
1

-1

1



2

TOSS

fundamental or base quantity
derived quantity

m m

fundamental or base quantity

kgm–3

(1) FPS  (2) CGS, (3) MKS 
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-1

 - 1.1

1 FPS

2 CGS

3 MKS

SI  

SI
Le Systeme International d’Unites

SI

 - 1.2 : SI 

m

kg

s

A

K

cd

mol

rad

sr

SI 
Prefix SI
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 - 1.3 : 

(Power of ten) (Prefix) (Symbol) (Example)

10–18 a  (am)

10–15 f  (fm)
10–12 p (pF)
10–9 n  (nm)
10–6 m  (mm)
10–3 m  (mg)
10–2 c  (cm)
10–1 d  (dm)
101 Da  (Dag)
102 H  (Hm)
103 K  (Kg)
106 M  (MW)
109 G  (GHz)
1012 T  (THz)
1015 P  (Pkg)
1018 E  (Ekg)

 - 1.4 : 

 (Kg)
10–30

10–27

10–25

10–22

10–19

10–8

10–6

10–2

102

106

1010

1024

1030

1041

1055
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-1

 - 1.5 : 

Magnitude ( )

10-15

10-10

10-7

10-4

10-2

100

104

107

109

1011

1013

1016

1021

1026

 - 1.6 : 

10–23

10–15

10–10

10–6

10–4

100

103

105

107

109

1012

1015

1017

1018
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SI

SI
Sevres

Pt Ir
alloy

SI 

ms–1 

SI CS 

± 1 × 10–12 s

± 1 × 10–12 s

. 1.1 :
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-1

error

 : .

 : 

 : 

Systematic errors)

Random errors) 

1.6.1

 : 

mm
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10.04 mm  10.04 – 0.04 = 10.00 mm.

+0.04 mm 

: 



 sin θ θ  3°  0.02%

 : 

parallax) 

1.6.2  (Random Errors)

1.7.1

 a1, a2, a3 ... an 

am) 

1 2 3 n
m

a +a +a +...+aa =
n

a 

a1 = am – a1

a2 = am – a2

a3 = am – a3

.......................................
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.......................................

an = am – an

1.7.2.

 a 

 a .

a 1 2 3 nΔa + Δa + Δa + .....+ Δa
n

ma = a ± a

: (a ) (am) 

a .

m

Δa
δa =

a

1.7.3

 
m

Δa
= 100

a


 1.1

2.63, 2.56, 2.42, 2.71 

2.80 

 : 

m
2.63 + 2.56 + 2.42 + 2.71 + 2.80a =

5

m
13.12a = = 2.624s

5

 : a1 = 2.62 – 2.63 = –0.01 s

a2 = 2.62 – 2.56 = 0.06 s

a3 = 2.62 – 2.42 = 0.20 s

a4 = 2.62 – 2.71 = –0.09 s
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a5 = 2.62 – 2.80 = –0.18 s

: 
0.01 0.06 0.20 0.09 0.18

a
5

      
 

0.54Δa = = 0.108s = 0.11
5

 :
m

Δa 0.11δa = 0.04198 0.04
a 2.62

  

 
m

Δa
= × 100

a
 = 0.04 × 100 = 4%

a, b  x = a + b 

a   a 

b   b 

x   x 

,

x + x = (a + a) + (b + b)

x + x = a + b + a + b

x = + (a + b)

x 

x = a + b

x = a – b 
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x + x = (a + a) – (b + b)

x + x = a + a – b + b

x + x = (a – b) + (a + b)

    x = a + b

individual) 

x = ab 

x + x = (a + a) (b + b)

Δx Δa Δbx 1 ± = ab 1 1 ±
x a b

     
     

     

Δx Δa Δb Δa Δb1 ± = 1 ± ± +
x a b a b

Δa Δb
a b

Δx Δa Δb± = ± ±
x a b

x  
Δx Δa Δb= +
x a b
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 647.5 cm 

6, 4, 7 

1.9.1

i. 315.58 

ii.

5300405.003 

iii.

50.00 4 7.40 

iv.

5000

3.500 

v.

0.0 0

72  0 . 0 0 0 072 

vi. 10 

1.4 × 107 

vii.

348.6 cm 4 

3.486 m. 

1.9.2

2 cm. 

2.0 cm 0.1 cm 

2.00 cm 3

0.01 cm 2.000 cm 4 

0.001 cm 
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1.9.3

(i) 5
x = 7.82 

(ii)
x = 6.87  6.9

(iii)
x = 16.351  16.4

(iv)
 x = 3.250 

 3.2

(v)    x = 3.750
 3.8 

1.9.4

– 2.7 m, 3.68 m  0.486 m. 
 6.848 m 2.7 m, 

6.8 m. 

2.65 × 103 cm  2.63 × 102 cm 
2.65 × 103 cm 0.263 × 103 cm.

. 

2.65 × 103cm + .263 × 103 cm = 2.91 × 103 cm.

 4.6 cm  2.38 cm  2.22 cm 

2.2 cm 

 – 

3.003 m  2.26 m. 
6.78678 m2 

  2.26 6.79 m2 .
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TOSS

248.57 56.9 4.3685413 
4.37 

1.

(i) 426.69 (ii) 4200304.002 (iii) 0.3040 (iv) 4050 m (v) 5000

2.  3.486 m 348.6 cm)

3.

4. cm

5.

6.
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M L

T I 

M, L T

i.

 (L3).

ii.  

ML–3.

iii.

 LT–1.

iv.

 LT–2.

v.  MLT–2.

x

L x L

m s–1

 LT–1

x = p + q p q x
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 1.2  m 21 mv
2

mgh. v h g

21 mv
2 = M (LTT–1)2 = ML2T–2  mgh

= MLT–2L = ML2T–2 

 1.3

 x t a

x t m a n

m nx t a

 
n1 m 2L T LT

1 m 2n nL T L

L T

n = 1,  m = 2. 
2 1x t a 2x at

21x = at
2  
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x x 

ex x

1. l

g l

g

2. r v a

a  v2/r 

3. mv = Ft  m v F

t

SI 

SI 

kg, m, s) 

1.

  3 × 108 m s–1
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2.

(a) 5769

(b) 0.042

(c) 0.08420

(d) 6.033

(e) 3.56 × 108

3. 12.132 cm  12.4 cm. (a) 

 (b) 

4. u  t a

21s = ut + at .
2

5. m1 m2

r 1 2
2

m mF = G
r

G

6.

7.

8.

1.1

1. (i) 5 (ii) 10 (iii) 4 (iv) 4 (v) 1

2.

3.  = 2 × 1030 kg; : 2 × 10–27 kg;

: 
30

57
27

2 10 10
2 10
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4. 1  (A
o
) = 10–8 cm = 10–10 m

1  (nm) = 10–9 m

 1 nm/1  = 10–9 m/10–10 m = 10. 1 nm = 10 A
o

5. 1370 kHz = 1370 × 103 Hz = (1370 × 103) /109 GHz = 1.370 × 10–3 GHz

6. 1  (dam) = 10 m, 1  (dm) = 10–1 m;

   1 dam =100 dm

1 MW= 106 W

1 GW = 109 W

1 GW = 103 MW

1.2

1.  = L;  = T; g  = LT–2

t   l  t  g 

  t   l g

T = L (LT–2) = L +  T–2

L  T 

 +  = 0, 2 = –1    = –1/2   = ½


lt
g



2. a = LT–2;  v  = LT–1;  r  = L

a   v a   r

a   vr

LT–2 = (LT–1) L = L+  T–
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L  T 

 +  = 1,  = 2    = –1

a   vr a  v2/r

3. mv  = MLT–1; Ft = MLT–2 T1 = MLT–1;

1. 1  = 9,4673 × 1015 m

2. (a) 4 (b) 2 (c) 4 (d) 4 (e) 3

3. (a) 24.5 cm (b) 0.3 cm
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-1

2

(1D),  (2D)  (3D)  .  

2



22

TOSS

x- t = 0 

x = 0 ( . 2.1) P, Q, R 

O  P

OP = +120 m. O  P P  Q 

 OP + PQ = (+120 +60) m = +180 m.

t1 x1 t2  x2 
( . 2.1). 

 x .

x = x2 – x1

x2 > x1   x   x2 < x1  x 

 O  P .

x = x2 – x1 = (+80 m) – 0 m = +80 m

 2.1 : 

–60 –40 –20 0 20 40 60 80 100 120
– x x1

140
x2 + x

R O P1Q P
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80 m x-

P  Q 

60 m – 120 m = –60 m.

2.1.1

  

=

 SI ms–1.

 =

1-D +  –  

t1 t2

 x1 x2 v

       v =

  
2 1

2 1

x x x=
t t t
 


 

(2.1)

x2 – x1 x
t2 – t1 t v
vav
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TOSS

  =   (2.2)

 2.1

 O  P 

120 m  P  Q

60 m  (a) O  P  (b) O P

 Q .

 :

(a) O  P ,

= +120 m

= 120 m

= 3 

 =  1+120= = +40 ms  
3



=  1120 40 ms
3

 

(b) O  P  Q ,

= +120 m – 60 m = +60 m

= 120 m + 60 m = 180 m

= 3 s + 2 s = 5 s

 =  160 12 ms
5


  

=  1180 36ms
5
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-1

  2.2

m s 

m

s

  =   300
200

 ms–1

2.1.2

km/h–1 
km 

vA 
vB A B vB– vA

A, B X
vA, vB  

t = 0  A B xA xB

t A B
xA(t) = xA(0) + vAt
xB(t) = xB(0) + vBt

A B

0 xA(0) xB(0)
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A  B 

xBA(t) = xB(t) – xA(t) = xB(0) – xA(0) + (vB – vA) t

= xBA(0) + vBAt

 vBA = (vB – vA).  A B

  2.3

A  km h–1   

B  km h–1  (a) A B

(b) B 

 :

(a) B  (vB) = + 70  km h–1

, A (vA) = – 60  km h–1

 A  B  = vB – vA

     = 70 – (– 60) = 130 km h–1

(b) B  = 0 – vB = –70 km h–1

2.1.3

SI ms–2



27

-1

           ( ) =a

2 1

2 1

v v Δv=
t t Δt





(2.3)

 v1, v2  t1, t2 .

ms–1 s 

 :

, v1 = 0 ms–1

, v2 = 12 ms–1

, t = 3 s

, a =
12 0

3


= 4 ms–2

1.

2.

3. ms–1 

ms–1  (a)

(b)
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x
y

2.2.1  

m 

t 1 2 3 4 5

x 10 20 30 40 50

x

2.2.2

 2.3 : 

. 2.2 : 
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2.2.3

(a)

A B x

y

2 1

2 1

v x x x BC
t t t AC
 

  
 

(2.4)

AB

(x /t) 

tan  = x /t

x t

(b)

. 2.4 : 
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TOSS

t  

xv
t





 t 

t 0t  (x /t)

2.5

(i) s 

s (ii) s s (iii) s s

 :

(i) s s 

= m

     
14 m 4 m= = = = 0.8ms

5 0 s 5s





(ii) s s = m

    
 
 

112 4 m 8m= 1.6 ms
10 5 s 5s


 




(iii) s s 12 – 12 = 0 m

    =
0 = = 0
5

 2.5 : 

. 2.6 : 
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-1

1.

2. A B

(i)

(ii)

(iii)  

(iv)

(v)

3.

4.

x y
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TOSS

2.3.1 

2.3.2

AB

       
2 1

2 1

v v Δv MPa = = =
t t Δt LP




  = 

A, B C
A, B  C

. 2.10 : 

. 2.7 : . 2.8 : 

. 2.9 : 
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2.3.3

v t

(a)

AB CD

BC

t1 t2

s = v (t2 – t1) = t1 t2

t1 t2

s = KLMN

  = (½) × (KL + MN) × KN

  = (½) × (v1 + v2) × (t2 – t1)

(b)

AB

  2 1

2 1

v vΔva = =
Δt t t





 t  

0

Δv dva limit =
Δt dtt 

  t t
ab
bc



1. v – t 

(i)

(ii)
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2.4.1

t1 = 0

t t2 = t x0 u

t

0x xv =
t


 (2.5)

2.4.2

  2 1

2 1

v va = =
t t




t1 = 0 v1 = u   t2 = t  v2 = v 

v ua =
t


(2.6)

 v = u + at (2.7)

2.6

 :

,

u = 0
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a = 20 ms–2

t = 4 s

v = u + at

              t = 4 

v = 0 + (20 ms–2) × (4 )

= 80 ms–1.

2.4.3

a t

t = 0 x1 = x0; v1 = u  t = t  x2 = x; v2 = v .

 = v – t 

=  OABC 

 
1= CB+OA ×OC
2

 0
1x x = v + u t
2



 v = u + at, 

 0
1x x = u + at + u t
2



21= ut + at
2

2
0

1x = x + ut + at
2 (2.8)

 2.7

 A km h–1 B

km h–1 km  B km h–2

B A

. 2.11 : 

v–t 

v
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B A B

A t x t

A t

2
0x'= x + ut + 1/2 at

   = 0 + 70 × t + ½ (–20) × t2

x = 70 t – 10 t2

x – x = 2.5

 (70 t – 10 t2) – (60 t) = 2.5

10 t2 – 10 t + 2.5 = 0

 t = ½ 

 x = 70 t – 10 t2

= 70 × ½ – 10 × (½)2

= 35 – 2.5 = 32.5 .

2.4.4

t

x – x0 = ½ (v + u) t.

v ut = 
a


 t 

 0
1 v ux x = v + u
2 a
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  2 2
02a x x = v u  

 2 2
0v = u + 2a x x  (2.9)

  

v = u + at

2
0

1x = x + ut + at
2

 2 2
0v = u + 2a x x

 2.8

ms–2 

m ms–1 

(i)  t = 2 

(ii) ms–1 

 

x0 = 5 m, u = 3 ms–1, a = 4 ms–2.

(i)

x  = x0 + ut + 
1
2 at2

    = 5 + 3 × 2 + 
1
2  × 4 (2)2 = 19 

v = u + at

   = 3 + 4 × 2 = 11 ms–1

, v = 11 ms–1 .

(ii) 

v2  = u2 + 2a (x – x0)

(5)2 = (3)2 + 2 × 4 × (x – 5)
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 x = 7 m

 (x) = 7 m.

1. s m 

2. ms–2 m  

ms–1 t = s  

3. m 

4.

ms–2 
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(Galileo Galilei)

 (1564 – 1642)

  2.9

m (i)

(ii) (iii)

:  

 h = 50 m   u = 0

(y0)

y

y a a = – g = – 9.8 ms–2

(i)

y = y0 + ut + 
1
2 at2

y   = 0 + 0 – 
1
2 gt2 = –½ × 9.8 × (2)2

    = –19.6 m.

(ii)  y = –50 m.

v2 = u2 + 2a (y – y0 )

   = 0 + 2 (–9.8) (–50 – 0)

v = 9.9 ms–1
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(iii)  v = u + at,  t = 3 

 v = 0 + (–9.8) × 3

v = –29.4 ms–1

t = 3 ms–1 

, e, .

: 

x, y, z 

: x y y   x 

y = f (x)

 y, x 

: y, x 

i.e. y = f (x)

x  x y y 

 y + y, x + x 

y + y = f (x + x)
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y = f (x + x) – y

   f x +δx f xδy =
δx δx



δy
δx x  y x 

(x + x) 

x y x 

(x 0)
δy
δx

i.e.
   

δx 0 δx 0

f x +δx f xδyLt = Lt
δx δx 



 x  y 
δx 0

δyLt
δx

.  x   y

dy
dx  .

 F 

S 

W = F.S.

 F 

W = F (x) x

x, 

 
limΔx 0

W = F x Δx
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 W = F x x   

x  F(x) 

S 

(i)  
1

for n 1
1

n
n xx dx

n



  
 (i) 1n nd x nx

dx


(ii) 1 1 logx dx dx x
x

    (ii)  
1logd x

dx x


(iii)
1

0

1
xdx x dx x    (iii)   1d x

dx


(iv)  c is a constantcxdx c xdx  (iv)    
d dcu c u
dx dx



(v)  u v w dx udx vdx wdx        (v)  
d du dv dwu v w
dx dx dx dx

    

(vi) x xe dx e (vi)  x xd e e
dx



(vii) sin cosxdx x  (vii)   sin cosd x x
dx



(viii) cos sinxdx x (viii)  cos sind x x
dx

 

(ix) 2sec tanxdx x (ix)  tan secd x x
dx



(x) 2cosec cotxdx x  (x)   2cot cosd x ec x
dx
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(i) v  = u + at

(ii) x  = x0 + u t + 
1
2 at2

(iii) v2 = u2 + 2a (x – x0)

1. C km h–1 M

km h–1 C
M
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2. ms–2 m  

3. km h–1

km h–1

4. km h–1

km  

5. km  
km.

6. s km h–1

7. ms–1 s  ms–2 

(i)

(ii)

8. ms–1  

9. km h–1

km h–1

km 

10. s m 

2.1
1.

2.
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3. (a) 1 ms–1      (b) 2 ms–1

2.2

1.

2. (i) (ii) B  (iii)  (iv) A (v) 400 m

3.

4. (a) 

2.3

     1. (i)

OA

215 0 3ms
5 0

a 
 



(AB ). 215 15 0 0 ms
15 5 10

a 
  



(BC ). 20 15 1.5 ms
25 15

a 
  



(ii)  

OABC
= =

25 0

 
1

1 115 5 15 10 15 10
5252 2 10.5ms

25 50


   
            

  

2.4

1. 2
0

1x = x + ut + at
2  

2140 16 5ms
2

a a     
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 2 2
0v = u + 2a x x  

v = 20 ms–1,

2120 = 0 + × 5 ×t t = 2 2 .
2



2. x = 21 m

 v = 13 ms–1.

3. v = 0 ,

1 1u = 7 10 ms = 22.6 ms . 

4.

1. 15  km h–1

2. 5.47 s

3. 40 ms–1

4. 1.25 

5. 8 : 1

6. 2.8 ms–2  (  3000 km h–2)

7. (i) 42 m (ii) 36 m

8. 0  9.8 ms–2.

9.  = 0, = 8.89 km h–1

10. v = 20  ms–1 t = 2 2  s
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3
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TOSS

g g

kg m–3

km h–1

3.1.2

AB AB

CD AB

EF

CD

 : 

 : 
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AB
AB A AB B

A


. A


A A


A

A, B C
A = B = C

D A

D A

A A D = A.

=

km = cm N cm

N = cm

3.1.3

     (a)   (b)

 : A  B

 : 

D 
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A B a A
A pq pq A

B A
A q B

pr A

B pr pr

commutative

A + B = B + A b b pqr

pq qr A B

pr p r

b A

B pr

A B C

A B A+B

A+B C

B C

A B + C

A +

B + C = A + B + C
  : 
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3.1.4

A B 

PQ A
PS B

PR R
R A + B

A B
A 

PQ SR A
PS QR

B R

RT

(PR)2 = (PT)2 + (RT)2

= (PQ + QT)2 + (RT)2

= (PQ)2 + (QT)2 + 2PQ.QT + (RT)2

= (PQ)2 + [(QT)2 + (RT)2] + 2PQ.QT     ... (3.1)

= (PQ)2 + (QR)2 + 2PQ.QT

= (PQ)2 + (QR)2 + 2PQ.QR (QT / QR)

R2 = A2 + B2 + 2 AB.cos

  R 2 2= A + B + 2AB.cosθR (3.2)

R 

RT RT Bsin θtanα = = =
PT PQ +QT A + Bcosθ (3.3)

A  B  = 0° cos  = 1 
 R = A + B

  = 90° cos  = 0 2 2R  =  A + B

  : 
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 : A B

(anti-parallel)  = 180° cos  = –1 
A  B 

             R = A – B

3.1.5

A – B, A + (–B)

–B

A A –

B (A – B)

A B

   

1.

(a)  B – A,   (b) A + B,   (c) A – 2B   (d) B – 2A.

2. A  B

A + B A – B

3. A B

A = B = 

3.1.6

A k A k

k|A| k

k A A

A A – 3A A

A

A  B
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3.1.7

A B A B AB cos 

B cos A B

A B A
A 

B
  cos

F
 d Fdcos F

d 

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

3.1.8  

 A B 



A × B C
AB sin  C
b A B

 : A B

a (b) C = A × B
A B

C
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C
B × A A × B

1. A B B
A

2. A
1C = B
2  A × B

A × C

3. A B
C = A × B

4. A B
C = A × B

5. A x B y C = A × B
A y B x C

6. A B
(a) A . B

(b) A × B

3.1.9

A x
y
Ax Ay

Ax = A cos            (3.4)

Ay = A sin    (3.5)
a (x, y)

(X, Y) A
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A x 

A x  x y

AX = A cos 

 AY = A sin .

 

A 

2 2 2 2
x y X YA = A + A = A + A      (3.6)

  and tan  = Ay/Ax, tan  = AY/AX    (3.7)

3.1.10

A A
 
n̂ n

 
n̂ A

x
 
î y

 
ĵ

z
 
k̂ A x y

Ax Ay

x y

 
ˆ ˆ= A + AA i j (3.8)

B

x y

 
ˆ ˆ= B + BB i j (3.9)

x x y y

 
ˆ ˆ=  (A + B ) +(A + B )A + B i j (3.10)

 
ˆ ˆ ˆ ˆ ˆ ˆ ˆ
 

ˆ ˆ ˆ1, 1, 1, 0, 0    i i j j k k i j i k    
 
ˆ

 
ˆ 0j k (3.11)
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A B

x y x y

 
ˆ ˆ ˆ ˆ= (A +A ).(B +B )A B i j i j

x x x y y x y y

 
ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ= A B ( ) A B ( ) A B ( ) A B ( )  i i i j j i j j   

= AxBx + AyBy (3.12)

 
 
ˆ ˆi × j

 
î

 
ĵ xy z

z
 
k̂  

 
ˆ ˆ
 

ˆ i j k (3.13)

 
ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ
 

ˆ ˆ ˆ ˆ ˆ, , , ,            j k i k i j j i k k j i i k j (3.14)

 
ˆ ˆ ˆ ˆ
 

ˆ ˆ 0     i i j j k k (3.15)

 3.1
 

ˆ ˆ4 + 5C i j  
 

ˆ ˆ= 6 4D i j C D C, D 

 :

C  D
 

ˆ ˆ ˆ ˆ(4 + 5 ) (6 4 ) C D i j i j 
 

ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ24 ( ) ) 30 ( ) 20( )    i i i j j i j j   

3.11) 

C . D = 24 – 20

= 4
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. 3.11 :  r

y

P

r

xO

 
ŷj

 
ˆxi

C  D :
 

ˆ ˆ ˆ ˆ(4 + 5 ) (6 4 )  C × D i j i j
 

ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ24 ( ) ) 30 ( ) 20( )        i i i j j i j j

(3.13 to 3.15) 
 

ˆ ˆ ˆ= 16 30 = 46   C D k k k

C D
C D xy

z

xy P xy
P  r 

 
ˆ ˆ= x + yr i j

 x, y  r  x, y.

t  P t'  P'
(x, y), (x', y') 

r = r1 – r  P  P' .

    
 

ˆ ˆ ˆ ˆ= (x ' y' ) (x y )   r i j i j
 

ˆ ˆ= Δ x + Δyi j

Δx = x' x, Δy = y' y. 

3.2.1

(v) 
 

ˆ ˆΔ Δx + Δy Δx Δy
 

ˆ ˆ= = = +
Δ t Δt Δt Δt

r i jv i j

x y

 
ˆ ˆ= v + vi j
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 vx, vy  v 
x-  y-

r 

x y yx

 
ˆ ˆΔ (v + v ) ΔvΔvΔ

 
ˆ ˆ= = = +

Δt Δt Δt Δt
i jva i j

  x y

 
ˆ ˆ= a + ai j

 ax , ay   x, y 

3.2.2

90° 

(i)

(ii)

. 3.12 :  r 

 v

. 3.13 : 
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3.2.3

# áÖ | ¾q  $ < óŠ+> ± ÿ ¿£ e d ŸTïe Úq T Ô =* y û> ·+  u x   

x-  y- u 

ux = u cos (3.16 [a])

uy = u sin (3.16 [b])

 ux 

‘t’

x = ux t = (u cos) t (3.17)

ax = 0

a

i.e., ay = –g

‘t’ 

vy = uy – gt

(3.16 [b])

vy = u sin – gt (3.18)

‘t’ 

2
y y

1y = u t + a t
2

 (3.16 [b]) 

21y = (u sin θ) t gt
2

 y( a = g) (3.19)
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. 3.14 : 

h


u P

A xO u cos

u 
sin



R

y ‘t’  (3.19)

2

2 2

x 1 xy = (u sinθ) g
u cosθ 2 u cos θ

  
   

   

2

2 2

gxy = (tanθ) x
2u cos θ

 (3.20)

, g, u  (3.20)
 y = ax + bx2 

3.2.4 

 (hmax) 

vy = 0, uy = u sin   a = –g.

 (3.18) 

0 = u sin – gt

u sinθt =
g (3.21)

 v2 – u2 = 2 as  

0 – (u sin )2 = –2ghmax

2 2

max
u sin θh =

2g (3.22)
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3.2.5 Time of flight

y = 0  t = T 

210 = (u  sin θ) T gT
2



21 gT = u sinθ T
2

2u sinθT =
g (3.23)

 (3.21)  (3.23) 

T = 2t

 (3.21)

3.2.6 

T R

R =  × 

   = ux × T

 (3.17)  ( 3.23) 

u cosθ (2u sin θ)R =
g

   
22u cosθsin θ=

g

2 sin  cos   = sin 2

,
2u sin 2θR =  

g (3.24)

(u),    

(u) R sin 2 = 1  2 = 90° 

 = 45°.

u  45° .
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 3.2

300 u = 10 ms–1 

(i)  (ii) 

 (iii) 

g = 10 ms–2).

 :   

u = 10 –1 ,  = 30°  g = 10 ms–2

(i)
2 2

max
u sin θh =

2g

2 2(10) sin 30 10 3= 3.75m
2 10 2 4

  


(ii)
2u sin 2θR =

g
2(10) sin (2 30)=

10


1= 10 × sin 60 = 10 × = 5m
2

(iii)
2u sin θ 2 × 10 × sin 30T = =

g 10

3= 2 × = 3 = 1.7s
2

1.

(a)

(b)

(c)

(d)

(e)
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2. m
ms–1

g = 9.78 ms–2

3.

 

(Evangelista Torricellis) (1608 – 1647)

(a) t1  t2

r1  r2

P1  P2

2 1

2 1

Δ= =
t t Δt



avg

r r rv (3.25)

   (a)  (b)
. 3.15 : (a)  

                (b) 
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3.3.1 

 b r t

r r t 

r P1

P1

Δt 0

Δ dv = limit =
Δt dt

r r

b

3.3.2 

m v

A AX t

B B BY 

A B a r 'r

v 'v v 

v r

v, r 
 

  

va
t v

r 

 r 'r  v 'v
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v O AX 
v OP BY 'v OQ

 |v 'v | OP = OQ. PQ PQ
b  OPQ

OPQ OP OQ A, B 
v 'v PQ

A B t
PQ

= 

PQ Δ= =
Δt Δt

va

    (a)     (b)

. 3.16 : 

t AB AB

ABC POQ 

PQ OP=
AB CA

Δ v v=
r  Δθ r

v  v' = v  r. v. t  
2Δ v v=

Δ t r
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Δ v
Δ t  

 
2va =

r
(3.26)

 

2
2mv= m =  = mrω

r
F a (v = r)

(i) Centrifuge

enrichment

uranium

(ii)

(iii)

(iv)

 3.3

m 2.0 kg 
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 :

, m = 2 kg

= , r = 2 m

, v = 20 ms–1

, F
2mv

r


2 20 20
2

 


= 400 N

 3.4

Astronauts

capsule

capsule

 : 2 × = 2 x 15 m.

60 s.
24

2π rv =
T

12π × 15 × 24= = 38ms
60



2 1 2
2v (38ms )a = = = 96ms

r 15m




1. (a) (b)

(c) (d)

2. ms–1

 ms–2.
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ax = 0 ay = –g

vx = ux = u cos vy = u sin – gt

x  = x0 + (u cos) t 2
0

1y = y + (u sinθ) gt
2



 
2 2u sin θh =
2g .

 
2u sinθT =

g .

, 
2u sin 2θR =

g .

r
v

2v
 

ˆa =
r

r
 
r̂ v

  v = r.
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2
2mv

 

ˆF = ma = = m r ω
r

r

1.

2.

3.

4.

5.
 

ˆ ˆ
 

ˆ6 i + 12 j + 8k  
 

ˆ ˆ
 

ˆ2 i + 8 j + 2k

6.  
 

ˆ ˆ5 i 3 j
 

ˆ ˆ3 i 5 j  

7.

8.

9.

10. N kg

m

11. m  ms–1

12. ms–1

13.  ms–1

14. m km h–1
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15. m kmh–1

kg

16.

17.

3.1

1.

(a) (b)

(c) (d)

2. A
10

B
12 3.

A + B = 10 + (–12) = 2 units

A
10  B

12

A – B = 10 – (–12) = 22 units  | A + B | = 79 units

3.2

1. A  B = 0
A × B = AB sin  = 0 = 1800

A × B = AB sin  = 0 sin 180°= 0.
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2. B 

C = A × B 

3. A B  C = A × B

4. A B

C = A × B

180°, C

5. A x B y xy

C = A × B z A y

B x C z

6. (a) A.B = | A | | B | cos  = 0   = 90° 

(b) A × B = | A | | B | sin  = | A | | B |,  = 90° sin  = 1

3.3

1. (a), (b), (d)

2. : 9.23 m,  : 9.23 m – 8.90 m = 0.33 m

3.

3.4

1. (a)  (b)  (c)  (d) 

2. 27 m

5. 124

6.  : 30, :  16 z-
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10. 10 ms-1

11. 2 ms–2

12. 900 × 1.732 m

13. ux = 250 × 1.732 ms–1     vy = 250 ms–1      : 500 m      : 3125 m

14. t = 20 s, 999.9 m

15. 125 N
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|ü]#·j·T+

edüTÔe⁄ >∑eTHêìï <ëìøÏ dü+ã+~Û+∫q <ä÷s¡+, kÕúqÁuÛÑ+X¯+, e&ç, y˚>∑+ eT]j·TT ‘·«s¡D≤\ |üs¡+>±
e]í+#·&Üìï MTs¡T Ç+‘·≈£î eTT+<äT bÕsƒ¡+˝À H˚s¡TÃø=Hêïs¡T. ø±ì eTTK´yÓTÆq Á|üX¯ï @$T≥+fÒ— Ä–q
ã+‹ì @~ ø£~*düTÔ+~? BìøÏ MT]#˚Ã düTfi¯óyÓ’q »yêãT ã+‹ì u≤´{Ÿ‘√ ø=≥ºeTì n<˚$<Ûä+>± eTs√
Á|üX¯ï. >±*˝À y˚>∑+>± yÓfi‚¢ ã+‹ì ø±´#Y |üfÒº≥|üÒ&ÉT @~ <ëìï Ä|ü⁄‘·T+~? BìøÏ MTs¡T, ã+‹ì _>∑Te⁄>±
|ü≥Tºø√yê\+{≤s¡T. edüTÔe⁄ ìX¯Ã\ ˝Ò<ë #·\q dæú‹˝À e÷s¡TŒ¬ø’ <ëìï ˝≤>∑&ÉyÓ÷, HÓ≥º&ÉyÓ÷ #˚j·÷\ì eTq
|üPs¡« nqTuÛÑe+ ‘Ó*CÒdüTÔ+~. n<˚$<Ûä+>±, |òü⁄{Ÿu≤˝Ÿì >√˝Ÿb˛dtº˝Àì |ü+bÕ\+fÒ <ëìô|’ ã\+>± ‘·Hêï*.
ÁøÏ¬ø{Ÿ ã+‹ì uÖ+&ÉØ e<ä›≈£î ‘·s¡*+∫ Hê\T>∑T ˝Ò<ë Äs¡T |üs¡T>∑T\qT bı+<ë\+fÒ, <ëìï u≤´{Ÿ‘√ >∑{Ïº>±
ø={≤º.* ô|’ nìï ø£è‘ê´˝À¢ ø£+&És¡ ã\+ Á|üy˚Tj·T+ ñqï<äì eT]j·TT <ëì |òü*‘·y˚T Ç$ »s¡T>∑T‘·THêïj·Tì
‘Ó\Tk˛Ô+~.

nsTTq|üŒ{Ïø°, mH√ dü+<äsê“¤˝À¢ ÁøÏj·T ˝Ò<ë ˇø£ #·s¡´≈£î ø±s¡D≤\T H˚s¡T>± ø£ì|æ+#·e⁄. ñ<ëVü≤s¡D≈£î
(1) es¡¸+ ˙{Ï _+<äTe⁄\T H˚\ sê\T≥≈£î ø±s¡D+ (2) dü÷s¡T´&ç #·T≥÷º uÛÑ÷$T ‹s¡T>∑T≥≈£î ø±s¡D+.

MTs¡T á bÕsƒ¡+˝À ÁbÕ<∏ä$Tø£ >∑eTq ìj·Te÷\T eT]j·TT >∑eTHêìøÏ eT÷\yÓTÆq ã\+\ >∑T]+∫
H˚s¡TÃø=+{≤s¡T. ã\+ eT]j·TT >∑eTHê\T ¬s+&É÷, ˇø£<ëì‘√ eTs=ø£{Ï düìïVæ≤‘·+>± eTT&ç|ü&ç ñ+{≤j·Tì
q÷´≥Hé #·÷|æ+#ê&ÉT.  >∑eTq ìj·Te÷\T nH˚$ ÁbÕ<∏ä$Tø£yÓTÆq$ eT]j·TT Ç$ ì‘·´J$‘·+˝À ìX¯Ã\,
#·\q dæú‘·T\‘√ eTT&ç|ü&çq mH√ï <äè–«wüj·÷\qT ns¡ú+ #˚düTø√e&ÜìøÏ ñ|üjÓ÷>∑|ü&É‘êsTT.

\øå±´\T

á bÕsƒ¡+ #·~$q ‘·s¡Tyê‘· MTs¡T øÏ+~ yê{Ïì ‘Ó\TdüTø=+{≤s¡T.

edüTÔe⁄ #·\q+˝À ã\+ jÓTTø£ÿ eTTK´ bÕÁ‘·qT $e]+#·&É+.

q÷´≥Hé >∑eTq ìj·Te÷\qT ìs¡«∫+∫ ‘·–q ñ<ëVü≤s¡D\T Çe«&É+.

»&É‘·«+ ÁbÕeTTK´‘·qT $e]+#·&É+.

eTq ì‘·´ø£è‘ê´˝À¢ |òüTs¡¸D ÁbÕeTTK´‘·qT $e]+#·T≥.

|òüTs¡¸D >∑TDø±ìï ìs¡«∫+∫, ˇø£ s¡ø£yÓTÆq |òüTs¡¸D >∑TDø±ìï eTs=ø£ s¡ø£+‘√ $uÒ~Û+#˚ kÕúsTT˝À
ñ+&ÉT≥.

4
>∑eTq ìj·Te÷\T
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|òüTs¡¸DqT ‘·–Z+#˚ $$<Ûä |ü<ä∆‘·T\qT dü÷∫+#·T≥.

Ç∫Ãq dæú‹ì $X‚¢wæ+∫ ùd«#êÃ¤ edüTÔ |ü{≤ìï ^dæ q÷´≥Hé >∑eTq ìj·Te÷\qT nqTe]Ô+#·T≥.

4.1   ã\+ uÛ≤eq, »&É‘·«+

edüTÔe⁄\qT @ kÕúq+ e<ä› ñ+∫‘˚ n$ n<˚ kÕúq+ e<ä› ø£<ä\≈£î+&Ü ñ+{≤j·Tì eTq≈£î ‘Ó\TdüT. yê{Ï
ìX¯Ã\dæú‹ì e÷s¡TÃ≥≈£î u≤Vü≤´ ã\+ Á|üjÓ÷–+∫q+‘· es¡≈£î yê≥+‘·≥ n$ ø£<ä\ Ò̋e⁄. n<˚ $<Ûä+>± düeTy˚>∑+‘√
yÓfīó‘·Tqï edüTÔe⁄ jÓ≠ø£ÿ >∑eTHêìï e÷sêÃ\+fÒ ã˝≤ìï Á|üjÓ÷–+#·e\dæq nedüs¡+ ñ+≥T+~. @ <Ûäs¡à+ e\¢qs≠‘̊,
ìX¯Ã\ dæú‹˝À ñqï edüTÔe⁄, ‘·q ìX¯Ã\ dæú‹˝Àì e÷s¡TŒqT, düs¡fiπ̄sU≤ e÷s¡Z+˝À @ø£Ø‹ #·\q+˝À ñqï edüTÔe⁄ ‘·q
dæú‹ e÷s¡TŒqT e´‹πsøÏdüTÔ+<√, Ä<Ûäsêàìï »&É‘·«+ (inertia) n+{≤s¡T. »&É‘·«+ πøe\+ edüTÔe⁄ Á<äe´sê•ô|’ e÷Á‘·y˚T
Ä<Ûës¡|ü&É‘·T+~. edüTÔe⁄ Á<äe´sê• <ëì »&É‘ê«ìøÏ ø=\e÷q+.

»&É‘·«+ nH˚~ ˇø£ n<äT“¤‘·yÓTÆq <Ûäs¡à+, ˇø£y˚fi¯ »&É‘·«+ nH˚ <Ûäs¡à+ Ò̋ø£b˛‘˚ MT Ç+{À¢ ˙ |ü⁄düÔø±\T, ˙
‘·e≠à&ç ̋ Ò<ë #Ó̋ …¢* |ü⁄düÔø±\‘√ ø£*dæb˛‘ês≠. MT Ç+{À¢ì edüTÔe⁄\˙ï yê≥+‘·≥ ny˚ ø£<äT\T‘·÷   MT ùdïVæ≤‘·Tì
Ç+{À¢øÏ yÓ[¢ >∑+<äs¡>√fi≤ìï düèwæºkÕÔsTT. m≥Te+{Ï Á|üj·T‘êï\T Ò̋ø£b˛s≠q|üŒ{ÏøÏ Á|ü|ü+#·+˝À nìï edüTÔe⁄\T
yê≥+‘·≥ n$ ø£<ä\≥yÓ÷, >∑eTHêìï Ä|ü⁄ø=q≥yÓ÷ #˚kÕÔs≠. #ê˝≤ ÄX¯Ãs¡́ +>± ñ+~ ø£<ä÷!

edüTÔe⁄ jÓ≠ø£ÿ >∑eTq+ Ò̋<ë ìX¯Ã\dæú‹ nH˚~ ˇø£ kÕù|ø£å uÛ≤eq nì eTq≈£î ‘Ó\TdüT. ˇø£ edüTÔe⁄ ˇø£
|ü]o\≈£îìøÏ ìX̄Ã\+>± ñqï≥T¢>± n>∑T|æ+∫Hê n<̊ edüTÔe⁄ eTs=ø£ |ü]o\≈£îìøÏ >∑eTq+˝À ñqï≥T¢>± n>∑T|æ+#·Tqì
Ç+‘·≈£î e≠+<äT bÕsƒ¡+˝À H˚s¡TÃ≈£îHêï+. á |ü]o\q\ qT+&ç ‘Ó*ùd $wüj·T+ @$T≥+fÒ edüTÔe⁄ ô|’ ìø£s¡ ã˝≤ìï
Á|üjÓ÷–+∫q|üÒ&ÉT e÷Á‘·y˚T <ëì jÓ≠ø£ÿ y˚>∑+˝À e÷s¡TŒ rdüTø=ì sê>∑\+.

ã\+ nH˚ |ü<ä+ MT≈£î ‘Ó*dæq<˚. ì‘·́  J$‘·+˝À eTq+ mH√ï dü+<äsê“¤̋ À¢ ã\+ nH˚ |ü<ä+ yê&É‘ê+.
˝≤>∑Tq|ü⁄&ÉT, ‘√j·≠q|ü⁄&ÉT, ‘·H˚ï|üÒ&ÉT, ø√fÒº≥|üÒ&ÉT ã˝≤ìï Á|üjÓ÷–kÕÔ+. ã\+ ø£q|æ+#·q|üŒ{Ïø° <ëì |òü*‘êìï
#·÷&É>∑\+ Ò̋<ë nqTuÛÑ$+#·>∑\+.

(a) ã\+, edüTÔe⁄ Äø±sêìï, |ü]e÷D≤ìï e÷s¡Ã>∑\<äT.  u…\÷Héô|’ ø£\>∑#˚ùd ã\ |ü]e÷D+ Ä<Ûës¡+>±
<ëì Äø±s¡+ e÷s¡T‘·T+~.

(b) ã\+, edüTÔe⁄ >∑eTHêìï Á|üuÛ≤$‘·+ #˚j·T>∑\<äT. ã\ Á|üjÓ÷>∑+e\¢ edüTÔe⁄qT >∑eTq+˝À
ñ+#·e#·TÃ ˝Ò<ë >∑eTq+˝À ñqï edüTÔe⁄qT ìX¯Ã\dæú‹˝ÀøÏ rdüT≈£îsêe#·TÃ. ã\+ edüTÔe⁄ jÓ≠ø£ÿ
>∑eTq ~X¯qT ˝Ò<ë y˚>∑ |ü]e÷D≤ìï ≈£L&Ü e÷s¡TdüTÔ+~.

(c) ã\+ edüTÔe⁄qT ˇø£ nø£å+ Ä<Ûës¡+>± ÁuÛÑeTD+ #˚s≠+#·>∑\<äT. ã˝+ edüTÔe⁄qT nø£å+ n<Ûës¡+>±
ÁuÛÑeTD+ #˚sTT+#·>∑\<äT. Ä<Ûës¡ _+<äTe⁄ ˝Ò<ë ÁuÛÑeTD nø£å+ qT+∫ ø=+‘· <ä÷s¡+˝À |üì#˚ùd
ã\+ edüTÔe⁄≈£î ÁuÛÑeTD #·\Hêìï ÇdüTÔ+~. Bìï MTs¡T @&Ée bÕsƒ¡+˝À H˚s¡TÃø=+{≤s¡T.

4.1.1 ã\+ eT]j·≠ >∑eTq+

ã\+ ˇø£ dü~X¯sê•, á ø±s¡D+ #˚‘·  nH˚ø£ ã˝≤\T edüTÔe⁄ô|’ π̌økÕ] |üì#˚düTÔq|üÒ&ÉT ìø£s¡ ‘·T\´
ã˝≤ìï eTT+<äT bÕsƒ¡+˝À #Ó|æŒq≥T¢>± dü~XÊ dü+ø£\q ìj·TeT+ <ë«sê ø£qT>=+{≤s¡T.
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edüTÔe⁄ jÓ≠ø£ÿ >∑eTHêìï kÕúqÁuÛÑ+X¯+, y˚>±\ \ø£åD≤\ <ë«sê ‘Ó\TdüTø√e#·TÃ.  edüTÔe⁄ jÓ≠ø£ÿ y˚>∑+
n$∫Ã¤qï+>± ô|s¡>∑&É+ Ò̋<ë ‘·>∑Z&É+ ˝≤+{Ï nH˚ø£ dü+<äsê“¤\qT eTq+ #·÷kÕÔ+. ñ<ëVü≤s¡D≈£î ùd«#·Ã¤>± øÏ+~øÏ
|ü&ÉT‘·Tqï edüTÔe⁄  $wüj·T+˝À <ëì y˚>∑+, uÛÑ÷$Tì ‘ê≈£îq+‘· es¡≈£î Áø£eT+>± ô|s¡T>∑T‘·T+~. n<˚ $<Ûä+>± øÏå‹»
‘·\+ô|’ <=s¡T¢‘·Tqï edüTÔe⁄ y˚>∑+ Áø£eT+>± ‘·>∑TZ‘·÷ ∫es¡≈£î X¯Sq´+ ne⁄‘·T+~ (m+<äT≈£î?).

nH˚ø£ nqTuÛÑyê\ qT+∫, X¯Sq´+ ø±ì ìø£s¡ ã\+ edüTÔe⁄ dæú‹ì e÷s¡TÃ≥≈£î nedüs¡+ nì eTq≈£î
‘Ó\TdüT. edüTÔe⁄ô|’ |üì#˚ùd nH˚ø£ ã˝≤\ |òü*‘êìï ìø£s¡ ã\+ n+{≤s¡T.  edüTÔe⁄ (1) #·\q+˝À ñ+fÒ
ìø£s¡ã\+ |ü]e÷D+, ~X¯ Ä<Ûës¡+>± <ëì y˚>∑+ e÷s¡T‘·T+~. (2) ìX¯Ã\ dæú‹˝À ñ+fÒ ã\+ |ü]e÷D+
~X¯ Ä<Ûës¡+>± #·\q dæú‹˝ÀøÏ e÷s¡T‘·T+~.

#·\q ˝Ò<ë ìX¯Ã\ dæú‹ì e÷s¡TÃ≥≈£î ã\+ |ü]e÷D+, ~X¯ ¬s+&É÷ düe÷q+>± u≤<Ûä´‘· eVæ≤kÕÔsTT.
ìø£s¡ã\+ ~X¯ edüTÔe⁄ #·\q ~X¯≈£î e´‹πsø£+>± ñ+fÒ, edüTÔe⁄ y˚>∑+ (e&ç) ‘·–Zb˛‘·T+~. n˝≤ø±≈£î+&Ü,
edüTÔe⁄ y˚>±ìøÏ \+ã~X¯˝À ã\+ |üì#˚ùdÔ, edüTÔe⁄ y˚>∑+ |ü]e÷D+ (e&ç) dæús¡+>± ñ+≥T+~. (4.3
bÕsƒê´+XÊìï #·÷&É+&ç. Ç˝≤+{Ï ã\+ πøe\+ edüTÔe⁄ y˚>∑+ ~X¯qT e÷Á‘·y˚T e÷s¡TÃ‘·T+~. ø±ã{Ïº eTq+,
edüTÔe⁄ô|’ ìø£s¡ ã\+ |üì#˚düTÔqï+‘· es¡πø edüTÔe⁄ y˚>∑+ e÷s¡T‘·÷ ñ+≥T+<äì ìsê∆s¡D≈£î sêe#·TÃ.

4.1.2 yÓ≠<ä{Ï >∑eTq ìj·TeT+

eTq+ >∑T\ø£ sês≠ì eTè<äTyÓ’q ‘·\+ô|’ <=]¢+∫q|üÒ&ÉT, n~ ø=+‘· ø±\+ ‘·s¡yê‘· Ä–b˛‘·T+~. <ëì
y˚>∑+ Áø£eT Áø£eT+>± ‘·>∑TZ‘·÷ ∫es¡≈£î X¯Sq´+ ne⁄‘·T+~. ns≠q|üŒ{Ïø° <ëìì n<˚ y˚>∑+‘√ ø£~ Ò̋̋ ≤ #˚j·÷\+fÒ
ˇø£ ã˝≤ìï <ëìô|’ dæús¡+>± Á|üjÓ÷–dü÷Ô ñ+&Ü*.

n<˚ $<Ûä+>± ˇø£ Á{≤©ì dæús¡ y˚>∑+‘√ ø£~*+#ê\+fÒ <ëìï dæús¡ ã\+‘√ n$∫Ã¤qï+>± ‘√j·÷* Ò̋<ë
˝≤>±*. ô|’ dü+<äsê“¤̋ À¢ >∑T\ø£ sês≠ô|’ Ò̋<ë Á{≤©ô|’ @<Ó’Hê ìø£s¡ ã\+ |üì#˚dü÷Ô ñqï<ë?

>∑eTq+ eT]j·≠ »&É‘·«+

u≤Vü≤´ ã\+ |üì#˚j·Tq|üÒ&ÉT ìX¯Ã\dæú‹˝À ñqï edüTÔe⁄ ìX¯Ã\dæú‹˝Àq÷ s¡TEe÷s¡Z+˝À düeTy˚>∑+‘√
yÓfi¯ó‘·Tqï edüTÔe⁄ n<˚ dæú‹˝ÀqT yÓfi¯ó‘·T+<äì ìs¡÷|æ+#·T≥≈£î ¬>©*jÓ÷ XÊÅdüÔE„&ÉT Á|üjÓ÷>±\T
#̊kÕ&ÉT. yê\T ‘·\+ô|’ C≤s¡T‘·Tqï edüTÔe⁄ ‘·«s¡D+ #Ó+<äT‘·T+<äì (|ü≥+ 4.1 [a]) eT]j·≠ yê\T‘·\+ô|’øÏ
yÓfi¯óflq|üÒ&ÉT n|ü ‘·«s¡D≤ìøÏ >∑T] ne⁄‘·T+<äì (|ü≥+ 4.1 [b]) >∑eTì+#ê&ÉT. ˇø£ y˚fi¯ ‘·\+
yê\T>± øÏ+~ ~X¯˝Àø±ì ô|’ ~X¯˝À ø±ì ˝Òq≥¢s≠‘˚ (nq>± ‘·\+ øÏå‹» düe÷+‘·s¡+>± ñqï≥¢s≠‘˚)
edüTÔe⁄ ‘·«s¡D+ #Ó+<ä<äì ˝Ò<ë n|ü‘·«s¡D+ #Ó+<ä<äì ìsê∆]+#ê&ÉT. nq>± øÏå‹» düe÷+‘·s¡ ‘·\+ô|’
edüTÔe⁄ düeTy˚>∑+/e&ç‘√ Á|üj·÷DÏdüTÔ+~ (ˇø£ y˚fi¯ u≤Vü≤´ ã\+ ˝Òø£b˛‘˚).

(a) (b) (c)

|ü≥+ 4.1 yê\T eT]j·≠ øÏå‹» düe÷+‘·s¡ ‘·̋ ≤\ô|’ edüTÔe⁄ >∑eTq+
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 eTs=ø£ Á|üjÓ÷>∑+˝À |ü≥+ 4.2 ˝À #·÷|æq $<Ûä+>± m<äT¬s<äTs¡T>± ñqï ¬s+&ÉT yê\T ‘·˝≤\qT
rdüT≈£îHêï&ÉT. ô|’ e∂&ÉT dü+<äsê“¤\˝À PQ yê\T düe÷q+. ø±ì RS ‘·\+ yê\T |ü≥+ 4.2(a)
˝À, 4.2(b), eT]j·≠ 4.2(c) \˝À ø£+fÒ m≈£îÿe. d”dü|ü⁄ >∑T+&ÉT >∑eTHêìøÏ PQRS ‘·\+ qTqT|ü⁄>±
ñ+≥T+~. PQ ‘·\+ qT+&ç d”dü|ü⁄ >∑T+&ÉTqT <=]¢+∫q|üÒ&ÉT n~ RS ‘·\+ô|’øÏ <ë<ë|ü⁄>± PQ
‘·\eT+‘· m‘·TÔ≈£î yÓfi¯ó‘·T+~. RS yê\T ‘·\+ jÓ≠ø£ÿ yê\TqT ‘·–ZdüTÔqï|üÒ&ÉT d”dü|ü⁄ >∑T+&ÉT n+‘˚
m‘·TÔ yÓfi¯ófl≥≈£î yê\T‘·\+ô|’ m≈£îÿe <ä÷s¡+ Á|üj·÷DÏdüTÔ+~ (|ü≥+ 4.2b).  RS ‘·\+ m|üÒ&És≠‘˚
øÏå‹» düe÷+‘·s¡+ ne⁄‘·T+<√ n|üÒ&ÉT d”dü|ü⁄>∑T+&ÉT PQ ‘·\eT+‘· m‘·TÔ≈£î yÓfīfl&ÜìøÏ øÏå‹» düe÷+‘·s¡+>±
Á|üj·÷DÏdü÷Ô ñ+≥T+~. nq>± øÏå‹»düe÷+‘·s¡ ‘·˝≤ìøÏ >∑T+&ÉT≈£î eT<Ûä´ |òüTs¡¸D ˝Òø£b˛‘˚ d”dü|ü⁄>∑T+&ÉT
Á|üj·÷DÏdü÷ÔH˚ ñ+≥T+~.

◊C≤ø˘ q÷´≥Hé     (Sir Isaac Newton) (1642-1727)

Ç+>±¢&é˝À y√˝Ÿk˛ÔsYŒ (Wollsthorpe) dæ{Ï˝À 1642 dü+e‘·‡s¡+˝À
q÷´≥Hé eTVü‰X¯j·≠&ÉT »ìà+#ê&ÉT. Á{Ïì{° ø±˝Òõ˝À, πø+Á_&ç® $X¯«
$<ë´\j·T+˝À #·~$ Á|üe≠K XÊÅdüÔy˚‘·Ô>± ø°]Ô>∑&ç+#ês¡T. Ä|æ˝Ÿ #Ó≥Tº
qT+&ç |ü&çq Ä|æ˝Ÿ |ü+&ÉT >∑eTHêìï |ü]o*+#·&É+ <ë«sê ÁbÕ<∏ä$Tø£
>∑Ts¡T‘ê«ø£s¡̧D ìj·Te÷ìï Á|ü‹bÕ~+#ê&ÉT. >∑Ts¡T‘ê«ø£s¡̧D ìj·TeT+ eT]j·≠
>∑eTq ìj·Te÷\qT $e]+#ê&ÉT. q÷´≥Hé n‘·´+‘· y˚T<Ûëo* ø±e&É+e\¢
ôd’qT‡˝ÀH̊ ø±ø£ >∑DÏ‘·XÊÅdüÔ+ n_Ûeè~∆øÏ ‘√&ÉŒ&Ü¶&ÉT. dü+Á|ü<ëj·T dü«uÛ≤e+>∑\
Ç‘·ì |ü]XÀ<Ûäq\T Ä<ÛäTìø£ XÊÅdüÔ n_Ûeè~∆øÏ e∂\yÓTÆ+~. áj·Tq ˝≤{ÏHé uÛ≤wü˝À ªÁ|æì‡|æj·÷μ
(Principia) nH˚ Á>∑+<∏ä+ Ç+^¢wüß uÛ≤wü˝À <äèXÊXÊÅdüÔ+ (optics) nH˚ Á>∑+<∏ä+ s¡∫+#ê&ÉT.

Çø£ÿ&É Á{≤© dæús¡ ẙ>∑+‘√ >∑eTq+˝À ñ+&É{≤ìøÏ m+<äT≈£î ã˝≤ìï Á|üjÓ÷–+#ê* nH̊ Á|üX̄ï ñ<äs≠+#·e#·TÃ.
ø±ì Á{≤© >∑eTHêìøÏ e´‹πsø£ ~X¯̋ À |üì#˚ùd |òüTs¡̧D ã˝≤ìï m~]+#·&ÜìøÏ |ü⁄s√~X¯̋ À ã˝≤ìï Á|üjÓ÷–+#ê*‡
edüTÔ+<äì eTq≈£î ‘Ó\TdüT. n+fÒ eTq+ Á{≤©ì n$∫Ã¤qï+>± HÓ≥º&É+ e\¢ ø±ì, ˝≤>∑&É+e\¢ ø±ì <ëìô|’ >∑\
|òüTs¡̧D ã˝≤ìï n~Û>∑$TkÕÔ+.

¬>©*jÓ÷ XÊÅdüÔE„&ÉT ìsê∆]+∫q $wüj·÷\qT ◊C≤ø˘ q÷´≥Hé XÊÅdüÔE„&ÉT kÕ<Ûës¡D°ø£]+∫ >∑eTq ìj·TeT
s¡÷|ü+˝À ‘Ó*|æHê&ÉT. n<˚ q÷´≥Hé yÓ≠<ä{Ï >∑eTq ìj·TeT+. á ìj·TeT+ Á|üø±s¡+ u≤Vü≤´ ã\+ |üì#˚j·Tq+‘·

     (a) (b)

(c)
|ü≥+ 4.2 m<äT¬s<äTs¡T yê\T ‘·̋ ≤\ eT<Ûä́  ã+‹ >∑eTq+
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es¡≈£î ìX¯Ã\ dæú‹˝À ñqï edüTÔe⁄ ìX¯Ã\ dæú‹˝ÀqT, düs¡fiπ̄sK yÓ+ã&ç @ø£Ø‹>∑eTq+˝À ñqï edüTÔe⁄ n<˚ dæú‹˝À
ø=qkÕ>∑T‘·T+~.

|ü]o\≈£î&ç <äècÕº́  edüTÔe⁄ jÓ≠ø£ÿ ìX¯Ã\ dæú‹ ø±ì >∑eTq+ ø±ì edüTÔe⁄ jÓ≠ø£ÿ kÕù|ø£å kÕúq+ô|’ Ä<Ûës¡|ü&ç
ñ+≥T+<äì eTq≈£î ‘Ó\TdüT. ø±s¡T˝À Á|üj·÷DÏdüTÔqï e´øÏÔ, n<̊ ø±s¡T˝À Á|üj·÷DÏdüTÔqï eTs=ø£ e´øÏÔ <äècÕº́  ìX̄Ã\dæú‹˝À
ñ+{≤&ÉT. ø±ì n<˚ e´øÏÔ s√&ÉT¶ MT<ä ñqï e´øÏÔ <äècÕº́  >∑eTq+˝À ñ+{≤&ÉT. á ø±s¡D+e\¢ eTq+ m+#·T≈£îH˚
ìπs›X¯ø£ #·Á≥+ <äècÕº́  eTq+ ø=*#˚ ø=\‘·\T kÕúqÁuÛÑ+X¯+, y˚>∑+, ‘·«s¡D+ eT]j·≠ ã˝≤\T e÷s¡T‘·÷ ñ+{≤s≠.
<äè&ÛÉ e´edüú≈£î nqTdü+<ÛëqyÓTÆq ìs¡÷|üø£ e´edüú (X, Y & Z nøå±\) qT ªìπs›X¯ø£ #·Á≥+μ n+{≤s¡T.

u≤Vü≤´ ã˝≤\T |üì#˚j·Tq|üÒ&ÉT ìπs›X¯ø£ #·Á≥+ <äècÕº́  edüTÔe⁄ jÓ≠ø£ÿ y˚>∑+ dæúús¡+>± ñqï≥¢s≠‘˚ n≥Te+{Ï
ìπs›X¯ø£ #·Á{≤ìï »&É‘·« ìπs›X¯ø£ #·Á≥+ n+{≤s¡T. edüTÔe⁄ ‘·q dæú‹˝À e÷s¡TŒ #Ó+<ä≈£î+&Ü (ìX¯Ã\ dæú‹ Ò̋<ë @ø£Ø‹
πsFj·T #·\q+) ñ+&̊ »&É‘·« <Ûäs¡à+ qT+&ç á ù|s¡T e∫Ã+~.  uÛÑ÷$TøÏ _–+#·ã&çq ìπs›X̄ø£ #·Á{≤\˙ï (Á|üjÓ÷»Hê\
Ø‘ê´) »&É‘·«+ ìπs›X¯ø£ #·Á{≤\T>± rdüTø√e#·TÃ.

Ç|üÒ&ÉT ø=+‘· $sêeT+ rdüT≈£îì øÏ+~ Á|üX¯ï\≈£î düe÷<ÛëHê\T sêj·T+&ç.

bÕsƒ¡+˝Àì Á|üX¯ï\T 4.1

1. ìø£s¡ u≤Vü≤´ã\+ edüTÔe⁄ô|’ |üì#˚ùd ~X¯˝ÀH˚ edüTÔe⁄ m|üÒ&É÷ Á|üj·÷DÏdüTÔqï<äì #Ó|üŒ&É+ ì»y˚THê?

2. edüTÔe⁄ jÓ≠ø£ÿ »&É‘ê«ìï ø=*#˚ uÛÖ‹ø£ sê• @$T{Ï?

3. ã\+ edüTÔe⁄ jÓ≠ø£ÿ y˚>∑ |ü]e÷D≤ìï e÷s¡Ã≈£î+&Ü πøe\+ y˚>∑~X¯qT e÷s¡Ã>∑\<ë?

4. edüTÔe⁄ô|’ ã˝≤ìï Á|üjÓ÷–+∫q|üÒ&ÉT, Ä edüTÔe⁄˝À ã\+e\¢ ø£*π> ẙs¡T ẙs¡T e÷s¡TŒ\qT ‘Ó*j·T#̊j·T+&ç.

5. ìX¯Ã\ ˝Ò<ë #·\qdæú‘·T\T |üs¡eTyÓTÆqyê, kÕù|ø£åyÓTÆqyê?

6. ìπs›X¯ø£ #·Á≥+ n+fÒ @$T{Ï?

4.2    Á<äe´y˚>∑ uÛ≤eq

uÛ≤s¡‘Y >=|üŒ ÁøÏ¬ø{Ÿ Ä≥>±&ÉT dü∫Hé ‘Ó+&É÷\ÿsY, ãs¡TyÓ’q u≤´{Ÿì ñ|üjÓ÷–+#·&É+ MTs¡T >∑eTì+#˚
ñ+{≤s¡T. n˝≤π>, n~Ûø£ y˚>∑+‘√ yÓfi¯ó‘·Tqï ÁøÏ¬ø{Ÿ ã+‹ Á<äe´sê• ‘·≈£îÿe ns≠q|üŒ{Ïø° <ëìì
Ä|ü&É+ #ê˝≤ ø£wüº+ nì MTs¡T >∑eTì+#˚ ñ+{≤s¡T. n<˚ $<Ûä+>± ‘·≈£îÿe y˚>∑+‘√ yÓfi¯ó‘·Tqï Á≥≈£îÿqT
≈£L&Ü Ä|ü&É+ #ê˝≤ ø£wü º+. BìøÏ >∑\ ø±s¡D+ Á≥≈£îÿ Á<äe´sê• n~Ûø£+>± ñ+&É&Éy˚T. á
ñ<ëVü≤s¡D\ qT+&ç #·\q+˝À ñqï edüTÔe⁄ô|’ |òü*‘· ã˝≤ìï n<Ûä´j·Tq+ #˚j·T&ÜìøÏ edüTÔe⁄ Á<äe´sê•
eT]j·≠ y˚>∑+ e≠K´yÓTÆq$ nì ‘Ó\TdüTÔ+~. edüTÔe⁄ Á<äe´sê• eT]j·≠ <ëì y˚>±\ eT<Ûä´ \u≤∆ìï
Á<äe´y˚>∑+ nì n+{≤s¡T.

>∑DÏ‘ê‘·àø£+>± Bìï øÏ+~ $<Ûä+>± sêj·Te#·TÃ ( p ).
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The product of mass (m) and velocity (v) of a body is defined as (linear) momentum.

p = mv

Á<äe´y˚>∑+ (πsFj·T) jÓ≠ø£ÿ  SI Á|üe÷D≤\T kg m/s`1 ˝Ò<ë N s. Á<äe´y˚>∑+ ˇø£ dü~X¯sê•.  Á<äe´y˚>∑+
jÓ≠ø£ÿ ~X¯ nH˚~ edüTÔe⁄ y˚>∑ ~X¯˝ÀH˚ ñ+≥T+~. ø±ã{Ïº edüTÔe⁄ y˚>∑ |ü]e÷D+ ˝Ò<ë ~X¯ ˝Ò<ë
¬s+&É÷ e÷]q|üÒ&ÉT Á<äe´y˚>∑+ ≈£L&Ü e÷s¡T‘·T+~. øÏ+~ ñ<ëVü≤s¡D\T ô|’ $wüj·÷\qT ‘Ó*j·T#˚kÕÔs≠.

ñ<ëVü≤s¡D 4.1

ns¡TDY eT]j·≠ eTH√CŸ\ Á<äe´sêX¯ó\T es¡dü>± 60kg eT]j·≠ 40kg. Ms¡T es¡dü>± 1.0 ms`1

eT]j·≠ 1.5 m/s`1 y˚>±\‘√ |üs¡düŒs¡+ düMT|ædüTÔqï, M] Á<äe´y˚>±\T ø£qTø√ÿ+&ç.

kÕ<Ûäq:
ns¡TDY Á<äe´y˚>∑+      P =  Á<äe´sê•  × y˚>∑+

160 1.0kg ms 

160 kg ms

eTH√CŸ Á<äe´y˚>∑+     P  140 1.5kg ms  

160kg ms 

ns¡TDY, eTH√CŸ\ Á<äe´y˚>±\T |ü]e÷D≤‘·àø£+>± düe÷q+ ø±ì ~X¯˝À¢ e´‹πsø£+.

ñ<ëVü≤s¡D  4.2

2 Kg Á<äe´sê•>∑\ edüTÔe⁄ t = 0 s qT+&ç ùd«#·Ã¤>± |ü&ÉT‘·Tqï~. ns≠‘˚ ùd«#·Ã¤>± |ü&ÉT‘·Tqï|üÒ&ÉT

(a) t = 0 (b) t = 1 s  eT]j·≠ (c) t = 2 s  ø±˝≤\ e<ä› <ëì Á<äe´y˚>±\T ø£qTø√ÿ+&ç.

kÕ<Ûäq:

(a) t = 0 s ø±\+ e<ä› edüTÔe⁄ ùd«#·Ã¤>± |ü&ÉT‘·Tqï~ ø±ã{Ïº y˚>∑+ X¯Sq´+.

 ø±ã{Ïº ‘=* Á<äe´y˚>∑+ X¯Sq´+.
(b) t = 1s, ø±\+ e<ä›, edüTÔe⁄ y˚>∑+ 9.8 ms`1 ( 0v = v + at  düMTø£s¡D+ qT+&ç) øÏ+~ ~X¯˝À

ñ+≥T+~.

 2
0v = 0 ; a = g = 9.8 m/s

v 0 9.8 1 9.8 /m s    

ø±ã{Ïº edüTÔe⁄ Á<äe´y˚>∑+ t = 1s is p = mv

1
1 2 9.8 / 19.6p kg m s kg ms  
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(c)   t = 2s ø±\+ e<ä›, edüTÔe⁄ y˚>∑+ 19.6 ms–1 øÏ+~ ~X¯˝À ñ+≥T+~.

   ø±ã{Ïº edüTÔe⁄ Á<äe´y˚>∑+
 p2 = (2 kg) (19.6 ms–1)

= 39.2 kg ms–1  øÏ+~ ~X¯˝À.

ô|’ |òü*‘ê\ qT+&ç ùd«#·Ã¤>± øÏ+<ä≈£î |ü&˚ edüTÔe⁄≈£î Á<äe´y˚>∑+ ˇπø ~X¯˝À Áø£eT+>± ô|s¡T>∑T‘·Tqï≥T¢>±
eTq+ >∑eTì+#·>∑\+.  ns≠‘˚ Ç|üÒ&ÉT ùd«#·Ã¤>± øÏ+<ä≈£î |ü&˚ edüTÔe⁄ jÓ≠ø£ÿ Á<äe´y˚>∑ |ü]e÷D+ m+<äT≈£î
e÷s¡T‘·T+<√ }Væ≤+#·+&ç?

ñ<ëVü≤s¡D 4.3

0.2 kg Á<äe´sê•‘√ ñ+&˚ s¡ã“s¡T ã+‹ >√&ÉqT 10 ms–1 y˚>∑+‘√ ‘êøÏ ‹]– n<˚ e&ç‘√ yÓqø£≈£î
‘=* e÷s¡Z+˝À Á|üj·÷DÏ+∫+~. ns≠‘˚ ã+‹ Á<äe´y˚>∑+˝À e÷s¡TŒqT ø£qTø√ÿ+&ç.

kÕ<Ûäq:
Çø£ÿ&É Á<äe´y˚>∑+ jÓ≠ø£ÿ |ü]e÷D+ >√&ÉqT ‘êø£ø£ e≠+<äT, ‘êøÏq ‘·s¡yê‘· düe÷q+ ø±ì <ëì ~X¯

>√&ÉqT ‘êøÏq ‘·s¡yê‘· e´‹πsø£+>± ñ+≥T+~.

ø±ã{Ïº Á<äe´y˚>∑+ jÓ≠ø£ÿ |ü]e÷D+ R (0.2 kg) ×  (10 ms–1) R 2 kg ms–1.

‘=* Á<äe´y˚>∑ dü~X¯qT ˇø£ y˚fi¯ <Ûäq X ~X¯˝À rdüTø=+fÒ, ‘·T~ Á<äe´y˚>∑+ s¡TD X-nø£å+ ~X¯˝À
ñ+≥T+~. ø±ã{Ïº

 pi = 2 kgms–1,  pf = –2 kg ms–1.

ø±ã{Ïº Á<äe´y˚>∑+˝À e÷s¡TŒ  pf – pi = (–2 kg ms–1) – (2 kg ms–1) = –4 kg ms–1.

Çø£ÿ&É s¡TD >∑Ts¡TÔ Á<äe´y˚>∑+˝À e÷s¡TŒ jÓ≠ø£ÿ ~X¯, s¡TD X-nø£å+ ~X¯˝À ñ+≥T+<äì ‘Ó*j·T#˚düTÔ+~.
ns≠‘˚ Á<äe´y˚>∑+˝À e÷s¡TŒ≈£î ø±s¡D+ @$T{Ï?

ìC≤ìøÏ n_Û|òü÷‘êìøÏ e≠+<äTqï y˚>∑+ ø£Hêï ‘·≈£îÿe y˚>∑+‘√ ã+‹ yÓqTø£≈£î eTs¡\T‘·T+~. á
dü+<äs¡“¤+˝À ≈£L&Ü Á<äe´y˚>∑ |ü]e÷D+ e÷s¡T‘·T+~.

4.3   ¬s+&Ée >∑eTq ìj·T+

dæús¡ y˚>∑+‘√ yÓfi¯ó‘·Tqï edüTÔe⁄ Á<äe´y˚>∑+ dæús¡+ nì MT≈£î ‘Ó\TdüT. n≥Te+{Ï edüTÔe⁄ô|’ ìø£s¡ u≤Vü≤´
ã\+ |üì#˚j·T<äì q÷´≥Hé yÓ≠<ä{Ï >∑eTq ìj·TeT+ ‘Ó*j·T#˚düTÔ+~.

ñ<ëVü≤s¡D 4.2 ˝À >∑Ts¡T‘·« Á|üuÛ≤e+ e\¢ ùd«#·Ã¤>± øÏ+<ä≈£î |ü& ̊edüTÔe⁄ jÓ≠ø£ÿ Á<äe´y˚>∑+ Áø£eT+>±
ø±\+‘√bÕ≥T ô|s¡T>∑T‘·÷ ñ+≥T+<äì eTq+ #·÷kÕ+.  á dü+<äs¡“¤+˝À edüTÔe⁄ >∑Ts¡T‘ê«ø£s¡̧D ã\+e\¢ øÏ+<ä≈£î
|ü&ÉT‘·T+~ ø±ã{Ïº, edüTÔe⁄ jÓ≠ø£ÿ Á<äe´y˚>∑+˝À e÷s¡TŒ≈£î, <ëìô|’ ø£\>∑CÒùd ìø£s¡ ã˝≤ìøÏ eT]j·≠ ã\+ |üì#˚ùd
ø±˝≤ìøÏ eT<Ûä́  dü+ã+<Ûä+ ñ+<äì ‘Ó\TdüTÔ+~. q÷´≥Hé ¬s+&Ée >∑eTq ìj·TeT+ á e∂&ÉT n+XÊ\ eT<Ûä́ >∑\
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dü+ã+<Ûëìï ‘Ó*j·T#˚düTÔ+~. á ìj·TeT+ Á|üø±s¡+ edüTÔe⁄ jÓ≠ø£ÿ Á<äe´y˚>∑+˝À e÷s¡TŒπs≥T Ä edüTÔe⁄ô|’ |üì#˚ùd
ìø£s¡ ã˝≤ìøÏ nqT˝Àe÷qTbÕ‘·+˝À ñ+≥T+~.  edüTÔe⁄  Á<äe´ y˚>∑+˝Àì e÷s¡TŒ edüTÔe⁄ô|’ |üì#˚ùd ìø£s¡ ã\
~X¯̋ À ñ+≥T+~.

nq>± ̌ ø£ y˚fi¯ edüTÔe⁄ô|’ F u≤Vü≤´ã\ Á|üjÓ÷>∑+e\¢ ø±\+˝À edüTÔe⁄ Á<äe´y˚>∑+˝À e÷s¡TŒ Δp  ns≠‘˚,

if 0,p p dpF t
t t dt
  

      
(4.1)

pF k
t




 Çø£ÿ&É k nH˚~ nqTbÕ‘· dæúsê+ø£+.

Á<äe´y˚>±ìï, y˚>∑+ eT]j·≠ Á<äe´sê• \ã∆+>± sêdæq, á |òü*‘êìï ÁøÏ+~ $<Ûä+>± sêj·Te#·TÃ.

vF k m
t

 
   

F k m a
 Çø£ÿ&É

v a
t

 
  

(4.2)

 k $\Te m eT]j·≠ a  Á|üe÷D≤\ô|’ Ä<Ûës¡|ü&ÉT‘·T+~.  m  eT]j·≠ a  Á|üe÷D≤\qT
m = 1 j·∂ì{Ÿ>±,  a = 1 j·∂ì{Ÿ |ü]e÷D+ nj˚T´≥T¢>± rdüT≈£î+f…, F  |ü]e÷D+ ≈£L&Ü 1 j·∂ì{Ÿ
ne⁄‘·T+~. n|üÒ&ÉT

Ç|üÒ&ÉT düMTø£s¡D+ 4.1 qT+&ç
.F ma (4.3)

SI Á|üe÷D+˝À m = 1 kg, a = 1 m/s2. ns≠q u≤Vü≤´ ã\+ jÓ≠ø£ÿ |ü]e÷D+

F = 1 kg 1 ms–2 = 1 kg ms–2

     = 1 ã\ Á|üe÷D+ (unit of force)

Çø£ÿ&É 1 ã\ Á|üe÷D+qT (1 unit of force = 1 kg ms–2qT) q÷´≥Hé (N) n+{≤s¡T.

q÷´≥Hé ¬s+&Ée >∑eTq ìj·TeT+ ã\+ jÓ≠ø£ÿ Á|üe÷D≤ìï ‘Ó*j·T#˚j·≠qT. ã\+ SI Á|üe÷D+
ªq÷´≥HéμqT øÏ+~ $<Ûä+>± ìs¡«∫+#·e#·TÃ.  1 kg Á<äe´sê• >∑\ edüTÔe⁄˝À 1 ms–2 ‘·«s¡D≤ìï ø£\>∑#˚ùd
ã\y˚T 1 q÷´≥Hé.

