅ )  = –AB

)
90°

cos 90 0

h

)

A A A AA( ) = ⋅ =
2

cosθ = A2

0°

A A = A A⋅

) n̂
n̂ n̂!  = 1 x 1 x cos 0° = 1

î. î  = ĵ. ̂j = k̂. k̂ = 1
)

î , ĵ k̂)

 i. j j.k k.i 1ˆ ˆˆ ˆ ˆ 1c s9 0ˆ o 0� � � ! � �

p
��  = mv v  

v  

F qE

‘q’
E F

E 
E  

2.5.1 

A B

A B AB⋅ = cosθ 
A B

)

)
� � � �
A B B A. .=

)
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 i) ˆ3ˆ2� �
�
A i j  ˆ5ˆ4� �

�
B i j

 ii) ˆ2ˆ5� �
�
C i j  ˆ5ˆ2� �

�
D i j

) A B. = − = − ≠8 15 7 0

A B

) C D. = − =10 10 0

C D

C D

A→

B

x

→

y

C
→

D

x
→

y

90°

F  
dr

 W F dr.
 W F dr cos  θ

) A
B

 � �( ˆ ˆˆB ) ˆA ˆˆ
x y z x y zA i A j A k B i B j B k! � � � ! � �

� �

 A B. = + +A B A B A Bx x y y z z , 

A A  =A A A Ax y z= + +2 2 2

2 4 ˆˆˆ 5� � �
�
A i j k 

B = ˆ6ˆ 3ˆ� �i j k

A B. A, B 

 A B. = + + =2 12 30 44
A  

A = 4 16 25 45+ + =  

B  

B = 1 9 36 46+ + =  

 θ =
⎛

⎝
⎜

⎞

⎠
⎟

−cos .1 A B
AB

 
=

×
⎛
⎝⎜

⎞
⎠⎟

= ⎛
⎝⎜

⎞
⎠⎟

= ( )

− −

−

cos cos
.

cos .

1 1

1

44
45 46

44
45 49

0 967

 ∴ ≅ °θ 15
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2.22)

A B

C

 C A B= ×  = (AB sin θ)n̂

A B n̂ 
C A B

A

B

C 
2.22

(i) 

2.5.2 

C = A × B

A × B = −(B × A)  

−C = B × A

B

B

A

A

A B A B  
C  

 
� � � � �
C A B A B= × =| || | sinθ n̂       − = ×C B A

2.22
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 A B×( (  = 0

(v) 

sin0 0ˆ� � � �
� � �
A A AA n .

(vi) 

0ˆ ˆˆ ˆˆ ˆi i j j k k� � � � � �
�

(vii) 

,ˆ ˆˆ ˆˆ ˆ  � � � �i j k j k i  ˆ ˆ ˆ� �k i j

k
∧

j
∧

k
∧

j
∧

i
∧i

∧

ˆ ˆˆ ˆˆ ˆ
ˆ ˆ

,  
ˆ
j i k k j i

i k j

� � � � � �

� � �  

(viii) 

ˆˆˆ

� �
��

x y z

x y z

i j k

A B A A A

B B B

A B

C

(ii) 

A B ≠ B A A B = –[B A]
|A B| = |B A | = AB sin θ

A B B A 

(iii) 
sin θ = 1 (θ = 90°) 

� ��
� �
A B ˆ� ABn

(iv) 
sinθ ,= 0  

(θ = 0° 180°) 

C
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� �
� �
� �

ˆ

ˆ
ˆ

y z z y

z x x z

x y y x

i A B A B

j A B A B

k A B A B

� �

� �

� �

ĵ
t̂hi ˆ kth

(ix) A B 

A B – 
A B  

2.23 

A

B

θ

A×B =  A  B sin θ

A×B

A B

1
2

A B

A

B

2
A×B

(i) τ = ×r F

F  r  

(ii) L r p= ×
p

(iii)  v r= ×ω  
 

2 3 ˆˆˆ 5� � �
�
r i j k

3 2 ˆˆ 4 .ˆ� � �
�
F i j k

τ = ×r F

  = 2 3 5
3

ˆˆˆ

2 4
� �

�

i j k

r F
� �

 � � � � � �(12 10 15 8 ˆˆˆ 4 9% � � � � � � � �
�

i j k

 22 7 ˆˆˆ 13% � � �
�

i j k

2.5.3.  

A B 

A B 

 ˆ ˆˆ ˆˆ ˆ� � � � �x y z x y zA i A j A k B i B j B k

A Bx x,   A By y,   A Bz z
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 F  = ma  

 p 0

ˆ ˆˆ ˆˆ ˆ� � � � �x y z x y zF i F j F k ma i ma j ma k

F  = ma

F ma F max x y y, ,  F maz z

 p 0

 0 0ˆ 0ˆˆ ˆˆ ˆ� � � � �x y zp i p j p k i j k

 px = 0,     py = 0,     pz =0

‘T’

5 6ˆ ˆ ˆ ˆ3� � �j Tj j Tj

 5 6 3− = +T T

 − =1 4T

 T = −
1
4

F F F F1 2 3 4+ + =

x y
z

 F F F Fx x x x1 2 3 4+ + =

 F F F Fy y y y1 2 3 4+ + =

 F F F Fz z z z1 2 3 4+ + =

2.6
POSITION VECTOR

r

 �� � �
� � �r xi y j zk

x y z
r ,̂ ˆi j k̂

x, y z 
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2
1 5

3 m

x
y

(1)

(3)

(4)

(2)

ˆˆ2 3� � �
�r i j

2.7

z

x

y

y

x

z

P(x,y,z)

r

P

S

R

rR

rs

rP

rQ

Q

x−x

y

−y

→

→

→

→

3ˆ
Pr i�
�

ˆ5 4ˆ
Qr i j� �
�

2  ˆ
Rr i� �
�

ˆˆ3 6sr i j� �
�
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R
A

= ×  

= × ×2 50π  m = 300π  m
   

≈ 300 x 3.14 ≈ 942 m

2.7.1

r1 = 1 1 1
ˆˆˆ � �x i y j z k 

r2 = 2 2 2
ˆˆˆ � �x i y j z k

�
2 1

2 1 2 1 2 1( ) ( ) ( )

r r r

x x i y y j z z k

& � �

� � � � � �

� � �

� �

km

2 km

km

m
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2.8

)

“t”

‘ t)’
“ ”

y

x

r1

r2

P2

P1

r2 − r1 = Δr 

r2

Δr

r1

y

4

4

P

Q
3

•

•

3

2

2

1

1
0

x

Δ = −
� �� ��r r r2 1

 1
ˆˆ� �

� ir j  2
ˆˆ4 2� �

��
r i j

  � � � �2 1
ˆ ˆˆ ˆ4 2�& � � � � � �

�� ���r r r i j i j

 � � � �4 1 2 1 ˆˆ� � � �i j

 3 ˆˆ�& � �
�r i j

Δ = + =r 3 1 102 2
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y x2 . “ ”
x = 2 

dy
dx

x1 = 2 x2 = 3
y1= 4 y2 = 9

Δ =x 1 Δy = 5

Δ
Δ

y
x

9 4
3 2

5−
−

=

x1 = 2 x2 = 2.5
y1 = 4 y2 = (2.5)2 = 6.25

Δ =x =
1
2

0 5. Δy = 2.25

Δ
Δ

y
x

 = 6 25 4
0 5

4 5.
.

.−
=  

x1 = 2 x2 = 2.25
y1 = 4 y2 = 5.0625

Δ = =x 1
4

0 25. Δy = 1.0625

Δ
Δ

y
x

= 5 0625 4
0 25

5 0625 4
1
4

4 5 0625 4 4 25

.
.

.

. .

−
=

−( )

= −( ) =

‘t’

‘ t)’

t

y y

y

dy
dx

x

dy
dx

 dy
dx

 = lim
Δ →

+ Δ( ) − ( )
Δx

y x x y x
x0

 = lim
Δ →

Δ
Δx

y
x0

Δx Δ →x 0 
Δ
Δ

y
x

dy
dx
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y = x dy/dx=1
y = x2 dy/dx=2x
y = x3 dy/dx =3x2

y = xn dy/dx=nxn-1

y = sinx dy/dx= cosx
y=cosx dy/dx= −sinx
y =  dy/dx= 0

y AB= dy dx A dB
dx

dA
dx

B/ =
⎛
⎝⎜

⎞
⎠⎟

+
⎛
⎝⎜

⎞
⎠⎟

x = A0 + A1t + A2 t2

A0 A1 A2

‘ ’ ‘ ’

dx/dt = 0+ A1+2A2t
d2x/d2t = 2A2 

2.9

x1 = 2 x2 = 2.1
y1 = 4 y2 = 4.41

Δ = =x 0 1 1
10

. Δy = 0.41

 Δ
Δ

y
x

 = 
4 41 4

1
10

10 4 41 4 4 1
.

. .
−( )

= −( ) =

x1 x2 Δx y1 y2

y
x

&
&

2 2.25 0.25 4 5.0625 4.25
2 2.1 0.1 4 4.41 4.1
2 2.01 0.01 4 4.0401 4.01
2 2.001 0.001 4 4.004001 4.001
2 2.0001 0.0001 4 4.00040001 4.0001

Δx
Δ
Δ

y
x

 x = 2 dy
dx

4

Δ →x 0 Δ =x 0
Δ =x 0

Δ
Δ

y
x

y = x2

Δ
Δ

=
+ Δ( ) −

Δ
=

+ Δ + Δ −
Δ

=
Δ + Δ

Δ
= + Δ

y
x

x x x
x

x x x x x
x

x x x
x

x x

2 2 2 2 2

2

2

2 2

 dy
dx

x x x
x

= + Δ =
Δ →
lim

0
2 2
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f a x a f x
f x1 x = x1

f x

y

x

f(x2)
f(x1)
f(a)

f(x3)
f(x)

a bΔx x1 x2 x3

f(b)

A ≈ f x xn n
n

N

( )Δ
=

∑
1

 

N → ∞

A= ( )∫
a

b

f x dx  

N → ∞,  Δ →x 0)

f(x) 

x -

A f a x f x x f x x f x x≈ ( )Δ + ( )Δ + ( )Δ + ( )Δ1 2 3
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I Fdt
t

= ∫
0

1

F (t) t

(s)

(N
)

r1

Δt Q 

r2 .

Δr r r= −2 1.

F x

 
W F x dx

a

b

= ( )∫

t = 0 t = t1
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 vavg  = r r
t

P O−
Δ

 Δt = 5  s

rO 0

10ˆ
Pr i�
�

110 2
ˆ

 ̂
5

i i cm s��vavg  = 
. 

x 

 
� � 	� �5

5
3 141 1�

�
cm cm s cm s.

t
t 

Δt → 0,  

v r
t

dr
dtt

= =
→

lim
Δ

Δ
Δ0

� �ˆˆˆ

ˆˆˆ

dr dv xi yj zk
dt dt
dx dy dzi j k.
dt dt dt

� � � �

� � �

��

dx
dt

vx= =  x

v r
tavg =

Δ
Δ

Δr

r2

r2− r1=Δr

Δr
Δt

r1

P

Q

Vavg =

y

x

y

xPo 10 cm
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ˆ3 ˆ2ˆ5Av i j k� � �
���

ˆˆ 2 ˆ3Bv i j k� � �
���

ˆ5 ˆ4ˆ3Cv i j k� � �
���

A   = 5vA = ( ) + (  ) + ( )22 23 2−   

= 9 25 4 38+ + =  m s-1

B   = vB

���
= ( ) + ( ) + ( )1 2 32 2 2   

= 1 4 9 14+ + =  m s-1

C   = vC

���
= ( ) + ( ) + ( )5 3 42 2 2

= 25 9 16 50+ + =  m s-1

C

50 38 14

�v m s1
110

�v m s2
110

dy
dt

vy= = y 

dz
dt

vz= = z

v

v v v vx y z= + +2 2 2 . 

m s

22 3 ˆˆˆ 5r t i t j k        + −�=

t

t = 2

ˆ2 ˆ6drv i tj
dt

� � �
��

v t t ms( ) ( )= + −2 62 2 1

t = 2

v  (2 s) = 2ˆ 2ˆ1i j�

t = 2

v  (2 s) 

m s

2 12 4 144

148 12 16

2 2

1

= + = +

= ≈ −.

x y
z

z
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5 m s–1

p = mv
10 g

p = 0.01  10 = 0.1 kg m s-1

1 kg
p = 1  10 = 10 kg m s-1

2.10

2.10.1

x

= Δ
Δ

x
t

x x
t t

=
−
−

2 1

2 1

.

p

p mv. 

p = mv

ˆ ˆˆ ˆˆ ˆ� � � � �x y z x y zp i p j p k mv i mv j mv k

px = x- mvx 

py  = y- mvy 

pz z mvz
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x
x

x = 2  5t + 6t2

x t t= − +2 5 6 2

, v dx
dt

d
dt

t t= = − +( )2 5 6 2

 v t= − +5 12
t 0 

= −5 m s−1

x

=

x

v x
t

dx
dtt

= =
→

lim
Δ

Δ
Δ0

= dx
dt

v
dx vdt

x

x

t

t

dx v dt
1

2

1

2

∫ ∫=

t

t

v dt
1

2

∫

t1

t2
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A B

vBA = v vB A = 5 km h−1

B
A 

vAB  = v vA B  5 km h-1

A B
5 km h-1

B
A 5 km h-1

A B VA VB 

VA

⎯ →⎯ ← ⎯⎯
VB

B A

V V V V VAB A B A B= − − = +( )

v A  vB

θ

v v vAB A B= −

2.10.2

A B
B

A
B A

A B
VA VB

VA VB
,

B A
VAB VA VB

_=

A B
VBA VB VA

_=

A B

A
B
35 km h−1 40 km h−1

A B
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V M

��

V R

��

V V VRM R M

�� �� ��
= −

V RM

��

V V VRM R M= +2 2  

θ =
⎛

⎝
⎜

⎞

⎠
⎟

−tan 1 V

V
M

R

θ

40 km h-1

40 km h-1

vAB = v v v vA B A B
2 2 2+ − cosθ

tan β = v
v v

B

A B

sin
cos
θ

θ−

β �vAB  vB  

θ = 0°
vAB= (vA − vB) 

vAB v A 

vBA = (vB − vA) 
vBA vB 

θ = 180°. 
vAB = (vA + vB) 

v A 

vBA = (vB + vA)
vB

θ = 90°
B A 

vAB = v vA B
2 2

vR

−vM

θ vR
vM

vM
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= (36 + 18) km h−1 = 54 km h−1 

= 54 × 5
18

 m s−1   = 15 m s−1

15 =     

12 km h−1

6 km h−1

vs

vr

 vs + vr = 12 (1)

  vs − vr = 6  (2)

2vs = 12 + 6 = 18 km h−1 
vs = 9 km h−1

9 + vr = 12 vr = 3 km h−1

12 km h-1

VAB = 80 km h−1

80 km h−1

VBA = 80 km h−1

80 km h−1

50 km h−1

vBA = vB − vA

= 50 km h−1 + (−50) km h−1 

= 0 km h−1

vAB 

36 km h−1

18 km h−1

90 m
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ii) 

�yx z
dvdv dv

a i j k
dt dt dt

� � �
� � �  = dv

dt

a
dv

dt
x

x , a
dv

dt
y

y , a
dv

dt
z

z

ax, ay,  az, 

a
d x

dt
x

2

2 , a
d y

dt
y

2

2 , a
d z

dt
z

2

2

a

a
d x

dt
i

d y

dt
j

d z

dt
k

� � � �= + +
2

2

2

2

2

2  = d r

dt

2

2

dv

dt
a dv adt  

v adt
t

t

= ∫
1

2

t1 t2 

i) 

ii) 

Δt = (t
2
– t

1
)

v1 v2

Δt = (t
2
– t

1
)

a
v v

t t

v

t
avg =

−
−

=2 1

2 1

Δ
Δ

v&
�

t

Δt 

a = lim
Δ

Δ
Δt

v

t→0
 = dv

dt

t

(i) SI 
ms−2 M0L1T−2
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x

x

x

40 m s-1

t = 55

0 40 

O 
x

C D 
x

0 10 

= 1
2

10 60 300 m

= 60 × 5 = 300 m

x-

0 55

0 40

t = 5 t = 20 

O A 0 10 

t = 0

x
0 10 

dv

dt

0
10

10 15 
60 m s–1 
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23 5 ˆˆ ,ˆ 4r t i tj k� � �
�

t = 3

t = 3

t = 3

ˆˆˆdr dx dy dz
v i j k

dt dt dt dt
� � � �
��

� � ˆˆ6 5v t ti j� �
�

v tx 6
vy 5

t = 3

� � ˆˆ3 18 5v i j� �
�

t = 3  

v m s= + = ≈ −18 5 349 18 682 2 1.
2

2
ˆ6d r

a i
dt

� �
��

x

t = 3

6ˆa i�
�  

g = 9.8 m s−2

= 1
2

15 60 450× × = m

= 1
2

10 40 200× × −( ) = − m

x 200 m 

0 40 

 300 m + 300 m + 450 m − 200 m  
 = +850 m.

= 300 + 300 + 450 + 200 = 1250 m.

= v v

t t
2 1

2 1

 

v2 = 60 m s-1 v1 = 0

a = 
60 0
10 0

6 2m s 

v2 0  
v m s1

160 . t = 20

a = 0 60
30 15

4 2m s
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a

)

v
ds

dt
  ds vdt

v u at= + ,

 ds u at dt= +( )
t = 0

‘t’
‘s’

0 0

s t

o

t

ds udt at dt∫ ∫ ∫= +   21
2

s ut at= +
 (2.8)

a
dv

dt

dv

ds

ds

dt

dv

ds
v

ds/dt = v s

a
d v

ds
=

( )1
2

2

 

ds
a

d v
1

2
2( )  

u v
0 s

m

y

x

y 

� �ˆ ˆa g j gj� � � �
�

y

'g'

(a = g)
 

2.10.3 

‘a’

t = 0
u t

v

)

a
dv

dt
=  dv = a.dt

0
t

u v

dv = a dt = a dt

    
u

v

0

t

0

t
t

∫ ∫∫ ⇒ [ ] = [ ]

− = = +

v a t

v u at or v u at
u

v

0

( )      → ( . )2 7
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‘g’

h

h

x

y

‘m’ ‘h’

y

ˆ=
�
a gj

a a a gx z y= = =0 0, ,

a a gy = =  

0

21
2

s

u

v

ds
a

d v∫ ∫= ( )

∴ = −( )s
a

v u
1

2
2 2

 ∴ = +v u as2 2 2  (2.9)

‘u’
‘v’

 at v u= −

 s ut v u t= + −( )1
2

 s
u v t

=
+( )
2

 (2.10)

v u at= +

s ut at= +
1
2

2

v u as2 2 2= +

s
u v t

=
+( )
2
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h

h

y = h

 v ghground 2  (2.19)

h

h

h

10 m

g = 10 m s−2

T
h

g

×
s s= = = ≈

2 2 10
10

2 1414.  

‘u’ y

t

 v u gt= +  (2.11)

t

 y ut gt= +
1
2

2  (2.12)

‘y’

 v u gy2 2 2= +  (2.13)

y

u = 0

 v gt  (2.14)

 y gt
1
2

2  (2.15)

‘y’

 v gy2 2  (2.16)

t=T

 h gT
1
2

2 (2.17)

y = h

 T
h

g

2  (2.18)
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d

v gh

m s m s

� � � �

� 	� �

2 2 10 10

200 14 141 1.

‘g’

‘t’
u 0

‘g’

 s ut at= +
1
2

2

u s d a g0, ,
y

www.tntextbooks.in



81

ii

‘m’ ‘u’

y

a = –g, ‘g’ 
‘y’ 

 v u gt= −  (2.20)

 s ut gt= −
1
2

2 (2.21)

y

 v u gy2 2 2= −  (2.22)

 d gt
1
2

2

g = 9.8m s–2 

d

= d − d

= 
d − d

d

= 
d − d

d  × 100

d
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i

ii)

i)

ii)

i)

ii)

iii)

2.11.2

h 

u

u

54 km h−1

 225 m

v = 0

 u m s m s� � �54 5
18

15�1 �1

 s = 225 m 

v u a2 2 2= − s

0 = (15)2 – 2a (225)

450 a = 225

a � m s�1
2

2

= 0.5 m s –2

2.11
PROJECTILE 

MOTION

2.11.1
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‘t’

 x u t atx= +
1
2

2

x a

 x u tx  (2.23)

uy = 0 
a = g 

y
s = y

y u t aty= +
1
2

2 ,

 y gt
1
2

2 (2.24)

 (2.23)  ‘t’
(2.24) 

y g
x

u

g

u
x

x x

= =
⎛

⎝
⎜

⎞

⎠
⎟

1
2 2

2

2 2
2

y Kx2 (2.25)

K
g

ux

=
2 2

h

T

t 

x (t) = x

y (t) = y

x y

ux

uy

‘x’ 

y = h

O

P

A
x

u
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s u t atx x= +
1
2

2

sx = R
ux = u, a = 0

‘T’
uT

h

g

2

R u
h

g

2

u

g

t

x y

uO

P

A

vy

vx

v(t)
β

s u t aty y= +
1
2

2

sy = h, t = T, uy = 0 

a = g 

h gT
1
2

2 T= 2h
g
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T = 2h
g

  

vx= u

v gT g
h

g
ghy � � �

2 2

v u gh= +2 2

2.11.3

x

v u a tx x x= +

ux = u, ax = 0

 vx = u → (2.26)

y

v u a ty y y= +

uy = 0, ay = g 

 vy = gt → (2.27)

 ˆˆv ui gtj� �
�

v v vx y= +2 2

v u g t= +2 2 2
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sx = x, ux = u cosθ, ax = 0

x u t= cos .θ t x
u

=
cosθ

 (2.28)

t
vy = uy+ ayt

uy= u sinθ, ay = –g

vy = usinθ – gt (2.29)

t

s u t a ty y y= +
1
2

2

sy = y, uy = u sinθ, ay = −g

 y u t gt=  − sinθ 1
2

2
 (2.30)

t

 y = usin x

ucos
 − 1

2
 g x

u

2

2 2cos

 y = x  tan θ − 1
2

 g x

u

2

2 2cos
  (2.31)

hmax

hmax

v u a sy y y

2 2 2= +

vy = u sinθ, ay = −g, s = hmax, 
vy = 0  

θ

u 

ˆ
xu u i�

�  + ˆ
yu j

u ux = cosθ
uy  u sin θ

uy

uy 0

x

ux = u cosθ

t
vx = ux+ axt 

ax = 0 vx = ux = u cos θ

t

s u t a tx x x= +
1
2

2

y

u sin θ

u cos θ
θ

u

O

P

hmax

A

B x
C
R

xy
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(u)
sin2

(g)
sin2

sin2  = 1 
 2 2θ π= /  

θ π
=

4
 

°

R
u

g
max

2

“ ”

 0 22 2 2( ) = −u ghsin maxθ

 (  h u

g
max

sin
=

2 2

2
θ  (2.32)

Tf 

s u t a ty y y= +
1
2

2

sy = y = 0 y

uy = u sinθ,  
ay = −g, t = Tf 

0 = u T gTf fsinθ −
1
2

2

T u
g

f = 2 sinθ

R =
u Tfcosθ ×

 R u
u

g
u

g
= × =cos

sin sin cos
θ

θ θ θ2 2 2

 ∴ =R
u

g

2 2sin θ   (2.33)
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30 m s–1 300 

75 m

g = 10 m s−2

75m

 R
u

g
=

2 2sin θ

u m s30 1

 θ = °30

10 m s–1

4

g g
1
6

)

 R
u

g
=

2 2sin θ

 θ π= /4

 v m s-1
0 10�u =

R =
( )

=
10 2

9 8
100 9 8

2 sin
.

/ .
π /

 R m=10 20.  )

g
g

=
6

R
u

g
=

2 2sin θ

 =
v

g
0

2 2
6

sin
/

θ

R  6R

R � � �6 10 20 61 20. .  

m)
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360°
360°
2

360° = 2 rad

1 rad = 180
π

 degree

1 rad ≅ 57.2950

θ

2

θ π π
= =

2
12 6

rad = °180 ,  
π
6  rad = 30°

= 30°

 R
sin

m=
( ) × °

=
×

=
30 60

10

900 3
2

10
77 94

2

.

2.11.4
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(θ)
s (AB) r

θ =
S

r
,  S r= θ

( )

t θ

ω θ
=

→Δ

Δ
Δt

lim
t0  = 

d

dt

(rad s−1).

ω

r

(α )

α ω
=

d

dt

π

≈ 22
7

π

2.11.5
O 

r
t = 0 

A t
B

O

θ

v2

r2

r1

v1

B

AO

∠ =AOB θ
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v

r

 v r= ×ω  (2.39)

ω
r  

r

 dv

dt

rd

dt
r= =

ω α  (2.40)

dv

dt
at

d

dt
 

 a rt = α  (2.41)

at

r

Δt

Δs  

Δθ

rΔθ

Δs

Δθ Δs  

 Δ Δs r= θ  (2.35)

tΔ  

 Δ
Δ

Δ
Δ

s

t
r

t
=

θ  (2.36)

Δt → 0,

 ds

dt
r= ω (2.37)

ds

dt
v

 v r= ω (2.38)
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v

v

v

v
v

r

o

r

r

r

r

Δv
Δt

v1

a=

a

aaa

a

a a v2

Δv
v1

r

o

v
at

2.11.6
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a r= −ω2

ac at)

aR

θ

at

ac

r

0

aR

aR

v2

v2

Δv

Δr

r1

r2
θ θ

θ
v1

v1
r2

r1

t  

 r r r1 2  
 v v v1 2

r1  r2

Δr r r= −2 1

v1  v2

Δv v v= −2 1  

Δ Δr

r

v

v
= −  = 

Δv 

Δ
Δ

v v
r

r
= − ⎛

⎝
⎜

⎞
⎠
⎟

a
v

t

v

r

r

t

v

r
= = ⎛

⎝
⎜

⎞
⎠
⎟ = −

Δ
Δ

Δ
Δ

2

v r= ω
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v

r

2

aR = a
v

r
t

2
2 2

+
⎛

⎝
⎜

⎞

⎠
⎟

 tanθ =
a
v

t
2
r( )

10 m

v t3 t v
m s−1

t = 2

t = 2

v t m s= = −3 6 1

t = 2

a
v

r
m sc = =

( )
= −

2 2
26

10
3 6.

a
dv

dt
m st = =  −3 2

tan
.

.θ = = =
a

a
t

c

3
3 6

0 833

θ = −tan 1(0.833) = 0.69 radian
   θ = × ° ≈ °0 69 57 17 40. .

vc vc

vs  

vc

vs  

� � �
v v vc s= +  

vc

vs  

� � �
v v v c s= −
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α = −0 2 2. rad s

5

t = 5 

ω0 0=

θ ω α= +0
21

2
t t

1
2

2 10 25 2 51 . rad

 θ = × ° ≈ °2 5 57 17 143. .

α

0 t

.