ñ<ëVü≤s¡D 4.4

0.4 kg Á<äe´sê•>∑\ ã+‹ H˚\ô|’ 20 ms–1 y˚>∑+‘√ <=s¡T¢‘·÷ ∫e]øÏ 10 s ø±\+˝À ìX¯Ã\dæú‹øÏ
#˚]+~.  ã+‹ô|’ dæús¡ã\+ |üì#˚dæ+<äqTø=ìq, Ä ã+‹ì Ä|æq ã˝≤ìï ø£qTø√ÿ+&ç.
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kÕ<Ûäq :

m = 0.4 kg, ‘=* y˚>∑+ u = 20 ms–1, ‘·T~ y˚>∑+ v = 0 ms–1 eT]j·≠ ø±\+ t = 10 s Çe«ã&Ü¶s≠.

   10.4 20v
10

kg msm u
F m a

t


  

   20.8 0.8kg ms N  

Çø£ÿ&É s¡TD >∑Ts¡TÔ ã+‹ô|’ ã\ Á|üjÓ÷>∑ ~X¯, <ëì >∑eTq ~X¯≈£î e´‹πsø£+>± ñ+<äì ‘Ó*j·TCÒdüTÔ+~.

ñ<ëVü≤s¡D 4.5

‘=*y˚>∑+‘√ yÓfi¯ó‘·Tqï 10 ms–1 Á<äe´sê•>∑\ edüTÔe⁄ô|’ 50N dæús¡ã\+ Á|üjÓ÷–+#ês¡T. ã\+,
edüTÔe⁄ jÓ≠ø£ÿ >∑eTq ~X¯≈£î e´‹πsø£ ~X¯˝À |üì#˚düTÔqï edüTÔe⁄ m+‘· ø±\+˝À ìX¯Ã\dæú‹˝ÀøÏ e#·TÃqT?

kÕ<Ûäq :

m = 10 kg, F = –50 N, u = 10 ms –1 eT]j·TT v = 0 Çe«ã&ç+~. t qT ø£qTø√ÿyê*.

v uF = ma = m
t
 

 
 

 á düMTø£s¡D≤ìï øÏ+~ $<Ûä+>± Áyêj·Te#·TÃ.
10 1050 10 msN kg

t

 
   

 

       
1100 2

50
kg mst s

N


 



Çø£ÿ&É e≠K´yÓTÆq $wüj·T+ @$T≥+fÒ á bÕsƒ¡+˝À ‘Ó\|üã&çq q÷´≥Hé ¬s+&Ée >∑eTq ìj·TeT+
dæús¡yÓTÆq Á<äe´sê•>∑\ edüTÔe⁄\≈£î e÷Á‘·y˚T e]ÔdüTÔ+~. ns≠‘˚ ø±\+‘√bÕ≥T Á<äe´sê• e÷πs sê¬ø{Ÿ ˝≤+{Ï
edüTÔe⁄\≈£î nqTe]Ô+|üã&˚ ìj·TeT+ @~?

bÕsƒ¡+˝Àì Á|üX¯ï\T 4.2

1. y˚s¡T y˚s¡T Á<äe´sêX¯ó\T >∑\ ¬s+&ÉT edüTÔe⁄\≈£î ˇπø Á<äe´y˚>∑+ ñqï~. M{Ï˝À @~ m≈£îÿe y˚>∑+‘√
Á|üj·÷DÏdüTÔ+~?

2. ˇø£ u≤\T&ÉT ã+‹ì V0 y˚>∑+‘√ ô|’øÏ $dæ]Hê&ÉT. ã+‹ ‹]– u≤\Tì n+‘˚ y˚>∑+‘√ #˚]‘˚,
øÏ+~ yê{Ï˝À ø£*π> e÷s¡TŒ
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(a)  ã+‹ Á<äe´y˚>∑+

(b)  ã+‹ Á<äe´y˚>∑ |ü]e÷D+

3. ø=+‘· m‘·TÔ qT+&ç ˇø£ ã+‹ |ü&ÉT‘·Tqï|üÒ&ÉT, <ëì Á<äe´y˚>∑+ ô|s¡T>∑T‘·T+~. Á<äe´y˚>∑+ ô|s¡>∑&ÜìøÏ
ø±s¡D+ @$T{Ï?

4. øÏ+~ @ dü+<äsê“¤˝À¢ edüTÔe⁄ jÓ≠ø£ÿ Á<äe´y˚>∑+˝À e÷s¡TŒ n~Ûø£+>± ñ+≥T+~.

(a) 2 kg Á<äe´sê•‘√ ìX¯Ã\dæú‹˝À ñqï edüTÔe⁄ô|’ 150 N ã\+ 0.1 s ø±\+ bÕ≥T Á|üjÓ÷–+∫q|üÒ&ÉT.

(b) 2 kg Á<äe´sê•‘√ ìX̄Ã\dæú‹˝À ñqï edüTÔe⁄ô|’ 150 N ã\+ 0.2 s ø±\+ bÕ≥T Á|üjÓ÷–+∫q|üÒ&ÉT.

5. ˇø£ edüTÔe⁄ dæús¡ e&ç‘√ eè‘êÔø±s¡ e÷s¡Z+˝À ‹s¡T>∑T‘·T+~. edüTÔe⁄≈£î dæús¡yÓTÆq Á<äe´y˚>∑+
ñ+≥T+<ë? MT düe÷<ÛëHêìøÏ ø±s¡D+ ‘Ó\|ü+&ç.

4.4  »+≥ ã˝≤\T

uÛÑ÷ >∑Ts¡T‘ê«ø£s¡¸D edüTÔe⁄qT uÛÑ÷ ñ|ü]‘·\+ yÓ’|ü⁄ ‘·«s¡D+ #Ó+~düTÔ+~. eT] edüTÔe⁄ ≈£L&Ü uÛÑ÷$Tì
‘·qyÓ’|ü⁄ ˝≤≈£îÿ+≥T+<ë?  n<˚ $<Ûä+>± eTq+ ;s¡TyêqT HÓ{Ïºq|üÒ&ÉT, ;s¡Tyê ≈£L&Ü eTq*ï HÓ&ÉT‘·T+<ë?
ˇø£ y˚fi¯ n~ ã˝≤ìï Á|üjÓ÷–ùdÔ eTq+ m+<äT≈£î Ä ã\ ~X¯˝À ø£<ä\+?  á dü+<äsê“¤\T ˝≤π> ˝Ò<ë
‘√j·≠ ˝≤+{Ï ˇπø ã\+ ñ+≥T+<ë? nH˚ Á|üX¯ïqT, n&çπ>˝≤ #˚kÕÔs≠. ¬s+&ÉT edüTÔe⁄\T ˇø£<ëìô|’ eTs=ø£{Ï
»]ù| #·s¡´\T nH√´q´ #·s¡´\T nì >∑eTì+#ê+. Çø£ qT+&ç #·s¡´ eT]j·≠ Á|ü‹ #·s¡´ nH˚~ ã˝≤\ eT<Ûä´
nH√´q´ #·s¡´>± ns¡ú+#˚düTø√e#·TÃ.  ø±ã{Ïº ¬s+&ÉT edüTÔe⁄\T m|üÒ&És≠‘˚ |üs¡düŒs¡+ #·s¡´≈£î ˝ÀHÓ’‘êjÓ÷
n|üÒ&ÉT n$ ã˝≤\qT ˇø£<ëìô|’ eTs=ø£{Ï Á|üjÓ÷–+#·T≈£î+{≤s≠. yê{Ï˝À ˇø£ ã˝≤ìï #·s¡´ nì eTs=ø£
ã˝≤ìï Á|ü‹#·s¡´ nì n+{≤s¡T. ø±ã{Ïº ã˝≤\T m|üÒ&É÷ »+≥>± @s¡Œ&É‘ês≠.

e∂&Ée >∑eTq ìj·TeT+

edüTÔe⁄\ nH√´q´ #·s¡´\qT |ü]o*+∫q MT<ä≥ q÷´≥Hé
e∂&Ée >∑eTq ìj·Te÷ìï dü÷Árø£]+#ê&ÉT. Bì Á|üø±s¡+ #·s¡´
Á|ü‹#·s¡´\T düe÷q+>± ñ+&ç ~X¯˝À¢ e´‹πsø£+>± ñ+{≤s≠.
Çø£ qT+&ç #·s¡´ eT]j·≠ Á|ü‹#·s¡´ n+fÒ ã˝≤\T>± ns¡ú+#˚düT
ø√yê*. |ü≥+ 4.3 ˝À #·÷|æq $<Ûä+>± ˇø£ fÒãT˝Ÿô|’ |ü⁄düÔø±ìï
ñ+∫q|üÒ&ÉT |ü⁄düÔø£+ fÒãT˝Ÿô|’ ø=+‘· ã˝≤ìï Á|üjÓ÷–düTÔ+~.
n<˚ düeTj·T+˝À fÒãT˝Ÿ |ü⁄düÔø£+ô|’ n+‘˚ |ü]e÷D+>∑\ ã˝≤ìï
ô|’ ~X¯˝À Á|üjÓ÷–düTÔ+~. ã˝≤\T 1F  eT]j·≠ 2F  \T Çø£ÿ&É
|üs¡düŒs¡+ s¡<äT›#˚düT≈£î+{≤j·÷? Çø£ÿ&É e≠K´yÓTÆq $wüj·T+
@$T≥+fÒ 1F  eT]j·≠ 2F  ã˝≤\T y˚s¡T y˚s¡T edüTÔe⁄\ô|’
|üì#˚kÕÔs≠ ø±ã{Ïº n$ s¡<äT›ø±e⁄.

|ü≥+ 4.3 : ˇø£ |ü⁄dü Ôø±ìï fÒãT˝Ÿô|’
ñ+∫ q|üÒ&ÉT ã\+ F1qT fÒãT Ÿ̋ô|’ |ü⁄düÔø£+
Á|üjÓ÷–düTÔ+~. (F1 |ü⁄dü Ôø£ uÛ≤s¡+ F2øÏ
düe÷q+) n<˚ $<Ûä+>± fÒãT˝Ÿ |ü⁄düÔø£+ô|’,
ã\+ F2 qT Á|üjÓ÷–düTÔ+~.
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ô|’ |ü]dæú‘·T˝À¢ #Ó|üŒã&çq #·s¡´ eT]j·≠ Á|ü‹#·s¡´\T »+≥ ã˝≤\T>± n>∑T|ækÕÔs≠. ô|’ ¬s+&ÉT ã˝≤˝À¢
@ ˇø£ÿ{Ï ≈£L&Ü eTs=ø£{Ï ˝Òì<˚ ñ+&É<äT.

á yêø£́ + ns¡ú+ rdüT≈£î+fÒ #·s¡́  yÓ+ã&ç m|üÒ&ÉT Á|ü‹#·s¡́  ñ+≥T+~ ø±ì q÷´≥Hé e∂&Ée >∑eTq
ìj·TeT+˝À #Ó|üŒã&çq #·s¡́ , Á|ü‹#·s¡́ \T ¬s+&É÷ π̌økÕ] ñ+{≤s≠. Bìe\¢ q÷´≥Hé e∂&Ée >∑eTq ìj·Te÷ìï
Ç+ø± $es¡+>± øÏ+~ $<Ûä+>± #Ó|üŒe#·TÃ.

¬s+&ÉT edüTÔe⁄\T nH√´q´ #·s¡́ ≈£î ˝ÀHÓ’q|üÒ&ÉT, yÓ≠<ä{Ï edüTÔe⁄ e\¢ ¬s+&Ée edüTÔe⁄ô|’ Á|üjÓ÷–+|üã&çq
ã\+, ¬s+&Ée edüTÔe⁄e\¢ yÓ≠<ä{Ï edüTÔe⁄ô|’ Á|üjÓ÷–+|üã&çq ã\ |ü]e÷D≤ìøÏ düe÷q+>± ñ+≥÷ ~X¯̋ À
e´‹πsø£+>± ñ+≥T+~.

(˝Ò<ë)
edüTÔe⁄ A, eTs√ edüTÔe⁄ B ô|’ ã˝≤ìï (#·s¡´) Á|üjÓ÷–ùdÔ, B, A ô|’ düe÷q, e´‹πsø£ ã˝≤ìï (Á|ü‹#·s¡´)

Á|üjÓ÷–düTÔ+~.
dü~X¯\ |üs¡+>± AB BAF = F (4.4)

4.4.1 Á|ü#√<äq+
q÷´≥sY ¬s+&Ée ìj·TeT+ qT+∫

v u mv muF = m =
t t
  

 
 

f ip pF =
t



    F.Δ t = Δp =  Á|ü#√<äq+ (4.5)

dü«\Œø±\+˝À Á|üjÓ÷–+∫q ã\+ e\¢ ø£*π> |òü*‘êH˚ï Á|ü#√<äq+ n+{≤s¡T. ã\+( F), ã\ Á|üjÓ÷–+∫q
ø±\+ (t) \ \u≤∆ìï Á|ü#√<äq+ n+{≤s¡T.

n+fÒ Á|ü#√<äq+ πsFj·T Á<äe´y˚>∑+˝À e÷s¡TŒøÏ düe÷q+.

Á|ü#√<äq+ dü~XÊsê•, Bì SI Á|üe÷D+ kg ms–1 ˝Ò<ë Ns.

bÕsƒ¡+˝Àì Á|üX¯ï\T  4.3

1. ôV’≤»+|üsY uÛÑ÷$Tì e~*q|üÒ&ÉT, n‘·qT ô|’øÏ ‘√ùd ã\+ mø£ÿ&É qT+&ç edüTÔ+~?

2. øÏ+~ |ü]dæú‘·T˝À¢ #·s¡´`Á|ü‹#·s¡´ ã˝≤\qT >∑T]Ô+#·+&ç.

(a)  ˇø£ e´øÏÔ |òü⁄{Ÿu≤˝ŸqT ‘·ìïq|üÒ&ÉT ..................

 (b)  uÛÑ÷$T #·+Á<äT&çì ˝≤>∑Tq|üÒ&ÉT  (c)  ã+‹ >√&É‘√ n_Û|òü÷‘·+ #Ó+~q|üÒ&ÉT
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3. ªªˇø£ e´øÏÔ ;s¡TyêqT e≠+<äT≈£î »s¡|ü&ÜìøÏ n~Ûø£ ã˝≤ìï Á|üjÓ÷–+∫q, n‘·qT yÓqø£≈£î ‘√j·Tã&Ü¶&ÉT.
m+<äTø£q>± ;s¡Tyê n‘·ìô|’ dü«\Œ ã˝≤ìï Á|üjÓ÷–düTÔ+~.μμ Çø£ÿ&É Çe«ã&çq yê<äq dü]jÓÆTq<˚Hê?
$e]+#·+&ç.

4.5   Á<äe´y˚>∑ ì‘·́ ‘·«+

¬s+&ÉT edüTÔe⁄\T nH√´q´ #·s¡́ ≈£î˝ÀHÓ’q|üÒ&ÉT, nH√´q´ #·s¡́ ≈£î dü+ã+~Û+∫q ã˝≤\T e÷Á‘·y˚T yê{Ïô|’
|üì#˚j·≠q|üÒ&ÉT Á|üjÓ÷>∑Ø‘ê´ yê{Ï jÓ≠ø£ÿ Á<äe´y˚>±\ dü~X¯\ yÓ≠‘·Ô+ e÷s¡≈£î+&Ü ñ+≥T+<äì ìs¡÷|æ+#·e#·TÃ.
ˇø£ y˚fi¯ ¬s+&ÉT ø£+fÒ m≈£îÿe edüTÔe⁄\T nH√´q´ #·s¡́ ≈£î ˝ÀHÓ’Hê, yê{Ï $wüj·T+˝À ≈£L&Ü Ç~ ì»eTe⁄‘·T+~.
kÕ<Ûës¡D+>± nH˚ø£ edüTÔe⁄\T nH√´q´#·s¡́ \≈£î ̋ ÀHÓ’q yê{Ïì e´edüú>± ù|s=ÿ+{≤+. ̌ ø£ y˚fi¯ e´edüú̋ Àì edüTÔe⁄\T,
e´edüú≈£î yÓ\T|ü\ ñqï edüTÔe⁄\‘√ #·s¡́  »s¡|üø£b˛‘˚ Ä e´edüúqT $j·≠ø£Ô e´edüú n+{≤s¡T. ˇø£ $j·≠ø£Ô e´edüú̋ À
edüTÔe⁄\ jÓ≠ø£ÿ Á<äe´y˚>∑ dü~X¯\ yÓ≠‘·Ô+ dæús¡+. BìH˚ Á<äe´y˚>∑ ì‘·́ ‘·« ìj·TeT+ n+{≤s¡T.

ns≠‘˚ $j·≠ø£Ô e´edüú̋ À edüTÔe⁄\ jÓ≠ø£ÿ |òü*‘· Á<äe´y˚>∑+ e÷s¡q|üŒ{Ïø°, $&ç$&ç>± edüTÔe⁄\ jÓ≠ø£ÿ
Á<äe´y˚>±\T |ü]e÷D+˝À ø±ì ~X¯̋ À ø±ì Ò̋<ë ¬s+&ç+{Ï̋ À>±ì e÷s¡e#·TÃ.  $j·≠ø£Ô e´edüú̋ À $&ç$&ç>±
edüTÔe⁄\ jÓ≠ø£ÿ Á<äe´y˚>±\T @ ø±s¡D+e\¢ e÷s¡‘ês≠ nH˚ Á|üX¯ï ø£\>∑e#·TÃ? BìøÏ >∑\ ø±s¡D+ edüTÔe⁄\ eT<Ûä́
>∑\ nH√´q´ #·s¡́ \T eT]j·≠ yê{Ï ã˝≤\T.  Á<äe´y˚>∑ ì‘·́ ‘·« ìj·Te÷ìï, n_Û|òü÷‘ê\T, $k˛Œ¤≥Hê\T, πø+Á<äø£
#·s¡́ \T, πs&çjÓ÷ <Ûë]àø£‘·\˝À yÓ≠<ä\>∑T <äè–«wüj·÷\˝À nqTe]Ô+#·e#·TÃ.

4.5.1 q÷´≥Hé >∑eTq ìj·Te÷\ |üs¡´ekÕq+ Á<äe´y˚>∑ ì‘·´‘·« ìj·TeT+

q÷´≥Hé ¬s+&Ée >∑eTq ìj·TeT+ Á|üø±s¡+, F nH˚ ã\+ edüTÔe⁄ô|’ |üì#˚j·T&É+e\¢ (düMTø£s¡D+ 4.1)
t ø±\+˝À edüTÔe⁄ Á<äe´y˚>∑+˝À e÷s¡TŒ  p ns≠‘˚,

Δ pF =
Δ tu≤Vü≤´ (4.6)

Δ pF = 0, = 0 Δ p = 0 p =
Δ t

 ã≤Vü≤´ yÓTT‘Ô+· nsTT‘˚ dúsæ +¡ (4.7)

ô|’ düMTø£s¡D+ <ë«sê ˇø£ y˚fi¯ edüTÔe⁄ô|’ u≤Vü≤´ã\+ |üì#˚j·Tø£b˛‘˚ edüTÔe⁄ jÓ≠ø£ÿ Á<äe´y˚>∑+˝À e÷s¡TŒ
X¯Sq´+ ne⁄‘·T+<äì ‘Ó\TdüTÔ+~. n+fÒ edüTÔe⁄ jÓ≠ø£ÿ Á<äe´y˚>∑+˝À e÷s¡TŒ ñ+&É<äT. Ç<˚ yê<äqqT nH˚ø£ edüTÔe⁄\T
>∑\ e´edüú≈£î ≈£L&Ü nqTe]Ô+#·e#·TÃ.

q÷´≥Hé e∂&Ée >∑eTq ìj·TeT+ qT+&ç ≈£L&Ü Ç<˚ |òü*‘êìï bı+<äe#·TÃ. A eT]j·≠ B  edüTÔe⁄\T >∑\
ˇø£ $j·≠ø£Ô e´edüú˝À edüTÔe⁄\T t ø±\+˝À nH√´q´#·s¡́ ≈£î ˝ÀHÓ’q$ nqTø√+&ç. ABF  eT]j·≠ BAF  \T
ˇø£<ëìô|’ ˇø£{Ï Á|üjÓ÷–+#˚ ã˝≤ …̋’q, q÷´≥Hé e∂&Ée >∑eTq ìj·TeT+ qT+&ç

AB BAF = F
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A BΔ p Δ p=
Δ t Δ t



A BΔ p +Δ p = 0 (˝Ò<ë)

Δp = 0yÓTT‘+Ô·

(˝Ò<ë)    p =yTÓ T‘+Ô·  dúsæ +¡

n+fÒ e´edüú Á<äe´y˚>∑+˝À e÷s¡TŒ ˝Ò<äT. eTs√˝≤ #ÓbÕŒ\+fÒ e´edüú Á<äe´y˚>∑+ ì‘·́ ‘·«+ #Ó+~+~.

4.5.2 Á<äe´y˚>∑ ì‘·´‘ê«ìøÏ ø=ìï ñ<ëVü≤s¡D\T

(a) ‘·TbÕøÏ jÓ≠ø£ÿ Á|ü‘ê´es¡Ôq+: ‘·TbÕøÏ qT+&ç ‘·TbÕøÏ >∑T+&ÉTqT ù|*Ãq|üÒ&ÉT ‘·TbÕøÏ yÓqø£≈£î
Á|ü‘ê´es¡Ôq+ #Ó+<äT‘·T+~. ‘·TbÕøÏ jÓ≠ø£ÿ Á|ü‘ê´es¡Ôq y˚>∑+ v

2
 qT Á<äe´y˚>∑ ì‘·´‘·« ìj·TeT+

qT+&ç ø£qTø√ÿe#·TÃ. ù|\Ãã&çq ‘·TbÕøÏ >∑T+&ÉT Á<äe´sê• m eT]j·≠ ‘·TbÕøÏ <äe´sê• M
nqTø√+&ç. ‘·TbÕøÏ >∑T+&ÉT y˚>∑+ v

1
 nqT≈£îì ˇø£ y˚fi¯ ‘·TbÕøÏ y˚>∑+ v

2
 ns≠q|üÒ&ÉT Á<äe´y˚>∑+

ì‘·´‘·«+ #Ó+~q≥¢s≠‘˚,

1 2mv + Mv = 0 (4.8)

1 2mv = Mv

2 1
mv = v
M



Çø£ÿ&É s¡TD >∑Ts¡TÔ v2 jÓ≠ø£ÿ y˚>∑+ ~X¯, 1v  y˚>∑ ~X¯≈£î e´‹πsø£+ nì ‘Ó\T|ü⁄‘·T+~.
m <<  M ø±ã{Ïº ‘·TbÕøÏ jÓ≠ø£ÿ Á|ü‘ê´es¡Ôq y˚>∑+ ‘·TbÕøÏ >∑T+&ÉT y˚>∑+‘√ b˛*Ãq|üÒ&ÉT #ê˝≤
dü«\Œ+>± ñ+≥T+~.

(b) n_Û|òü÷‘·+:  n_Û|òü÷‘·+˝À bÕ˝§ZH˚ edüTÔe⁄\T e´edüú>± @s¡Œ&É‘êj·Tì nqT≈£î+{≤+.  |òüTs¡¸D
e+{Ï u≤Vü≤´ã˝≤\T e´edüú̋ Àì edüTÔe⁄\ô|’q |üì#̊j·Tø£b˛‘̊ Ä e´edüúqT $j·≠ø£Ô e´edüú>± rdüTø√e#·TÃ.
edüTÔe⁄\ eT<Ûä´ ñqï nH√´q´ #·s¡´\T n_Û|òü÷‘·+ #Ó+<˚ edüTÔe⁄\ jÓ≠ø£ÿ yÓ≠‘·Ô+ Á<äe´y˚>±ìï
e÷s¡Ã˝Òe⁄.

ø±´s¡+ uÀs¡T¶ Ä≥˝À ø±s≠Hé‡ eT<Ûä´ n_Û|òü÷‘ê\T eT]j·≠ _*j·TsY¶‡ Ä≥˝À _*j·TsY¶ ã+‘·T\
eT<Ûä´ n_Û|òü÷‘ê\qT dæú‹kÕú|üø£ edüTÔe⁄\ eT<Ûä´>∑\ n_Û|òü÷‘ê\ n<Ûä´j·Tq+≈£î rdüTø√e#·TÃ.

ñ<ëVü≤s¡D 4.6

ˇπø Á<äe´sê• m ø£*–q ¬s+&ÉT Á{≤©\T ˇø£<ëìø=ø£{Ï ø£\|üã&ç ‘=* y˚>∑+ v ‘√ Á|üj·÷DÏdüTÔHêïs≠.
Ç$, ìX¯Ã\dæú‹˝À ñqï ˇø£<ëìø=ø£{Ï ø£\|üã&çq e∂&ÉT düs¡«düe÷q Á{≤©\qT &Ûûø=ì n˙ï ø£*dæ n<˚
~X¯˝À Á|üj·÷DÏ+∫q n_Û|òü÷‘·+ ‘·s¡yê‘· yê{Ï y˚>±\T m+‘·?
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kÕ<Ûäq :

n_Û|òü÷‘·+ ‘·s¡yê‘· Á{≤©\ y˚>∑+ v'  nqT≈£î+fÒ

n_Û|òü÷‘êìøÏ e≠+<äT Á<äe´y˚>∑+ = 2 mv

n_Û|òü÷‘·+ ‘·s¡yê‘· Á<äe´y˚>∑+  = 5 m v'

Á<äe´y˚>∑ ì‘·́ ‘·« ìj·TeT+ qT+&ç, øÏ+~ $<Ûä+>± sêj·Te#·TÃ
2 mv = 5 m v'

˝Ò<ë
2v' = v
5

(c) u≤+ãT jÓ≠ø£ÿ $k˛Œ¤≥q+: u≤+ãT e≠ø£ÿ\T>± ù|*q|üÒ&ÉT n‘·´~Ûø£yÓTÆq X¯øÏÔì $&ÉT<ä\#˚düTÔ+~.
ìX¯Ã\dæú‹˝À ñqï u≤+ãT ù|* A eT]j·≠ B nH˚  ¬s+&ÉT uÛ≤>±\T>± $&çb˛s≠+<äqTø√+&ç.
u≤+ãT ù|\ø£ e≠+<äT Á<äe´y˚>∑+ X¯Sq´+ ø±ã{Ïº u≤+ãT ù|*q ‘·s¡yê‘· ù|*q uÛ≤>±\ yÓ≠‘·Ô+
Á<äe´ẙ>∑+ ≈£L&Ü X̄Sq´eTe⁄‘·T+~. á ø±s¡D+e\¢ ù|*q ¬s+&ÉT uÛ≤>±\T e´‹πsø£ ~X̄˝À Á|üj·÷DÏkÕÔs≠.
ù|*q uÛ≤>±\ Á<äe´sêX¯ó\T düe÷q+ ns≠‘˚, yê{Ï y˚>∑ |ü]e÷D≤\T ≈£L&Ü düe÷q+>±
ñ+{≤s≠.

(d) sê¬ø{Ÿ #√<äq+:  sê¬ø{Ÿ >∑eTq+ Á<äe´y˚>∑ ì‘·´‘·« ìj·TeT+ jÓ≠ø£ÿ Á|üjÓ÷>∑|üPs¡«ø£ nqTes¡Ôq+>±
rdüTø√e#·TÃ. sê¬ø{Ÿ˝À Ç+<Ûäq+ ø£*–q ôw˝Ÿ ñ+≥T+~. Bìï ˇø£ edüTÔe⁄>± rdüTø√e#·TÃ. ôw˝Ÿ˝À
ñqï Hêõ˝Ÿ <ë«sê n~Ûø£ |”&Éq+ e<ä› ñqï yêj·≠e⁄\T ãj·T≥øÏ yÓfi‚fl neø±X¯+ ñ+≥T+~.
sê¬ø{Ÿ˝À Ç+<ÛäHêìï eT+&ç+∫q|üÒ&ÉT n~Ûø£ ñc˛íÁ>∑‘·, |”&ÉHê\ e<ä› yêj·≠e⁄\T @s¡Œ&É‘ês≠.
e´edüú Á<äe´y˚>∑ ì‘·´‘·« ìj·TeT+ e\q, n~Ûø£ |”&Éq+‘√ yêj·≠e⁄\T Hêõ˝Ÿ qT+&ç n~Ûø£
y˚>∑+‘√ ãVæ≤s¡Z‘· eTs≠q|üÒ&ÉT @s¡Œ&çq n_Ûã\+ e\¢ sê¬ø{Ÿ ô|’øÏ yÓfi¯ó‘·T+~. ˇø£ y˚fi¯ M
nH˚~ sê¬ø{Ÿ jÓ≠ø£ÿ Á<äe´sê•, m nH˚~ Á|ü‹ ôdø£qT≈£î eT+&˚ yêj·≠e⁄\ Á<äe´sê• eT]j·≠
V <ëì jÓ≠ø£ÿ y˚>∑+ ns≠‘˚,  t ôdø£q¢ ø±\+˝À yêj·≠e⁄ Á<äe´y˚>∑+˝À e÷s¡TŒ = m vt.

 t ø±\+˝À sê¬ø{Ÿ jÓ≠ø£ÿ y˚>∑+˝À ô|s¡T>∑T<ä\ V ns≠‘˚, Á<äe´y˚>∑+˝À e÷s¡TŒ  = MV ne⁄‘·T+~.
Á<äe´y˚>∑ ì‘·́ ‘·« ìj·TeT+ qT+&ç

mvt + MV = 0

V mv= a =
t M



nq>± sê¬ø{Ÿ Á|üj·÷DÏ+#˚ ‘·«s¡D+

mva =
M
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4.6   |òüTs¡̧D

u≤´{Ÿ‡yÓTHé ÁøÏ¬ø{Ÿ ã+‹ì u≤´{Ÿ‘√ ø={Ïº n~ uÛÑ÷$Tô|’ <=πs¢˝≤ #˚kÕÔ&ÉT. n~ n$∫Ã¤qï+>± Á|üj·÷DÏ+#·
≈£î+&Ü ø=+‘· <ä÷s¡+ Á|üj·÷DÏ+∫ ìX¯Ã\ dæú‹øÏ edüTÔ+~. ã+‹ H˚\ô|’ m≈£îÿe <ä÷s¡+ <=s¡T¢‘·T+<äì MTs¡T
>∑eTì+#˚ ñ+{≤s¡T. eT]j·≠ ã+‹ ø=+‘· <ä÷s¡+ Á|üj·÷DÏ+∫ Ä–b˛‘·T+~. n+fÒ ã+‹ì ø=≥º&É+e\¢,
ã+‹øÏ \_Û+∫q Á<äe´y˚>∑+ ∫es¡≈£î X¯Sq´+ ne⁄‘·T+~. ã+‹ô|’ |üì#˚j·Tã&É¶ ã\+ e\¢ ã+‹ Á<äe´y˚>∑+˝À
e÷s¡TŒ e∫Ã+<äì eTq≈£î ‘Ó\TdüT. Ä ã˝≤H˚ï |òüTs¡¸D ã\+ n+{≤s¡T. düŒs¡Ù˝À ñqï ¬s+&ÉT edüTÔe⁄\T
kÕù|ø£å #·\q+˝À ñqï|üÒ&ÉT  |òüTs¡¸D ã\+ |üì#˚düTÔ+~. øÏå‹» düe÷+‘·s¡+ô|’ edüTÔe⁄ kÕúHêìï e÷sêÃ\+fÒ
|òüTs¡¸Dã˝≤ìøÏ e´‹πsø£+>± edüTÔe⁄qT ‘√j·≠≥ø±ì, ˝≤>∑T≥ø±ì #˚j·÷*.

|òüTs¡̧D ã\+ nH˚~ düŒØÙj·T ã\+, Ç~ ¬s+&ÉT edüTÔe⁄\T düŒ]Ù+#·T≈£îH˚ ‘·̋ ≤\≈£î düe÷+‘·s¡+>± ñ+≥÷
edüTÔe⁄ jÓ≠ø£ÿ >∑eTq ~X¯≈£î e´‹πsø£ ~X¯̋ À |üì#˚düTÔ+~. ñ|ü]‘·̋ ≤\T >∑s¡T≈£î>± ñ+&É≥+e\¢ |òüTs¡̧D @s¡Œ&ÉT‘·T+~.
á ø±s¡D+e\¢ |òüTs¡̧D nedüsêìï ã{Ïº ‘·̋ ≤\qT qTqT|ü⁄>± ø±ì >∑s¡T≈£î>±ø±ì e÷s¡TkÕÔs¡T.

edüTÔe⁄ jÓ≠ø£ÿ kÕù|ø£å >∑eTHêìï |òüTs¡̧D ã\+ e´‹πsøÏ+#·&É+e\¢ edüTÔe⁄\ jÓ≠ø£ÿ ‘·̋ ≤\T ns¡>∑T<ä\≈£î
(tear wear) >∑T] ns≠q j·÷+Á‹ø£X¯øÏÔ qwüº+ »s¡T>∑T‘·T+~. ø±ì n<˚ düeTj·T+˝À |òüTs¡̧D e\¢ e÷Á‘·y˚T eTq+
q&Ée>∑\T>∑T‘·THêï+ nì, yêVü≤Hê\qT q&É|ü>∑\T>∑T‘·THêï+ nì, yê{Ïì Ä|ü>∑\T>∑T‘·THêï+ nì >∑Ts¡TÔ+#·Tø√yê*.
|òüTs¡̧D eTq J$‘·+˝À ˝≤uÛ≤\qT eT]j·≠ qcÕº\qT ø£\>∑#˚düTÔ+~. ø±ã{Ïº |òüTs¡̧D nH˚~ n‘·́ +‘· nedüs¡yÓTÆq~
eT]j·≠ Vü‰ìø£s¡yÓTÆq~ ≈£L&Ü.

|òüTs¡¸D ã˝≤\T eT÷&ÉT s¡ø±\T n$ 1. ôdúÌ‹ø£ |òüTs¡¸D 2. >∑‹ø£ |òüTs¡¸D 3. <=s¡T¢&ÉT |òüTs¡¸D

4.6.1 ôdúÌ‹ø£ eT]j·≠ >∑‹ø£ |òüTs¡¸D

ˇø£ ‘·\+ô|’ edüTÔe⁄qT ø£~*+#·&ÜìøÏ ø£̇ dü+ ø=+‘· ã˝≤ìï Á|üjÓ÷–+#ê\ì eTq≈£î ‘Ó\TdüT. á $wüj·÷ìï
k˛<ëVü≤s¡D+>± ‘Ó\TdüTø√e&É+ ø√dü+ |ü≥+ 4.4˝À #·÷|æq $<Ûä+>± ˇø£ ~yÓTà øÏå‹» düe÷+‘·s¡ ‘·\+ô|’
ñqï<äqTø√+&ç. |ü≥+˝À #·÷|æq $<Ûä+>± ~yÓTàô|’ u≤Vü≤´ ã\+  Fext Á|üjÓ÷–+#ês¡qTø√+&ç. ‘=\T‘· ~yÓTà
ø£<ä\<äT. ~yÓTà ø£<ä\≥+ Ò̋<äT n+fÒ Bìô|’ eTs=ø£ ã\+ |üì#˚düTÔqï<äì ns¡ú+.  á ã˝≤H˚ï ôdúÌ‹ø£ |òüTs¡̧D ã\+
n+{≤s¡T. Bìï fs >∑Ts¡TÔ‘√ dü÷∫kÕÔs¡T. u≤Vü≤´ ã\+ Fext ô|+#·T‘·Tqïø=B› ôdúÌ‹ø£ |òüTs¡̧D ã\+ fs ô|]– n~ u≤Vü≤´
ã\+ Fext |ü]e÷D+˝À düe÷q+ ne⁄‘·T+~. á $<Ûä+>± |òüTs¡̧D ã\+ ˇø£ dü+~>∑∆ $\TeqT #˚s¡T≈£îH˚+‘· es¡≈£î
u≤Vü≤´ã\+ Fext ‘√ düe÷q+ ne⁄‘·T+~. Bì ‘·s¡yê‘· u≤Vü≤´ã\+ Fext Ç+ø± ô|+∫q|üÒ&ÉT ~yÓTà ø£<ä\≥+
ÁbÕs¡+uÛÑ+ ne⁄‘·T+~ eT]j·≠ ~yÓTà  >∑‹ø£ |òüTs¡̧D ã˝≤ìøÏ ˝Àqe⁄‘·T+~. edüTÔe⁄qT dæús¡ y˚>∑+‘√ ø£~*+#·e\dæq
ã\+ ¬ø+fÒ, edüTÔe⁄qT ø£~*+#·&ÜìøÏ m≈£îÿe ã\+ Á|üjÓ÷–+#ê*‡q nedüs¡+ ñ+≥T+<äì nqTuÛÑ+˝À eTq≈£î

‘Ó\TdüTÔ+~. á ø±s¡D+e\¢ düŒ]ÙdüTÔqï ¬s+&ÉT ‘·̋ ≤\ eT<Ûä́  ñ+&˚ >∑]wü̃ ôdúÌ‹ø£ |òüTs¡̧D ã\+ (max).sf  >∑‹ø£ |òüTs¡̧D

ã\+ (fk) ø£+fÒ m≈£îÿe>± ñ+≥T+~. |ü≥+ 4.5 ˝À u≤Vü≤´ ã\+‘√ |òüTs¡̧D ã\+ e÷πs $<Ûëq+ #·÷|ü&ç+~.

Ç∫Ãq ¬s+&ÉT düŒØÙj·T ‘·̋ ≤\≈£î >∑]wü̃ ôdúÌ‹ø£ |òüTs¡̧D (max)
sf  eT]j·≠ >∑‹ø£ |òüTs¡̧D (fk) @ n+XÊ\ô|’

Ä<Ûës¡|ü&ç ñ+≥T+~? Á|üjÓ÷>∑Ø‘ê´ (max)
sf  nH˚~ n_Û\+ã ã˝≤ìøÏ (FN)øÏ nqT˝Àe÷qTbÕ‘·+˝À ñ+≥T+~.

n+fÒ,
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(max)
s Nf F  ˝Ò<ë  (max)

s s Nf = μ F (4.9)

Çø£ÿ&É  s nH˚~ ôdúÌ‹ø£ |òüTs¡̧D >∑TDø£+. ~yÓTà ‘·̋ ≤ìï m+‘· ã\+‘√ H=≈£îÿ‘·T+<√, Ä ã\+ <ë«sê
n_Û\+ã #·s¡́  FN qT ‘Ó\TdüTø√e#·TÃ. |ü≥+ 4.4 qT ‹]– |ü]o*+∫q ~yÓTàô|’ |üì#˚ùd n_Û\+ã ã\+ FN

uÛ≤s¡+ ∞M ≈£î düe÷q+. Çø£ÿ&É m nH˚~ ~yÓTà jÓ≠ø£ÿ Á<äe´sê•.

ø±ã{Ïº,  s extf F   Çø£ÿ&É maxs sf f

n+fÒ, s s Nf F   nì Áyêj·Te#·TÃ. (4.10)

Á|üjÓ÷>±‘·àø£+>± ¬s+&ÉT düŒ]Ù+#̊ ‘·̋ ≤\ eT<Ûä́  |üì#̊ùd >∑]wü̃ ôdúÌ‹ø£ |òüTs¡̧D ã\+, düŒ]Ù+#̊ ‘·\ yÓ’XÊ\´+ô|’
Ä<Ûës¡|ü&É<äT nì ‘Ó\TdüTÔ+~.

n<˚ $<Ûä+>±  k k Nf F  nì Áyêj·Te#·TÃ. (4.11)

Çø£ÿ&É k  nH˚~ >∑‹ø£ |òüTs¡̧D >∑TDø£+. kÕ<Ûës¡D+>±, s k  n+‘˚ø±≈£î+&Ü s  eT]j·≠ k
$\Te\T Ç∫Ãq ¬s+&ÉT ‘·̋ ≤\≈£î dæús¡yÓTÆq $\Te\T ø±e⁄. n+fÒ #Óø£ÿ, #Óø£ÿô|’ Ò̋<ë s¡ã“s¡T Ò̋<ë ø±+Áø°≥T ˝≤+{Ï
|ü<ësêú\T e÷s¡T‘·Tqï|üÒ&ÉT  s  eT]j·≠ k  $\Te\T ≈£L&Ü e÷s¡‘ês≠. Ç∫Ãq ¬s+&ÉT düŒs¡Ù ‘·̋ ≤\≈£î

dü+ã+~Û+∫q s  eT]j·≠ k  $\Te\T Ä ‘·̋ ≤\ dü«uÛ≤e+, >∑s¡T≈£î‘·q+, qTqT|ü⁄<äq+, ñc į́Á>∑‘·, ‘˚eT
yÓ≠<ä\>∑T n+XÊ\ô|’ Ä<Ûës¡|ü&ÉT‘·T+~.

|ü≥+ 4.6 : ~yÓTàô|’ n_Û\+ã Á|ü‹#·s¡´

|ü≥+. 4.4 : ~yÓTàô|’ |üì#˚ùd ã˝≤\T |ü≥+ 4.5 : u≤Vü≤´ã\+‘√bÕ≥T |òüTs¡¸D ã\+˝À
e÷s¡TŒ
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ñ<ëVü≤s¡D 4.7

2 kg  Á<äe´sê• >∑\ ~yÓTà øÏå‹» düe÷+‘·s¡ ‘·\+ô|’q ñqï~. ¬s+&ÉT düŒs¡Ù ‘·̋ ≤\≈£î dü+ã+~Û+∫q ôdúÌ‹ø£
|òüTs¡̧D >∑TDø£+ 0.25 ns≠‘˚ düŒ]Ù+#˚ ‘·̋ ≤\ eT<Ûä́  |üì#˚ùd >∑]wü˜ ôdúÌ‹ø£ |òüTs¡̧D ã\ |ü]e÷D≤ìï ø£qTø√ÿ+&ç.

kÕ<Ûäq :

 Ç#·Ã≥  m = 2 kg eT]j·≠ s = 0.25 Çe«ã&ç+~.

düMTø£s¡D+ (4.9) qT+&ç

(max)
s s Nf F

= s  mg

= 0.25 (2 kg) (9.8 ms–2)
= 4.9 N

ñ<ëVü≤s¡D 4.8

5 kg Á<äe´sê•>∑\ ~yÓTà øÏå‹» düe÷+‘·s¡ ‘·\+ô|’ ñqï~. ¬s+&ÉT ‘·˝≤\≈£î dü+ã+~Û+∫q >∑‹ø£
|òüTs¡¸D >∑TDø£+ 0.1k  .  ~yÓTàqT 10 N ã\+‘√ øÏå‹» düe÷+‘·s¡ ~X¯˝À ˝≤–q|üÒ&ÉT ~yÓTà˝À ø£*π>
‘·«s¡D+ m+‘·?

kÕ<Ûäq :

>∑‹ø£ |òüTs¡¸D ã\+ k k Nf F  eT]j·≠ NF mg

 ø±ã{Ïº,    k kf mg

= (0.1) (5 kg) (9.8 ms–2)
=  49 kg ms–2 = 4.9 N

         ~yÓTàô|’ |òü*‘·ã\+ = Fext – fk

= 10 N – 4.9 N
= 5.1 N

   ø±e⁄q, ~yÓTà jÓ≠ø£ÿ ‘·«s¡D+ 
25.1 1.02

5
netF Na ms
m kg

   

ø±e⁄q ~yÓTà 1.02 ms-2 ‘·«s¡D+‘√ u≤Vü≤´+>± nqTe]Ô+∫q ã\~X¯˝À ø£<äT\TqT.

4.6.2 <=s¡T¢&ÉT |òüTs¡¸D

#·Áø±\T >∑\ ã+&çì ˝≤>∑T≥ Ò̋<ë HÓ≥Tº≥ #ê˝≤ düT\uÛÑ+. #·Áø£+ jÓ≠ø£ÿ >∑eTq+ C≤s¡T&ÉT >∑eTq+ ø£+fÒ
y˚s¡T>± ñ+≥T+~. Ä >∑eTHêìï <=s¡T¢&ÉT >∑eTq+ n+{≤s¡T. <=s¡T¢&ÉT >∑eTq+˝À @s¡Œ&˚ |òüTs¡̧D ã˝≤ìï <=s¡T¢&ÉT
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|òüTs¡̧D n+{≤s¡T. n_Û\+ã ã˝≤ìøÏ <=s¡T¢&ÉT |òüTs¡̧D, C≤s¡T&ÉT |òüTs¡̧D ø£+f… ‘·≈£îÿe>± ñ+≥T+~. ñ<ëVü≤s¡D≈£î
d”º\T, d”º\Tô|’ C≤s¡Tq|üÒ&ÉT ñ+&˚ |òüTs¡̧D ø£+fÒ d”º\T #·Áø£+, d”º\T |ü{≤ºô|’ <=s¡T¢q|üÒ&ÉT ñ+&˚ <=s¡T¢&ÉT |òüTs¡̧D
1/100 ¬s≥T¢ ‘·≈£îÿe.  <=s¡T¢&ÉT |òüTs¡̧D >∑TDø£+ jÓ≠ø£ÿ $\Te\T d”º\T`d”º\T≈£î 0.006, s¡ã“s¡T`ø±+Áø°≥T≈£î 0.02
qT+&ç 0.04 >± ñ+&ÉTqT.

MTs¡T Ç|üÒ&ÉT øÏ+<ä #·÷|üã&çq ø£è‘ê´ìï #˚j·T+&ç.
ø£è‘·́ + 3.1

fÒãT˝Ÿô|’q ô|<ä› |ü⁄düÔø£+ ø±ì ø=ìï |ü⁄düÔø±\qT ø£*|æ ø±ì ñ+∫ <ëìï y˚fi¯fl‘√ HÓ≥Tº≥≈£î Á|üj·T‹ï+#·+&ç.
‘·s¡yê‘· |ü⁄düÔø±\ øÏ+<ä e∂&ÉT Ò̋<ë n+‘· ø£+fÒ m≈£îÿe ô|ì‡fi¯flqT ñ+∫ ‹]– HÓ≥º{≤ìøÏ Á|üj·T‹ï+#·+&ç. @
dü+<äs¡“¤+˝À |ü⁄düÔø±*ï ø£<äT\TÃ≥≈£î ‘·≈£îÿe ã\+ nedüs¡+?  á |ü]o\q qT+&ç MTs¡T @$T ìs¡ís≠kÕÔs¡T?

4.6.3 |òüTs¡¸DqT ‘=\–+#˚ |ü<ä∆‘·T\T

e÷qe C≤‹ ø£qT>=qï >=|üŒ kÕ<ÛäHê˝À¢ #·Áø£+ ˇø£{Ï m+<äTø£+f…
edüTÔe⁄\T C≤s¡T≥ ø£+f… <=s¡¢&É+ düT\uÛÑ+ á ø±s¡D+e\¢ j·T+Á‘·+˝À
|òüTs¡̧DqT ‘·–Z+#·T≥≈£î u≤˝Ÿ uÒ]+>¥\qT yê&É‘ês¡T. u≤˝ŸuÒ]+>¥̋ À¢, d”º\T
>√fi≤\qT ¬s+&ÉT düVü‰ø£åå dü÷úbÕ\ eT<Ûä́  |ü≥+ 4.6˝À #·÷|æq $<Ûä+>±
neTs¡TkÕÔs¡T. kÕ<Ûës¡D+>± ̌ ø£ dü÷ú|ü+ eTs=ø£ dü÷ú|ü+ <äècÕº́  ‹]π>≥≥T¢>±
#̊kÕÔs¡T. Bìe\¢ ã+‘·T\T <=s¡T¢q|üÒ&ÉT yê{Ï eT<Ûä́  |òüTs¡̧D ã\+ <ë<ë|ü⁄>±
ñ+&É<äT. u≤˝ŸuÒ]+>∑T\qT nìï s¡ø±\ yêVü≤Hê˝À¢, $<äT´‘Y yÓ÷{≤s¡¢̋ À,
bòÕHé\ e+{Ï Ç‘·s¡ |ü]ø£sê˝À¢ yê&É‘ês¡T.

Á^E Ò̋<ë q÷HÓ e+{Ï ùdïVü≤ø±\T düŒ]Ù+#˚ ‘·̋ ≤\ eT<Ûä́  ñ+∫q
|òüTs¡̧D ã\+ u≤>± ‘·>∑TZ‘·T+~. ãs¡TyÓ’q ô|<ä› j·T+Á‘ê˝À¢ ø£~ Ò̋ j·T+Á‘·
uÛ≤>±\ eT<Ûä́  q÷HÓ Á|üeVæ≤+#˚≥Tº #˚j·T&É+ e\¢ |òüTs¡̧D ã\+ ‘·>∑TZ‘·T+~. eT]j·≠ ñwüíX¯øÏÔ yÓ\Te&ç j·T+Á‘ê\T
bÕ&ÉTø±≈£î+&Ü ñ+{≤s≠. ìC≤ìøÏ ùd«Vü‰ø±\qT yê&É≥+e\¢ edüTÔe⁄\ eT<Ûä́  ñ+&˚ düVü≤»yÓTÆq |òüTs¡̧D, Á|üyêVæ≤
|òüTs¡̧D>± (fluid friction) e÷s¡T‘·T+~. Á|üyêVæ≤ |òüTs¡̧D, edüTÔe⁄\ eT<Ûä́  ñ+&˚ düVü≤» |òüTs¡̧D ø£+fÒ ‘·≈£îÿe.

X̄ó~∆#̊j·Tã&ç, dü+|”&ç+#·ã&çq >±*ì düŒ]Ù+#̊ ‘·̋ ≤\ eT<Ûä́  |ü+|ü≥+ e\¢ ≈£L&Ü |òüTs¡̧D ã\+ ‘·>∑TZ‘·T+~.
eT]j·≠ Bìe\¢ ø£~ Ò̋ uÛ≤>±\ eT<Ûä́  <äTe≠à eT]j·≠ <Ûä÷[ ø£D≤\T ≈£L&Ü #˚s¡≈£î+&Ü ñ+{≤s≠.

Á|üyêVæ≤ |òüTs¡¸D     : edüTÔe⁄\T Á<äyê˝˝À ø±ì ˝Ò<ë yêj·≠e⁄˝˝Àø±ì Á|üj·÷DÏ+#˚≥|üÒ&ÉT ≈£L&Ü |òüTs¡¸D≈£î
˝Àqe⁄‘ês≠. ñ\ÿ\T uÛÑ÷ yê‘êes¡D+˝ÀøÏ Á|üy˚•+∫q|üÒ&ÉT >±* |òüTs¡¸De\¢ n$ yÓ\T>∑TìkÕÔs≠. |òüTq
|ü<ësêú\ eT<Ûä´ ñ+&˚ |òüTs¡¸D edüTÔe⁄\ jÓ≠ø£ÿ Äø±s¡+ô|’q Ä<Ûës¡|ü&É<äT ø±ì Á|üyêVæ≤ |òüTs¡¸D edüTÔe⁄\
jÓ≠ø£ÿ Äø±s¡+ô|’q Ä<Ûës¡|ü&ÉT‘·T+~. á ø±s¡D+e\¢ #˚|ü\≈£î Á|ü‘˚´ø£yÓTÆq Äø±s¡+ ñ+≥T+~. n<˚ $<Ûä+>±
n~Ûø£ y˚>±\‘√ Á|üj·÷DÏ+#˚ $e÷Hê\≈£î, yêVü≤Hê\≈£î #˚|üqTb˛˝Ò Äø±s¡+ ñ+≥T+~. á Äø±sêìï
Åd”ºyéT˝…’Hé (stream-line) Äø±s¡+ n+{≤s¡T. Á|üyêVæ≤ |òüTs¡¸D edüTÔe⁄ y˚>∑+ ô|s¡T>∑T<ä\‘√bÕ≥T y˚>∑+>±
ô|s¡T>∑T‘·T+~. ˇø£ ẙfī ø±s¡T m≈£îÿe ẙ>∑+‘√ yÓfīó‘·Tqï≥¢s≠‘̊, ô|]–q Á|üyêVæ≤ (>±*) |òüTs¡̧DqT n~Û>∑$T+#·&ÜìøÏ
m≈£îÿe Ç+<Ûäq+ Ks¡TÃ #˚j·÷*‡ edüTÔ+~. n+<äTe\¢ ø±s¡T y˚>∑+ 40`45 kmph  eT<Ûä´ ñqï <ëì jÓ≠ø£ÿ
<äø£å‘· m≈£îÿe>± ñ+&ÉTqì ø±s¡T ‘·j·÷Ø<ës¡T\T dü÷∫kÕÔs¡T.

|ü≥+. 4.7 : Balls in the
ball-bearing
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 |ü≥+ 4.8 ¬s+&ÉT edüTÔe⁄\T ‘ê&ÉT‘√ ø£≥ºã&ç ñqï|üÒ&ÉT ùd«#êÃ¤ edüTÔ |ü≥+

4.7   ùd«#êÃ¤ edüTÔ |ü≥+ f…øÏïø˘ (free body diagram technique)

j·÷+Á‹ø£ XÊÅdüÔ+˝À q÷´≥Hé >∑eTq ìj·Te÷\qT nqTe]Ô+∫ edüTÔe⁄\ jÓ≠ø£ÿ ùd«#êÃ¤  edüTÔ |ü{≤\T
^dæ |òü*‘ê\T sêã≥º≥+ #ê˝≤ düT\uÛÑ+. Ç∫Ãq dü+<äs¡“¤+˝À edüTÔe⁄ô|’ |üì#˚ùd nìï ã˝≤\qT #·÷|ü⁄
|ü{≤ìï ùd«#êÃ¤ edüTÔ |ü≥+ (Free Body Diagram (FBD)) n+{≤s¡T. ùd«#êÃ¤ edüTÔ |ü≥+ ^j·T&ÜìøÏ
øÏ+~ |ü<ä∆‹ì bÕ{Ï+#ê*.

1. Ç∫Ãq $es¡D Á|üø±s¡+>± e´edüú jÓ≠ø£ÿ #·ø£ÿì |ü{≤ìï ^j·÷*.

2. ø±e\dæq edüTÔe⁄qT $j·≠ø£Ô+>± rdüTø√yê*.  á edüTÔe⁄qT ùd«#êÃ¤ edüTÔe⁄ n+{≤s¡T.

3. á ùd«#êÃ¤ edüTÔe⁄ô|’ |üì#˚ùd u≤Vü≤´ã˝≤\ìï+{Ïì rdüT≈£îì, yê{Ï #·s¡´ ~X¯qT düŒwüº+>± #·÷|ædü÷Ô
u≤D|ü⁄ >∑Ts¡TÔ\T ùd«#êÃ¤ edüTÔe⁄qT ‘ê≈£îq≥T¢>± ^j·÷*.

4. Ç|üÒ&ÉT q÷´≥Hé ¬s+&Ée >∑eTq ìj·TeT+  F = ma ì nqTe]Ô+#ê*.

(˝Ò<ë  Fx = m ax eT]j·≠ Fy = m ay)

>∑Ts¡TÔ+#·Tø√e\dæq$  :

(i) edüTÔe⁄ >∑eTq ~X¯˝À ìø£s¡ ã\+ |üì#˚j·÷*.

(ii) düeTdü´ jÓ≠ø£ÿ |üP]Ô kÕ<Ûäq ø=s¡≈£î ‘Ó*j·Tì uÛÖ‹ø£sêX¯ó\ dü+K´≈£î düe÷qyÓTÆq dü+K´˝À dü«‘·+Á‘·
düMTø£s¡D≤\T ñ+&Ü*.

ñ<ëVü≤s¡D 4.9

m1 eT]j·≠ m2 Á<äe´sêX¯ó\T >∑\ ¬s+&ÉT ~yÓTà\qT ˇø£ ‘˚*¬ø’q ‘ê&ÉT düVü‰j·T+‘√ ø£{Ïº yê{Ïì
|òüTs¡¸Ds¡Væ≤‘· ‘·\+ô|’ ñ+#ês¡T. m2 Á<äe´sê• >∑\ ~yÓTà øÏå‹» düe÷+‘·s¡ ã\+ F ‘√ ˝≤>∑ã&ç+~.
ns≠‘˚ ~yÓTà\ jÓ≠ø£ÿ ‘·«s¡D+ m+‘·? eT]j·≠ ~yÓTà\qT ø£*|æq ‘ê&ÉT˝À @s¡Œ&˚ ‘·q´‘· m+‘·? (‘ê&ÉT
øÏå‹» düe÷+‘·s¡+>± ñqï<äqTø√+&ç)
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kÕ<Ûäq:
|ü≥+ 4.8 qT+&ç F ~X¯˝À ~yÓTà˝À¢ @s¡Œ&çq ‘·«s¡D+ aeT]j·≠ ‘ê&ÉT˝À ‘·q´‘· T  nqTø√+&ç.

m1 eT]j·≠ m2 Á<äe´sêX¯ó\T ø£*–q e´edüú jÓ≠ø£ÿ ùd«#êÃ¤ edüTÔ|ü≥+ô|’ dü÷Á‘·+ F = ma nqTe]Ô+#·>±,

N – (m1 + m2 ) g = 0

eT]j·≠ F = (m1 + m2) a

1 2

Fa
m m

 
  (4.12)

m1 jÓ≠ø£ÿ ùd«#êÃ¤ edüTÔ |ü{≤ìøÏ dü÷Á‘·+ F = ma qT sêj·T>±
N1 – m1 g = 0 eT]j·≠ T = m1 a eTq≈£î e#·TÃqT.

1
1 2

FT m
m m

 
   

(˝Ò<ë) 1

1 2

mT F
m m

 
   

(4.13)

Ç|üÒ&ÉT dü÷Á‘·+ F = ma qT eTs√kÕ] m2 jÓ≠ø£ÿ ùd«#êÃ¤ edüTÔ |ü{≤ìøÏ
nqTe]Ô+∫ ‘·«s¡D+ a eT]j·≠ ‘·q´‘· T \≈£î ny˚ düe÷kÕ\T bı+<ä e#·TÃH√
˝Ò<√ #·÷&É+&ç.

ñ<ëVü≤s¡D 4.10

 m1 eT]j·≠ m2 Á<äe´sêX¯ó\T >∑\ edüTÔe⁄\qT (m1 > m2) kÕ>∑Bj·≠≥≈£î M\T ˝Òì ˇø£ ‘˚*¬ø’q
‘ê&ÉT ∫es¡ ø£{Ïº, ‘ê&ÉTqT |òüTs¡¸D s¡Væ≤‘· ø£|”Œ MT<äT>± neT]ÃHês¡T. edüTÔe⁄\qT ùd«#·Ã¤>± e~*q|üÒ&ÉT
yê{Ï jÓ≠ø£ÿ ‘·«s¡D≤\qT, ‘ê&ÉT˝À ‘·q´‘·qT ø£qTø√ÿ+&ç.

kÕ<Ûäq:
m1 jÓ≠ø£ÿ ‘·«s¡D+ a  øÏ+~ ~X¯̋ ÀqT eT]j·≠ m2 jÓ≠ø£ÿ ‘·«s¡D+ a  ô|’ ~X¯̋ ÀqT nqTø√+&ç (m+<äT≈£î?)

edüTÔe⁄\qT ø£*ù| ‘ê&ÉT˝À ‘·q´‘· T nqTø√+&ç.
m1 eT]j·≠ m2 edüTÔe⁄\ô|’ F = ma düMTø£s¡D+ nqTe]Ô+#·>±

m1g – T = m1 a
T – m2g = m2 a

(1) eT]j·≠ (2) düMTø£s¡D≤\qT kÕ~Û+#·>± a eT]j·≠ T $\Te\T e#·TÃqT.

1 2

1 2

m ma g
m m

 
  

(4.14)

 |ü≥+. 4.9

 |ü≥+. 4.10
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 |ü≥+. 4.11

1 2

1 2

2m mT a
m m

 
   

(4.15)

á dæú‹˝À n~Ûø£yÓTÆq nìj·T‘· $\Te\≈£î (nq>± m1 eT]j·≠ m2) e#·TÃ }Vü‰‘·àø£ |òü*‘êìï
dü]#·÷düTø√e#·TÃ. m1 = m2 ˝Ò<ë m1 >> m2 >± rdüTø=ì a > T jÓ≠ø£ÿ $\Te\T }Væ≤+∫q≥¢>±
e#·TÃH√, sêy√ #·÷&É+&ç.

ñ<ëVü≤s¡D 4.11

Á<äe´sê• M = 10 kg >∑\ Á{≤© nqTq~ Á<äe´sê• m = 2 kg >∑\ ~yÓTà≈£î Á<äe´sê•s¡Væ≤‘·
kÕ>∑Bj·≠≥≈£î M\T˝Òì ‘ê&ÉT düVü‰j·T+‘√ ø£{Ïº ‘ê&ÉTqT |ü≥+˝À #·÷|æq $<Ûä+>± (4.11) ‘˚*¬ø’q |òüTs¡¸D
s¡Væ≤‘· ø£|”Œ MT<äT>± e~*Hês¡T. Á{≤©≈£î eT]j·≠ ‘·˝≤ìøÏ eT<Ûä´ >∑\ >∑‹ø£ |òüTs¡¸D >∑TDø£+k = 0.02
ns≠‘˚  (a) Á{≤© jÓ≠ø£ÿ ‘·«s¡D+ (b)  ‘ê&ÉT˝À ‘·q´‘·qT ø£qTø√ÿ+&ç.

kÕ<Ûäq:

|ü≥+ 4.11 (b), (c) \T es¡dü>± Á{≤© eT]j·≠ ~yÓTà jÓ≠ø£ÿ ùd«#êÃ¤ edüTÔ
|ü{≤\T. a nH˚~ ~yÓTà eT]j·≠ Á{≤© jÓ≠ø£ÿ ‘·«s¡D+ ns≠‘˚,

Á{≤© FN = Mg eT]j·≠
T – fk = Ma  Çø£ÿ&É fk = k N = k Mg

ø±ã{Ïº, T – kMg = Ma (1)

~yÓTà, mg – T = ma (2)

(1) eT]j·≠ (2) düMTø£s¡D≤\qT ø£\|ü>±
mg – k Mg = (M + m) a

˝Ò<ë

  
 

2 22 9.8 (0.02)(10 ) (9.8 )
10 2

k
kg ms kg msmg Mga

M m kg


 
 

 

2 2
219.6 1.96 1.47

12
kg ms kg msa ms

kg

 


 

ø±ã{Ïº, a = 1.47 ms–2

düMTø£s¡D+ (2) qT+&ç T = mg – ma = m (g – a)

T = 2 kg (9.8 ms–2 – 1.47 ms–2)
   = 2 kg (8.33 ms–2)
T = 16.66 N
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bÕsƒ¡+˝Àì Á|üX¯ï\T 4.4

1. m Á<äe´sê•>∑\ ~yÓTà  yê\Tø√D+ ø£*–q >∑s¡T≈£î yê\T‘·\+ô|’ ñqï~. ~yÓTàô|’ |üì#˚ùd y˚s¡T
y˚s¡T ã˝≤\qT |ü≥+˝À #·÷|æ+#·+&ç.

2. 2 kg eT]j·≠ 3 kg ~M Á<äe´sêX¯ó\T >∑\ A eT]j·≠ B  ¬s+&ÉT
~yÓTà\T |òüTs¡¸Ds¡Væ≤‘· øÏå‹» düe÷+‘·s¡ ‘·\+ô|’ düŒs¡Ù˝À ñHêïs≠.
M{Ïô|’ 100 N ã\+ |ü≥+˝À #·÷|æq $<Ûä+>± |üì#˚düTÔqï~. ns≠q A ~yÓTà B ~yÓTàô|’ |üì#˚ùd
ã˝≤ìï ø£qTø√ÿ+&ç.

3. 5 kg Á<äe´sê•>∑\ edüTÔe⁄qT ˇø£ ‘ê&ÉT qT+&ç y˚˝≤&ÉBkÕs¡T. ‘ê&ÉTqT

(a)  2 ms–1 y˚>∑+‘√ ô|’øÏ ˝≤–q (b)  2 ms–2‘·«s¡D+‘√ ô|’øÏ ˝≤–q ‘ê&ÉT˝À ‘·q´‘· m+‘·?

4.8  »&É‘·« eT]j·≠ n»&É‘·« ìπs›X¯ø£ #·Á{≤\ ÁbÕ<∏ä$Tø£ uÛ≤eq\T

düs¡fiπ̄sU≤ e÷s¡Z+˝À (@ø£ $Trj·T) ñqï edüTÔe⁄ jÓ≠ø£ÿ >∑eTHêìï ‘Ó\TdüTø=qT≥≈£î Ä<Ûës¡ _+<äTe⁄
(e∂\ _+<äTe⁄) ˇø£{Ï dü]b˛‘·T+~. ø±ì, ~« $Trj·T eT]j·≠ Á‹ $Trj·T nøå±˝À¢ >∑eTHêìï rdüT≈£îqï|üÒ&ÉT,
n+‘·sêfi¯+˝À _+<äTe⁄ jÓ≠ø£ÿ kÕúHêìï ‘Ó*j·T#˚j·T{≤ìøÏ ìπs›X¯ø£ πsK\ düe∂Vü‰\qT ñ|üjÓ÷–+#ê*‡ edüTÔ+~.
á πsU≤ düe∂Vü‰ìï ìπs›X¯ø£ #·Á{≤\T n+{≤s¡T.

Á|ü‹ edüTÔe⁄ jÓ≠ø£ÿ >∑eTHêìï |ü]o\≈£î&ÉT $e]+#·>∑\&ÉT. |ü]o\≈£î&ç jÓ≠ø£ÿ >∑eTq dæú‹ Ä<Ûës¡+>±
edüTÔe⁄ jÓ≠ø£ÿ >∑eTq $es¡D ≈£L&Ü e÷s¡T‘·T+~. ñ<ëVü≤s¡D≈£î ¬s’̋ Ò« ùdºwüHé̋ À bÕ¢{ŸbòÕ+ ô|’q ìX¯Ã\ dæú‹˝À ˇø£
ô|f…º ñqï<äqT≈£î+<ë+. bÕ¢{ŸbòÕ+ô|’q ìX¯Ã\ dæú‹˝À ñqï |ü]o\≈£î&ÉT Ä ô|f…º ìX¯Ã\ dæú‹˝À ñqï≥T¢>± >∑eTìkÕÔ&ÉT.
ø±ì ¬s’\T v dæús¡ y˚>∑+‘√ ø£<äT\T‘·Tqï|üÒ&ÉT <ëì˝À ñqï |ü]o\≈£î&ÉT Ä ô|f…º -v y˚>∑+‘√ Á|üj·÷DÏdüTÔqï≥T¢>±
>∑eTìkÕÔ&ÉT. ˇø£ y˚fi¯ ¬s’\T  ‘·«s¡D+ a ‘√ ø£<äT\T‘·T+fÒ ô|f…º jÓ≠ø£ÿ >∑eTq $es¡D m˝≤ ñ+≥T+~? n|üÒ&ÉT Ä
¬s’\T˝À ñqï |ü]o\≈£î&çøÏ ô|f…º ‘·«s¡D+‘√ (-a) ø£<äT\T‘·Tqï≥T¢>± ø£qT>=+{≤&ÉT. ø±ì á |ü]o\q |ü]o\≈£î&ç
|üs¡+>± yÓ≠<ä{Ï >∑eTq ìj·Te÷ìï bÕ{Ï+#·&É+ Ò̋<äì ‘Ó\TdüTÔ+~.

ø±ã{Ïº, edüTÔe⁄ jÓ≠ø£ÿ >∑eTHêìï e]í+#·&ÜìøÏ ìπs›X¯ø£ #·Á{≤ìï |ü]o\≈£î&ç‘√ bÕ≥T ñ+#ê*. edüTÔe⁄
<äècÕº́  eTs=ø£ ìπs›X¯ø£ #·Á≥+ <äècÕº́  ìπs›X¯ø£ #·Á≥+ ìX¯Ã\dæú‹˝À ñqï Ò̋<ë s¡TEe÷s¡Z+˝À düeTy˚>∑+‘√ yÓfi¯ó‘·THêï
Ä ìπs›X¯ø£ #·Á≥+˝À »&É‘·« ìj·TeT+ dü]|ü&ÉT‘·T+~. Ç≥Te+{Ï ìπs›•ø£ #·Á{≤ìï »&É‘·« ìπs›X¯ø£ #·Á≥+ n+{≤s¡T.
eTs=ø£ yÓ’|ü⁄ |ü]o\≈£î&ÉT ñqï ìπs›X¯ø£ #·Á≥+ ‘·«s¡D+‘√ ñ+fÒ n|üÒ&ÉT Ä ìπs›X¯ø£ #·Á{≤ìï n»&É‘·« ìπs›X¯ø£ #·Á≥+
n+{≤s¡T.

n»&É‘·« ìπs›X¯ø£ #·Á≥+˝À m Á<äe´sê•>∑\ edüTÔe⁄ (a) ‘·«s¡D+‘√ >∑eTq+˝À ñqï|üÒ&ÉT, Ä edüTÔe⁄ô|’
$T<Ûë´ ã\+ ma rdüTø=ì q÷´≥Hé ¬s+&Ée >∑eTq ìj·Te÷ìï nqTe]Ô+#·e#·TÃ. edüTÔe⁄ ÁuÛÑeTD #·\q+˝À
ñqï|üÒ&ÉT Ç<˚ $T<Ûë´ ã\+qT n|üπø+Á<ä ã\+>± rdüT≈£î+{≤s¡T.

 |ü≥+. 4.12
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bÕsƒ¡+˝Àì Á|üX¯ï\T 4.5

1. dü>∑+ ˙{Ï‘√ ì+|üã&çq >±¢düTqT ¬s’\T˝À øÏå‹» düe÷+‘·s¡ fÒãT˝Ÿô|’ ñ+#ês¡T ¬s’\T >∑eTq+
ÁbÕs¡+_Û+∫q|üÒ&ÉT >±¢düT˝Àì ˙{Ï ñ|ü]‘·\+ øÏå‹» düe÷+‘·s¡+>±H˚ ñ+≥T+<ë?

2. ø±s¡T eè‘êÔø±s¡ e÷s¡Z+˝À Á|üj·÷DÏ+∫q|üÒ&ÉT, e÷s¡Z+ yÓ\T|ü\≈£î C≤s¡T‘·T+~. ø±s¡T˝À ≈£Ls¡TÃì
ñqï Á|üj·÷D°≈£î&ÉT á ø±s¡T >∑eTHêìï m˝≤ $e]+#·>∑\&ÉT?  ø±s¡T yÓ\T|ü\ s√&ÉT¶ô|’q ñqï
|ü]o\≈£î&ÉT á dü+|òüT≥qqT m˝≤ $e]+#·>∑\&ÉT?

3. n|ü πø+Á<ä j·T+Á‘·+˝À ˙{Ï‘√ ≈£L&çq Á<ëeø±ìï 2   103 πs&çj·THé/ôdø£Hé–1 ø√D°j·T y˚>∑+‘√
ÁuÛÑeTD+ #Ó+~+#ês¡T. Bì˝À  6   10–10 kg  Á<äe´sê• >∑\ ø£D+ ÁuÛÑeTD≤ø£å+ qT+&ç 4 cm
<ä÷s¡+˝À ñqï ø£D+ô|’ |üì#˚ùd yÓ≠‘·Ô+ n|üπø+Á<ä ã\+ m+‘·?

4. uÛÑ÷$T m+‘· ø√D°j·T y˚>∑+‘√ ÁuÛÑeTD+#˚dæq|üÒ&ÉT uÛÑ÷$Tô|’ ñqï edüTÔe⁄\T n|üπø+Á<ä ã\+e\¢
ñ|ü]‘·\+ qT+&ç m–]b˛‘ês≠? g = 10 ms–2 >± rdüTø√+&ç.

5. 2 kg Á<äe´sê•>∑\ ø£*– ùd«#·Ã¤>± |ü&ÉT‘·Tqï edüTÔe⁄≈£î ÄbÕ~+∫q ìπs›X¯ø£ #·Á≥+ <äècÕº´ edüTÔe⁄ô|’
|üì#˚ùd »&É‘·« ã\+ jÓ≠ø£ÿ ~X¯ eT]j·≠ |ü]e÷D+ m+‘·?

MTs¡T @$T H˚s¡TÃ≈£îHêïs¡T

ìX¯Ã\dæú‹˝À ñqï edüTÔe⁄ eT]j·≠ s¡TEe÷s¡Z+˝À düeTy˚>∑+‘√ yÓfi¯ó‘·Tqï edüTÔe⁄ ‘·eT dæú‹˝À
e÷s¡TŒqT e´‹πsøÏ+#˚ <Ûäs¡ày˚T »&É‘·«+.

q÷´≥Hé yÓ≠<ä{Ï >∑eTq ìj·TeT+ Á|üø±s¡+, u≤Vü≤´ã\+ Á|üjÓ÷–+#·q+‘· es¡≈£î ìX¯Ã\dæú‹˝À
ñqï edüTÔe⁄ ìX¯Ã\dæú‹˝Àq÷, s¡TEe÷s¡Z+˝À düeT y˚>∑+‘√ yÓfi¯ó‘·Tqï edüTÔe⁄ n<˚ e÷s¡Z+˝À, n<˚
y˚>∑+‘√qT Á|üj·÷DÏdüTÔ+~.

m Á<äe´sê• >∑\ ˇø£ ø£D+ ,v  y˚>∑+‘√ Á|üj·÷DÏ+∫q|üÒ&ÉT <ëì Á<äe´y˚>∑ ' 'p  dü~X¯qT p mv
>± ìs¡«∫kÕÔ+.

q÷´≥Hé ¬s+&Ée >∑eTq ìj·TeT+ Á|üø±s¡+ m Á<äe´sê•>∑\ edüTÔe⁄˝À @s¡Œ&çq ‘·«s¡D+, nqTe]Ô‘·
ìø£s¡ ã˝≤ìøÏ nqT˝Àe÷qTbÕ‘·+˝À ñ+≥T+~

q÷´≥Hé ¬s+&Ée >∑eTq ìj·TeT+ qT+&ç dæús¡yÓTÆq Á<äe´sê• >∑\ edüTÔe⁄˝À @s¡Œ&çq ‘·«s¡D+ ìø£s¡
u≤Vü≤´ ã˝≤ìøÏ nqT˝Àe÷qTbÕ‘·+˝À ñ+≥T+~. F = ma.

q÷´≥Hé e∂&Ée >∑eTq ìj·TeT+ Á|üø±s¡+, A eT]j·≠ B edüTÔe⁄\T nH√´q´#·s¡´ »]|æq|üÒ&ÉT
A edüTÔe⁄  B edüTÔe⁄ô|’ Á|üjÓ÷–+∫q ã\+,  B edüTÔe⁄ A edüTÔe⁄ô|’ Á|üjÓ÷–+∫q ã˝≤ìøÏ
düe÷q+>± ñ+≥÷, ~X¯˝À e´‹πsø£+>± ñ+≥T+~.
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Á<äe´y˚>∑ ì‘·´‘·« ìj·TeT+ Á|üø±s¡+, ˇø£ e´edüúô|’ u≤Vü≤´ã˝≤\ Á|üuÛ≤e+ ˝Òø£b˛‘˚, e´edüú˝Àì
ø£D≤\ eT<Ûä´ m≥Te+{Ï dü«uÛ≤e+ >∑\ ã˝≤\T ñqï|üŒ{Ïø° e´edüú jÓ≠ø£ÿ |òü*‘· Á<äe´y˚>∑+ dæús¡+>±
ñ+≥T+~.

ˇø£ edüTÔe⁄ eTs=ø£ edüTÔe⁄ ‘·\+ô|’ C≤s¡T≥≈£î ˝Ò<ë <=s¡T¢≥≈£î Á|üj·T‹ï+∫q|üÒ&ÉT Ä edüTÔe⁄ô|’
|üì#˚ùd ã˝≤ìï |òüTs¡¸D ã\+ n+{≤s¡T. |òüTs¡¸D ã\+ m|üÒ&É÷ düŒ]ÙdüTÔqï ‘·˝≤\≈£î düe÷+‘·s¡+>±
ñ+≥÷ edüTÔe⁄ jÓ≠ø£ÿ >∑eTq ~X¯≈£î e´‹πsø£ ~X¯˝À |üì#˚düTÔ+~.

edüTÔe⁄≈£î eT]j·≠ n~ ñ+#·ã&çq ‘·˝≤ìøÏ eT<Ûä´>∑\ >∑]wü˜ ôdúÌ‹ø£ |òüTs¡¸D ã\+ ( (max)
sf ) edüTÔe⁄ô|’

|üì#˚ùd n_Û\+ã ã\+ FN ≈£î nqT˝Àe÷qTbÕ‘·+˝À ñ+≥T+~. á >∑]wü˜ã\+ edüTÔe⁄ ‘·\+ô|’
C≤s¡T≥≈£î dæ<ä∆+>± ñqï|üÒ&ÉT @s¡Œ&ÉT‘·T+~.

ˇø£ ‘·\+ô|’ edüTÔe⁄ C≤s¡Tq|üÒ&ÉT >∑‹ø£ |òüTs¡¸D ã\+ (fk) jÓ≠ø£ÿ |ü]e÷D+ fk = kfN.Çø£ÿ&É
k nH˚~ düŒ]ÙdüTÔqï ‘·˝≤\ eT<Ûä´>∑\ >∑‹ø£ |òüTs¡¸D >∑TDø£+.

<=s¡T¢&ÉT |òüTs¡¸D >∑‹ø£ |òüTs¡¸D ø£+f… ‘·≈£îÿe ø±e≥+ e\¢ s√\sY‡ qT (wheels), u≤˝ŸuÒ]+>¥\qT
yê&É≥+e\¢ |òüTs¡¸D ‘·>∑TZ‘·T+~ eT]j·≠ X¯øÏÔ qwüº+ ≈£L&Ü ‘·>∑TZ‘·T+~.

q÷´≥Hé >∑eTq ìj·Te÷\qT »&É‘·« ìπs›X¯ø£ #·Á≥+˝À e÷Á‘·y˚T nqTe]Ô+#·>∑\+. @ ìπs›X¯ø£
#·Á≥+˝À $j·≠ø£Ô edüTÔe⁄ jÓ≠ø£ÿ ‘·«s¡D+ X¯Sq´+ ne⁄‘·T+<√ Ä #·Á≥y˚T »&É‘·« ìπs›X¯ø£ #·Á≥+.

edüTÔe⁄ ôdúÌ‹ø£ düeT‘êdæú‹˝À ñ+&Ü\+fÒ <ëìô|’ |üì#˚ùd nìï dü~XÊ ã˝≤\ |òü*‘·+ X¯Sq´+
ø±yê*. ns≠‘˚ á ìj·TeT+ _+<äTs¡÷|ü edüTÔe⁄\≈£î e÷Á‘·y˚T e]ÔdüTÔ+~.

eTT–+|ü⁄ nuÛ≤´dü+

1. øÏ+~ yê{Ï˝À @$ m|üÒ&É÷ edüTÔe⁄ô|’ |üì#˚ùd ìø£s¡· ã\+ ~X¯˝ÀH˚ ñ+{≤s≠?

(a) kÕúqÁuÛÑ+X¯+ (b) y˚>∑+

(c) ‘·«s¡D+ (d) Á<äe´y˚>∑+˝À e÷s¡TŒ.

2. edüTÔe⁄ô|’ dæús¡ ìø£s¡ ã\+ |üì#˚dæq|üÒ&ÉT, øÏ+~ yê{Ï˝À @$ e÷s¡e⁄?

(a) kÕúq+ (b) e&ç

(c) y˚>∑+ (d) ‘·«s¡D+

MT düe÷<ÛëHêìï ñ<ëVü≤s¡D‘√ düeT]∆+#·+&ç.

3. 0.5 kg  Á<äe´sê• >∑\ ã+‹ uÛÑ÷$Tì 4 s ø±\+˝À #˚s¡Tq≥T¢>± ø=+‘· m‘·TÔ qT+&ç ùd«#·Ã¤>±
e~*‘˚, ã+‹ Á<äe´y˚>∑+˝À e÷s¡TŒì ˝…øÏÿ+#·+&ç.
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4. 2 kg Á<äe´sê• >∑\ edüTÔe⁄ô|’ øÏ+~ $<Ûä+>± ã˝≤ìï Á|üjÓ÷–+∫q|üÒ&ÉT @ dü+<äs¡“¤+˝À Á<äe´y˚>∑+˝À
e÷s¡TŒ >∑]wü˜+>± ñ+≥T+~?

(a) 10 N ã˝+ edüTÔe⁄ô|’ 1 s ø±\+ |üì#˚dæq

(b) 10 N ã˝+ edüTÔe⁄ô|’ 1 m <ä÷s¡+ |üì#˚dæq dü+<äsê“¤˝À¢ Á<äe´ y˚>∑+˝À e÷s¡TŒ ø£qT>=q+&ç.

5. 20 kg Á<äe´sê• >∑\ u+‹ >±*˝À 6 ms–2. ‘·«s¡D+‘√ |ü&ÉT‘·Tqï~. ns≠q edüTÔe⁄ô|’ >±* e\¢
ø£*–q ìs√<Ûä ã˝≤ìï ø£qTø√ÿ+&ç.

6. 20 kg Á<äe´sê• >∑\ uÛ≤sêìï ‘ê&ÉT düVü‰j·T+‘√ dæús¡ ‘·«s¡D+‘√ ô|’øÏ rdüT≈£î yÓfi≤fls¡T. uÛ≤s¡+
2 s ø±\+˝À 5 m m‘·TÔ≈£î yÓfi¯ó‘·T+~. ‘ê&ÉT˝À >∑\ ‘·q´‘·qT ø£qTø√ÿ+&ç. sê¬ø{Ÿ˝À Á<äe´sê•
(m) ø±\+‘√ e÷s¡T‘·T+~. sê¬ø{Ÿ >∑eTHêìøÏ >∑TD≤‘·àø£+>± q÷´≥Hé ¬s+&Ée >∑eTq ìj·Te÷ìï
Áyêj·T+&ç eT]j·≠ uÛÖ‹ø£ $es¡D Çe«+&ç.  (g = 10 ms–2)

7. sê¬ø{Ÿ Á<äe´sê• ‘m’ ø±\+‘√ bÕ≥T e÷s¡T‘·T+~. sê¬ø{Ÿ $wüj·T+˝À q÷´≥Hé ìj·Te÷ìøÏ >∑DÏ‘·
s¡÷bÕìï sêdæ, uÛÖ‹ø£ ÁbÕ<Ûëq´‘·qT $e]+#·+&ç.

8. 0.1 kg Á<äe´sê• >∑\ ˇø£ ã+‹ 10 ms–1 e&ç‘√ Á|üj·÷DÏdü÷Ô >√&ÉqT
|ü≥+˝À #·÷|æq $<Ûä+>± ‘êøÏ ‹]– n<˚ e&ç‘√ n|ües¡Ôq+ #Ó+~+~.
ns≠‘˚ ã+‹ jÓ≠ø£ÿ Á<äe´y˚>∑ |ü]e÷D+˝À e÷s¡TŒ m+‘·?

9. ˇø£ yÓTw”Hé >∑Hé ì$TcÕìøÏ 150 ãT˝…¢≥¢qT ù|\TÃ‘·T+~. ãT˝…¢{Ÿ jÓ≠ø£ÿ y˚>∑+ 900 ms–1 ns≠‘˚
yÓTw”Hé >∑Hé jÓ≠ø£ÿ Á|ü‘·´es¡Ôø£ y˚>∑+ m+‘·? ãT˝…¢{Ÿ jÓ≠ø£ÿ Á<äe´sê• 12 g.

10. y˚>∑+>± yÓfi‚fl ã+‹ì |ü≥Tºø=H˚|üÒ&ÉT, #˚‘·T\qT m+<äT≈£î yÓqø£≈£î ˝≤>∑T‘ês√ $e]+#·+&ç.

11. 2 kg Á<äe´sê• >∑\ ìX¯Ã\dæú‹˝À ñqï edüTÔe⁄ô|’ 20 N dæús¡ã\+ 2 s ø±\+ bÕ≥T Á|üjÓ÷–+#ês¡T.
ns≠q (a) edüTÔe⁄ ø£~*q ø±\+ 1 s ‘·s¡yê‘· (b) edüTÔe⁄ ø£~*q ø±\+ 3 s ‘·s¡yê‘· edüTÔe⁄
jÓ≠ø£ÿ y˚>±ìï ø£qTø√ÿ+&ç.

12. |ü≥+˝À #·÷|æq $<Ûä+>± ~yÓTàô|’ |üì#˚ùd ã\+, ~yÓTàqT >√&É qT+&ç
øÏ+<ä≈£î C≤s¡≈£î+&Ü @$<Ûä+>± ñ+#·>∑\T>∑T‘·T+~?&É

13. 1.2 kg  Á<äe´sê• >∑\ ~yÓTà øÏå‹» düe÷+‘·s¡ ‘·\+ô|’ ìX¯Ã\ dæú‹˝À ñ+~.  ~yÓTà≈£î ‘·˝≤ìøÏ
eT<Ûä´ ôdúÌ‹ø£ |òüTs¡¸D >∑TDø£+ 0.5.  øÏ+<ä ‘Ó\|üã&çq u≤Vü≤´ ã˝≤\T edüTÔe⁄ ô|’ øÏå‹» düe÷+‘·s¡+>±
Á|üjÓ÷–+|üã&çq|üÒ&ÉT edüTÔe⁄ ô|’ |üì#˚ùd |òüTs¡¸D ã\+ |ü]e÷D+ eT]j·≠ ~X¯qT ø£qTø√ÿ+&ç.

(a) 0 N? (b) 4.9 N? (c)  9.8 N?

 |ü≥+. 4.13

 |ü≥+. 4.14
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14. ~yÓTà ˇø£ ‘·\+ô|’ ñqï|üÒ&ÉT >∑]wü˜ ôdúÌ‹ø£ |òüTs¡¸D ã\+ 10 N. ìX¯Ã\ dæú‹˝À ñqï Ä ~yÓTàô|’
øÏå‹» düe÷+‘·s¡+>± 5 N u≤Vü≤´ ã˝≤ìï Á|üjÓ÷–+∫q|üÒ&ÉT ~yÓTàô|’ >∑\ |òüTs¡¸D ã\+qT
ø£qTø√ÿ+&ç.

15. 300 yê\T ø√D+ >∑\ yê\T ‘·\+ô|’ 5 kg Á<äe´sê• >∑\ ~yÓTà ñqï~. ~yÓTà≈£î yê\T ‘·˝≤ìøÏ
eT<Ûä´>∑\ ôdúÌ‹ø£ |òüTs¡¸D >∑TDø£+ 0.25 ns≠‘˚ ~yÓTàqT ìX¯Ã\dæú‹˝À ñ+#·&ÜìøÏ m+‘· ø£ìwü˜
ã\+ (F) nedüs¡+ ne⁄‘·T+~?  (g = 10 ms–2)

16. P eT]j·≠ Q nH˚ ¬s+&ÉT ~yÓTà\ Á<äe´sêX¯ó\T es¡dü>± m1 = 2 kg  eT]j·≠ m2 = 3 kg.
Ç$ |üs¡düŒs¡+ düŒs¡Ù˝À ñ+≥÷ |òüTs¡¸Ds¡Væ≤‘· øÏå‹» düe÷+‘·s¡ ‘·\+ô|’ ñHêïs≠. P ~yÓTàô|’
F = 10 N u≤Vü≤´ã\+ øÏå‹» düe÷+‘·s¡+>± Á|üjÓ÷–ùdÔ,

(a)  ~yÓTà\ ‘·«s¡D≤ìï  (b) P ~yÓTà Q ~yÓTàô|’ Á|üjÓ÷–+#˚ ã˝≤ìï ø£qTø√ÿ+&ç.

17. P eT]j·≠ Q ~yÓTà\ jÓ≠ø£ÿ Á<äe´sêX¯ó\T m1

= 2kg eT]j·≠ m2 = 4 kg M{Ïì |ü≥+ 4.15˝À
#·÷|æq $<Ûä+>± eTs=ø£ ~yÓTà R Á<äe´sê• M≈£î
ø£*|æ ñ+#ês¡T. M jÓ≠ø£ÿ m+‘· >∑]wü˜ $\Te≈£î
e´edüú düeT‘êdæú‹˝À ñ+≥T+~? Çø£ÿ&É P eT]j·≠
Q ~yÓTà\ô|’ |üì#˚ùd |òüTs¡¸D ã\+ yê{Ï n_Û\+ã ã˝≤ìøÏ dü>∑+ ñ+≥T+~

18. 370 yê\T ø√D+ ø£*–q yê\T ‘·\+ô|’øÏ 2 kg Á<äe´sê• >∑\ ~yÓTàqT 20 ms–1 y˚>∑+‘√ ‘√kÕs¡T.
ns≠q ~yÓTà yê\T ‘·\+ô|’ ìX¯Ã\dæú‹ e#˚Ã˝À>± m+‘· <ä÷s¡+ Á|üj·÷DÏdüTÔ+~? ~yÓTà≈£î eT]j·≠
yê\T ‘·˝≤ìøÏ eT<Ûä´>∑\ >∑‹ø£ |òüTs¡¸D >∑TDø£+ g = 10 ms–2, sin 37° = 0.6, cos 37° = 0.8.
>± rdüTø√+&ç.

19. ø£D+ πsFj·T Á<äe´y˚>∑+ p = at + b nì Çe«ã&ç+~. Çø£ÿ&É a, b \T <ÛäHê‘·àø£ dæúsê+ø±\T,
t`ø±\+ nsTT‘˚ ø£D+ô|’ |üì#˚ùd ã\+ m+‘·?

20. qTqTô|’q düe÷+‘·s¡ ‘·\+ô|’ 10 kg Á<äe´sê•‘√ ñ+&˚ ~yÓTà A qT ñ+#ês¡T. Bìô|’ 5 kg
Á<äe´sê•‘√ ñ+&˚ ~yÓTà BqT ñ+#ês¡T. ¬s+&ÉT ~yÓTà\ eT<Ûä´ |òüTs¡¸D >∑TDø£+  0.2.  |ü≥+˝À
#·÷|æq $<Ûä+>± 20 N \ øÏå‹» düe÷+‘·s¡ ã˝≤ìï øÏ+~ ~yÓTàô|’ Á|üjÓ÷–+#ês¡T. nsTT‘˚ ~yÓTà\
eT<Ûä´ |üì#˚ùd |òüTs¡¸D ã\+ m+‘·? (g = 10 ms–2). [ F = (m1 + m2) a ]

21. 60 kg Á<äe´sê•ì ø£*–q e´øÏÔ *|òtº˝Àì y˚sTT+>¥ $TwüHéô|’ ì˝§Ãì ñHêï&ÉT. øÏ+~ dü+<äsê“¤˝À¢
n~ #·÷ù| uÛ≤s¡+ Ø&ç+>¥\T m+‘·?

(a) *|òtº 1.2 ms–2 ‘·«s¡D+‘√ ô|’øÏ yÓfi¯óÔqï|üÒ&ÉT

(b) 1.2 ms–2 ‘·«s¡D+‘√ *|òtº øÏ+~øÏ yÓfi¯óÔqï|üÒ&ÉT

(c) 5 ms–1 düeTy˚>∑+‘√ *|òtº ô|’øÏ yÓfi¯óÔqï|üÒ&ÉT

(d) *|òtº ùd«#·Ã¤>± |ü&çb˛‘·Tqï|üÒ&ÉT

 |ü≥+. 4.15

A

B

20 N

= 0.2

 |ü≥+. 4.16
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22. 3 kg, 4 kg Á<äe´sêX¯ó\‘√ ñ+&˚ ¬s+&ÉT ~yÓTà\qT ‘˚*¬ø’q r>∑ ∫es¡\≈£î ø£{Ïº, |òüTs¡¸D ˝Òì ø£|”Œ
<ë«sê y˚˝≤&ÉBXÊs¡T. e´edüú ‘·«s¡D+, r>∑˝Àì ‘·q´‘·\qT ø£qTø√ÿ+&ç. (g = 10 ms–2)

23. qTqTô|’q ‘·˝≤ìï ø£*–q ˇø£ dæús¡ ø£|”Œô|’ ‘˚*¬ø’q r>∑ ¬s+&ÉT ∫es¡\  5
kg, 4 kg ~yÓTà\qT ø£{Ïº y˚˝≤&ÉBkÕs¡T. eTs=ø£ ‘˚*¬ø’q r>∑‘√ eTs√ 4
kg Á<äe´sê•‘√ ñ+&˚ ~yÓTàqT |ü≥+˝À #·÷|æq $<Ûä+>±  4 kg Á<äe´sê•‘√
ñ+&˚ ~yÓTà≈£î y˚˝≤&ÉBdæ, e´edüúqT ìX¯Ã\ dæú‹ qT+∫ e~*y˚ùdÔ, ñeTà&ç
‘·«s¡D+ m+‘·? (g = 10 ms–2)

24. Ç<ä›s¡T e´≈£îÔ\T ˇø£ ‘ê&ÉTqT Çs¡TyÓ’|ü⁄˝≤ F. ã\+‘√ ˝≤–‘˚ ‘ê&ÉT˝Àì ‘·q´‘· m+‘·?

25. ôd’øÏ˝Ÿ ÁuÒø˘ |üìrs¡T˝À |òüTs¡¸D bÕÁ‘·qT $e]+#·+&ç. ˇø£y˚fi¯ ôd’øÏ˝Ÿ ]yéTô|’ ø=ìï #·Tø£ÿ\ q÷HÓqT
y˚ùdÔ @eTÚ‘·T+~?

bÕsƒ¡+˝Àì Á|üX¯ï\≈£î düe÷<ÛëHê\T

4.1

1. ˝Ò<äT. nìï dü+<äsê“¤˝À¢ ì»+ ø±<äT. eè‘êÔø±s¡ #·\q+˝À ã\+ #·\q+(y˚>∑+) ~X¯≈£î \+ã+>±
|üì#˚düTÔ+~.

2. »&É‘·« Á<äe´sê•.

3. ne⁄qT, @ø£Ø‹ eè‘êÔø±s¡ #·\q+˝À e˝… ñ+≥T+~.

4. ã\+ >∑eTHêìï e÷s¡Ã>∑\<äT eT]j·≠ edüTÔe⁄ dæú‹ì, Äø±sêìï e÷s¡Ã>∑\<äT.

5. kÕù|ø£åyÓTÆq$

6. edüTÔe⁄‘√ eTT&ç|ü&çq }Vü‰‘·àø£ ìs¡÷|üø£ e´edüú

4.2
1. P = mv =  dæús¡+

     mv =  dæús¡+
1v
m



‘·≈£îÿe Á<äe´sê•‘√ ñ+&˚ edüTÔe⁄ y˚>∑+>± ø£<äT\T‘·T+~.

2. (a) ne⁄qT, (b)  ˝Ò<äT.

3. p = mv : m <ëì >∑eTq ~X¯˝À >∑Ts¡T‘ê«ø£s¡¸D ã\+ |üì#˚j·T&É+e\¢, edüTÔe⁄ y˚>∑+ ô|]–,
Á<äe´y˚>∑+˝À e÷s¡TŒ ø£\T>∑T‘·T+~.

5 kg
4 kg

4 kg

 |ü≥+. 4.17
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4.
pF p f t
t


     



 dü+<äs¡“¤+ (b) ˝À Á<äe´y˚>∑+˝À e÷s¡TŒ >∑]wü˜+. Çø£ÿ&É Ft \ã∆+ Á<äe´y˚>∑+˝À e÷s¡TŒqT ÇdüTÔ+~.

5. ˝Ò<äT. e&ç dæús¡+>± ñqï|üŒ{Ïø°, ~X¯ e÷s¡T‘·Tqï+<äTq y˚>∑+ e÷s¡T‘·T+~ ø±ã{Ïº Á<äe´y˚>∑+ dæús¡+>±
ñ+&É<äT.

4.3

1. ôV’≤»+|üsY uÛÑ÷$Tì e~*q|üÒ&ÉT, uÛÑ÷$Tì m+‘· ã\+‘√ øÏ+~øÏ HÓ&É‘ê&√ n+‘˚ ã\+ uÛÑ÷$T
n‘·&çô|’ Á|üjÓ÷–+#·&É+e\¢ ô|’øÏ m>∑Ts¡>∑\T>∑T‘ê&ÉT. ôV’≤»+|üsY uÛÑ÷$Tô|’ Á|üjÓ÷–+#˚ ã\+ #·s¡´
ns≠‘˚, uÛÑ÷$T n‘·&çô|’ Á|üjÓ÷–+∫q ã\+ Á|ü‹#·s¡´ ne⁄‘·T+~.

2. (a) eTqwæ m+‘· ã\+‘√ |òü⁄{Ÿu≤˝ŸqT ‘·Hêï&√ n~ #·s¡´ eT]j·≠ |òü⁄{Ÿu≤˝Ÿ eTìwæô|’ m+‘·
ã˝≤ìï Á|üjÓ÷–düTÔ+<√ n~ Á|ü‹#·s¡´.

(b) uÛÑ÷$T, #·+Á<äT&çì m+‘· ã\+‘√ ˝≤>∑T‘·T+<√ n~ #·s¡´ eT]j·≠ #·+Á<äT&ÉT uÛÑ÷$Tô|’ m+‘·
ã˝≤ìï Á|üjÓ÷–düTÔ+<√ n~ Á|ü‹#·s¡´.

(c) ã+‹ >√&Éô|’ ø£\>∑#˚ùd ã\+ #·s¡´, n|üÒ&ÉT >√&É ã+‹ô|’ ø£\>∑#˚ùd ã\+ Á|ü‹#·s¡´.

3. ˝Ò<äT. ‘Ó\|üã&çq yê<äq dü]jÓÆTq~ ø±<äT. e´øÏÔ ;s¡Tyêô|’ Á|üjÓ÷–+∫q ã\+ ;s¡Tyê≈£î uÛÑ÷
‘·˝≤ìøÏ eT<Ûä´>∑\ |òüTs¡¸D ã\+ ø£+f… n~Ûø£yÓTÆq|üÒ&ÉT ;s¡Tyê ø£<äT\T‘·T+~. e´øÏÔøÏ uÛÑ÷‘·˝≤ìøÏ
eT<Ûä´ >∑\ n~Ûø£ |òüTs¡¸D ã\+e\¢ n‘·qT yÓqø£≈£î ø£<ä\&ÉT. eT]j·≠ ˇø£ y˚fi¯ ‘·\+ qTqT|ü⁄>±
ñ+fÒ Ä e´øÏÔ ;s¡TyêqT e≠+<äT≈£î HÓ≥º˝Ò&ÉT.

4.4
1.

2.  
2

1 2

100 20
2 3

F Na ms
m m kg

  
 

F = m1a  =  2   20 = 40 N

Normal reaction

Frictional force

Vertic
al component of w

eight

= horizontal component of
weightweight

|ü≥+. 4.18
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3. (a)

T = mg = (5   9.8) N
T = 49.0 N

(b) T – mg = ma
T = m (g + a)
    = 5 kg (9.8 + 2)
    = 5 (11.8) N
T   = 59 N

4.5

1. ¬s’\T a ‘·«s¡D+‘√ ø£~*+~ nqTø=+f…, ¬s’\T≈£î
ø£\|üã&çq ìπs›X¯ø£ #·Á≥+ <äècÕº´ ˙{Ïô|’ |üì#˚ùd |òü*‘·
ã\+

F = mg – ma

Çø£ÿ&É m nH˚~ >±¢düT eT]j·≠ ˙{Ï jÓ≠ø£ÿ Á<äe´sê•.
|ü≥+ (4.19)˝À #·÷|æq $<Ûä+>± ˙{Ï ñ|ü]‘·\+ |òü*‘· ã\+ F ≈£î \+ã+>± ñ+&˚ ~X¯˝À
ø£<äT\T‘·T+~.

2. ø±s¡T˝À ≈£Ls¡TÃqï e´øÏÔøÏ ø±s¡Tô|’ n|üπø+Á<ä ã\+  
2mv

r
 
 
 

 |üì#˚düTÔqï≥T¢>± ‘Ó\TdüTÔ+~.  y˚>∑+

v m≈£îÿe>± ñqï r m≈£îÿe>± ñ+≥T+~. s√&ÉT¶ô|’ ì\TÃqï e´øÏÔøÏ ø±s¡T eÁø£e÷s¡Z+˝À 
2mv

r
n_Ûπø+Á<ä ‘·«s¡D+‘√ ø£<äT\Tq≥T¢>± ñ+≥T+~.  Çø£ÿ&É ≈£L&Ü v m≈£îÿe>± ñqï eÁø£ e÷s¡Z+
jÓ≠ø£ÿ r ≈£L&Ü m≈£îÿe>± ñ+&ÉTqT.

3. ø£D+ô|’ |üì#˚ùd ìø£s¡ n|üπø+Á<ä ã\+

    
22 12 3 16 10 2 10 0.04F m r kg rad s m      

     = 9.6 10–4 N.

4. edüTÔe⁄ uÛÑ÷ ñ|ü]‘·\+ qT+&ç m–]b˛yê\+fÒ n|üπø+Á<ä ã\+ (= n_Ûπø+Á<ä ã\+) edüTÔe⁄
jÓ≠ø£ÿ uÛ≤sêìøÏ düe÷q+>± ñ+&Ü*.

5 kg

mg

T

mg

a = 2 ms–2

|ü≥+. 4.19
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TOSS

uÛÑ÷$T yê´kÕs¡∆+ r ns≠q 
2mv mg v rg

r
  

ø±ì, v r  ø±ã{Ïº /v r

ø√D°j·T y˚>∑+ 
rg g
r r

  

5. X¯Sq´+

eTT–+|ü⁄ nuÛ≤´dü+ düe÷<ÛëHê\T

1. (d)

2. (a) n+‘·s¡Z‘· ã˝≤\T |ü<ës¡ú+˝À @s¡Œ&çq n$ u≤Vü≤´ ã˝≤\qT e´‹πsøÏkÕÔs≠. >√&Éô|’ ã˝≤ìï
Á|üjÓ÷–+∫q ô|’ dü+<äs¡“¤+ @s¡Œ&ÉTqT.

(b) ˇø£ y˚fi¯ ã\+ edüTÔe⁄ jÓ≠ø£ÿ >∑eTq ~X¯≈£î \+ã+>± Á|üjÓ÷–+|üã&ç‘˚, edüTÔe⁄ jÓ≠ø£ÿ e&ç˝À
e÷s¡TŒ ñ+&É<äT ø±ì >∑eTq ~X¯ e÷s¡T‘·T+~.

3. v = u + at

v = 0 + (9.8)   4  v = 40 ms–1

    10.5 4.0 20P m v u v kg ms     

4. 10 N ã\+ 1s ø±\+‘√ |üì#˚dæq, Á<äe´y˚>∑+˝À e÷s¡TŒ >∑]wü˜+. P = Ft.

5.  >±* e\¢ ø£*π> ìs√<Ûä ã\+ = mg – ma

  = m (g – a)
  = 0.2 kg (9.8 – 6) ms–2

  = 0.2   3.8 kg ms–2

  = 0.76 N
6. T = m (g + a)

s = ut + 1/2 at2 qT+&ç

s = 0 + 1/2   a   22   5 = 1/2   a   4

25 2.5
2

a ms 

  2 220 10 2.5 20 12.5T kg ms kg ms     

T = 250 kg ms–2

mg

– ma
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30°

F sin

F

7.  dF = m v .
dt   sê¬ø{Ÿ Á<äe´sê• e÷s¡T‘·T+~. ø±ã{Ïº  .dv dmF m v

dt dt
 

8. u, v \ øÏå‹» düe÷+‘·s¡ n+XÊ\T düe÷q+. ø±ã{Ïº y˚>∑+˝À e÷s¡TŒ

(v) = 2u cos.
P = m v

= 0.1   2   10   cos 45°

P
112 2

2
kg ms  

9.
3 112 10 900 150

60
mv kg msF n
t s

       
 

     
12



3
9 15  3 310 10

60

 

4

27N

10. Á|ü#√<äq+ = ã\+   ø±\+

ø±\+ $\TeqT ô|+∫‘˚ #˚‘·T\ô|’ |üì#˚ùd ã˝≤ìï ‘·–Z+#·e#·TÃ.

11. F = 20 N, m = 2 kg 220/ 10
2

a F m ms  

(a) 0 10 1 10 /v u at v v m s       

(b) ã\+ t = 2s e÷Á‘·y˚T |üì#˚düTÔ+~. |òüTs¡¸D ˝Òø£b˛‘˚ 2 ôdø£q¢ ‘·s¡Tyê‘· dæús¡y˚>∑+‘√ #·*düTÔ+~.

 v after t = 2 s ‘·s¡Tyê‘·

v = 0 + 10   2 = 20
 v = 20 m/s.

12. n_Û\+ã Á|ü‹#·s¡´ N = F sin 

|òüTs¡¸D ã\+ F = s N

F = s F sin 

|òüTs¡¸D ã\+ (F), ãs¡Te⁄ ø£+fÒ m≈£îÿyÓ’‘˚, ~yÓTà øÏ+~øÏ
C≤s¡<äT.

45°
45°
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TOSS

13. N = mg = 1.2 kg;  g = 10 ms–2

 N = 12 N ;  s = 0.5
fs = s N

fs = 0.5   12 = 6 N
(a)  = 0 N

(b) 4.9 6 N N |òüTs¡¸D 4.9 N

(c) 6 N ø£+fÒ 9.8 N m≈£îÿe. ø±ã{Ïº >∑‹ø£ |òüTs¡¸D fk = k N, Ç~ ôdúÌ‹ø£ |òüTs¡¸D

fs = s N ø£+fÒ ‘·≈£îÿe.

14. fs = 10 N, Á|üjÓ÷–+∫q ã\+ (5 N) >∑]wüº |òüTs¡¸D ã\+ ø£+fÒ ‘·≈£îÿe. ø±ã{Ïº á dü+<äs¡“¤+˝À
|òüTs¡¸D  5 N e÷Á‘·y˚T.

15. n_Û\+ã Á|ü‹#·s¡´  N = mg cos + F sin

|òüTs¡¸D ã\+  fs = sN = s(mg cos + F sin)

F cos= s(mg cos + F sin),

nsTT‘˚ edüTÔe⁄ düeT‘êdæú‹˝À ñ+≥T+~.

3 3 10.25 50
2 2 2

F F
 

     
 

3 350 0.25
2 24 2
F F
  

3 1 25 0.25 3
2 4 2

F
 

    
 

21.732 0.25 625 1.732 10
2 1.414

F       
F [0.866 – 0.176]  =  10.825

F (0.69)  =  10.825

10.825 15.6
0.69

F N 

16.
2

1 2

10 2
5

Fa ms
m m

  


F = ma = 3   2 = 6 N

50 N = mg

mg cos



mg si
n

f s

N

Fhorizontal

N

F
fs

1.2 g
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17. 6a  =  M ____ (1)

1

1 20 10
2 2r

m gf N  
2

2 40 20
2 2r

m gf N  

1 2
30 10r rf f Mg N M     3 .M kg 

18.  sin cosa m    

 10 sin37 0.5cos37a     10 0.6 0.5 0.8  
a = 10 ms–2

v2 – u2 = 2as
0 – (20)2 = 2   10   s

400 20
200

s m 

19. ; dpp at b F a
dt

   

20.  1 2 20 15f m m a a   

220 4
15 3

a ms 

2
45 6.6
3rf m a N   

21. (a)     60 9.8 1.2 60 11 660W m g a N      

(b)       60 9.8 1.2 60 8.6 516W m g a N     

(c)  0 60 9.8 588a W mg N    
(d)  W = m (g – a) = m (g – g) = 0.

22.
22 1

1 2

4 3 10 1.4
7

m ma g ms
m m

            

1 2

1 2

2 2 3 4 10 34.2
7

m mT g N
m m

             

23. 5 kg ~yÓTà≈£î  T – 50 = 5a
$T>∑‘ê ¬s+&ÉT ~yÓTà\≈£î 80 – T = 8a

230 2.4
13

a ms 

24. T = F.
25. ]yéTøÏ, ÁuÒø˘ uÒ¢&ÉT\ eT<Ûä´ |òüTs¡¸D e\¢ ôd’øÏ˝ŸøÏ ÁuÒ≈£î\T y˚ùdÔ Ä>∑T‘·T+~. ]yéTô|’ q÷HÓ #·Tø£ÿ\T

y˚ùdÔ ]yéT qTqT|ü⁄>± q÷] |òüTs¡¸D ‘·–Z, ÁuÒ≈£î\T dü]>± |üì#˚j·Te⁄.

mg

N
f r

mg cos
mg sin
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|ü]#·j·T+

q÷´≥Hé >∑eTì ìj·Te÷\T ªã\+μ nH˚ |ü<ä+ #·T≥÷º |ü]ÁuÛÑ$TkÕÔsTT. ã\+ edüTÔe⁄≈£î #·\Hêìï
ø£*–+#·&É+‘√ bÕ≥T, <ëì Äø±s¡ |ü]e÷D≤˝À¢ e÷s¡TŒqT ‘ÓdüTÔ+~. á n<Ûë´j·T+˝À MTs¡T |üì, X¯øÏÔ
uÛ≤eq\qT >∑T]+∫ H˚s¡TÃø=+{≤s¡T. eTq ì»J$‘·+˝À |üìì mH√ï dü+<äsê“¤˝À¢ ñ|üjÓ÷–kÕÔ+. ñ<ëVü≤s¡D≈£î
Ä|ò”düT˝À f…Æ|æ+>¥ |üì, Ç+{À¢ e+≥ |üì yÓTT<ä\>∑Tq$. ø±ì á |üqT\˙ï uÛÖ‹ø£XÊg+ <äècÕº´ |üqT\T
ø±ø£, $_ÛqïyÓTÆq$. |üì #˚ùd+<äT≈£î eøÏÔ nedüs¡eTì MTs¡T ìsê∆s¡D≈£î ekÕÔs¡T. |üì nH˚ |ü<ä+ ã\+,
kÕúqÁuÛÑ+X¯+ eT]j·TT Ä ¬s+&ÉT dü~X¯\ eT<Ûä´ ñ+&˚ ø√D≤\‘√ eTT&ç|ü&ç ñ+≥T+~. Á|üø£è‹˝À mH√ï s¡ø±\
X¯≈£îÔ\T ñHêïj·Tì eTq≈£î ‘Ó\TdüT. ñ<ëVü≤s¡D≈£î kÂs¡X¯øÏÔ, |üeqX¯øÏÔ, uÛÑ÷>∑s¡“¤X¯øÏÔ yÓTT<ä\>∑Tq$. X¯øÏÔ,
|üqT\T |üs¡düŒs¡+ e÷]Œ&çøÏ >∑Ts¡j˚T´ |ü<ë˝Ò ø±ø£, ˇø±H=ø£ dü+<äs¡“¤+˝À düs¡«düe÷Hê\T. ìØí‘· düeTj·T+˝À
$ìjÓ÷–+∫q X¯øÏÔì ˝Ò<ë #˚dæq |üìì kÕeTs¡ú´+ (power) n+{≤s¡T.

\øå±´\T

á bÕsƒ¡+ #·~$q ‘·s¡yê‘· MT≈£î øÏ+~ $wüj·÷\T ‘Ó\TkÕÔs≠.

 ã\+ e\¢ »]–q |üìì ìs¡«∫+#·≥+, eT]j·≠ |üìøÏ Á|üe÷D+ ‘Ó\|ü&É+.

 u≤Vü≤´ã\ Á|üjÓ÷>∑+e\¢ »]–q |üìì ˝…øÏÿ+#·&É+.

 |üì`X¯øÏÔ dæ<ë∆+‘êìï Á|üe∫+#·&É+.

 ˇø£ e´edüú kÕeTs¡ú´+ ìs¡«∫+#·&É+.

 ø=+‘· Á<äe´sê• ˇø£ _+<äTe⁄ qT+&ç eTs=ø£ _+<äTe⁄≈£î ø£~*q|üÒ&ÉT >∑Ts¡T‘·«+ e\¢ »]–q |üìì
>∑DÏ+#·&É+.

 X¯øÏÔ jÓ≠ø£ÿ nsêúìï $e]+#·&É+.

 >∑Ts¡T‘·« dæú‹X¯øÏÔøÏ eT]j·≠ dæú‹kÕú|üø£ dæú‹X¯≈£îÔ\≈£î düe÷kÕ\T ñ‘êŒ~+#·&É+.

 uÛÖ‹ø£ e´edüú\≈£î, X¯øÏÔì‘·´‘·« ìj·Te÷ìï nqTe]Ô+#·&É+ eT]j·≠

 dæú‹kÕú|üø£ n_Û|òü÷‘ê\≈£î X¯øÏÔ ì‘·´‘·« ìj·Te÷ìï eT]j·≠ Á<äe´y˚>∑ ì‘·´‘·« ìj·Te÷ìï nqTe]Ô+#·&É+.

5
|üì, X¯øÏÔ eT]j·≠ kÕeTs¡ú´+
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  5.1       |üì
y˚s¡T y˚s¡T e´≈£îÔ\≈£î |üì nH˚ |ü<ä+ y˚s¡T y˚s¡T

nsêú\qT ø£*– ñ+≥T+~. MTs¡T #·<äTe⁄‘·÷ ñ+fÒ
e÷qdæø£+>± |üì#˚kÕÔs¡T. ˇø£ ø±]à≈£î&ÉT ãkÕÔqT, ‘·\ô|’
yÓ÷dü÷Ô <ä÷s¡+>± rdüTø=ì yÓ&ÉT‘·T+fÒ n‘·qT >∑Ts¡T‘·« ã˝≤ìøÏ
e´‹πsø£+>± XÊØs¡ø£ |üì#˚kÕÔ&ÉT. ø±ì $C≤„qXÊÅdüÔ |üs¡+>±
|üìøÏ ˇø£ Á|ü‘˚́ ø£ ns¡ú+ ñ+~. |üì jÓ≠ø£ÿ kÕ+πø‹ø£ ns¡ú+
m\¢|üÒ&É÷ kÕ<Ûës¡D ns¡ú+e …̋ ñ+&É<äT. |üìì øÏ+~ $<Ûä+>±
ìs¡«∫kÕÔs¡T.

ˇø£ dæús¡ã\+ F ̌ ø£ edüTÔe⁄ô|’ |üì#˚dæ <ëìøÏ d kÕúqÁuÛÑ+X¯+ ø£*–+∫+~ nqT≈£î+<ë+. n+fÒ |ü≥+ 5.1
˝À #·÷|æq≥T¢ øÏå‹» ‘·\+ô|’ düs¡fiπ̄sK yÓ+ã&ç d <ä÷s¡+ ø£<äT\T‘·T+~. ̌ ø£ ã˝+ #˚dæq |üì edüTÔ kÕúqÁuÛÑ+X¯ ~X¯̋ À
ã\+ jÓ≠ø£ÿ n+X¯+ |ü]e÷D≤ìøÏ edüTÔe⁄ kÕúqÁuÛÑ+XÊìøÏ >∑\ \u≤∆ìøÏ düe÷q+.

Á|üe]Ô+#˚ ã\+ F edüTÔe⁄ kÕúqÁuÛÑ+X¯+ S  |üs¡+>± θ   ø√D+ #˚dü÷Ô ñ+fÒ, S  ~X¯ yÓ+ã&ç <ëì n+X¯+
F cosθ  ne⁄‘·T+~. n|üÒ&ÉT ã\+ F #˚dæq |üì

W = . = FScosθ = (F cosθ)SF S (5.1)

     dü~XÊ s¡÷|ü+˝À »]–q |üì,
F , S  \ eT<Ûä´ _+<äT \u≤∆ìøÏ düe÷q+.

W = .F S (5.2)

ô|’ düMTø£s¡D+ qT+&ç S = 0 ns≠‘˚ W = 0 nì >∑eTì+#·e#·TÃ.  n+fÒ ã\ |ü]e÷D+ m+‘Ó’Hê>±ì,
kÕúqÁuÛÑ+X¯+ ˝Òø£b˛‘˚, Ä ã\+e\¢ »]–q |üì X¯Sq´+.  n+‘˚ø±ø£ ã\+ eT]j·≠ kÕúqÁuÛÑ+X¯+ ¬s+&É÷
dü~X¯\T eT]j·≠ |üì ˇø£ n~X¯ nì >∑eTì+#ê*.

  ø£è‘·́ + 6.1

MTs¡T eT]j·≠ MT ùdïVæ≤‘·T\T ˇø£ >∑~ jÓ≠ø£ÿ >√&ÉqT HÓ≥º&ÜìøÏ Á|üj·T‹ï+#·+&ç. Á|üjÓ÷–+∫q
ã\+‘√ ì$T‘·Ô+ ˝Ò≈£î+&Ü Ä >√&É ø£<ä\<äT. n+fÒ |üì »s¡>∑˝Ò<äì n+{≤+.

düMTø£s¡D+ 5.1 qT ñ|üjÓ÷–+∫ |üì jÓ≠ø£ÿ Á|üe÷D≤\qT ìs¡«∫+#·e#·TÃ.  Á|üjÓ÷–+∫q ã\+
q÷´≥Hé˝À¢qT, kÕúqÁuÛÑ+X¯+ MT≥sY\˝ÀqT ñ+fÒ n|üÒ&ÉT |üì jÓ≠ø£ÿ Á|üe÷D+ CÖ˝Ÿ.

(ã\ Á|üe÷D+)  × (kÕúqÁuÛÑ+X¯+ Á|üe÷D+) e q÷´≥Hé MT≥sY R q÷´ MT(Nm)

á Á|üe÷D≤ìøÏ Á|ü‘˚´ø£yÓTÆq ù|s¡T CÖ˝Ÿ nì Çe«ã&çq~. Bìì n ‘√ dü÷∫kÕÔs¡T.

ˇø£ q÷´≥Hé ã\+ ˇø£ MT≥s¡T kÕúqÁuÛÑ+XÊìï ø£\>∑#˚ùdÔ n~ #˚dæq |üìì CÖ˝Ÿ n+{≤s¡T. Ç<˚ CÖ˝Ÿ≈£î
ìs¡«#·q+. |üì jÓ≠ø£ÿ SI Á|üe÷D+ CÖ˝Ÿ.

|ü≥+. 5.1 : ˇø£ ~yÓTàô|’ >∑\ ã\+ F  <ëìì

S  øÏå‹» düe÷+‘·s¡ <ä÷s¡+ ø£~*+∫+~. ã\
~X¯ øÏå‹» düe÷+‘·s¡ ~X¯‘√  ø√D+ #˚düTÔqï~



    S

F
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ñ<ëVü≤s¡D 5.1

|üì jÓ≠ø£ÿ $T‹ bòÕs¡Tà˝≤qT ø£qTø√ÿ+&ç.
kÕ<Ûäq :

W = ã\+ × kÕúqÁuÛÑ+X¯+

   = Á<äe´sê• × ‘·«s¡D+ × kÕúqÁuÛÑ+X¯+

    |üì jÓ≠ø£ÿ $T‹ = [M] × [LT–²] × [L]

= [ML²T–2]

$<äT´‘Y ø=\‘·˝À¢, øÏ˝Àyê{Ÿ`>∑+≥ (kW h) qT |üìøÏ Á|üe÷D+>± ñ|üjÓ÷–kÕÔs¡T. Ç~ CÖ˝Ÿ‘√ øÏ+~
$<Ûä+>± dü+ã+<Ûä+ ø£*– ñ+≥T+~.

1 kW h = 3.6 × 106 J

Bì >∑T]+∫ eT]+‘· $es¡+>± ‘·s¡yê‘· n<Ûä́ j·Tq+ #˚kÕÔs¡T.
ñ<ëVü≤s¡D 5.2

ˇø£ edüTÔe⁄ô|’ øÏå‹» düe÷+‘·s¡+‘√ 600 ø√D+ #˚dü÷Ô, 6N \ ã\+ Á|üjÓ÷–+#·ã&ç+~.  Ä edüTÔe⁄
øÏå‹» düe÷+‘·s¡ ~X¯˝À 2 MT. kÕúqÁuÛÑ+X¯+ #Ó+~‘˚, »]–q |üìì ˝…øÏÿ+#·+&ç.

kÕ<Ûäq :

 düMTø£s¡D+ 5.1 qT+&ç

W  = FS cos 
    = 6 × 2 × cos 60°
    = 6 × 2 × (½)
    = 6 J

ñ<ëVü≤s¡D 5.3

ˇø£ e´øÏÔ 5 øÏ.Á>± ã+>±fi≤<äT+|ü\qT øÏ+~ n+‘·düTú qT+&ç 4 MT m‘·TÔ̋ À >∑\ yÓ≠<ä{Ï n+‘·düTú≈£î rdüT≈£î
yÓfi≤¢&ÉT. »]–q |üìì >∑DÏ+#·+&ç.
kÕ<Ûäq :

ã+>±fi¯<äT+|ü\qT ô|’øÏ rdüTø=ì yÓfi¯fl&É+e\¢ n‘·qT >∑Ts¡T‘ê«ø£s¡¸D ã˝≤ìøÏ e´‹πsø£+>± |üì#˚kÕÔ&ÉT.
ø±ã{Ïº,

       ã\+ = mg
      = 5 kg × 9.8 ms–²
      = 49 N

         »]–q |üì = 49 × 4 (N m)
= 196 J
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5.1.1 $$<Ûä dü+<äsê“¤˝À¢ ã\+ #˚dæq |üì

eTq+ |üìøÏ ìs¡«#·Hêìï W = FS cos nì ‘Ó\TdüTø=Hêï+. Çø£ÿ&É ã\+, kÕúqÁuÛÑ+XÊ\ eT<Ûä´ø√D+.
ø±ã{Ïº |üì dü«uÛ≤yêìï ‘Ó\TdüTø√e&É+˝À ã\+, kÕúqÁuÛÑ+XÊ\‘√ bÕ≥T, yê{Ï eT<Ûä´ø√D+ ≈£L&Ü eTTK´yÓTÆq<˚.

W = FS cos 

1.  = 0° nsTT‘˚ cos ° = 1

        W = FS

ø±ã{Ïº á dü+<äs¡“¤+˝À |üì <ÛäHê‘·àø£+. ñ<ëVü≤s¡D≈£î ø±s¡T y˚>±ìï |ü⁄+#·Tø=H˚ düeTj·T+˝À Ç+õHé
#˚ùd |üì á dü+<äs¡“¤+˝À ã\+, kÕúqÁuÛÑ+XÊ\T ¬s+&É÷ ˇπø ~X¯˝À ñ+{≤sTT.

2.  = 180°, nsTT‘˚ cos 180° = 1

        W =  FS

Ç+<äT˝À ã\+ #˚dæq |üì s¡TD≤‘·àø£+. ñ<ëVü≤s¡D≈£î ø±s¡T≈£î ÁuÒ≈£î\T y˚dæq|üÒ&ÉT ã\+, kÕúqÁuÛÑ+XÊ\T
|üs¡düŒs¡+ e´‹πsø£ ~X¯˝À¢ ñ+{≤sTT.

 = 180° e<ä›H˚ ø±≈£î+&Ü 1800 qT+∫ 2700 eT<Ûä´ ñ+&˚ nìï  $\Te\≈£î |üì s¡TD≤‘·àø£+.

3.  = 90° nsTT‘˚  Cos 90° = 0

       W = 0

ñ<ë: ¬s’˝Ò« bÕ¢{Ÿô|’, ‘·\ô|’ dü÷≥TπødüT ô|≥Tºø=ì #ê˝≤ <ä÷s¡+ q&ç#˚ ≈£L© #˚dæq |üì X¯Sq´+. ø±ì
n‘·ì ø£+&És¡ eøÏÔ‘√ |üì »s¡T>∑T‘·T+~.

5.1.2 >∑Ts¡T‘·« ã\+ e\¢ »]–q |üì

|ü≥+. 5.3 (a) ˝À #·÷|æq $<Ûä+>± m Á<äe´sê•>∑\ edüTÔe⁄ h m‘·TÔ≈£î m‘·Ôã&ç+~. |ü≥+. 5.3 (b)
˝À #·÷|æq $<Ûä+>± m Á<äe´sê•>∑\ edüTÔe⁄ h m‘·TÔ qT+&ç øÏ+<ä≈£î ~+|üã&ç+~. á ¬s+&ÉT dü+<äsê“¤˝À¢
≈£L&Ü edüTÔe⁄ jÓTTø£ÿ uÛ≤s¡+ mg. øÏ+<ä{Ï n<Ûë´j·T+˝À #Ó|æŒq $<Ûä+>± edüTÔe⁄ô|’ uÛÑ÷$T jÓTTø£ÿ Äø£s¡¸D
ã\y˚T <ëì uÛ≤s¡+ nì >∑Ts¡TÔ≈£î ‘Ó#·TÃø√e#·TÃ.

|ü≥+. 5.3 (a), ˝À ã\+ mg øÏå‹» \+ã+>± øÏ+<ä≈£î, kÕúqÁuÛÑ+X¯+ ô|’øÏ ñ+&É≥+ e\¢ yê{Ï eT<Ûä´ø√D+
 = 180°.  ádü+<äs¡“¤+˝À >∑Ts¡T‘ê«ø£s¡¸D ã˝≤ìøÏ e´‹πsø£+>± »]–q |üì

|ü≥+. 5.2 : øÏå‹» düe÷+‘·s¡ ‘·\+ô|’ #·*düTÔqï ø±s¡T. (a) ø±s¡T #·*düTÔqï ~X¯˝À
ã\+ Á|üjÓ÷–+#·ã&ç+~. n~ ‘·«s¡D°ø£]+#·ã&ÉT‘·T+~.

(b) ø±s¡T #·*düTÔqï ~X¯ e´‹πsø£ ~X¯˝À F ã\+ Á|üjÓ÷–+#·ã&ç+~. ø±ã{Ïº ø=+‘·
<ä÷s¡+ Á|üj·÷DÏ+∫q ‘·s¡Tyê‘· ø±s¡T ìX¯Ã\ dæú‹øÏ e∫Ã+~.
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 W = FS cos 180°
    = mgh (–1)

        W = – mgh (5.2)

|ü≥+ 5.3 (b) ˝À, edüTÔe⁄qT uÛÑ÷$TyÓ’|ü⁄>± øÏ+<ä≈£î ~+|ü&É+ e\¢ ã\+ mg eT]j·≠ S kÕúqÁuÛÑ+XÊ\T
ˇπø ~X¯˝À ñHêïs≠. ø±ã{Ïº = 00 á dü+<äs¡“¤+˝À »]–q |üì

        W = FS cos 0°
           W = + mgh (5.3)

ô|’ |òü*‘ê\T ns¡ú $es¡D Ç#˚Ã≥|üÒ&ÉT MTs¡T #ê˝≤ C≤Á>∑‘·Ô>± ñ+&Ü*. m+<äTø£+fÒ ˇø£ edüTÔe⁄qT
ô|’øÏ m‘·TÔ‘·Tqï|üÒ&ÉT, uÛÑ÷$T jÓ≠ø£ÿ >∑Ts¡T‘ê«ø£s¡¸D ã\+e\¢ »]–q |üì s¡TD≤‘·àø£+. ø±ì Ä edüTÔe⁄qT
ô|’øÏ m‹Ôq e´øÏÔ #˚dæq |üì <ÛäHê‘·àø£+.  ˇø£ edüTÔe⁄qT uÛÑ÷$TyÓ’|ü⁄>± øÏ+<ä≈£î rdüT≈£îe#˚Ã≥|üÒ&ÉT >∑Ts¡T‘ê«ø£s¡¸D
ã\+e\¢ »]–q |üì <ÛäHê‘·àø£+ ø±ì øÏ+<ä≈£î rdüT≈£îsêe&ÜìøÏ e´øÏÔ #˚dæq |üì s¡TD≤‘·àø£+.  á ¬s+&ÉT
dü+<äsê“¤˝À¢qT edüTÔe⁄ ‘·«s¡D+ ˝Ò≈£î+&Ü #·*düTÔ+~ nì }Væ≤kÕÔ+.

bÕsƒ¡+˝Àì Á|üX¯ï\T  5.1

1. ˇø£ ø£D+ eè‘êÔø±s¡ e÷s¡Z+˝À ÁuÛÑeTD+ #Ó+<äT‘·Tqï|üÒ&ÉT, <ëìô|’ ˇø£ ã\+ |üì#˚düTÔ+~. ø£D+ô|’
|üì#˚ùd Ä ã\+e\¢ »]–q |üìì ˝…øÏÿ+#·+&ç.

2. øÏ+~ yê{ÏøÏ ˇø=ÿø£ÿ ñ<ëVü≤s¡D Çe«+&ç.  ˇø£ ã\+ e\¢ »]–q |üì

(a)  düTHêï (b) s¡TD≤‘·àø£+ (c)  <ÛäHê‘·àø£+

|ü≥+ 5.3

(a) edüTÔe⁄qT >∑Ts¡T‘ê«ø£s¡¸D
ã˝≤ìøÏ e´‹πsø£+>± ô|’øÏ m‘·Ô&É+

(b)  edüTÔe⁄qT uÛÑ÷$TyÓ’|ü⁄>±
øÏ+<ä≈£î ~+|ü&É+
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|ü≥+ 6.4 ˇø£ ndæús¡ ã\+ (F) edüTÔe⁄qT ‘=*kÕúq+ xi qT+&ç ‘·T~kÕúq+ xf ≈£î ø£~*+∫+~. |ü≥+˝À ndæús¡
ã\+` <ä÷s¡+\≈£î ^j·Tã&çq πsU≤ |ü≥+ <ä≥ºyÓTÆq eÁø£πsK>± (nìj·T‘·)>± #·÷|üã&ç+~. »]–q |üì

dü+U≤´‘·àø£+>± ^‘·\T ^j·Tã&çq yÓ’XÊ˝≤´ìøÏ düe÷q+

F F

     x  x xi x xf

3. 2 øÏ.Á>±. Á<äe´sê•>∑\ <Ûëq´+ 5 MT. m‘·TÔ≈£î m‘·Ôã&çq~

(a)  m‹Ôq ã\+ e\¢ »]–q |üì m+‘·?

(b)  >∑Ts¡T‘ê«ø£s¡¸D ã\+ e\¢ »]–q |üì m+‘·?

4. ˇø£ ã\+ ˆ ˆ= (2 +3 )F i j N ã\+, ˆ ˆ= ( + 2 ) m.S i j  kÕúqÁuÛÑ+XÊìï ø£\>∑#˚dæ+~. »]–q |üìì
>∑DÏ+#·+&ç.

5. ˇø£ ã\+ ˆ ˆ= (5 +3 )F i j  N. ˇø£ edüTÔe⁄ô|’ |üì#˚dæ, <ëìøÏ ˆ ˆ= (3 + 4 ) m.S i j  kÕúqÁuÛÑ+XÊìï
ø£\>∑#˚dæ+~.

(a)  kÕúqÁuÛÑ+X¯+ jÓ≠ø£ÿ |ü]e÷D≤ìï ˝…øÏÿ+#·+&ç.

(b)  ã\+ jÓ≠ø£ÿ |ü]e÷D≤ìï ˝…øÏÿ+#·+&ç.

(c)  Ä ã\+ e\¢ »]–q |üì m+‘·?

5.2   ndæús¡ ã\+e\¢ »]–q |üì

ˇø£ edüTÔe⁄ô|’ |üì#˚düTÔqï ã\+ dæús¡ã\+ ns≠q dü+<äsê“¤\qT e÷Á‘·y˚T #·~yê+. ø±ì Á|ür dü+<äs¡“¤+˝ÀqT
Ç~ ì»+ ø±ø£b˛e#·TÃ. ø=ìï dü+<äsê“¤˝À¢ |üì »s¡>∑&ÜìøÏ ø±s¡DyÓTÆq ã\+ ø±\+‘√bÕ≥T e÷s¡T‘·÷ ñ
+&Ée#·TÃ. edüTÔe⁄ jÓ≠ø£ÿ kÕúq+ x ‘√bÕ≥T |ü]e÷D+ e÷s¡T‘·Tqï ã\+ F(x)  |üì#˚düTÔqï ˇø£ dü+<äsê“¤ìï
rdüTø=+<ë+.  Ç|üÒ&ÉT á ndæús¡ ã\+e\¢ »]–q |üìì ˝…øÏÿ<ë›+. edüTÔe⁄ jÓ≠ø£ÿ kÕúqÁuÛÑ+X¯+ xi qT+&ç
xf es¡≈£î nì }Væ≤<ë›+. Çø£ÿ&É xi eT]j·≠ xf \T edüTÔe⁄ jÓ≠ø£ÿ ‘=*, ‘·T~ kÕúHê\T. Ç≥Te+{Ï
|ü]dæú‘·T\˝À yÓ≠‘·Ô kÕúqÁuÛÑ+XÊìï n‘·´~Ûø£ dü+K´˝À >∑\ n‘·´\Œ e´e<ÛäT\T >∑\ kÕúqÁuÛÑ+XÊ\T x>±
$uÛÑõ+∫, »]–q |üìì >∑DÏkÕÔs¡T. ìC≤ìøÏ x m+‘· n‘·´\Œ+>± rdüT≈£î+{≤s¡+fÒ, Á|ü‹ dü«\Œ kÕúqÁuÛÑ+X¯
ne~Û˝ÀqT ã\+ F(x) dæús¡+>± ñqï≥T¢>± }Væ≤+#·e#·TÃ. n‘·´\Œ kÕúqÁuÛÑ+X¯+ x |üs¡´+‘·+˝À »]–q
|üì

W = F(x) x (5.4)
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F(x) x  nH˚~ dü+U≤´‘·àø£+>± |ü≥+ 6.4 (a) ˝À #·÷|æq $<Ûä+>± ^‘·\‘√ ^∫q ∫qï yÓ’XÊ˝≤´ìøÏ
düe÷q+. xi eT]j·≠ xf \ q&ÉTeT >∑\ n≥Te+{Ï ∫qï ∫qï yÓ’XÊ˝≤´\ yÓ≠‘·Ô+ ã\+ #˚dæq yÓ≠‘·Ô+
|üìøÏ düe÷q+ ne⁄‘·T+~. (n≥Te+{Ï N*ø£\ |ü{°º\ yÓ’XÊ˝≤´\˙ï ø£\|ü&É+e\¢ edüTÔ+~).

W = W
    = F (x) x (5.5)

á  N*ø£\ jÓ≠ø£ÿ eT+<ä+ M …̋’q+‘· ∫qï~>± ñ+&Ü*.  Ç≥Te+{Ï nìï N*ø£\ jÓ≠ø£ÿ yÓ’XÊ˝≤´\qT
ø£*|æ‘˚ e∫Ãq yÓ’XÊ\´+ xi  eT]j·≠ xf \ eT<Ûä́  ã+~Û+#·ã&çq yÓ≠‘·Ô+ yÓ’XÊ˝≤´ìøÏ düe÷q+ ne⁄‘·T+~. Ç~ xi

eT]j·≠ xf \ eT<Ûä́  ã\+ e\¢ »]–q |üì yÓ≠‘êÔìï ÇdüTÔ+~.

 
lim x 0

W F x Δx
 

  (5.6)

 
2

1

x

x

W F x dx   . (5.7)

ñ<ëVü≤s¡D 5.4

ˇø£ ø£D+ô|’ F = –kx nH˚ ã\+ x-nø£å+ ~X¯˝À |üì#˚k˛Ô+~. ø£D≤ìï  x = a qT+∫ x = 2a es¡≈£î
kÕúqÁuÛÑ+X¯+ #Ó+~+#·&É+˝À ã\+ #˚dæq |üì m+‘·. Çø£ÿ&É k ˇø£ <Ûäq dæúsê+ø£+.

kÕ<Ûäq :

 
x =2a

x = a

W = F x dx

    
x =2a2a

x =a x =a

= kx dx = k xdx  

2a 2a1 1 2 n+1
n

a a

x x xk k x dx =
1 1 2 n +1

     
            



 
2

2 2 2 2k k 3a2a a 4a a
2 2 2
          

5.2.1 ÅdæŒ+>¥ e\¢ »]–q |üì

ndæús¡ ã˝≤ìøÏ n‹kÕ<Ûës¡D ñ<ëVü≤s¡D ÅdæŒ+>¥#˚ Á|üjÓ÷–+#·ã&çq ã\+.  á dü+<äs¡“¤+˝À »]–q
|üìøÏ düe÷kÕìï ñ‘êŒ~›<ë›+.

|ü≥+ 5.5(a) ˝À #·÷|æq≥T¢ ˇø£ ‘˚*¬ø’q ÅdæŒ+>¥qT ˇø£ <äè&ÛÉ Ä<Ûës¡+ qT+&ç y˚˝≤&ÉBdæ, <ëì jÓ≠ø£ÿ
ùd«#êÃ¤ø=q≈£î m Á<äe´sê•>∑\ ~yÓTàqT ‘·–*+#ês¡T. á e´edüúqT qTqTô|’q øÏå‹»düe÷+‘·s¡ ã\¢ô|’
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ñ+#ês¡T. á øÏå‹» düe÷+‘·s¡ ~X¯qT x nø£å+>± rdüT≈£î+<ë+. x = 0 kÕúq+ e<ä› Á<äe´sê• m
ñ+<äqT≈£î+<ë+. Ç|üÒ&ÉT ÅdæŒ+>¥qT F nH˚ u≤Vü≤´ã\+‘√ dü+|”&Éq+ (˝Ò<ë yê´|üq+) #Ó+~+#ê+. yÓ+≥H˚
ÅdæŒ+>¥˝À|ü\ <ëì dæÔ‹kÕú|üø£ <Ûäs¡à+ e\q ø=+‘· n+‘·s¡Z‘· ã\+ Fs »ìdüTÔ+~. x $\Te ô|]–q ø=\~
á n+‘·s¡Z‘· ã\+ Fs $\Te ô|s¡T>∑T‘·÷, dü+|”&Éq+ (˝Ò<ë yê´|üq+) x = xm e<ä› >∑]wü˜+ ns≠q|ü⁄&ÉT
n~ F ≈£î düe÷q+ ne⁄‘·T+~.

VüQø˘ ìj·TeT+ Á|üø±s¡+ (ì ‘·≈£îÿe>± ñqï|üÒ&ÉT e÷Á‘·y˚T dü]|ü&ÉT‘·T+~).

|Fs| = kx, Ç#·Ã≥ K qT ÅdæŒ+>¥ dæús¡sê• n+{≤s¡T. Fs ~X¯ m\¢|üÒ&ÉT dü+|”&Éqe≠ (˝Ò<ë yê´|üqe≠)
q≈£î e´‹πsø£ ~X¯˝À ñ+≥T+~ ø±ã{Ïº, ô|’ düMTø£s¡D≤ìï Ç˝≤ Áyêj·Te#·TÃ.

F = Fs = – kx (5.8)

Ç|üÒ&ÉT Çø£ÿ&É »]–q |üìì >∑DÏ<ë›+, n+‘˚ ø±<äT á »]–q |üì <ÛäHê‘·àø£e÷ ˝Ò<ë s¡TD≤‘·àø£e÷
|üØøÏå<ë›+. ÅdæŒ+>¥qT dü+|”&Éq+ #Ó+~+∫q dü+<äs¡“¤+˝À u≤Vü≤´ã\+ F m&ÉeTyÓ’|ü⁄≈£î |üì#˚düTÔ+~. eT]j·≠
kÕúqÁuÛÑ+X¯+ ì ≈£L&Ü m&ÉeTyÓ’|ü⁄≈£î |üì#˚düTÔ+~. ø±ã{Ïº u≤Vü≤´ã\+ e\¢ »]–q |üì <ÛäHê‘·àø£+.  @yÓTÆq|üŒ{ÏøÏì
n<˚ ~X¯˝À kÕúqÁuÛÑ+X¯+ ñqï|üÒ&ÉT, ÅdæŒ+>¥˝À »ì+∫q |ü⁄q'kÕú|üø£ ã\+ ≈£î&çyÓ’|ü⁄≈£î |üì#˚düTÔ+~. n+fÒ
F eT]j·≠ x\T e´‹πsø£ ~X¯˝À ñ+{≤s≠. ÅdæŒ+>¥ ã\+ #˚dæq |üì s¡TD≤‘·àø£+ ne⁄‘·T+~. ÅdæŒ+>¥˝À
kÕ>∑T<ä\ e∫Ãq dü+<äs¡“¤+˝À MTs¡T |ü]o*+∫Hê ô|’ |òü*‘ê\T e÷Á‘·y˚T dü+uÛÑ$kÕÔs≠. n+fÒ ÅdæŒ+>¥ô|’

|ü≥+. 5.5:ˇø£ ∫es¡ <äè&ÛÉ Ä<ÛësêìøÏ _–+∫q ÅdæŒ+>¥̀ Á<äe´sê• e´edüú, Á<äe´sê• m øÏå‹» düe÷+‘·s¡‘·\+ô|’ ìX¯Ã\dæú‹˝À ñ+~

x = 0

(a) ÅdæŒ+>¥ ùd«#êÃ¤ø=q jÓ≠ø£ÿ $sêeT
kÕúq+ x = 0

(b) ÅdæŒ+>¥ ô|’ F nH̊ u≤Vü≤´ã\+ Á|üjÓ÷
–+#·&É+e\¢ dü+|”&Éq+ #Ó+~+~

F

x

(c) ÅdæŒ+>¥ ô|’ F nH˚ u≤Vü≤´ã\+
Á|üjÓ÷–+#·&É+e\¢ yê´|üq+ #Ó+~+~
>∑]wüº dü+|”&Éq+/yê´|üq+ F ne⁄
‘·T+~.

F

xm

x = 0
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u≤Vü≤´ã\+ e\¢ »]–q |üì <ÛäHê‘·àø£+, ÅdæŒ+>¥˝À |ü⁄q'kÕú|üø£ ã\+ e\¢ »]–q |üì s¡TD≤‘·àø£+. »]–q
|üì jÓ≠ø£ÿ |ü]e÷D+ (½) 2

mkx .

Çø£ÿ&É »]–q |üìì düe÷kÕìï ñ‘êŒ~+#·&ÜìøÏ ˇø£ düs¡fi¯ >∑Dq+ #˚kÕÔ+. x = 0, e<ä› ã\+ Fs = 0. x $\Te
ô|s¡T>∑T‘·Tqïø=B›, ã\+ F ≈£L&Ü ô|s¡T>∑T‘·÷ ñ+≥T+~. x = xm ns≠q|üÒ&ÉT, á ã\+ $\Te F ≈£î düe÷q+
ne⁄‘·T+~. kÕúqÁuÛÑ+X̄+‘√bÕ≥T ã\+˝Àì e÷s¡TŒ πsFj·T+>± ñ+≥T+~ ø±ã{Ïº ÅdæŒ+>¥qT dü+|”&Éq+ ( Ò̋<ë yê´|üq+)

#Ó+~+#·&É+˝À düsêdü] ã\+ s s0 + F F=
2 2

 
 
 

 ≈£î Ç+#·T$T+#·T>± düe÷q+. á ã\+e\¢ »]–q |üì

 W = ã\+ × kÕúqÁuÛÑ+X¯+

    sF= .x,
2

ø±ì, | Fs | = k | xm |. ø±ã{Ïº

m m
1W = kx × x
2

   2
m

1= kx
2 (5.9)

á »]–q |üìì πsU≤ ∫Á‘·+ <ë«sê ≈£L&Ü bı+<äe#·TÃ.  Bìï øÏ+<ä |ü≥+˝À #·÷|æ+#ê+.
1 base × height
2

^‘·\‘√ #·÷|æq Á‹uÛÑT» yÓ’XÊ\´+  1= × ×
2

u÷ÛÑ $T m‘T· Ô

       
2
m

1W = kx
2 (5.10)

á düMTø£s¡D+ ;Jj·T $<Ûëq+˝À ñ‘êŒ~+∫q düMTø£s¡D+ (5.9)‘√ düe÷q+.

|ü≥+. 5.6 : ^‘·\‘√ #·÷|æq Á‹uÛÑT» yÓ’XÊ\´+ dü+U≤´‘·àø£+>± »]–q |üìøÏ düe÷q+ ne⁄‘·T+~.

FS

F = kx

x
x = xm
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The same can be obtained by using the formula  
mx = x

x =0

W = F x dx.

here dx is the small elongation in the spring

m m
xx = x x = x 2

m

x =0 x = 0 0

xW = kx dx = k xdx = k
2

 
 
 

 

2
m

1W = kx
2



ø£è‘·́ + 5.2
ÅdæŒ+>¥ dæúsê+ø±ìï ø£qT>=qT≥:

|ü≥+ 5.7(a) ˝À #·÷|æq≥T¢ ˇø£ ÅdæŒ+>¥qT ì≥º ì\Te⁄>± y˚˝≤&ÉBkÕs¡T.  <ëì øÏ+~ ø=q≈£î m
Á<äe´sê• >∑\ ~yÓTàqT ‘·–*+#ês¡T. Ç˝≤ #˚j·T≥+e\¢
ÅdæŒ+>¥ ø=+‘· <ä÷s¡+ kÕ>∑T‘·T+~. Ä kÕ>∑T<ä\qT …̋øÏÿ+#·+&ç.
|ü≥+ 5.7 (b)˝À #·÷|æq≥T¢ Ä kÕ>∑T<ä\qT s nqT≈£î+<ë+.
Ç|üÒ&ÉT ÅdæŒ+>¥ Ç+ø± m+<äT≈£î kÕ>∑≥+˝Ò<äT nì
Ä˝À∫+#·+&ç. m+<äTø£+fÒ ÅdæŒ+>¥ ã\+ (|ü⁄q'kÕú|üø£ã\+)ô|’
~X¯˝À |üì#˚dü÷Ô edüTÔe⁄ jÓ≠ø£ÿ uÛ≤s¡+ mg qT dü+‘·T\q+
#˚düTÔ+~. n+<äTe\¢ ÅdæŒ+>¥ düeT‘êdæú‹˝À ñ+≥T+~. ô|’
$\Te\qT øÏ+~ düMTø£s¡D+˝À Á|ü‹πøå|æ+∫ ÅdæŒ+>¥ dæúsê+ø±ìï
ø£qTø√ÿe#·TÃ.