 

s

v

a

u

0

v u at= + ω ω α= +0 t

s ut at= +
1
2

2 θ ω α= +0
21

2
t t

v u as2 2 2= + 2
0
2 2 3

s
v u t

=
+( )
2

θ
ω ω

=
+( )0

2
t
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 A  = A A A Ax y z= + +2 2 2

ˆˆˆr xi yj zk� � �
�

A B AB. cos= θ
A
��

B
��

)

� �si ˆnA B AB n3� �
� �

n^

� �
v

r

t
=

Δ
Δ

� � �
v r

t
dr
dtt

= =
→Δ

Δ
Δ

lim
0

p mv
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a
v v

t t

v

t
avg =

−
−

=2 1

2 1

Δ
Δ

a = 
Δ

Δ
Δt

v
t→

lim
0

�
 = dv

dt

θ =
s

r
ω θ

=
d

dt
v r= ×ω

a
v

r
c =

2

-   ω2r-  
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Range(m)

Time(s)
Height(m)

,

www.tntextbooks.in



99

1.

z

zx

xy

y

(a) (b)

zz
x

x y

y
(c) (d)

2.

(a) ˆî j�  (b) 
ˆ

2
i

(c) 
ˆˆ
2
j

k �  (d) 
ˆˆ

2
i j�

3.

(a) 
(b) 
(c) 
(d) 

4. m1 m2

h1 h2

(a) h

h
1

2

 (b) m h

m h
1 1

2 2

(c) m

m

h

h
1

2

1

2

 (d) m

m
1

2

5.

(a) 
(b) 
(c) 
(d) 

6.
2ˆ2 9ˆv i t j k� � �

�� t = 0.5 

(a) 1m s–2 (b) 2 m s–2

(c)  (d) –1 m s–2

7.

(a) 77.3 m (b) 78.4 m
(c) 80.5 m (d) 79.2 m

8. v

t
v – t 

v

t

(a)  

v

t

(b)
v

t

(c)  

v

t

(d)
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9.

‘t’

(a) 1 (b) 2
(c) 4 (d) 0.5

10.

y

x
(a) (b)

y

x

(c) (d)

y

x

y

x

11. xy

(a) +y 
(b) +z 
(c) –z 
(d) –x 

12.

(a)  

(b)  

(c)  

(d)

13. u

(a) u

g

2

2
 (b) u

g

2

(c) u

g2
 (d) 2u

g

14. 30° 
60°

R
300 R

600

(a) R
300  = R

600

(b) R
300  4

600R

(c)R
300  = 

R
600

2
(d) R

300  =2 R
600

15. 50 m

2

(a) g = 20 m s–2   (b) g = 25 m s–2

(c) g = 15 m s–2  (d) g = 30 m s–2

 1) d 2) d 3) c 4) c 5) a
 6) a 7) b 8) c 9) a 10) a
 11) c 12) d 13) d 14) a 15) b

1. 

2. 
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6. 

7. 

1. 
1m. x 30°

x
y

l lx y

3
2

0 5, . )

2. 1
ˆˆ3 4r i j� �

�   

2
ˆˆ 2r i j� �

�

Δr( )
r1, r2 

r&
�

& � � �
� ˆˆ2 2r i j)

3. 

1
ˆˆ5 6r i j� �

�   

2
ˆˆ2 3r i j� �

�  

� �� � �
� 3 ˆˆ

5avgv i j )

4. r ˆ3ˆ 2i j� �

� ��
�

ˆˆ
ˆ

3 2

13

i j
r )

5. 

ˆ4 2  ˆˆA i j k� � �
�

  ˆ5 3 4ˆ ˆB i j k� � �
�

ˆˆ ˆ5 21 22i j k� � )

3. 

4. 

5. 

6. 

7. 

8. 
9. 
10. 

11. 
12. 

13. 
14. 

15. 

1. 

2. 

3. 

4. 

5. 
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9. 

vx

vy

)

vx

vy

10. 

v

4

2
v

g

�
)

11. 

g

6. 

θ = 45°)

7. 

a c v

a c

a c

8. x

2

1

1 2 3 4 5 6 7
t(s)

�1

4

�2

V(m s-1)

1.75 m
–1.25 m)
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θ = °15 π
12

)

16. 30° 

5 m s−1 

= 0.318 m 
 = 2.21 m

17. 20 m s-1 

30°

40 m 

)

18. 100 m
10 m s−1 

R = 45 m)

50 m
75 m
90 m
95 m

12. 

a) 30° b) 45°
c) 150° d) 120°

θ = °150 )

13. 

a) ˆ ˆ ˆTj mgj maj� �  

b) T F A B+ = +

c) T F A B− = −   

d) ˆ ˆ ˆTj mgj maj� �

(a) T mg ma− =  
(b) T F A Bx x x x+ = + ; Ty + Fy = Ay 
+ By Tz + Fz = Az + Bz)

14. 3ˆˆ5A i j� �
�

, 6ˆˆ4B i j� �
�

15. 
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21. 

13°3ʹ)

22. m
 α = −0 2 2. .rad s  

0.9 rad   51°)

19. 12
�

rad s–1

t = 0
A

4

30°)

20. x y 

z

a)  

b)  

c)  

(a) 
� ��

�
ˆ

2ˆ5

2

î j
k  (b)

� ��
�

ˆ
3ˆ4

2

î j
k   

(c) ( )

 1.  Charles Kittel, Walter Knight, Malvin Ruderman, Carl Helmholtz and Moyer, 
Mechanics, 2nd edition, Mc Graw Hill Pvt Ltd,

 2. A.P.French, Newtonian Mechanics, Viva-Norton Student edition

 3. SomnathDatta, Mechanics, Pearson Publication

 4. H.C.Verma, Concepts of physics volume 1 and Volume 2, Bharati Bhawan Publishers

 5.  Serway and Jewett, Physics for scientist and Engineers with modern physics, Brook/
Coole publishers, Eighth edition

 6. Halliday, Resnick & Walker, Fundamentals of Physics, Wiley Publishers, 10th edition
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https://phet.colorado.edu/sims/html/projectile-motion/latest/
projectile-motion_en.html 
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3 )

3.1
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3.2

3.1 

3.2.1  
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3.3 

3.4 

3.2 
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3.2.2  

F
dp

dt

p mv

3.5 

a

3.6 

1 2
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F
d mv

dt
m

dv

dt
ma�

� �
� �

F ma

F
��

a

-2

3.7 
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3.2.3  

 (F21),

(F12)

F F12 21� �

3.8 

(a) (b) (c)

A B

05101520 N

B

20151050N
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3.2.4  

F ma

ˆˆ
x yF i F j F� � ˆ ˆˆˆ

z x y zF k ma i ma j ma k� � �

F max x

a
x x

F may y

a
y y

F maz z

a
z z

Fz

ay ax

F t ma t� � � � �
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3.9

F
v

3.9 (b) 

3.9 

V

F

3.9 
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F m
d r

dt

2

2

m
dv

dt
= 0

v =

ma F   dp

dt
F

 F F F Fn1 2 3, , ….  

F
��

net,

F
��

net,

F F F F Fnet n= + + +…+1 2 3

3.10 

F1

F1 + F2 = Fnet

F2

Fnet

F manet

ெவ�ட� k�த


3.11 

 

a
d r

dt
�

5

6
7

8

9
:

2

2 ,

3.3

3.3.1 
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3.2

F=ma

a
F

m
m s= = = −5

2 5
2 2

.

a
F

m
m s= = = −5

100
0 05 2.

 

 

 

N
(Free body diagram)

(Book)

mg

த��த ெபாr� vைச�பட�

p�தக�
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F F F1 2 3, ,

F1

F2

F3

F1

F1 
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ˆT Tj�
�

� �ĵ

F F Tnet g� � = � �ˆ ˆ ˆmgj Tj T mg j� � � �

F manet

a 0)
F manet 0

� � ˆ 0� �T mg j

T mg = 0

T= mg

=
= m s

T = 0.4 × 9.8 = 3.92 N

a

a

x

y

ĵ

î

y

y

� �ˆ ˆ
gF mg j mgj� � � �
�

mg

� �ĵ� y
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A B C

3

mg mg mg

T

A
B

C

T T

3

(mg cosθ, mg sinθ) 

mg

mg

CA

T

T

T

B

Fnet
Fnet

Fnet

mg

mg c
os

θ

mg cosθ

mg sinθ mg s
inθθ θ

v�

23 5 7 .ˆˆˆ� � �
�
r ti t j k  

 v  = � � � � � �2 ˆˆˆ3 5 7dr d d d
t i t j k

dt dt dt dt
� � �
�

ˆˆ3 10� �
�

dr
i tj

dt

2

2 0ˆ1� � �
� �� dv d r

a j
dt dt

y

y

x

z

x z
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y

x

(N)

(mg)

N

mg

x

y

T= mg 
cosθ
T mg cosθ 

t = 0 sec   t = 1 sec   t = 2 sec t = 3 sec

y

x

ˆ .ˆˆ� � �
�

x y zv v i v j v k

vZ = 0

vx vy 

= 0 = 3
y

y

vy

y

y

x
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(mAg)

B

A

mAg

NB

A � mt ெசய
ப�� vைச

(mBg)

A)

C

B

mBg

NC

NA

B � mt ெசய
ப�� vைச

ˆ� �
�

gF mgj

ˆ�
�

N Nj

  ˆ ˆ�� �
�

netF mgj Nj

a 0

F manet )

)ˆ 0� � �mg N j

� � �mg N 0
N mg

1 8 ˆˆ5ˆ 7� � �
�
F i j k 2 4 ˆˆ3ˆ 3� � �

�
F i j k

F manet

F F Fnet � �1 2 .

a
F

m
net

� � � � � � ˆˆ 7 3ˆ5 3 8 4� � � � � �
�

netF i j k

4 ˆ10ˆˆ8� � �
�

net
F i j k

ˆˆˆ8 4 10
2 2 2

5 8 5 8 5 8� � �7 : 7 : 7 :
6 9 6 9 6 9

�
a i j k

4 2 ˆˆˆ 5� � �
�
a i j k
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n

r)

c)

c

B)

table

C

mCg

Ntable

NB

C � mt ெசய
ப�� vைச

 3 . 12
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c

mcg)

Fr
' )

F
h
)

Fr
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mcg

Fh

���

m mh c)
Fr

வ��  +  ktைர
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h c
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 3.12 

m

sh

L

a

mg sin
mg cos

θ

y

y

cos ˆ ˆmg j Nj3� � = 0

N mg� �cos3 0

N mg� cos3

mg cos

3. 13

y ut gt= − 1
2

2

a
d y

dt

2

2 a
dv

dt

 

v
dy

dt
= u gt

= mv =m(u-gt)

a
dv

dt
g� � �

F ma mg� � �

y

3.3.2 
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v sg sin= 2  θ

3.3.3 

1 2  

1 2

ˆ ˆsinmg i mai3 �

mg masin3 �

a g sin=  θ

θ 

θ = 90° a = g

v2 = u2 + 2as 

a = gsin θ 

3.13 θ2

θ 
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14. 

 15,000 N

15. 

μk = 0.7 
 11.71 ms-1

 1.  Charles Kittel, Walter Knight, Malvin Ruderman, Carl Helmholtz and Moyer, 
Mechanics, 2nd edition, Mc Graw Hill Pvt Ltd,

 2. A.P.French, Newtonian Mechanics, Viva-Norton Student edition

 3. SomnathDatta, Mechanics, Pearson Publication

 4. H.C.Verma, Concepts of physics volume 1 and Volume 2, Bharati Bhawan Publishers

 5.  Serway and Jewett, Physics for scientist and Engineers with modern physics, Brook/
Coole publishers, Eighth edition

 6. Halliday, Resnick & Walker, Fundamentals of Physics, Wiley Publishers, 10th edition
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mx2

my2

I myX � N 2 I mxY � N 2

Iz

I I IZ X Y� �
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5.4.6

M = 3 kg

l = 80 cm = 0.8 m

I Mrod
1
12

2 Irod � � �� � � �
1
12

3 0 8 1
4

0 642. .

I kgmrod 0 16 2.

M = 5 kg R = 10 

cm = 0.1 m

I MRC
2
5

2

I I Mdsph C� � 2

d = 40 cm + 10 cm = 50 cm = 0.5 m

I MR Mdsph � �
2
5

2 2

Isph � � �� � � �� �2
5

5 0 1 5 0 52 2. .

Isph = × + × = +( . ) ( . ) . .2 0 01 5 0 25 0 02 1 25
I kgmsph 1 27 2.

I MRC
1
2

2
d = R

I MR MR MR� � �
1
2

3
2

2 2 2

I � � �� � � � � �
3
2

3 0 5 1 5 3 0 5 0 52. . . .

I kgm1 125 2.

(ii)  

I

I I IZ X Y� �

I I IX Y I MRZ

1
2

2

I IZ 2 I I1
2 Z

I MR MR� � �
1
2

1
2

1
4

2 2

I � � �� � � � � �
1
4

3 0 5 0 25 3 0 5 0 52. . . .

I kgm0 1875 2.
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g = 10 m s-2

m1

R

m2

1

R

2

1 = = × -3 =

2 = = × -3 =

= = × -2 =

2

1 1

2

T

R

N

m1g

m1

1

I
I = Irod + (2 × Isph)

= (0.16) + (2 × 1.27) = 0.16 + 2.54 = 2.7kgm2

5.5.
ROTATIONAL 

DYNAMICS)

5.5.1 

% ?� I

I

www.tntextbooks.in



244

2
 K R

2 2

5 67
8 9:

= 
M

= 

1 12
2

M
	

	 12
1 3

2
M
	

	 3

= 
M

 
= 

= 
b

1 12
M

b
(

)
	2

2
�

(
)

	
122

2
�

b

= 
M

= 
R

M
R

2
R

2
2

M
R

2 �
�R

1 2M
R

2
1 2

5 67
8 9:R

1 2
3 2M

R
2

3 2
5 67 7

8 9: :R
3 2

1 2
M

R
 

1 √2
R 

1 2 

3 2
M

R
 

 
R 

  
3 2 

1 4
M

R
 

1 2
R 

1 4 

5 4
M

R
 

R
  

5 4 
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M
R

 
R

M
R 2

+
12

 
	2

R 2
+

12
 
	2

1 2
M

R
 

1 √2
 

1 2 

M
R 4

+
12

 
	2

R 4
+

12
 
	2

2 3
M

R
 

R
2 3 

5 3
M

R
 

 
R 

 
5 3 

2 5
M

R
 

R
  

2 5 

7 5
M

R
 

R
  

7 5 
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m g m K a
R

m a2 1
2

2 2�� � �

m g m K a
R

m a2 1
2

2 2� � � �

m g m K
R

m a2 1

2

2 2�
5

6
7

8

9
: �

�

�


�

�
�

a m

m K
R

m
g�

5

6
7

8

9
: �

�

�


�

�
�

2

1

2

2 2

K
R

2

2

5

6
7

8

9
:

K
R

2

2
1
2

a m
m m

g�
5
6
7

8
9
: �

�

�


�

�
�

2

1
22

a m
m m

g�
�J K

2
2

2

1 2

a �
�
�J K �

2 0 1
0 5 0 2

10.
. .

= 
0 2
0 7

10.
.

a ms� �2 857 2.

5.5.2 

% �
dL
dt

% � 0 L =

L I� G

1

1

? �5
6
7

8
9
:

a
R

 

R T I� ? R T m K a
R

� � �1
2

T m K a
R

� � �1
2

2

2

2

T

m2g

m2am2

m g T m a2 2� �
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I

I Ii i f fG G� I

I
I

5.27
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dW Fds=

ds r d� 3

 dW = F ds; dW = F r dθ

dW d= τ θ

dW Fds=

5.5.4 

i i 

i i

KE m vi i i

1
2

2

I Ii i f fG G�

I Ii iω ω= 1
3 i f

I If �5
6
7

8
9
:

1
3

G Gf � 3
i

5.5.3 
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KE I
I

I
I

� �
� �1

2
1
2

2 2 2
G G

KE L
I

2

2

KE I�
1
2

2G

I MR2

I kgm� � � � �9 3 9 9 812 2

G
�

� �
� �240 240 2
60

1rpm rads

KE � � �
�5

6
7

8
9
: � � �� �1

2
81 240 2

60
1
2

81 8
2

2�
�

KE � � � �� � � �� �1
2

81 64 25922 2
� �

KE J≈ 25920 �� � 	
2 10

5.5.5 

P dw d dw d )= = =
dt dt

τ θ τ θ(

KE m r m ri i i i i� � � � � �1
2

1
2

2 2 2G G

KE m r� � �N1
2

2 2
i i G

m ri i
2

I m ri i� T 2

KE I�
1
2

2G

KE Mv1
2

2

L I� G

KE I�
1
2

2G

G

mri
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5.6.1 

π

π

P � %G

P Fv=

5.5.6 

θ

v dx

dt
G �

d

dt

3

a dv

dt
? �

d

dt

G

=

Δ = Δ τΔ = Δ

=

KE mv1
2

2 KE I�
1
2

2G

5.6
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CM

TRANS  CM

TRANS

TRANS

ROT ROT = r 

ROT 
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TRANS CM ROT

v = R ω

CM

CM

Q

2vCM

vCM

P

P ′

TRANS ROT

TRANS

ROT

TRANS ROT

TRANS ROT

TRANS ROT

TRANS ROT
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ROT TRANS 

k

vROT vTRANS

fk v

TRANS

ROT

CM

5.6.2 

μ

CM TRANS ROT
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TRANS

CM
-1

ω -1

ROT = ω

= × 

=

CM > Rω TRANS >Rω

5.6.3 

TRANS

ROT

KE KE KETRANS ROT� �

CM

CM

ω

KE Mv ICM� �
1
2

1
2

2 2
CM G

CM CM

CM TRANS ROT

TRANS ROT

k

vROT vTRANS

fkv

-1

-1
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KE KE KETRANS ROT� �

KE Mv Mv K
� �

5

6
7

8

9
:

1
2

1
2

2 2
2

2CM CM
R

KE Mv K
R

� �
5

6
7

8

9
:

1
2

12
2

2CM

1
2

1 1
2

1
2

2
2

2
2 2

2

2Mv K
R

Mv Mv K
CM CM CM

R
�

5

6
7

8

9
: � �

5

6
7

8

9
:

KE KE KE K
R

K
TRANS ROT: : :: : :1 1

2

2

2

2�
5

6
7

8

9
:

5

6
7

8

9
:

R

KE KE K
TRANS ROT: :: :1

2

2R

5

6
7

8

9
:

K2

2
2
5R

KE KETRANS ROT: :: :1 2
5

KE KETRANS ROT: :: :5 2

5.6.4. 

θ

θ

KE Mv MK v
� � � �1
2

1
2

2 2
2

2CM
CM

R

KE Mv Mv K
� �

5

6
7

8

9
:

1
2

1
2

2 2
2

2CM CM
R

KE Mv K
R

� �
5

6
7

8

9
:

1
2

12
2

2CM

KE Io�
1
2

2G

o

I I MRCMo � � 2 I MK MRo � �2 2 
v

cm
ω ω = 

v
R
cm

MK MR v
� �� �1
2

2 2
2

2
CM

R

KE Mv K
R

� �
5

6
7

8

9
:

1
2

12
2

2CM
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a
g sin

K
R

�
�

5

6
7

8

9
:

3

1
2

2

v u as2 2 2� �

u = 0

s h
sin

�
3

v
g sin

K
R

h
sin

gh
K
R

2
2

2

2

2

2
1

2

1
�

�
5

6
7

8

9
:

5
6
7

8
9
: �

�
5

6
7

8

9
:

3
3

v gh
K
R

�
�

5

6
7

8

9
:

2

1
2

2

v u at� �

u = 0

t v
a

t
gh
K
R

K
R

g sin

2

1
1

2

2

2

2

t
h K

R
g sin

�
�

5

6
7

8

9
:2 1

2

2

23

mg sinθ

f
h

s

R

N 

mg cosθ mg

θ

θ

θ

mg sinθ

mg sinθ

Rf I� ?

a = r , I = mK2,

Rf mK a
R

; f ma K
R

= =
⎛
⎝⎜

⎞
⎠⎟

2
2

2

mg sin3 ma K
R

ma�
5

6
7

8

9
: �

2

2

mg sin ma ma K
R

3 � �
5

6
7

8

9
:

2

2

a K
R

g sin1
2

2�
5

6
7

8

9
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t
h K

R
g sin

�
�

5

6
7

8

9
:2 1

2

2

23

R

,
1
2
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3
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5
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1.  

(b)  

(a)  -2 

(b)  -2

(c)  -2

(d)  -2

2

(a) 

0
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1 2

1
4

I I

1
8

I
1
2 I

a

b 

1
2

2
2I

I I
b

a b�� �
G

I

I I
b

a b

2
2

�� �
G

I I

I I

b a

a b

�� �
�� �

2
2G

1
2

2I I

I I
b b

a b�� �
G

θ

2 2

2 2

4
3

gh
10
7

gh

2gh
1
2

gh

vo

vo

2 vo vo

1) 2) 5)

7)

11) 12) 15)
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1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

1. 

2. 

3. 

4. 
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5. 

6. 

7. 

A., B., C, 

8. 

1. 
-1 

2. 2

3. 

π -1 π
-1

θ

1
12

2 2M sin θ )

-1

-1

-

27 -10 

-36 2

× −

d

-
)
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0.1

0.1 

https://phet.colorado.edu/en/simulation/torque
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1.  [P + a

V
V b RT2 ][ ]� �  

a  b
P

V

a / V2

b 

[a] = [ ] [V2] = [ML−1T−2] [L6]
 � �[ ]ML T5 2

[b] = [V] = L3

2. (P�5 6 1 2 1 3/ / / )U E

P 
E

= [ML 1 2T ]
= [ML 3]

= [ML2 2T ]

 = [ML 1 2T ] 5 6 3 1 2/ /[ ] [ML ML2 2 1 3T ] /

 
�

� �

� � � � � �M L T

M L T T

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

0 0 1

/ / / / / / / /

[ ]

3.  [E]
[L] [T]

 
 [E], [L] 

[T]

=

=

=

=

×

[m]

 = 
[ ]

[ ][ ]
[ ]

]]
E

LT L

E

L T
EL T− −

−= =2 2 2
2 2

 1

 1
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4. Q x, y, z

Q = x y

z

2 3

1 .
 

x, y
z

Q = x y

z

2 3

 

&x

x
� 2% &y

y
� 3% &z

z
�1%

 &Q

Q
� 2 &x

x

5
6
7

8
9
: � 3 &y

y

5

6
7

8

9
: �1

&z

z

5
6
7

8
9
:  

 = 2(2%) + 3 (3%) + 1(1%)

 &Q

Q
� 4% + 9% + 1% = 14%

5. 
(4 ± 0.03) kg ± 0.01) m

m = 4  0.03 kg
V = 5  .01 m3

= ?

= × =0 03
4

100 0 75. . %

= × =0 01
5

100 0 2. . %
 

=

 =

 = 0.75% + 0.2% = 0.95 %

6. 
2.36 cm, 

2.27 cm, 2.26 cm, 2.28 cm, 2.31 cm, 
2.28 cm 2.29 cm

2.36 cm, 2.27cm, 
2.26 cm, 2.28 cm, 2.31cm, 2.28 cm
2.29 cm 

l  = 

2 36 2 27 2 26 2 28 2 31 2 28 2 29
7

. . . . . . .

 16 05
7
.  = 2.29 cm

 

&
&
&
&

l

l

l

l

1

2

3

4

2 29 2 36 0 07
2 29 2 27 0 02
2 29 2 26 0 03

� � � �
� � �
� � �

. . .
. . .
. . .

�� � �
� � � �
� � �
�

2 29 2 28 0 01
2 29 2 31 0 02
2 29 2 28 0 01
2

5

6

7

. . .

. . .

. . .
&
&
&

l

l

l .. . .29 2 29 0 00� �

&lmean �

� � � � � �0 07 0 02 0 03 0 01 0 02 0 01 0 00
7

. . . . . . .

 = 0.0.16
7

02=

 = = ± = ± × −Δl

l

.
.

.02
2 29

8 7 10 3mean

 = ± × ×−8 7 10 1003.

 8 7 10 0 91( . ) . %± × =−=
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7. 

60˚ 30˚ 
45 m 

[ 3 1 73. ]

h

h

30°60°

x 45 m

x

h

�
�

45 30cot ° M �h
x � 45

30°cot  

x 

x

h
cot 60° M �x hcot 60° 

h = 
hcot

cot
60°  45

30°

�

h cot 30° = h cot 60° + 45

h (cot 30°– cot 60°) = 45

h = 
45 45

3 1
3

cot 30° – cot 60°  

h = 38.97 m

8. 

= 0.8 s.

= 100
76 24 

= (76 × 365) + (24 × 366)  
= 36524

= 36524 × 24 × 3600  
= 3.155 x 109 

= 3 155 10
8

9.
0.

×  = 3.94 × 109

9. 

2

[ = 6400 km]  
[1″ = 4.85 × 10–6 rad]

θ = 2 = 2 × 60″ = 120″  
  = 120 × 4.85 × 10-6 rad

  = 5.82 × 10-4 rad;

 D = d
3

�
�

� �

12800 10
5 82 10

3

4.

 D = 2.19 × 1010m
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10. 72 km h 1 
m s 1 

n1= 72 kmh−1 n2 = ? 
L1 = 1km L2 =1m
T1 = 1h T2 = 1s

n2 = n1
L

L

T

T

a b

1

2

1

2

�

�


�

�
�

�

�


�

�
�

 

[M  L T 1] = [L T 1]

 a = 1 b = -1

 n
 km

 m

 h

 s
2

1 1

72 1
1

1
1

= ⎡
⎣⎢

⎤
⎦⎥

⎡
⎣⎢

⎤
⎦⎥

−

 n
m

m

s

s
2

1 1

72 1000
1

3600
1

= ⎡
⎣⎢

⎤
⎦⎥

⎡
⎣⎢

⎤
⎦⎥

−

 = 72 × 1000 × 1/3600 = 20 m s-1

  72 km h-1 = 20 m s-1

11. 

s = ut + 1/4 at2 s
u

t a

s = [L]

u = [LT 1]

t = [T]

a = [LT 2]

=

s = ut + 1/4 at2, 
1
4

 

 [L] = [LT-1] [T1]+[LT-2] [T2]
 [L] = [L] + [L]

s = ut +1/2 at2 

12. 

17.234   3

3.996 × 105 

3.6925 × 10-3 

124783

 17.2  4.00 × 105

 3.7 × 10-3   124780
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13. 

 4 5 3 31. .
5.9 × 105) - (2.3 × 104)

7.18 + 4.3 

6.5 + .0136

 4 5 3 31. .  = 1.19 =1.09

 (5.9 × 105) - (2.3 × 104) 

= (5.9 × 105) - (0.23 × 105)

= 5.67 × 105 = 5.7 × 105

7.18 + 4.3 = 11.48
11.5

 6.5 + 0.0136 = 6.5136 = 6.5

14. 

(E = mc2)

E α ma cb

E = kma cb k

E = [ML2 2T ]

 = [M]

c = [LT-1]

 [ML2 2T ]= K [M]a[LT 1]b

 a = 1
 b = 2
 E = k.mc2

k = 1

E = mc2 

15. 

v = b/t + ct2+dt3 b

(b/t)

b = ×

 [b] = [LT � � �1 0 1 0][ ] [ ] [ ]T L M LT

16. 