Fs= k.s

˝Ò<ë        mg = k.s.

n+fÒ, k = 
mg
s (5.11)

bÕsƒ¡+˝Àì Á|üX¯ï\T  5.2

1. ÅdæŒ+>¥ dæúsê+ø±ìï ìs¡«∫+∫, <ëì SI Á|üe÷D≤\qT Áyêj·T+&ç.

2. 10 N  ã\+ ˇø£ ÅdæŒ+>¥qT 1 ôdMT   kÕ>∑Bdæ+~. ns≠‘˚ ÅdæŒ+>¥qT 5 ôdMT   kÕ>∑Bj·T&ÜìøÏ
ø±e\dæq ã\+ m+‘·?  á ã\+ e\¢ »]–q |üì m+‘·?

3. edüTÔe⁄ô|’ |üì#˚ùd (variable) ã˝≤ìï y-nø£å+ô|’, n~ bı+~q kÕúqÁuÛÑ+XÊìï  x-nø£å+ô|’ rdüTø=ì
Á>±|òt ^ùdÔ, Á>±|òt eÁø£+#˚ Äeè‘·+ nj˚T´ yÓ’XÊ\´+ <˚ìï dü÷∫düTÔ+~.

|ü≥+. 5.7 : uÛ≤s¡Á>∑düÔ ÁdæŒ+>¥ jÓTTø£ÿ kÕ>∑T<ä\
(b)(a)
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5.3    |üì eT]j·TT >∑‹»X¯øÏÔ

 |üì#˚ùd k˛ÔeT‘·H˚ X¯øÏÔ n+{≤s¡T nì MT≈£î ‘Ó\TdüT. ˇø£ e´edüú≈£î X¯øÏÔ ñ+fÒ n~ |üì #˚j·T>∑*–
ñ+≥T+~. ø±s¡T ˝≤+{Ï yêVü≤q+ Ç+<Ûäq+˝Àì s¡kÕj·Tq X¯øÏÔì ñ|üjÓ÷–+#·Tø=ì q&ÉTdüTÔ+~. #·\q+˝À
ñ+&˚ edüTÔe⁄ ø£*– ñ+&˚ X¯øÏÔì ªª>∑‹»X¯øÏÔμμ n+{≤s¡T.

‘m’Á<äe´sê• ø£*–q edüTÔe⁄y˚>∑+ v  nsTT‘˚, <ëì >∑‹» X¯øÏÔ

  21 1K = m v.v = mv
2 2

 
(5.12)

>∑‹»X¯øÏÔ ˇø£ n~XÊ sê•.

y˚>∑+ X¯Sq´+ nsTT‘˚ edüTÔe⁄≈£î >∑‹»X¯øÏÔ ñ+&É<äT.

ô|’ düMTø£s¡D≤ìï øÏ+~ $<Ûä+>± sêã≥ºe#·TÃ.

m Á<äe´sê•‘√ ñ+&˚ edüTe⁄ô|’ F ã\+ |üì#˚j·T&É+‘√ <ëì y˚>∑+ ªtμ ø±\+˝À u qT+∫ v øÏ
ô|]–+<äì nqTø=qTeTT.

   2 2v u = 2as  ñ|üjÓ÷–+∫ (5.13)

  
2 2v ua =
2s


Bìï F = ma ˝À Á|ü‹πøå|æùdÔ

   
2 2v uF = m
2s

 
 
 

(5.14)

ã\+ #˚dæq |üì
2 2v uW = F.s. = m ×s
2s

 
 
 

2 21 1W = mv mu
2 2

 (5.15)

final initialW = KE KE

W =ΔKE (5.16)

ã\+ #˚dæq |üì >∑‹»X¯øÏÔ˝À e#˚Ã e÷s¡TŒ≈£î düe÷q+. BH˚ï ªª|üì ` X¯øÏÔ dæ<ë∆+‘·+μμ n+{≤s¡T.

‘=*y˚>∑+ ‘u’ X¯Sq´+ nsTT‘˚ ã\+ #˚dæq |üì 21W = mv
2  eTs=ø£ s¡ø£+>± Ç<˚ edüTÔe⁄≈£î >∑‹»X¯øÏÔ

ne⁄‘·T+~.

21KE = mv
2





TOSS

Work Energy and Power104

|üì - X¯øÏÔ dæ<ë∆+‘·+

edüTÔe⁄ô|’ |üì#˚ùd nìï ã˝≤\ |òü*‘· ã\+ #˚dæq |üì edüTÔe⁄ >∑‹»X¯øÏÔ˝À e#˚Ã e÷s¡TŒøÏ
düe÷q+.

ñ<ëVü≤s¡D 5.5

10  kg Á<äe´sê•>∑\ ˇø£ edüTÔe⁄ ‘=*>± 4.0  MTôd`1 e&ç‘√ #·*düTÔ+~. 30  q÷´ |ü]e÷D+ >∑\ ˇø£
ã\+ Ä edüTÔe⁄ô|’ 2 ôdø£q¢ ø±\+bÕ≥T |üì#˚dæ+~.

(i) ¬s+&ÉT ôdø£q¢ ø±\+ ‘·s¡yê‘· Ä edüTÔe⁄ jÓ≠ø£ÿ ‘·T~ e&ç m+‘·?
(ii) á e´e~Û̋ À »]–q |üì m+‘·?

(iii) ‘=* >∑‹X¯øÏÔ m+‘·?
(iv) ‘·T~ >∑‹X¯øÏÔ m+‘·?
(iv) á ø±\ e´e~Û̋ À edüTÔe⁄ Á|üj·÷DÏ+∫q <ä÷s¡+ m+‘·?
(vi) »]–q |üì >∑‹X¯øÏÔ̋ Àì uÛÒ<ëìøÏ düe÷q+ nì #·÷|ü+&ç.

kÕ<Ûäq:
(i) ã\+ (F) = ma

˝Ò<ë a = F/m

   = 30/10

   = 3 MTôd–²

‘·T~ e&ç v2 = v1+ at

           = 4 + (3 × 2) = 10 m s–1

(ii)  2 ôd ø±\+˝À Á|üj·÷DÏ+∫q <ä÷s¡+

21s = ut + at
2

     14 2 3 4
2

   

  = 8 + 6 = 14 m
»]–q |üì    W = F × S

= 30 × 14 = 420 J
(iii) ‘=* >∑‹X¯øÏÔ

2
1 1

1K = mv
2

    1= 10 × 16 = 80 J
2
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(iv) ‘·T~ >∑‹X¯øÏÔ

2
2 2

1K = mv
2

    1= 10 × 100 = 500 J
2

(v)    ô|’q >∑DÏ+∫q $<Ûä+>± 2 ôd ø±\+˝À Á|üj·÷DÏ+∫q <ä÷s¡+ = 14 MT

(vi)  >∑‹X¯øÏÔ˝Àì uÛÒ<ä+ K2– K1 = (500 – 80) = 420 J.

Ç~ »]–q |üìøÏ düe÷q+ nì ø£ì|ædüTÔ+~.

bÕsƒ¡+˝Àì Á|üX¯ï\T  5.3

1. ˇø£ edüTÔe⁄ s¡TD≤‘·àø£ >∑‹X¯øÏÔì ø£*– ñ+&˚ neø±X¯+ ñ+<ë? m+<äT≈£î?

2. Ä ø£D+ jÓ≠ø£ÿ >∑‹X¯øÏÔ @$<Ûä+>± e÷s¡T‘·T+~?

a)  ˇø£ ø£D+ jÓ≠ø£ÿ e&ç v  qT 2v  #˚ùdÔ

b)  ˇø£ ø£D+ jÓ≠ø£ÿ Á<äe´sê• m qT 
m
2  #˚dæq

3. ˇø£ ø£D+ 3.6 n >∑‹X¯øÏÔ‘√ #·*dü÷Ô, ã\ dæúsê+ø£+ 180 Nm–1. >∑\ ˇø£ ÅdæŒ+>¥qT &Ûûø=qï~.
ÅdæŒ+>¥˝À >∑]wü˜ dü+|”&ÉHêìï ˝…øÏÿ+#·+&ç.

4. ˇø£ u≤Vü≤´ã\+ ˇø£ ÅdæŒ+>¥qT dü+|”&Éq+ #Ó+~+#·&ÜìøÏ #˚dæq |üì 375 J ns≠‘˚, Ä ÅdæŒ+>¥
‘·q+‘·≥ ‘êqT #˚dæq |üì m+‘·?

5.4   dæú‹» X¯øÏÔ uÛ≤eq

øÏ+<ä{Ï bÕsƒê´+X¯+ <ë«sê ø£~˝Ò edüTÔe⁄\T >∑‹» X¯øÏÔì ø£*– ñ+{≤j·Tì #·]Ã+#ê+.  ªdæú‹» X¯øÏÔμ
nH˚~ ì\« ñqï X¯øÏÔì dü÷∫+#˚ uÛÖ‹ø£sê•. edüTÔe⁄ n;ÛcÕºìøÏ e´‹πsø£+>± #˚dæq |üì ªì\« X¯øÏÔμ ˝Ò<ë
dæú‹» X¯øÏÔ>± e÷s¡T‘·T+~. dü+|”&É´+ ˝Ò<ë kÕ>∑Bdæq ÁdæŒ+>¥, Ç+{Ïô|’ ñ+&˚ {≤´+ø˘ ˝Ò<ë Äqø£≥º˝À
ì\«#˚dæq ˙{ÏøÏ, m‘·TÔ˝À m–πs edüTÔe⁄øÏ, <ÛäqdüT‡ qT+∫ $&ÉT<ä\øÏ dæ<ä∆+>± ñqï u≤D≤ìøÏ dæú‹»X¯øÏÔ
ñ+≥T+~. dæú‹» X¯øÏÔì eTq dæús¡$<äT´‘·TÔ˝À ≈£L&Ü #·÷kÕÔ+.

edüTÔe⁄øÏ kÕúq+ ˝Ò<ë $Hê´dü+ (configuration) e\¢ e#˚Ã X¯øÏÔ ` dæú‹» X¯øÏÔ. >∑Ts¡T‘·« πøåÁ‘·+˝Àì
edüTÔe⁄ bı+<˚ >∑Ts¡T‘·« dæú‹» X¯øÏÔ. >∑Ts¡T‘·« πøåÁ‘·+˝Àì edüTÔe⁄ bı+<˚ >∑Ts¡T‘·« dæú‹»X¯øÏÔ BìøÏ ˇø£ eTTK´yÓTÆq
‘êsêÿD+. Bìï eT]+‘· ns¡ú+ #˚düTø=+<ë+.
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5.4.1 >∑Ts¡T‘·« πøåÁ‘·+˝À dæú‹»X¯øÏÔ

ˇø£ e´øÏÔ m Á<äe´sê• >∑\ edüTÔe⁄qT uÛÑ÷$T
jÓ≠ø£ÿ ñ|ü]‘·\+ô|’  h1 m‘·TÔ qT+&ç h2 m‘·TÔ≈£î m‘êÔ&ÉT
nqT≈£î+<ë+. n+‘˚ ø±≈£î+&Ü >∑Ts¡T‘·« ‘·«s¡D+ $\Te
dæús¡+>± ñ+≥T+<äì }Væ≤<ë›+. >∑Ts¡T‘ê«ø£s¡̧D ã˝≤ìøÏ
e´‹πsø£+>± Á<äe´sê•ì kÕúqÁuÛÑ+X¯+ #Ó+~+∫q <ä÷s¡+
h = (h2 – h1). á >∑Ts¡T‘ê«ø£s¡̧D ã\+ jÓ≠ø£ÿ |ü]e÷D+
∞M. Ç~ øÏ+~ ~X¯̋ À |üì#˚düTÔ+~. n+<äTe\¢ Ä e´øÏÔ
e\¢ »]–q |üì

W = ã\+ I <ä÷s¡+
W = mgh ... (5.17)

Çø£ÿ&É »]–q |üì <ÛäHê‘·àø£+ eT]j·≠ Ç~ m
Á<äe´sê• >∑\ edüTÔe⁄˝À X¯øÏÔ>± ì\« ñ+≥T+~. Á|ü<˚X¯+˝À ‘·q kÕúq+e\¢ edüTÔe⁄≈£î e∫Ãq á X¯øÏÔì >∑Ts¡T‘·«
dæú‹»X¯øÏÔ nì n+{≤s¡T. á edüTÔe⁄ |üì #˚j·T&ÜìøÏ düeTs¡∆‘· ø£*– ñ+≥T+~. á Á<äe´sê•ì ùd«#·Ã¤>± e~*y˚ùdÔ,
n~ øÏ+<ä≈£î |ü&çb˛‘·T+~ eT]j·≠ øÏ+<ä≈£î |ü&˚≥|üÒ&ÉT ø=+‘· |üì#j̊·T>∑\T>∑T‘·T+~. ñ<ëVü≤s¡D≈£î á Á<äe´sê•ì
ø£|”Œ MT<äT>± b˛s≠q ˇø£ r>∑≈£î düÁø£eT+>± ø£*|æ‘˚ n~ eTs=ø£ Á<äe´sê•ì ô|’øÏ m‘·Ô>∑\T>∑T‘·T+~.

edüTÔe⁄ jÓ≠ø£ÿ ‘=* m‘·TÔ  h1 qT eTq Çwüº Á|üø±s¡+ m+#·Tø√e#·TÃ.  Çø£ÿ&É m‘·TÔ̋ Àì e÷s¡TŒ (h2 – h1)
e÷Á‘·y˚T ÁbÕe≠K´‘· >∑\~. Çø£ÿ&É X¯Sq´ dæú‹»X¯øÏÔ kÕúq+ nH˚~ eTq Çwüº Á|üø±s¡+ m+#·Tø√e#·TÃ. Á|ü<˚X¯+˝À @
_+<äTe⁄HÓ’Hê X¯Sq´ dæú‹»X¯øÏÔ kÕúq+>± mqTïø√e#·TÃ. kÕ<Ûës¡D+>± uÛÑ÷$T ñ|ü]‘·\+ô|’ ñqï ˇø£ _+<äTe⁄qT
X¯Sq´ dæú‹»X¯øÏÔ >∑\ ìπs›X¯ _+<äTe⁄>± rdüTø=+{≤+.

5.4.2 ÁdæŒ+>¥ dæú‹» X¯øÏÔ

ÇcÕºìøÏ e´‹πsø£+>±, ÁdæŒ+>¥ì kÕ>∑BùdÔ, <ëH√¢ dæú‹» X¯øÏÔ ì\« ñ+≥T+~.

F = –kx (5.18)

x = x

x =0

W = F.dx (5.19)

21W = kx.dx = kx
2



Ç<˚ ÁdæŒ+>¥˝À dæú‹kÕú|üø£ dæú‹»X¯øÏÔ>± ì\« ñ+≥T+~.

21U = kx
2 (5.20)

ÁdæŒ+>¥ì e~*‘˚, <ëH√¢ì dæú‹»X¯øÏÔ >∑‹»X¯øÏÔ>± e÷] n~ eTT+<äTøÏ yÓqøÏÿ ø£<äT\T‘·T+~. ø±\Ã&ÜìøÏ
dæ<ä∆+>± ñqï ‘·TbÕø°˝À, m≈£îÿô|{Ïºq u≤D+˝À Ç<˚ dü÷Á‘êìï #·÷&Ée#·TÃ.

|ü≥+. 5.8 : uÛÑ÷$T ñ|ü]‘·\+ qT+&ç h1

m‘·TÔq ñqï m Á<äe´sê•ì h2 m‘·TÔ≈£î rdüT≈£îyÓfi¯flã&ç+~.

|ü≥+.  5.9 : ÁdæŒ+>¥ ` Á<äe´sê• e´edüú
$wüj·T+˝À dæú‹kÕú|üø£ dæú‹» X¯øÏÔ
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5.5   X¯øÏÔ ì‘·́ ‘·«+

eTq #·T≥÷º #·÷ùdÔ nH˚ø£ s¡ø±\ X¯≈£îÔ\T ñ+{≤s≠. ø±ì yê{Ï˝À ø=ìï e÷Á‘·y˚T $T>∑‘êyê{Ï ø£+fÒ
eTq≈£î u≤>± ‘Ó*dæq$. ñ<ëVü≤s¡D≈£î $<äT´‘YX¯øÏÔ, ñwüíX¯øÏÔ, >∑s¡T‘·«X¯øÏÔ, s¡kÕj·Tq X¯øÏÔ eT]j·≠ nDTX¯øÏÔ
yÓ≠<ä˝…’q$.  á X¯≈£îÔ\ eT<Ûä´ <ä>∑Zs¡ dü+ã+<Ûä+ ñ+~. n+fÒ X¯≈£îÔ\qT ˇø£ s¡÷|ü+ qT+&ç eTs=ø£ s¡÷|ü+˝ÀøÏ
e÷s¡TÃe#·TÃ Çø£ÿ&É X¯øÏÔ >∑T]+∫q ˇø£ ÁbÕ<∏ä$Tø£ ìj·TeT+ ñ+~. BH˚ï X¯øÏÔ ì‘·´‘·« ìj·TeT+ n+{≤s¡T.
ªªÇ~ ˇø£ $j·≠ø£Ô e´edüú jÓ≠ø£ÿ yÓ≠‘·Ô+ X¯øÏÔ m|üÒ&É÷ dæús¡+>± ñ+≥T+~μμ nì Á|üe∫+#·e#·TÃ. X¯øÏÔ ‘·q
s¡÷bÕìï e÷s¡TÃø√e#·TÃ. Ç~ ˇø£ s¡÷|ü+˝À qT+&ç eTs=ø£ s¡÷|ü+˝ÀøÏ e÷s¡TŒ #Ó+<äe#·TÃ. ø±ì e´edüú
yÓ≠‘·Ô+ X¯øÏÔ e÷Á‘·+ e÷s¡TŒ #Ó+<ä<äT. ˇø£ $j·≠ø£Ô e´edüú˝À @<√ ˇø£ s¡÷|ü+˝Àì X¯øÏÔ qwüºb˛‘˚ n+‘˚
|ü]e÷D+>∑\ X¯øÏÔ eTs=ø£ s¡÷|ü+˝ÀøÏ ‹]– bı+<äT‘ê+. Ä $<Ûä+>± X¯øÏÔì düèwæº+#·˝Ò+ eT]j·≠ HêX¯q+
#˚j·T˝Ò+. á $X¯´+ ≈£L&Ü ˇø£ $j·≠ø£Ô e´eùdú. m+<äTø£+fÒ BìøÏ yÓ\T|ü\ eTπsMT ˝Ò<äT. n+<äTπø á
$X¯«+˝À ñqï X¯øÏÔ˝À Á|ü‹ø£åD+ nH˚ø£ e÷s¡TŒ\T »s¡T>∑T‘·÷ ñqï|üŒ{ÏøÏì $X¯«+˝Àì yÓ≠‘·Ô+ X¯øÏÔ dæús¡+>±
ñ+≥T+~. Ç~ >=|üŒ ÁbÕe≠K´‘·>∑\ ìj·TeT+. Ç~ $C≤„q XÊÅdüÔ+˝À nH˚ø£ ø=‘·Ô Ä$wüÿs¡D\≈£î e÷s¡TŒ
#·÷|æ+~.  Ç+‘·es¡≈£î Ç~ $|òü\+ ø±˝Ò<äT.

<∏äs¡à˝Ÿ $<äT´‘Y πø+Á<ä+˝À H˚\ u§>∑TZ jÓ≠ø£ÿ s¡kÕj·Tq
X¯øÏÔ $<äT´‘YX¯øÏÔ>± e÷s¡TŒ #Ó+<äT‘·T+~. á $<äT´‘Y X¯øÏÔ
j·T+Á‘ê\qT q&ÉT|ü⁄‘·T+~. á j·T+Á‘ê˝À¢ $<äT´‘Y X̄øÏÔ j·÷+Á‹ø£
X¯øÏÔ>±, ø±+‹ X¯øÏÔ>± ˝Ò<ë ñwüíX¯øÏÔ>± e÷s¡TŒ #Ó+<äT‘·T+~.

á X¯ø Ï Ô ì‘·´‘ ·« ìj·TeT+ eTq+ Ä˝À∫+#˚
}Væ≤+#˚<ëìø£+fÒ n‹kÕe÷q´yÓTÆq~. á ìj·TeT+ n‹ô|<ä›
Á>∑Vü‰\T, qø£åÁ‘ê\ qT+&ç  n‹∫qï πø+Á<äø£ ø£D≤\ es¡≈£î
nqTe]Ô+#·ã&ÉT‘·T+~.

(a) ùd«#êÃ¤|ü‘·q edüTÔe⁄ $wüj·T+˝À j·÷+Á‹ø£ X¯øÏÔ
ì‘·´‘·«+:  j·÷+Á‹ø£ X¯øÏÔ $wüj·T+˝À X¯øÏÔ ì‘·´‘·«
ìj·TeT+ Hê´j·Tã<ä∆‘·qT |üØøÏå<ë›+. Ç~ eTq¬ø+‘√
ÄdüøÏÔ ø£*–+#˚ n+X¯+.

uÛÑ÷$T ñ|ü]‘·\+ô|’ ñqï m Á<äe´sê• >∑\ edüTÔe⁄qT
h m‘·TÔ≈£î rdüT≈£î yÓfi≤¢+ nqTø√+&ç. »]–q |üì mgh, ne⁄‘·T+~. Ç~ dæú‹X¯øÏÔ>± ì\« ñ
+≥T+~. Ç|üÒ&ÉT á edüTÔe⁄qT ùd«#êÃ¤>± |ü‘·q+ #Ó+~+#êe≠ nqTø√+&ç. á edüTÔe⁄ h1

<ä÷s¡+ |ü&çq ‘·s¡yê‘·, Ä edüTÔe⁄ jÓ≠ø£ÿ X¯øÏÔì >∑DÏ<ë›+. uÛÑ÷$T ñ|ü]‘·\+ qT+&ç á edüTÔe⁄
jÓ≠ø£ÿ m‘·TÔ h2 = (h – h1) ñ+≥T+~ |ü≥+ (5.10). á _+<äTe⁄ P e<ä› edüTÔe⁄ dæú‹X¯øÏÔ =
mgh2.

edüTÔe⁄ ùd«#êÃ¤>± |ü&ÉT‘·Tqï|üÒ&ÉT edüTÔe⁄ ‘·«s¡D+ #Ó+~ e&çì bı+<äT‘·T+~.  h m‘·TÔ qT+&ç
edüTÔe⁄ h

1
 <ä÷s¡+ |ü&çq ‘·s¡yê‘· Ä edüTÔe⁄ e&çì ø£qT>=+<ë+.

|ü≥+.  5.10 : uÛÑ÷$T ñ|ü]‘·\+ô|’ qT+&ç
Á<äe´sê•ì h m‘·TÔ≈£î m‹ÔHês¡T.  ‘·s¡Tyê‘· h2 m‘·TÔ
e<ä› >∑\ P _+<äTe⁄ e<ä›≈£î e∫Ã P _+<äTe⁄ e<ä›
yÓTT‘·Ô+ X¯øÏÔ  h m‘·TÔ e<ä› yÓTT‘·Ô+ X¯øÏÔøÏ düe÷q+

h1

h

h2

P
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#·\q düMTø£s¡D+ v² = u² + 2gs (5.21)
Çø£ÿ&É h m‘·TÔe<ä› ‘=*y˚>∑+ u,  n+fÒ, u = 0 eT]j·≠

s = h1.  ø±ã{Ïº (edüTÔe⁄ P _+<äTe⁄ es¡≈£î Á|üj·÷D+ #˚dæq <ä÷s¡+)
n+<äTe\¢ v² = 2gh1

   P _+<äTe⁄ e<ä› >∑‹X¯øÏÔ
21K.E = mv

2

1
m= × 2gh
2

= mgh1 (5.22)
P _+<äTe⁄ e<ä› yÓ≠‘·Ô+ X¯øÏÔ

   >∑‹X¯øÏÔ  + dæú‹X¯øÏÔ = mgh1+ mgh2

 = mgh (5.23)
Ç~ >∑]wü˜ _+<äTe⁄ e<ä› >∑\ dæú‹X¯øÏÔ‘√ düe÷q+>± ñ+~. n+fÒ yÓ≠‘·Ô+ X¯øÏÔ ì‘·´‘·«+ ø±ã&ç+~.

(b) ÅdæŒ+>¥ qT+&ç &√\q+ #Ó+<äT‘·Tqï Á<äe´sê•øÏ X¯øÏÔ ì‘·´‘·«+: |ü≥+ 5.11 ˝À #·÷|æq $<Ûä+>±
øÏå‹» düe÷+‘·s¡ ‘·\+ô|’ ñqï ˇø£ ÅdæŒ+>¥ jÓ≠ø£ÿ ˇø£ ø=qqT ˇø£ <äè&ÛÉyÓTÆq >√&É≈£î _–+∫,
<ëì ¬s+&Ée ø=q≈£î ˇø£ #Óø£ÿ ~yÓTàqT ‘·–*+#ês¡T. ÅdæŒ+>¥ $sêeT dæú‹˝À ñqï|üÒ&ÉT, ÅdæŒ+>¥
jÓ≠ø£ÿ ùd«#êÃ¤ø=q x0 e<ä› ñ+~. m Á<äe´sê• ø£*–q ˇø£ ~yÓTà v e&ç‘√ ÅdæŒ+>¥ >∑\ düs¡fi¯πsK
~X¯˝À #·*dü÷Ô ÅdæŒ+>¥ ùd«#êÃ¤ø=q‘√ n_Û|òü÷‘·+#Ó+~ ÅdæŒ+>¥qT xm dü+|”&Éq+ #Ó+~+∫+~. Ç<˚

>∑]wü˜ dü+|”&Éq+. x0 e<ä› ÅdæŒ+>¥`Á<äe´sê• e´edüú jÓ≠ø£ÿ yÓ≠‘·Ô+ X¯øÏÔ 21 mv
2 . Ç~ Ä Á<äe´sê•

jÓ≠ø£ÿ >∑‹X¯øÏÔ. ÅdæŒ+>¥ jÓ≠ø£ÿ dæú‹X¯øÏÔ X¯Sq´+.  >∑]wü˜ dü+|”&Éq _+<äTe⁄ e<ä› ÅdæŒ+>¥ dæú‘·X¯øÏÔ

2
m

1 k x
2  eT]j·≠ Á<äe´sê• >∑‹X¯øÏÔ X¯Sq´+. Ç|üÒ&ÉT yÓ≠‘·Ô+ X¯øÏÔ  2

m
1 k x
2  ne⁄‘·T+~. nq>±,

|ü≥+. 5.11 : m Á<äe´sê• >∑\ ~yÓTà øÏå‹» düe÷+‘·s¡ ‘·\+ô|’  v  y˚>∑+‘√ #·*dü÷Ô ÅdæŒ+>¥‘√
n_Û|òü÷‘·+ #Ó+~+~. >∑]wü̃ dü+|”&Éq+ xm ñ+~

x

v

m

x0

xm

0

0
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2 2
m

1 1k x = mv
2 2 (5.24)

>∑‹X¯øÏÔ + dæú‹X¯øÏÔ (n_Û|òü÷‘êìøÏ e≠+<äT) = >∑‹X¯øÏÔ + dæú‹X¯øÏÔ (n_Û|òü÷‘êìøÏ ‘·s¡yê‘·)

2 2
m

1 1mv + 0 = 0 + kx
2 2 (5.25)

n+fÒ,  yÓ≠‘·Ô+ X¯øÏÔ ì‘·´‘·«+ ns≠´+~.

πø+Á<äø£ #·s¡´˝À¢ Á<äe´sê•`X¯øÏÔ ì‘·´‘·«+

nDTX¯øÏÔ Ç‘·s¡ X¯≈£îÔ\≈£î _ÛqïyÓTÆq~. Bìì Ç‘·s¡ X¯≈£îÔ\qT e÷s¡TŒ#˚dæ bı+<ä̋ Òe≠. Á<äe´sê•ì X¯øÏÔ̋ ÀøÏ
e÷s¡Ã&É+e\¢ e÷Á‘·y˚T nDTX¯øÏÔì bı+<ä>∑\+.

n+<äT#˚ πø+Á<äø£ #·s¡́ ˝À¢ Á<äe´sê• ì‘·́ ‘·« ìj·TeT+ X¯øÏÔ ì‘·́ ‘·« ìj·TeT+ ◊ø£́ yÓTÆ Á<äe´sê•`X¯øÏÔ
ì‘·́ ‘·« ìj·TeT+ nH˚ @ø£ìj·TeT+>± ‘·j·÷s¡e⁄‘·T+~.

ñ<ëVü≤s¡D 5.6

0.5 kg  Á<äe´sê•>∑\ ˇø£ ~yÓTà 2.5  MT
m‘·TÔ qT+&ç, ˇø£ qTqTô|’q eÁø£‘·\+ô|’ øÏ+<ä≈£î
C≤s¡T‘·÷, øÏå‹» düe÷+‘·s¡ ‘·\+ô|’ >∑\ B nH˚
_+<äTe⁄qT #˚]+~. (|ü≥+ 5.12) X¯øÏÔ ì‘·´‘·«
ìj·TeT+ Á|üø±s¡+ (i) A _+<äTe⁄ e<ä› ~yÓTà
jÓ≠ø£ÿ X¯øÏÔ eT]j·≠ (ii) B _+<äTe⁄ e<ä› ~yÓTà
e&çì >∑DÏ+#·+&ç.

kÕ<Ûäq:
(i) A e<ä› dæú‹X¯øÏÔ

= mgh = (0.5) × (9.8) × 2.5 J
= 4.9 × 2.5 J = 12.25 J

A e<ä› >∑‹X¯øÏÔ = 0 and

 yÓ≠‘·Ô+ X¯øÏÔ = 12.25 J

(ii) A _+<äTe⁄ e<ä› ~yÓTà jÓ≠ø£ÿ yÓ≠‘·Ô+ X¯øÏÔ, B _+<äTe⁄ e<ä› ~yÓTà jÓ≠ø£ÿ yÓ≠‘·Ô+ X¯øÏÔ‘√
düe÷q+ ø±yê*.

A _+<äTe⁄ e<ä› yÓ≠‘·Ô+ X¯øÏÔ (P.E. + K.E.) = 12.25 J

B _+<äTe⁄ e<ä› yÓ≠‘·Ô+ X¯øÏÔ(P.E. + K.E.) = 21 mv
2

Fig. 5.12 : A block slides on a curved surface. The total
energy at A (potential only) gets converted into total

energy at B (kinetic only)

A

B

2.5m
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B _+<äTe⁄ e<ä› dæú‹X¯øÏÔ X¯Sq´+ ø±ã{Ïº, yÓ≠‘·Ô+ X¯øÏÔ >∑‹X¯øÏÔ e÷Á‘·y˚T

21 mv = 12.25
2



2 12.25 × 2v =
0.5 = 12.25 × 4

v² = 49.00

n+<äTe\¢ v = 7.0 ms–1

>∑eTìø£:  Bìì #·\q düMTø£s¡D+ qT+&ç ≈£L&Ü sêã≥ºe#·TÃ.
2 2

0v = v + 2gx

   = 0 + 2 × 9.8 × 2.5
v² = 49
v = 7 ms–1

5.6   kÕeTs¡ú́ +

MTs¡T Ç+‘·≈£î e≠+<äT ˇø£ ã\+ e\¢ »]–q |üìì >∑DÏ+∫ ñHêïs¡T. Ä >∑Dq˝À, »]–q |üì ˇø£
ôdø£qT˝À »]–+<ë Ò̋ø£ ˇø£ >∑+≥˝À »]–+<ë nH˚ $wüj·÷ìï |ü]>∑DÏ+#·̋ Ò<äT. ø±ì eTq ì» J$‘·+˝À ˇø£
ì]›wüºyÓTÆq |üì #˚j·T&ÜìøÏ |ü{Ïºq düeTj·T+ #ê˝≤ ÁbÕe≠K´yÓTÆq~. ñ<ëVü≤s¡D≈£î ˇø£ e´øÏÔ ˇø£ Á≥≈£îÿ˝À dæyÓT+≥T
ãkÕÔ\T ì+|ü&ÜìøÏ nH˚ø£ >∑+≥\ düeTj·÷ìï rdüT≈£î+fÒ, n<˚ |üìì ˇø£ j·T+Á‘·+ n‹ ‘·≈£îÿe düeTj·T+˝À
#˚j·T>∑\T>∑T‘·T+~. ø±ã≥º |üì @ πs≥Tq »s¡T>∑T‘·T+~ nH˚~ ‘Ó\TdüTø√e&É+ e≠K´+.

|üì »]π> πs≥TH˚ kÕeTs¡ú´+ n+{≤s¡T.

= =»]–q |ìü $ìjÓ÷–+∫q X¯øÔÏkÕeTsú́¡ +
ø±\+ ø±\+

>∑DÏ‘· s¡÷|ü+˝À øÏ+~ $<Ûä+>± ÁyêkÕÔe≠.
ΔW ΔEP = =
Δt Δt (5.26)

|üì »]π> πs≥T dæús¡+>± ñ+&É≈£î+&Ü, ø±\+‘√bÕ≥T Ç~ e÷s¡T‘·÷ ñ+&Ée#·TÃ. n≥Te+≥|üÒ&ÉT
eTq+ ‘·ø£åD kÕeTs¡ú´+ P qT ìs¡«∫kÕÔ+.

‘·ø£åD kÕeTs¡ú´+ Δt 0

ΔW dWP = Lim =
Δt dt

 
 
 

(5.27)

 kÕeTsêú´ìï ã\+ y˚>±\ _+<äT \ã∆+>± sêj·Te#·TÃ. P=  F V

 kÕeTs¡ú´+ SI Á|üe÷D+ j/s. BH˚ï yê{Ÿ (W) nì ≈£L&Ü n+{≤s¡T. Ä$] j·T+Á‘êìï Ä$wüÿ]+∫q
CÒyéT‡ yê{Ÿ C≤„|üø±s¡ú+ kÕeTsêú´ìøÏ ªyê{Ÿμ nH˚ Á|üe÷D≤ìï ô|{≤ºs¡T.
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CÒyéT‡ yê{Ÿ (James Watt) (1736–1819)

yÓTø±ìø£̋ Ÿ Ç+»˙sY, kÕÿ{Ïwt ÇHÓ«+≥sY ns≠q CÒyéT‡yê{Ÿ Ä$] j·T+Á‘·+
jÓ≠ø£ÿ <äø£å‘·qT n_Ûeè~∆#˚dæq Á|üe≠KT&ÉT. á |òüT≥q j·÷+Á‹ø£ $|ü¢yêìøÏ
<ë]rdæ+~. Ç‘·&ÉT kÕeTsêú́ ìøÏ Á|üe÷D+>± nX̄« kÕeTs¡ú́ + |ü]#·j·T+#̊XÊ&ÉT.
Ç‘·&ç >ös¡yês¡ú+ kÕeTsêú́ ìøÏ SI Á|üe÷D≤\T yê{Ÿ>± HêeTø£s¡D+ #˚kÕs¡T.
CÒyéT‡yê{Ÿ Ä$wüÿs¡D˝À¢ e≠K´yÓTÆq$ Ä$] j·T+Á‘·+ eT]j·≠ f…*k˛ÿ|t <ë«sê
<ä÷sêìï ø=\e&Üìï #˚dæq dü+\>∑ï+.

kÕeTsêú´ìøÏ ô|<ä› Á|üe÷D+ nX¯«kÕeTs¡ú´+(hp)

1 hp = 746 W

kÕeTs¡ú´+ Á|üe÷D+ (w)ì ñ|üjÓ÷–+∫ |üì(X¯øÏÔ)øÏ Á|üe÷D≤ìï ìs¡«∫+#ês¡T. n~ øÏ˝Àyê{Ÿ ` >∑+≥
(kwh), Bìï $<äT´‘Y X¯øÏÔ $ìjÓ÷>∑ j·T÷ì{Ÿ>± yê&ÉT‘ê+.

31 kwh = 1× 10 × J/s × 60 × 60s

51kwh = 36 × 10 J = 3.6 MJ  (yÓT>± CÖ˝Ÿ‡)

• kÕeTsêú´ìï dü+<äs√“¤∫‘·+>± øÏ+~ $<Ûä+>± ≈£L&Ü sêkÕÔs¡T.

2KE 1/2mvP = =
tø±\+

(5.28)

mghP = =
t

dæú‹» X¯øÔÏ
ø±\+

(5.29)

ñ<ëVü≤s¡D 5.7

ˇø£ Á≥≈£îÿ |ü+#·<ës¡ ãkÕÔ\‘√ ì+|üã&ç+~. |ü+#·<ës¡ eT]j·≠ Á≥≈£îÿ\ yÓ≠‘·Ô+ Á<äe´sê• 1,00,000
øÏ.Á>±. á Á≥≈£îÿ eÁø£ e÷s¡Z+˝À 700 MT m‘·TÔ>∑\ ˇø£ |üs¡«‘·+ ô|’øÏ 1 >∑+≥˝À yÓfi¯¢>∑\<äT. kÕe÷Á–ì
m‘·Ô&É+˝À Ç+»Hé m+‘· dü>∑≥T kÕeTsêú´ìï ñ‘·Œ‹Ô #˚düTÔ+~?

kÕ<Ûäq:
   W = mgh

= (100,000 kg) × (9.8 m s–2 × 700 m)
= 9.8 × 7 × 107 J
= 68.6 × 107J

|ü{Ïºq ø±\+  = 1 hour = 60 × 60 s

= 3600 s
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dü>∑≥T kÕeTs¡ú´+  P = W / t

768.6 × 10 J=
3600 s

= 1.91 × 105 watt

ø±ì,  746 W = 1 hp nì eTq≈£î ‘Ó\TdüT.

5
21.91× 10P = = 2.56 × 10 = 256 hp

746

ñ<ëVü≤s¡D 5.8

»\ $<äT´‘Y πø+Á<ä+˝À |ü&ÉT‘·Tqï ˙{Ïì ˇø£ X¯øÏÔ es¡qT>± ñ|üjÓ÷–+#·T≈£îì ≥¬s“ÌHé ‹|æŒ, $<äT´‘YqT
ñ‘·Œ‹Ô #˚düTÔ+~. ˇø£ »\ $<äT´‘Y πø+Á<ä+˝À 1 ôd≈£qT ø±\+˝À 1000  × 103 øÏÁ>± ˙s¡T 51  MT m‘·TÔ
qT+&ç |ü&ÉT‘·Tqï~.

(i) Ä |ü&ÉT‘·Tqï ˙s¡Te\¢ »]–q |üì m+‘·?
(ii) Ä<äs¡Ù |ü]dæú‘·T˝À¢ ñ‘·Œ‹Ô #˚dæq $<äT´‘Y m+‘·?

kÕ<Ûäq:

(i) m‘·TÔ˝À ñqï|üÒ&ÉT ˙{Ï jÓ≠ø£ÿ dæú‹X¯øÏÔ

PE = Work = mgh
= (1000 × 103 kg) × (9.8ms–2) × (51 m)

PE = W = 500 × 106 J

(ii) ˙s¡T ‘·q yÓ≠‘·Ô+ dæú‹X¯øÏÔì ø√˝ÀŒ‘·T+~. á yÓ≠‘·Ô+ X¯øÏÔ ≥¬s“ÌHé #·Áø±\qT ‹|üŒ&ÜìøÏ ø±e\dæq
X¯øÏÔ>± e÷s¡TŒ #Ó+<äT‘·T+~. ø±ã{Ïº,

6W 500 × 10 JP = =
t 1s

 = 500 × 106 watt
PE = 500 MW

bÕsƒ¡+˝Àì Á|üX¯ï\T  5.4

1. 100 kg  Á<äe´sê• >∑\ edüTÔe⁄ 10 s ø±\+˝À 8 m \ m‘·TÔ≈£î m‘·Ôã&ç+~. m‹Ôq e´øÏÔ jÓ≠ø£ÿ
kÕeTsêú´ìï ˝…øÏÿ+#·+&ç.

2. 10hp ì øÏ˝Àyê{Ÿ˝ÀøÏ e÷s¡Ã+&ç.
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3. 1000 kg Á<äe´sê•‘√ ñ+&˚ ø±s¡T 90 kmh–1 e&ç‘√ Á|üj·÷DÏk˛Ô+~. ÁuÒ≈£î\T y˚dæq ‘·s¡Tyê‘·
n~ 15 m  Á|üj·÷DÏ+∫ Ä–b˛‘·T+~. ÁuÒ≈£î\T ø£\T>∑CÒdæq dü>∑≥T ã\+ m+‘·? ÁuÒ≈£î\T y˚dæq
25 ôdø£q¢≈£î ø±s¡T Ä–b˛‘˚ ÁuÒ≈£î\ dü>∑≥T kÕeTs¡ú´+ m+‘·?

4. ø±s¡T j·T+Á‘·+ Á|üjÓ÷–+∫q 4000 N ã\+‘√ ø±s¡T 72 kmph e&ç‘√ ø£~*‘˚, j·T+Á‘·+ kÕeTs¡ú´+
m+‘·?

 5.7   ì‘·´‘·«, nì‘·´‘·« ã˝≤\T

(a) ì‘·´‘·« ã˝≤\T:  ˇø£ edüTÔe⁄ô|’ >∑Ts¡T‘ê«ø£s¡¸D ã˝≤\T
#˚dæq |üì Ä edüTÔe⁄ jÓ≠ø£ÿ Á<äe´sê• eT]j·≠ ì\Te⁄
kÕúqÁuÛÑ+XÊ\ \ã∆+ô|’ Ä<Ûës¡|ü&ç ñ+≥T+~ nì MT≈£î
‘Ó\TdüT. ˇø£ edüTÔe⁄qT >∑Ts¡T‘·«+˝À A nH˚ _+<äTe⁄
qT+&ç B nH˚ _+<äTe⁄≈£î ø£~*ùdÔ (|ü≥+ 5.13(a))
>∑Ts¡T‘·«+ #˚dæq |üì πøe\+ Ä ¬s+&ÉT _+<äTe⁄\ eT<Ûä´
ì{≤s¡T <ä÷s¡+ô|’ Ä<Ûës¡|ü&ç ñ+≥T+~. A qT+&ç B
_+<äTe⁄≈£î #˚s¡&ÜìøÏ yÓfi‚¢ e÷s¡Z+ô|’ Ä<Ûës¡|ü&ç ñ+&É<äT.
á ìj·Te÷ìï bÕ{Ï+#˚ ã˝≤ìï ì‘·´‘·« ã\+ nì
n+{≤s¡T. >∑Ts¡T‘ê«ø£s¡¸D ã\+, dæú‹kÕú|üø£, dæús¡$<äT´‘Y
ã\+ e+{Ï$ ì‘·´‘·« ã˝≤\≈£î ø=ìï ñ<ëVü≤s¡D\T.

ˇø£ ì‘·́ ‘·« ã\+ #̊dæq |üì edüTÔe⁄ Á|üj·÷DÏ+∫q e÷s¡Z+ô|’
Ä<Ûës¡|ü&ç ñ+&É<äT. Ç<˚ ì‘·´‘·« ã\+ <Ûäs¡à+. |ü≥+ 5.13(a) ˝À

WAB  (1 yÓ+ã&ç) = WAB(2 yÓ+ã&ç) |ü≥+ 5.13b ˝À
≈£L&Ü edüTÔe⁄ ¬s+&ÉT kÕúHê\qT #·÷|üã&Ü¶s≠.

edüTÔe⁄ A qT+&ç B≈£î 1e e÷s¡Z+˝À #·*+∫, ‹]– B qT+&ç A ≈£î ¬s+&Ée e÷s¡Z+˝À ‹]– e∫Ã+~.
ìs¡«#·q+ Á|üø±s¡+ 1 e e÷s¡Z+ yÓ+ã&ç ì‘·́ ‘·« ã\+ e\¢ »]–q |üì, 2e e÷s¡Z+ yÓ+ã&ç ì‘·́ ‘·« ã\+ e\¢
»]–q |üìøÏ düe÷q+ eT]j·≠ e´‹πsø£+>± ñ+≥T+~.

WAB  (1e e÷s¡Z+ yÓ+ã&ç) = `WAB(2e e÷s¡Z+ yÓ+ã&ç)

˝Ò<ë WAB + WBA  = 0

á |òü*‘·+ ì‘·́ ‘·« ã\+ jÓ≠ø£ÿ ̌ ø£ e≠K´ <Ûäsêàìï ‘Ó*j·T#˚düTÔ+~. n~ @$T≥+fÒ, edüTÔe⁄ ̌ ø£ dü+eè‘·
|ü<∏ä+˝À ‹s¡T>∑T‘·÷, ‹]– ‘·q ‘=* kÕúHêìøÏ #˚s¡T≈£î+fÒ, Ä edüTÔe⁄ô|’ ì‘·́ ‘·« ã\+e\¢ »]–q |üì X¯Sq´+.

(b) nì‘·´‘·« ã\+:  |òüTs¡¸D ã\+ nH˚~ nì‘·´‘·« ã˝≤ìøÏ ˇø£ eT+∫ ñ<ëVü≤s¡D. |ü≥+ 5.14
ˇø£ >∑s¡T≈£î øÏå‹» düe÷+‘·s¡ ‘·˝≤ìï dü÷∫düTÔ+~. á ‘·\+ô|’ m Á<äe´sê•>∑\ ˇø£ ~yÓTà A
_+<äTe⁄ qT+&ç v e&ç‘√ #·*düTÔqï~.

(a) edüTÔe⁄  A qT+&ç B ≈£î ¬s+&ÉT y˚s¡T
y˚s¡T e÷sêZ̋ À¢ #·*+∫+~.

(b) A qT+&ç B ≈£î 1e e÷s¡Z+˝À
Á|üj·÷DÏ+∫q, 2e e÷s¡Z+ yÓ+ã&ç

yÓqø£≈£î rdüT≈£îsêã&ç+~.

|ü≥+. 5.13
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düs¡fiπ̄sU≤ e÷s¡Z+˝À ø=+‘· <ä÷s¡+ Á|üj·÷DÏ+∫q ‘·s¡yê‘·, B _+<äTe⁄ e<ä› ~yÓTà Ä–b˛s≠+~. Ä

~yÓTà≈£î A _+<äTe⁄ e<ä› >∑‹X¯øÏÔ  21E = mv
2  qT ø£*– ñ+~. B _+<äTe⁄ e<ä› Ä ~yÓTà dæú‹X¯øÏÔ >±ì, >∑‹X¯øÏÔ>±ì

ø£*– ñ+&É<äT.  Ä ~yÓTà yÓ≠‘·Ô+ X̄øÏÔì ø√˝ÀŒs≠+~. á X̄øÏÔ @eTs≠+<√ MT≈£î ‘Ó\TkÕ? n~ s¡÷bÕìï e÷s¡TÃ≈£î+~.
|òüTs¡̧D ã˝≤ìøÏ e´‹πsø£+>± |üì »]–+~ ̋ Ò<ë |òüTs¡̧D ã\+ ~yÓTàô|’ s¡TD≤‘·àø£ |üì #˚dæ+~. Çø£ÿ&É edüTÔe⁄ jÓ≠ø£ÿ
>∑‹X¯øÏÔ e´edüú̋ À ñwüíX¯øÏÔ>± e÷s¡TŒ#Ó+~+~. Ç|üÒ&ÉT n+‘˚ >∑‹X¯øÏÔ A ø£*–q ~yÓTàqT A qT+&ç B ≈£î eTs=ø£
bı&ÉyÓ’q e÷s¡Z+ 2 yÓ+ã&ç rdüT≈£îyÓfi¯fl+&ç. Ç~ B _+<äTe⁄qT #˚s¡̋ Òø£b˛e#·TÃ.  n~ B _+<äTe⁄ #˚s¡ø£ e≠+<˚
Ä–b˛e#·TÃ. Bì ns¡ú+ @$T≥+fÒ, á e÷s¡Z+˝À Á|üj·÷DÏ+#·{≤ìøÏ m≈£îÿe |üì #˚j·Te\dæ edüTÔ+~. n+fÒ
Á|üj·÷DÏ+#˚ e÷s¡Z+ô|’ »]π>|üì Ä<Ûës¡|ü&ç ñ+≥T+~.

bÕsƒ¡+˝Àì Á|üX¯ï\T 5.5

1. ABC nH˚~ ˇø£ Á‹uÛÑT»+.  Çø£ÿ&É AB øÏå‹» düe÷+‘·s¡+ eT]j·≠ BC \+ã+. uÛÑ÷C≤\
bı&Ée⁄\T es¡dü>± AB = 3 m , BC = 4 m , eT]j·≠ AC = 5 m ,  2  øÏÁ>± Á<äe´sê•>∑\
~yÓTà A e<ä› ìX¯Ã\dæú‹˝À ñ+~. ns≠‘˚ Ä ~yÓTà jÓ≠ø£ÿ dæú‹X¯øÏÔ˝Àì e÷s¡TŒ m+‘·?

(a) Ä ~yÓTàqT A qT+&ç B

(b) B qT+&ç C ≈£î

(c) C qT+&ç A rdüT≈£îe∫Ãq|üÒ&ÉT

(d) Ä edüTÔe⁄ B qT+&ç C≈£î ø£~*+∫q|üÒ&ÉT >∑Ts¡T‘ê«ø£s¡¸D
ã\+e\¢ »]–q |üì m+‘·? (<ÛäHê‘·àø£e÷ Ò̋<ë s¡TD≤‘·àø£e÷?)

2. uÛÑ÷$T ñ|ü]‘·\+ qT+&ç 10 MT m‘·TÔ˝À A _+<äTe⁄ e<ä› 0.5 øÏÁ>± Á<äe´sê•>∑\ ã+‹ ñ+~.
|üì`X¯øÏÔ dæ<ë∆+‘êìï ñ|üjÓ÷–+∫ øÏ+~ Á|üX¯ï\qT kÕ~Û+#·+&ç? ùd«#êÃ¤ |ü‘·q+˝À

|ü≥+. 5.15

|ü≥+ 5.14 >∑s¡T≈£î øÏå‹» düe÷+‘·s¡ ‘·\+ô|’ ñqï ˇø£ ~yÓTà≈£î v ‘=* y˚>∑+ Çe«≥+e\¢ n~
1e e÷s¡Z+ yÓ+ã&ç Á|üj·÷DÏ+∫, B e<ä› ìX¯Ã\dæú‹øÏ e∫Ã+~. Ç~ A e<ä› n<˚ y˚>∑+‘√

ãj·T\T<˚] 2e e÷s¡Z+ yÓ+ã&ç Á|üj·÷DÏ+∫+~
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|ü≥+. 5.17

|ü≥+. 5.18

(a) B _+<äTe⁄ e<ä› edüTÔe⁄ e&ç m+‘·?

(b) C _+<äTe⁄ e<ä› edüTÔe⁄ e&ç m+‘·?

(c) Ä edüTÔe⁄qT A qT+&ç C ≈£î rdüT≈£îsêe&ÜìøÏ >∑Ts¡T‘ê«ø£s¡¸D
ã\+e\¢ »]–q |üì  m+‘·? (dü¬s’q >∑Ts¡TÔqT Çe«+&ç)

3. ˇø£ ~yÓTà yê\T‘·\+ô|’ qT+&ç øÏ+<ä≈£î C≤s¡T‘·T+~. yê\T‘·\+ bı&Ée⁄
BC = 2 m . Ç~ øÏå‹» düe÷+‘·s¡+‘√ 300 ø√D+ #˚düTÔ+~. ~yÓTà
Á<äe´sê• 2 øÏÁ>± B _+<äTe⁄ e<ä› ~yÓTà >∑‹X¯øÏÔ
15.6 J.  nì‘·´‘·« ã\+ (|òüTs¡¸D ã\+) e\¢
qwüºb˛s≠q dæú‹X¯øÏÔ m+‘·? |òüTs¡¸D ã\+ jÓ≠ø£ÿ
|ü]e÷D+ m+‘·?

4. |ü≥+ düs¡fi¯Vü≤sê‘·àø£ #·\q+ #˚düTÔqï ˇø£ \|òü≠˝À\ø£+
jÓ≠ø£ÿ X¯øÏÔ (E) eT]j·≠ kÕúqÁuÛÑ+X¯+ x \ eT<Ûä´
>∑\ eÁø±\T A eT]j·≠ B \qT dü÷∫düTÔ+~. Ç+<äT˝À
@ eÁø£+ ˝À\ø£+ jÓ≠ø£ÿ dæú‹X¯øÏÔì dü÷∫düTÔ+~. m+<äTe\¢?

5. ˇø£ e´edüúô|’ nì‘·´‘·« ã˝≤\T |üì#˚düTÔqï|üÒ&ÉT yÓTT‘·Ô+
j·÷+Á‹ø£X¯øÏÔ dæús¡+>± ñ+≥T+<ë?

6. ì‘·´‘·« ã\+ edüTÔe⁄ô|’ <ÛäHê‘·àø£ |üìì #˚ùdÔ, <ëì dæú‹»
X¯øÏÔøÏ @$T ne⁄‘·T+~?

5.8   dæú‹kÕú|üø£, ndæú‹kÕú|üø£ n_Û|òü÷‘ê\T

eTq ì‘·́  J$‘·+˝À yêVü≤Hê\ eT<Ûä́ , düT‹Ô ` y˚T≈£î eT<Ûä́ , ã+‹ ` u≤´{Ÿ yÓTT<ä\>∑T yê{Ï eT<Ûä́
n_Û|òü÷‘ê\qT #·÷düTÔ+{≤+. ø£ì|æ+#˚ edüTÔe⁄\ eT<Û̊´ ø±≈£î+&Ü, ø£ì|æ+#·ì |üs¡e÷DTe⁄\T, ø£D≤\T, πø+Á<äø±\
eT<Ûä´ n_Û|òü÷‘ê\T »s¡>∑&É+ düs¡«kÕ<Ûës¡D+.

$X‚¢wüD düs¡fi¯‘·s¡+ #˚j·T{≤ìøÏ ¬s+&ÉT >√fi≤\ eT<Ûä́  n_Û|òü÷‘·+ >∑T]+∫ ÁbÕs¡+_Û<ë›+. Ç#·Ã≥ e≠U≤e≠œ
n_Û|òü÷‘ê\T Ò̋<ë πø+Á~j·T n_Û|òü÷‘ê\T rdüT≈£î+<ë+.  á n_Û|òü÷‘ê˝À¢, n_Û|òü÷‘·+ #Ó+<˚ edüTÔe⁄\T yê{Ï
πø+Á<ë\qT ø£*|æ πsK yÓ+ã&ç #·*kÕÔs≠. á n_Û|òü÷‘ê\T ¬s+&ÉT s¡ø±\T.

(i) |ü]|üPs¡í dæú‹kÕú|üø£ n_Û|òü÷‘ê\T :  πsFj·T Á<äe´y˚>∑ ì‘·´‘·« ìj·TeT+ >∑‹»X¯øÏÔ ì‘·´‘·« ìj·Te÷ìï
bÕ{Ï+#˚ n_Û|òü÷‘ê\T n+fÒ n_Û|òü÷‘êìøÏ eTT+<äT, ‘·s¡Tyê‘· yÓTT‘·Ô+ Á<äe´y˚>∑+ yÓTT‘·Ô+ >∑‹»X¯≈£îÔ\T
e÷s¡≈£î+&Ü ñ+{≤sTT.

(ii)   |ü]|üPs¡í ndæú‹kÕú|üø£ n_Û|òü÷‘ê\T : Á<äe´y˚>∑ ì‘·´‘·« ìj·Te÷ìï bÕ{Ï+∫, >∑‹»X¯øÏÔ ì‘·´‘·«
ìj·Te÷ìï bÕ{Ï+#·ì n_Û|òü÷‘ê\T M{Ï˝À &Ûûø=H˚ edüTÔe⁄\T n_Û|òü÷‘·+ ‘·s¡Tyê‘· ˇø£<ëìøÏ
ˇø£{Ï n‘·Tø=ÿì, ø£\dæ ñeTà&ç y˚>∑+‘√ Á|üj·÷DÏkÕÔsTT.

|ü≥+. 5.16
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á ¬s+&ÉT s¡ø±\ n_Û|òü÷‘ê˝À¢ X¯øÏÔ ì‘·´‘·« ìj·TeT+ bÕ{Ï+#·ã&ÉT‘·T+~.

5.8.1 dæú‹kÕú|üø£ n_Û|òü÷‘·+

m1, m2 Á<äe´sê• >∑\ ¬s+&ÉT ã+‘·T\T A, B ‘=* y˚>±\T 1 2u , u \‘√ Á|üj·÷DÏdü÷Ô, |ü≥+ 5.19˝À

#·÷|æq $<Ûä+>± &Ûûø=Hêïj·Tì nqTø=qTeTT.  n_Û|òü÷‘·+ ‘·s¡Tyê‘· yê{Ï y˚>±\T 1 2v , v , u1 > u2 nqTø=qTeTT.

Á<äe´y˚>∑ ì‘·´‘·« ìj·Te÷ìï nqTdü]+∫, n_Û|òü÷‘êìøÏ eTT+<äT yÓTT‘·Ô+ Á<äe´y˚>∑+ R n_Û|òü÷‘·+
‘·s¡Tyê‘· yÓTT‘·Ô+ Á<äe´y˚>∑+

m1 u1 + m2 u2  =  m1 v1 + m2 v2

m1 (u1 – v1)   =  m2 (u2 – v2) (5.30)

>∑‹»X¯øÏÔ ì‘·´‘·« ìj·TeT+ qT+∫

2 2 2 2
1 1 2 2 1 1 2 2

1 1 1 1m u + m u = m v + m v
2 2 2 2

   2 2 2 2
1 1 1 2 2 2m u v = m u v  (5.31)

5.29 düMTø£s¡D≤ìï 5.28 düMTø£s¡D+‘√ uÛ≤–ùdÔ

u1 +  v1  =  u2 +  v2 edüTÔ+~.

˝Ò<ë u1 –  u2  =  v2 –  v1 (5.32)

Ç~ n_Û>∑eTq kÕù|ø£å y˚>∑+, $>∑eTq kÕù|ø£å y˚>±ìøÏ düe÷q+ nì dü÷∫düTÔ+~.

(5.30) qT+∫

v2 =  u1 –  u2 +  v2 (5.33)

(5.31) ì 5.28 ˝À Á|ü‹πøå|æùdÔ

m1(u1 –  v1) = m2(u1 –  u2 +  v1 –  u2)
m1u1 – m1v1 = m2u1 + m2v1 – 2 m2u2

v1(m1 +  m2) = u2(m1 –  m2) + 2 m2u2

1 2 2
1 1 2

1 2 1 2

m m 2mv = u + u
m + m m +m

   
   
   

(5.34)

A B1u

A B
n_Û|òü÷‘êìøÏ eTT+<äT n_Û|òü÷‘êìøÏ ‘·s¡Tyê‘·

v1 v22u

|ü≥+. 5.19 : dæú‹kÕú|üø£ n_Û|òü÷‘·+
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n<˚$<Ûä+>± v1 = v2 +  u2 – u1 (5.30) ˝À Á|ü‹πøå|æùdÔ

1 1 2
2 1 2

1 2 1 2

2m m mv = u + u
m + m m +m

   
   
   

(5.35)

eTq+ ø=ìï Á|ü‘˚´ø£ dü+<äsê“¤\qT #·÷<ë›+.

dü+<äs¡“¤+ - I

ã+‘·T\ Á<äe´sêX¯ó\T düe÷q+ nsTT‘˚ m1 = m2 = m (5.32), (5.33) \ qT+∫
v1 = u2

v2 = u1

n+fÒ ã+‘·T\T n_Û|òü÷‘·+ ‘·s¡Tyê‘· ‘·eT y˚>±\qT |üs¡düŒs¡+ ã~© #˚düTø=+{≤sTT.

ˇø£y˚\ ã+‹ B ìX¯Ã\ dæú‹˝À ñ+fÒ, u2 =  0.

1 2
1 1

1 2

m mv = u
m + m

 
 
 

1
2 1

1 2

2mv = u
m + m

 
 
 

m1 = m2 nsTT‘˚ v1 = 0, v2 = u1  ne⁄‘·T+~.

n+fÒ, n_Û|òü÷‘·+ ‘·s¡Tyê‘· A ìX¯Ã\ dæú‹˝ÀøÏ eùdÔ, n_Û|òü÷‘êìøÏ eTT+<äT A y˚>∑+‘√ B eTT+<äT≈£î
#·*düTÔ+~.

n_Û|òü÷‘·+ ‘·s¡Tyê‘· >∑‹» X¯≈£îÔ\ $wüj·T+˝À øÏ+~ $<Ûä+>± #Ó|üŒe#·TÃ. A ã+‹ ø√˝ÀŒsTTq
|üP]Ô ˝Ò<ë bÕøÏåø£ >∑‹»X¯øÏÔ, B ã+‹ bı+~q >∑‹»X¯øÏÔøÏ düe÷q+. πø+Á<äø£ ]j·÷ø£ºs¡¢˝À q÷´Á{≤q¢
y˚>±ìï ‘·–Z+#·&É+˝À á dü÷Á‘ê\qT nqTe]ÔkÕÔs¡T.

dü+<äs¡“¤+ - II

¬s+&ÉT $_Ûqï Á<äe´sê• ø£D≤\ eT<Ûä´ n_Û|òü÷‘·+ eT]+‘· ÄdüøÏÔø£s¡+>± ñ+≥T+~.

(i) ìX¯Ã\ dæú‹˝À ñ+&ç m1 ø£+fÒ m2 #ê˝≤ m≈£îÿe>± ñqï dü+<äs¡“¤+˝À

m2 >> m1 u2 =  0

m2 ‘√ b˛*Ã‘˚ m1 Á<äe´sê•ì ñù|øÏå+#·e#·TÃ.

 1 2
1 1 1 1 1 2 2

1 2

m mv = u u m 0m + m m
m + m

 
  

 
  

1
2 1

1 2

2mv = u
m + m
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1
2 1 2

2

mv = 0 m << m 0
m

 
  

 


n_Û|òü÷‘·+ ‘·s¡Tyê‘· ãs¡TyÓ’q ø£D+ ìX¯Ã\ dæú‹˝ÀH˚ ø=qkÕ–‘˚ ‘˚*¬ø’q ø£D+ ‘·q ‘=*y˚>∑+ ‘√H˚
yÓqøÏÿ ‹s¡T>∑T‘·T+~.

á dü+<äsê“¤ìøÏ ñ<ëVü≤s¡D, u≤\T&ÉT ã+‹ì >√&Éπødæ ø=≥Tº≥.

|üs¡e÷DT uÛÖ‹ø£XÊg+˝À á |òü*‘·+ nqTes¡ÔHê\qT #·÷&Ée#·TÃ.  ñ<ëVü≤s¡D≈£î   - ø£D+
ãs¡TyÓ’q j·TTπsìj·T+ ˝≤+{Ï πø+Á<äø±ìï &Ûû ø=≥Tº≥.

5.8.2 Á|ü‘ê´edüúq >∑TDø£+ (e)

¬s+&ÉT edüTÔe⁄\T |üs¡düŒs¡+ $&çb˛j˚T (ì>∑eTq), düMT|æ+#˚ (n_Û>∑eTq) kÕù|ø£å y˚>±\ ìwüŒ‹Ôì Á|ü‘ê´edüúq
>∑TDø£+ n+{≤s¡T.

2 1

1 2

v ve =
u u


 (5.36)

Çø£ÿ&É u1, u2 \T ¬s+&ÉT edüTÔe⁄\ ‘=* y˚>±\T—  v1, v2 \T n_Û|òü÷‘·+ ‘·s¡Tyê‘· yê{Ï ‘·T~ y˚>±\T

e øÏ Á|üe÷D≤\T, $T‘·T\T ˝Òe⁄.

n_Û|òü÷‘·+ #Ó+<˚ edüTÔe⁄\ dü«uÛ≤e+ô|’ ‘e’ Ä<Ûës¡|ü&ÉT‘·T+~. |ü]|üPs¡í dæú‹kÕú|üø£ n_Û|òü÷‘êìøÏ
e = 1— |ü]|üPs¡í ndæú‹kÕú|üø£ n_Û|òü÷‘êìøÏ e = 0 ø±ì e Á|üjÓ÷>±‘·àø£ $\Te 0, 1 eT<Ûä´ ñ+≥T+~..

5.8.3 Á|ü‘ê´edüúq >∑TDø±ìï ìsêú]+#·T≥

¬s+&ÉT |ü<ësêú\ eT<Ûä´ ñ+&˚ Á|ü‘ê´ekÕúq >∑TDø±ìï ìsêú]+#·T≥¬ø’ n+<äT˝À ˇø£<ëìï ã+‹ s¡÷|ü+˝À
eTs=ø£ <ëìï |ü\ø£ s¡÷|ü+˝À rdüTø√yê*. |ü\ø£ô|’ ã+‹ì h1 m‘·TÔ qT+∫ e<ä˝≤*. n_Û|òü÷‘·+ ‘·s¡Tyê‘·
ã+‹ h2 m‘·TÔ≈£î ˝ÒdüTÔ+<äì nqTø√+&ç.

n|üÒ&ÉT, Á|ü‘ê´edüúq >∑TDø£+ 2

1

he =
h (5.37)

bÕsƒ¡+˝Àì Á|üX¯ï\T   5.6

1. ¬s+&ÉT <äè&ÛÉ edüTÔe⁄\T n_Û|òü÷‘·+ #Ó+<ës≠. yê{Ï˝À ˇø£{Ï ìX¯Ã\dæú‹˝À ñ+~.

(a) n_Û|òü÷‘·+ ‘·s¡yê‘· ¬s+&ÉT edüTÔe⁄\T ìX¯Ã\dæú‹˝À ñ+&˚ neø±X¯+ ñ+<ë?

(b) n_Û|òü÷‘·+ ‘·s¡yê‘· yê{Ï˝À ˇø£{Ï ìX¯Ã\ dæú‹˝À ñ+&˚ neø±X¯+ ñ+<ë?
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2. Çø£ÿ&É #·÷|æq $<Ûä+>± ˇø£ πsKô|’ ˇπø $<Ûä+>±
ñqï e∂&ÉT ã+‘·T\T A, B, C \T >∑\ e´edüú
ñ+~. B eT]j·≠ C\T ìX¯Ã\dæú‹˝À ø£\dæ ñHêïs≠.
A nH˚ ã+‹  vy˚>∑+‘√ #·*dü÷Ô B ‘√ e≠U≤e≠œ
n_Û|òü÷‘·+ #Ó+~+~. n_Û|òü÷‘·+ ‘·s¡yê‘· A, B,
C\ $&ç$&ç y˚>±\T m+‘·? $e]+#·+&ç.

3. 2 kg  Á<äe´sê•>∑\ E nH̊ ã+‹ 4 kg Á<äe´sê•>∑\
B nH˚ edüTÔe⁄‘√ e≠U≤e≠œ n_Û|òü÷‘·+ »]|æ+~.
A + x nø £ å+ ~X ¯˝À 50 ms–1 e& ç‘√qT,
B, –x nø£ å+ ~X¯˝À 40 MTôd–1 e&ç‘√qT
#·*düTÔHêïs≠. n_Û|òü÷‘·+ ‘·s¡yê‘· A eT]j·≠ B\
jÓ≠ø£ÿ y˚>±\T m+‘·? á n_Û|òü÷‘·+ dæú‹kÕú|üø£
n_Û|òü÷‘·+.

4. 1 øÏÁ>± Á<äe´sê•>∑\ ‘·TbÕø° >∑T+&ÉT ù|\Ãã&ç+~. eT]j·≠ Ç~ ìX¯Ã\ dæú‹˝À>∑\ 1 kg  Á<äe´sê•>∑\
#Óø£ÿ ~yÓTà˝À #=#·TÃ≈£îb˛ã&ç+~. n_Û|òü÷‘êìøÏ e≠+<äT ‘·TbÕø° >∑T+&ÉT y˚>∑+ 90 ms–1.

(a) n_Û|òü÷‘·+ ‘·s¡yê‘· Ä e´edüú jÓ≠ø£ÿ y˚>∑+ m+‘·?

(b) n_Û|òü÷‘·+ e≠+<äT ‘·s¡yê‘· >∑‹X¯≈£îÔ\qT ˝…øÏÿ+#·+&ç.

(c) Ç~ dæú‹kÕú|üø£ n_Û|òü÷‘·e÷? ˝Ò<ë ndæú‹kÕú|üø£ n_Û|òü÷‘·e÷?

(d) á n_Û|òü÷‘·+˝À m+‘· X¯øÏÔ qwüºb˛s≠+~?

5. ¬s+&ÉT ã+‘·T\ eT<Ûä´ dæú‹kÕú|üø£ n_Û|òü÷‘·+˝À, n_Û|òü÷‘·+ ‘·s¡yê‘· Á|ü‹ ã+‹ >∑‹X¯øÏÔ e÷s¡TŒ
#Ó+<äT‘·T+<ë?

6. ¬s+&ÉT ã+‘·T\T |ü]|üPs¡í ndæú‹kÕú|üø£ n_Û|òü÷‘êìøÏ ˝ÀHÓ’‘˚, n_Û|òü÷‘·+ ‘·s¡Tyê‘· yê{Ï kÕù|ø£å
y˚>∑+ m+‘·?

7. dæú‹kÕú|üø£ n_Û|òü÷‘·+‘√ eTT&ç|ü&çq ã˝≤\T @ dü«uÛ≤yêìï ø£*– ñ+{≤sTT?

8. @ ‘·s¡Vü‰ n_Û|òü÷‘·+˝À, j·÷+Á‹ø£ X¯øÏÔ Ç‘·s¡ X¯øÏÔ s¡÷bÕ˝À¢øÏ e÷s¡T‘·T+~?

9. ˇø£ ã+‹ ø=+‘· m‘·TÔ qT+&ç øÏ+<ä |ü&ç uÛÑ÷$Tì ‘êøÏ ‹]– ô|’øÏ ˝ÒdüTÔ+~. á Á|üÁøÏj·T˝À @
edüTÔe⁄\T Á<äe´y˚>∑ ì‘·´‘·« ìj·Te÷ìï bÕ{ÏkÕÔsTT.

MTs¡T @$T H˚s¡TÃ≈£îHêïs¡T

 ˇø£ dæús¡ã\+ F e\¢ »]–q |üì

W = = FScosθF .S

Çø£ÿ&É  nH˚~ F , S  \ eT<Ûä´>∑\ ø√D+.  |üì jÓ≠ø£ÿ Á|üe÷D+ CÖ˝Ÿ. |üì nH˚~ n~X¯sê•.

|ü≥+. 5.20

|ü≥+. 5.21
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 |üì nH˚~ dü+U≤´‘·àø£+>± F eT]j·≠ x \≈£î ^dæq Á>±|òt øÏ+~ yÓ’XÊ˝≤´ìøÏ düe÷q+.

 VüQø˘ ìj·Te÷ìï bÕ{ÏdüTÔqï dæú‹kÕú|üø£ ã\+e\¢ »]–q |üì 21W = kx
2 .  Çø£ÿ&É k dæú‹kÕú|üø£

edüTÔe⁄ (ÅdæŒ+>¥ ˝Ò<ë r>∑) jÓ≠ø£ÿ ã\ dæúsê+ø£+. Çø£ÿ&É u≤Vü≤´ ã\+ ÅdæŒ+>¥ô|’ |üì#˚ùdÔ »]–q
|üì W >∑Ts¡TÔ <ÛäHê‘·àø£+. ÅdæŒ+>¥˝À @s¡Œ&˚ |ü⁄q'kÕú|üø£ ã\+ #˚ùd |üì s¡TD≤‘·àø£+. x nH˚~
ÅdæŒ+>¥ jÓ≠ø£ÿ dü+|”&Éq+ ˝Ò<ë yê´|üq+.

 k jÓ≠ø£ÿ Á|üe÷D≤\T Nm`1

 e´edüú jÓ≠ø£ÿ j·÷+Á‹ø£ X¯øÏÔ ¬s+&ÉT s¡÷bÕ˝À¢ ñ+≥T+~.  (i) >∑‹X¯øÏÔ eT]j·≠  (ii)  dæú‹X¯øÏÔ.

 Kinetic energy is the energy possessed by a moving object. It is given by

21KE = mv
2

 Potential energy is a stored energy possessed by an object by virtue of its position
and configuration

 edüTÔe⁄ kÕúq+, $Hê´dü+ e\¢ ø£*π> X¯øÏÔ dæú‹» X¯øÏÔ. >∑Ts¡T‘·« dæú‹»X¯øÏÔ PE = mgh.

 m Á<äe´sê• >∑\ edüTÔe⁄ v e&ç‘√ #·*düTÔ+fÒ, <ëì >∑‹X¯øÏÔ E = 21 mv
2 . Ç~ ˇø£ n~X¯sê•.

 |üì`X¯øÏÔ dæ<ë∆+‘·+ á ìs¡«#·q+ Á|üø±s¡+ nìï ã˝≤\ e\¢ »]–q yÓ≠‘·Ô+ |üì edüTÔe⁄ jÓ≠ø£ÿ
>∑‹X¯øÏÔ˝Àì e÷s¡TŒ≈£î düe÷q+.