75.4 0 5. °C  56.8 0 2. °C 

 

 = (75.4 ± 0.5)°C – (56.8 ± 0.2)°C

 = (18.6 ± 0.7)°C
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17. R1 = (150 ± 2) Ω R2 = (220 ± 6) Ω 

 
211

111

RRR
+=

 R′ = 
R R

R R
1 2

1 2

 = 
150 220
150 220

33000
370

89 1.  Ω

1 1 1
1 2R R R’ � �

 ΔR

R

′
( ′)2  = 

& &R

R

R

R
1

1
2

2

2
2�

 &
&I � IR R

R

R
( )2 1

1
2  + (R′)2 R

R
2

2
2

 = ⎛

⎝
⎜

⎞

⎠
⎟ +

R

R
R

′

1

2

1Δ R
R

Rʹ
2

2

2

⎛
⎝⎜

⎞
⎠⎟

Δ

R
89 1
150

2 89 1
220

6
2 289 1. .

= 0.070 + 0.098 = 0.168

× ×

 R′ = (89.1 ±0.168) Ω.

18. C = 3 0 0 1. ._ CF  
V = 18 0 4± . Volt

[Q = CV ]

(C + ΔC) = (3.0 ± 0.1) m F

(V + ΔV) = (18 ± 0.4) V

Q = CV

 Q = 3.0 × 10–6 × 18 = 54 × 10–6 C

C � �
&C

C
100

� � �
0 1
3

100 3 3. . %

V  � �
&V

V
100

� � �
0 4
18

100 2 2. . %

Q =  C

+ V

= 3.3% + 2.2% =5.5%
 Q = (54 × 10-6  5.5%) C

 2

2 ˆ 6ˆ3 5ˆr t i tj k= + +� ,
t = 3s 

�
���

v
dr

dt
 = 6 ˆˆ 5ti j+ .
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ˆˆ6 5v ti j= +�

v (t) = 6 52 2t� � �  = 36 252t

t = 3

( ) ˆˆ6 3 5v i j= +�  = 18ˆ 5 ˆi j+   

= 349 m s-1 

2. 

1.2 km

8

2 × 1.2 km = 2.4 km = 2400 m.

= 
2400 m 300 ms

8
1

s
= −

3. 100 m
60 km h−1 1 km 

 

= 1 km + 100 m = 1100 m  
 

= 60 km h−1  

= 60 × 5
18

m s-1 = 
150

9
1m s−

= 1100
150 9/

 s = 66 s

4. 

 î  ĵ 

ˆî j+

ˆî j+

x

y

j
∧

j
∧

j+ ∧i
∧

i
∧

i
∧

j+ ∧
i
∧

Â.Â = 1 

( ) ( ) ˆ ˆ ˆ ˆˆ ˆ. . . . .ˆ ˆi j i j i i i j j i j j+ + = + + +

� � � � �1 0 0 1 2

ˆî j+  .

ˆ A
A

A
=
�
�

ˆî j+  = 2.

= 
ˆˆ

2
i j+
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5. 750 m

(vsw) 1.5m s–1

(vwb) 1m s–1 

(vsb).

v v vsb sw wb� �

 v v vsb sw wb� �2 2  =  

 

 tan
v

v
sw

wb

3 � � �
1 5
1

1 5. .

 3 � � � 	 ��tan 1 1 5 56.

1.802 m s-1  

d =  sin56
ஆ?,� அகல�

 = 750
0 829

904 7
.

. m

 T
d

v
s

sb

904 7
1 802

502.
.

6. 

θ

0
v

x

Y

θ

g

t
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  y h gtm � �
1
2

2 (1)

 v v cos v v sinx y0 0 0 0� �3 3;  (2)

d t

x v t v cosx� �0 0  3

x d 
d v Tx0

T d v x/ 0

y v T gT
v d

v
gTb y

y

x

� � � �0
2 0

0

21
2

1
2

.

  

y
d v sin

v cos
gT

d tan gT

b � �

� �

0

0

2

2

1
2

1
2

 
 

 

3
3

3  (3)

tan
h

d
3 �

  h d tan�  3 .

 y h gTb � �
1
2

2 (4)

T

 y h gTm � �
1
2

2  (5)

T
y

7. 

(g = 10 m s−2)

புவி

g g/6

நிலவு

u = 0, ae = g   
am = g

6
 

V  gh� 2

g� �2 100 2×10×100

V  � 2000 m s−1

V
gh

m s−1= =
2

6
2000

6நிலவு

8. 
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t

x x

t

x x

t t

(a)
(b) (d) (c) 

v v v va d b cF F F

 3

1. 100 kg cm s-2 

m = 100 kg

a = 50 cm s-2= 0.5 m s-2

 F = ma

 F = 100 kg ms-2= 50 N

2. 

F1
F1

F1
F1

F3
F3

F3
F3

F4
F4

F4 F4

F2 F2

F2
F2

y

x

Relative magnitude) 

:

F1  F2

y

y
x

F3 F4

x

(a) (b)

(c) (d)
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kg 

m = 30 g -3 kg

v = 200 m s-1

mv = 0

mv

M

− × ×
= − ×

−30 10 200
25

240 10
3

m s

 

4. 
angle 

of inclination

θ = 45°

μ = tan θ = tan 45° = 1

5. m1 = 5 kg m2= 4 kg

g =10 m s-2)

:

F1   F2

y

y
F3   F4  

x
x

:

F1 F2 

y 

F3

F4
F3

F4

x

:

F1 F2

y

y

F3 F4

F4
F3

x

3. 25 kg g 
m s-1
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a gk� �C

k g

v u at� �

ν = 0

0 � �u gtkC

t
u

gk

�
C

7. 10 kg kg kg

50 N
10 kg 7 kg 2 kg

   A= 

F

m m m

N

kg kg kg

m s

1 2 3

2

50
10 7 2
50
19

2 63

+ +
⎡

⎣
⎢

⎤

⎦
⎥ =

+ +

= = −.

8. 

1
3

 

m2 = 4kg

m1 = 5kg

 A=  
m m

m m
1 2

1 2

�
�

g

 = 
5 4
5 4

10 1
9

10 1 1 2−
+

× = × = −.  m s

 

6. m

u

μk

vm

f mgk k� C

ma mgk� �C
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a
r

r
c �

G2 2

 = 2r

 = 
2π
T

 
7 s

     ω = × −2 02 10 7. rad s-1

     
ac � �� � � �� ��2 02 10 150 107 2 8.

     
a m sc = ×6 12 10.

11. θ

m1  

m2

s

k

       tan θ = 1
3
  θ = 30°

9. m 

0.53)

r = 36 m

μ = 0.53

g = 10 m s-

v rg

m s

max 0 53 36 10
13 81 1

.
.

10. 

a
v

r
c

2

v

 r

)

v r� G
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 0 = m2g- s m1gcos θ – m1g sin θ

m2=m1( s cos θ + sin θ)

12. 5 kg kg

& &P F t� -1

5 kg

5 kg = 500 /5 = 100 m s–1

20 kg

20 kg =500 /20 = 25 m s–1

13. Ck � 0 6. .
kg

m

N  m1g cos   (1)

x

 F1x
 = T− ffriction − m1 g sin θ (2)

 ffriction = s N = s m1g cos θ   (3)

        T = m2 g   (4)
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mg)

  N mg

x

  ma  = ˆ− kmgiμ

  a = ˆ− k giμ

x

x

a gk� �C

v u as2 2 2� �

v
s

u

s = 10 m

v = 0

 0 22� �u gskC

 
u gsk� 2C

 u 2 0 6 9 8. . 10 = 10.8 m s−1 

 

 

mg)

f) 

v

        (1)
N f

mv

r
 sin3 3� �cos

2
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     (3)

N N

N N

v

rg
s

s

sin cos
cos sin

maxθ μ θ
θ μ θ

+
−

=
2

N cos θ  

     

     (4)

(μs = 0)

    (5)

N mg fcos sin3 3� �

N f mgcos sin3 3� �

N f

N f

v

rg

sin cos
cos sin

3 3
3 3

�
�

�
2

N
N

N

N
N

N

v
s

s

cos sin
cos

cos sin
cos

m

θ θ
θ

μ

θ μ θ
θ

⎛
⎝
⎜

⎞
⎠
⎟ +

⎧
⎨
⎩

⎫
⎬
⎭

−⎛
⎝
⎜

⎞
⎠
⎟

=
1

ax
2

rg

tan
tan

maxθ μ
μ θ

+( )
−

=s

s

v

rg1

2

v rg s

s

max

tan
tan

�
�� �

�� �
3 C

C 31

v rgsafe � tan3

v vsafe ,

safev

safev

1.  ˆˆ ˆF i 2j 3k= + +
�

ˆ ˆS 4i 6j= +
�

ˆˆ ˆF i 2j 3k= + +
�

ˆ ˆS 4i 6j= +
�

F S! �.
ˆˆ ˆ(i 2j 3k)+ +  

ˆ ˆ(4i 6j)+

= 4+12+0 = 16 J
3 4 52x x� �

4

W Fdx x x dx

x x
x

= = − +

− +
⎡
⎣⎢

⎤
⎦⎥

∫ ∫
0

8
2

0

8

3 2
8

0

3 4 5

3
3

4
2

5

( )

=
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kg

s

m = 10 kg

F = 16 N

t = 10 s

 a= F m m s16
10

1 6 2.

 m s–1

1
2

2mv

  1
2

10 16� � � �  16 = 1280 J

4.  5 kg

10 m s−2

m = 5 kg

   g = 10ms−2

 K.E
2

5 10 1000
2

500
50

10

� � �

� �

h

h m

W

J

� �
5
6
7

8
9
: �

�

�


�

�
�

� � � �

3 8
3

4 8
2

40

512 128 40 424

3 2( )

[ ]

5.  60 kg kg

 cm s-1 cm s-1 

 m1= 60 kg

m2= 30 kg

v cm s
v cm s

1
1

2
1

40
30

=

=

−

−

     

v m m
m m

u m
m m

u

v
m m
m m

u
2m

1
1 2

1 2
1

2

1 2
2

2
2 1

1 2
2

2
=

−
+

⎛

⎝
⎜

⎞

⎠
⎟ +

+
⎛

⎝
⎜

⎞

⎠
⎟

=
−( )
+

+ 1

1 2
1+m m

u

      

v

v

 cm s

1

1

60 30
90

40 2 30
90

30

1
90

1200 1800

3000
90

33 3

=
−

× +
×

×

= +

= = −

( )

[ ]

. 1

       

g
cm s-1 

v

v

cms

2

2

30 60
90

30 2 60
90

40

1
90

900 4800

3900
90

43 3

( )

[ ]

. 11
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Force (N)

C

BA
10

Time (s)

10−2
DEO

8 × 10−34 × 10−3

.

ΔOAE 
ΔDBC

    

I = × × × + − ×

× + × × −

× + ×

− −

−

− −

1
2

4 10 10 8 4 10

10 1
2

10 10 1 0 8

2 10 4 10

3 3

2

2

( )

( . )
22 2

2

1 10
7 10

+ ×

= ×

= −

− kg m s−1

 

 2mu = 7x10-2 

 
u �

�
�

�
�

� �
�

� �

�
�7 10

2
7 10

2 70 10
50

2 2

3
1

m
cms

θ u

v 

e. v

u

θ φ

v

v

v 
co

s 
φ

u cos θ 

v sin φ

u sin θ

u

θ φ

θ

usin θ = vsin F (1)

       
e v

u
�

cos
cos

g
3   (2)

      

v u
v e u

kDட v u e u

2 2 2 2

2 2 2 2 2

2 2 2 2 2 2

sin sin
cos cos

sin cos

ϕ θ

ϕ θ

θ θ

=

=

= +

∴∴ = +⎡⎣ ⎤⎦

= +

v u e

v u e

2 2 2 2 2

2 2 2

sin cos

sin cos

θ θ

θ θ

8.  m
 l k

ω 

m
k

l
ω

Fs

x

 x = 0

xl
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x

l ) = r

 kx = m 2(l+x) = m ω2r

 
x =

mω2l
k–mω2

� � � �� ���8 1
2

3 10 6003 �� �2

P = 4320W

 P = 4.320 kW

m1 = 1 kg  m2 2 kg  
m3 3 kg 

m1 m2

m3

(1,0)

( √ )

1
2

1 3
2 2

G

A
B

C

D

,

m1, 
m2 m3

m1 m2

m3 

ΔDBC

 BC CD DB2 2 2� �

 CD BC DB2 2 2� �

 
CD2 2

2

1 1
2

1 1
4

3
4

� � 5
6
7

8
9
: � � 5

6
7

8
9
: �

 
CD 3

2

m3

 

1
2

3
2

,
5

6
77

8

9
:: 0 5 0 5 3. , .� �

x

 
x m x m x m x

m m mCM �
� �
� �

1 1 2 2 3 3

1 2 3

xCM �
� � � � �

� �
�

( ) ( ) ( . ) .1 0 2 1 3 0 5
1 2 3

3 5
6

5
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        xCM
7

12
  m

y m y m y m y
m m mCM �

� �
� �

1 1 2 2 3 3

1 2 3

   
yCM �

� � � � � �
� �

�
( ) ( ) ( . ) .1 0 2 0 3 0 5 3

1 2 3
1 5 3

6

    yCM
3

4
 m

7
12

3
4

,
5

6
77

8

9
::

9.1 × 10−31kg 

 
v=2.2 � �106 1ms )

m =  9 × 10−31 kg

 

r = 0.53 A° = 0.53 � �10 10 m

v = 2.2 × 106 ms-1 

L = I ω

I = m r2. 

G �
v
r

L = mr2 v
r

 = mvr

 = 9.1 � � � � �� �10 2 2 10 0 53 1031 6 10. .

 L = 10.61 × 10−35= 1.06 × 10−34  kg m2 s−1

3.  20 kg m

5 rad s-1

m = 20 kg

r = 0.25 m

ω = 5 rad s-1

L = Iω = 
2
5

2mr

= 
2
5

20 0 25 5 40 0 06252� � � � �( . ) ( . ) = 2.5

         L = 2.5 kg m2s-1

m 

2m h h'

             mgh = 
1
2

2mv

www.tntextbooks.in



285  1

 mg×2 = 1
2

2mv   (1)

 mghʹ = 
1
2

2mv  + 
1
2

2I

 mghʹ = 
1
2

2mv  +
1
2   

mr v
r

2 2

22
5

6
7

8

9
:
5

6
7

8

9
:

               mghʹ = 
3
4

2mv             (2)

     

mgh
mg

mv

mv

'
×

= =
2

3
4
1
2

2

2   

3
4

2
1

3
2

� �

hʹ = 3m

2 1
2

2mg mv

 
v g g4 2

 v � �2 9 81.

 
v ms� �6 3 1.

m

θ v

v cos θ

θ

v 
si

n 
θ

v

 m t

L dt� B%

% � �r F
ˆˆr xi yj= +�
 

   

( ) ( )
( )
ˆ ˆˆ

ˆˆˆ
xi yj mgj

mgx i j mgxk

τ

τ

∴ = + × −

= − × = −

�

�

   
( ) ( )ˆ ˆcosL mg xdt k mgv tdt kθ= − = −∫ ∫

�

t

t = tf

2

0

1ˆ ˆcos cos
2

ft

fL -mgv tdt k mgv t kθ θ
⎛ ⎞
⎜ ⎟∴  = = −
⎜ ⎟⎝ ⎠
∫

�

6.  R

θ

m

m

 m

M-m

θ

nைற,

nைற,

n   

nθ = 360    n= 360�
3
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m

m

m M
� �

360
3

 

=  M M
n

M
n

n
� �

�� �1

θ = 60 °

n =
°
°

=
360
60

6

  � � �n 1 5

 
5
6

M

)  θ = 30o 

n �
�
�

�
360
30

12

 n � �1 11

 11
12

M

 

 I = M
n

n
R

�� �1 2

kg

53°

A

90°

B           x1    D                    x2 C

100                                                              m 

53° 37°

 100 × g � � � �x m g x1 2  

 100 × cos 53o = m × cos 37o (1)

x1 x2 
 37° , 53° 90° 

53°

37°

4
5

3

100 × cos 53o = m × cos 37o

 100 3
5

4
5

� � �m

 m � �100 3
4

 m kg75

 rpm rpm 

 G1 30� rpm = 2� � �30
60

1rads  = =π rad s-1

 G2 720� rpm  
= 2 π π× =−720

60
241 −1rads rads 

ΔKE = 1
2 2

2
1

2I( )G G�
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  I = 2
2

2
1

2
�

�
�

&KE
( )G G

 2 1000
24 2 2

�

� � � � �� �

  I =  2000
25 23� ��

 

 a2−b2 = (a + b) (a−b)

  I ≈ 0.35 kg m2  � 2 10	

I MRs
1
2

2

I MRh
2

 அ
லt

 I% � a

 a = 
I

 ? %
s

sI
�   ? %

h
hI

�

 ? ? ? ?s s h h s h
h

s

I I I
I

� M �

     
I I I

Ih s
h

s

s h

E M E

� E

1

? ?

 L I� G = 

A B
O

(ω

11.  (i)  Ekr

Ekr

 (II) 

 (III)  Ekr

 Ekr = 1
2

2I

,
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  = 1
2

1
2

1
2

2

I L L
I

G G G� � �. .  
L I

L I
�

�
G

G

 Ekr = L
I

2

2
 L2 = 2IEkr

 L = 2IEkr  = 2I Ekr.

Ekr  

ii)  

√Ekr

L

iii)  

√Ekr

L

A

B

45º

 a g
K
R

�
�

sin3

1
2

2

 

 I MR2

 � � M �K R K
R

2 2
2

2 1.

θ = 45˚  

 (sin45˚ = 1
2

)

 

a

g

a g m s

=
+

= −

2
1 1

2 2
2
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A 1.1 
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A 1.1 

       
    

       
  .   
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A 1.1 
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A 1.1 

  

    
 

  

     
   

 

   

   

  

. 

  

   

 

 

 
 

   
   

  

   

  
  

 A 1.2

1)  
( )

 i � A
B

n

m  

  

 log log log
log log log

A B
n A m B

n m

 d n dA
A

m dB
B

i
i

� �

 _ � _
&i
i

& &n A
A

m B
B

Z     

 
&i
i

& &
� �n A

A
m B

B
2

let u x y zm n p 

  

 log u = log xm + log yn + log zp

 log u = m log x + n log y + p log z 

 
du
u

m dx
x

n dy
y

p dz
z

� � �

 _ � _ _ _
& & & &u
u

m x
x

n y
y

p z
z
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θ = 0° R = A+B

θ = 180° R = A-B

θ = 90° R A B� �2 2

A R
β

 tan sin
cos

@ 3
3

� �
�

CN
ON

B
A B

 A2.1

A B

A 

B
θ 

R

A A N

B

B

O

θ θβ

C

B

R = A+B
B sin θ

B cos θ

   

Δ

= + +R OA AN CN2 2 2( )

 M � � �R A B AB2 2 2 2 cos3

 � � � � � � �R R A B A B AB2 2 2 cos3
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4.  y = xn

dy
dx

d
dx

x nxn n� � �
( )

1

5.  y = uv  u,v x 

dy
dx

d
dx

uv u dv
dx

v du
dx

� � �( )

6.  y x

dy dy
dx

dx.

7. d
dx

e ex x
( )

8. d
dx

x
x

(ln )
1

9. d
d3

3 3(sin ) cos�

10. d
d3

3 3(cos ) sin� �

11.  y θ

θ t
d
dt

d
dt

(sin ) cosθ θ θ=

d
dt

d
dt

(cos ) sin3 3
3

� �

(1) dx x�B ; 
d
dx

x( ) 1

(2) x dx x
n

n
n

B �
�

5

6
7

8

9
:

�1

1 ; 
d
dx

x
n

x
n

n
�

�
5

6
7

8

9
: �

1

1

(3) cudx c udx� BB

(4) ( )u v w dx udx vdx wdx_ _ � _ _ BBBB

(5) 1

x
dx xB � ln

(6) e dx ex x�B

(7) cos sin3 3 3d �B

(8) sin cos3 3 3d � �B

1. d
dx

c( ) ,0  

y = cu u
x  

 

dy
dx

d
dx

cu c du
dx

( )

3.  y = u ±v ±w  u, v, w  x 

dy
dx

d
dx

u v w du
dx

dv
dx

dw
dx

= ± ± = ± ±( )

 3
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(Th e Greek Alphabet)

Alpha A α 
Beta B β
Gamma Γ γ
Delta Δ δ
Epsilon E ε
Zeta Z

Eta H η
Th eta Θ θ
Iota I ι
Kappa K κ
Lambda Λ λ
Mu M μ
Nu N ν
Xi € ξ
Omicron O ο
Pi ∏ π
Rho P ρ
Sigma ∑ σ
Tau T τ
Upsilon Y υ
Phi Φ φ
Chi Χ χ
Psi Ψ ψ
Omega Ω ω

 4

296
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c 2.9979 108 m s 1

G 6.67 10 11 N m2 kg 2

°
g 9.8 m s 2

h 6.626 10 34 J s

k 1.38 10 23 J K 1

NA 6.023 1023 mol 1

R 8.31 J mol 1 K 1

5.67 10 8 W m 2 K 4

b 2.898 10 3 m K

μ0 4π 10 7 H m 1

1atm 1.013 105 Pa
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1. - Acceleration

2. - Angular momentum

3. - Astro physics

4. - Average velocity

5. - Angular displacement

6. - Angular velocity

7. - Angular acceleration

8. - Angle of friction

9. - Angle of repose

10. - Centripetal acceleration

11. - Circular motion

12. - Concurrent forces

13. - Coplanar force

14. - Centripetal force

15. - Centrifugal force

16. - Coefficient of friction

17. - Center of mass

18. - Couple

19. - Center of gravity

20. - Circular Motion

21. - Collision

22. - Conservative force

23. - Dimensional analysis

24. - Displacement

25. - Escape speed

26. - Elastic potential energy

27. - Elastic collision

28. - Free body diagram

29. - Gravitational constant

30. - Gravitational field

31. - Gravitational potential

32. - Gravitational potential energy

33. - Gross error

34. - Geo stationary satellite

35. - Horizontal plane

36. - Horse power

37. - Instantaneous velocity
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38. - Inclined plane

39. - Inertial frame

40. - Impulse

41. - Instantaneous power 

42. - Kinetic friction

43. - Linear motion

44. - Linear density

45. - Linear momentum

46. - Least count error 

47. - Motion

48. - Moment of inertia

49. - Non conservative force

50. - Orbital speed

51. - One dimensional motion

52. - accuracy

53. - Parallax method 

54. - Projectile

55. - Point mass

56. - Precison 

57. - Planetary motion

58.
- Polar satellite

59. - Precession

60. - Pulley

61. - Rolling

62. - Random error

63. - Rounding off

64. - Rest

65. - Retardation

66. - Relative velocity

67. - Range

68. - Rolling friction

69. - Rigid body

70. - Radius of gyration

71. - Rotational motion

72. - Spring constant

73. - Sliping

74. - Sliding

75. - Systematic error

76. - Static friction

77. - Significant number

78. - Time of flight

79. - Torque

80. - Translational motion

81. - Tension

82. - Velocity
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Mean Difference

0 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9
1.0 0.0000 0.0043 0.0086 0.0128 0.0170 0.0212 0.0253 0.0294 0.0334 0.0374 4 8 12 17 21 25 29 33 37

1.1 0.0414 0.0453 0.0492 0.0531 0.0569 0.0607 0.0645 0.0682 0.0719 0.0755 4 8 11 15 19 23 26 30 34
1.2 0.0792 0.0828 0.0864 0.0899 0.0934 0.0969 0.1004 0.1038 0.1072 0.1106 3 7 10 14 17 21 24 28 31
1.3 0.1139 0.1173 0.1206 0.1239 0.1271 0.1303 0.1335 0.1367 0.1399 0.1430 3 6 10 13 16 19 23 26 29
1.4 0.1461 0.1492 0.1523 0.1553 0.1584 0.1614 0.1644 0.1673 0.1703 0.1732 3 6 9 12 15 18 21 24 27
1.5 0.1761 0.1790 0.1818 0.1847 0.1875 0.1903 0.1931 0.1959 0.1987 0.2014 3 6 8 11 14 17 20 22 25

1.6 0.2041 0.2068 0.2095 0.2122 0.2148 0.2175 0.2201 0.2227 0.2253 0.2279 3 5 8 11 13 16 18 21 24
1.7 0.2304 0.2330 0.2355 0.2380 0.2405 0.2430 0.2455 0.2480 0.2504 0.2529 2 5 7 10 12 15 17 20 22
1.8 0.2553 0.2577 0.2601 0.2625 0.2648 0.2672 0.2695 0.2718 0.2742 0.2765 2 5 7 9 12 14 16 19 21
1.9 0.2788 0.2810 0.2833 0.2856 0.2878 0.2900 0.2923 0.2945 0.2967 0.2989 2 4 7 9 11 13 16 18 20
2.0 0.3010 0.3032 0.3054 0.3075 0.3096 0.3118 0.3139 0.3160 0.3181 0.3201 2 4 6 8 11 13 15 17 19

2.1 0.3222 0.3243 0.3263 0.3284 0.3304 0.3324 0.3345 0.3365 0.3385 0.3404 2 4 6 8 10 12 14 16 18
2.2 0.3424 0.3444 0.3464 0.3483 0.3502 0.3522 0.3541 0.3560 0.3579 0.3598 2 4 6 8 10 12 14 15 17
2.3 0.3617 0.3636 0.3655 0.3674 0.3692 0.3711 0.3729 0.3747 0.3766 0.3784 2 4 6 7 9 11 13 15 17
2.4 0.3802 0.3820 0.3838 0.3856 0.3874 0.3892 0.3909 0.3927 0.3945 0.3962 2 4 5 7 9 11 12 14 16
2.5 0.3979 0.3997 0.4014 0.4031 0.4048 0.4065 0.4082 0.4099 0.4116 0.4133 2 3 5 7 9 10 12 14 15

2.6 0.4150 0.4166 0.4183 0.4200 0.4216 0.4232 0.4249 0.4265 0.4281 0.4298 2 3 5 7 8 10 11 13 15
2.7 0.4314 0.4330 0.4346 0.4362 0.4378 0.4393 0.4409 0.4425 0.4440 0.4456 2 3 5 6 8 9 11 13 14
2.8 0.4472 0.4487 0.4502 0.4518 0.4533 0.4548 0.4564 0.4579 0.4594 0.4609 2 3 5 6 8 9 11 12 14
2.9 0.4624 0.4639 0.4654 0.4669 0.4683 0.4698 0.4713 0.4728 0.4742 0.4757 1 3 4 6 7 9 10 12 13
3.0 0.4771 0.4786 0.4800 0.4814 0.4829 0.4843 0.4857 0.4871 0.4886 0.4900 1 3 4 6 7 9 10 11 13