2 21 1W = mv mu
2 2



f iW = K K =ΔK

 Power is the time rate of doing work (or) the time rate of utilizing energy.

W EP = =
t t ; units J/s or watt (W)

|üì »]π> πs≥TqT kÕeTs¡ú´+ n+{≤s¡T.  P = W/t Bì Á|üe÷D+ CÖ/ôd  n+fÒ, yê{Ÿ (W).

 ˇø£ ø£D+ô|’ ì‘·´‘·« ã\+ e\¢ »]–q |üì, Ä ø£D+ jÓ≠ø£ÿ j·÷+Á‹ø£X¯øÏÔ˝Àì e÷s¡TŒ≈£î düe÷q+
ne⁄‘·T+~ n+fÒ >∑‹X¯øÏÔ˝Àì e÷s¡TŒ G dæú‹X¯øÏÔ˝Àì e÷s¡TŒ eTs=ø£ $<Ûä+>± #ÓbÕŒ\+fÒ ì‘·´‘·«
ã\ |ü]~Û˝À j·÷+Á‹ø£ X¯øÏÔ ì‘·´‘·«+ ne⁄‘·T+~.

   KE PE
ΔE = ΔE + ΔE

 edüTÔe⁄ jÓ≠ø£ÿ dü+eè‘· |ü<∏ëìøÏ, ì‘·´‘·« ã\+e\¢ Ä edüTÔe⁄ô|’ »]–q |üì X¯Sq´+ (edüTÔe⁄
‹]– ‘·q ‘=* kÕúHêìøÏ #˚s¡T≈£î+fÒ)



Physics Volume-1

Work Energy and Power 121

 ì‘·´‘·« ã\+e\¢ »]–q |üì edüTÔe⁄ Á|üj·÷DÏ+∫q e÷s¡Z+ô|’ Ä<Ûës¡|ü&É<äT. Ç~ πøe\+ edüTÔe⁄
jÓ≠ø£ÿ ‘=* eT]j·≠ ‘·T~ kÕúHê\ô|’ e÷Á‘·y˚T Ä<Ûës¡|ü&ç ñ+≥T+~.

 nì‘·´‘·« ã\+ #˚dæq |üì Á|üj·÷D+ #˚dæq e÷s¡Z+ô|’ Ä<Ûës¡|ü&ç ñ+≥T+~. Ç+<äT˝À yÓ≠‘·Ô+
j·÷+Á‹ø£ X¯øÏÔ ì‘·´‘·«+ ø±ã&ç ñ+&É<äT.

   ÅdæŒ+>¥˝À dü+|”&Éq+ ˝Ò<ë yê´|üq+ e\¢ ì\« ñqï X¯øÏÔì dæú‹kÕú|üø£ dæú‹X¯øÏÔ nì n+{≤s¡T. Bì

$\Te 2
elastic

1PE = kx
2  Çø£ÿ&É  k ÅdæŒ+>¥ dæúsê+ø£+ eT]j·≠ x kÕúqÁuÛÑ+X¯+..

 ˇø£ $j·≠ø£Ô e´edüú˝À X¯øÏÔì ˇø£ s¡÷|ü+ qT+&ç eTs=ø£ s¡÷bÕìøÏ e÷s¡Ãe#·TÃ. ø±ì Bìì düèwæº+#·˝Ò+,
HêX¯q+ #˚j·T˝Òe≠.  yÓ≠‘·Ô+ X¯øÏÔ m|üÒ&É÷ dæús¡+>± ñ+≥T+~. BH˚ï X¯øÏÔ ì‘·´‘·« ìj·TeT+
n+{≤s¡T.

 nìï s¡ø±\ n_Û|òü÷‘ê˝À¢ Á<äe´y˚>∑ ì‘·´‘·« ìj·TeT+ bÕ{Ï+#·ã&ÉT‘·T+~.

 dæú‹kÕú|üø£ n_Û|òü÷‘ê\˝À >∑‹X¯øÏÔ ì‘·´‘·«+ ne⁄‘·T+~. ø±ì ndæú‹kÕú|üø£ n_Û|òü÷‘ê\˝À >∑‹X¯øÏÔ
ì‘·´‘·«+ ø±ã&É<äT.

 X¯øÏÔ ì‘·´‘·« ìj·Te÷ìï nìï s¡ø±\ n_Û|òü÷‘ê\T bÕ{ÏkÕÔsTT.

 ì>∑eTq, n_Û>∑eTq kÕù|ø£å y˚>±\ ìwüŒ‹Ôì Á|ü‘ê´edüúq >∑TDø£+ (e) n+{≤s¡T.

2 1

2 1

v ve =
u u




 |ü]|üPs¡í dæú‹kÕú|üø£ n_Û|òü÷‘êìøÏ e = 1

|ü]|üPs¡í ndæú‹kÕú|üø£ n_Û|òü÷‘êìøÏ e = 0

 e ÁbÕjÓ÷>±‘·àø£ $\Te\T 0 eT]j·TT 1 eT<Ûä´ ñ+{≤sTT.

eTT–+|ü⁄ nuÛ≤´dü+

1. ¬s+&ÉT ø£D≤\ >∑‹X̄≈£îÔ\T düe÷q+ ns≠‘̊, yê{Ï Á<äe´ẙ>±\T ≈£L&Ü düe÷q+ ne⁄‘êj·÷? $e]+#·+&ç.

2. #·\q+˝À ñqï ˇø£ ø£D+, ìX¯Ã\ dæú‹˝À >∑\ eTs=ø£ ø£D+‘√ n_Û|òü÷‘·+ #Ó+~+~. n_Û|òü÷‘·+
‘·s¡yê‘· ¬s+&ÉT ø£D≤\T ìX¯Ã\dæú‹˝À ñ+&˚ neø±X¯+ ñ+<ë?

3. ˇø£ e´edüúô|’ nì‘·´‘·« ã˝≤\T (<äTs¡«´j·T ã˝≤\T) |üì#˚düTÔqï|üÒ&ÉT, Ä e´edüú jÓ≠ø£ÿ yÓ≠‘·Ô+
j·÷+Á‹ø£ X¯øÏÔ dæús¡+>± ñ+≥T+<ë?

4. ˇø£ |æ\¢yê&ÉT ˇø£ ã+‹ì 20 MTôd–1 y˚>∑+‘√ ì≥ºì\Te⁄>± ô|’øÏ Á|üøÏå|üÔ+ #˚kÕ&ÉT.

(a) @ _+<äTe⁄ e<ä› >∑‹X¯øÏÔ >∑]wü˜+?

(b) @ _+<äTe⁄ e<ä› dæú‹X¯øÏÔ >∑]wü˜+?
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5. 3 kg Á<äe´sê•>∑\ ˇø£ ~yÓTà 20m s–1 y˚>∑+‘√ #·*dü÷Ô, 1200 N m–1 ÅdæŒ+>¥ dæúsê+ø£+>∑\ ˇø£
ÅdæŒ+>¥‘√ n_Û|òü÷‘·+ #Ó+~+~. ÅdæŒ+>¥˝Àì >∑]wü˜ dü+|”&ÉHêìï ˝…øÏÿ+#·+&ç.

6. 5e Á|üX¯ï˝À ~yÓTà jÓ≠ø£ÿ >∑‹X¯øÏÔ, ÅdæŒ+>¥ jÓ≠ø£ÿ dæú‹kÕú|üø£ dæú‹X¯øÏÔøÏ ¬s{Ïº+|ü⁄ ns≠q dü+<äs¡“¤+˝À,
ÅdæŒ+>¥˝À dü+|”&Éq+ m+‘· ñ+≥T+~?

7. ˇø£ $<äT´‘Y ã\T“ kÕeTs¡ú´+ 60 W.  Ä $<äT´‘Y ã\T“\qT s√E≈£î 12 >∑+≥\bÕ≥ yÓ*–ùdÔ,
30 s√E˝À¢ Ä ã\T“ $ìjÓ÷–+∫q $<äT´‘Y X¯øÏÔ m+‘·?

8. Á|ü‹ ôdø£q≈£î 1000 kg\ Á<äe´sê•>∑\ ˙s¡T 120 m. m‘·TÔ qT+&ç |ü&ÉT‘·Tqï~. á |ü&ÉT‘·Tqï
˙{Ï X¯øÏÔì $<äT´‘YX¯øÏÔ »ì+|ü#˚j·T{≤ìøÏ ñ|üjÓ÷–düTÔHêïs¡T. X¯øÏÔ qwüº+ ˝Ò<äì }Væ≤+∫, $<äT´‘Y
»qø£+ jÓ≠ø£ÿ kÕeTsêú´ìï ˝…øÏÿ+#·+&ç.

9. ˇø£ ôV’≤y˚ ô|’ 1200 kg \ Á<äe´sê• >∑\ ˇø£ ø±s¡T e&ç 90 km h–1 <ëì Å&Ó’esY ø±s¡TqT Ä|ü⁄≥≈£î
ÁuÒ≈£î\qT Á|üjÓ÷–+#ê&ÉT. Ä ø±s¡T e∂&ÉT ôdø£q¢˝À ìX¯Ã\ dæú‹øÏ e∫Ã+~. ÁuÒ≈£î\ jÓ≠ø£ÿ dü>∑≥T
kÕeTsêú´ìï ˝…øÏÿ+#·+&ç.

10. 400 g  Á<äe´sê• >∑\ ˇø£ ã+‹ 5 ms–1 e&ç‘√ #·*dü÷Ô ìX¯Ã\dæú‹˝À ñqï 600 g Á<äe´sê•>∑\
>√fi¯+‘√ e≠U≤e≠œ n_Û|òü÷‘·+ #Ó+~+~. n_Û|òü÷‘·+ ‘·s¡yê‘· >√fi¯+ jÓ≠ø£ÿ e&çì ˝…øÏÿ+#·+&ç.

11. 10 g Á<äe´sê•>∑\ ˇø£ ‘·TbÕø° >∑T+&ÉT 500 ms–1 ‘=*y˚>∑+‘√ ù|\Ãã&ç+~. Ç~ ìX¯Ã\dæú‹˝À
ñqï 20 kg \ Á<äe´sê•>∑\ #Óø£ÿ ~yÓTàqT &Ûûø=ì, ~yÓTà˝ÀøÏ #=#·TÃø=ìb˛s≠+~.

(a) n_Û|òü÷‘·+ ‘·s¡yê‘· ~yÓTà jÓ≠ø£ÿ y˚>±ìï ˝…øÏÿ+#·+&ç.

(b) á n_Û|òü÷‘·+˝À X¯øÏÔ qwüº+ m+‘·?

12. 6 kg\ Á<äe´sê•>∑\ edüTÔe⁄ øÏå‹» düe÷+‘·s¡ ‘·\+ô|’ ìX¯Ã\dæú‹˝À ñ+~.  15 N |ü]e÷D+
>∑\ ˇø£ øÏå‹» düe÷+‘·s¡ ã\+ Ä edüTÔe⁄ô|’ dæús¡+>± Á|üjÓ÷–+#·ã&ç+~. Ä edüTÔe⁄ 10 s
ø±\+˝À 100 m <ä÷s¡+ Á|üj·÷DÏ+∫+~.
(a) Á|üjÓ÷–+∫q ã\+ #˚dæq |üì m+‘·?
(b) 10 ôdø£q¢ ‘·s¡yê‘· Ä ~yÓTà jÓ≠ø£ÿ >∑‹»X¯øÏÔ m+‘·?
(c) |òüTs¡¸D ã\+ jÓ≠ø£ÿ |ü]e÷D+ eT]j·≠ ~X¯ @$T{Ï (ˇø£ y˚fi¯ @yÓTÆHê ñ+fÒ)
(d) edüTÔe⁄ #·*düTÔqï|üÒ&ÉT qwüºb˛s≠q X¯øÏÔ m+‘·?

13. H˚\ô|’ uÀ]¢+∫q ns¡ú>√fi≤ø±s¡|ü⁄ ø£|üÒô|’A, B, C eT]j·≠ D nH˚$ Hê\T>∑T _+<äTe⁄\T. yê´dü+
BC = 50 cm A _+<äTe⁄ e<ä› 250 g Á<äe´sê•>∑\ ø£D+ ìX¯Ã\dæú‹˝À ñ+&ç, ø£|üÒ jÓ≠ø£ÿ
qTqTô|’q ‘·\+ yÓ+ã&ç øÏ+<ä≈£î C≤]+~. Ç|üÒ&ÉT

(a) B _+<äTe⁄ |üs¡+>± A _+<äTe⁄ e<ä› dæú‹X¯øÏÔ m+‘·?

(b) B _+<äTe⁄ e<ä› e&ç (n≥º&ÉT>∑T _+<äTe⁄)

(c)  D _+<äTe⁄ e<ä› >∑‹ eT]j·≠ dæú‹X¯≈£îÔ\T ˝…øÏÿ+#·+&ç.

      ~yÓTà jÓ≠ø£ÿ j·÷+Á‹ø£ X¯øÏÔ ì‘·́ ‘·«+ ne⁄‘·T+~ nì ˙e⁄ ø£qT>=q>∑\yê? m+<äTe\¢?
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14. ˇø£ ÅdæŒ+>¥ jÓ≠ø£ÿ ã\ dæúsê+ø£+ 400 N/m–1. (a) 6.0 cm es¡≈£î (b) x = 4.0 cm qT+&ç
x = 6.0 cm es¡≈£î, Çø£ÿ&É x = 0 nH˚~ ÁdæŒ+>¥ jÓTTø£ÿ $sêeTkÕúq+, ÁdæŒ+>¥qT kÕ>∑Bj·T&ÜìøÏ
#˚j·Te\dæq |üì m+‘·?

15. ˇø£ ø±s¡T jÓTTø£ÿ Á<äe´sê• 1000 kg. Ç~ ìX¯Ã\ dæú‹ qT+&ç ãj·T\T<˚] 3.0 ôdø£q¢˝À¢
15 ms–1 e&çì bı+~+~. nsTT‘˚

(a) Ç+»Hé jÓ≠ø£ÿ dü>∑≥T kÕeTs¡ú´+

(b) Ç+»Hé e\¢ ø±s¡Tô|’ »]–q |üì ˝…øÏÿ+#·+&ç.

16. 2 m/s e&ç‘√ Á|üj·÷DÏdüTÔqï 0.6 kg Á<äe´sê• >∑\ ã+‹, ìX¯Ã\ dæú‹˝Àì 0.8 kg ã+‹ì
&Ûûø={Ïº+~. á n_Û|òü÷‘·+ |ü]|üPs¡í dæú‹kÕú|üø£ n_Û|òü÷‘·+ nsTT‘˚ ã+‘·T\ ‘·T~y˚>±\qT ø£qTø√ÿ+&ç.

17. 0.2 kg Á<äe´sê•‘√ ñ+&˚ ã+‹ì düeT‘·\+ô|’  1 m m‘·TÔ qT+∫ C≤s¡$&ç#ês¡T. n_Û|òü÷‘·+
‘·s¡Tyê‘· ã+‹ 0.64 m. m‘·TÔ≈£î ˝Ò∫+~. ã+‹, düeT‘·˝≤\ eT<Ûä´ Á|ü‘ê´edüúq >∑TDø£+ m+‘·?

18. ìX¯Ã\ dæú‹˝Àì u≤+ãT 1 kg, 2 kg  Á<äe´sêX¯ó\T >∑\ ¬s+&ÉT eTTø£ÿ\T>± ù|*b˛sTT+~. ∫qï
eTTø£ÿ e&ç 200 ms–1 nsTT‘˚, ¬s+&Ée eTTø£ÿ e&ç m+‘·?

19. ˇø£ yÓTwæHé>∑Hé ì$TcÕìøÏ 240 ãT˝…¢≥¢qT ù|\TÃ‘·T+~. ˇø=ÿø£ÿ ãT˝…¢{Ÿ y˚>∑+ 500 ms`1. >∑qTï
kÕeTs¡ú´+ 2.5 kW nsTT‘˚ ãT˝…¢{Ÿ Á<äe´sê• m+‘·?

20. 70 kg Á<äe´sê•ì ø£*–q Á|üj·÷DÏ≈£î&ÉT ‘·\ô|’ 30 kg Á<äe´sê• >∑\ u≤´>¥qT yÓ÷dü÷Ô ¬s’˝Ò«
bÕ¢{ŸbòÕ+ô|’ ñqï Á_&ç® yÓT≥¢qT m≈£îÿ‘·THêï&ÉT. ˇø=ÿø£ÿ{Ï 30 cm m‘·TÔqï 30 yÓT≥¢qT n~Ûs√Væ≤+#·&É+˝À,
>∑Ts¡T‘ê«ìøÏ e´‹πsø£+>± n‘·qT #˚dæq |üìì ˝…øÏÿ+#·+&ç. (g = 10ms-2)

bÕsƒ¡+˝Àì Á|üX¯ï\ düe÷<ÛëHê\T

5.1

1. ø£D+ jÓTTø£ÿ #·\q ~X¯≈£î ã\+ m|üÒ&É÷ \+ã~X¯˝À |üì#˚düTÔ+~. ø±ã{Ïº á ã\+ e\¢ |üì
»s¡>∑˝Ò<äT.

W = FS cos θ
W = FS cos 90° = 0

2. (a) ã\+ Á|üjÓ÷–+∫Hê kÕúqÁuÛÑ+X¯+ X¯Sq´+ nsTTq|üÒ&ÉT

ñ<ë: u≤\T&ÉT ø√≥ >√&ÉqT ø£~*+#˚ Á|üj·T‘·ï+ #˚ùdÔ

(b) ã\+, kÕúqÁuÛÑ+XÊ\ eT<Ûä´ ø√D+ (θ ) 180° ` 270° eT<Ûä´ ñqï~..

ñ<ë: |òüTs¡¸D e\q »]π> |üì
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(c) θ  < 90°.

ñ<ë: |òü⁄{Ÿu≤˝Ÿ Ä≥>±&ÉT ã+‹ì >√˝Ÿ #˚ùd+<äT≈£î ‘·ìï|üÒ&ÉT

3. (a) W = mgh = + 98J
(b) W = mgh = – 98J

4.    ˆ ˆ ˆ ˆ= 2 + 3 N, S = + 2 mF i j i j

   ˆ ˆ ˆ ˆW = F.S = 2 + 3 . + 2i j i j

      ˆ ˆ ˆ ˆ= 2 1 . + 3 2 . i i j j

       2 1 3 2   

W 2 6 4  

 W = 4J

5.    ˆ ˆ ˆ ˆF = 5i + 3j N; = 3 + 4 mS i j

(a) 2 2|S| 3 4 25 5m   

(b) 2 2|F| = 5 + 3 = 34 = 5.83 N

(c)    ˆ ˆ ˆ ˆW = . = 5 + 3 . 3 + 4F S i j i j

  = 15 + 12 = 27

W = 27 J

5.2

1. Á|üe÷D kÕúqÁuÛÑ+XÊìøÏ >∑\ |ü⁄q'kÕú|üø£ ã˝≤ìï ÅdæŒ+>¥ dæúsê+ø£+ nì ìs¡«∫kÕÔs¡T. <ëìì
Nm–1 Á|üe÷D≤˝À¢ ø=\TkÕÔs¡T. .

2. 1
2

10 Nk 1000 Nm
10 m


 

F = kx  ø±ã{Ïº,  x = 5 cm = 5 × 10–2 m

F = 1000 × 5 × 10–2

F = 50 N

3. Work done by the force.
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5.3

1. >∑‹X¯øÏÔ  21K = mv
2  Ç~ m|üŒ{ÏøÏ s¡TD≤‘·àø£+ ø±<äT. m+<äTe\¢ n+fÒ.

2. (a) KE becomes 4 times
(b) KE  becomes half

3.  >∑‹X¯øÏÔ  21PE = 4 3.6J
2
x 

2 2 × 3.6 2 × 3.6x = = = 0.04 m
k 180

x = 0.2 m = 20 cm.
4. – 375J

5.4

1. PE = mgh = 100 × 9.8 × 8

t = 10 s

mgh 100 × 9.8 × 8Power = = W = 784 W
t 10

2.
10 × 74610 hp = 10 × 746 watts = Kilo watts

1000

 = 7.46 KW

3. 2 2 1v u = 2 as u = 0; u = 90 km/h = 25ms

2
2v 25× 25a = = = 20.83ms

2s 2 × 15


F = ma = 1000 × 20.83 = 20830 N.

W 20830P = = = 12498 W
t 25

4.

4
72 5P = F.V = 4000 m/s

18

   
  
 

  = 4000 × 20 = 80000 = 80 KW
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5.5

1. (a) dæú‹X¯øÏÔ˝À e÷s¡TŒ ñ+&É<äT.

(b) dæú‹X¯øÏÔ˝Àì e÷s¡TŒ  mgh = 2 × 9.8 × 4 = 78.4 J

(c) dæú‹X¯øÏÔ˝À e÷s¡TŒ ñ+&É<äT. ΔPE = 78.45

(d) –78.4 J

2. (a) dæú‹X¯øÏÔ˝À e÷s¡TŒ ΔPE = mgh = 0.5 9.8 4 = 19.6 J 

21KE at B = mv =19.6J
2

2 19.6 × 2v = = 78.4
0.5

1v = 78.4 = 8.85ms

(b) 1v = 2gh = 2 × 9.8 × 10 = 14ms

(c) W = mgh = + 49 J.

3.
AC ACBC = 2m ; sin 30° = =
BC 2

1AC = 2sin 30° = 2 × = 1m
2

 C qT+&ç B es¡≈£î dæú‹X¯øÏÔ˝Àì e÷s¡TŒ= mgh = 2 × 9.8 × 1 = 19.6 J

ø±ì B e<ä› >∑‹X¯øÏÔ  = 15.6 J

X¯øÏÔ qwüº+ = (19.6 – 15.6) J = 4 J.

|òüTs¡¸D ã\+ e\¢ X¯øÏÔ˝À á qwüº+ edüTÔ+~.

4 J = F × S = F × 2
F = 2N.

4. kÕe÷q´ ˝À\ø£+ >∑T+&ÉT ø£+|ædüTÔqï|üÒ&ÉT, x = 0 e<ä› >∑]wü˜>∑‹ X¯øÏÔ (KE) x = xm e<ä› ø£ìwü˜+>±
ñ+≥T+~. dæú‹X¯øÏÔ (PE) x = 0 e<ä› ø£ìwü˜+>±qT x = xm e<ä› >∑]wü˜+>±qT ñ+≥T+~. n+<äTe\¢
A  eÁø£+ PE ì dü÷∫düTÔ+~.

5. ø±<äT

6. PE ‘·>∑TZ‘·T+~. du = – fdx

Uf – Ui = – dW
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5.6

1. (a) ø±<äT, m+<äTø£+fÒ, Ç~ Á<äe´y˚>∑ ì‘·´‘·« ìj·Te÷ìøÏ e´‹πsø£+>± yÓfi¯óÔ+~.

(b) ne⁄qT.

2. A B cv = 0 ; v = 0 ; v = v

á wüs¡‘·T πøe\+ (1)  πsFj·T Á<äe´y˚>∑+ (2) yÓ≠‘·Ô+ >∑‹X¯øÏÔ\ ì‘·´‘·« ìj·Te÷\qT e÷Á‘·y˚T
dü+‘·è|æÔ|üs¡TdüTÔ+~.

3. 5.34   5.35 düMTø£s¡D+ qT+&ç

1
Av = 35ms

Bv = 20 m/s

4. (a) 1.76 ms–1 (b)    81 J and 1.58 J

(c) ndæú‹kÕú|üø£ n_Û|òü÷‘·+ (d)    79.42 J

5. ne⁄qT

6. X¯Sq´+

7. ì‘·´‘·« ã\+

8. ndæú‹kÕú|üø£ n_Û|òü÷‘·+

9. ã+‹, uÛÑ÷$T

eTT–+|ü⁄ nuÛ≤´dü+ düe÷<ÛëHê\T

1. düe÷q+ ø±<äT.  
2

1 2
pKE = ; KE = KE
2m

2 2
1 2

1 2 1 2
1 2

p p p p as m m
2m 2 m

   

2. kÕ<Ûä´+ ø±<äT

3. dæús¡+ ø±<äT
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4. (a) ‘=* _+<äTe⁄ e<ä›

(b) >∑]wüº m‘·TÔ e<ä›

5. 2 21 1mv = kx
2 2

 2 23 × 20 = 1200 × x

23 400 1200 x x =1m  

6. 0.707 m

7.
EP = E = Pt
t


 60 30 12 60 60     joules

      5
60 × 30 × 12 × 60 × 60E = KWh

36 × 10

  = 21.6 KWh = 21.6 j·T÷ì≥T¢.

8.
mgh 1000 × 9.8 × 120P = = = 1176000 J/s

t 1

   1.2  yÓT>± yê{Ÿ

9.
2

21 1 90 × 5W = mv = × 1200 ×
2 2 18

 
 
 

      21= × 1200 × 25
2

     600 625 375000 J  

W 375000P = = = 125000 W
t 3

    = 125 KW.

10.
 1 2

1 1
1 2

200m mv = u = × 5 = 1 m/s
m + m 1000

 
 

 

  1 11
2 1

1 2

2 × 4002 mv = u = × 5 ms = 4ms
m + m 1000
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11. (a)  1 1 1 2m u = m + m v

2
1 1 1

2
1 2

m u 10 × 500 5v = = = ; 0.25ms
m + m 10 + 20 20 + 0.01






(b)  2 2
1 1 1 2

1ΔKE = m u m + m v
2
    = 1249.4J

12. (a) 500 J
(b)    1200 J

(c)    3 N, #·\q ~X¯≈£î e´‹πsø£+>±

(d) 300 J
13. (a) mgh = 0.625 J

(b) 21PE = mv
2

(c) 0.313 J

14. (a)  221 1k = 400 n/m W = kx = × 400 × 0.06
2 2

(b) 2 2
2 1

1W = x x = 0.4 J
2
  

15. (a)
21 mv 1 1000 × 15 × 152W = = × = 37.5kW

t 2 3

(b) 5W = p × t = 1.125 × 10 J

16. 1 2v = 0.28m/s v = 1.72m/s

(Hint 1 1 2 2 1 1 2 2 1 2 1 2m u + m u = m v + m v ; u u = v v  )

17.
2

1

he = 0.8 e =
h

 
  
 


18.  1 1 2 2100m/s 0 = m v + m v

19.

21 mnv
2m 5g P =

t
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20. W = (m1 + m2) gh

    100 10 0.3m 30   

   1000 9 

   = 9 KJ
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|ü]#·j·T+

Ç|üŒ{Ïes¡≈£î MTs¡T ˇø£ edüTÔe⁄ #·\q+ >∑T]+∫ e÷Á‘·y˚T H˚s¡TÃ≈£îHêïs¡T. kÕ<Ûës¡D+>± Bìì _+<äTs¡÷|ü
Á<äe´sê•>± rdüT≈£î+{≤s¡T. j·÷+Á‹ø£XÊÁdüÔ ìj·Te÷\qT H˚s¡TÃø=H˚≥|üÒ&ÉT á dü÷ø°åàø£s¡D+ m+‘·>±H√
ñ|üjÓ÷>∑|ü&ÉT‘·T+~. ø±ì ì» J$‘·+˝À edüTÔe⁄ nH˚ø£ ø£D≤\‘√ ì+&ç ñ+≥T+~. ˇø£ ∫qï >∑T\ø£sêsTT nH˚ø£
$T*j·Tq¢ ø£D≤\qT ø£*– ñ+≥T+~. n|ü⁄&ÉT Á|ür ø£D≤ìøÏ düMTø£s¡D≤\T sêj·÷˝≤? Ò̋ø£ @<äHêï düT\uÛÑyÓTÆq
e÷s¡Z+ ñ+<ë? á Á|üX¯ï≈£î düe÷<ÛëHêìï ø£qT>=H˚  Á|üÁøÏj·T˝À MTs¡T Á<äe´sê• πø+Á<ä+ (centre of mass)
eT]j·≠ πsFj·T #·\q+˝À Á<äe´sê• bÕÁ‘·qT ÁuÛÑeTD #·\q+˝À ìs¡«]Ô+#̊, »&É‘·« ÁuÛ≤eTø£+ >∑T]+∫ ‘Ó\TdüT≈£î+{≤s¡T.

n˝≤π> uÛÖ‹ø£XÊÁdüÔ+˝À eTs√ e≠K´yÓTÆq uÛ≤eHÓ’q ø√D°j·T Á<äe´ẙ>∑+ >∑T]+∫ ≈£L&Ü #·<äTe⁄‘ês¡T. ÁuÛÑeTDe´edüú
MT<ä u≤Vü≤´ã˝≤\T |üì#̊j·Tq|ü⁄&ÉT <ëì ø√D°j·T Á<äe´ẙ>∑+ ì‘·́ ‘·«eTe⁄‘·T+~. Ç~ uÛÖ‹ø£XÊÁdüÔ+˝À #ê˝≤ e≠K´yÓTÆq
uÛ≤eq. á‘·>±fi¯ófl &Ó’$+>¥ ã\¢ qT+∫ ˙{Ï˝ÀøÏ &Ó’yé #˚dü÷Ô |ü©º\T m˝≤ >=≥º>∑\s√ ns¡ú+ #˚düTø√e&ÜìøÏ
ñ|üø£]düTÔ+~.

\øå±´\T

á bÕsƒ¡+ #·~$q ‘·s¡yê‘· á øÏ+~ $wüj·÷\qT ‘Ó\TdüTø=+{≤s¡T.

<äè&ÛÉ edüTÔe⁄qT, Ç‘·s¡ edüTÔe⁄\ qT+∫ y˚s¡T #˚j·TT≥

<äè&ÛÉ edüTÔe⁄ Á<äe´sê• πø+Á<ä+ ìs¡«#·q+.

<äè&ÛÉ edüTÔe⁄≈£î ñ+&˚ #·\Hê\qT $e]+#·>∑\>∑&É+

kÕúHê+‘·s¡ #·\q+, ÁuÛÑeTD #·\Hê eT<Ûä´ ‘˚&ÜqT >∑T]Ô+#·&É+.

»&É‘·« ÁuÛ≤eTø£+ ìs¡«#·q+, düe÷+‘·sêø£å eT]j·≠ \+u≤ø£å dæ<ë∆+‘·e≠\ ìs¡«#·Hê\T.

{≤sYÿqT ìs¡«∫+∫ n~ @s¡Œs¡#˚ ÁuÛÑeTD ~X¯qT ≈£qT>=q&É+.

<äè&ÛÉ edüTÔe⁄ >∑eTHêìøÏ düMTø£s¡D≤\T sêj·T>∑\>∑&É+.

ø√D°j·T Á<äe´y˚>∑ ì‘·´‘·«ìj·TeT+ ‘Ó*j·TCÒj·T&É+.

yê\T‘·\+ MT<ä >∑eTq+˝À ñqï <äè&ÛÉedüTÔe⁄ bı+~q n+‹eT y˚>±ìï ø£qTø√ÿ>∑\>∑&É+.

6
ø£D≤\ e´edüú, ÁuÛÑeTD #·\q+
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6.1 <äè&ÛÉ edüTÔe⁄

Ç+‘·≈£î eTT+<äT #Ó|üÒø=qï≥Tº>± _+<äT Á<äe´sê• nH˚~ düs¡fi¯‘· ø=s¡≈£î rdüTø=qï<˚. ø±ì, ìC≤ìøÏ
nìï edüTÔe⁄\≈£î ø=+‘· |ü]e÷D+ ñ+≥T+~. M{ÏH˚ $düÔè‘· edüTÔe⁄\T n+{≤s¡T. ¬s+&ÉT $düÔè‘· edüTÔe⁄\T
|üs¡düŒs¡+ #·s¡´˝À bÕ˝§Zqï|üÒ&ÉT, yê{Ï |ü]e÷D≤\ ø£+fÒ, yê{Ï eT<Ûä´ <ä÷s¡+ #ê˝≤ m≈£îÿe>± ñqï|üÒ&ÉT
|ü]e÷D≤\qT ñù|øÏå+∫, yê{Ïì _+<äT Á<äe´sêX¯ó\T>± |ü]>∑DÏkÕÔ+. edüTÔe⁄ ˇø£ nø£å+ #·T≥÷º ÁuÛÑeTD+
#Ó+<˚≥|üÒ&ÉT, <ëì |ü]e÷D≤ìï |ü]>∑DÏ+#·T≥ eTTK´+. |òü⁄{Ÿu≤˝Ÿ ˝≤+{Ï ô|<ä› edüTÔe⁄\qT |ü]>∑DÏ+∫q|üÒ&ÉT
ªÁ<äe´sê• πø+Á<ä+μ #˚ yê{Ïì dü÷∫kÕÔ+. Á<äe´sê• πø+Á<ä+ nH˚~ |òü⁄{Ÿu≤˝Ÿ˝Àì nìï Á<äe´ø£D≤\ Á|ü‹ì~Û.

ÁuÛÑeTD #·\q+ #˚ùd edüTÔe⁄qT ˇø£ ø£D≤\ e´edüú>± |ü]>∑DÏkÕÔ+.

$düÔ‘·è‘· edüTÔe⁄qT <äè&ÛÉ edüTÔe⁄>± |ü]>∑DÏ+#·T≥ ˇø£ Ä<äs¡ÙuÛ≤eq. ìC≤ìøÏ eTq kÕMT|ü´+˝À
m˝≤+{Ï <äè&ÛÉ edüTÔe⁄\T ˝Òe⁄. edüTÔe⁄ô|’ n~Ûø£ |ü]e÷D+˝À ã˝≤ìï Á|üjÓ÷–+∫q|üŒ{Ïø°, <ëH√¢ì ¬s+&ÉT
_+<äTe⁄\ eT<Ûä´ kÕù|ø£å <ä÷s¡+ e÷s¡≈£î+&Ü ñ+fÒ ˝Ò<ë <ëìï ªª<äè&ÛÉ edüTÔe⁄μμ n+{≤s¡T.  $s¡÷|üD ã\+
Á|üjÓ÷–+∫q|üŒ{ÏøÏ edüTÔe⁄ Äø±s¡+, |ü]e÷D≤˝À¢ @˝≤+{Ï e÷s¡TŒ\T sêì edüTÔe⁄ ªª<äè&ÛÉ edüTÔe⁄μμ ø±ì
mH√ï edüTÔe⁄\qT, $s¡÷|üD≤ìï ñù|øÏå+∫, <äè&ÛÉ edüTÔe⁄\T>± |ü]>∑DÏkÕÔ+. ñ<ë: ÁøÏ¬ø{Ÿ ã+‹, d”º\T #·Áø£+,
uÛÑ÷$T, #·+Á<äT&ÉT ã¬ø{Ÿ˝À ñqï ˙{Ïì <äè&ÛÉ edüTÔe⁄>± uÛ≤$+#·e#êÃ? ã¬ø{ŸqT »]|æq|ü⁄&ÉT <ëì˝Àì ˙{Ï
Äø±s¡+ e÷s¡T‘·T+~ ø£qTø£ ã¬ø{Ÿ˝À ñqï ˙s¡T <äè&ÛÉ edüTÔe⁄ ø±<äT.

<äè&ÛÉ edüTÔe⁄ >∑T]+∫ MTs¡T @+ H˚s¡TÃ≈£îHêïs√ |ü]o*+#·Tø√+&ç.

bÕsƒ¡+˝Àì Á|üX¯ï\T  6.1

1. ˇø£ Áù|òe≠ Äs¡T ø£&û¶\‘√ ‘·j·÷¬s’+~. Ä ø£&û¶\T ˇø£ <ëìø=ø£{Ï >∑{Ïº>± n‘·ø£ã&ç ñHêïs≠. á
e´edüúqT <äè&ÛÉ edüTÔe⁄>± uÛ≤$+#·e#êÃ?

2. ÇdüTø£ ≈£î|üŒqT <äè&ÛÉ edüTÔe⁄>± uÛ≤$+#·e#êÃ? MT düe÷<ÛëHêìï $e]+#·+&ç.

6.2  <äè&ÛÉ edüTÔe⁄ jÓTTø£ÿ Á<äe´sê• πø+Á<ä+

 ˇø£ <ës¡+ düVü‰j·T+‘√ MTs¡T ˇø£ MT≥s¡T ùdÿ\TqT düe÷+‘·s¡+>± ô|’øÏ m‘êÔ\+fÒ, <ësêìï MT≥s¡T
ùdÿ\Tô|’ mø£ÿ&É eTT&ç y˚kÕÔs¡T? ùdÿ\T ˇø£ ∫es¡q eTs=ø£ uÛ≤sêìï y˚˝≤&ÉBùdÔ, eTT&ç kÕúq+ e÷s¡Ã≈£î+&Ü,
MTs¡T ùdÿ\TqT düe÷+‘·s¡+>± m‘·Ô>∑\sê?

1. ùdÿ\T @ø£Ø‹ eT+<ëìï ø£*– ñ+fÒ, <ëìï düe÷+‘·s¡+>± ô|’øÏ m‘êÔ\+fÒ, MTs¡T <ësêìï eT<Ûä´˝À
n+fÒ 50 cm e<ä› eTT&çy˚kÕÔs¡T.

2. ùdÿ\T ∫es¡≈£î n<äq+>± uÛ≤sêìï #˚]Ã‘˚, <ës¡+ eTT&ç kÕúHêìï e÷s¡Ã≈£î+&Ü, düe÷+‘·s¡+>±
ùdÿ\TqT m‘·Ô˝Òs¡T.
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 yÓTT<ä{Ï dü+<äs¡“¤+˝À, MTs¡T <ësêìï ˇπø _+<äTe⁄≈£î ø£{ÏºHê, MTs¡T ùdÿ\TqT ô|’øÏ m‘·Ô&Éy˚T ø±≈£î+&Ü,
yÓTT‘·Ô+ ùdÿ\T Á<äe´sê•ì m‹Ôq nqTuÛÑ÷‹ì bı+<äT‘ês¡T. 50e $uÛ≤>∑+ e<ä› ∫qï eTTø£ÿqT ø√ùdÔ, <ëì
Á<äe´sê• e÷Á‘·+ ùdÿ\T Á<äe´sê•øÏ düe÷q+ ø±<äì ‘Ó\TdüTø=+{≤s¡T. ø±ã{Ïº, edüTÔe⁄ yÓTT‘·Ô+ Á<äe´sê•
@ _+<äTe⁄ e<ä› πø+ÁBø£è‘·+ nsTTq≥Tº>± ø£ì|æk˛Ô+<√ n<˚ ªªÁ<äe´sê• πø+Á<ä+(CM)μμ.

n<˚ ùdÿ\T ¬s+&ÉT ∫es¡\ düe÷q Á<äe´sêX¯ó\qT ø£&ç‘˚, Á<äe´sê• πø+Á<ä kÕúq+ ùdÿ\T eT<Ûä´
_+<äTe⁄ e<ä›H˚ ñ+≥T+~.

edüTÔe⁄˝Àì ø£D≤\ yÓ’j·TTøÏÔø£ #·\Hê\T #ê˝≤ dü+øÏ¢wüº+>± ñ+{≤sTT. ø±ã{Ïº Á<äe´sê• πø+Á<ä+
edüTÔe⁄ #·\Hêìï düT\uÛÑ‘·s¡+ #˚düTÔ+~. Á<äe´sê• πø+Á<ëìï #·<äTe⁄≥¬ø’ ¬s+&ÉT ø£D≤\ e´edüúqT |ü]>∑DÏ<ë›+.
m1, m2 Á<äe´sê• ø£*–q ¬s+&ÉT n‹ ∫qï ø£D≤\T X`nø£å+ô|’ eT÷\_+<äTe⁄ qT+∫ <ä÷sê˝À¢ x1,x2

(|ü≥+˝À #·÷|æq $<Ûä+>±) ñqï$ nqTø=qTeTT.

á e´edüú Á<äe´sê• πø+Á<ä+ eT÷\ _+<äTe⁄ qT+∫ Xcm <ä÷s¡+˝À ñ+fÒ

1 1 2 2

1 2
cm

m x m xX
m m




 (6.1)

m1, m2, m3 ...... mn Á<äe´sêX¯ó\‘√ n dü+K´˝Àì ø£D≤\ eT÷\_+<äTe⁄ qT+∫ x1, x2, x3, ....... xn

<ä÷sê˝À¢ ñ+fÒ, á e´edüú Á<äe´sê• πø+Á<ä kÕúq+

1 1 2 2

1 2

...............

..............
n n

cm
n

m x m x m xX
m m m
  


   (6.2)

i i
i 1

i i

i
i 1

1
M

n

cm n

m x
X m x

m






  



M =  m = e´edüú yÓTT‘·Ô+ Á<äe´sê•
~«$Trj·T e´edüú˝À m1, m2, m3 ......... mn Á<äe´sê• ø£D≤\T XY ‘·\+˝À (x1, y1), (x2, y2) .......

(xn, yn) ìs¡÷|üø£ _+<äTe⁄\ e<ä› ñ+fÒ, á ~«$Trj·T e´edüú Á<äe´sê• πø+Á<äø£ ìs¡÷|üø£+

CMm1 m2

O (0, 0)

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ xcm

x1

x2

|ü≥+. 6.1 : ¬s+&ÉT ø£D≤\ e´edüú
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  i i i i

i i

, ,cm cm
m x m yX Y
m m

  
   

(6.3)

Ç<˚$<Ûä+>± Á‹$Trj·T e´edüú≈£î

  i i i i i i

i i i

, , , ,cm cm cm
m x m y m zX Y Z
m m m

   
    

(6.4)

 m1, m2, m3 ......... mn  Á<äe´sêX¯ó\T >∑\ Á<äe´sê• ø£D≤\ kÕúHê\qT yê{Ï kÕúq dü~X¯\T

1 2 3, , ........ nr r r r  \#˚ dü÷∫ùdÔ, Á<äe´sê• πø+Á<ä+ kÕúq dü~X¯qT øÏ+~ $<Ûä+>± sêj·Te#êÃ.

1 1 2 2

1 2 3

........
..........

n n
cm

n

m r m r m rr
m m m m

 


    (6.5)

˝ÀVü≤ >√fi¯+˝À Á<äe´sê• n$∫Ã¤qï+>± |ü+|æD° ne⁄‘·T+~. ø±ã{Ïº n+<äT˝Àì ø£D≤\qT, yê{Ï kÕù|ø£å
kÕúHê\qT >∑T]Ô+#·T≥ nkÕ<Ûä´+. Ç˝≤+{Ï dü+<äsê“¤˝À¢ >∑DÏ‘· düe÷ø£\Hêìï ñ|üjÓ÷–+∫ Á<äe´sê• πø+Á<ä
kÕúHêìï sêkÕÔs¡T.

  1 1 1, , , ,cm cm cmX Y Z xdm ydm zdm
M M M

  
    (6.6)

ñ<ëVü≤s¡D 6.1

uÛÑ÷$T Á<äe´sê•, #·+Á<äT&ç Á<äe´sê•øÏ  81 ¬s≥T¢.  uÛÑ÷Ç$T, #·+Á<äT\ eT<Ûä´ <ä÷s¡+  3.84  105

km. uÛÑ÷$T ` #·+Á<äT&ç e´edüú Á<äe´sê• πø+Á<ä kÕúHêìï, uÛÑ÷$T <äècÕº´ ø£qTø√ÿ+&ç.

kÕ<Ûäq :

#·+Á<äT&ç Á<äe´sê• ‘m’ nqTø=qTeTT.

uÛÑ÷$T Á<äe´sê• = 81 m

uÛÑ÷$T, X nø£å+ô|’ eT÷\_+<äTe⁄ e<ä› ñqï<äqTø=qTeTT.

x1 = 0
x2 = 3.84  105 km

1 1 2 2

1 2
cm

m x m xX
m m





581 0 3.84 10
81cm

m mX
m m

   




5 53.84 10 3.84 10 4700
82 82cm

mX km km
m

  
  

Fig. 6.2

uÛÑ÷$T

x1 = 0

#·+Á<äT&ÉT


CM

Xcm

E
x2
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ñ<ëVü≤s¡D 6.2

uÛÑT»+ bı&Ée⁄ 1 m >±>∑\ #·‘·Ts¡Ádü+ Hê\T>∑T
e∂\˝À¢ 1 kg, 2 kg, 3 kg eT]j·≠ 4 kg \
Á<äe´sêX¯ó\qT ñ+#ês¡T. <ëì Á<äe´sê• πø+Á<ä+qT
ø£qTø√ÿ+&ç.

kÕ<Ûäq :

ˇø£ ‘·\+˝À ñqï #·‘·Ts¡ÁkÕìï rdüT≈£î+<ë+. á
‘·˝≤ìï (x, y) ‘·\+ nqTø=+<ë+. ìs¡÷|üø£e´edüú
e∂\_+<äTe⁄‘√ ˇø£ _+<äTe⁄ @ø°uÛÑ$dü÷Ô #·‘·Ts¡Ádü+
¬s+&ÉT uÛÑTC≤\T x, y - nøå±\ yÓ+ã&ç ñHêïj·TqT≈£î+<ë+.
Hê\T>∑T Á<äe´sêX¯ó\ ìs¡÷|üø±\T m1 (0, 0), m2 (1.0, 0), m3 (1.0, 1.0) eT]j·≠ m4 (0, 1.0) Çø£ÿ&É
<ä÷sê\˙ï MT≥s¡¢˝À Ç#êÃs¡T |ü≥+ (6.3) düMTø£s¡Ds (6.3) qT+&ç

1.0 0 2.0 1.0 3.0 1.0 4.0 0
1.0 2.0 3.0 4.0

x m      


  
 = 0.5 m

1.0 0 2.0 0 3.0 1.0 4.0 1.0
1.0 2.0 3.0 4.0

y m      


  
 = 0.7m

Á<äe´sê• πø+Á<ä+ ìs¡÷|üø±\T (0.5m, 0.7 m) |ü{+ 6.3 ˝À C >± >∑T]Ô+#ês¡T. #·‘·Ts¡Ádü+ kÂwü˜e
|ü≥yÓTÆHê ≈£L&Ü Á<äe´sê• πø+Á<ä+ eT<Ûä́ ˝À Ò̋ì $wüj·T+ >∑eTì+#·+&ç. Á<äe´sê• πø+Á<ä+ eT<Ûä́ ˝À Ò̋ø£b˛e&ÜìøÏ
>∑\ ø±s¡D y˚T$T{Ï? Bìï ø£qTø√ÿe&ÜìøÏ nìï Á<äe´sêX¯ó\T düe÷q+>± ñqï|ü⁄&ÉT Á<äe´sê• πø+Á<ä+
ìs¡÷|üø±\qT >∑DÏ+#·+&ç.

ñ<ëVü≤s¡D 6.3

1 kg, 3 kg Á<äe´sêX¯ó\T >∑\ ¬s+&ÉT edüTÔe⁄\ kÕúq dü~X¯\T es¡Tdü>±  2 +5 +13 mi j k ,

 6 +4 2 m i j k . á e´edüú Á<äe´sê• πø+Á<ä kÕúq dü~X¯qT ø£qTø√ÿ+&ç.

1 1 2 2

1 2
cm

m r m rr
m m






       
   1 2 5 13 3 6 4 2

1 3
     




i j k i j k

        1 2 5 13 18 12 6
4

m     i j k i j k

   1 16 17 7
4cmr m   i j k

Fig. 6.3 : Locating CM of four masses
placed at the corners of a square
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eTq+ Á<äe´sê• πø+Á<ëìï ø£∫Ã¤‘·+>± m+<äT≈£î ìs¡«∫+#ê*?

kÕúqÁuÛÑ+X¯+˝Àì e÷s¡TŒπs≥T y˚>∑+, y˚>∑+˝Àì e÷s¡TŒπs≥T ‘·«s¡D+ nì eTs=ø£kÕ] »„|æÔøÏ ‘Ó#·TÃø√+&ç.

1 1 2 2 ..... n n
cm

m x m x m xX
M

 


1 1 2 2 .....cm n nMX m x m x m x   

ô|’ düMTø£s¡D≤ìï ø±\+ <äècÕº´ neø£\q+ #˚j·T>±

1 2
1 2 .......m n

n
dx dxdx dxM m m m
dt dt dt dt

    (6.7)

ø±˙ 
dx
dt

  y˚>∑+

1 1 2 2 ......cm n nMV m v m v m v    (6.8)

eTs=ø£kÕ] neø£\q+ #˚ùdÔ, ‘·«s¡D+ edüTÔ+~.

1 2
1 2 .......cm n

n
dv dvdv dvM m m m
dt dt dt dt

   

1 1 2 2 ......cm n nMa m a m a m a    (6.9)

ø±ì     ma = ã\+.

1 2 .......cm nF f f f     (6.10)

nìï ã˝≤\qT ˇø£ÿÁ<äe´sê• πø+Á<ä+ô|’ Á|üjÓ÷–+∫q ã\+ nìï ø£D≤\ô|’ Á|üjÓ÷–+∫q ã˝≤\≈£î
düe÷q+.

Çø£ÿ&É Fcm = F
u≤Vü≤´ 

= Macm

<äè&ÛÉedüTÔe⁄ jÓTTø£ÿ Á<äe´sê• πø+Á<ä #·\q+ô|’ n+‘·sY ã˝≤\ Á|üuÛ≤e+ ñ+&É<äT.

$düs¡ã&çq u≤+ãT ‘·q Á|üj·÷D e÷s¡Z+ eT<Ûä́ ˝À ˇø£ #√≥ (|ü≥+ 6.4) n+‘·sY ã˝≤\ e\¢ ù|]b˛‘·T+~.
<ëì X¯ø£˝≤\T y˚s¡T y˚s¡T ~X¯˝À¢ Á|üj·÷DÏkÕÔsTT. ø±˙, $T–*b˛sTTq Á<äe´sê• πø+Á<ä uÛ≤>∑+, ‘·q |üsêe\j·T
e÷sêZìï ø=qkÕ–+∫ uÛÑ÷$Tô|’ |ü&çb˛‘·T+~.

u≤Vü≤´ã˝≤\ Á|üuÛ≤e+˝À Á<äe´sê• πø+Á<ä #·\HêìøÏ
Ç<=ø£ ìs¡÷|üD. á ìs¡÷|üD. á dü+<äs¡“¤+˝À u≤+ãTô|’
|üì#˚ùd u≤Vü≤´ã\+ ª>∑Ts¡T‘ê«ø£s¡¸D ã\+μ.

6.2.1 Á<äe´sê• πø+Á<ä n_Û\ø£åD≤\T

1. Á<äe´sê• ø£D≤\T, yê{Ï kÕù|ø£å kÕúHê\ô|’ e÷Á‘·y˚T
CM kÕúq+ Ä<Ûës¡|ü&ÉT‘·T+~. n+fÒ n~ Á<äe´sê•
$‘·s¡Dô|’ Ä<Ûës¡|ü&ÉT‘·T+<äì ns¡ú+.

|ü≥+. 6.4 : Á|üπøå|ü+ jÓTTø£ÿ Á<äe´sê• πø+Á<ä #·\q+
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2. Á<äe´sê• πø+Á<ä+ CM <äècÕº´ Á<äe´sê• ÁuÛ≤eTø±\ (Á<äe´sê•  <ä÷s¡+) ;Jj·T yÓTT‘·Ô+ X¯Sq´+.
0i im x  .

3. CM ñ+&˚ #√≥ m˝≤+{Ï Á<äe´sê• (Á<äe´+) ñ+&Ü*‡q nedüs¡+ ˝Ò<äT. eè‘êÔø±s¡ ˝ÀVü≤ ]+>∑T
πø+Á<ä+ e<ä› CM ñ+≥T+~. nø£ÿ&É m˝≤+{Ï |ü<ës¡ú+ (Á<äe´sê•) ñ+&É<äT ø£<ë.

4. Á<äe´sê• πø+Á<ä kÕúq+ m+#·Tø=qï ìπs›X¯ #·Á≥+ô|’ Ä<Ûës¡|ü&É<äT.

6.2.2  ø=ìï edüTÔe⁄\ Á<äe´sê• πø+Á<ä+\T

nH˚ø£ ø£D≤\‘√ ì]à‘·yÓTÆq edüTÔe⁄qT n+fÒ $düÔè‘· edüTÔe⁄\˝À Á<äe´sê• πø+Á<ä+qT n+‘· düT\uÛÑ+>±
ø£qTø√ÿ˝Ò˚e≠. <äè&ÛÉ edüTÔe⁄˝Àì ø£D≤\ Á<äe´sêX¯ó\T düe÷qyÓTÆ n$ @ø£Ø‹>± neT] ñ+fÒ Á<äe´sê•
πø+Á<ä+qT  ø£qTø√ÿe&É+ ø=+‘· düT\uÛÑ+. edüTÔe⁄  ˇø£ Áø£e÷ø±s¡+ ø£*– ñ+&ç ø=+‘· kÂwüºe+>± ñ+fÒ,
n+fÒ >√fi≤ø±s¡+>± ˝Ò<ë dü÷ÔbÕø±s¡+>± ñ+fÒ ø=+#Ó+ düT\uÛÑ+>± >∑T]Ô+#·e#·TÃ. ns≠Hê ≈£L&Ü  Ä
˝…ø£ÿ\˙ï á |ü⁄düÔø£ |ü]~Û˝À #Ó|üŒ˝Òe≠. Á<äe´sê• πø+Á<ä+ ÁbÕe≠K´‘·qT <äèwæº˝À ñ+#·Tø=ì |ü{Ïºø£ 6.1˝À
ø=ìï Áø£e÷ø±s¡, kÂwüºe edüTÔe⁄\≈£î Á<äe´sê• πø+Á<ä+ kÕúHê\qT Ç#êÃ+.

|ü{Ïºø£ ` 6.1 : ø=ìï Áø£e÷ø±s¡, kÂwüºe edüTÔe⁄\ Á<äe´sê• πø+Á<ä+

|ü≥+ Á<äe´sê• πø+Á<ä+  kÕúq+

Á‹uÛÑTC≤ø±s¡|ü⁄ |ü\ø£
e∂&ÉT MT&çj·THé\ K+&Éq _+<äTe⁄ e<ä›.

Áø£e÷ø±s¡ ãVüQuÛÑTõ eT]j·≠ eè‘êÔø±s¡ |ü\ø£.

|ü≥+˝À C≤´$Trj·Tπø+Á<ä+ e<ä›.

dü÷Ô|ü+ eT]j·≠ >√fi¯+

|ü≥+˝À C≤´$Trj·T πø+Á<ä+ e<ä›.
|æs¡$T&é eT]j·≠ X¯+≈£î
os¡¸+ qT+&ç Ä<Ûës¡+ jÓ≠ø£ÿ πø+Á<ä+‘√ ø£*ù|
πsK  yÓ+ã&ç, Ä<Ûës¡+ qT+&ç ø=*∫q m‘·TÔ
h/4 e<ä›.
kÂwüºe nø£å+‘√ ñqï Äø±s¡+ (|ü≥+)
kÂwüºe nø£å+ MT<ä ˇø£ _+<äTe⁄ e<ä›

kÂwüºe πø+Á<ä+ >∑\ Äø±s¡+ (|ü{≤\T)
kÂwüºe πø+Á<ä+ e<ä›.
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Á<äe´sê• πø+Á<ä+ >∑T]+∫ ¬s+&ÉT $wüj·÷\qT >∑Ts¡TÔ ô|≥Tºø√yê*. 1. ]+>∑T ˝≤+{Ï edüTÔe⁄\˝À n~
edüTÔe⁄ ãj·T≥ ≈£L&Ü ñ+&Ée#·TÃ. 2. ¬s+&ÉT edüTÔe⁄\T ̌ ø£ <ëì #·T≥÷º ̌ ø£{Ï |ü]ÁuÛÑ$TdüTÔqï|ü⁄&ÉT n$ yê{Ï ñeTà&ç
Á<äe´sê• πø+Á<ä+ #·T≥÷º |ü]ÁuÛÑ$TkÕÔs≠. ñ<ëVü≤s¡D≈£î <ä«+<ä« e´edüú̋ Àì qø£åÁ‘ê\T  yê{Ï ñeTà&ç Á<äe´sê•
πø+Á<ä+ #·T≥÷º |ü]ÁuÛÑ$T+#·&É+. uÛÑ÷$T`dü÷s¡T´&ÉT e´edüú̋ À ≈£L&Ü n$ yê{Ï ñeTà&ç Á<äe´sê• πø+Á<ä+ #·T≥÷º
|ü]ÁuÛÑ$Tdü÷Ô ñ+{≤s≠. ø±ì dü÷s¡T´&ç Á<äe´sê•, uÛÑ÷$T Á<äe´sê• ø£Hêï #ê˝≤ m≈£îÿe ø£qTø£ Á<äe´sê• πø+Á<ä+
dü÷s¡T´&çøÏ  n‹ düMT|ü+˝À ñ+≥T+~.

bÕsƒ¡+˝Àì Á|üX¯ï\T 6.2

1. Çø£ÿ&É #·÷|æ+∫q Á–&é˝À A, B, C, D eT]j·≠ E
ø£D≤\ Á<äe´sêX¯ó\T es¡Tdü>± 1.0 kg, 2.0 kg,
3.0 kg, 4.0 kg eT]j·≠ 5.0 kg. e´edü∆ Á<äe´sê•
πø+Á<ä+ ìs¡÷|üø±\qT >∑DÏ+#·+&ç.

2. 1 m uÛÑT»+ bı&Ée⁄>∑\ düeTu≤VüQ Á‹uÛÑT»+ e∂&ÉT
e∂\˝À¢ m1 =1 kg, m2 = 2 kg,  m3 = 3 kg
Á<äe´sêX¯ó\T ñqï|ü⁄&ÉT Á<äe´sê• πø+Á<ä+ ìs¡÷|üø±\qT
sêã≥º+&ç.

3. ¬s+&ÉT ø£D≤\T yê{Ï ñeTà&ç Á<äe´sê• πø+Á<ä+ qT+&ç yê{Ï <ä÷sê\ ìwüŒ‹Ô, yê{Ï Á<äe´sêX¯ó\
ìwüŒ‹ÔøÏ $˝Àe÷qTbÕ‘·+˝À ñ+≥T+<äì #·÷|ü+&ç.

4. <äè&ÛÉ edüTÔe⁄ jÓTTø£ÿ Á<äe´sê• πø+Á<ä+ô|’ u≤Vü≤´ã\+ |üì#˚j·TTq|üÒ&ÉT e´edüú˝Àì ø£D≤\ yÓTT‘·Ô+
Á<äe´y˚>∑+˝À @yÓTÆHê e÷s¡TŒ ñ+≥T+<ë?

6.3  >∑Ts¡T‘·« πø+Á<ä+

e´edüú˝Àì ø£D≤\ìï+{ÏøÏ m+‘√ ø=+‘· Á<äe´sê• ñ+≥T+~.
ø±ã{Ïº yê{Ïì uÛÑ÷$T >∑Ts¡T‘ê«ø£s¡̧D e\¢ Äø£]¸düTÔ+~. uÛÑ÷$T Á<äe´sê•ì
Äø£]¸+#˚ ã\y˚T <ëì uÛ≤s¡+.

F = ma

a = g nsTT‘˚  F = W

W = mg        (6.11)

nìï ø£D≤\ uÛ≤sê\T dü~X¯\T. Ç$ düe÷+‘·s¡+>± ñ+≥÷,
uÛÑ÷$TyÓ’|ü⁄ |üì#˚kÕÔsTT. nìï ø£D≤\ uÛ≤sê\ (dü~X¯\) |òü*‘· dü~X¯ ˇø£ _+<äTe⁄ e<ä› |üì#˚düTÔ+~. @
_+<äTe⁄ e<ä›HÓ’‘˚ e´edüú yÓTT‘·Ô+ uÛ≤s¡+ πø+ÁBø£è‘·+ nsTTq≥Tº>± ø£ì|ædüTÔ+<√ Ä _+<äTe⁄qT ªª>∑Ts¡T‘·«πø+Á<ä+μμ
˝Ò<ë >∑]eTHê_Û n+{≤s¡T.

|ü≥+. 6.5

|ü≥+. 6.6 : Resultant weight acting
along the centre of gravity

#·sê´πsK
(|òü*‘· ã\ ~X¯)

ø£D+ô|’
|üì#˚ùd
ã\+
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∫qï, @ø£Ø‹ eT+<ä+‘√ ñ+&˚ edüTÔe⁄\qT @ø£Ø‹ >∑Ts¡T‘·«πøåÁ‘·+˝À ñ+∫‘˚ yê{Ï >∑]eTHê_Û Á<äe´sê•
πø+Á<ä+‘√ @ø°uÛÑ$düTÔ+~. Á<äe´sê• πø+Á<ä+ e´edüú #·\Hêìï düT\uÛÑ+>± $e]ùdÔ, >∑Ts¡T‘·« πø+Á<ä+ edüTÔe⁄
jÓTTø£ÿ dæús¡‘ê«ìï $e]düTÔ+~.

|òü*‘· uÛ≤s¡+ ˝Ò<ë ã\ dü~X¯\ |òü*‘·+ edüTÔe⁄ Ä<Ûës¡+ qT+∫ yÓfi‚Ô, Ä edüTÔe⁄≈£î dæús¡‘·«+ m≈£îÿe>±
ñ+≥T+~. n+<äTe\¢H˚, bı{Ïº, yÓ&É˝≤Œ{Ï yêVü≤Hê\≈£î (ñ<ë: πsdüT ø±s¡T¢) dæús¡‘·«+ m≈£îÿe.

 bı&Éyê{Ï düÔ+uÛ≤\≈£î ‘ê&ÉTqT ø£{Ïº, <ëìô|’ q&ç#˚+<äT≈£î Á|üj·T‹ï+#˚ u≤*ø£ ‘·q #˚‹˝Àì bı&Éyê{Ï
ø£Ás¡ düVü‰j·T+‘√ ‘ê&ÉTô|’ qT+∫ |ü&çb˛≈£î+&Ü Á|üj·T‘·ï+ #˚düTÔ+~. ø£Ás¡, u≤*ø£\ yÓTT‘·Ô+ uÛ≤s¡+
(#·sê´ πsK) düqïì ‘ê&ÉTqT+∫ yÓfi‚¢ $<Ûä+>± u≤*ø£ ø£Ás¡ kÕúHêìï e÷s¡TÃ‘·÷ eTT+<äT≈£î q&ÉTdüTÔ+~.

 |üs¡«‘ês√Vü≤≈£î&ÉT, |üs¡«‘êìï mπøÿ≥|üÒ&ÉT eTT+<äT≈£î e+>∑T‘ê&ÉT. B+‘√ n‘·ì uÛ≤s¡ dü~X¯ m\¢|üÒ&ÉT
n‘·ì ø±fi¯¢ eT<Ûä´ (Ä<Ûës¡+)˝À ñ+≥T+~.

6.4  <äè&ÛÉ edüTÔe⁄ kÕúHê+‘·s¡ eT]j·≠ ÁuÛÑeTD#·\Hê\T : ˇø£ b˛*ø£

<äè&ÛÉ edüTÔe⁄˝Àì nìï ø£D≤\ |ü<∏ë\T düe÷+‘·s¡+>± ñ+&ç, <äè&ÛÉ edüTÔe⁄ ≈£L&Ü n<˚ |ü<∏ä+˝À #·*dü÷Ô ñ
+fÒ Ä #·\Hêìï kÕúHê+‘·s¡ #·\q+ n+{≤s¡T.

nìï ø£D≤\T π̌ø #·\Hêìï ø£*– ñHêïs≠. ø£qTø£ <ëì Á<äe´sê• πø+Á<ä+ |ü<∏ä+ ≈£L&Ü n<˚ |ü<∏ä+ yÓ+ã&ç
ñ+≥T+~. ø£qT≈£ edüTÔe⁄ πsFj·T #·\Hêìï <ëì Á<äe´sê• πø+Á<ä+ #·\q+ n_Û\ø£åD+>± #Ó|üŒe#·TÃ. á #·\Hêìï
düMTø£s¡D+ (6.10) ˝À MTs¡T #·÷XÊs¡T.

M a = Fext

Á<äe´sê• πø+Á<ä+ì ìs¡«∫+#·&É+˝Àì Á|üjÓ÷»Hêìï MTs¡T #·÷düTÔHêïs¡T ø£<ë! Bì düVü‰j·T+‘√ edüTÔe⁄
πsFj·T #·\Hêìï edüTÔe⁄ yÓ≠‘·Ô+ Á<äe´sê•øÏ düe÷qyÓTÆq Á<äe´sê• ø£*– ñqï ø£D düMTø£s¡D+‘√ e]í+#·e#·TÃ. n~
Á<äe´sê• πø+Á<ä+ e<ä› ñ+&ç <ëì MT<ä <äè&ÛÉ edüTÔe⁄ ô|’ |üì#˚ùd nìï u≤Vü≤´ ã˝≤\ yÓ≠‘·Ô+ ã\+ |üì #˚düTÔ+~.á
uÛ≤eqqT ns¡ú+ #˚düTø√e&ÜìøÏ á øÏ+~ ø£è‘ê´\T #˚<ë›+.

ø£è‘·́ + 6.1
ˇø£ #Óø£ÿ ~eTàqT rdüTø√+&ç. @<Ó’q ‘·\+ MT<ä ¬s+&ÉT

˝Òø£ e∂&ÉT >∑Ts¡TÔ\T ô|≥º+&ç. >∑Ts¡TÔ ô|{Ïºq ‘·˝≤\T MTyÓ’|ü⁄≈£î
ô|≥Tºø=ì H˚\ yÓ+ã&ç øÏå‹» düe÷+‘·s¡+>± HÓ≥º+&ç. >∑Ts¡TÔ\T
Á|üj·÷DÏ+∫q |ü<∏ëìï >∑eTì+#·+&ç.  á >∑Ts¡TÔ\ |ü<∏ë\˙ï
H̊\≈£î düe÷+‘·s¡+>± ñ+&ç, n$ ˇø£<ëìø=ø£{Ï düe÷+‘·s¡+>±
ñ+{≤s≠. (|ü≥+ 6.6). |ü<∏ë\ bı&Ée⁄\T ≈£L&Ü düe÷q+>±
ñ+&É≥+ #·÷&É+&ç.

ø£è‘·́ + 6.2
Ç|ü⁄&ÉT eTq+ Ç+ø=ø£ Á|üjÓ÷>∑+ #̊<ë›+. dü÷ÔbÕø±s¡+>±

ñqï #Óø£ÿ e≠ø£ÿqT rdüTø√+&ç. <ëì #·<äTqT‘·\+  MT<ä ˇø£{Ï

|ü≥+. 6.7: H˚\ MT<ä πsFj·T #·\q+˝À ñqï
#Óø£ÿ~yÓTà

|ü≥+.  6.8 : dü÷Ô|ü+ <=s¡T¢&ÉT >∑eTq+,  A _+<äTe⁄
H˚\≈£î düe÷+‘·s¡+>± >∑eTq+˝À ñ+&É&Éy˚Tø±ø£
eè‘êÔø±s¡ >∑eTHêìï ≈£L&Ü ø£*– ñ+~.
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Ò̋<ë ¬s+&ÉT >∑Ts¡TÔ\T ô|≥º+&ç. #·<äTqT‘·̋ ≤ìï MT yÓ’|ü⁄≈£î ñ+#·Tø=ì dü÷ÔbÕìï H˚\ MT<ä HÓeTà~>± <=]¢+#·+&ç.
|ü≥+ 6.7˝À ñqï≥T¢ E >∑Ts¡TÔ H˚\MT<ä düe÷+‘·s¡+>± Á|üj·÷DÏ+#·&ÉẙT ø±ø£ eè‘êÔø±s¡ #·\q+ ≈£L&Ü  bı+~+~.
n+fÒ edüTÔe⁄, πsFj·T, eè‘êÔø±s¡ #·\Hê\T ¬s+&ç+{Ïì bı+~+~.

<äè&ÛÉ edüTÔe⁄ πsFj·T, eè‘êÔø±s¡ #·\Hê\T ¬s+&ç+{Ïì
ø£*– ñ+≥T+~. edüTÔe⁄˝Àì ̌ ø£ _+<äTe⁄qT |ü{Ïº ñ+∫q|ü⁄&ÉT
<ëìøÏ πsFj·T #·\q+ ñ+&É<äT. eè‘êÔø±s¡ #·\q+ e÷Á‘·+
ñ+≥T+~. BìøÏ nqT≈£L\yÓTÆq _+<äTe⁄, Á<äe´sê• πø+Á<ä+.

MTs¡T ‹s¡>∑*ì #·÷ùd ñ+{≤s¡T. ‹s¡>∑* |æ&ç
eè‘êÔø±s¡+>± ‹s¡T>∑T‘·÷ ñ+≥T+~. sês≠ MT<ä ñqï
_+<äTe⁄\T ≈£L&Ü eè‘êÔø±s¡ |ü<∏ä+˝À sês≠ πø+Á<ä+ e<ä›
ñqï nø£å+ yÓ’|ü⁄≈£î ø£<äT\T‘·÷ ñ+{≤s≠ (|ü≥+ 6.8).

#·\q+˝À ñqï <äè&ÛÉ edüTÔe⁄˝Àì nìï ø£D≤\ |ü<∏ë\T
@ø£πø+Á<ä eè‘êÔ˝…’‘˚ Ä #·\Hêìï ÁuÛÑeTD #·\q+ n+{≤s¡T.

<äè&ÛÉ edüTÔe⁄ πsFj·T #·\Hêìï @ø£ø£D düMTø£s¡D+‘√
$e]+#·e#·TÃqì MTs¡T >∑eTì+∫ ñ+{≤s¡T. Ä düMTø£s¡D≤\
>∑T]+∫ MTs¡T u≤>± ‘Ó\TdüTø=Hêïs¡T ø£qTø£ á bÕsƒ¡+˝À
eTq+ <äè&ÛÉ edüTÔe⁄ ÁuÛÑeTD #·\q+ MT<˚ <äèwæº ô|&É<ë+.
edüTÔe⁄qT ˇø£ _+<äTe⁄ e<ä› |ü{Ïº ñ+#·&É+ e\q πsFj·T #·\q+ Ò̋≈£î+&Ü ÁuÛÑeTD #·\Hêìï e÷Á‘·+ bı+<äe#·TÃ.
>∑DÏ‘ê‘·àø£ yÓdüT\Tu≤≥T ø√dü+ Ä _+<äTe⁄>± Á<äe´sê• πø+Á<ä+ì rdüT≈£î+{≤s¡T. n|ü⁄&ÉT edüTÔe⁄, Á<äe´sê• πø+Á<ä+
>∑T+&Ü b˛j˚T nø£å+ |üs¡+>± ÁuÛÑeTD≤\T #˚düTÔ+~. ÁuÛÑeTD #·\HêìøÏ eT+∫ ñ<ëVü≤s¡D uÛÑ÷$T ÁuÛÑeTD+. n~ ‘·q
nø£å+ #·T≥÷º ÁuÛÑeTD+˝À ñ+≥T+~(|ü≥+ 6.10). πsFj·T >∑eTq+˝À edüTÔe⁄ Á<äe´sê• e≠K´yÓTÆq bÕÁ‘· b˛wædüTÔ+<äì
MTs¡T Ç+‘·≈£îe≠+<äT bÕsƒ¡+˝À #·<äTe⁄≈£îHêïs¡T. u≤Vü≤´ã\ Á|üjÓ÷>∑+ e\¢ edüTÔe⁄ bı+<˚ ‘·«s¡D≤ìï n~ >∑DÏdüTÔ+~.
Ç≥Te+{Ï sê•H˚ ÁuÛÑeTD #·\q+˝À ≈£L&Ü ìs¡«∫+#·e#êÃ? Ç|ü⁄&ÉT ‘Ó\TdüT≈£î+<ë+.

6.4.1 ø√D°j·TkÕúq ÁuÛÑ+X¯+ ()

ÁuÛÑeTD #·\q+˝À, edüTÔe⁄˝Àì ø£D≤\˙ï ÁuÛÑeTD≤ø£å+ #·T≥÷º eè‘êÔø±s¡
#·\Hêìï #˚kÕÔsTT. ÁuÛÑeTD≤ø£å+ (o), ø£D≤ìøÏ eT<Ûä´<ä÷s¡+ yê´kÕs¡ú dü~X¯qT
dü÷∫düTÔ+~. ‘t’ ø±\+˝À yê´kÕs¡ú dü~X¯ m+‘· ø√D+‘√ kÕúqÁuÛÑ+X¯+
<ëìï #Ó+<äT‘·T+<√ ø√D°j·T kÕúqÁuÛÑ+X¯+ n+{≤s¡T.

|ü≥+. 6.11 qT+∫  AOB = 

Bì Á|üe÷D+ πs&çj·THé. ˇø£ |üP]Ô ÁuÛÑeTD≤ìøÏ θ = 2π  πs&çj·TqT¢.

6.4.2 ø√D°j·T y˚>∑+ ø√D°j·T ‘·«s¡D+

ø√D°j·T kÕúqÁuÛÑ+X¯ πs≥TqT ø√D°j·T y˚>∑+ ( ) n+{≤s¡T.

|ü≥+. 6.9 : ‹s¡>∑* ÁuÛÑeTD+

|ü≥+. 6.10 : uÛÑ÷ ÁuÛÑeTD+

B  t = t

A  t = 0
rO

r

|ü≥+. 6.11
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angle
time t

   (6.12)

ª μ øÏ Á|üe÷D+ πs&çj·THé / ôdø£Hé

ª μ dü~X¯. Bì ~X¯qT ≈£î&ç#˚‹ u§qqy˚\T ìj·TeT+‘√ ‘Ó\TdüTø√e#·TÃ.