3.1 0.4914 0.4928 0.4942 0.4955 0.4969 0.4983 0.4997 0.5011 0.5024 0.5038 1 3 4 6 7 8 10 11 12
3.2 0.5051 0.5065 0.5079 0.5092 0.5105 0.5119 0.5132 0.5145 0.5159 0.5172 1 3 4 5 7 8 9 11 12
3.3 0.5185 0.5198 0.5211 0.5224 0.5237 0.5250 0.5263 0.5276 0.5289 0.5302 1 3 4 5 6 8 9 10 12
3.4 0.5315 0.5328 0.5340 0.5353 0.5366 0.5378 0.5391 0.5403 0.5416 0.5428 1 3 4 5 6 8 9 10 11
3.5 0.5441 0.5453 0.5465 0.5478 0.5490 0.5502 0.5514 0.5527 0.5539 0.5551 1 2 4 5 6 7 9 10 11

3.6 0.5563 0.5575 0.5587 0.5599 0.5611 0.5623 0.5635 0.5647 0.5658 0.5670 1 2 4 5 6 7 8 10 11
3.7 0.5682 0.5694 0.5705 0.5717 0.5729 0.5740 0.5752 0.5763 0.5775 0.5786 1 2 3 5 6 7 8 9 10
3.8 0.5798 0.5809 0.5821 0.5832 0.5843 0.5855 0.5866 0.5877 0.5888 0.5899 1 2 3 5 6 7 8 9 10
3.9 0.5911 0.5922 0.5933 0.5944 0.5955 0.5966 0.5977 0.5988 0.5999 0.6010 1 2 3 4 5 7 8 9 10
4.0 0.6021 0.6031 0.6042 0.6053 0.6064 0.6075 0.6085 0.6096 0.6107 0.6117 1 2 3 4 5 6 8 9 10

4.1 0.6128 0.6138 0.6149 0.6160 0.6170 0.6180 0.6191 0.6201 0.6212 0.6222 1 2 3 4 5 6 7 8 9

4.2 0.6232 0.6243 0.6253 0.6263 0.6274 0.6284 0.6294 0.6304 0.6314 0.6325 1 2 3 4 5 6 7 8 9
4.3 0.6335 0.6345 0.6355 0.6365 0.6375 0.6385 0.6395 0.6405 0.6415 0.6425 1 2 3 4 5 6 7 8 9
4.4 0.6435 0.6444 0.6454 0.6464 0.6474 0.6484 0.6493 0.6503 0.6513 0.6522 1 2 3 4 5 6 7 8 9
4.5 0.6532 0.6542 0.6551 0.6561 0.6571 0.6580 0.6590 0.6599 0.6609 0.6618 1 2 3 4 5 6 7 8 9

4.6 0.6628 0.6637 0.6646 0.6656 0.6665 0.6675 0.6684 0.6693 0.6702 0.6712 1 2 3 4 5 6 7 7 8
4.7 0.6721 0.6730 0.6739 0.6749 0.6758 0.6767 0.6776 0.6785 0.6794 0.6803 1 2 3 4 5 5 6 7 8
4.8 0.6812 0.6821 0.6830 0.6839 0.6848 0.6857 0.6866 0.6875 0.6884 0.6893 1 2 3 4 4 5 6 7 8
4.9 0.6902 0.6911 0.6920 0.6928 0.6937 0.6946 0.6955 0.6964 0.6972 0.6981 1 2 3 4 4 5 6 7 8
5.0 0.6990 0.6998 0.7007 0.7016 0.7024 0.7033 0.7042 0.7050 0.7059 0.7067 1 2 3 3 4 5 6 7 8

5.1 0.7076 0.7084 0.7093 0.7101 0.7110 0.7118 0.7126 0.7135 0.7143 0.7152 1 2 3 3 4 5 6 7 8
5.2 0.7160 0.7168 0.7177 0.7185 0.7193 0.7202 0.7210 0.7218 0.7226 0.7235 1 2 2 3 4 5 6 7 7
5.3 0.7243 0.7251 0.7259 0.7267 0.7275 0.7284 0.7292 0.7300 0.7308 0.7316 1 2 2 3 4 5 6 6 7
5.4 0.7324 0.7332 0.7340 0.7348 0.7356 0.7364 0.7372 0.7380 0.7388 0.7396 1 2 2 3 4 5 6 6 7
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Mean Difference

0 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9

5.5 0.7404 0.7412 0.7419 0.7427 0.7435 0.7443 0.7451 0.7459 0.7466 0.7474 1 2 2 3 4 5 5 6 7

5.6 0.7482 0.7490 0.7497 0.7505 0.7513 0.7520 0.7528 0.7536 0.7543 0.7551 1 2 2 3 4 5 5 6 7
5.7 0.7559 0.7566 0.7574 0.7582 0.7589 0.7597 0.7604 0.7612 0.7619 0.7627 1 2 2 3 4 5 5 6 7
5.8 0.7634 0.7642 0.7649 0.7657 0.7664 0.7672 0.7679 0.7686 0.7694 0.7701 1 1 2 3 4 4 5 6 7
5.9 0.7709 0.7716 0.7723 0.7731 0.7738 0.7745 0.7752 0.7760 0.7767 0.7774 1 1 2 3 4 4 5 6 7
6.0 0.7782 0.7789 0.7796 0.7803 0.7810 0.7818 0.7825 0.7832 0.7839 0.7846 1 1 2 3 4 4 5 6 6

6.1 0.7853 0.7860 0.7868 0.7875 0.7882 0.7889 0.7896 0.7903 0.7910 0.7917 1 1 2 3 4 4 5 6 6
6.2 0.7924 0.7931 0.7938 0.7945 0.7952 0.7959 0.7966 0.7973 0.7980 0.7987 1 1 2 3 3 4 5 6 6
6.3 0.7993 0.8000 0.8007 0.8014 0.8021 0.8028 0.8035 0.8041 0.8048 0.8055 1 1 2 3 3 4 5 5 6
6.4 0.8062 0.8069 0.8075 0.8082 0.8089 0.8096 0.8102 0.8109 0.8116 0.8122 1 1 2 3 3 4 5 5 6
6.5 0.8129 0.8136 0.8142 0.8149 0.8156 0.8162 0.8169 0.8176 0.8182 0.8189 1 1 2 3 3 4 5 5 6

6.6 0.8195 0.8202 0.8209 0.8215 0.8222 0.8228 0.8235 0.8241 0.8248 0.8254 1 1 2 3 3 4 5 5 6
6.7 0.8261 0.8267 0.8274 0.8280 0.8287 0.8293 0.8299 0.8306 0.8312 0.8319 1 1 2 3 3 4 5 5 6
6.8 0.8325 0.8331 0.8338 0.8344 0.8351 0.8357 0.8363 0.8370 0.8376 0.8382 1 1 2 3 3 4 4 5 6
6.9 0.8388 0.8395 0.8401 0.8407 0.8414 0.8420 0.8426 0.8432 0.8439 0.8445 1 1 2 2 3 4 4 5 6
7.0 0.8451 0.8457 0.8463 0.8470 0.8476 0.8482 0.8488 0.8494 0.8500 0.8506 1 1 2 2 3 4 4 5 6

7.1 0.8513 0.8519 0.8525 0.8531 0.8537 0.8543 0.8549 0.8555 0.8561 0.8567 1 1 2 2 3 4 4 5 5
7.2 0.8573 0.8579 0.8585 0.8591 0.8597 0.8603 0.8609 0.8615 0.8621 0.8627 1 1 2 2 3 4 4 5 5
7.3 0.8633 0.8639 0.8645 0.8651 0.8657 0.8663 0.8669 0.8675 0.8681 0.8686 1 1 2 2 3 4 4 5 5
7.4 0.8692 0.8698 0.8704 0.8710 0.8716 0.8722 0.8727 0.8733 0.8739 0.8745 1 1 2 2 3 4 4 5 5
7.5 0.8751 0.8756 0.8762 0.8768 0.8774 0.8779 0.8785 0.8791 0.8797 0.8802 1 1 2 2 3 3 4 5 5

7.6 0.8808 0.8814 0.8820 0.8825 0.8831 0.8837 0.8842 0.8848 0.8854 0.8859 1 1 2 2 3 3 4 5 5
7.7 0.8865 0.8871 0.8876 0.8882 0.8887 0.8893 0.8899 0.8904 0.8910 0.8915 1 1 2 2 3 3 4 4 5
7.8 0.8921 0.8927 0.8932 0.8938 0.8943 0.8949 0.8954 0.8960 0.8965 0.8971 1 1 2 2 3 3 4 4 5
7.9 0.8976 0.8982 0.8987 0.8993 0.8998 0.9004 0.9009 0.9015 0.9020 0.9025 1 1 2 2 3 3 4 4 5
8.0 0.9031 0.9036 0.9042 0.9047 0.9053 0.9058 0.9063 0.9069 0.9074 0.9079 1 1 2 2 3 3 4 4 5

8.1 0.9085 0.9090 0.9096 0.9101 0.9106 0.9112 0.9117 0.9122 0.9128 0.9133 1 1 2 2 3 3 4 4 5
8.2 0.9138 0.9143 0.9149 0.9154 0.9159 0.9165 0.9170 0.9175 0.9180 0.9186 1 1 2 2 3 3 4 4 5
8.3 0.9191 0.9196 0.9201 0.9206 0.9212 0.9217 0.9222 0.9227 0.9232 0.9238 1 1 2 2 3 3 4 4 5
8.4 0.9243 0.9248 0.9253 0.9258 0.9263 0.9269 0.9274 0.9279 0.9284 0.9289 1 1 2 2 3 3 4 4 5
8.5 0.9294 0.9299 0.9304 0.9309 0.9315 0.9320 0.9325 0.9330 0.9335 0.9340 1 1 2 2 3 3 4 4 5

8.6 0.9345 0.9350 0.9355 0.9360 0.9365 0.9370 0.9375 0.9380 0.9385 0.9390 1 1 2 2 3 3 4 4 5
8.7 0.9395 0.9400 0.9405 0.9410 0.9415 0.9420 0.9425 0.9430 0.9435 0.9440 0 1 1 2 2 3 3 4 4
8.8 0.9445 0.9450 0.9455 0.9460 0.9465 0.9469 0.9474 0.9479 0.9484 0.9489 0 1 1 2 2 3 3 4 4
8.9 0.9494 0.9499 0.9504 0.9509 0.9513 0.9518 0.9523 0.9528 0.9533 0.9538 0 1 1 2 2 3 3 4 4
9.0 0.9542 0.9547 0.9552 0.9557 0.9562 0.9566 0.9571 0.9576 0.9581 0.9586 0 1 1 2 2 3 3 4 4

9.1 0.9590 0.9595 0.9600 0.9605 0.9609 0.9614 0.9619 0.9624 0.9628 0.9633 0 1 1 2 2 3 3 4 4
9.2 0.9638 0.9643 0.9647 0.9652 0.9657 0.9661 0.9666 0.9671 0.9675 0.9680 0 1 1 2 2 3 3 4 4
9.3 0.9685 0.9689 0.9694 0.9699 0.9703 0.9708 0.9713 0.9717 0.9722 0.9727 0 1 1 2 2 3 3 4 4
9.4 0.9731 0.9736 0.9741 0.9745 0.9750 0.9754 0.9759 0.9763 0.9768 0.9773 0 1 1 2 2 3 3 4 4
9.5 0.9777 0.9782 0.9786 0.9791 0.9795 0.9800 0.9805 0.9809 0.9814 0.9818 0 1 1 2 2 3 3 4 4

9.6 0.9823 0.9827 0.9832 0.9836 0.9841 0.9845 0.9850 0.9854 0.9859 0.9863 0 1 1 2 2 3 3 4 4
9.7 0.9868 0.9872 0.9877 0.9881 0.9886 0.9890 0.9894 0.9899 0.9903 0.9908 0 1 1 2 2 3 3 4 4
9.8 0.9912 0.9917 0.9921 0.9926 0.9930 0.9934 0.9939 0.9943 0.9948 0.9952 0 1 1 2 2 3 3 4 4
9.9 0.9956 0.9961 0.9965 0.9969 0.9974 0.9978 0.9983 0.9987 0.9991 0.9996 0 1 1 2 2 3 3 3 4
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Mean Difference
0 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9

0.00 1.000 1.002 1.005 1.007 1.009 1.012 1.014 1.016 1.019 1.021 0 0 1 1 1 1 2 2 2

0.01 1.023 1.026 1.028 1.030 1.033 1.035 1.038 1.040 1.042 1.045 0 0 1 1 1 1 2 2 2
0.02 1.047 1.050 1.052 1.054 1.057 1.059 1.062 1.064 1.067 1.069 0 0 1 1 1 1 2 2 2
0.03 1.072 1.074 1.076 1.079 1.081 1.084 1.086 1.089 1.091 1.094 0 0 1 1 1 1 2 2 2
0.04 1.096 1.099 1.102 1.104 1.107 1.109 1.112 1.114 1.117 1.119 0 1 1 1 1 2 2 2 2
0.05 1.122 1.125 1.127 1.130 1.132 1.135 1.138 1.140 1.143 1.146 0 1 1 1 1 2 2 2 2

0.06 1.148 1.151 1.153 1.156 1.159 1.161 1.164 1.167 1.169 1.172 0 1 1 1 1 2 2 2 2
0.07 1.175 1.178 1.180 1.183 1.186 1.189 1.191 1.194 1.197 1.199 0 1 1 1 1 2 2 2 2
0.08 1.202 1.205 1.208 1.211 1.213 1.216 1.219 1.222 1.225 1.227 0 1 1 1 1 2 2 2 3
0.09 1.230 1.233 1.236 1.239 1.242 1.245 1.247 1.250 1.253 1.256 0 1 1 1 1 2 2 2 3
0.10 1.259 1.262 1.265 1.268 1.271 1.274 1.276 1.279 1.282 1.285 0 1 1 1 1 2 2 2 3

0.11 1.288 1.291 1.294 1.297 1.300 1.303 1.306 1.309 1.312 1.315 0 1 1 1 2 2 2 2 3
0.12 1.318 1.321 1.324 1.327 1.330 1.334 1.337 1.340 1.343 1.346 0 1 1 1 2 2 2 2 3
0.13 1.349 1.352 1.355 1.358 1.361 1.365 1.368 1.371 1.374 1.377 0 1 1 1 2 2 2 3 3
0.14 1.380 1.384 1.387 1.390 1.393 1.396 1.400 1.403 1.406 1.409 0 1 1 1 2 2 2 3 3
0.15 1.413 1.416 1.419 1.422 1.426 1.429 1.432 1.435 1.439 1.442 0 1 1 1 2 2 2 3 3

0.16 1.445 1.449 1.452 1.455 1.459 1.462 1.466 1.469 1.472 1.476 0 1 1 1 2 2 2 3 3
0.17 1.479 1.483 1.486 1.489 1.493 1.496 1.500 1.503 1.507 1.510 0 1 1 1 2 2 2 3 3
0.18 1.514 1.517 1.521 1.524 1.528 1.531 1.535 1.538 1.542 1.545 0 1 1 1 2 2 2 3 3
0.19 1.549 1.552 1.556 1.560 1.563 1.567 1.570 1.574 1.578 1.581 0 1 1 1 2 2 3 3 3
0.20 1.585 1.589 1.592 1.596 1.600 1.603 1.607 1.611 1.614 1.618 0 1 1 1 2 2 3 3 3

0.21 1.622 1.626 1.629 1.633 1.637 1.641 1.644 1.648 1.652 1.656 0 1 1 2 2 2 3 3 3
0.22 1.660 1.663 1.667 1.671 1.675 1.679 1.683 1.687 1.690 1.694 0 1 1 2 2 2 3 3 3
0.23 1.698 1.702 1.706 1.710 1.714 1.718 1.722 1.726 1.730 1.734 0 1 1 2 2 2 3 3 4
0.24 1.738 1.742 1.746 1.750 1.754 1.758 1.762 1.766 1.770 1.774 0 1 1 2 2 2 3 3 4
0.25 1.778 1.782 1.786 1.791 1.795 1.799 1.803 1.807 1.811 1.816 0 1 1 2 2 2 3 3 4

0.26 1.820 1.824 1.828 1.832 1.837 1.841 1.845 1.849 1.854 1.858 0 1 1 2 2 3 3 3 4
0.27 1.862 1.866 1.871 1.875 1.879 1.884 1.888 1.892 1.897 1.901 0 1 1 2 2 3 3 3 4
0.28 1.905 1.910 1.914 1.919 1.923 1.928 1.932 1.936 1.941 1.945 0 1 1 2 2 3 3 4 4
0.29 1.950 1.954 1.959 1.963 1.968 1.972 1.977 1.982 1.986 1.991 0 1 1 2 2 3 3 4 4
0.30 1.995 2.000 2.004 2.009 2.014 2.018 2.023 2.028 2.032 2.037 0 1 1 2 2 3 3 4 4

0.31 2.042 2.046 2.051 2.056 2.061 2.065 2.070 2.075 2.080 2.084 0 1 1 2 2 3 3 4 4
0.32 2.089 2.094 2.099 2.104 2.109 2.113 2.118 2.123 2.128 2.133 0 1 1 2 2 3 3 4 4
0.33 2.138 2.143 2.148 2.153 2.158 2.163 2.168 2.173 2.178 2.183 0 1 1 2 2 3 3 4 4
0.34 2.188 2.193 2.198 2.203 2.208 2.213 2.218 2.223 2.228 2.234 1 1 2 2 3 3 4 4 5
0.35 2.239 2.244 2.249 2.254 2.259 2.265 2.270 2.275 2.280 2.286 1 1 2 2 3 3 4 4 5

0.36 2.291 2.296 2.301 2.307 2.312 2.317 2.323 2.328 2.333 2.339 1 1 2 2 3 3 4 4 5
0.37 2.344 2.350 2.355 2.360 2.366 2.371 2.377 2.382 2.388 2.393 1 1 2 2 3 3 4 4 5
0.38 2.399 2.404 2.410 2.415 2.421 2.427 2.432 2.438 2.443 2.449 1 1 2 2 3 3 4 4 5
0.39 2.455 2.460 2.466 2.472 2.477 2.483 2.489 2.495 2.500 2.506 1 1 2 2 3 3 4 5 5
0.40 2.512 2.518 2.523 2.529 2.535 2.541 2.547 2.553 2.559 2.564 1 1 2 2 3 4 4 5 5

0.41 2.570 2.576 2.582 2.588 2.594 2.600 2.606 2.612 2.618 2.624 1 1 2 2 3 4 4 5 5
0.42 2.630 2.636 2.642 2.649 2.655 2.661 2.667 2.673 2.679 2.685 1 1 2 2 3 4 4 5 6
0.43 2.692 2.698 2.704 2.710 2.716 2.723 2.729 2.735 2.742 2.748 1 1 2 3 3 4 4 5 6
0.44 2.754 2.761 2.767 2.773 2.780 2.786 2.793 2.799 2.805 2.812 1 1 2 3 3 4 4 5 6
0.45 2.818 2.825 2.831 2.838 2.844 2.851 2.858 2.864 2.871 2.877 1 1 2 3 3 4 5 5 6

0.46 2.884 2.891 2.897 2.904 2.911 2.917 2.924 2.931 2.938 2.944 1 1 2 3 3 4 5 5 6
0.47 2.951 2.958 2.965 2.972 2.979 2.985 2.992 2.999 3.006 3.013 1 1 2 3 3 4 5 5 6
0.48 3.020 3.027 3.034 3.041 3.048 3.055 3.062 3.069 3.076 3.083 1 1 2 3 4 4 5 6 6
0.49 3.090 3.097 3.105 3.112 3.119 3.126 3.133 3.141 3.148 3.155 1 1 2 3 4 4 5 6 6

www.tntextbooks.in



303

Mean Difference
0 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9

0.50 3.162 3.170 3.177 3.184 3.192 3.199 3.206 3.214 3.221 3.228 1 1 2 3 4 4 5 6 7

0.51 3.236 3.243 3.251 3.258 3.266 3.273 3.281 3.289 3.296 3.304 1 2 2 3 4 5 5 6 7
0.52 3.311 3.319 3.327 3.334 3.342 3.350 3.357 3.365 3.373 3.381 1 2 2 3 4 5 5 6 7
0.53 3.388 3.396 3.404 3.412 3.420 3.428 3.436 3.443 3.451 3.459 1 2 2 3 4 5 6 6 7
0.54 3.467 3.475 3.483 3.491 3.499 3.508 3.516 3.524 3.532 3.540 1 2 2 3 4 5 6 6 7
0.55 3.548 3.556 3.565 3.573 3.581 3.589 3.597 3.606 3.614 3.622 1 2 2 3 4 5 6 7 7

0.56 3.631 3.639 3.648 3.656 3.664 3.673 3.681 3.690 3.698 3.707 1 2 3 3 4 5 6 7 8
0.57 3.715 3.724 3.733 3.741 3.750 3.758 3.767 3.776 3.784 3.793 1 2 3 3 4 5 6 7 8
0.58 3.802 3.811 3.819 3.828 3.837 3.846 3.855 3.864 3.873 3.882 1 2 3 4 4 5 6 7 8
0.59 3.890 3.899 3.908 3.917 3.926 3.936 3.945 3.954 3.963 3.972 1 2 3 4 5 5 6 7 8
0.60 3.981 3.990 3.999 4.009 4.018 4.027 4.036 4.046 4.055 4.064 1 2 3 4 5 6 6 7 8

0.61 4.074 4.083 4.093 4.102 4.111 4.121 4.130 4.140 4.150 4.159 1 2 3 4 5 6 7 8 9
0.62 4.169 4.178 4.188 4.198 4.207 4.217 4.227 4.236 4.246 4.256 1 2 3 4 5 6 7 8 9
0.63 4.266 4.276 4.285 4.295 4.305 4.315 4.325 4.335 4.345 4.355 1 2 3 4 5 6 7 8 9
0.64 4.365 4.375 4.385 4.395 4.406 4.416 4.426 4.436 4.446 4.457 1 2 3 4 5 6 7 8 9
0.65 4.467 4.477 4.487 4.498 4.508 4.519 4.529 4.539 4.550 4.560 1 2 3 4 5 6 7 8 9

0.66 4.571 4.581 4.592 4.603 4.613 4.624 4.634 4.645 4.656 4.667 1 2 3 4 5 6 7 9 10
0.67 4.677 4.688 4.699 4.710 4.721 4.732 4.742 4.753 4.764 4.775 1 2 3 4 5 7 8 9 10
0.68 4.786 4.797 4.808 4.819 4.831 4.842 4.853 4.864 4.875 4.887 1 2 3 4 6 7 8 9 10
0.69 4.898 4.909 4.920 4.932 4.943 4.955 4.966 4.977 4.989 5.000 1 2 3 5 6 7 8 9 10
0.70 5.012 5.023 5.035 5.047 5.058 5.070 5.082 5.093 5.105 5.117 1 2 4 5 6 7 8 9 11

0.71 5.129 5.140 5.152 5.164 5.176 5.188 5.200 5.212 5.224 5.236 1 2 4 5 6 7 8 10 11
0.72 5.248 5.260 5.272 5.284 5.297 5.309 5.321 5.333 5.346 5.358 1 2 4 5 6 7 9 10 11
0.73 5.370 5.383 5.395 5.408 5.420 5.433 5.445 5.458 5.470 5.483 1 3 4 5 6 8 9 10 11
0.74 5.495 5.508 5.521 5.534 5.546 5.559 5.572 5.585 5.598 5.610 1 3 4 5 6 8 9 10 12
0.75 5.623 5.636 5.649 5.662 5.675 5.689 5.702 5.715 5.728 5.741 1 3 4 5 7 8 9 10 12

0.76 5.754 5.768 5.781 5.794 5.808 5.821 5.834 5.848 5.861 5.875 1 3 4 5 7 8 9 11 12
0.77 5.888 5.902 5.916 5.929 5.943 5.957 5.970 5.984 5.998 6.012 1 3 4 5 7 8 10 11 12
0.78 6.026 6.039 6.053 6.067 6.081 6.095 6.109 6.124 6.138 6.152 1 3 4 6 7 8 10 11 13
0.79 6.166 6.180 6.194 6.209 6.223 6.237 6.252 6.266 6.281 6.295 1 3 4 6 7 9 10 11 13
0.80 6.310 6.324 6.339 6.353 6.368 6.383 6.397 6.412 6.427 6.442 1 3 4 6 7 9 10 12 13

0.81 6.457 6.471 6.486 6.501 6.516 6.531 6.546 6.561 6.577 6.592 2 3 5 6 8 9 11 12 14
0.82 6.607 6.622 6.637 6.653 6.668 6.683 6.699 6.714 6.730 6.745 2 3 5 6 8 9 11 12 14
0.83 6.761 6.776 6.792 6.808 6.823 6.839 6.855 6.871 6.887 6.902 2 3 5 6 8 9 11 13 14
0.84 6.918 6.934 6.950 6.966 6.982 6.998 7.015 7.031 7.047 7.063 2 3 5 6 8 10 11 13 15
0.85 7.079 7.096 7.112 7.129 7.145 7.161 7.178 7.194 7.211 7.228 2 3 5 7 8 10 12 13 15

0.86 7.244 7.261 7.278 7.295 7.311 7.328 7.345 7.362 7.379 7.396 2 3 5 7 8 10 12 13 15
0.87 7.413 7.430 7.447 7.464 7.482 7.499 7.516 7.534 7.551 7.568 2 3 5 7 9 10 12 14 16
0.88 7.586 7.603 7.621 7.638 7.656 7.674 7.691 7.709 7.727 7.745 2 4 5 7 9 11 12 14 16
0.89 7.762 7.780 7.798 7.816 7.834 7.852 7.870 7.889 7.907 7.925 2 4 5 7 9 11 13 14 16
0.90 7.943 7.962 7.980 7.998 8.017 8.035 8.054 8.072 8.091 8.110 2 4 6 7 9 11 13 15 17

0.91 8.128 8.147 8.166 8.185 8.204 8.222 8.241 8.260 8.279 8.299 2 4 6 8 9 11 13 15 17
0.92 8.318 8.337 8.356 8.375 8.395 8.414 8.433 8.453 8.472 8.492 2 4 6 8 10 12 14 15 17
0.93 8.511 8.531 8.551 8.570 8.590 8.610 8.630 8.650 8.670 8.690 2 4 6 8 10 12 14 16 18
0.94 8.710 8.730 8.750 8.770 8.790 8.810 8.831 8.851 8.872 8.892 2 4 6 8 10 12 14 16 18
0.95 8.913 8.933 8.954 8.974 8.995 9.016 9.036 9.057 9.078 9.099 2 4 6 8 10 12 15 17 19

0.96 9.120 9.141 9.162 9.183 9.204 9.226 9.247 9.268 9.290 9.311 2 4 6 8 11 13 15 17 19
0.97 9.333 9.354 9.376 9.397 9.419 9.441 9.462 9.484 9.506 9.528 2 4 7 9 11 13 15 17 20
0.98 9.550 9.572 9.594 9.616 9.638 9.661 9.683 9.705 9.727 9.750 2 4 7 9 11 13 16 18 20
0.99 9.772 9.795 9.817 9.840 9.863 9.886 9.908 9.931 9.954 9.977 2 5 7 9 11 14 16 18 20
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