ªtμ ø±\+˝À ˇø£ ø£D+ ‘n’ ÁuÛÑeTD≤\T #˚ùdÔ 
2 n

t
 

ø√D°j·T y˚>∑+˝Àì e÷s¡TŒπs≥TqT ø√D≤\j·T ‘·«s¡D+ ( ) n+{≤s¡T.

t
 

 (6.13)

˝Ò<ë    0

t
  



øÏ SI Á|üe÷D+ πs&çj·THé/(ôdø£Hé)2. ø√D°j·T ‘·«s¡D+ dü~XÊ sê•.

ø√D°j·T y˚>∑+ ( ), πsFj·T y˚>∑+ (v) \ eT<Ûä´ dü+ã+<Ûä+

       v r (6.14)

πsFj·T ‘·«s¡D+ (a), ø√D°j·T ‘·«s¡D+ ( ) \ eT<Ûä´ dü+ã+<Ûä+
        a r (6.15)

6.5  »&É‘·« ÁuÛ≤eTø£+

<äè&ÛÉ edüTÔe⁄ Á<äe´sê• πø+Á<ä+ì C nqT≈£î+<ë+. n~ C _+<äTe⁄ >∑T+&Ü b˛j˚T nø£å+ |üs¡+>±
ÁuÛÑeTD+˝À ñ+<äqT≈£î+<ë+ (|ü≥+ 6.10). ÁuÛÑeTD≤ø£å+ qT+&ç r1, r2, r3... <ä÷sê\˝À m1, m2, m3...

Á<äe´sê•>∑\ ø£D≤\T, v1, v2, v3  y˚>±\‘√ >∑eTq+˝À ñHêïs≠. 1e ø£D+ >∑‹»X¯øÏÔ  (½) 2
1 1m v  n˝≤π>

m2 Á<äe´sê•>∑\ ø£D+ >∑‹»X¯øÏÔ  (½) 2
2 2m v , nìï ø£D≤\ >∑‹» X¯≈£îÔ\ yÓ≠‘·Ô+, edüTÔe⁄ yÓ≠‘·Ô+ X¯øÏÔì

ÇdüTÔ+~. edüTÔe⁄ yÓ≠‘·Ô+ >∑‹» X¯øÏÔì m2 ‘√ dü÷∫ùdÔ

   2 2
1 1 2 21/ 2 1/ 2 .....T m v m v  

 2

1

1
2

i n

i ii
m v





    
 

 (6.16)

Çø £ ÿ& É  
1

i n

i




  edü T Ôe ⁄ j Ó≠ø £ ÿ  nìï ø £D≤\

dü+ø£\q+.ø√D°j·Ty˚>∑+( ), πsFj·Ty˚>∑+(v) \ eT<Ûä´
dü+ã+<Ûä+qT v = r .  Bìï (6.16)˝À Á|ü‹πøå|æ+∫q

|ü≥+. 6.12: düeT‘·\ |ü≥\+ Á<äe´sê• πø+Á<ä+
>∑T+&Ü b˛j˚T nø£å+ |üs¡+>± <ëì ÁuÛÑeTD+
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 2

1

1
2

i n

i ii
T m r





    
 

(6.17)

edüTÔe⁄˝À ñqï n˙ï ø£D≤\ ø√D°j·Ty˚>∑+ düe÷q+ ø£qTø£ ô|’ düMTø£s¡D+˝À   øÏ+<ä i sêj·T˝Ò<äT.

2 2

1

1
2

i n

i ii
T m r 





   
 

    21= Iω
2 (6.18)

2
i ii

I m r (6.19)

Çø£ÿ&É I nH˚ uÛÖ‹ø£sê•ì »&É‘·« ÁuÛ≤eTø£+ n+{≤s¡T.

ñ<ëVü≤s¡D 6.4

uÛÑT»+ bı&Ée⁄ L >∑\ #·‘·Ts¡Ádü+ Hê\T>∑T e∂\˝À¢ m Á<äe´sê•>± >∑\
Hê\T>∑T ø£D≤\T ñHêïs≠. #·‘·Ts¡Ádü πø+Á<ä+ >∑T+&Ü b˛‘·÷ ‘·˝≤ìøÏ \+ã+>±
>∑\ nø£å+|üs¡+>± yê{Ï »&É‘·« ÁuÛ≤eTø±ìï ø£qTø√ÿ+&ç. .

kÕ<Ûäq : düs¡fi¯ C≤´$T‹ <ë«sê ÁuÛÑeTD≤ø£å+ qT+&ç Á|ürø£D+ jÓ≠ø£ÿ <ä÷s¡+

I = mr2 + mr2 + mr2 +mr2

I = 4mr2

I
2

4
2

Lm   
 

 22mL

»&É‘·« ÁuÛ≤eTø£+, ÁuÛÑeTD≤ø£å+ |üs¡+>± ìs¡«∫+#·ã&ç+<äì Çø£ÿ&É e≠K´+>± >∑Ts¡TÔ ô|≥Tºø√yê*‡q $wüj·T+.
ø±ã{Ïº »&É‘·«ÁuÛ≤eTø£+ >∑T]+∫ m|üÒ&ÉT Á|ükÕÔ$+∫Hê ÁuÛÑeTD≤ø£å+qT >∑T]+∫ Á|ü‘̊´ø£+>± dü÷∫+#ê*. á dü+<äs¡“¤+˝À
#·‘·Ts¡Ádü πø+Á<ä+ >∑T+&Ü b˛‘·÷ Hê\T>∑T Á<äe´sêX̄ó\T ø£*– e⁄qï ‘·̋ ≤ìøÏ \+ã+>± e⁄qï nø£å+ |üs¡+>± »&É‘·«ÁuÛ≤eTø£+
I qT >∑DÏ+#ê+. »&É‘·«ÁuÛ≤eTø£+qT kg m2 ˝À ‘Ó*j·TCÒkÕÔs¡T.

<äè&ÛÉ edüTÔe⁄ »&É‘·«ÁuÛ≤eTø£+qT ‘·s¡#·T>± I = M K2   >± sêkÕÔs¡T. ... (6.20)
Çø£ÿ&É M edüTÔe⁄ yÓ≠‘·Ô+ Á<äe´sê•, K qT ÁuÛÑeTDyê´kÕs¡∆+ (radius of gyration) n+{≤s¡T. edüTÔe⁄

düVü≤»+>± ø£*– e⁄qï »&É‘·« ÁuÛ≤eTø±ìï bı+<˚ $<Ûä+>± edüTÔe⁄ Á<äe´sê• ˇø£ _+<äTe⁄ e<ä› πø+ÁBø£è‘·yÓTÆ+<äì
}Væ≤ùdÔ Ä _+<äTe⁄≈£î ÁuÛÑeTD≤øå±ìøÏ eT<Ûä́  >∑\ <ä÷sêìï ÁuÛÑeTD yê´kÕs¡ú+ n+{≤s¡T. ˇø£ nø£å+ |üs¡+>± edüTÔe⁄
»&É‘·« ÁuÛ≤eTø£+ Ä nø£å+ #·T≥÷º Á<äe´sê• $‘·s¡D MT<ä Ä<Ûës¡|ü&ÉT‘·T+<äqï $wüj·T+ e≠K´+>± >∑Ts¡TÔ ô|≥Tºø√yê*.
Á<äe´sê• $‘·s¡D e÷]q|ü⁄&ÉT »&É‘·«ÁuÛ≤eTø£+ ≈£L&Ü e÷s¡T‘·T+~. Bìì eTq+ ñ<ëVü≤s¡D 6.4 qT+&ç düT\uÛÑ+>±
ns¡ú+ #˚düTø√e#·TÃ.
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dü÷ÔbÕø±s¡ nø£å+ |üs¡+>±
ø£+ø£D≤ø±s¡ dü÷Ô|ü+ ( Ò̋<ë
eT+<ä+>± ñqï >=≥º+)
»&É‘·«ÁuÛ≤eTø£+

dü÷ÔbÕø±s¡ nø£å+ |üs¡+>±
|òüTqdü÷Ô|ü+ »&É‘·«ÁuÛ≤eTø£+

πø+Á<äø£ yê´dü+ |üs¡+>±
|ò üTqdü÷Ô|ü+ (˝Ò<ë &çdtÿ)
»&É‘·« ÁuÛ≤eTø£+

2I MR  2 2
1 22

MI R R 

2

2
MRI 

2 2 2

4 12
MR M lI  

πø+Á<ä+ >∑T+&Ü b˛j˚T
nø£å+ |üs¡+>± ]+>∑T
»&É‘·«ÁuÛ≤eTø£+

¬s+&ÉT e´‹πsø£ e∂\\˝À n<äq|ü⁄ Á<äe´sê• m qT ñ+#êeTqT≈£î+<ë+. C >∑T+&Ü b˛‘·÷ #·‘·Ts¡Ádü
‘·̋ ≤ìøÏ \+ã+>± ñ+&˚ nø£å+ |üs¡+>± e´edüú »&É‘·«ÁuÛ≤eTø£+

I = mr2 + 2mr2 + mr2 + 2mr2

    = 6mr2

»&É‘·«ÁuÛ≤eTø£+  2mL2 qT+&ç 3 mL2≈£î e÷]+~.

|ü{Ïºø£ 6.2 ø=ìï Áø£e÷ø±s¡ eT]j·≠ @ø£Ø‹ edüTÔe⁄\ »&É‘·«ÁuÛ≤eTø£+

düìïì ø£&û¶ πø+Á<ä+ >∑T+&Ü
b˛‘·÷ <ëì bı&Ée⁄≈£î \+ã+
>± ñqï nø£å+|üs¡+>±
»&É‘·«ÁuÛ≤eTø£+

d üqïì ø £& û ¶  bı& Ée⁄≈ £ î
\+ã+>± ̌ ø£ ∫e] qT+&ç
b˛‘·Tqï nø£ å+ |üs¡+>±
»&É‘·«ÁuÛ≤eTø£+2

3
MRI 

2

12
MLI 

@<˚ì yê´dü+ |üs¡+>± |òüTq
>√fi¯+ »&É‘·«ÁuÛ≤eTø£+

@<˚ì yê´dü+ |üs¡+>±
|ü\T#·ì >√fi≤ø±s¡ ø£s¡Œs¡+
»&É‘·«ÁuÛ≤eTø£+

22
5

MRI 
22

3
MRI 

nø£å+ nø£å+

nø£å+

nø£å+

nø£å+nø£å+
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|ü≥+. 6.13: dæús¡yÓTÆq y˚T≈£î
|üs¡+>± |ü≥\ ÁuÛÑeTD+

@<̊ì yê´dü+ |üs¡+>± ]+>¥
»&É‘·«ÁuÛ≤eTø£+

@<˚ì düŒs¡ÙπsU≤|üs¡+>±
|”bÕø£≥Tº (hoop)
»&É‘·«ÁuÛ≤eTø£+

2

2
MRI 

23
2

MRI 

πsFj·T #·\q+˝Àì >∑‹»X¯øÏÔ düMTø£s¡D+qT, düMTø£s¡D+ (6.18) ‘√ b˛*Ã #·÷&É+&ç. @<Ó’Hê düTŒ¤]+∫+<ë?
πsFj·T #·\q+˝Àì Á<äe´sê• bÕÁ‘·qT, ÁuÛÑeTD #·\q+˝À »&É‘·«ÁuÛ≤eTø£+ b˛wædüTÔ+<äì, πsFj·Ty˚>±ìï,
ø√D°j·Ty˚>∑+ uÛÑØÔ #˚dæ+<äì MTs¡T >∑eTìkÕÔs¡T.

A. »&É‘·«ÁuÛ≤eTø£+ ÁbÕe≠K´‘·: πsFj·T #·\q+˝À Á<äe´sê• @$<ÛäyÓTÆq bÕÁ‘· b˛wædüTÔ+<√, ÁuÛÑeTD
#·\q+˝À »&É‘·«ÁuÛ≤eTø£+ n<˚ bÕÁ‘· b˛wædüTÔ+~. m˝≤¬>’‘˚  πsFj·T >∑eTq+˝À ñqï edüTÔe⁄
Á<äe´sê•, >∑eTq+˝À e÷s¡TŒqT e´‹πsøÏdüTÔ+<√ n˝≤π> ÁuÛÑeTD#·\q+˝Àì e÷s¡TŒqT »&É‘·«ÁuÛ≤eTø£+
e´‹πsøÏdüTÔ+~. »&É‘·«ÁuÛ≤eTø±ìøÏ ñ+&˚ á <Ûäs¡à+ e\¢ nH˚ø£ e´eVü‰]ø£ nqTes¡ÔHê\THêïs≠.
ÁuÛÑeTD #·\Hêìï ø£*–+#˚ #ê˝≤ j·T+Á‘ê\˝À ôV≤#·TÃ »&É‘·«ÁuÛ≤eTø£+ ø£*–q |üfiËfl+ (disc)
ˇø£{Ï ñ+≥T+~. n≥Te+{Ï j·T+Á‘ê\≈£î ñ<ëVü≤s¡D Ä$]j·T+Á‘·+ (steam engine), Ä{ÀyÓ≠u…’˝Ÿ
j·T+Á‘·+. ôV≤#·TÃ »&É‘·«ÁuÛ≤eTø£+ ø£*–q |üfiËfl+qT >∑‹bÕ\ø£ #·Áø£+ (flywheel) n+{≤s¡T.

Ç~ m˝≤ |üì#˚düTÔ+<√ ‘Ó\TdüTø√e&ÜìøÏ j·T+Á‘· #√<ä≈£î&ÉT j·T+Á‘·y˚>±ìï nø£kÕà‘·TÔ>±
ô|+#ê\qT≈£îHêï&Éì nqT≈£î+<ë+. <ëì≈£îqï ôV≤#·TÃ »&É‘·«ÁuÛ≤eTø£+ e\¢ n~ Ä Á|üj·T‘êïìï
e´‹πsøÏdü÷Ô y˚>∑+ HÓeTà~>± ô|s¡>∑&ÜìøÏ e÷Á‘·y˚T nqTeT‹düTÔ+~. n˝≤π> nø£kÕà‘·TÔ>± y˚>∑+
‘·–Z+#·&Üìï ≈£L&Ü e´‹πsøÏ+∫ HÓeTà~>± ‘·>∑Z&ÜìøÏ e÷Á‘·y˚T nqTeT‹düTÔ+~. á $<Ûä+>± >∑‹bÕ\ø£
#·Áø£+ <ëì ôV≤#·TÃ »&É‘·«ÁuÛ≤eTø£+‘√ ≈£î<äT|ü⁄\ Á|üj·÷D≤ìï ìyê]+∫ Á|üj·TDÏ≈£î\≈£î düTKe+‘·yÓTÆq
Á|üj·TD≤ìïdüTÔ+~.

ÁuÛÑeTD#·\q+˝À ø√D°j·Ty˚>∑+, πsFj·T#·\q+˝À πsFj·Ty˚>±ìøÏ kÕ<äèX¯´+>± ñ+≥T+<äì
eTq+ #·÷XÊ+. ø√D°j·T y˚>∑+˝Àì e÷s¡TŒπs≥T ø√D°j·T‘·«s¡D+ (kÕ<Ûës¡D+>±  ‘√ dü÷∫kÕÔs¡T)
ø£qTø£ πsFj·T #·\q+˝À ‘·«s¡D≤ìøÏ nqTs¡÷|ü+>± ñ+≥T+~.

B. @ø£Ø‹ ÁuÛÑeTD+˝À ñqï <äè&ÛÉ edüTÔe⁄ >∑‹ düMTø£s¡D≤\T

O >∑T+&Ü b˛‘·÷ ‘·̋ ≤ìøÏ \+ã+>± >∑\ nø£å+ |üs¡+>± ÁuÛÑeTD+˝À
ñqï ˇø£ |ü≥˝≤ìï rdüTø=+<ë+.  |ü≥+ (6.13) ˝À #·÷|æq$<Ûä+>± n~
dæús¡ø√D°j·T y˚>∑+   ‘√ ÁuÛÑeTD+ #Ó+<äT‘·Tqï≥¢s≠‘˚ n~ t ôdø£qT\˝À 
ø√D+‘√ ‹s¡T>∑T‘·T+~.

  =  t    (6.21 [a])
|òü\ø£+ô|’ dæ∆s¡yÓTÆq ã\ÁuÛ≤eTø£+ |üì#˚düTÔqï+<äTq (ã\+ jÓ≠ø£ÿ

ÁuÛÑeTDÁ|üuÛ≤e+) dæ∆s¡yÓTÆq ‘·«s¡D≤ìï bı+<äT‘·T+~. á øÏ+~ düMTø£s¡D≤\T
ÁuÛÑeTD #·\Hêìï $e]kÕÔs≠.

nø£å+ nø£å+
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f i t       (6.21 [b])

Çø£ÿ&É i ‘=* ø√D°j·Ty˚>∑+, f  ‘·T~ ø√D°j·Ty˚>∑+ n˝≤π>
21

2i t t    (6.21 [c])
2 2 2f i    (6.21 [d])

Çø£ÿ&É   nH˚~ t  ôdø£qT\˝À ø√D°j·TkÕúqÁuÛÑ+X¯+. ø=+#Ó+ |ü]o\q>± düMTø£s¡D≤\qT #·÷ùdÔ
n$ >∑‹XÊÁdüÔ+˝Àì πsFj·T#·\q düMTø£s¡D≤\≈£î nqTs¡÷|ü+>± ñ+{≤s≠ nì eTq+ >∑T]ÔkÕÔe≠.

ñ<ëVü≤s¡D 6.5

ˇø£ ôd’øÏ˝Ÿ #·Áø£+ düe÷+‘·s¡ nø£å+ |üs¡+>± ÁuÛÑeTD+˝À ñ+~ (|ü≥+ 6.14). yÓ≠<ä{ n~ ìX¯Ã\dæú‹˝À
ñ+~. <ëìMT<ä OP ^‘·qT ^∫q≥Tº }Væ≤+#·Tø√+&ç. 2 ôdø£q¢˝À 2.5 rads–2 @ø£Ø‹ ø√D°j·T ‘·«s¡D+‘√
OP ^‘· Á|üj·÷DÏ+∫ m+‘·ø√D+ #˚düTÔ+~

kÕ<Ûäq :

OP ^‘· ø√D°j·T kÕúqÁuÛÑ+X¯+

             2
0θ= ω t + (1/2)αt

          2 2= 0+ 1/2 × 2.5rads ×4s

      = 5 rad

<äè&ÛÉedüTÔe⁄ ÁuÛÑeTD#·\q+˝À <ëì Á<äe´sê• πø+Á<ä+qT dæ∆s¡+>± ñ+∫q≥Tº>± ô|’q Á|ükÕÔ$+#ê+. eTq
kÂ\uÛÑ´+ ø=s¡≈£î e÷Á‘·y˚T   Á<äe´sê• πø+Á<ä+qT dæ∆s¡+>± ñ+#ê+. ø±ì #ê˝≤kÕs¡T¢ Á<äe´sê• πø+Á<ä+
ø±≈£î+&Ü Ç‘·s¡ _+<äTe⁄\qT ≈£L&Ü rdüT≈£î+{≤+. n+fÒ edüTÔe⁄˝À ˇø£ _+<äTe⁄qT dæ∆s¡+>± ñ+∫, Ä
_+<äTe⁄ #·T≥÷º edüTÔe⁄qT ÁuÛÑeTD+ #Ó+~+#·e#·TÃ. ø±ì n|ü⁄&ÉT ÁuÛÑeTD≤ø£å+ á _+<äTe⁄ >∑T+&Ü b˛‘·T+~.
Á<äe´sê• πø+Á<ä+ >∑T+&Üb˛j˚T nø£å+ |üs¡+>± >∑DÏ+∫q »&É‘·«ÁuÛ≤eTø£+ $\Te qT+&ç á _+<äTe⁄ >∑T+&Ü
b˛j˚T nø£å+ |üs¡+>± >∑DÏ+∫q »&É‘·«ÁuÛ≤eTø£+ $\Te y˚s¡T>± ñ+≥T+~. ô|’¬s+&ÉT »&É‘·«ÁuÛÑeTø±\ eT<Ûä´
dü+ã+<Ûä+ <ëì »&É‘·« ÁuÛ≤eTø£ dæ<ë›+‘ê\ qT|üjÓ÷–+∫ kÕ~Û+#·e#·TÃ.

6.5.1 »&É‘·«ÁuÛ≤eTø£ dæ<ë∆+‘ê\T

¬s+&ÉT nøå±\|üs¡+>± »&É‘·«ÁuÛ≤eTø£+\ eT<Ûä´ dü+ã+<Ûä+qT
ø£qT>=q&ÜìøÏ ¬s+&ÉT dæ<ë∆+‘ê\T ñHêïs≠. Ä ¬s+&ÉT nøå±\˝À ˇø£{Ï
Á<äe´sê• πø+Á<ä+ >∑T+&Ü b˛‘·T+~.

(i) düe÷+‘·s¡ nø£å dæ<ë∆+‘·+

(ii) \+u≤ø£å dæ<ë∆+‘·+.

eTq+ á dæ<ë∆+‘ê\ >∑T]+∫ eT]j·≠ yê{Ï nqTes¡ÔHê\ >∑T]+∫
‘Ó\TdüT≈£î+<ë+.

|ü≥+. 6.15: Á<äe´sê• πø+Á<ä+
eT]j·TT eTs=ø£ _+<äTe⁄ P

>∑T+&Üb˛j˚T düe÷+‘·s¡ nøå±\T

|ü≥+. 6.14: ôd’øÏ̋ Ÿ #·Áø£+
ÁuÛÑeTD+
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(i) düe÷+‘·s¡ nø£å dæ<ë∆+‘·+ : Á<äe´sê• πø+Á<ä+ >∑T+&Ü ø±≈£î+&Ü @<˚ì _+<äTe⁄ P >∑T+&Ü b˛j˚T
nø£å+ |üs¡+>± ÁuÛÑeTD #·\q+˝À ñqï <äè&ÛÉ edüTÔe⁄qT rdüTø=+<ë+. á nø£å+ |üs¡+>± »&É‘·«ÁuÛ≤eTø±ìï,
Á<äe´sê• πø+Á<ä+ >∑T+&Ü b˛‘·÷ nøå±ìøÏ düe÷+‘·s¡+>± ñqï nø£å+|üs¡+>± »&É‘·« ÁuÛ≤eTø±ìï
ñ|üjÓ÷–+∫ ø£qTø√ÿe#·TÃ. düe÷+‘·sêø£å dæ<ë∆+‘êìï á ÁøÏ+~ $<Ûä+>± ìs¡«∫+#·e#·TÃ.

Á<äe´sê• πø+Á<ä+ >∑T+&Ü b˛j˚T nøå±ìøÏ düe÷+‘·s¡+>± ñqï nø£å+ |üs¡+>± edüTÔe⁄
»&É‘·« ÁuÛ≤eTø£+ Á<äe´sê•πø+Á<ä+ >∑T+&Ü b˛j˚T nø£å+ |üs¡+>± »&É‘·«ÁuÛ≤eTø£+ eT]j·≠ Ä
¬s+&ÉT nøå±\ eT<Ûä´ \+ã<ä÷s¡ esêZìï edüTÔe⁄ Á<äe´sê•‘√ >∑TDÏ+#·>± e#˚Ã sêX¯ó\ yÓ≠‘êÔìøÏ
düe÷q+.

I ø£qTø√ÿe\dæq »&É‘·«ÁuÛ≤eTø£+, IC Á<äe´sê• πø+Á<ä+ >∑T+&Üb˛j˚T düe÷+‘·s¡ nø£å+|üs¡+>±
»&É‘·« ÁuÛ≤eTø£+ ns≠‘˚

   I = IC + M d2 (6.22)

Çø£ÿ&É M edüTÔe⁄ Á<äe´sê•, d ¬s+&ÉT düe÷+‘·sêøå±\ eT<Ûä´ <ä÷s¡+ (|ü≥+ 6.15). Bìì
düe÷+‘·sêø£å dæ<ë›+‘·+ n+{≤s¡T.

(ii) \+u≤ø£å dæ<ë∆+‘·+ : |üs¡düŒs¡+ ˇø£<ëìø=ø£{Ï \+ã+>± ñqï e∂&ÉT nøå±\qT rdüTø=+<ë+.
n+<äT˝À  x eT]j·≠ y nøå±\T edüTÔ ‘·\+˝ÀqT, z–nø£å+ ‘·˝≤ìøÏ \+ã+>±qT ñHêïs≠.
(|ü≥+ 6.16). \+u≤ø£å dæ<ë∆+‘êìï á ÁøÏ+~ $<Ûä+>± ìs¡«∫+#·e#·TÃ. x, y nøå±\ |üs¡+>±
»&É‘·« ÁuÛ≤eTø±\ yÓ≠‘·Ô+ z-nø£å+ |üs¡+>± »&É‘·« ÁuÛÑeTø±ìøÏ düe÷q+.

ˇø£ düeT‘·\ |ü≥˝≤ìøÏ \+ã+>± @<√ ˇø£ _+<äTe⁄ >∑T+&Ü b˛j˚T nø£å+ |üs¡+>± <ëì »&É‘·« ÁuÛ≤eTø£+
Ä |ü≥\+ ‘·\+˝À |üs¡düŒs¡+ \+ã+>± ñ+&ç n<˚ _+<äTe⁄ >∑T+&Ü b˛j˚T nøå±\ |üs¡+>± <ëì »&É‘·« ÁuÛÑeTø±\
yÓ≠‘êÔìøÏ düe÷q+.

Iz = Ix + Iy (6.23)

á øÏ+~ ñ<ëVü≤s¡D‘√ dæ<ë∆+‘ê\ ñ|üjÓ÷>∑+\qT #·÷<ë›+.
|ü≥+ 6.16 ˝Àì $<Ûä+>± ˇø£ ]+>∑TqT rdüTø√+&ç. |ü{Ïºø£ 6.2 qT+&ç ]+>∑T eT<Ûä́  _+<äTe⁄ >∑T+&Ü

b˛‘·÷ Ä<ÛësêìøÏ \+ã+>± >∑\ nø£å+|üs¡+>± <ëì »&É‘·« ÁuÛ≤eTø£+, M R2 nì ‘Ó\TdüTÔ+~. Çø£ÿ&É M Á<äe´sê•,

|ü≥+. 6.16 (a) : \+u≤ø£å dæ<ë∆+‘·+ |ü≥+.6.16 (b) : ]+>∑T »&É‘·«ÁuÛ≤eTø£+
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R yê´kÕs¡∆+. \+u≤ø£å dæ<ë∆+‘·+ Á|üø±s¡+ Ç~ ˇø£<ëìø=ø£{Ï \+ã+>± ñ+≥÷ πø+Á<ä+ >∑T+&Ü b˛j˚T nøå±ìøÏ
\+ã+>± ñqï ¬s+&ÉT yê´kÕ\ |üs¡+>± »&É‘·« ÁuÛ≤eTø±\ yÓ≠‘êÔìøÏ düe÷q+. ]+>∑T kÂwüºeyÓTÆq+<äTq nìï
yê´kÕ\ |üs¡+>± »&É‘·«ÁuÛ≤eTø£+ düe÷q+. nq>± nìï yê´kÕ\T düe÷q+ ø£qTø£ @y˚ì \+ã+>± ñqï ¬s+&ÉT
yê´kÕ\qT m+|æø£ #˚düTø√e#·TÃ. nìï yê´kÕ\ >∑T+&Ü »&É‘·«ÁuÛ≤eTø£+ düe÷q+ n~ Id nqTø=ìq düMTø£s¡D
(6.23) qT+&ç

M R2 = 2 Id

ø£qTø£
Id = (½) MR2

@<˚ì yê´dü+ |üs¡+>∑ ]+>∑T »&É‘·« ÁuÛ≤eTø£+ (½) M R2. ]+>∑T n+#·Tô|’ P nH˚ _+<äTe⁄qT
rdüTø=+<ë+. ]+>∑T nøå±ìøÏ düe÷+‘·s¡+>± P _+<äTe⁄ e<ä› düŒs¡ÙπsKqT rdüTø√+&ç. ¬s+&ÉT nøå±\ eT<Ûä´
<ä÷s¡+ R. düŒs¡ÙπsK |üs¡+>± »&É‘·« ÁuÛ≤eTø£+qT düe÷+‘·s¡ nø£å dæ<ë›+‘·e≠qT ñ|üjÓ÷–+∫ >∑DÏ+#·e#·TÃqT.

Itan = M R2 + M R2 = 2 M R2.

|ü{Ïºø£ 6.2˝À Ç∫Ãq $\Te\ìï+{Ïì \+ã düe÷+‘·sêø£å dæ<ë∆+‘·e≠ \qT|üjÓ÷–+∫ >∑DÏ+#ês¡T.

6.6 ã\ÁuÛ≤eTø£+ Ò̋<ë {≤sYÿ ( ) eT]j·≠ ã\j·≠>∑à+

ø£è‘·́ + 6.3
‘·\T|ü⁄ã+<äT\ (hinges)qT+&ç <ä÷s¡+>± >∑&çj·T <ä>∑ Zs¡ ã\+

Á|üjÓ÷–+#·&É+ <ë«sê ‘·\T|ü⁄qT düT\uÛÑ+>± rj·Te#·TÃ nqï $wüj·T+ MTs¡T
m|üÒ&Ó’Hê >∑eTì+#êsê? ‘·\T|ü⁄ ã+<äT\ <ä>∑Zs¡>± ã\+ Á|üjÓ÷–+∫ ‘Ós¡e&ÜìøÏ
Á|üj·T‹ï+#·+&ç.á ÁøÏj·TqT ø=ìïkÕs¡T¢ #Ój·T´+&ç. Bì e\¢ MTs¡T ã+<äT\ <ä>∑Zs¡
|ü≥Tºø=ì ‘·\T|ü⁄ rj·≠≥≈£î m≈£îÿe ã˝≤ìï ñ|üjÓ÷–+#·e\dæ edüTÔ+<äì
‘Ó\TdüTø=+{≤s¡T. m+<äTø£̋ ≤? n˝≤π> Ádü÷ÿqT ‹|üÒ≥≈£î bı&ÉyÓ’q |æ&ç >∑\ kÕŒqsY
(spanner)qT ñ|üjÓ÷–kÕÔ+. bı&ÉyÓ’q |æ&çì yê&É≥+˝À >∑\ Á|üjÓ÷»qy˚T$T{Ï?
BìøÏ >∑\ ø±s¡D+ ‘Ó\TdüT≈£î+<ë+.

edüTÔe⁄˝À O qT ˇø£ dæús¡ _+<äTe⁄ nqTø=+<ë+. á _+<äTe⁄ >∑T+&Ü b˛j˚T nø£å+ |üs¡+>± edüTÔe⁄
ÁuÛÑeTD+ #˚düTÔ+~ (|ü≥+ 6.17). AB πsK yÓ+ã&ç A _+<äTe⁄ e<ä› F |ü]e÷D+ >∑\ ã˝≤ìï Á|üjÓ÷–+#ês¡T. AB
πsK O _+<äTe⁄ >∑T+&Ü yÓfi¯ó‘·Tqï≥¢s≠‘˚ z ã\+ edüTÔe⁄qT ÁuÛÑeTD+ #Ó+~+#·̋ Ò<äT. AB πsK O _+<äTe⁄qT+&ç
m+‘· <ä÷s¡+>± ñ+fÒ F  ã\+ edüTÔe⁄qT O nø£å+ |üs¡+>± n+‘· düT\Te⁄>± ÁuÛÑeTD+ #Ó+~+#· >∑\<äT. ã\+
jÓ≠ø£ÿ á ÁuÛÑeTD Á|üuÛ≤yêìï {≤sYÿ n+{≤s¡T. Bì |ü]e÷D+.

sin θFs Fr    (6.24 [a])

Çø£ÿ&É s  ÁuÛÑeTD≤ø£å+ eT]j·≠ ã\+ Á|üjÓ÷–+∫q πsK≈£î eT<Ûä´ >∑\ <ä÷s¡+.
{≤sYÿ Á|üe÷D+ q÷´≥Hé̀  MT≥s¡T Ò̋<ë Nm . {≤sYÿ dü~X¯ düMTø£s¡D+ (6.24[a]) ≈£î dü~XÊs¡÷|ü+.

         r×F     (6.24 [b])

|ü≥+.6.17: edüTÔe⁄ ÁuÛÑeTD+
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Ç~ {≤sYÿ |ü]e÷D+ eT]j·≠ ~X¯qT ÇdüTÔ+~. edüTÔÔe⁄ @ ~X¯̋ À
‹s¡T>∑T‘·T+~? Bìì ø£qTø√ÿe&ÜìøÏ dü~X¯\ \ã› ìj·Te÷\qT >∑Ts¡TÔ≈£î
‘Ó#·TÃø√+&ç. dü~X¯\T r, F \T ñqï ‘·̋ ≤ìøÏ \+ã+>±   ñ+≥T+~. Çø£ÿ&É
n~ ø±–‘·+ ñqï ‘·\+ (|ü≥+ 6.18).  dü«\Œø√D+‘√ r qT+&ç F ~X¯̋ À
≈£î&ç#̊‹ ẙfīflqT e≠&ÉTdü÷Ô yê{ÏøÏ \+ã+>± u§≥qẙ*ì ‘Ó]∫q|ü⁄&ÉT, u§≥qẙ*
~X¯   ~X¯qT ‘Ó*j·TCÒdüTÔ+~.

ô|’ ìj·Te÷ìï ñ|üjÓ÷–+∫ |ü≥+ 6.18 ̋ À ã\+ e\¢ ÁuÛÑeTD Á|üuÛ≤e+
ø±–‘· ‘·̋ ≤ìøÏ \+ã+>± øÏ+~yÓ’|ü⁄≈£î ñ+≥T+<äì #·÷|æ+#·+&ç. Ç~ edüTÔe⁄
düe´ ÁuÛÑeTD≤ìøÏ ø±s¡D+.

ñ<ëVü≤s¡D 6.6

|ü≥+ 6.19 ôd’øÏ̋ Ÿ jÓ≠ø£ÿ ô|ò&É̋ ŸqT #·÷|ædüTÔ+~. ô|ò&É̋ Ÿô|’ bÕ<ëqTï+∫ <ëìì øÏ+~øÏ ‘=ø±ÿs¡qTø√+&ç.
(i) MTs¡T @ {≤sYÿqT ñ‘·Œ‹Ô #˚kÕÔs¡T. (ii) >∑]wüº {≤sYÿqT
ø£*–+#·&ÜìøÏ MT bÕ<ä+qT mø£ÿ&É ô|{≤º*.
kÕ<Ûäq :

(i) bÕ<ä+ ô|’q ñqï|ü⁄&ÉT ã\+ |üì#˚ùd πsK
ô|ò&É˝Ÿ eT<Û ä´ qT+&ç yÓfi¯ó‘·T+~ ø£qTø£

θ  = 0 eT]j·≠   = Fr sinθ  = 0.

(ii) >∑]wüº  qT bı+<ä{≤ìøÏ  sin θ  $\Te >∑]wüº+
nyê«* n+fÒ θ=90º. Ç~ MT bÕ<ä+qT B
e<ä› ñ+∫ ô|ò&É˝ŸqT øÏ+~øÏ ‘=øÏÿq|ü⁄&ÉT
ne⁄‘·T+~.

ˇø£y˚fi¯ #ê˝≤ {≤sYÿ\T edüTÔe⁄ô|’ |üì#˚düTÔ+fÒ
yÓ≠‘·Ô+ {≤sYÿ $\Te, $&ç {≤sYÿ\ (~X¯\) ;Jj·T
yÓ≠‘êÔìøÏ düe÷q+. MTs¡T  ÁuÛÑeTD #·\q+˝À {≤sYÿ
bÕÁ‘·, πsFj·T #·\q+˝À ã\+ bÕÁ‘·\ eT<Ûä´ @<Ó’Hê
kÕs¡÷bÕ´ìï #·÷XÊsê? düe÷q |ü]e÷D+ >∑\ ¬s+&ÉT
ã˝≤\T e´‹πsø£ ~X¯˝À |üì#˚düTÔHêïj·TqTø√+&ç (|ü≥+
6.20). edüTÔe⁄ O _+<äTe⁄ >∑T+&Ü b˛j˚T nø£å+
|üs¡+>± ùd«#·Ã¤>± ÁuÛÑeTD≤\T #˚düTÔ+<äì }Væ≤+#·Tø√+&ç.
edüTÔe⁄ô|’ ¬s+&ÉT {≤s¡Tÿ\ |ü]e÷D≤\T.

 1 a b F  

|ü≥+. 6.19 : ôd’øÏ˝Ÿ ô|ò&É˝Ÿ (a) ô|’q  = 0
ns≠q|üÒ&ÉT; (b)  >∑]wü˜+>± ñqï|üÒ&ÉT

|ü≥+. 6.20 : edüTÔe⁄ô|’ |üì#˚düTÔqï ¬s+&ÉT e´‹πsø£
ã˝≤\T

|ü≥+.6.18: ≈£î&ç#˚‹
u§≥qy˚* ìã+<Ûäq
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       2 aF  .

á {≤s¡Tÿ\ ÁuÛÑeTDÁ|üuÛ≤e+ e´‹πsø£ ~X¯\˝À ñ+{≤j·Tì MTs¡T dü] #·÷düTø√e#·TÃ. ø£qTø£ edüTÔe⁄ô|’
yÓ≠‘·Ô+ ÁuÛÑeTD |òü*‘·+ jÓ≠ø£ÿ |ü]e÷D+ m≈£îÿe {≤sYÿ ñqï ~X¯˝À ñ+≥T+~. Çø£ÿ&É n~ 1

1 2 bF     (6.25)

Bì qT+&ç, |ü]e÷D+˝À düe÷q+>±, ~X¯˝À e´‹πsø£+>± ñ+&ç düπsFj·T+ ø±ì ¬s+&ÉT ã˝≤\qT

ã\j·≠>∑à+ n+{≤s¡T. Bì {≤sYÿ, ã\ |ü]e÷D+ eT]j·≠ ã˝≤\ eT<Ûä´ \+ã<ä÷s¡+\ \u≤›ìøÏ düe÷q+.

M{Ï {≤sYÿ ¬s+&ç+{Ï˝À @<√ ˇø£ ã\ |ü]e÷D+ eT]j·≠ yê{Ï

eT<Ûä´ \+ã<ä÷s¡+\ \u≤›ìøÏ düe÷q+. {≤sYÿ≈£î, πsFj·T #·\q+˝À

ã\+‘√ ñqï kÕs¡÷bÕ´ìï $X¯Bø£]+#˚ eT]jÓ≠ø£ ñ|üjÓ÷>∑ø£s¡yÓTÆq

düMTø£s¡D+ ñ+~. O  _+<äTe⁄ >∑T+&Ü b˛j˚T nø£å+|üs¡+>± ‹s¡T>∑T‘·Tqï

<äè&ÛÉ edüTÔe⁄qT rdüTø√+&ç (|ü≥+. 6.21). P  nH˚ ø£D+ <ëì nø£å+

|üs¡+>± r yê´kÕs¡›+ >∑\ eè‘êÔø±s¡ e÷s¡Z+˝À ÁuÛÑeTD+˝À ñ+~. eè‘êÔø±s¡

#·\q+ @ø£Ø‹>± ˝Òq|ü⁄&ÉT ø£D+ πs&çj·T˝Ÿ eT]j·≠ düŒs¡ÙπsFj·T ~X¯\

˝À ã˝≤ìï bı+<äT‘·T+~. ø£D≤ìï eè‘êÔø±s¡ e÷s¡Z+˝À ñ+#˚ πs&çj·T˝Ÿ

ã\+ n_Ûπø+Á<äã\+ 2m r . eè‘êÔìøÏ düŒs¡ÙπsFj·T ~X¯˝À m\¢|ü⁄&ÉT

ñ+&̊ v |ü]e÷D≤ìï e÷s¡Ã&ÜìøÏ düŒs¡Ù πsFj·T ã\+ ø±yê*. <ëì |ü]e÷D+ ma Çø£ÿ&É a düŒs¡ÙπsFj·T‘·«s¡D+.

πs&çj·T˝Ÿ ã\+ {≤sYÿqT ñ‘·Œ‹Ô #˚j·T<äT. m+<äTø√ MT≈£î ‘Ó\TkÕ? düŒs¡ÙπsFj·T ã\+ ma  r |ü]e÷D+

>∑\ {≤sYÿqT ñ‘·Œ‹Ô #˚düTÔ+~. a = r  ø£qTø£ Çø£ÿ&É     ø√D°j·T‘·«s¡D+. {≤sYÿ |ü]e÷D+ m r2

edüTÔe⁄˝Àì nìï ø£D≤\qT |ü]>∑Dq˝ÀøÏ rdüT≈£îqï|ü⁄&ÉT

 2 2

0

i n

i i i ii i
m r m r  




    (6.26)

  I

Ç∫Ãq ø£åD+˝À nìï ø£D≤\≈£î   düe÷q+.

ô|’ düMTø£s¡D≤ìøÏ eT]j·≠ F = m a ≈£î eT<Ûä´ kÕ<äèX¯´+, ÁuÛÑeTD #·\q+˝À  , πsFj·T #·\q+˝À

F b˛wæ+∫q bÕÁ‘·qT b˛wædüTÔ+<äì ‘Ó\TdüTÔ+~. πsFj·T #·\q+˝Àì sêX¯ó\≈£î nqTs¡÷|üyÓTÆq ÁuÛÑeTD#·\q+˝Àì

sêX¯ó\qT |ü{Ïºø£ (6.3) ˝À Ç#êÃe≠. á |ü{Ïºø£ düVü‰j·T+‘√ ÁuÛÑeTD#·\q+˝Àì düMTø£s¡D≤ìï, πsFj·T#·\q+˝Àì

<ëì nqTs¡÷|ü düMTø£s¡D+ ‘Ó*dæq ø£qTø√ÿe#·TÃ.

|ü≥+.  6.21 : nø£å+ |üs¡+>±
ÁuÛÑeTD+˝À ñqï <äè&ÛÉedüTÔe⁄
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|ü{Ïºø£ 6.3 ÁuÛÑeTD, kÕúHê+‘·s¡ #·\Hê\˝Àì nqTs¡÷|ü sêX¯ó\T

kÕ∆Hê+‘·s¡ #·\q+ dæ∆s¡ nø£å+ |üs¡+>± ÁuÛÑeTD#·\q+

kÕ∆qÁuÛÑ+X¯+ x ø√D°j·TkÕ∆qÁuÛÑ+X¯+ θ

y˚>∑+
dxv
dt

 ø√D°j·Ty˚>∑+
θd

dt
 

‘·«s¡D+
dva
dt

 ø√D°j·T ‘·«s¡D+
d
dt
 

Á<äe´sê• M »&É‘·«ÁuÛ≤eTø£+ I

ã\+ F = m a {≤sYÿ I 

|üì w Fdx  |üì W d  
>∑‹»X¯øÏÔ  ½ 2Mv >∑‹»X¯øÏÔ (½) 2I

kÕeTs¡ú´+ P = Fv kÕeTs¡ú´+ P 

πsFj·T Á<äe´y˚>∑+ Mv ø√D°j·T Á<äe´y˚>∑+ I

düMTø£s¡D+ 6.26 düVü‰j·T+‘√ Ç∫Ãq {≤s¡Tÿe\¢ ø£*–q ø√D°j·T ‘·«s¡D≤ìï ø£qTø√ÿe#·TÃ.

ñ<ëVü≤s¡D 6.7

1kg Á<äe´sê• eT]j·≠ 0.1 m yê´kÕs¡ú+ >∑\ @ø£Ø‹ |üfiËfl+, <ëì πø+Á<ä+ >∑T+&Ü b˛‘·÷ |òüTs¡¸D
s¡Væ≤‘· ‘·\+≈£î \+ã+>± >∑\ nø£å+|üs¡+>± ÁuÛÑeTD+˝À ñ+~. |üfiËfl+ n+#·T yÓ+ã&ç uÛ≤s¡s¡Væ≤‘· <ës¡+qT
|ü+|æ+∫ <ëì ∫es¡ 0.1 kg Á<äe´sê•ì y˚˝≤&ÉBXÊs¡T(|ü≥+ 6.22).(i) |üfiËfl+ ø√D°j·T ‘·«s¡D≤ìï, (ii)
ˇø£ ôdø£qT˝À |üfiËfl+ ‹]–q ø√D+, (iii) ˇø£ ôdø£qT ‘·sê«‘· |üfiËfl+ ø√D°j·T y˚>∑+\qT ø£qTø√ÿ+&ç M
g = 10 ms–2 >± rdüTø√+&ç.

kÕ<Ûäq:

(i) R eT]j·≠ M \T |üfiËfl+ yê´kÕs¡›+ eT]j·≠ Á<äe´sêX̄ó\qT dü÷∫ùdÔ |ü{Ïºø£ 6.2 qT+&ç »&É‘·«ÁuÛ≤eTø£+qT
eTqq+ #˚düTø=+<ë+. I = (½) M R2 nì ‘Ó\TdüTÔ+~. <ës¡+ ∫es¡ ñqï Á<äe´sê• e\q ø£*π>
ã\|ü]e÷D≤ìï F ‘√ dü÷∫ùdÔ (m g) n|ü⁄&ÉT FR  .  düMTø£s¡D+ (6.26) qT+&ç

/ / 2 /I FR I F MR   

   
   

2
22× 0.1kg × 10ms

= = 20rads
1.0kg × 0.1m
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(ii) |üfiËfl+ ‹]–q ø√D+ ø√dü+ eTq+ düMTø£s¡D+ (6.21 [c])qT
ñ|üjÓ÷–<ë›+. ‘=* ø√D°j·Ty˚>∑+ düTqï ø£qTø£

 θ = 1/2 ×20×1.0=10rad

(iii)  ˇø£ ôdø£qT ‘·s¡Tyê‘· ø√D°j·Ty˚>∑+

1= t = 20×1.0= 20 rad s  

     MT |ü⁄s√>∑‹ì |üØøÏ å å+#·Tø√+&ç. á ÁøÏ+~ Á|üX¯ï\qT
Á|üj·T‹ï+#·+&ç.

bÕsƒ¡+˝Àì Á|üX¯ï\T 6.3

1. 1 m  uÛÑT»+bı&Ée⁄ >∑\ #·‘·Ts¡Ádü+ Hê\T>∑T e∂\˝À¢
Á|ür ø£D+ Á<äe´sê• M >± >∑\ Hê\T>∑T ø£D≤\T
ñHêïs≠. @<˚ì ˇø£ e∂\ >∑T+&Ü b˛‘·÷ <ëì ‘·˝≤ìøÏ
\+ã+>± ñ+&˚ nø£å+ |üs¡+>± »&É‘·« ÁuÛ≤eTø£+qT
ø£qTø√ÿ+&ç. #·‘·Ts¡ÁdüuÛÑT»+ yÓ+ã&ç b˛j˚T nø£å+ |üs¡+>±
≈£L&Ü »&É‘·«ÁuÛ≤eTø£+qT ø£qTø√ÿ+&ç. MT |òü*‘êìï \+u≤ø£å
dæ<ë›+‘·+ <ë«sê dü]#·÷düTø√+&ç.

2. >√fi≤ìøÏ düŒs¡ÙπsK nø£å+ ns≠‘˚, Ä >√fi¯+ jÓ≠ø£ÿ ÁuÛÑeTD yê´kÕs¡∆+ (radius of gyration)qT
ø£qTø√ÿ+&ç. (|ü{Ïºø£ 6.2 qT ñ|üjÓ÷–+#·Tø√+&ç)

3. >∑&çj·÷s¡+ ˝Àì ì$TcÕ\ eTT\T¢ ø√D°j·T y˚>∑+ m+‘·?

4. |ü+ø£ÃsY nsTTq ãdüT‡ f…Æs¡TqT e÷s¡TÃ‘·Tqï Á&Ó’es¡T bı{Ïº kÕŒqsYøÏ bı&Éyê{Ï >={≤ºìï neTsêÃ&ÉT.
>=≥≥+ ¬s+&Ée ∫es¡ ã˝≤ìï Á|üjÓ÷–düTÔHêï&ÉT.  bı&Éyê{Ï >=≥º+ nedüsêìï $e]+#·+&ç.

5. ì‘·´+ eTq+ ñ|üjÓ÷–+#˚ ã\j·TT>∑à ã˝≤\≈£î ø=ìï ñ<ëVü≤s¡D\T Çe«+&ç.

6. ã\ ÁuÛ≤eTø£+ ({≤sYÿ) ˝Ò<ë ã\j·TT>∑à ÁuÛ≤eTø±˝À¢ <˚ìï ñ|üjÓ÷–+∫ HêDÒìï {≤dt y˚kÕÔyÓ÷
‘Ó*j·TCÒj·T+&ç.

7. »&É‘·« ÁuÛ≤eTø±ìøÏ Á|üe÷D≤\T @$?

6.7  ø√D°j·T Á<äe´y˚>∑+

|ü{Ïºø£ 6.3 qT+&ç ÁuÛÑeTD#·\q+˝À ø√D°j·T Á<äe´y˚>∑+≈£î nqTs¡÷|üyÓTÆq~ πsFj·T #·\q+˝À πsFj·T
Á<äe´y˚>∑+ nì »„|æÔøÏ ‘Ó#·TÃø√+&ç.

|ü≥+. 6.22

‘·˝≤ìøÏ
\+ã+>±
ñqï nø£å+

uÛÑTC≤ìøÏ
\+ã+>±

ñqï nø£å+
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ø£è‘·́ + 6.4

m≈£îÿe |òüTs¡̧D Ò̋≈£î+&Ü ÁuÛÑeTD+ #Ó+<ä>∑\ ã\¢ H=ø£ <ëìì rdüTø√+&ç. Bì‘√ MTs¡T ˇø£ ÄdüøÏÔø£s¡yÓTÆq
Á|üjÓ÷>∑+ #Ój·T´>∑\s¡T. MT ùdïVæ≤‘·Tsê*ì Ä ã\¢MT<ä #˚‘·T\T e≠&ÉT#·Tø=ì ≈£Ls√ÃeTq+&ç. ã\¢qT y˚>∑+>±
Á‹|üŒ+&ç. ÁuÛÑeTD y˚>±ìï …̋øÏÿ+#·+&ç. MTùdïVæ≤‘·Tsê*ì #˚‘·T\T #ê#·eTì n&ç– eT∞¢ y˚>±ìï …̋øÏÿ+#·+&ç. ã\¢
y˚>∑+˝À e÷s¡TŒqT >∑eTì+#êsê? ÄyÓTqT eT∞¢ #˚‘·T\T e≠&ÉT#·Tø√eTì #Ó|æŒ y˚>∑+˝À e÷s¡TŒqT >∑eTì+#·+&ç.

ô|’ ¬s+&ÉT dü+<äsê“¤\˝À ã\¢ y˚>∑+˝À e÷s¡TŒqT m+<äT≈£î
}Væ≤düTÔHêïyÓ÷ eTq+ Ç|ü⁄&ÉT ns¡ú+ #˚düTø√e&ÜìøÏ Á|üj·T‹ï<ë›+:
(i)#˚‘·T\T e≠&ÉT#·Tø=ì,  (ii) #ê#·Tø=ì ≈£Ls¡TÃqï|üÒ&ÉT. Bì ø√dü+
eT∞¢ eTq+ <äè&ÛÉ edüTÔe⁄ ∫-nø£å+ |üs¡+>± edüTÔe⁄˝Àì dæ∆s¡ _+<äTe⁄ +
yÓ+ã&ç ÁuÛÑeTD#·\Hêìï rdüTø=+<ë+. edüTÔe⁄˝Àì nìï _+<äTe⁄\T
nø£å+ yÓ+ã&ç eè‘êÔø±s¡ |ü<∏ä+˝À  ø√D°j·T y˚>∑+‘√ #·*dü÷Ô, Ä |ü<∏ë\
πø+Á<ë\˙ï nø£å+ MT<ä ñ+{≤s≠. nø£å+ qT+&ç ri <ä÷s¡+˝À P nH˚
_+<äTe⁄qT rdüTø=+<ë+(|ü≥+ 6.23). <ëì πsFj·T y˚>∑+ i iv r

<ëì Á<äe´y˚>∑+ m1r1  ne⁄‘·T+~. Á<äe´y˚>∑+ eT]j·≠ nø£å+ qT+&ç
<ä÷s¡+\ \ã›+ ø√D°j·T Á<äe´y˚>∑+ n+{≤s¡T. Bìì L ‘√ dü÷∫kÕÔs¡T.
á \u≤›ìï edüTÔe⁄ n˙ï ø£D≤\≈£î dü+ø£\q+ #˚dæq

 2
i i i i ii i

L m r r m r   

 I (6.27)

ø√D°j·Ty˚>∑+ nìï ø£D≤\≈£î düe÷q+ nì >∑Ts¡TÔ ô|≥Tºø√+&ç. Áu≤¬ø{Ÿ̋ À ñqï |ü<ä+ edüTÔe⁄ »&É‘·«ÁuÛ≤eTø£+.
πsFj·T Á<äe´y˚>∑+ ˝≤>±H˚ ø√D°j·T Á<äe´y˚>∑+ ≈£L&Ü dü~X¯sê•. düMTø£s¡D+ (6.27) ÁuÛÑeTD≤ø£å+ yÓ+ã&ç L dü~X¯
n+X¯qT e÷Á‘·y˚T ÇdüTÔ+~. I ≈£L&Ü n<˚ nøå±ìøÏ dü+ã+~Û+∫q~ nì Çø£ÿ&É e≠K´+>± >∑Ts¡TÔ ô|≥Tºø√yê*.
ø√D°j·T Á<äe´y˚>∑+ Á|üe÷D+ kg m2 s–1

  ˝Àì  , I    e÷s¡TŒπs≥T  ø£qTø£ ø√D°j·T Á<äe´y˚>∑+ ˝Àì e÷s¡TŒπs≥T {≤sYÿ dü~XÊ dü+πø‘·+˝À
ÁuÛÑeTD #·\q+˝À ñqï edüTÔe⁄ >∑‹ düMTø£s¡D+

dL dI I
dt dt

    (6.28)

6.7.1 ø√D°j·T Á<äe´y˚>∑ ì‘·´‘·«+     (Conservation of angular momentum)

düMTø£s¡D+ (6.28) qT+&ç edüTÔe⁄ô|’ u≤Vü≤´ {≤sYÿ |üì#˚j·Tq|ü⁄&ÉT 0dL
dt

  nì ‘Ó\TdüTÔ+~. n+fÒ

ø√D°j·T Á<äe´y˚>∑+˝À e÷s¡TŒ ˝Ò<äT nì ns¡ú+ ne⁄‘·T+~ n+fÒ ø√D°j·T Á<äe´y˚>∑+ dæús¡+. X¯øÏÔ ì‘·´‘·«+,
Á<äe´y˚>∑ ì‘·´‘·«+ ˝≤>±H˚ Ç~ ≈£L&Ü uÛÖ‹ø£XÊÁdüÔ+˝À #ê˝≤ e≠K´yÓTÆq dü÷Á‘ê\˝À ˇø£{Ï.

|ü≥+. 6.23 : O >∑T+&Ü b˛j˚T nø£å+
|üs¡+>± <äè&ÛÉ edüTÔe⁄ ÁuÛÑeTD+
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|ü≥+.  6.24 : á‘·>±&ÉT, á‘·ã\¢ MT<ä qT+&ç
<ä÷øÏq ‘·s¡yê‘· |ü©º\T ø=≥º&É+

ø√D°j·T Á<äe´y˚>∑ ì‘·´‘·« dü÷Á‘·+ á øÏ+~ Á|üX¯ï\≈£î düe÷<ÛëHê\qT Çe«>∑*π>˝≤ #˚düTÔ+~. >±*˝À
m>∑Ts¡T‘·Tqï u§eTà >=&ÉT>∑T ~X¯ dæús¡+>± m˝≤ ñ+≥T+~? <ëìì ÁuÛÑeTD+ #Ó+~+#·&É+ e\¢ ø=+‘·
ø√D°j·T Á<äe´y˚>∑+ edüTÔ+~. ˇø£kÕ] n~ >±*˝ÀøÏ yÓ[¢q ‘·s¡Tyê‘· <ëì MT<ä ø√D°j·T Á<äe´y˚>∑+ dæús¡+>±
ñ+≥T+~. ø√D°j·T Á<äe´y˚>∑+ dü~X¯sê• ø£qTø£ <ëì dæ∆s¡‘·«+ ~X¯˝À |ü]e÷D+˝À dæús¡‘ê«ìï dü÷∫düTÔ+~.
ø£qTø£ >±*˝À ñqï u§eTà >=&ÉT>∑T ~X¯ dæús¡+>± ñ+≥T+~. MT ùdïVæ≤‘·Tsê\T ÁuÛÑeTD ã\¢ MT<ä ñqï
dü+<äs¡“¤+˝À u≤Vü≤´ {≤sYÿ ã\¢MT<ä |üì#˚j·Tq|ü⁄&ÉT dü÷º\T, <ëì MT<ä ñqï eTìwæ ø√D°j·T Á<äe´ y˚>∑+
ì‘·´‘·«eTyê«*. ÄyÓT #˚‘·T\T #ê∫ e´edüú »&É‘·«ÁuÛ≤eTø£+ ô|s¡>∑&ÜìøÏ ø±s¡DeTs≠´+~. düMTø£s¡D+ (6.27)
qT+&ç ø√D°j·T y˚>∑+ ‘·>±Z* nì ‘Ó\TdüTÔ+~. n˝≤π> ÄyÓT #˚‘·T\T e≠&ÉT#·T≈£îqï|ü⁄&ÉT e´edü∆ »&É‘·«ÁuÛ≤eTø£+
‘·>∑TZ‘·T+~. Ç~ ø√D°j·Ty˚>∑+ ô|s¡>∑&ÜìøÏ ø±s¡D+. Çø£ÿ&É e÷s¡TŒ nH˚~ ÁuÛÑeTD≤ø£å+ qT+&ç ø£D≤\ <ä÷s¡+
e÷s¡&É+ e\¢ »&É‘·« ÁuÛ≤eTø£+˝À e÷s¡TŒ ø£\T>∑T‘·T+<äì >∑eTì+#·+&ç. ø√D°j·T Á<äe´y˚>±ìøÏ eT]ø=ìï
ñ<ëVü≤s¡D\T #·÷<ë›+. M Á<äe´sê•, R yê´kÕs¡∆+ >∑\ >√fi≤ø±s¡ ã+‹ ñ+<äqT≈£î+<ë+. <ëì MT<ä
{≤sYÿqT Á|üjÓ÷–+∫ Ä ã+‹ì ÁuÛÑeTD#·\q+˝À ñ+#êe≠. <ëì MT<ä {≤sYÿqT ‘=\–+#ê+. u≤Vü≤´ {≤sYÿ
˝Òq|ü⁄&ÉT ã+‹ bı+~q ø√D°j·T Á<äe´y˚>∑+ ì‘·´‘·«eTyê«*. ã+‹ »&É‘·« ÁuÛ≤eTø£+ (2/5) M R2  ø£qTø£
(|ü{Ïºø£ 6.2) <ëì ø√D°j·T Á<äe´y˚>∑+.

22
5

L MR  (6.29)

Çø£ÿ&É   <ëì ø√D°j·Ty˚>∑+.  ã+‹ yê´kÕs¡∆+qT @<√$<Ûä+>± ‘·–Z+#êeTqT≈£î+<ë+. <ëì ø√D°j·T
Á<äe´y˚>∑+ ì‘·´‘·«+ #˚düTø√e&ÜìøÏ   ô|]– ã+‹ m≈£îÿe y˚>∑+‘√ ÁuÛÑeTD≤\T #˚düTÔ+~. |ü˝≤‡sY˝…’q
qø£åÁ‘ê\˝À ≈£L&Ü Ç<˚$<Ûä+>± »s¡T>∑T‘·T+~. (M{Ï >∑T]+∫ |ü˝≤‡sY s¡Vü≤dü´+ u≤≈£î‡˝À #·÷&É+&ç) nø£kÕà‘·TÔ>±
ã+‹ yê´kÕs¡∆+ ô|]–‘˚ @eTe⁄‘·T+~? düMTø£s¡D+ (6.29) qT+&ç, ø√D°j·T Á<äe´y˚>∑ ì‘·´‘·«+ ø=s¡≈£î,
R ô|]–‘˚,   ‘·>±Z* nì ‘Ó\TdüTÔ+~. yê´kÕs¡ú+ ø±≈£î+&Ü @<√ $<Ûä+>± <ëì »&É‘·«ÁuÛ≤eTø£+ ˝À e÷s¡TŒ
eùdÔ n|ü⁄&ÉT ≈£L&Ü   e÷s¡T‘·T+~. Bì qT+&ç ˇø£ ÄdüøÏÔø£s¡yÓTÆq |òü*‘·+ ø√dü+ á ÁøÏ+~ u≤≈£î‡
#·÷&É+&ç.

s√E ì&ç$ dæús¡+ ø±<äT
uÛÑ÷ÁuÛÑeTD Äes¡Ôqø±\+ n+fÒ s√E ì&ç$˝À n‹ dü«\Œ

eT]j·≠ Áø£eTs¡Væ≤‘· e÷s¡TŒ\qT XÊÁdüÔẙ‘·Ô\T >∑eTì+#ês¡T. BìøÏ
yês ¡ T > ∑ T] Ô+∫q ø±s ¡D≤\‘√ ˇø £{ Ï yê‘êes ¡D+.
yê‘êes¡D+˝Àì e÷s¡TŒ\ ø±s¡D+>± uÛÑ÷yê‘êes¡D+˝À ñqï
>±*˝À ô|<ä› yÓ≠‘·Ô+˝À ø£<ä*ø£ edüTÔ+~. Ç~ uÛÑ÷ nø£å+ #·÷≥÷º
ñqï Á<äe´sê•˝À e÷s¡TŒ≈£î  ø±s¡DeTe⁄‘·T+~. ‘·<ë«sê uÛÑ÷$T
»&É‘·« ÁuÛ≤eTø£+˝À e÷s¡TŒ edüTÔ+~. uÛÑ÷$T ø√D°j·T Á<äe´y˚>∑+
L = I   ì‘·́ ‘·«eTyê«\+fÒ  I ̋ À e÷s¡TŒ n+fÒ uÛÑ÷ÁuÛÑeTDẙ>∑+
Ò̋<ë s√Eì&ç$˝À e÷s¡TŒ ñ+&Ü*.



Physics Volume-1

System of Particles & Rotatory Motion 151

ÄÁø√u≤{Ÿ‡ (Acrobats), ùdÿ≥sY‡ (skaters), &Ó’esY‡ (divers) Ç+ø± Ç‘·s¡ Ä≥>±fi¯ó¢ yê] Ä≥qT
Á|ü<ä]Ù+#·&ÜìøÏ ø√D°j·T Á<äe´y˚>∑ ì‘·´‘·« ìj·Te÷ìï u≤>± ñ|üjÓ÷–+#·T≈£î+≥THêïs¡T. Ädæj·÷Áø°&É\T,
ˇ*+|æø˘‡, C≤rj·T Áø°&É\˝À á‘· $uÛ≤>∑+˝À á‘·>±fi¯ó¢ á‘·ã\¢ qT+&ç <ä÷πø≥|ü⁄&ÉT &Ó’esY ‘·q≈£î ‘êqT
ø=~›>± ÁuÛÑeTD≤ìï Ç#·TÃø=ì ‘·<ë«sê ÄyÓT ø=+‘· ø√D°j·Ty˚>±ìï bı+<äT‘·T+~. >±*˝À ñqï|ü⁄&ÉT ÄyÓT
MT<ä {≤sYÿ |üì#˚j·T<äT, ø£qTø£ ø√D°j·T Á<äe´y˚>∑+ ì‘·´‘·«eTyê«*. »&É‘·« ÁuÛ≤eTø£+ ‘·–Z+#·&ÜìøÏ X¯Øsêìï
e≠&ÉT#·T≈£îqï|ü⁄&ÉT ÄyÓT y˚>∑+>± ÁuÛÑeTD≤\T #˚düTÔ+~. ÄyÓT e≠&ÉT#·Tø√ø£b˛‘˚ »&É‘·«ÁuÛ≤eTø£+ m≈£îÿyÓ’ ÄyÓT
ÁuÛÑeTD+ HÓeTà~düTÔ+~. á $<Ûä+>± X¯Øsêø£è‹ì e÷s¡TÃø√e&É+ <ë«sê ˙{Ï˝ÀøÏ Á|üy˚•+#˚e≠+<äT ‘·q
Ä≥qT Á|ü<ä]Ù+#·>∑\T>∑T‘·T+~.

ñ<ëVü≤s¡D 6.8

|òüTs¡̧D s¡Væ≤‘· uÒ]+>∑T\T >∑\ ÁuÛÑeTD ã\¢ MT<ä w”̋ ≤ ì\ã&ç ñ+~. e´edüú ÁuÛÑeTD≤ø£å+ qT+&ç  1.0 m
<ä÷s¡+˝À 2 kg \ edüTÔe⁄qT |ü≥Tºø=ì ñ+~. Äs¡+uÛÑ+˝À e´edüú ìe≠cÕìøÏ 10 ÁuÛÑeTD≤\T #˚düTÔ+~. (a) ‘=*
ø√D°j·T y˚>±ìï πs&çj·THé /ôdø£qT (b) ÁuÛÑeTD≤ø£å+ qT+&ç edüTÔe⁄\qT 0.2 m <ä÷s¡+˝ÀøÏ ‘Ó∫Ãq|ü⁄&ÉT ø√D°j·Ty˚>∑+
(c)e´edüú >∑‹»X¯øÏÔ̋ À e÷s¡TŒ (d) >∑‹»X¯øÏÔ ô|]–‘˚, <ëì ô|s¡T>∑T<ä\≈£î ø±s¡D+ @$T{Ï? (w”̋ ≤ eT]j·≠ ã\¢
»&É‘·«ÁuÛ≤eTø£+ ISP, 1.0 kg m2 e<ä› dæús¡+>± ñ+<äì nqTø√+&ç)
kÕ<Ûäq:

(a) 1  ÁuÛÑeTD+  = 2  πs&çj·THé

‘=* ø√D°j·Ty˚>∑+  110 2 radian 1.05rad s
60s
 

 

(b) ø√D°j·T Á<äe´y˚>∑ ì‘·´‘·« ìj·TeT+ qT|üjÓ÷–+∫ Bìì ø£qTø√ÿe#·TÃ.

 ‘=* »&É‘·«ÁuÛ≤eTø£+  2 2
i SP i iI I mr mr  

       2 2 21.0 2.0 1 2.0 1kg m kg m kg m    

= 5.0 kg m2

edüTÔe⁄\qT 0.2 m <ä÷s¡+˝ÀøÏ ‘Ó∫Ãq|ü⁄&ÉT ‘·T~ »&É‘·«ÁuÛ≤eTø£+
2 2

t SP f fI I mr mr  

    = 1.0 kg m2 + 2.0 kg × (0.2)2 m2 + 2.0 kg × (0.2)2

    = 1.16 kg m2.

ø√D°j·TÁ<äe´y˚>∑+ ì‘·´‘·«eTyê«\+fÒ

i i f fI I   nyê«*

Ò̋<ë          
i i

f
f

I
I
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 2 -1

2

5.0kgm 1.05rad s
=

1.16 kgm
         = 4.5 rad s–1

ÁuÛÑeTD >∑‹»X¯øÏÔ˝À e÷s¡TŒqT E  nqTø=+fÒ

2 21 1
2 2f f i iE I I   

             2 22 22 -1 2 -11 1= ×1.16kgm × 4.5 rad s - ×5.0kgm × 10.5 rad s
2 2

      = 9.05 J
‘·T~ >∑‹»X¯øÏÔ, ‘=* >∑‹»X¯øÏÔ ø£Hêï m≈£îÿe ø£qTø£ e´edüú >∑‹» X¯øÏÔ˝À ô|s¡T>∑T<ä\ ñ+≥T+~.

(d) w”˝≤ edüTÔe⁄qT nø£å+ yÓ’|ü⁄≈£î ˝≤–q|ü⁄&ÉT ÄyÓT e´edüú MT<ä |üì#˚düTÔ+~. Ä |üìe´edüú >∑‹»X¯øÏÔì
ô|+#·T‘·T+~.

bÕsƒ¡+˝Àì Á|üX¯ï\T 6.4

1. ôV’≤Á&√»Hé nDTe⁄ ¬s+&ÉT düe÷qyÓTÆq |üs¡e÷De⁄\qT ø£*– ñ+~. n~ ˇø=ÿø£ÿ{Ï m Á<äe´sê•
ø£*–, d <ä÷s¡+˝À y˚s¡T#˚j·Tã&ç ñHêïs≠. Ä ¬s+&ç+{Ï eT<Ûä´˝À ñqï nø£å+ |üs¡+>± nDTe⁄
  ø√D°j·T y˚>∑+‘√ ÁuÛÑeTD+˝À ñ+~. nDTe⁄ ø√D°j·T Á<äe´y˚>±ìï ø£qTø√ÿ+&ç?

2. 2.0 kg Á<äe´sê•, 20 cm yê´kÕs¡∆+ ø£\ @ø£Ø‹ |üfiË¢+ @<˚ì ˇø£ yê´dü+ |üs¡+>± 10 πs&çj·THé
/ ôdø£qT ø√D°j·Ty˚>∑+‘√ ÁuÛÑeTD+˝À ñ+~. ÁuÛÑeTD≤ø£å+ |üs¡+>± <ëì ø√D°j·T Á<äe´y˚>±ìï
ø£qTø√ÿ+&ç.

3. \+ã+>± ñqï nø£å+ yÓ+ã&ç   ø√D°j·Ty˚>∑+‘√ ˇø£ #·Áø£+ ÁuÛÑeTD+˝À ñ+~. n+‘˚ yê´kÕs¡∆+,
dü>∑+ Á<äe´sê• ø£*– Äs¡+uÛÑ+˝À ìX¯Ã\dæ∆‹˝À ñqï Ç+ø=ø£ #·Áø£+qT HÓeTà~>± n<˚ nøå±ìøÏ
C≤s¡$&ç#ês¡T. Ä ¬s+&ÉT #·Áø±\T ñeTà&ç y˚>∑+‘√ ÁuÛÑeTD+˝À ñHêïs≠. ñeTà&ç ø√D°j·T y˚>±ìï
ø£qTø√ÿ+&ç.

4. ≈£î+∫+#·T≈£îb˛‘·Tqï >±* y˚T|òüT+‘√ uÛÑ÷$T ‘·j·÷¬s’+<äì n+{≤s¡T. ø=+‘·ø±\+ ÁøÏ‘·+ uÛÑ÷$T
yê´kÕs¡›+, Ç|üŒ{Ï yê´kÕs¡∆+ ø£+fÒ 25 ¬s≥T¢ ñ+&˚<äqT≈£î+<ë+. n|ü⁄&ÉT <ëì nø£å+ |üs¡+>±
ÁuÛÑeTD Äes¡Ôq+ m+‘· ñ+&˚~.

6.8  π̌økÕ] ÁuÛÑeTD eT]j·≠ kÕ∆Hê+‘·s¡ #·\Hê\T

<äè&ÛÉ edüTÔe⁄qT ˇø£ _+<äTe⁄ e<ä› |ü{Ïº ñ+#·ø£b˛‘˚ n~ ÁuÛÑeTD, kÕ∆Hê+‘·s¡ #·\Hê\qT ø£*–
ñ+≥T+<äì MT≈£î ‘Ó\TdüT. kÕ<Ûës¡D+>± <äè&ÛÉ edüTÔe⁄ ô|’ ¬s+&ÉT #·\Hê*ï ø£*– ñ+≥T+~. düeT‘·\ øÏå‹»
düe÷+‘·s¡‘·\+ô|’ Ä{ÀyÓ≠u…’˝Ÿ #·Áø£+ #·\Hêìï }Væ≤+#·Tø√+&ç. (|ü≥+ 6.25) MTs¡T eè‘êÔø±s¡ ‘·\+ qT
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>∑eTìdüTÔHêïs¡qT≈£î+<ë+. eè‘êÔø±s¡ ‘·\+ MT<ä P _+<äTe⁄ e<ä› C eT]j·≠
<ëì πø+Á<ä+ C e<ä› MT <äèwæº ô|≥º+&ç. #·Áø£+ Á<äe´sê•πø+Á<ä+ <ëì nø£å+
πø+Á<ä e<ä› ñ+≥T+<äì C _+<äTe⁄ nø£å+ ∫e] _+<äTe⁄ì >∑Ts¡TÔ ô|≥Tºø√+&ç.
n~ <=s¡T¢‘·Tqï|ü⁄&ÉT P _+<äTe⁄, C _+<äTe⁄ #·T≥÷º ÁuÛÑeTD+˝À ñ+&É≥+
MTs¡T >∑eTìkÕÔs¡T.C _+<äTe⁄ #·\q~X¯˝À ‘·q+‘·≥ ‘êqT kÕúHê+‘·s¡+qT
bı+<äT‘·T+~. n+fÒ #·Áø£+, ÁuÛÑeTD eT]j·≠ kÕúHê+‘·s¡ #·\Hê\T ¬s+{Ïì
ø£*– ñ+~. C _+<äTe⁄ ˝Ò<ë Á<äe´sê•πø+Á<ä+ vcm y˚>∑+‘√ ,kÕúHê+‘·sêìï
bı+~‘˚ kÕúHê+‘·s¡ >∑‹»X¯øÏÔ.

  21
2

 cmKE MvkÕúHê+‘·s¡ (6.30)

Çø£ÿ&É M  Á<äe´sê•,    ø√D°j·Ty˚>∑+ ns≠‘˚ ÁuÛÑeTD >∑‹»X¯øÏÔ.

  21
2

KE IÁuÑÛeTD (6.31)

Çø£ÿ&É  I »&É‘·«ÁuÛÑeTø£+, kÕúHê+‘·s¡ eT]j·≠ ÁuÛÑeTD >∑‹»X¯≈£îÔ\ yÓ≠‘·Ô+ edüTÔe⁄ yÓ≠‘·Ô+ X¯øÏÔ ne⁄‘·T+~.
yê\T‘·\+ô|’  kÕúHê+‘·s¡ eT]j·≠ ÁuÛÑeTD #·\Hê\‘√ ≈£L&ç e⁄qï edüTÔe⁄ #·\q+ Çø£ÿ&É ÄdüøÏÔø£s¡ dü+<äs¡“¤+.

ñ<ëVü≤s¡D 6.9: M Á<äe´sê•, R yê´kÕs¡∆+ >∑\ <äè&ÛÉ edüTÔe⁄ »&É‘·«ÁuÛ≤eTø£+ I nqTø=+<ë+. h yê\T‘·\+ô|’ n~
øÏ+~øÏ <=s¡T¢‘·T+~ (|ü≥+ 6.26).  <ëì Á|üj·÷D+ ∫es¡̋ À v πsFj·T y˚>±ìï,    ø√D°j·Ty˚>±ìï bı+~+~.
|òüTs¡̧D e\¢ qwüºb˛s≠qX¯øÏÔ #ê˝≤ dü«\Œ+ nqTø=+fÒ <ëìì ñù|øÏå+#·e#·TÃ. v |üs¡+>±h $\TeqT sêã≥º+&ç.

kÕ<Ûäq:
X¯øÏÔ ì‘·́ ‘·« ìj·TeT+ qT+&ç yê\T‘·\+  bÕ<ä+ e<ä› kÕúHê+‘·s¡, ÁuÛÑeTD>∑‹» X¯≈£îÔ\ yÓ≠‘·Ô+, yê\T‘·\+

m‘·TÔ e<ä› edüTÔe⁄ ø£*– ñqï dæú‹»X¯øÏÔøÏ düe÷q+. n+<äTe\¢ ¤

2 21 1
2 2

Mv I Mgh  (6.32)

|ü≥+. 6.25

|ü≥+. 6.26 : yê\T‘·\+ô|’ <äè&ÛÉedüTÔe⁄ #·\q+
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C≤s¡T&ÉT #·\q+ ˝Ò≈£î+&Ü yÓ≠‘·Ô+ <=s¡T¢&ÉT #·\q+ ns≠‘˚ eTq+ v R  nì sêjÓ≠#·TÃ. düMTø£s¡D+
(6.32) ˝À á $\TeqT ô|&ç‘˚

2
2

2
1 1
2 2

vMv I Mgh
R

  (6.33)

ˇø£  düs¡fi¯yÓTÆq ñ<ëVü≤s¡Dø√dü+ Ä edüTÔe⁄qT |”bÕø£≥Tº (hoop) (˝Ò<ë ]+>∑T) nqTø=+<ë+. |ü{Ïºø£
6.2 qT+&ç <ëì nø£å+ |üs¡+>± »&É‘·« ÁuÛ≤eTø£+ MR2 nì ‘Ó\TdüTÔ+~. düMTø£s¡D+ 6.33 qT+&ç

2 2
2

2
1 1
2 2

MR vMv Mgh
R

  (6.34)

˝Ò<ë v gh (6.35)

á düMTø£s¡D+˝À @<Ó’Hê ÄdüøÏÔø£s¡ $wüj·÷ìï >∑eTì+#êsê? |”bÕø£≥Tº ˝Ò<ë ]+>∑T Á<äe´sê•, yê´kÕs¡ú+
MT<ä πsFj·T y˚>∑+ Ä<Ûës¡|ü&É<äT. Bì ns¡ú+ |”bÕø£≥Tº @ |ü<ës¡ú+‘√ #˚dæq<Ó’Hê, m+‘· yê´kÕs¡úe≠Hêï
yê\T‘·\+ô|’ n<˚ y˚>∑+‘√ øÏ+<ä≈£î <=s¡T¢‘·T+~.

bÕsƒ¡+˝Àì Á|üX¯ï\T 2.3
1. ˇø£ |òüTq>√fi¯+ yê\T‘·\+ô|’ C≤s¡≈£î+&Ü <=s¡T¢‘·T+~. yê\T‘·\+ m‘·TÔ|üs¡+>± <ëì y˚>∑+ m+‘·

ñ+≥T+~.

2. ˇø£ |òüTqdü÷Ô|ü+ yê\T‘·\+ô|’ C≤s¡≈£î+&Ü <=s¡T¢‘·T+~. <ëì >∑‹»X¯øÏÔ˝À kÕúHê+‘·s¡ >∑‹»X¯øÏÔ
uÛ≤>∑+ m+‘·? h m‘·TÔ qT+&ç |ü&çq ‘·sê«‘· <ëì y˚>∑ |ü]e÷DyÓT+‘·?

3. øÏå‹»+‘√ 300 ø√D+ #˚düTÔqï yê\T‘·\+ ô|’qT+&ç 2 kg Á<äe´sê• eT]j·≠ 10cm yê´kÕs¡∆+ >∑\
@ø£Ø‹>√fi¯+qT ìX¯Ã\ dæ∆‹ qT+&ç e~˝≤s¡T. <ëì (a) ø√D°j·T‘·«s¡D≤ìï (b) ‘·\+ yÓ+ã&ç <ëì
πsFj·T‘·«s¡D+ eT]j·≠ (c) ‘·\+ yÓ+ã&ç 2m Á|üj·÷DÏ+∫q|ü⁄&ÉT <ëì >∑‹»X¯øÏÔ\qT sêã≥º+&ç.

|ü˝≤‡sY\(Pulsars) s¡Vü≤dü´+
ø√D°j·T Á<äe´y˚>∑ ì‘·´‘·«+≈£î ÄdüøÏÔø£s¡yÓTÆq ñ<ëVü≤s¡D |ü˝Ò‡{Ï+>¥ qø£åÁ‘ê\T. M{Ïì |ü˝≤‡sY\T

n+{≤s¡T. á qø£åÁ‘ê\T m≈£îÿe rÁe‘·ø£*–q $øÏs¡D≤\qT eTqyÓ’|ü⁄≈£î |ü+|ækÕÔs≠. á |ü˝≤‡s¡T¢
Äes¡Ôq+>± ñ+&ç K∫Ã‘·yÓTÆq Äes¡Ôø£‘·qT ø£*– ñ+{≤s≠. M{Ï Äes¡Ôqø±\+ yê´|æÔ ø=ìï $T©¢
ôdø£q¢ qT+&ç ø=ìï ôdø£q¢ es¡≈£î ñ+≥T+~. n+‘· ‘·≈£îÿe e´e~Û˝Àì Äes¡ÔHê\ e\¢ qø£åÁ‘ê\T
#ê˝≤ y˚>∑+>± ÁuÛÑeTD+ #˚düTÔqï≥T¢ ‘Ó\TdüTÔ+~. á qø£åÁ‘ê\˝À #ê˝≤ es¡≈£î |ü<ës¡ú+ q÷´Á{≤Hé\
s¡÷|ü+˝À ñ+≥T+~ (|üs¡e÷DT πø+Á<äø£+ Áb˛{≤qT, q÷´Á{≤qT\‘√ ì]à‘·yÓTÆ ñ+≥T+~).  á
qø£åÁ‘ê\qT q÷´Á{≤Hé qø£åÁ‘ê\ì ≈£L&Ü n+{≤s¡T. Ç$ qø£åÁ‘ê\˝Àì n+‹eT dæú‹ì ‘Ó*j·TCÒkÕÔs≠.
yê{Ï ∫qï |ü]e÷Dy˚T y˚>∑e+‘·yÓTÆq ÁuÛÑeTD≤ìøÏ ø±s¡D+. q÷´Á{≤Hé qø£åÁ‘·+ yê´kÕs¡∆+ 10 km
e÷Á‘·y˚T. Bìì dü÷s¡T´ì yê´kÕs¡∆+ (düTe÷s¡T 7 × 105 km) ‘√ b˛*Ã #·÷&É+&ç. dü÷s¡T´&ÉT <ëì
nø£å+ |üs¡+>± 25 s√E\T Äes¡Ôqø±˝+‘√ ÁuÛÑeTD+ #˚kÕÔ&ÉT. dü÷s¡T´&ÉT nø£kÕà‘·TÔ>± <ëì Á<äe´sê•˝À
e÷s¡TŒ ˝Ò≈£î+&Ü q÷´Á{≤Hé qø£åÁ‘·+ |ü]e÷D+≈£î ≈£î+∫+#·T≈£î b˛s≠q≥T¢>± }Væ≤+#·Tø√+&ç. <ëì
ø√D°j·T Á<äe´y˚>∑ ì‘·´‘·«+ ø√dü+ dü÷s¡T´&ÉT $T*¢ ôdø£qT ø£Hêï ‘·≈£îÿe Äes¡Ôqø±\+‘√ ÁuÛÑeTD+
#˚j·÷*‡ ñ+≥T+~.
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MTs¡T @+ H˚s¡TÃ≈£îHêïs¡T

 <äè&ÛÉ edüTÔe⁄ ÁuÛÑeTD kÕúHê+‘·s¡ #·\Hê\qT $&ç $&ç>± ˝Ò<ë ñeTà&ç>± ø£*– ñ+≥T+~.

 <äè&ÛÉ edüTÔe⁄ kÕúHê+‘·s¡ #·\HêìøÏ düMTø£s¡D≤\qT, <ëì Á<äe´sê• πø+Á<ëìï e÷Á‘·y˚T |ü]>∑DÏ+∫,
Ä ˇø£ÿ ø£D+ <äècÕº´ sêj·Te#·TÃ.

 <äè&ÛÉ edüTÔe⁄ô|’ u≤Vü≤´ã˝≤ìï Á|üjÓ÷–+∫q|üŒ{Ïø°, <ëì ø£D≤\ eT<Ûä´ kÕù|ø£å <ä÷s¡+ e÷s¡<äT.

 ìC≤ìøÏ $X¯«+˝À <äè&ÛÉ edüTÔe⁄\T ˝Òe⁄. ø±ì eTq+ ¬s’\T |ü{≤º\T, #·Áø±\T, ˝ÀVü≤ >√fi≤\T yÓTT<ä\>∑T
mH√ï edüTÔe⁄\qT <äè&ÛÉ edüTÔe⁄\T>± |ü]>∑DÏkÕÔ+.

 edüTÔe⁄ jÓTTø£ÿ @ _+<äTe⁄ e<ä›HÓ’‘˚ yÓTT‘·Ô+ Á<äe´sê• πø+ÁBø£è‘·+ nsTTq≥Tº>± ø£ì|ædüTÔ+<√, Ä
_+<äTe⁄qT ªªÁ<äe´sê• πø+Á<ä+μμ n+{≤+.

 <äè&ÛÉ edüTÔe⁄ (ø£D≤\ e´edüú) #·\q n<Ûä´j·THêìï Á<äe´sê• πø+Á<ä+ düT\uÛÑ‘·s¡+ #˚düTÔ+~.

 Á<äe´sê• πø+Á<ä+ e<ä› Á<äe´sê• ñ+&Ü*‡q nedüs¡+ ˝Ò<äT.

 edüTÔe⁄ jÓTTø£ÿ @ _+<äTe⁄ e<ä›HÓ’‘˚ <ëì yÓTT‘·Ô+ uÛ≤s¡+ πø+ÁBø£è‘·+ nsTTq≥Tº>± ø£ì|ædüTÔ+<√
<ëìï >∑Ts¡T‘·«πø+Á<ä+ n+{≤s¡T.

 >∑Ts¡T‘·« πø+Á<ä+ edüTÔe⁄ dæús¡‘·«+‘√ eTT&ç |ü&ç+~.

 <äè&ÛÉ edüTÔe⁄ ÁuÛÑeTD #·\q+˝À ñqï|üÒ&ÉT, <ëH√¢ì ø£D≤\˙ï ÁuÛÑeTD≤ø£å+ ˝Ò<ë Ä<Ûës¡ _+<äTe⁄
#·T≥÷º @ø£ πø+Á<äø£ eè‘êÔø±s¡ e÷sêZ˝À¢ Á|üj·÷DÏkÕÔs¡T. nìï ø£D≤\≈£î ˇπø ø√D°j·T y˚>∑+, y˚πs«s¡T
πsFj·T y˚>±\T ñ+{≤sTT.

 <äè&ÛÉ edüTÔe⁄˝Àì ˇø£ _+<äTe⁄qT dæús¡+>± _–ùdÔ n~ πøe\+ ÁuÛÑeTD #·\Hêìï ø£*– ñ+≥T+~.

 ÁuÛÑeTD nø£å+ <äècÕº´ »&É‘·« ÁuÛ≤eTø£+ 2 2

1

n

i ii
I m r MK


   . Çø£ÿ&É M = yÓTT‘·Ô+ Á<äe´sê•;

K = ÁuÛÑeTD yê´kÕs¡ú+.

 πsFj·T #·\q+˝À Á<äe´sê• b˛wæ+#˚ bÕÁ‘·qT ÁuÛÑeTD #·\q+˝À »&É‘·« ÁuÛ≤eTø£+ b˛wædüTÔ+~.

 ã\ÁuÛ≤eTø£+ ({≤sY)    r F

BH˚ï ã\+ jÓTTø£ÿ ‹ù|Œ Á|üuÛ≤e+ n+{≤s¡T.

 düe÷q, e´‹πsø£, düe÷+‘·s¡ ã˝≤\ »+≥ ã\j·TT>±àìï @s¡Œs¡TdüTÔ+~. ã\j·TT>∑à+ e\¢ ø£*π>
ÁuÛÑeTD≤ìï ã\j·TT>∑à ÁuÛ≤eTø£+ n+{≤s¡T. Ç~ ¬s+&ÉT ã˝≤\ eT<Ûä´ \+ã<ä÷s¡+, ã\+ |ü]e÷D≤\
\u≤∆ìøÏ düe÷q+.

 u≤Vü≤´ {≤sYÿ Á|üuÛ≤e+‘√ edüTÔe⁄ ø√D°j·T Á<äe´y˚>∑+˝À e÷s¡TŒ edüTÔ+~.
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 ø√D°j·T Á<äe´y˚>∑+ L = I  .

 u≤Vü≤´ {≤sYÿ X¯Sq´+ nsTT‘˚, edüTÔe⁄ ø√D°j·T Á<äe´y˚>∑+ dæús¡+.

 ext = 0 nsTT‘˚ L = I   = dæús¡+

˝Ò<ë  1 1 2 2I I 

* dæŒ+>¥ uÀs¡T¶ &Ó’$+>¥, ùdÿ{Ï+>¥, õe÷ïdæºø̆ $Hê´kÕ˝À¢ ø√D°j·T Á<äe´ẙ>∑ ì‘·́ ‘·« ìj·Te÷ìï nqTe]ÔkÕÔs¡T.

* dü÷úbÕø±s¡ ˝Ò<ë >√fi≤ø±s¡ edüTÔe⁄ yê\T ‘·\+ô|’ <=s¡T¢‘·Tqï|üÒ&ÉT <ëì y˚>∑+, Á<äe´sê• ˝Ò<ë
yê´kÕs¡ú+ô|’ Ä<Ûës¡|ü&É<äT.

eTT–+|ü⁄ nuÛ≤´dü+

1. edüTÔe⁄ uÛ≤s¡+ Mg kÕ<Ûës¡D+>± <ëì >∑Ts¡T‘·« πø+Á<ä+ e<ä› |üì#˚düTÔ+<äì #·÷|ækÕÔ+. n+fÒ
uÛÑ÷$T Ç‘·s¡ ø£D≤\qT Äø£]¸+#·<äì ns¡úe÷?

2. Á<äe´sê• πø+Á<ä+ edüTÔe⁄ ãj·T≥ ≈£L&Ü ñ+&Ée#êÃ? ¬s+&ÉT ñ<ëVü≤s¡D\ <ë«sê MT düe÷<ÛëHêìï
$e]+#·+&ç

3. ø±s¡“HéyÓ÷Hê¬ø’‡&é (CO) nDTe⁄˝À ¬s+&ÉT |üs¡e÷De⁄\ πø+Á<äø±\ eT<Ûä´<ä÷s¡+ 1.13 × 10–10m.
nDTe⁄˝À Á<äe´sê• πø+Á<ëìï >∑DÏ+#·+&ç.

4. 5 kg Á<äe´sê•, 0.2 m yê´dü+ >∑\ ‹s¡T>∑T&ÉT #·Áø£+ rad s–1 ø√D°j·Ty˚>∑+‘√ ÁuÛÑeTD+˝À
ñ+~.<ëì >∑‹»X¯øÏÔì >∑DÏ+#·+&ç. ùd«#·Ã¤>± øÏ+~øÏ |ü&˚˝≤ <ëìì m+‘· m‘·TÔ qT+&ç e~*‘˚ á
>∑‹»X¯øÏÔì bı+<äe#·TÃ. (g =10.0 ms–2 >± rdüTø√+&ç)

5. ˇø£ <äè&ÛÉ nø£å+ |üs¡+>± 1.0 m yê´dü+ >∑\ #·Áø£+ <ëì ‘=* ø√D°j·Ty˚>∑+ 2 rev s–1. ‘√
ÁuÛÑeTD+˝À ñ+~. <ëì ø√D°j·T ‘·«s¡D+ 3 rev s–2.

(a) 2 ôdø£q¢ ‘·s¡Tyê‘· <ëì ø√D°j·Ty˚>±ìï >∑DÏ+#·+&ç

(b) á ø±\+˝À m+‘· ø√D+‘√ Ä #·Áø£+ ‹]–+~.

(c) t = 2 s e<ä› #·Áø£+ n+#·TMT<ä ñqï _+<äTe⁄ düŒsêÙ y˚>∑+ m+‘·?

(d) t = 2 s e<ä› #·Áø£+ n+#·T MT<ä ñqï _+<äTe⁄ n_Ûπø+Á<ä ‘·«s¡D+ m+‘·?

6. 20 rads–1 ø√D°j·T y˚>∑+‘√ ÁuÛÑeTD+˝À ñqï ˇø£ #·Áø£+qT dæús¡ {≤sYÿqT Á|üjÓ÷–+∫ 4 ôdø£q¢˝À
ìX¯Ã\dæú‹øÏ ‘Ó#êÃs¡T. <ëì nø£å+|üs¡+>± #·Áø£+ »&É‘·«ÁuÛ≤eTø£+ 0.2 kg m2 yÓ≠<ä{Ï ¬s+&ÉT ôdø£q¢˝À
{≤sYÿ #˚dæq |üìì >∑DÏ+#·+&ç.

7. ¬s+&ÉT #·Áø±\T ˇπø Çs¡TdüT≈£î _–+#ês¡T. A #·Áø£+ »&É‘·« ÁuÛ≤eTø£+ 5 × 10–2 kg m2. B #·Áø£+
»&É‘·«ÁuÛ≤eTø£+ 0.2 kg m2. A #·Áø±ìï 600 ÁuÛÑeTD+ ì$Twü+`1 ‘√ Ä‘·àÁuÛÑeTD+ #Ó+<˚
$<Ûä+>± #˚dæ, B #·Áø±ìï dæ∆s¡+>± ñ+#ês¡T. A,B \T ø£*dæ Ä‘·àÁuÛÑeTD+ #Ó+<˚˝≤ ø£¢#Y‘√ ø£*bÕs¡T.



Physics Volume-1

System of Particles & Rotatory Motion 157

(a) n$ m+‘· y˚>∑+‘√ ÁuÛÑeTD+˝À ñ+{≤s≠.

(b) ¬s+{Ïì ø£\|üø£e≠+<äT >∑‹»X¯øÏÔì, ¬s+{Ïì ø£*|æq ‘·s¡Tyê‘· >∑‹»X¯øÏÔì b˛\Ã+&ç.

(c) ø£¢#Y |üì#˚dæq|ü⁄&ÉT A,10 ÁuÛÑeTD≤\T #˚ùdÔ ø£¢#Y $&ÉT<ä\ #˚dæq {≤sYÿ m+‘·?

8. #·÷&É{≤ìøÏ ˇπø$<Ûä+>± ñqï ¬s+&ÉT >√fi≤\qT Ç∫Ã n+<äT˝À ˇø£{Ï uÀ\T >√fi¯eTì #ÓbÕŒs¡T.
uÀ\T >√fi≤ìï ø£qTø√ÿe&ÜìøÏ ˇø£ |ü<ä∆‹ì dü÷∫+#·T.

9. 1000  kg m2. »&É‘·«ÁuÛ≤eTø£+ >∑\ #·Áø£+ @ø£Ø‹ ‘·«s¡D+‘√ ÁuÛÑeTD+˝À ñ+~. @<˚ì ø£åD+˝À
<ëì ø√D°j·T y˚>∑+ 10 rad s–1. 100 πs&çj·THé ø√D+‘√ ÁuÛÑeTD+ #Ó+~q ‘·s¡Tyê‘· #·Áø£+
ø√D°j·Ty˚>∑+ 100 rad s–1 ns≠´+~. #·Áø£+ MT<ä |üì#˚dæq {≤sYÿqT, >∑‹»X¯øÏÔ˝À e÷s¡TŒqT
>∑DÏ+#·+&ç.

10. 1 kg Á<äe´sê•, 10 cm yê´kÕs¡∆+ >∑\ |üfiËfl+ <ëì nø£å+|üs¡+>± ÁuÛÑeTD+˝À ñ+~. n~ ìX¯Ã\
dæ∆‹ qT+&ç @ø£Ø‹>± ‘·«s¡D+ #Ó+~+#·ã&ç+~. yÓ≠<ä{Ï ôdø£qT˝À n~ 2.5 πs&çj·THé ÁuÛÑeTD+
#Ó+~+~. ‘·s¡Tyê‘· ôdø£qT˝À n~ m+‘·ø√D+ ÁuÛÑeTD+ #Ó+~+<√ ø£qTø√ÿ+&ç. |üfiËfl+ MT<ä |üì#˚ùd
{≤sYÿ |ü]e÷D+ m+‘·?

11. >√fi≤ø±s¡ ø£s¡Œs¡+ yê´dü+ <äècÕº´ »&É‘·« ÁuÛ≤eTø£+ 
2

4
MR . >√fi≤ø±s¡ ø£s¡Œs¡+ düŒs¡ÙπsU≤ <äècÕº´

»&É‘·« ÁuÛ≤eTø£+ m+‘·? (hint : düe÷+‘·s¡ nø£å dæ<ë∆+‘êìï ñ|üjÓ÷–+#·+&ç.).

12. ÁuÛÑeTD yê´kÕsêúìï 10% ô|+∫‘˚, »&É‘·« ÁuÛ≤eTø£+˝À e#˚Ã ô|s¡T>∑T<ä\ XÊ‘·+ m+‘·?

13. 0.3 kg m2  »&É‘·« ÁuÛ≤eTø£+ ø£*–q >∑‹bÕ\ #·Áø£+ ì$TcÕìøÏ 300 ÁuÛÑeTD≤\T #˚düTÔ+~. <ëìô|’
m+‘· {≤sYÿ Á|üjÓ÷–ùdÔ n~ 20 ôdø£q¢˝À Ä–b˛‘·T+~.

14. 0.63 kg m2 »&É‘·« ÁuÛ≤eTø£+ ø£*–q #·Áø£+ ø√D°j·T y˚>±ìï  40 rpm qT+∫ 80 rpm+ øÏ
ô|+#ê\+fÒ m+‘· |üì #˚j·÷*?

15. ( 7 3 3 i j k ) ã\+ (  i j k ) kÕúq dü~X¯qT ø£*–q _+<äTe⁄ |üì#˚ùdÔ, {≤sYÿì >∑DÏ+#·+&ç.

bÕsƒ¡+˝Àì Á|üX¯ï\≈£î »yêãT\T

6.1

1. ne⁄qT, Áù|òyéT˝À ¬s+&ÉT _+<äTe⁄\ eT<Ûä́ <ä÷s¡+ e÷s¡Ã Ò̋e≠. ø£qTø£ <ëìì <äè&ÛÉ edüTÔe⁄>± uÛ≤$+#·e#·TÃ.

2. uÛ≤$+#·˝Òe≠. @<Ó’Hê n\»&ç ÇdüTø£ ø£D≤\ eT<Ûä´ <ä÷s¡+qT e÷s¡Ã>∑\<äT ø£qTø£ ÇdüTø£ ≈£î|üŒqT
<Ûäè&ÛÉ edüTÔe⁄>± uÛ≤$+#·˝Òe≠.
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6.2

1. Ç∫Ãq Á<äe´sêX¯ó\ ìs¡÷|üø±\T A (–1, –1), B (–5, –1), C (6, 3), D (2, 6), E (–3, 0) yê{Ï
Á<äe´sêX¯ó\T es¡Tdü>± 1 kg, 2 kg, 3 kg, 4 kg, 5 kg

e´edüú Á<äe´y˚>∑+ ìs¡÷|üø±\T

1 1 5 2 6 3 2 4 3 5 0
1 2 3 4 5

x          
 

   

1 1 1 2 1 3 4 6 0 5 30 2.0
1 2 3 4 5 15

y          
  

   

2. |ü≥+˝À #·÷|æq $<Ûä+>± e∂&ÉT ø£D≤\ e´edüúqT rdüT≈£î+<ë+. |ü≥+˝À #·÷|æq $<Ûä+>± e∂\
_+<äTe⁄ e<ä› 2 kg \ Á<äe´sê• ø£*–q nøå±ìï rdüT≈£î+<ë+.

2 0 1 0.5 3 1 3.5
1 2 3 6

x m    
 

 

32 0 1 3 0 32
1 2 3 12

y m
    

 
 

e´edüú Á<äe´sê• πø+Á<ä+ ìs¡÷|üø±\T 
3.5 3,
6 12

 
  
 

3. ¬s+&ÉT ø£D≤\T x-nø£å+ yÓ+ã&ç ñHêïj·TqT≈£î+<ë+. yê{Ï ìs¡÷|üø±\qT o, x nqT≈£î+<ë+.
Á<äe´sê• πø+Á<ä+ ìs¡÷|üø±\T.

1 2 2

1 2 1 2

0 , 0m m x m xX Y
m m m m
  

  
 

Á<äe´sê• πø+Á<ä+ qT+&ç m1 <ä÷s¡+ X Á<äe´sê• πø+Á<ä+ qT+&ç m2  <ä÷s¡+

2 1

1 2 1 2

m x m xx X x
m m m m

   
 

2

1

mX
x X m

 


Á<äe´sê• πø+Á<ä+ qT+&ç <ä÷sê\T yê{Ï Á<äe´sêX¯ó\≈£î $˝Àe÷qTbÕ‘·+˝À ñHêïs≠.

4. ñ+&É<äT
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6.3

1. ‘·˝≤ìøÏ \+ã+>± @<˚ì ˇø£ e∂\ >∑T+&Ü b˛‘·÷ #·‘·Ts¡Ádü ‘·˝≤ìøÏ \+ã+>± ñqï nø£å+
|üs¡+>± e´edüú »&É‘·«ÁuÛ≤eTø£+

= m r2 + m (2 r2) + m r2 = 4 m r2

uÛÑT»+ yÓ+ã&ç ñqï nø£å+ |üs¡+>± »&É‘·«ÁuÛ≤eTø£+  = m r2 + m r2 = 2 m r2

ìs¡÷|üD: QP nø£å+ |üs¡+>± »&É‘·«ÁuÛ≤eTø£+ QP = m r2 + m r2 = 2 m r2.

\+u≤ø£å dæ<ë∆+‘·+ Á|üø±s¡+, SP |üs¡+>± »&É‘·«ÁuÛ≤eTø£+ (2 m r2) QP |üs¡+>± »&É‘·«ÁuÛ≤eTø£+
(2 m r2), P >∑T+&Ü b˛‘·÷ ‘·˝≤ìøÏ ˝+ã+>± >∑\ nø£å+ |üs¡+>± »&É‘·«ÁuÛ≤eTø£+ (4 m r2) Ç~ ì»+
ø£qTø£ |òü*‘·+ ìs¡÷|üD ns≠+~.

2. >√fi≤ìøÏ düŒØÙj·T+>± ñqï nø£å+ |üs¡+>± |òüTq>√fi¯+ »&É‘·«ÁuÛ≤eTø£+

2 2 22 7
5 5

MR MR MR    (düe÷+‘·s¡ nø£å dæ<ë∆+‘·Á|üø±s¡+) ÁuÛÑeTDyê´kÕs¡∆+ K ns≠‘˚,

M K2 
7
5

  M R2 n|ü⁄&ÉT ÁuÛÑeTD yê´kÕs¡∆+  
7
5

K R

3.
2 2 1 / sec

60 60 1800
n rad ond

t
   

  


4. |r| ˝À  τ r F  $\TeqT ô|+#·&ÜìøÏ

5. (a)   |æ&çì / ≈£îfi≤sTTì ‹|üÒ≥

(b)  ôd’øÏ˝Ÿ ô|&É˝Ÿ‡ô|’ ¬s+&ÉT ø±fi¯¢‘√ ã˝≤\qT Á|üjÓ÷–+#·T≥

(c)  ¬s+&ÉT #˚‘·T\‘√ ø±s¡T d”º]+>¥ #·Áø±ìï ‹|üÒ≥

6. HêDÒìï {≤dt y˚ùd≥|üÒ&ÉT, <ëì ∫es¡q u§≥q y˚\T‘√ ã˝≤ìï Á|üjÓ÷–kÕÔ+.

7. kg m2

6.4

1. ø√D°j·T Á<äe´y˚>∑+

2 2

4 4
d dL m m 

 
  
 

2

2
mdL 



2. ÁuÛÑeTD≤ø£å+ (yê´dü+) |üs¡+>± ø√D°j·T Á<äe´y˚>∑+
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2

4
rL I m   

yê´dü+ |üs¡+>± »&É‘·«ÁuÛ≤eTø£+ 
2

4
mrr 


 2 2

-1 2 10.2 m
L = 2.0kg × ×10rads = 0.2kg m s

4


3. ø√D°j·T Á<äe´y˚>∑ ì‘·´‘·«+ Á|üø±s¡+

 1 2 1iI I I  

Çø£ÿ&É  I1 , #·Áø£+ »&É‘·«ÁuÛ≤eTø£+, I2 Ç+ø=ø£ #·Áø£+ »&É‘·«ÁuÛ≤eTø£+,   <ëì ‘=* ø√D°j·Ty˚>∑+,
 1 ñeTà&ç ‘·T~ ø√D°j·Ty˚>∑+.

2 2 2
12

mmr mr r    
 

1 1
3 2
2 3

     

4. Á|üdüTÔ‘·+ uÛÑ÷$T jÓ≠ø£ÿ Äes¡Ôqø±˝+ T nqTø=+fÒ, Ç+‘·≈£îe≠+<äT n~  T0. ø√D°j·TÁ<äe´y˚>∑+
Á|üø±s¡+

 2 2

0

2 2 2 225
5 5

M R MR
T T
         

  

    22 2
5

MR
T
   

 

n~, T0 = 6.25 T >± edüTÔ+~.

uÛÑ÷$T Äes¡Ôqø±\+ T0, Á|üdüTÔ‘· Äes¡Ôq ø±˝≤ìøÏ (T ) 6.25 ¬s≥T¢ ñ+≥T+~.

6.5

1. |òüTq >√fi≤ìøÏ »&É‘·«ÁuÛ≤eTø£+  22 ,
5

I MR  
 

2 21 1
2 2

mv I mgh 

˝Ò<ë  
2

2 2
2

1 1 2 .
2 2 5

vmv mr mgh
r
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/v r 

10
7

v gh

2. |òüTq >√fi≤ìøÏ,  
2

2
mRI 

  yÓ≠‘·Ô+ >∑‹»X¯øÏÔ 
2 2

2 2 2 2
2

1 1 1 1 3.
2 2 2 2 2 4

mR vmv I mv mv
R

   

/v r

n|üÒ&ÉT kÕúHê+‘·s¡ >∑‹»X¯øÏÔ uÛ≤>∑+ 
2

2

1
22= 3 3

4


mv

mv

1 e Á|üX¯ï≈£î #˚dæq $<Ûä+>± #˚dæq  edüTÔ+~ 
4
3

v gh

3. m = 2 kg r = 10 cm = 0.1 m   = 30°, s = 2 m
(a) & (b) a = g sin 

  21= 10 × sin 30° = 10 × = 5m/s
2

2a 5a = r = = = 50 rad/s
r 0.1

  

(c) v2 – u2 = 2as
v2 – 0 = 2 × 5 × 2 = 20

2.0= 20 m/s, = /r = = 10 20 rad/s
0.1

v v

KE = 1/2 mv2 + 1/2 I2 (where I = 2/5 mr2)

     21 21/ 2 2 20 2 0.1 100 20
2 5

          
 

    
21 420 0.01 2000

2 5
 

    
 

    
84020

5
 

 KE = 28 J
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eTT–+|ü⁄ nuÛ≤´dü+ …̋ø£ÿ\≈£î »yêãT

1. ø±<äT. uÛÑ÷$T nìï ø£D≤\qT Äø£]¸düTÔ+~. ø±ì |òü*‘· uÛ≤s¡+ Mg >∑Ts¡T‘·« πø+Á<ä+ e<ä› |üì#˚düTÔ+~.

2. ñ+&Ée#·TÃ     (1) ˝ÀVü≤ ]+>∑T (2) uÀ\T >√fi¯+

3.
2

12 ; 16c Om m 

10
1 20 1.13 10x x   

10
101 1 2 2

1 2

16 1.13 10 0.64 10
28cm

m x m xx m
m m


  

   


4. m = 5kg,  d = 0.2 m    = 100 rad s–1

I = mr2  =  5   (0.1)2  = 510–2 Kg m2

KE = 1/2   5 10–2 100 100 = 250J
KE = mgh   250 = 5   10   h   h = 5m

5. 1 2
01/ 2 2revs 3revsr m     

(a) 0 t   

2 3 2 8rev/s  =  8 2 rad/s    

116 rads  

(b)
2

2
0

1 12 2 3 4 10
2 2

       


t t   ÁuÛÑeTD≤\T

20 rad 

(c)
1 2216 22 /
2 7

v r m s    

(d)  22 2116 1280 /
2

a r m s    

6. 120 0 4 0.2rads t s I kgm    

 2 2
0

1 1E 0.2 400 40J
2 2

I        

7. (a) 2 2 1
1 1

6005 10 20
60

I kg m rads  
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2
2 0.2 ?commI kg m  

  1
1 1 1 2 4comn comnI I I rads       

(b) 2 2 2
1 1

1 1 5 10 400 100
2 2iE I        

   2 2
1 2

1 1 0.25 16
2 2f cmE I I     

     0.125 160 20  

5
i

f
EE 

(c)
2 2

0

2
 




 1 49I J   

8. yê{Ïì yê\T ‘·\+ô|’ ñ+∫‘˚ |òüTq >√fi¯+ y˚>∑+>± øÏ+~øÏ edüTÔ+~»

9. I = 1000 kg m2     = 10 rad/s  2 = 100 rad/s

  = 100 radian

     2 22 2
2 1 2 100 10 2 100       

10000 100 200 

29900 49.5 /
200

rad s  

1000 49.5 49500I Nm    

   2 2 3
2 1

1 1 10 9900
2 2

KE I       

49.5   105J

10. 0 10.1 1 0 2.5r m m kg     

 22
1 0

1 10 1 2.5
2 2

t t       

1
55;
2

rad  

 2
2 0

1 12 0 5 4 10
2 2

rad        

‘·s¡Tyê‹ ôdø£H√¢   =  2 1
510 7.5 rad
2

    

   22 1 0.1 5I mr         25 10 J  
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11.  
2

2 2 25
4 4cm

MRI I MR MR MR    

12.
 
 

22
2 1 1

22
2 2

100100 10000
100 12100110

I KI MK
I K x

   


100 100 21%
100 121

x
x
  



13. 2
0

300 20.3 10 0
60

I kg m   
   

20 10 /
20 10

rad s   

 

  

20.3 3 10
10

I Nm       

14.

2

2
1

3

40 2 40.63 /
60 3

I Kgm rad s  
  

4

2

3

80 2 8 /
60 3

rad s  
 

 
2 2

2 2
2 1

1 1 64 16W 0.63
2 2 9 6

I   
 

     
 

 0.63 10 48 16.8
2 9

J  

15. 7 3 3     F i j k r i j k

1 1 1
7 3 3

i j k
r F    



     ˆ ˆ ˆ3 3 3 7 3 7       i j k

ˆ ˆ4 4  τ j k

R

IIcm

2MR
4
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S.I. 

7
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10–6 

(i) (ii)

Jean Baptiste Joseph Fourier (1768 – 1830)
French Mathematician, best known for his Fourier series to analyse

a complex oscillation in the form of series of sine and consine functions.

Fourier studied the mathematical theory of heat conduction. He
established the partial differential equation governing heat diffusion and
solved it by using infinite series of trigonometric functions.

Born as the ninth child from the second wife of a taylor, he was orphened at
the age of 10. From the training as a priest, to a teacher, a revolutionary, a
mathematician and an advisor to Nepolean Bonapart, his life had many shades.

He was a contemporary of Laplace, Lagrange, Biot, Poission, Malus, Delambre,
Arago and Carnot. Lunar crator Fourier and his name on Eiffel tower are tributes
to his contributions.

1.

2.
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3.

4.

5. AC 

1.

2.

(i)

(ii)

(iii)

(iv)

(v) U-

3. (i)  (ii) 

y

y = a sin (or) y = a cos (or) y = A sin + B cos (7.1)

a, A B 

F X
(E – O – E) 

O m
t

x
O x

x
O P

E E

A A

‘O’ X
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F 

F  – x

F =  – kx (7.2)

‘k’ 

F = m a (7.3)

m a = – kx 

ka= x
m

 
 
 

(7.4)

a  – x (7.5)

 2k = ω
m

 
 
 

 

(SHM)

2

2

d x k x
dt m
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2

2

d x k x 0
dt m

 
  
 

2
2

2

d x +ω x = 0
dt

(7.6)

kω =
m

 

y

y = A sin (or) y = A cos

= 0, 30, 60, 90, 120, 150, 180, 210, 240, 270, 300,

330  360  sin  cos  A = 2.5 cm

y = A sin  y 

y  y = A cos 

y   +A – A

A v 

t = 0 x t P

t OP

OP

OM YY'
OMP
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OMsinθ
OP



OM = OP sin (7.7)

OP = A OM = y 

x

θω
t



=t

OP, OM 

y (t) = A sin t (7.8)

 t = 0 x 

y (t) = A sin (t + ) (7.9)

 t = 0

OP


x

OP (y) ‘t’
(a)

displacement

Velocity

Acceleration of oscillatory motion of the
projection of the position vector of
particle moving along the circumference
of a circle of radius A.

A 
a b c
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t v

dy dv(t) = = Asin (ωt + )
dt dt



v(t) = A  cos (t + ) (7.10)

 (v) t
(b)

t a

dv da (t) A ω cos (ωt )
dt dt

  

a (t) = –A 2 sin (t + ) (7.11)

a t
(c)

a = –2y (7.12)

a  – y, 2 

a y

y (t) = A sin  (or) y (t) = A cos 

   = t, w 
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y (t) = A sin t (or) y (t) = A cos t (7.13)

 wt 
 2 

A a 
S.I. CGS 

A

(T) T

T

T 2

T
T = 2

 
2πT =
ω

(7.14)



S.I.



 2

2πω =
T (7.15)

f v n
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1f =  
T (7.16)

2πω = = 2π f
T

(
1 = f,
T  f )

 = 2 f (7.17)

2 

y (t) = A sin t

t = 0 
() 

() 

y (t) = A sin (t + )

(t + ) 
t’

 7.1

k

M
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 :   
kω = ,
m

 m

 
2πω = ,
T

2

2

4π k=
T m

2

2

kTm =
4π

 m = 9 kg T = 1 s. 

 
2

2

k 1
9 =

4π

 m = 9 + M T = 2s. 

2

2

k (2)9 + M =
4π

9 + M = 4
9

M = 27 kg

 7.2

N m–1 

4.0 kg
(i) (ii) 

(iii) 

 :

kω =
m  ω = 2π f
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1 kf =  
2π m

1 1600 1f = = × 20 = 3.18 Hz
2 π 4 2 π

= a 2,  a 

1
2k 1600 Nm= a = (0.04m) = 16 ms

m 4 kg


  

  
   

 max
kv = a ω = a
m

     
1

11600 Nm= (0.04m) = 0.8ms
4kg


 

 
 

7.6.1

k x

m P

P
'x'  

P 'kx'
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'v' 21K = mv
2

'kx'

2πT =
ω

kω =
m

mT = 2π
k

(7.18)

k 
m

7.6.2

  (a)      (b)         (c)
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'k'
'm'

(mg) 'l'

mgk =
l

'y'  
F = – ky 

F = – ky 

2π mT = = 2π
ω k

(7.19)

Galileo Galilei (1564-1642)
Son of Vincenzio Galilei, a wool merchant in Pisa, Italy, Galileo

is credited for initiating the age of reason and experimentation in
modern science. As a child, he was interested in music, art and toy
making. As a young man, he wanted to become a doctor. To pursue
the study of medicine, he entered the University of Pisa. It was
here that he made his first discovery - the isochronosity of a
pendulum, which led Christian Huygen to construct first pendulum
clock.

For lack of money, Galileo could not complete his studies, but through his
efforts, he learnt and developed the subject of mechanics to a level that the Grand
Duke of Tuscany appointed him professor of mathematics at the University of
Pisa.

Galileo constructed and used telescope to study celestial objects. Through his
observations, he became convinced that Copernican theory of heliocentric universe
was correct. He published his convincing arguments in the form of a book, “A
Dialogue On The Two Principal Systems of The World”, in the year 1632. The
proposition being at variance with the Aristotelian theory of geocentric universe,
supported by the Church, Galileo was prosecuted and had to apologize. But in
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1636, he published another book “Dialogue On Two New Sciences” in which he
again showed the fallacy in Aristotle’s laws of motion.

Because sophisticated measuring devices were not available in Galileo’s time,
he had to apply his ingenuity to perform his experiments. He introduced the idea
of thought-experiments, which is being used even by modern scientists, in spite
of all their sophisticated devices.

7.6.3

(a)  mg

(b)   T

mg cos mg sin  

(i) mg cos T 

(ii) mg sin 

mg sin
x 

F = mg sin
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'θ', sinθ θ

F = mg

xsinθ θ =
1



 

x mgF = mg = x
l l

mgF = x
l (7.20)

F = kx (7.21)

mgk =  
l

k g=
m l

2k = ω
m

2 gω =
l

gω =
l

(7.22)

2πω =
T

2π g=
T l
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lT = 2π
g (7.23)

 7.3

 m1 m2 k
A

F

 :

x1 x2

 (x1 + x2) m1 

 1 2

1

k x + x
m m2

 1 2

2

k x + x
m

 1 2

1 2

k x + x kxa =  =
μ1 1+

m m
 
 
 

x = x1 + x2 

kω =
μ

H2, Cl2 HCl 

1. m r 

.
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2. m 

l

3. m

k

x(t) = A sin (t + ) (7.24)

dxv(t) =  = A ω cos (ωt + )
dt

 (7.25)

21K = m v
2

m 'v'  

  
21K.E. =  m Aωcos ωt +

2


 2 2 21K = m A ω cos ωt +
2

 (7.26)
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2 2 21K = m A ω (1 sin (ωt + ))
2



2 2 2 21K = m ω (A A sin (ωt + ))
2



2 2 21K = mω (A x )
2

 (7.27)

‘x’
F = – kx

21U = k x
2

21U = k (Asin (ωt + ))
2



2 21U = k A sin (ωt + )
2

 (7.28)

21U = k x
2 (7.29)

kω =
m

. k 

k = m2 k

 2 2 21U = m A ω sin ωt +
2

 (7.30)

E

E = K + U

2 2 2 2 2 21 1E mA ω cos (ωt ) mA ω sin (ωt )
2 2
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 2 2 2 21E mA ω cos (ωt ) sin (ωt )
2

     (7.31)

2 21E = m A ω
2

( , cos2(t + ) + sin2 (t + ) = 1)

21E =  k A
2 (7.32)

, k = m2

(a) (b) 

1.

2.
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(a) G S
B B 

(b)

(i) 
(ii) 

FD 

Fdamped = – b v (7.33)

b 

'v'  

A 

Frestoring = – kx (7.34)

(a) (b)
(a)

(b)
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F = – kx – bv (7.35)

F = ma 

ma = – kx – bv (7.36)

m a

2

2

d x dxm kx b
dt dt

  

2

2

d x dxm b kx 0
dt dt

   (7.37)

G S
B 

(a)
B

(b)

F(t)
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F(t) = Fo sinpt (7.38)

ma = –kx – bv + Fo sin pt (7.39)

2

o p2

d x dxm kx b F sin ω t
dt dt

   

2

o p2

d x dxm b kx F sin ω t
dt dt

   (7.40)

p

t

x(t) = A sin (pt + ) (7.41)

A
p 

A 

o
2 2 2 2 2

p p

FA =
m (ω ω ) + ω b (7.42)

A
Fo 

  p 

p 

o

p

FA = =
ω b

 (7.43)
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A, B, C, D E

A C

A
A

B, C, D E B, D E
A

C A

1.

2.

1.
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2.

3.

4.

5. (Tuner)
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2πω =  = 2π ,
T



   (symbol: Hz) 

T 

 y (t) = a sin (t + ) (or)

y (t) = a cos (t + )

y t 

(t + )   t = 0 

mT = 2π ,
k

 m

 k 

lT = 2π ,
g

  l 

g 

2 2 21K =  m ω (A x )
2



21U kx
2



21E kA
2
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1.

2.

3. (i)
(ii) (iii) 

(i)  sin t + cos t (ii)  1 + 2 + t (iii)
π3cos ωt
4

 
 

 

4.

5.

6. mT = 2π
k

 

7.

8.

9. U K
E
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10. U K E

11.
x = a cos t + b sin t

12.

13.

14. m = 2 kg k = 400 N m–1

m

(a) 

(b)

(c)

(d)

7.1

1.

2. (ii), (iv), (v)

3. (i) 

(ii) 

7.2

1.  x
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xF mg sinθ mg θ mg
r

  

 F = – kx 

 
mg k gk or
r m r

 

2k = ω
m   

2 gω
r



gω
r



2πω
T

  

2π rT 2π
ω g

 

2. y 

F = – gv

  g V (= Al) 

F = – gA l

 F = – kl   k = gA

m = V = A l

2 k ρgA gω = = =
m ρ A l l

gω =  
l
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2πT 2π
ω g

l
 

3. 2 kω =
m   

1 kf
2π m



7.3

1.

2.

7.4

1.

2.
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4. 3 s

11.
2 2 1 aA a b , θ tan

b
  

    
 

12.
2 ×10 ms
π

 

14. (a) 14.14 s–1 (b)  0.6 m s–1 (c) 0.3 m s–2 (d) 0.5 J
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(G)

8
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m1 m2

F

1 2
2

m mF α
r



1 2
2

m mF G
r

 


(8.1)

Here ‘–’ sign indicates that the force is attractive.

G
F
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One of the extremely important characteristics of the gravitational force is that it is
always attractive. It is also one of the fundamental forces of nature.

m1 m2

m2 m1

m1 m2

m1 m2 F12 r12 

 
1 2

12 122
12

m m
 

ˆF = G r
r


(8.2)

12

 
r̂ m1 m2 m1 m2

21F


12

 
r̂

 
2 1

21 212
21

m m
 

ˆF = G r
r


(8.3)

12

 
r̂ 21

 
r̂

21

 
r̂ 12

 
r̂

12 21

 
ˆ ˆ= .r r

12 21F = F
 

(8.4)

12F


21F


12

 
r̂ 21

 
r̂  

G 

m1 m2 

r12 m1

m2 F12

m2 m1 F21 
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6.67 × 10–11 Nm2 kg–2 

'r' T  
3

2

r =
T

2mvF
r




v 
2πrv = rω = ,
T


 T  

2

2

2

2πrm
4π mrTF = =

r T

 
 
 

2 3T r 2 3T = Kr  K 

2 2 2

3 2 2

4π mr 4π m 4π m 1F = = × =
Kr K r K r




2

2

1 4π mF (
r K






G
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'm'

'PQ'  

'M' 'PQ'

'PQ' 'M'

'm' 'F' ,

2

MmF = G
d


(8.5)

'd'

'PQ' 'L'  

2

Mm= L× F = G L
d

(8.6)

'θ'
'PQ'

PQ =  (8.7)

2

MmG L = τθ
d (8.8)

'M', 'm' 'L'

'd' 'G'
'G' 6.67 × 10–111 Nm2 kg–2.
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E


E


 

M r 'm'
F 

2

mM
 

ˆF = G r
r


(8.9)

 
r̂  

M P 

FE =
m


(8.10)

2

M
 

ˆE = G r
r


(8.11)

M

U

The gravitational potential energy at a point in a gravitational field of a body is defined
as the amount of work done in moving another body of unit mass from infinity to that
point.

'M' m
dr dW

dU = dW =  × 

dU = – F . dr (8.12)

M r
P m 
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m M r P 

r

U = F.dr


  (8.13)

 m M

r

2

MmU = G dr
r



 

r

2

1U = GMm dr
r





MmU = G
r

 (8.14)

'M' 'm'  

1.



2

1
r  

2. G

3.
G 

4. F.

(i)

(ii)

(iii) F
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5.

'm' F
'a'

= maF
  (8.15)

'g'

'm'

= mgF


(8.16)

'M' 'm'

2

m MF = G
R


(8.17)

R 

2

m Mmg  = G  
R

(or) 2

Mg  =  G
R (8.18)

 (M) (R)
'g'  

'g'  9.8 ms–2
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‘t’ 

v = u + gt (8.19 [a])

21s =  ut +  gt
2 (8.19 [b])

v2 = u2 + 2gs (8.19 [c])
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'g'

'g'  

‘t’ s = h
(b)

21h = gt
2 (8.19 [d])

u = 0

(d)

'g'

'g'
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'G' g 'G'
g

1. 5.97 × 1024 kg 6.37 × 106 m
'g'  

2.  6378 km 6357 km 
'g'  

3. (i) (ii)
(iii) (iv) 'g'

4. 7.3 × 1022 kg 1.74 × 106 m

‘g’

‘g’

F R
'g'

R '2R'  
'g'

'h'  altitude

'g' h'g '

h 2

Mg =  G  
(h + R)

h 2
2

Mg =  G  
hR 1+
R
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h 22

M 1g = G  
R h1 +

R
 
 
 

2

Mg = G
R

h 2
gg =  
h1+
R

 
 
 

2

h

g h= 1 +
g R

 
 
 

2

h

g 2h h= 1+ +
g R R

 
 
 

h
R

2h
R

 
 
 

h
R

h

g 2h= 1 +
g R

h
gg =
2h1+
R

 
 
 

(8.20)

1

h
2hg = g 1 +
R



 
 
 

h
2hg = g 1
R

 
 

 
(8.21)

'h'  

2h1
R

 
 

 

h = 
R
2
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km km g
km g 9.8 ms–2 

 : 

h
gg =
2h1 +
R

 
 
 

2 2
2

h
9.8ms 9.8msg = = = 9.77 ms

1.0032(10km)1+
(6400km)

 


 
 
 

8.6.2 'g'  

'd'
'P'

'ρ' 'P'

r = (R – d) 

r = (R – d)

1. 'd'  

2. 'r'

'P' 'r'

'd' 'r'

'P'

'P' r = (R – d)

r = (R – d) ‘M’

'r' 

d
r = (R – d) P
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34M' = π R d ρ

3
 

 
 

(8.22)

'P'

 
d 2

M'g = G
R d (8.23)

 
3

d 2

1 4g = G π R d ρ
(R d) 3

 
 

  

 d
4πGg = R d ρ

3
 (8.24)

'd' (R – d)

d = R

(R – d) = r 

'r'

'g'

d'g ' d = 0

4πGg =  ρR
3      (8.25)

d'g ' 'g'

 
d

R d dg = g = g 1 , 0 d R
R R
  

   
 

(8.26)

'g'

g
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8.6.3 'g'

'g'

'g' λ'g '  

gravity 'g'  at latitude angle 'λ'  and 'g'  is the value at the equator, then

g

 = g – R2cos2 (8.27)

'ω'  'R'   = 90 g

 = g

 8.3

g

 :
R = 6357 km = 6.357 × 106 m

 M = 5.97 × 1024 kg

2

Mg = G
R

   

 

11 2 2 24
2

Poles 26

6.67 × 10 Nm kg × 5.97 × 10 kg
g = = 9.853ms

6.357 × 10 m

 



 = 60º g km.

 :
T = 24 hours = 24 × 60 × seconds

= 
1
T
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5 12π 2 × 3.14ω = = = 7.27 × 10 rads
T 24×60×60

 

g

 (60o ) = 9.853 – (6.37 × 106) (7.27 × 10–5)2 cos2 60

g

 (60o )  = 9.853 – 0.008 = 9.844 ms–2

g

1. 'g'

2. 'g' g

3.

4.

(i)  (ii) 'g'  2

1
r

'r'

'm'
'W'



207

-1

W = mg (8.28)

50
kg × 9.8 ms–2 = 490

'g'  

2R, 3R, 4R, 5R 6R 

1.

2.
= 6 × 1023 kg 4.3 × 106 m 

3.
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Johannes Kepler
German by birth, Johannes Kepler, started his career in

astronomy as an assistant to Tycho Brahe. Tycho religiously
collected the data of the positions of various planets on the daily
basis for more than 20 years. On his death, the data was passed
on to Kepler who spent 16 years to analyse the data. On the
basis of his analysis, Kepler arrived at the three laws of planetary
motion.

He is considered as the founder of geometrical optics as he was the first person
to describe the working of a telescope through its ray diagram.

For his assertion that the earth revolved around the Sun, Galileo came into
conflict with the church because the Christian authorities believed that the earth
was at the centre of the universe. Although he was silenced, Galileo kept recording
his observations quietly, which were made public after his death. Interestingly,
Galileo was freed from that blame recently by the present Pope.

1.

perihelion

aphelion
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2.

3.

'T' 'r'  
T2  r3 

2

1
r

T1 T2 r1 r2

2 3
1 1
2 3
2 2

T r=
T r (8.29)

T1,

r1 r2 T2

57.9 × 109 m

1.5 × 1011 m 

A B 
C D 

AOB
COD
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 :

T1 = 365.25 days r1 = 1.5 × 1011 m. r2 = 57.9 × 109 m 
 T2 

2 3
2 2
2 3

1 1

T r=
T r

   

 

32 92 3
1 2

2 33 11
1

365.25 × 57.9 × 10T rT = = = 87.6 days
r 1.5 × 10

(× 103 km)

0.387 2.44 0.53

0.72 6.05 0.815

1.0 6.38 1.00

1.52 3.39 0.107

5.2 71.4 317.8

9.54 60.00 95.16

19.2 25.4 14.50

30.1 24.3 17.20

39.4 1.50 0.002
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RE 

RE 

 :

T2 r1 = 60
RE  T2 = 1 day r2

   
1/31/3 3 23 2

E1 2
2 E2 2

1

60R 1dayr Tr = = = 6.6R .
T (27.3 day)

  
  
    

6.6 RE RE 5.6 RE

T 'r' T 2r

o
2πrv =
T (8.30)

2
0mv

r
m r 

M 
2

mMG
r

2
o

2

mv mM= G
r r
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2
o

Mv = G
r

o
GMv =

r
(8.31)

vo 

1.

2.

3.
AU Astronomical unit AU

1.5 × 1011 m

4.

5.
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m ve a

2
e

1 mv
2

MmG
R

2
e

1 Mmmv G
2 R



2
e

2GMv
R



e
2GMv

R
 (8.32)

M R

'g' 'G' 2

GMg = 
R GM = gR2

2

e
2gRv 2gR

R
  (8.33)

g = 9.8 ms–2 
R = 6.4 × 106 m ve = 11.2 km s–1 

1. 5.97 × 1024 kg 6371 km

2.

3. X
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¿£¿£Œ«ý Ë Ü ]¹> y û>±“ • €  – | Ÿç>·V Ÿ²+ j îTT¿£Ø ¿£¿£Œ« y û>·+, vo 

(R + h)
R h

 m vo 

 

2
o

centripetal
mvF =

R + h


(8.34)

 
gravitational 2

GmMF =
R + h


(8.35)

M 

   

2
o

2

m v GmM=
R + h R + h
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2
o

GMv
(R h)




(8.36)

g G GM = gR2 

2
2
o

gRv
(R h)




2

o
gRv

(R h)



(8.37)

 R h R 

ov gR (8.38)

g = 9.8 ms–2 R = 6.4 × 106 m 
vo = 8 km s–1 

km 
8 km s–1

  e
e o o

vv 2v or v
2

  (8.39)
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1.
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-1

2.

3.

4.

5.

Vikram Ambalal Sarabhai
Born in a family of industrialists at Ahmedabad, Gujarat, India.

Vikram Sarabhai grew to inspire a whole generation of scientists
in India. His initial work on time variation of cosmic rays brought
him laurels in scientific fraternity. A founder of Physical Research
Laboratory, Ahmedabad and a pioneer of space research in India,
he was the first to realise the dividends that space research can
bring in the fields of communication, education, metrology, remote sensing and
geodesy, etc.

ISRO
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Launched Vehicles for Polar Satellites (PSLV)

GSLV

(a) 

(b) 

(c) 

(d) 

PSLV GSLV
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1.

6.4 × 1023 kg km

2.

G 

9.8 ms–2

g
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TOSS

1.

2.

F

3.

4.

5.

g

6.

7.

8.
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9. G

10.

11.

12.

8.1

1. , T = 27.3 days = 27.3 × 24 × 3600 seconds

, R = 3.84 × 108 m

, 2πRv
T



2vF m
R



 F = ma 

, 
2va

R


2

2 2 2

2 2

2πR
4π R 4π RT

R T R T

 
 
   

2 8
2

2

4 (3.14) 3.84 10 0.00272ms
(27.3 24 3600)

  
 

 

'g' 

2 29.8 ms 0.0027222ms
3600

 

9.8 ms–2 

2.

1 2
2

m mF G
r
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'G' 

2

1 2

FrG
m m

 



2

2

Nm
kg



6. 1 2
2

m mF G
r



m1 = m2 = 1 kg  r = 1 m, 

F = G

G

7. (i) 2

1F α
r , 'r' 

(ii) 1 2F α m m m1 m2 F

(iii) 1 2
2

m mF α
r , 

F

8. 1 2
2

m mF G
r



m1 = 50 kg, m2 = 60 kg, r = 1 m, G = 6.67 × 10–11   N m2  kg–2

 
 11 2 2 7

2

50kg (60kg)
F 6.67 10 Nm kg 2 10 N

(1)
  


   

8.2

1. 2

GMg
R



G = 6.67 × 10–11 N m2 kg–2, M = 5.97 × 1024 kg, R = 6.371 × 106 m

 

 

11 2 2 24
2

26

6.67 10 Nm kg (5.97 10 kg)
g 9.81ms

6.371 10 m

 


  

 


2. 2

GMg
R



g  
 

11 2 2 24
2

26

6.67 10 Nm kg (5.97 10 kg)
9.79ms

6.378 10 m
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g  
 

11 2 2 24
2

26

6.67 10 Nm kg (5.97 10 kg)
9.81ms

6.357 10 m

 


  

 


3. 'g' 

4. g  
 

11 2 2 22
2

26

6.67 10 Nm kg (7.3 10 kg)
1.61ms

1.74 10 m

 


  

 


8.3

1. g 2

GM ,
R

  R 

g 2

GM ,
R

  r 

g

g

2

2

r=
R

g = 
g

2
,  

g

g
 = 2 

2

2

r 2
R



r 2R 1.414R 

'g' 

h = r – R = 1.414 R – R = 0.414R

2. 'g' d
(R d)g g

R




dg (R d)
g R




dg 'g' d dg g 8080% 0.80
g g 100

   

(R d) 0.80
R




d = 0.2R
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3. 'g' g


= g – R2cos2

g  = 9.853 ms–2

 R = 6.37 × 106 m

  = 7.27 × 10–5 rad s–1

g  = 9.853 ms–2 – (6.37 × 106 m) × (7.27 × 10–5 rad s–1)2 cos230

g = 9.853 ms–2 – 0.025 ms–2

g = 9.828 ms–2

4. h
2hg g 1
R

 
  

 

2 2
h

2 1000kmg 9.81ms 1 7.47 ms
6371km

  
   

 

2

GMg
(R h)




 11 2 2 24
2

3 3 2

6.67 10 Nm kg (5.97 10 kg)
g 7.33 ms

(6371 10 m 1000 10 m)

 


 

 
  

h R
h R

8.4
 1. 'g' 

2. = 6 × 1023 kg,  4.3 × 106 m.

  

 

11 2 2 23
2

Mars 22 6

6.67 10 Nm kg 6 10 kgGMg 2.16ms
R 4.3 10 m

 


 

  


 
Mars Mars

Earth Earth

Mass g g 2.16 0.22
Mass g g 9.81


   



3.
'g' 



225

-1

8.5

1.

2.

2 3
1 1

2 3
2 2

T r
T r



r1 = R + h1 = 6371 km + 1000 km = 7371 km

r2 = R + h2 = 6371 km + 2000 km = 8371 km

T1 = 90 min
3

2 22
2 1

1

rT T
r

 
  
 

 
3

22
2

8371T 90 108.9 min
7371

 
  
 

3.

2 3

2 3T r
T r



T = 1 yr,    r  = 1  AU r  = 86 AU
3

2 2
r

T = T
r

 

 
 

3 3
2 2r 86AUT T 1yr 797.5yr

r 1AU
   

       

4. m V

2
omvF

r


2

GmMF
r



M 
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2
o

2

mv GmM
r r



2
o

GMv
r



g G GM = gR2 

2
2
o

gRv
r



2

o
gRv

(R h)




r = (R + h),

R h 

 R h R 

ov gR

5. 'r' 

o
2πrv
T



o
GMv

r


2πr GM
T r



2 2

2

4π r GM
T r



2
2 34πT r

GM
 

  
 

T2  r3

8.6

1. e
2GMv

R
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 11 2 2 24
3 1

e 6

2 6.67 10 Nm kg (5.97 10 kg

m

)
v 11.3 10 ms

(6.371 10 )

 


 

  


ve = 11.3 km s–1

2. e
1v α
R

R 

e e e
1 4 1v α v α v α 2R R R4

 

3.
e

e
e

2GMv
R



X  X
X

X

2GMv
R



X eX

e e X

M Rv
v M R



MX = 8 Me  RX = 2Re

e eX

e e e

(8M )Rv 4 2
v M (2R )

  

vX = 2ve

X 

8.7

1. 'r' o
2π rv
T



o
GMv

r


2πr GM
T r
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2 2

2

4π r GM
T r



3 2
2

GMr T
4π

 
  
 

   11 2 2 23 2
3

2

6.67 10 Nm kg 6.4 10 kg (24.6 60 60s)
r

4 (3.14)

      




r3 = 8370 × 1018 m3

r = 20300 km

'r' r = R + h, R h

R + h = 20300 km

3400 km + h = 20300 km

h = 20300 km – 3400 km = 16,900 km

2. (a)

(b) X-

3. 125 N

5. g = 5.5 ms–2

7.
500 N,

6
 50 kg 

8. 11T 1 hours, v 7.47kms
2
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9
9



227

-1
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TOSS

putty

R = R0 

equilibrium separation R > R0  

R < R0 

10–10 m
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-1

10–8 m

(R) (R0) R > R0

R < R0

10–10 m 



230

TOSS

'F' 'A'

stress (F)
(A)

 

F
A

 (9.1)

Nm–2

9.5.1

9.3 (a), 9.3 (b)

9.5.2

(a) tensile (b)
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9.5.3

(a) 
(b)

 (i) (ii) 
 (iii) 

9.6.1 

'l' 'l' 

(a) (b)
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= l
l


 (9.2)

9.6.2

'P'

'V' 'V' 

V=
V


     (9.3)

9.6.3

 

Δxθ =
y (9.4)

9.7.1  

OD
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1. (OA) OA

2. (AB) A

B Plastic body

3. C B
BE 

BE C 
CD 

 E 

4. F E F 
Breaking

point Fracture point 
breaking stress

Safety factor U.K USA 
U.K 

ductile

9.7.2

Plastic Elastomers
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Elastic hysteresis

Shock absorbers

.

9.7.3

 9.1

cm2 m kg 

cm (i) tensile stress (ii) g = 9.80 ms–2

 :

(i)
2

7 2
4 2

F Mg (100kg) (9.80ms )= = = = 9.8 × 10 Nm
A A (0.10 × 10 m )






(ii)
2

20.20 10 m= 0.20 10
1.0m

l
l
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 9.2 : = 4.0 × 108 Nm–2 = 7.9 × 103 kg m–3 g

= 9.80 ms–2 

Calculate the maximum length of a steel wire that can be suspended without breaking
under its own weight, if its breaking stress = 4.0 × 108 Nm–2, density = 7.9 × 103 kg m–3

and g = 9.80 ms–2.

 : W = Alg, A  l 

W = ρ g
A

l .

It was told that breaking stress is 4.0 × 108 Nm–2. Hence
8 2

5 3
3 3 2

4.0 10 Nm 0.05 10  m = 5 10 m
(7.9 10 kg m )(9.80ms )

l


 


   



1. (i) ,

(ii) 

2.

3.

4.

5. m mm kg 

mm Tensile

stress 
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= (E) (9.5)

E 

g g 

N

g

Universal joint
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respirator iris diaphragm anchor escapement

Balancing spring

barometer Anemometer Hygrometer

9.9.1

L  A  F

L 

F=
A

L=
L


F/A FLY = =
ΔL/L A Δ L (9.6)

'r'  'M'

A = r2, F = mg.

 2

MgLY =
πr ΔL (9.7)

 Y SI Nm–2
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Y (109 Nm–2)

70

120

190

200

65

9

3

9.9.2

'P' 'V' 'V'

= P

ΔV=
V

ΔP ΔPB =  = V
ΔV/V ΔV

(9.8)

1 1 ΔVk =  =
B V ΔP (9.9)

B > B > B

9.9.3
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A F 

F/A Fη = = =
θ Aθ (9.10)

  9.3

 cm2 
Y = 2 × 1011 Nm–2

 :

= 50%.

L  L

ΔL 1=
L 2

F × LY =
A × ΔL



11 2 4 2
6Y×A×ΔL (2 10 Nm )(0.1 10 m ) 1F = 0.1 10 N

L 2

   
  

 9.4

0.0012% m 103 kg m–3 

10 ms–2

 :

 P = hg = 360 m × 103 kg m–3 × 10 ms–2

    = 3.6 × 106 Nm–2

5ΔV 0.0012= 1.2 10
V 100

  

6
11 2

5

PV 3.6 10B = 3.0 10 Nm
ΔV 1.2 10
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9.9.4 (Poisson’s Ratio)

  

βσ = =
α (9.11)

l  d 
l d 

α l
l




 β = d
d


/=
/

d d l d
l l d l

 


 
 (9.12)
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L A 

F  'l'

F = YA
L
l

(9.13)

 Y dl  dW 

dW = F dl

9.13 

dW = YA d
L
l l

 0  l 

1

0

W = dW = YA d
L
l l 

1
2

0
0

YA YAW = d
L 2L

l
l l l   

21 YAW =
2 L

l

21W = Y (AL)
2 L

l 
 
 

 L
l

 , (AL) = ,  

 
21W =  × × ×

2
 

 
 

1W = × ( ) × ( ) ×
2 (9.14)



242

TOSS

1U = × ( ) × ( )
2

A, B A 

B 

A, B A 

B B 

1.

2.

3.

  9.5

cm 104 Nm–2 

0.01 cm

 :
 = 104 Nm–2, x = 0.01 cm     y = 20 cm

   Δx 0.01 cm= 0.0005
y 20cm
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4 2
7 210 Nmη = 2 10 Nm

0.0005


  

  9.6

5 m 1 mm 10 kg 
11 × 1010 Nm–2

 :
L = 5 m,

3dr = 0.5 10 m,
2

 

Y = 11 × 1010 Nm–2,  F = mg = (10 kg × 9.8 ms–2) = (10 × 9.8) N   = 0.25

2 3 2 10 2

F.L F.L (10 9.8 N) (5m)ΔL =
A.Y (πr ).Y 3.14 (0.5 10 m) (11 10 Nm ) 

 
 

   

3
4

490 m = 5.6 10 m
8.63 10

 


3
2L 5.6 10 m(α) 1.12 10

L 5m


 

   

 (β)
(σ)

(α)


 () = ×  = 0.125 × 1.12 × 10–2 = 0.14 × 10–3

1.

2.

3.

4.
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5. 1 × 108 Nm–2   10–3 

l  b d

M



3

3

4Mgδ =
Ybd

l
(9.16)

 I a

 d–3  

depression

(b)

3

3

Mgδ =  
4bd Y

l
(9.17)

(a)
(b) (c)
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 Y 

(c)

I 

10 cm

10 km 

‘hg’ 

3 × 108 Nm–2   3 × 103  kg m–3 

h g = 3 × 108 Nm–2 h = 10 km 

deforming force
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Nm–2.

1.

2.

3.

4.

5.

6.

7.
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8.

9. m  1 mm.  4 kg 

Y = 13.78 × 1010 Nm–2.

10. 1 km 0.02%

1000 kg m–3 g = 9.8 ms–2 

11. 0.2 mm 0.2% 
Y = 9 × 1010 Nm–2.

12.

13. 10 cm 

2 mm 5 × 105 N 

14.

15. L  r F

x 2L 2r

2F 

16.

9.1

1. (i)  R > Ro 

(ii) R < Ro 

2.

3.

4.

5. 0.12 × 1010 Nm–2
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9.2

1.

2.

3.

4. 1 : 8

5. 1 × 1011 Nm–2

9. 0.15 m

10. 4.9 × 10–10 Nm–2

11. 22.7 N

13. 2 × 10–2

15. x
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Interatomic forces

dam

Hydraulic lift

Hydraulic jack

Hydrostatic pressure

swing

hydrostatic pressure

10
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hydrostatic press hydraulic
lift hydraulic brakes

(Hydrostatic Pressure)



249

-1

(P) (10.1)

Hydrostatic pressure

SI Nm–2 Pa
Blaise Pascal

atm

105

Pa

A 

P1, P2 
P1A 

P2A

= (P1A – P2A).

 = Ah

  

 = (h A)g

P1A – P2A – gh A = 0

P1 – P2 = g h (10.2)

h P

P = g h (10.3)
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P2 Patm 

P1 P

absolute pressure

P – Patm = g h

P = Patm + g h         (10.4)

 10.1

105 Nm–2 100 m

= 103 kg m–3, g = 9.8

ms–2

 :  

P = g h

P = 103 kg m–3 × 9.8 ms–2 × 100 m

P = 9.8 × 105 Nm–2

9.8 × 105 Nm–2 



5 2

5 2

9.8 10 Nmt = 9.8m
10 Nm
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O.V. Guericke

Vacuum Pump

Toricelli hydrostatic pressure

cm 

Patm = g h = 13600 kg m–3 × 9.8 ms–2 × 0.76 m

Patm = 1.01 × 105 Nm–2

Patm = 1.01 × 105 Pa
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BC

(a) : 

B

(b) : (c) : 
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Catapult

Hieron

Mechanic shop

packing

(A)

A1

(Piston F1  A2

1

1

FP = =
A



254

TOSS

A2

F2  1
2

1

F= A
A

 (10.5)

F2 > F1 
2

1

A
A

 
 
 

 

Balance

(B)

Car lift

(C) Hydraclic Brakes

Slave cylinders Piston
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1.

2. 1.024 × 103 kg m–3,  1.01 × 105 Pa  
g = 9.80 ms–2 1500 m 

3. 5000 kg-wt 
0.05 m2 25 kg-wt 

4.

5. 50 kg 0.1 m2 
10 m2 

1.

ba
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2.

3.

4.

5.

6.

7.

cohesive

adhesive

adhesive forces

1.

2.

3.

4.
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P

S R 

Surface energy

tendency

FT =  
L (10.6)

 P Q
R, S 



258

TOSS

T L 
 F 

Nm–1, [MT–2].

T L T × L
2TL

x 

b

W = F × x = 2LT × x

W = T 2 (L × x)

2(L × x) A 

W = T × A

WT =  
A (10.7)
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loop
a

(a)

(A)

a (b)
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(B)

(a)
PQ  = 90°

(b) (c)
PQ R 

Thus, whenever the surface is curved, the surface tension gives rise to a pressure directed
towards the center of curvature of the surface. This pressure is balanced by an equal and
opposite pressure acting on the surface. Therefore, there is always an excess pressure on
the concave side of the curved liquid surface.

a b

2 r T cos 

(a) (b) (c) 
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(i)

r

P

P = (Pi – P0)

Pi P0 (a)

P r 

A = 4 (r + r)2 – 4r2 = 8 r r

r 

W = = TA = T (8 r r) (10.8)

excess pressure
P 

= PV = P (4r2 r) (10.9)

P 4r2 r = T 8 r r

 
2TP =  
r (10.10)

(ii)
10.19 (b)

P
T r

2TP =  
r    (10.11)

(iii)
10.19 (c)

(a)

(b)
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4TP =  
r (10.12)

T 

 10.2

(i) 
(ii)  (iii) 
7.2 × 10–2 Nm–1 2.5 × 10–2 Nm–1

 :

(i) r 4TP =
r

2 1
2

3

4 2.5 10 NmP = 100 Nm
1 10 m

 




 




(ii) 2T'P =
r

   
2 1

2
3

2 7.2 10 Nm= 144 Nm
1 10 m

 




 




(iii) 2T'P =
r

   
2 1

2
3

2 7.2 10 Nm= 144 Nm
1 10 m

 




 




(C) Detergents

(c) : 
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squeezing

(T) 

(D)

1.

(platter)
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2.

3.

4.

5. (i) 
 727 × 10–3 Nm–1 (ii) 

25 × 10–3 Nm–1

P  Fc (a)

Fc Fc cos 
Fc sin  Fc Fa

(a) (b)
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i Fa > Fc sin  (Fa – Fc sin )
Fc cos 

F
Fc 

ii Fa < Fc sin  (Fc sin – Fa) 
Fc cos  F

iii Fa = Fc sin   F

blotting paper 
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capillary action

 (a)

(a) A, B, C, D 

2T ,
R

B A
2TP = P
R

 (10.13)

T R A

P D C

B D
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h
 (b)

column
2T
R

2Thρg =  
R (10.14)

 g 

r 

rR =
cosθ

R 

2Thρg =
r/cosθ

2T cosθh =
r ρ g (10.15)

1.

2. 90°

3.

4.

7.2 × 10–2 Nm–1 1000 kg m–3 g = 10 ms–2.

5.
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x
v x + dx

v + dv 
dx

dv
dv
dx velocity gradient

F.

(i)  (A) 

F A
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ii.  
dv
dx

dvFα
dx

On combining these, we can write

dvFα A
dx

dvF = η A
dx

 (10.16)



SI Ns m–2 CGS Poise

Ns m–2

 [ML–1 T–1]

Streamline flow

Streamline flow

(vc) 
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laminar flow
vc 

turbulent flow

Equation of Continuity

A1 A2 

A, B v1 v2 

A v1 

A1 v1

A =  A1V1

B B = A2V2

A1V1= A2V2

A1V1 = A2V2 (10.17)

10.8.3 Critical Velocity and Reynolds’s Number

(vc) 

() 

vc 
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() 

c
1v α
ρ

 (d) 

c
1v α
d

c
Rηv =
ρd (10.18)

R Reynolds’s Number
R 

R unsteady R

 10.3

Artery (d = 2.0 cm) 30 cm s–1

laminar 1.05 gm-cm–3

 = 4.0 × 10–2 Poise 

 :

cv ρdR =
η

. 

1 3

2

(30cms ) (1.05gm-cm ) (2.0 cm)R =  1575
4.0 10 poise

 



 




1575 < 2000, (unsteady) 

Stokes' Law

 r v 

F tangential backward viscous force

F  r v
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F = K  r v (10.19)

K 6

F = 6  r v (10.20)

F

()

(r)

(v)

F a rb vc

F = Ka rb vc

K 

[MLT–2] = [ML–1 T–1]a [L]b [LT–1]c

[MLT–2] = [Ma L–a + b + c T–a – c]

a = b = c = 1.

F = K  r v

10.9.1  Terminal Velocity

 r .

(i) F 

(ii) W 

(iii) B 
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F = 6  r v0

v0 

34W = π r ρ g
3

 
 
 

34B = π r σ g
3

 
 
 

3 3
0

4 46 π ηrv + π r σg = π r ρg
3 3

On rearranging the above equation, we can write it as

3 3
0

4 46 π ηrv = π r ρg π r σg
3 3



2

0
2r (ρ σ)gv =

9η


(10.21)

10.9.2

(A) Parachute g 

viscous drag

(B) Velocity of rain drops
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 10.4

0.12 ms–1 

 = 1.8 × 10–5 kg m–1 s–1,   = 1.21 kg m–3,   = 1.0 × 103 kg m–3 
g = 9.8 ms–2

 :   
2

0
2r (ρ σ)gv =

9η


5 1 1 1
5

3 3 3 2

9(1.8 10 kg m s ) (0.12ms )r =  10 m
2(1.0 10 kg m 1.21kg m )(9.8ms )

   


  




 

1.

2.

3.

4. 0.01 m 
=  1.8 × 10–5 Ns m–2, =  1.2 kg m–3. = 1000 kg m–3,
g = 10 m s–2.

5.

Daniel Bernoulli

Hydrodynamics
Hydrodyanamica

Mathematical physics
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m d P

m= p × joule
d

 
  

(10.22)

1p= J kg
d

 (10.23)

10.10.2 

1.

2.

3.



276

TOSS

A P1 A1

v1 h1 B P2 A2

v2 h2

A, B

21P + dv + hdg =
2

       (10.24)

1.

2.

3.

(A)
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A, B A1 A2 

h
A, B 

A = B 

2 21 2
1 2

mP mP1 1mv + mgh + = mv + mgh +
2 d 2 d

2
2 2 2 2

1 2 2 1 1
1

vd dP P (v v ) v 1
2 2 v

  
      
   

(10.25)

Venturi’s principle

A B 

 A1v1 = A2v2 (10.26)

2
2 1

1 2 1
2

AdP P v 1
2 A

  
    
   

1 2
1 2

1

2

2(P P )v
Ad 1
A




  
  
   

(10.27)

h 

P1 – P2 = hdg

   1 22
11

22

2hdg 2hgv
AA 1d 1
AA
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1v α h,  

1v = K h

K 

V = A1v1 = A1 × Kh

V = K' h (10.28)

K' = kA1 

Atom-
izer Spray Bunsen burner Carburettor

(B) (Speed of Efflux), 
(Torricelli’s Law) : 



h2 2 h1 (1 ) 

 P. A1. A2 

A1v1 = A2v2

v1 v2  A2

A1   v1 >> v2.  

 (v2 = 0).

 [ 10.24]  1 2 

2 2
1 1 1 2 2 2

1 1P + ρv + ρgh = P + ρv + ρgh
2 2 (10.29)

h1

h2
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1  P1 = Pa

2 P2

= P (= gh) (v2 = 0)

10.29

2
a 1 1 2

1P + ρv + ρgh = P + ρgh
2

2
a 1 2 1

1P P = ρv + ρg (h h )
2

 

 (h2 – h1) = h 

2
a 1

1P P = ρv + ρgh
2



2 a
1

2(P P )v = 2gh +
ρ


a
1

2(P P )v = 2gh +
ρ


(10.30)

P > > Pa  2gh 

1
2Pv =
ρ (10.31)

 P = gh.  10.31 

1
2ρghv = = 2gh

ρ

1v = 2gh (10.32)

h 

 10.32

(C) (Atomizer) : 

A B 
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paint

Nozzle N

B 

(D) (Spray gun) : 

piston

O

O

(E) (Bunsen Burner) : N 

A 

(F) (Carburettor) : 

cylinder

A

B
B

A
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B 

(G) (Aerofoil) : 

runway

lift

10.10.4  

(A) Attracted
disc paradox

(B)
ping-pong ball or table tennis

ball
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(C) aspirator

A

N
B 

(D) Swing of a
cricket ball
spinning

v

u
v – u v + u

 10.5

2.5m

 : B 
A B

m A
B 

B = A 
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2 2
B B B A A A

1 1P + dv + h dg = P + dv + h dg
2 2

A vA = 0, PA = P = hA = 

B , vB = ?,

 PB = P , hB = 

d = hA – hB = H = 2.5 m and

 2
B A B

1 m v = mg h h
2



 B A Bv = 2g h h

1
Bv = 2 9.8 2.5 = 7ms 

1.

2.

3.

4. 20 mm 
0.20 m/s 1.50 m/s 

5.

 h Hydrostatic
pressure  P = gh.

(Buoyant force).
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Nm–1 

2T cosθh =
rdg

 P

2TP = ,
r

T R 

2TP = ,
r for air bubble in the liquid and

4TP = ,
r  T  

vc

 P d

tangential

backward viscus force
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 v r
tangential backward

viscus force

F = 6  r v

(m)
A,

B 

2
A

2
A A B B B

1 1P + dv + h dg = P + dv + h dg
2 2

Where d is the density of the liquid.

1.

2. (Hydraulic press) 

3.

4.

5. 0.9 m 3.0 Nm–2.  0.8 m 

6. (Hydraulic lift), 1000 kg
pistons

7. Fa (Adhesion
force) Fc (Cohesion force)  

(a)  Fa > Fc sin ; (b) Fa < Fc sin ; (c) Fa cos = Fc; (d) Fa sin > Fc

8.

9.

10. 0.05 m 0.2 × 10–3 m 103 kg m–3 
7.27×10–2 Nm–1 
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11.

12.

13.

(i)

(ii)

14. 3 cm 

15.

16.

17.

18.

19.

(i) (Spinning) 

(ii)

(iii)

(iv)

(v)

20. 0.8 mm 0.15 kg m–1 s–1 0.9 gm cm–3 

 = 10–2 kg m–1 s–1.

21. 0.2 m  0.1 m 
 If the velocity in the 0.2 m pipe-line is 2 m s–1, (i) 

(ii) 
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22. (i) 1 mm 

(ii) 8.5 gm cm–3, 1.32 gm cm–3

23. 20°C  3 mm 50 cm s–1 

(i) (ii)

20°C  1.005 × 10–2 20°C 1 gm cm–3.

24. Nm–2 

100 ms–1 1000 Nm–2 

1.3 kg m–3.

25. 28 cm s–1

5 cm 70 cm s–1 
 [ 1 gm cm–3].

10.1

1.

2. P = Pa + gh

P = 1.5 × 107 Pa

3. 225= = 500 Nm
0.05

 .

25000 500 Nm
10

  .



4.

5.
50 w= , w = 5000 kg wt
0.1 10
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10.2

1.

2.

3.

4.

5.

3
2

2

2T 2 727 10P = = = 72.7 Nm
r 2 10






 



3
2

2

4T' 4 25 10P' = = = 2.5 Nm
r' 4 10






 



10.3

1.

2.

3.  (obtuse). 

4.
2

62T 2 7.2 10r = 4.8 10 m
hρg 3 1000 10


 

  
 

.

5.

10.4

1.

2.

3.



289

-1

4. 0.012 ms–1.

5.

10.5

1.

2.

3.
(very less) 

4. 2 2
1 2 2 1

1P P = d (v v )
2

 

5. (swing) 

5. 2.67 Nm–2.

6. 200 N, No.

20. 2.1 mm s–1,  35 cm s–1.

21. 8 ms–1, 6.3 × 10–2 m3 s–1.

22. 7.8 mm s–1, 0.19 ms–1.

23. 1500, 

24. 2 cm 
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 green house effect 

(Process of heat transfer)

11
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A

B
(K.E.)

B

(KMnO4)

KMnO4 
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Conduction

A d
Th

Tc (< Th)

Q
A

 Q A

1Q
d

 
 

 
 

(Th – Tc)

t Q

h cA(T T )tQα
d


h cKA (T T ) tQ =
d


(11.1)

K

K Coefficient of thermal conductivity

SI Wm–1K–1

K

d
A Th Tc 
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(Wm–1K–1)

400

240

1.2

0.8

0.6

0.025

0.01

 11.1

45°C 
K = 0.01 Js–1m–1°C–1  = 335 Jg–1

 :

K = 0.01 Js–1m–1°C–1

Th – Tc= 45°C – 0°C = 45°C

t = 6 hours = 6 × 60 × 60 sec

A = 30 cm × 30 cm = 900 × 10–4 m2

d = 5 cm = 5 × 10-2 m

L = 335 J g–1

h cKA (T T ) tQ =
d


4

2

0.01 900 10 45 6 60 60Q
5 10





     




Q = 10496 J
 

 Q = 10496 × 6 J
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Qm
L



Q 10496 × 6m = = = 1878g
L 335

m = 1.878 kg

K

Convection)
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1.

2. K Js –1 m–1 °C–1 

3.

 4. m2 m K
1 °C 

K

5.

Radiation

3   108 ms–1

K
K

°C
°C

°C °C °C

°C
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(Laws of Radiation)

 m  
°C m  

45 10 cm 5 m  m = 10

6 

m  

m

Wien's displacement law

mT  

mT 

2.884   10 3 m K 

6
m 14 10 m 14   

6

6
m

b 2884 × 10 mT =  =
λ 14 × 10 m





K
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Wilhelm Wien

Helm
Holtz Diffraction

Aix-la-chappelle Philip Lenard

University

of Giessen W.C W.C. Roentgen

Ledwing Boltzmann

Drude

Munich

Kirchhoff's Laws

 r ,a  t

r a t     

r t 0   a 1 

Perfectly white body a 0, t 0  

r 1   
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O O
P

A B A 
B
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Stefan - Boltzmann Law

A

4E AeT 


8 2 1 45.672 10 J m s k   

e =
e 

T1 T2 

 4 4
net 1 2 1 2E = Aeσ T T for T > T (11.5)

 11.2

K W
8 2 45.7 10 Wm k     e = 0.3 

 :
 E = AeT4
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E A T 

4
EA
eT




   
48 2 4

100 WA
0.3 5.7 10 Wm K 3000 K  


  

E = 7.25 × 10–5 m2

1. K 

2.

 3.

4. o C o C
1.9 m2

(Solar Energy)

1. (Solar Constant)

1.36 × 103 W m–2

2
eQ  =  2πR S ;

Re S 
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2
e

4 R
2
 

 
 

 Q = 2 × 3.14 × (6.4 × 106)2 × (1.36 × 103)

Q = 6.28 × 55.71 × 1015

Q = 3.49 × 1017 W

Q = 3.49 × 1011 MW

2.  (Greenhouse Effect)

Carbon dioxide, CO2

CO2

CO2

CO2
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(Newton's law of cooling)

T k  T0 k

4 4
0E = eσ (T T ) A (11.6)

4 4 2 2 2 2 2 2
0 0 0 o o 0(T T ) = (T T ) (T + T ) = (T T ) (T + T ) (T + T )  

Equation (11.6) becomes 2 2
0 0 0E = eσ(T T ) (T + T ) (T + T )A

3 2 2 3
0 0 0 0E = eσ (T T ) (T + TT + T T + T )A (11.7)

(T – T0) 
3 2

0T , TT  2
0T T  

3
0T  

So that 3
0 0E = eσ (T T )4 AT (11.8)

3
0k = 4eσAT  

E = K (T – T0)

0E (T T )  (11.9)
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 1. m m

 2.

3.

In convection, heat is transferred by bodily motion of molecules.

In radiation, heat is transferred through electromagnetic waves.

h cK(T T ) AtQ =
d


T(K)  
m mT =  K

T(K) E = esAT4 

a

 
 

 
a

d

d

  

  

e

 

e


1.36 × 103 Jm–2 s–1
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1.

2. Aº 

Aº = 10–8 cm

3. °C

°C

4.

5.
°C

°C

 6.

 7.

8.

9.

10.
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11.

12.

13.

14.

15.

16.

17.
°C

18.
= 9.2 × 10–2 °C

11.1

1.

2.
2 1

QdK =
tA (Q Q )

 
1 1 ο

2 o

J m= = Jm s C
s m C

  

3.

4.
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5.

12.2

1.
6

m
2880 × 10λ = = = 9.6 μm

300



2.

3. mT =  E = eAT4

4. 66.4 W.

12.3

1. = 2.7 × 105W

 2. CO2

global warming glaciers

3. (Exponential decay)

2. 7210 K

3. 71.6 × 10–11 W

5. 4.7 × 105 kg

9. 3 : 4

17. 4 : 5

18. 10.9 m °C–1W–1, 0.298 W
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12
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°C °C
Cal Calorie

1 = 103 

= 4.18 J
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12.1.2

12.1.3 

 (i)

(a)

(b)

(c)

(ii)
T P V

 and Entropy (S).

(iii)

 P-V
V P

W = PV = Area of the shaded portion ABCD under P-V curve

ABCD V1 V2 

P1 P2 V2 V1 P1 
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P V 

P-V 

°C
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(i)

(ii)

(iii)

Q, U, W 

(iv)

Q = 0 
U = –W
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U

U

(v)

(vi)

W = 0 Q = U 

(vii)
 U = 0.

 Q = W.

A, B C 
A B
A C
A B C

B C

A B
 C A B 

STP

(P)
(T) (V) 
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CD; AB EF
CD

AB

EF 

AB CD EF
P

T = 273.16 K  P = 0.006 atm.
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1.

(i)

(ii) A B
B C

A

(iii)

 2.

(a) ABC A C

(b) C A

 3.

 (i)

(ii)

4.

5.

(a)
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(b)

U

W
i f

Ui Uf

Ui Uf

Ui – Uf = – W

U P,
V T

(i)
(ii) 
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Q  –W

U = Q – W (12.3 [a])

Q, U W

Q = U + W (12.3 [b])

Q, U W

1. (W) 

 2.

3.

Q W
U (Q – W) 

U
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1.

(i)

(ii) = –W

2.
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(a)
(b) (c)

(d)
P-V 

T1, P1 

V1
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(a)

V2 

T1

V2 ‘B’
B P2 V2

‘A’ ‘B’ 

‘H1’
T1 A B

‘H1’ AB
W1 ABGEA

W1 =  ABGEA

(b)

P3’

T2’
BC

C’ P3 V3

W2 B’ C’

W2 = BCHGB .

(c) T2

P4 V4 

D’ (H2)
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(H2) (W3)

 W3 = CHFDC 

 (d)

T1 P1 
V1

DA D A 
W4 

 W4 = DFEAD 

H1 H2

H = H1 – H2

W

 W = ABCHEA – CHEADC 

= ABCD 

P-V 

W = H1 – H2

12.5.2  





 1 2 2

1 1

H H Hη = = 1
H H
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1 1

2 2

H T=
H T

2

1

Tη = 1
T



 H2 

T2 T2 = 0 

12.5.3 

1.

(i)

…………………

(ii)

…………………

2. (i) K K TK
K T

…………………
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(ii) TK 
T  ……………………

(calorie) .

1  =  (4.18 J)

1 = 103 

V (P) 

 P V = P (Vf – Vi) 

Ui – Uf = –W

Uf – Ui = –W.

Ui, Uf 
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(i)

 (ii)

(iii) Working substance

(i) (ii) (iii)
(iv)

2

1

Hη = 1
H

 , H1 = 

     H2 = 

2

1

Tη = 1
T

 , TT1 = 

     T2 = 
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1.

2.

3.

4.

5.

 6.

7.

8.

9. (a)  (b)

10. K 
 (i) Heat sink

(ii) 

12.1

1. (i) (ii) C (iii) 

2. (a) P2 (V2 – V1) (b) –P2 (V2 – V1)

3. (i) 

(ii) 

 4.

5.
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12.2

 1. (i) (ii) 

 2.

12.3

1. (i) (ii) 

2. (i) 2000 K (ii) 8583.1 K

9. (a) 1500 J (b) 1500 J

10. 300 K, 25%
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STP

21P c
3

 

13



314

TOSS

J
RCC VP 

explain why a gas has two heat capacities.

1.

2.

3.

4.

5.

6.

These simplifying assumptions bring the characteristics of gases within the range of
mathematical treatment.
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13.1.2  

x, y z
x

N = 6.023 × 1023 N

LMNO
x, y

z u, v w
‘m’

x
mu

u 

(–mu)

mu – (– mu) = 2 mu

LMNO ABCD x u

2l u
2l

u
2l

ABCD

22mu mu= =2
u

l l

N 
ABCD N x
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u1, u2, u3, ……. uN 

ABCD  2
n

2
3

2
2

2
1 u....uuum


l

l2 ABCD x

 2 2 2 2
1 2 3 N

2

m u +u +u +…+u
P = l

l

 2 2 2 2
1 2 3 N

3

m u +u +u +…+u
P =

l
(13.1)

x- 2u  

2 2 2 2
2 1 2 3 N(u + u + u +...+ u )u =

N
2 2 2 2 2

1 2 3 NNu = (u + u + u +...+ u )

2

3

NmuP =
l

 (13.2)

c2 = u2 + v2 + w2 

u, v  w c 

2 2 2 2c = u + v + w

u2, v2,  w2 

2 2 2u = v = w

2
2 cu =

3

2

3

Nm cP =
3l
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l3 

2Nm cP =
V 3

(13.3)

mNρ =
V

21P = ρc
3

2 3Pc =
ρ (13.4)

 V
N

21P = mnc
3 (13.5)

Equation (13.3) can also be expressed as 2 21 1PV =  Nmc = Mc
3 3 (13.6)

In the above equation left hand side has macroscopic properties i.e. pressure and volume,
and the right hand side has only microscopic properties i.e. mass and mean square speed
of the molecules.

(i)

(ii)

(iii) 2c
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 : 5
54321 

11
5
55

5
54321 22222




Mean Free Path: The average distance between two successive collisions of
the molecules is called mean free path. The mean free path of a molecule is given
by

2

1σ =
2nπd

where n is the number density and d the diameter of the molecules.

 :

2m u = 2 × (5 × 10–26 kg) × (500 ms–1)

       = 5 × 10–23 kg ms–1

2 × 10 cm 2 × 10–1 m 

2
42 × 10 = 4×10 s

500




23
19

4

5 10 1.25 10
4 10

N







  



19 221F = × 1.25 × 10 × 10 = 416.7 N
3



=  4

417=
100 × 10

    = 4.2 × 104 N-m–2
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1. (i)

(ii)

2.

3.

21P V= Nmc
3

n   PV = n RT,   R 8.3
J mol–1 K–1 

21nRT = m N c
3

3
2n  

2
2

A
3 1 Nmc 1RT = = m N c
2 2 n 2

A
N = N
n  

6.023 × 1023.  NA 

2

A

3 R 1T = mc
2 N 2
 
 
 

21 mc
2  

2

A

1 3 R 3mc = T = kT
2 2 N 2

 
 
 

(13.7)
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A

Rk =
N

k = = 1.38×10–23JK–1.

21 3ε = mc = kT
2 2 (13.8)

3 kT
2

T

T = 0 

2c
r m s

2
rms

3kT 3RTc = c = =
m M

(13.8(a))

T crms 

(i)

P 

21PV = Mc
3
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M 2c

PV = 1P
V

 (13.9)

(ii)

21P V = Mc
3

21 MV =  c
3 P

M P M P 

2 2V c , c T  V T (13.10)

PV = 
Vacuum pump

(iii) (Gay Lussac’s Law)

21 MP = c
3 V
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M M
2P c

2c T

P T  (13.11)

(iv)

2
1 1 1 1 1

1P V = m N c
3

2
2 2 2 2 2

1P V = m N c
3

P1V1 = P2V2

2 2
1 1 1 2 2 2

1 1m N c = m N c
3 3 (13.12)

2 2
1 1 2 2

1 1m c = m c
2 2

(13.12)

N1 = N2 (13.13)

(v)

  

 

 

y

 

{ ì k Í+ ç< ŠÔ á\ T  1, 2, 3 ... 
2 2 2
1 2 3c , c , c ...

P
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2 2 2
1 1 2 2 3 3

1 1 1P = ρ c + ρ c + ρ c + ...
3 3 3

2 2 2
1 1 2 2 3 3

1 1 1ρ c , ρ c , ρ c ...
3 3 3  

P1, P2, P3, ... 

P = P1 + P2 + P3 + ... (13.14)

(vi)

crms

2 3Pc =
ρ

2
rms

3Pc = c =
ρ

P 1 2 

rms 1 rms 2
1 2

3P 3P(c ) = (c ) =
ρ ρ

  rms 1 2

rms 2 1

(c ) ρ
(c ) ρ

  (13.15)
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 13.3 :  300 K. 
3.347 × 10–27 kg k = 1.38 × 10–23 J mol–1 K–1

 :

23 1
1

rms 27

3KT 3 ×(1.38×10 J K ) (300 K)c = = 1927 ms
m 3.347×10 kg

 





1.

RMS

2.

3.

 13.4

S.T.P. , 

 (STP = ).

 :

(a)  rmsc α T

S.T.P. rms c0 

TK TK = c = 2c0

0

0 0 0

2cc T= =
c c T

0

T4 =
T

(Since T0 = 273K)

T = 4T0 = 4 × 273 = 1092 K

T = 1029 – 273 = 819°C
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 13.5

300 K (k = 1.38 × 10–23 JK–1 )

 :

21 3Mc = kT
2 2

23 13E = (1.38 × 10 J K ) (300 K)
2

 

21E = 6.21 × 10 J

(Law of Equipartition of Energy)

21 3mc = kT
2 2

x, y z c
u, v  w

u = v = w

2
2 2 2 cu = v = w =

3
(13.16)

c2 = u2 + v2 + w2 

2 2 2 2c = u + v + w

Multiplying eqn. (13.16)
1
2  m)

2 2 21 1 1mu = m v = mw
2 2 2

21 mu = E =
2

 x–

 Ex = Ey = Ez. (3/2) k T.

x y z
1E = E = E = kT
2
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u, v w

kT
2
1

3E =  kT
2 (13.17)

2 2
y z

1 1Iω , Iω
2 2

1 1E = 3 kT + 2 kT
2 2

   
   
   

5E =  kT
2 (13.18)
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T Q 

ΔQ=  
ΔT

c

c =
m

1 ΔQC =
m Δ T

°C 1 K

SI  

(i)   cV.

(ii) cP 
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(i) (cv) 
K 

(cv) 

v
v

ΔQc =
ΔT

 
 
 

(13.19)

(ii) (cP) 
K 

(cP) 

P
P

ΔQc =
ΔT

 
 
 

(13.20)

(i)

(ii) cp

cp cv

cp cv

cp = W + cv (13.21)

  cp cv

P A
= P × A K
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V1 V2 

W = P × (A × x)

W = P × ( )

W = P(V2–V1)

K
W = cp – cv

cp – cv = P (V2–V1) (13.22)

PV1 = RT (13.23)

PV2 = R(T+1) (13.24)

P (V2–V1) = R (13.25)

(13.22) (13.25) 

cP – cV = R (13.26)

R J mol–1 K–1 

p v
Rc c =
J

 (13.27)

J = 4.18 

 13.6

cp cv 

 : 3E = RT
2
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cv

TK ET (T + 1) K
ET+1 cv = ET+1 – ET

 (i) 3E =  RT
2

 

v
3 3c = R (T +1) RT
2 2



v
3c = R
2

cp = cv + R

p
3 5c = R + R = R
2 2

(ii) 5E =  RT
2

v
5 5c = R (T +1) RT
2 2



v
5c = R
2

Hence cp = cv + R

p
5 7c = R + R = R
2 2

(iii) cp cv 

E = RT

cv = 3R (T + 1) – 3RT

cv = 3R

Hence cp = cv + R

cp = 3R + R = 4R

1.

2. cp cV (R = 8.3 J mol–1 K–1 ).

3.
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2

1
2 n d

  


n d .

T

1°C 

i) (cV)

ii) (cP) p vc c = R  

 p v
Rc c =
J



kT
2
1

Total energy for a molecule of (i) kT
2
3
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(ii) kT
2
5

(iii) 3 kT.

Gases have two types of specific heat capacities because they can absorb and release
heat in two different ways : at constant volume (Cv) and at constant pressure (Cp).

1.

2.

3.

4.

 5.

6.

7. (i)  25°C 

(ii) 

8. 27°C 

 (a)  (b) 

(R = 8.3 J mol–1 K–1, N = 6 × 1023 mol–1. 

 = 20 × 10–3 kg mol–1).

9. K

  (a) 

(b) 10.0 K 
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10.

11.

12.

13.

14.

15. °C °C
°C

16.

17. cp cV 

18. cV = 3R

19. cP cV R = 8.3 J mol–1 K–1 

13.1

1. (i)

(ii)

2.

3. 21P = ρc
3

13.2

1.
500+600+700+800+900 3500c = = = 700m/s

5 5
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2c
2 2 2 2 2

2 2500 +600 +700 +800 +900= = 510000m /s
5

2
rmsc = c = 510000 = 714 m/s

crms c  

2.
P = P1 + P2.

3. Boyle’s law is valid when the temperature of the gas remains constant, and the
situation described involves changing the temperature by adding more air, which
affects both the pressure and volume simultaneously. Therefore, Boyle’s law is not
applicable.

13.3

1.
1 kT
2




5 kT
2



2. cV 
5 R
2



-1 -1
v

5c = × 8.3 = 20.75J mol K
2

cp = cv + R = 20.75 + 8.3 = 29.05 J mol–1 K–1

3. (Cv) (Cp)

2. 3.

4. 4 : 1 5. 2

7. 6.18 × 10–21 ms–1, –124°C 8. (a) 12 × 1020  (b) 7.9 × 1011 ms–1

9. (a) 2634°C  (b) 2560 ms–1 15. 1800 ms–1, 2088 ms–1

16. 3.97 × 103 Nm– 2 19. 12.45 J mol–1 K–1, 20.75 J mol–1 K–1.
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1.

14
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2.

() 

3.

(Hz) 

1 Hz 

4.

(T = 1/f).

5.

 (v =  f).

14.2.1

(a)

(b)

14.2.2

 X-
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14.2.3  

14.2.4

14.2.5
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x-

y (x, t) = A sin (kx +t + ) (14.1)

y (x, t), x,  t  A 
 k 

 k = /2 . x x-
. (f) =  f 

.  t     x = 0
 t = 0 .

x 

kx  

14.3.1

1v = λ
T

 v  , T 

v = f . , 

f 

v E
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 v  E  E 
  

(20° 68° 343 

1482 m/s.

14.3.2

14.3 

14.3 (b) 

14.3 (c).

14.3 (d) 
 14.3 (e) .

14.3(b)  14.3(e) 
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 14.1

 1 : 1 ( , ) .sin ( )y x t A kx t 

 2 : 2 ( , ) .sin ( )y x t A kx t   

A 

k 
2k 


 )

  = 2 f ).
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1 2( , ) ( , ) ( , )y x t y x t y x t 

( , ) .sin ( ) .sin ( )y x t A kx t A kx t      

( , ) 2 . cos . sin
2 2

y x t A kx t 


   
     

   

 14.2

 1 : 1 1 1 1( , ) .sin ( )y x t A k x t 

 2 : 2 2 2 2( , ) .sin ( )y x t A k x t 

 A1  A2 

 k1  k2 

 1  2  

1 2( , ) ( , ) ( , )y x t y x t y x t 

1 1 1 2 2 2( , ) .sin ( ) .sin ( )y x t A k x t A k x t    
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14.4.1

(r) (i) i = r 

14.4.1.1 

 14.4 

Fig. 14.4 : Fixed and Free boundary condition
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14.4(a) 
180° 

 14.4 (b) 

 0° 

14.5
(a) 

14.5 (a) 
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(a) 
180° 0° 

 (b) 

14.5.1 

 (l) 

1
1 4

4
l l

   

‘f1’ 

1
v
4

f
l

 (14.2)

 (l) (3)
3
4

33
4

l 
    ‘3’ 
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3
4
3
l

 

‘f3’ 

3
3

v 3v
4

f
l

  

f3 = 3f1  (14.3)

(l) (5)
5
4

55
4

l 
    ‘5’ 

5
4
5
l

 

‘f5’ 

5
5

v 5v
4

f
l

 

f5 = 5f1  (14.4)

f1 :  f3 :  f5  : .............. =  f1 : 3f1 : 5f1 : ..............

f1 :  f3 :  f5  : .............. =  1 : 3 : 5 : ..................

14.5.2 



343

-1

14.7 (a)

 ( l ) = 

1

2
 

 
 

1
1 2

2
l l

  

1
1

vf




 v 

1
v
2

f
l

 (14.5)

 14.7 (b) 




 2
2

2 2
2 2

ll l
   

‘f2’ 2
2

v v 2 v
2

f
l l


  

f2 = 2f1 (14.6)




  33
2

l 


‘f3’ 

3 1
3

v v 3 3
2

f f
l


  

f3 = 3f1 (14.7)

(c) 

33
2

l 


(a) 

1

2
l 


(b)  

l = 2
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 f4, f5  

f1  :  f2  :  f3  : ....................... =  1 : 2 : 3 : .......................

 (Echoes)

  14.8 

.

512 Hz A B 

 B 



345

-1

B

(a)  : N  N + n A  B 
n  10   A, N 

B, N + n  B A  n 
B A n 

 1
n

 1
2n

 

t = 0 1
2n

  B, AA

 1
2n

 B, A 

A B 
1
n

  B 

A   B 
3

2n
 

 1
n

 1 

n 
 10 

n 

 1
n

.

(b) : 12 cm  12  1
cm)   0.5 cm  12 

(a) 12 Hz  (b) 10 Hz 
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12 Hz  (b) 1.2 cm 
0.5 cm 10  10 Hz 

 (c)  14.9 

 v. 

 14.3

500 Hz 

 :

v'  = v ± n = 500 ± 5

  495 Hz  505 Hz 

 14.4

 :
2 2

1 2 2

1 2 1

I a +a a1+ r= 9 = , r = .
I a a 1 r a

   
      

 1+ r = 3
1 r

 

1r = ,
2  

(1803 - 1853)

1803 

 1829 
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 1835 USA . 1842 

1853 

14.8.1

 (vs) 

(f ).

s

v .
v v

f f


14.8.2

(vo) 

 (f )

ov v .
v

f f


14.8.3  

(f )
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o

s

v v .
v v

f f




f  

f  

v 

vo 
 vs 

 (f ) 
 (f )

1.

2.

3.

4.

5.  0.75  80 
0.02 kg/m 

6. 440 Hz  343

7.

8.

9. (a)  (b) 

10. 2.4 
343 m/s 

11. 225 Hz 
343 m/s 

12. 20 cm 
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13.

14.

15. 10 Hz  15 Hz 

16. 320 Hz  328 Hz 

17.

f1 : f3 : f5 …= 1 : 3 : 5: …

 f1 : f2 : f3 …= 1 : 2 : 3 : …

1.

2.
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3.

4.

5.

6.

7.

8.
30 cm 

9.  400 Hz. 

5.

(L) = 0.75 

(T) = 80 

(m) = 0.02 kg/m

v T




80Nv
0.02kg/m



2 2v 4000 m /S

v = 63.24 m/s

6.

( f ) = 440 Hz

(v) = 343 m/s
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v
f

 

343m/s
440 Hz

 

0.7795

10.

(L) = 2.4 

(v) = 343 m/s

4
L 


4L 

v f  

v 343 m/s
4 2.4 m

f


 


343 m/s
9.6 m

f 

35.729 Hzf 

11.

(f) = 225 Hz

(v) = 343 m/s.

 (f1)  1
v .
4

f
l

  

(f1) :
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1
v3 3
4

f f
l

   

(l) 

3v 3 343 m/s
4 4 225 Hz

l
f


 



1029 m/s
900 Hz

l 

l = 1.143 

12.
vf =
4l  

3vf =
2l  

 
o c

3v v
2 4l l



lo = 6 lc

lo = 6 × 20 =120 cm.

16. f1 = 10 Hz, f2 = 15 Hz

= f2 – f1 = 15 – 10 = 5

17.

(f1) = 320 Hz

 (f2) = 328 Hz

= | f1 – f2 | = | 320 Hz  – 328 Hz  | = 8 Hz

8. 20 cm

9. 800 Hz
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 () (A) ()









16
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t = 0 
AB 

Fig. 16.1 : Circular Wavefronts on
the surface of water
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AB a, b, c, d 
AB 

a, b, c, d 
r = vt 

 v t
CD, t = T 

t = 0 O
A, B, C …, 

 t = T 

A, B, C … 

T 

1. relative orientation 

2. t = 0  t = 3 t = 6 

Thomas Young



23

-2

(Thomas Young (1773-1829)

astigmatism

S
S

S1, S2

S
S1, S2

S S1, S2 

S1, S2 

C 

(a) Constructive Interference

C
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(b) (Destructive Interference) 

(c) (Intensity of fringes) 

δ P 
Ô ásÁ+ > ±\  k Íœq çu ó„+ X ø+   y1, y2

1 siny a t

 2 sin δy a t 

δ  

y = y1 + y2

sin sin ( δ)a t a t   

[sin sin ( δ)]a t a t   

   
δ δ2 sin cos
2 2

a t   
     

   

       
δsin
2

A t 
  

 

A 

 2 cos δ 2A a
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P 

2I A  

 2 24 cos δ 2a (16.1)

 :  δ 0, 2π, 4π,..., 2 πn  

I = 4a2 cos2 0

  = 4a2

 :  When,  δ π, 3π, 5π,......, 2 1 πn   

I = 4a2 cos2  δ 2

  = 0

4a2 

π

(d)  (Phase Difference and Path Difference) :  

 

| ŸsÁ+> ± Å£L & † # î| ŸÎe # áTÌ. S1, S2

P

2 1S P S P  

2 π  

δ   

Δ =
2





 
 
 

(16.2)

2n
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 Δ = 2 ; 0, 1, 2,...
2

n n n 
   


 


(16.3)

(Δ) = ( 2 ) (2 1)n  

 2 1 ; 0,1, 2,...
2

n n
   (16.4)

Δ D
(d) P 

2 1 2Δ sin θS P S P S A d   

θ  

sin θ tan θ θ 

    sin θ /x D

sin θ dd x
D

   (16.5)

n( )d x n
D

 

n( ) ; 1, 2, ...n Dx n
d

 


(16.6)

n
1( )
2

d x n
D

 
   



n
1( ) ; 0,1, 2, ...
2

Dx n n
d

 
    


(16.7)

(e) (Fringe width) : 



27

-2

3( ) 3 Dx
d




  2( ) 2 Dx
d




β

     3 2β = ( ) ( ) Dx x
d

 


(16.8)

n

4a2
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1.

2.

3. S1, S2 

4.

(a)

(b)

10–6 
10–6 
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16.3.1  
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TOSS

QPR ...  Q

P
P Q, R 

Q, Q

‘a’ 

 O 
 O

 O
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 O O

P

λ

2


P 

P 
P 

2 λ

2


λ

P P1 P

3
2


P 

P
1
3 P O

P O P

1.
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2.

3.

S1, S2 

a
S1 S2  S2 

S2 S1  
S2 b

S2 

 O 
a

a b
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AO 
OR OT 

r ip 

sin sin
sin sin (90 )

p p

p

i i
r i

  


  
sin

tan
cos

p
p

p

i
i

i
 

ip 
ip = 53° 37° 

quinine iodo sulphate
dichoric

1.

2.
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3.

4.

ms–1 

3.8  10–7 m 5.8  10–7 m

AB AC 
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AB

AC
PQ 
(Violet Indigo Blue
Green Yellow Orange
Red VIBGYOR

MR MV 

MR, MV PQN

v, r 

 16.1

nm 
nm nm nm

 :  

v
c

 

c v 

 c = a,  v = m 

a, m  

a a

m m

v
v
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384 nm 

9

1 9

600 10 1.56
384 10

m
m







 



589 nm 

9

2 9

600 10 1.02
58.9 10

m
m







 



760 nm 

9

3 9

600 10 0.8
760 10

m
m







 



(

–


)

(

–


)








 

16.5.2  

i  A
ABC AB PQ

QR AC RS 
A = BAC AB,  AC 
NQ, MR 
O
NQP = i, MRS = e, RQO
= r1, QRO = r2 

AB
 AC 

PQ RS 
D ()



37

-2

MDR =  QDR 

 = DQR + DRQ 

=  (i – r1) + (e – r2)

 = (i  +e)  – (r1 + r2) (16.9)

360°  AQOR 

AQO = ARO = 90°, NQ, MR  AB AC 

QAR + QOR = 180°

A + QOR = 180° (16.10)

QOR 

OQR + QRO + QOR = 180°

r1 + r2+ QOR = 180° (16.11)

r1 + r2= A (16.12)

i + e – A

i + e = A +  (16.13)

i 
 i 

i 

m

e
e = i

 m

e = i

i 
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(16.13)   m 

2
mAi  

   (16.14)

e = i, 

r1 = r2  =r 

(16.12) 

      2
Ar 

  (16.15)

    

sin
sin 2
sin sin

2

mA
i

Ar





 
 
   (16.16)

(16.16) 

m m 

A i, r

sin i = i, sin r = r, sin e = e 

1 1

sin
sin

i i
r r

  1i r 

2 2

sin
sin

e e
r r

   2e r 

     i  +e  =   (r1 + r2)

(16.17), (16.18)

A = A + 

 ( ) A (16.17)



v R 
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v > R

v > R  

16.5.3  

v – R 

Y

() 

v R

Y

δ δω =
δ


(16.17)

.           
v R

v

(μ 1) A (μ 1) Aω =
(μ 1) A

    

 

 
v R

Y 1 -1
  

 

 
 


(16.18)

 16.2

30

 :

We know that     A

1 0.6δ = (1.6 1) 0.3 18
2 2


     

 16.3

A A/2
A = 60o

 :  

mA +δsin
2μ =

sin (A/2)
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m A/2 

.

/ 2 3 3sin sin sin
2 4 4 2 1.4

sin  ( / 2) sin sin
2 2

A A A A

A AA


     
     
         

   
   
   

1.

2. 

3.

4.

16.18(a) 

Descartes

 137°29 42°31

43° 

 41° 16.18 (b)
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231° 234° 
51° 54°

16.19

16.20

(a)

  

 

 

 

 

| Ÿs

 

e sÁïq +.  d Ÿs

 

d Ÿ] ¿£“ w Ÿ¼ $ # á\ q  ¿ÃD + 137°29  (b)
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exposed

90° 

4

1I 


I 
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 16.4

3934Å, 5890Å 
6867Å 

 : 4

1I 


 3934Å 

IIS Indian Institute of Science, Bangalore

(A)

 16.5 

 :
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(B)

5000Å

(C)

90° 

16.22

1.

2.

3.

4.
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4

1I 


 
 
 

. 

1.

2.

3.

4.

5.

6.

(i)

(ii)

(iii)

(iv)

(v)

(vi)

(vii)

(viii)

7. 2 mm 
100 cm. 

5 cm 

8.

9.

10.

11.
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12. 60° 

13.

14. i + e = A +  

15.

16.

17.

18. 60° 39°. 

19. 2.84°, 3.28°,
3.72° 

20.

C = 1.6444, D = 1.6520, F = 1.6637, C, D & F 

21.

22.

16.1

1. ( = /2)

2. ½

16.2

1.

2. 2

3.
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 = 2n , 
= (2n +1) .

The angle of deviation is minimum if the angles of incidence and emergence become
equal. In this situation, the beam is most intense for that colour.

    

(VIBGYOR). 



48

TOSS

S1, S2 

4.

(a)

(b)

(c)

16.3

1.

2.

3.

16.4

1.

2.

3. 90° or 270°

4.

16.5

1.

2. r > v 

3.

4.
sin 60 3 1.732
sin 30
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16.6

1.

2.

3.

4.

7. 0.1 mm

12. 1.73

13. 54°

18. 1.5

19. 0.27

20. 0.03
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17
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 (Frictional Electricity)

Fig. 17.1 : Force of attraction Fig. 17.2 : Force of repulsion
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7.1 a

17.2 b
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e

Q Q = +Ne N

e e

–e +e

Q = +Ne

Q1 = 1 × 1.6 × 10–19 = 1.6 × 10–19 C

Q2 = 2 × 1.6 × 10–19 = 3.2 × 10–19 C

Q3 = 3 × 1.6 × 10–19 = 4.8 × 10–19 C 

2 × 10–19 C  3 × 10–19 C  4 × 10–19 C 

1. q = +3.2 × 10–17 C.

i)

ii)
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2. A, B A +Q 

(i) B 

(ii) A, B B  B 

3. q = 4.8 × 10–16 C. 

(Take e = 1.6 × 10–19 C).

 q1 q2

–  q1, q2 ;

–  r

–

–

F

1 2
2

q × qF = k
r (17.1)

k k q1, q2, r 

1 2
2

0

q ×q1F = ×
4πε r (17.2)

0

1k =
4πε

0 

1k =
4πε

  



53

-2

1 2
2

0

1F
4


 



q q
r

SI (C)

SI k
2

9
2

0

1 N mk = = 9 ×10
4πε C (17.3)

0 = 8.85 × 10–12 C² N–1 m–2.

9 × 109 N

e  = 1.60 × 10–19 C

1 2
2

q × qF = k ×
r

   9
2

1 × 1= 9.0 × 10 ×
1

   = 9.0 × 109  1010 N

kg mg = (5000 × 10) N

= 5 × 104 N.

g  10 m s–² 
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TOSS

5 × 104 ×

10,000 = 5 × 108 N

 5 × 108 × 10,000 = 5 × 109 N  1C 

5000 kg 

Q = 1 C

n = ?

e = 1.6 × 10–19 C

Q = ne

1C = n × 1.6 × 10–19

19

19

1 1 × 10n = =
1.6 × 10 1.6

1810n = × 10
1.6

18100n = 10
16



n = 6.25 × 1018

n = 625 × 1016 

SI

q1, q2 r

0

ε
ε
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0
r

0

F ( ) ε ε
F( ) ε

 

r 

q1, q2 r q1  q2 

F12 q2 q1 F21 q1 q2 

12

 
r̂ (a)

1 2
122

12

q q
 

ˆ= k
r12F r

(17.4)
17.3(b) 

1 2
122

12

q q
 

ˆ= k
r

21F r (17.5)

F12 = – F21 (17.6)

1 2
2

q q
 

ˆ= k ×
r12 12F r (17.7)

 r q1 q2 (a) 
(b) 
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TOSS

q1, q2, q3, q4, 

q1 

1 2
2

12

q q
 

ˆ= k
r12 12F r

1 3
2

13

q q
 

ˆ= k
r13 13F r

1 4
4 42

14

q q
 

ˆ= k
r1 1F r (17.8)

q1 F

F = F12 + F13 + F14 + … (17.9)

 17.1

+q1 = 12C +q2 = 6C

4.0 m 

q1, q2  q3 

q3 

 :

q3 q1, q2 q1 x q3 q1

q2 q1, q2

q3 q1  

1 3
31 31 12

31

q q
 

ˆ= k q
r

F r


3 1

31 2

q q= k
x

F

q1, q2 q3
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q3 q2 

 
3 2

32 22

q q= k q
4 x

F

q3 F31 = F32

 
3 3

22

12q 6qk × = k ×
x 4 x

6q3k 

 
22

2 1=
x 4 x

2 (4 – x)2 = x2

 x2 – 16x + 32 = 0

x = 2.35 m x =  13.65 m x =  13.65 m q3

q2 q3 q1 q2 q3 q1

q1 q2 q1  q3

q2  q3

 17.2

6.0 × 10–10 C 2.0 m 

 :

1 2
2

q qF = k
r


q1 = q2 = 6.0 × 10–10C  r = 2.0 m 

9 2 2 10 2

2 2

(9×10 N m C )×(6.0 ×10 C)F =
2 m

 

  
9 209 × 10 × 36.0 × 10= N

4



  = 81 × 10–11 N
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1. q1 = 16µC q2 = 9µC, 12 m

q1 q2

q2 q1 

2. – q +q +q 

AB = AC – q

  

 

 

n H û u ó²e q q T ç| Ÿy ûX ø ™| { ²¼sÁT.  ÿ ¿£ _ +< ŠTe Ú e < ŠÝ – +º q  X Ë< óŠq  < óŠH

 

y ûX ø+ q0 F 

 E 

0

=
q
FE (17.10)

g = F/m0

E F E

0q 0
0

= lim
q

FE (17.11)

SI 

SI NC–1 F

E

q0 infinitesimally q

q0(< < q) (a) 
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A, B, C, D
q0 F q ~ q0

17.6 (b) 
q0 F 'F

q0 q 

q0 

'F F 

q r  q0 q0

0
2

qq
 

ˆ= k
r

F r (17.12)

2

q
 

ˆ= k ×
r

E r (17.13)

q E q q 

E q

(a) (b) 
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q1, q2, q3, ..., 

P

1 2
1 22 2

1 2

q q
 

ˆ ˆ= k × , = k ×
r r1 2E r E r  3

32
3

q
 

ˆ= k ×
r3E r (17.14)

P 

E = E1 + E2 + E3 + …

N
i i
2

i=1 i

 
ˆq= k

r
rE (17.15)

P qi i

 
r̂

 

î
q P

E q 

F = qE (17.16)

 17.3

 q = 3.5µC 8.5 × 10–4 N

 :

4

6

F 8.5 × 10 NE = =
q 3.5 × 10 C





  = 2.43 × 102 NC–1

 17.4

P

 :  P

q0 

P

P
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1. + Q P

(a) + x-   (b) + y-  (c) x = 4   (d) y = 4 

2.  ABC  AB = AC = 40 cm A 

30°.  2 × 10–6 C 

B, C 

 A 

3.

4. D

H2O +q

–q 2l

P 

P = q × 2l (17.17)

SI 

P

P
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TOSS

end-on A, B –q +q 2l

AB O r P

P B +q

 
2

q= k ×
r l1E   AP  

P –q E2

 
2

q= k ×
r + l2E   PA  

[E1 E2  P E E1 (r – l) (r + l)]

]

2 2

kq kq=
(r ) (r + )l l




E

   
2 2

1 1= kq
r r +l l

 
 

  

   

 

2 2

22 2

r + r
= kq

r

l l

l

 
 

 
 
 

 
22 2

4 r= kq ×
r

l

l

 

 
22 2

2 q 2r
= k

r

l

l

 
22 2

2 r= k
r l

P

 P = 2lq. k = 1/40, 

 
24 2 2

0

2 r= ×
4πε r 1 / rl

PE

r >> l, 
2

2r
l

 l
2

2r
l
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3
0

2=
4πε r

PE (17.18)

P

Broad-on

O P 

AB = 2l OP = r AO = OB = l (a) 

PAO PBO

2 2AP = BP = + rl

P +q  B

2 2

q= k
+ rl1E  BP 

P –q 

2 2

q= k
+ rl2E  PAA

E1, E2 

AB E1, E2 AB 

E1 cos  E2 cos 

 (a) b
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AB E1 sin  E2 sin 

P

[ 17.12 (b)]

E = E1 cos  + E2 cos 

  2 2 2 2

q q= k cosθ + k cosθ
+ r + rl l

 2 2

1cosθ  =  .
+ rl

P

   
2 2 2 2

kq 2E = ×
+ r + r

l
l l

   
3/22 2

2 q= k
+ r

l

l

   
3/23 2 2

2 q= k
r 1+ / r

l

l

P = 2lq
0

1k =
4πε

.  r2 >> l2  
2

2r
l

 

3
0

E =
4πε r

P
(17.19)

P

‘E’ 3

1
r

End - on   Broad - on 

End-on  Broad-on 
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17.13 

x-  +q

 qE +x – q –x

      =  × 

= qE × y

= qE × 2l sin 

= pE sin 

 = p × E (17.20)

–  = 0, 

–  = 90°, pE 

 17.5

6.0 × 10–6 C, 6.0 × 10–6 C

4 × 10–10 m. E = 3.0 × 102 NC–1

30° 
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 :     p = qd

= (6.0 × 10–6C) × (4.0 × 10–10 m)

= 24 × 10–16 Cm.

 = pE sin , 

  = (24 × 10–16 Cm) × 3.0 × 102 NC–1) sin 30°

   1472= × 10 Nm
2



   = 36 × 10–14 Nm

–q +q

a
b
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(a)

(b) 

r +q 

2

qE = k×
r

(a) 
(b) 



68

TOSS

s

s s

 s  E 

= E . s



i

N

E
Δs 1

=


 i iE Δs (17.21)

E s 

E 2

q= k × Σ Δs
r



4r2

    2
E 2

q= k × × 4π r
r



= 4  k × q

k = 
0

1
4  

E
0

1= × 4πq
4πε



    = q/0 (17.22)

 q 
0

1
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 (Electric Field due to a Point
Charge)

r

E 

s E

N

E 0
i = 1

= = q/ε  i iE .Δs

cos  = 1 E 

E = E × 4r2

q/0 = E × 4r2

 2
0

qE =
4πε r (17.23)

E q0 q0 

F = q0 × E

0
2

0

qqF =
4πε r (17.24)

+q 
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 (Electric Field due to a Long Line
Charge)

l 

+q 
r P

E
s l

q = ll 2 rl.

(cos 90° = 0) 

   E = E. s

= E × 2 rl

E = q/0 

E × 2 rl = 
0 0

q ll


 

0

σE =  
2πε r

l
(17.25)

r E 
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1.

(a)

(b)

(c)

2. 3.0 × 106 NC–1 

5.0 cm

3. (a) (b) 

kV

W
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1 2
2

q × q
 

ˆ= k  
r

F r

9 2 2

0

1k = = 9.0 × 10 Nm C
4πε



e = 1.60 × 10–19 C

e

q q0

0 2

q
 

ˆ= /q = k ×
r

E F r

|p| = qr, p
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end-on 

broad-on 

3
0

1 2=
4πε r

pE

3
0

1= .
4πε r

pE

E

E = E. A.

0

1
ε

 

l

0

σE =  .
2πε r

l

1.  x x =20 cm + 12 C x = 29 –18  C (– q) 

18C 12C 

2. 3.0 m q1, q2 16 × 10–15 N

6.0 m 

3. A, B x +q

F +q

x 

4. 10–13 m 
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5. 16 cm

7.5 × 10–10 N k = 2.5 

6. x

1.60 × 10–19 C 1.67 × 10–27 kg

G = 6.67 × 10–11 Nm2kg–2.

7. +q

q0

8.

9. 6.4 × 10–7C

10. q = 3.0 × 10–6 C 2l = 4 × 10–10 m

r = 6 × 10–6m

11. 3.0 mm –q = 15 × 10-6 C

r =15 cm

9.0 mm

12. 20 cm +15C

13. E = 8.0 × 104 NC–1

14. q1, q2 3.0 cm (q1 + q2) = 20

C 750 N q1, q2

17.1

1. (i) (ii) = 3.2 × 10–17 C (Negative).
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2. + Q  A  A, B 

(i) (ii) + Q/2

3. q = 4.8 × 10–16

Ne = q 

16
3

19

4.8×10N = = 3.0 × 10
1.6×10



  

17.2

1. Q1 = 16 C, Q2 = 9 µC  r = 12m

1 2
2

0

q q1F =
4πε r

    
 9 2 2 6 6

2

(9×10 Nm C )(16×10 C)× 9× C
=

144m

  

 = 9 × 10–3 N

(i)   q2 q1 

(ii)  q1 q2 

2. B A 
2

1 2

qF = k
a

AB = a.  AB = AC 

B A 

2

2 2

qF = k
a

2 2 2 2
1 2R = F + F = 2F

45° R =  F 2

17.3

1. (a) E + x 

(b) + y 

(c)  x 45° 
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2. AB = AC = 40 cm

 9 2 2 6

2 2

9×10 Nm C × 2×10 Ckq= = =
r (0.40m)

 

1 2E E

    5 1= 1.125×10 NC

E1, E2  BC 

R2 2 2
1 2 1 2= E + E + 2E E cos150

 = 2 E2 + 2 E2 cos (180 – 30)

2 2 2 3= 2 E 2E × cos 30 = 2 E 1+
2

 
  

 

10 2= 4.723×10 N C

BC BC 

3. E 

4.

17.4

1. (a) (b) (c) 

2. 2
0

QE =
4πε r

2
0Q = 4πε r E

      
 

 6 1 4 2
9 2 2

1= 3 × 10 NC 25 10 m
9×10 Nm C

 


  

     = 8.3 × 10–7 C

3. (a) F = 0,  = 0

(b) F  0  = 0

1. x– 240N, +12 µC +x 

2. F = 4 × 10–15 N

3.
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4. 92.39 × 10–3 N

5. 3 × 10–10N

6. 1036 

7.

8.

9. 4 × 1012 

10. 12 × 10–16 Cm. 0.5 × 1011 Nc–1

11. 6 × 106 NC–1 

12. 1.7 × 106 C–1 N m2

13. 7.6 × 1012 ms–2

14. 15µC 5 µC.
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(E) (V)

18
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A, B q0 

A B

WAB = q0 (VB – VA) (18.1)

A, B 

AB
AB B A

0

WV = V V =
q

 (18.2)

VA, VB A, B 
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SI

volt

O +q P 
P OP = r.

P q
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TOSS

P

p 2
0

1 qE = ×
4πε r (18.3)

A 

A 2
0 A

1 qE =
4πε r (18.4)

P, A EP, EA EAP 

AP A pE = E × E

2 2
o A o

1 q 1 q= ×
4πε r 4πε r

0 A

1 q=
4πε r r (18.5)

q0 

0
AP o AP

0 A

q q1F = q E =
4πε r r (18.6)

 q0  A P 

AP AP APW = F × r

 o
A

0 A

q q1= × r r
4πε r r



0

0 A

q q 1 1= ×
4πε r r

 
 

 
(18.7)

rAP  A, P 

B A 

0
BA

0 A B

q q 1 1W = ×
4πε r r

 
 

 
(18.8 a)

C B 
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0
CB

0 B C

q q 1 1W = ×
4πε r r

 
 

 
(18.8 b)

P 

0

0 A A B B C

q q 1 1 1 1 1 1 1W = × + + ...+...
4πε r r r r r r

 
    

 

0

0

q q 1 1= ×
4πε r

 
 
 

0

0

q q=
4πε r (18.9)

P
0

WV =
q

   
0

1 q=
4πε r (18.10)

q
 q

q1, q2, q3,…, 

     V = V1 + V2 + V3 + ...

i

i=1 0 i

q=
4πε r



 (18.11)

A, B A – q B +q 2l  

O r,  P
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OP = r, BOP = , AP = r1 BP = r2

A, B P 

 
1

0 1

q1V = ×
4πε r



2
0 2

1 qV = ×
4πε r

P 

V = V1 + V2

0 2 1

q 1 1V =
4πε r r

 
 

 
(18.12)

A, B  OP AC BD

 BOD OD = l cos ,  OAC OC = l cos 

AB<<OP PB = PD PA = PC 

PA = PC.

r1 = r + l cos 

r2 = r – l cos 

   0

q 1 1V =
4πε r cosθ r + cos θl l

 
 

  

 

 2 2 2
0

2 cosθq=
4πε r cos θ

l
l

 
 

  

2
0

q × 2 cosθ=
4πε r

l

l << r l .

P (p = q × 2l )

2
0

cosθV =
4πε r
p

(18.13)

P
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I : P q (= 0)

cos 0 = 1

2
0

V =
4πε r

p
(18.14)

II : q (= 180°),

cos 180° = –1

2
0

V =
4πε r


p

(18.15)

III : P AB 

 = 90°, cos 90° = 0

V = 0 (18.16)

a b
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q1 r1

P1 q2

q2

r2 P2

P1P2 = r12

P1 q1 P2

1
2

0 12

q1V =
4πε r (18.17)

q2 P2

W = (P2 ) × 

q1, q2 U

1 2

0 12

q × qU =
4πε r (18.18)
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1 3 2 31 2

0 12 13 23

q q q qq q1U = + +
4πε r r r

 
 
 

(18.19)

Uq = – pE cos = – p.E (18.20)

p E  p E

A r A, B 

A, B V A

B

V = ( ) × (AB)

     = E. r = E (r) cos 180O

     = – E r

ΔV=
Δr

E (18.21)

ΔV
Δr

potential gradient

A BV VE =
d


(18.22)

VA, VB d A, B
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 18.1

1.6 × 10–19 C 

 :

VAB  = WAB / qO

VAB  = 10 V, q0 = 1.6 × 10–19 C, 

WAB = (10V) × (1.6 × 10–19C)

      = 1.6 × 10–18 J

 18.2

q x

400 V 150 NC–1 x q 

 :
VE =
x

400150 =  
x

 x = 2.67 m

2
0

1 qE =  
4πε x

9 2 2 1

0

1 = 9× 10 N C m , E =150 N C , x = 2.67
4πε

   

   
21

9 2

150 N C × 2.67 m
q =

9×10 N C





= 11.9 × 10–8 C

1. +q R

r ( > R)
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2. q r 

3. V E

4.

5.

(a) ABCD
FGHK 

  (b) 
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TOSS

E (a)
ABCD 

FGHK 
ABCD FGHK E1 

E E E1 FGHK ABCD
10–16 s

cavity (b)

enclosed

metallic body

+Q,  – Q

V

Q V

Q = CV

C = 
Q
V (18.23)

C 
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 V

SI farad (F)

11 =
1 (18.24)

10–6  F 

10–12 pF 

r q V

0

1 qV =  
4πε r

C = 
q
V , 

0 9
0

q rC = = 4πε r =
q/4πε r 9×10 (18.25)

9 × 109 

0.18 m 

90.18C = × 10 F = 20 pF
9
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TOSS

A A q V

A C  =
q
V q

B A

B

A +q

B a B

A B A

B b B

A B

A

B 

A

A d

battery

+q –q

E 

d
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0 0

σ qE = =
ε ε A

V = Ed

d

0
0

q qC = =
V qd / ε A

0ε A=
d (18.26)

0k ε AεAC =  =
d d



K

C = KC0 (18.27)

(Relative Permittivity or Dielectric Constant)

q1, q2  r 

1 2
v 2

0

q q1F =
4πε r (18.28)

0
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1 2
m 2

q q1F =
4πε r (18.29)

 

v̂
r

m

F ε= = ε
F ε (18.30)

r K

  0

K =  

   
m

0

C=
C

Cm = KC0 (18.31)

K =  K  K = 3.6
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V 

q1, q2, q3 

q1 = C1V

q2 = C2V

q3 = C3V (18.32)

q

q = q1 + q2 + q3

q = (C1 + C2 + C3 + …) V (18.33)

Cp

q = Cp V

q = CpV = (C1 + C2 + C3)V

n

n

p 1 2 3 i
i=1

C = C + C + C = C (18.34)

V C1 +q 
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q

q

V1 V2 V3

1 2 3
1 2 3

q q qV = , V = , V =
C C C      (18.35)

Cs 

s

qV =
C

V = V1 + V2 + V3 (18.36)

s 1 2 3

q q q q= + +
C C C C

s 1 2 3

1 1 1 1= + +
C C C C (18.37)

n Cs 

n

i=1s i

1 1=
C C

1.

(a)
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2.

(b)

3.

A C

(a) (b)
(c) 
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 18.3

22.0 µF 

d
d
2 K = 5

 : 

0
0

ε AC = = 22.0 μF
d

0 0
1 0

K ε A 2K ε AC = = = 2KC
d/2 d

0 0
2 0

ε A 2ε AC = = = 2C
d/2 d

C 

1 2

1 1 1= +
C C C

1 2

1 2

C CC =
C +C

  
0 0

0 0

2 K C × 2C=
2KC + 2C

  
02KC=

K + 1

  
610 × 22 × 10 F=

6



   = 36.7 f



95

-2

1.

2. E d 

3. C0, E0, V0

K C, E, V 

4. 50 cm 
1.0 µF

q
V

0+ V V q= =
2 2 2C

 W = × 

   
2q 1 q= q =

2C 2 C

U

2
21 1 q 1U = qV = = CV

2 2 C 2
(18.38)
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(a)

CO2 

(b)

NH3, HCl

E

p

p =  0 E



ABCD

E
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Ep

E

E  = E - Ep (18.39)

C = 
q
V  V = Ed 

Gold leaf electroscope
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TOSS

 1. C1 = 12 mF C2 = 4 mF 

(a) (b) 

2.

3. C = 8 mF 12V 

(a) Q

(b) K = 5 

(c)

(d)

4. C0 

V0 K

(a) 

(b) 

(c) 
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K

1. q = 20 C 30 cm P 

2. 200 C q1, q2, q3 
A, B, C 10 cm

3. 3 mm 12.0 V
E 

4. +e, – e 4.0 × 10–10 m

5. A, B 15 V
(m = 1.67 × 10–27 kg) A B B
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6. Vq (½) mv2

7.

8. r +q

9. C0

V0 +q0 d

K = 3 

(i) (ii) (iii) (iv)

10. A, B 16V

 C1 = 2 F, C2 = 4 F, C3 = 8 F,

C4 = 3 F, C5 = 3 F

(a) A, B 

(b) 

(c) 

11. 8 F

K1 = 3.0,
K2 = 6.0.

12.

13. 3.0 F 12.0 V

K = 7
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14. E = 2.0 × 104 NC–1 P = 3.5 × 10–15 Cm

60° (a)

(b)

15.

12 F 8 mm

18.1

1. r (r > R) 

0

1 qV =
4πε r

2.

3.
dVE =
dr

   V  E = 0.

A BV VE = .
d


  VVA = VB, E = 0

4. . E = 0 

5.

18.2

1.
Q

Q Q× QC = = =
V

2Q=
N.m.
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TOSS

CA =
s

2 2 2C = A s  
2

m= kg
s

2 2 2 2 4

2 2

2

C A s A s= = =
mNm kg mkg
s

   = A2 s4 (kg m2)–1

2. E 

VA – VB = E × d.

3. C0, E0, V0 

C, E, V 

0 0

0

V ECk = , k = k = .
C V E

4. C = 1.0  F = 1.0 × 10–6 F.

d = 50 cm = 0.5 m.

0ε AC =
d

0

A = .Cd


   0 = 8.85 × 10–12 

6

12

1.0 10 0.5A
8.85 10





 




   
7

12

5 10
8.85 10










   = 0.56 × 105 m2

18.3

1. (a) 3 mF (b) 16 mF

2. 12.2 F

3. (a) 96 mC (b) 96 mC (c) 2.4 V (d) 40 mF
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4. (a) 2
0 0

1 C V
2 (b)  

 
2

0 0 2
0 0

0

C V1 1= C V
2 C R 2k

(c)  

1. 6 × 105 V

2. 1.08 × 104 J

3. 4 × 103 Vm–1

4. – 5.76 × 10–19 J

5. 5.36 × 104 m/s

10. (a) 
37 μF,
14

(b)  
128 128 128μC, μC, μC, 24μC, 24μC

7 7 7

(c)  
64 32 16V, V, V, 8V, 8V
7 7 7

11. 36 F.

12.
16 μF
5

13. 1 : 7

14. (a) 3.5 × 10–11 J (b) 6 × 10–11 Nm.

15. 32 F
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e.m.f 

19
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A

t

q 

av
ΔqI =
Δt (19.1)

dqI =  
dt (19.2)

A
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1.

2.

SI A :

11 =
1 (19.3)

1 mA = 10–3A  1 A =

10–6A

Holes

A x 

A x n 

nAx e q =

nAxe d t x = dt q

x 

q = nAe d t

d
Δq = I = nAeν
Δt (19.4)

A d

x nAd t
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I
V

I V

V  I

V = RI


V = R
I (19.5)

R

 I–V (a)

(a) (b)
an ohmic device a semiconductor diode
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SI  

I–V (b)

1.

2.

3.

4.

5. (a) P1, P2  

(b) 

(c) 

6. I–V 
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I–V

l1, l2, l3

A, B l1 I1  

l2, l3

I2, I3 l–1, I 

 (a)

I–V 
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R  l (19.6)

A1 , A2 , A3 
A, B 

I1, I2, I3 I, A 

19.7 (b)

1R
A

 (19.7)

R
A
l



R = ρ
A
l

(19.8)



RAρ =
l (19.9)

l = 1 m, A = 1 m2  = R 

m 

(a) I 1 I (b)
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1σ =
ρ (19.10)

Sm–1

 19.1

220 V  0.2 A

 :

V 220 voltR = = = 1100
I 0.2amp.



 19.2

6.0 × 1016

 :

Q = ne = 6.0 × 1016 × 1.6 × 10–19 C = 9.6 × 10–3C



3ΔQ 9.6 ×10 CI = =
Δt 1s



  = 9.6 × 10–3 A

  = 9.6 mA

 19.3

A, B A B

 :

A 2
A

R = ρ
π r

l
  B 2

B

R = ρ
πr
l
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2
A B

2
B A

R r=
R r

A = 2 × B ,  rA = 2rB.

 B A 

 19.4

 60.0 m .5 cm 5.0 V 

2.5 A 

 :

V 5.0 VR = = = 2.0Ω
I 2.5A

= 0.5 cm = 5.0 × 10–3 m

A = R2 = 3.14 × (5.0 × 10–3)2 m2 = 78.5 × 10–6 m2



-6 2
62.0 × 78.5 × 10 Ωmρ = = 2.6 × 10 Ωm

60.0m


1. (a) l  I

(b)

2. l A 2 × 10–8 m 2l

2A 

3. 3 m 2 cm2 8 V 

0.15 A 

4.

5.

5 × 1017 
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Two types of groupings of resistors are in common use. These are : series grouping
and parallel grouping. We define equivalent resistance of the combination as a single
resistance which allows the same current to flow as the given combination when the same
potential difference is applied across it.

R1, R2 

A, D V

 I R1, R2 V1, V2

V1 = IR1, V2 = IR2 V1, V2 V 

 V = V1 + V2 = I R1 + I R2

 R 

V = IR = I (R1 + R2)

 R = R1 + R2

R = R1 + R2 + R3 + R4 + . . . (19.11)
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n n nR 

V/n

 V = V1 + V2 

V = IR1 + IR2 = (R1 + R2)I

V = (R1 + R2)I

1 2

VI =
R + R

R1 V1 = IR1

 
1 2

VI =
R + R

 

1
1 1 1

1 2 1 2

RVV = R V = V
R + R R + R

   
    

   

R2 

2 2
1 2

VV = IR but I =
R + R

2 2
1 2

VV = R
R + R

 
 
 

dc source
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2

2
1 2

RV = V
R + R

R1 + R2 V

I R1 + R2 

I1, I2

 I1, I2 I 

 1 2
1 2

V VI = I + I = +
R R

R,  V = IR or I = V/R:

1 2

V V VI = = +
R R R


1 2

1 1 1= +
R R R (19.12 a)
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or
1 2

1 2

R RR =
R + R (19.12 b)

a

1 2 3 4

1 1 1 1 1= + + + +...
R R R R R (19.13)

  

 

 

>·e T“ +# á+&

 

. 2  2 V

A 2  

 2 A

mains

 I = I1 + I2

1
1

VI =
R 2

2

VI =
R

substitute these values in above equation we have

1 2

V VI = +
R R

main supply 220 V 
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1 2

1 2

R +RI = V
R R

 
 
 

1 2

1 2

R RV = I
R + R

R1 1 2
1

1 1 2 1

R RV 1I = = I ×
R R + R R

2
1

1 2

(R )II =
R + R (19.13 a)

1 2
2

2 1 2 2

R RV 1I = = I ×
R R + R R

1
2

1 2

(R )II =
R + R (19.13 b)

 19.5

I2 R2 

 : R1, R2 

R 

1 2 2

1 2 2

R R 10 RR = =
R + R 10 + R

50R = 5
10

 


2

2

10 R = 5
10 + R

  10 R2 = 50 + 5 R2 R2 = 10 

R1, R2 

 I2 = 5A



115

-2

 19.6

 a, d 

 :

15 , 3 

1
15×3 45 5R = Ω = = = 2.5Ω
15+3 18 2

5, R1 = 2.5, 7 a, d

R = (5 + 2.5 + 7) = 14.5

  19.7

network (i)  b c  (ii)  c d

(iii) a e 

 :

(i) (5, 10 and 30) 

1

1 1 1 1 6+3+1 10= + + = = Ω
R 5 10 30 30 30

R1 = 3
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(ii) 2, 4 

R2 = (2 + 4) = 6

(iii) 7, 3 

3

1 1 1 3 + 7 10= + = =
R 7 3 21 21

 
 
 

3
21R = Ω = 2.1Ω
10

R1, R2 

R4 = R1 + R2 = (3 + 6) = 9

R4, R3 

5 4 3

1 1 1= +
R R R

    
1 1=
9 2.1


1 10 37
9 21 63

  

    5
63R = Ω = 1.70Ω
57

(iv) R5, 3 

R = (1.70 + 3) = 4.70 

1.

2. 220 V 300 V
TV 

3. A, B

4.



117

-2

colour
R = AB × 10C , D

A, B, C

–

–

– tolerance

Colour codes

B 0 1

B 1 101

R 2 102

O 3 103

Y 4 104

G 5 105

B 6 106

V 7 107

G 8 108

W 9 109

For color code remember BBROY Goes to Bombay Via Gate Way.
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BBR  or  Goes Bombay  Via  Gate Way

(blue) (Grey) (Green)

(Silver)

(Blue)

(Grey)

(Green)

Silver

68 × 105 ± 10%

= 68 × 105 ± (68 × 105 × 10/100)

= 68 × 105 ± 68 × 104

= (6.8 ± 0.68) M

 = 0 [1 +  (T – T0)] (19.14)

 T, T0, , 0 °C

  °C K
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ytterium
–181°C (Tl2 Ba2 Ca2 Cu3O7)

 = 0 + 0  (T – T0)

 

 
0

0 0 0

ρ ρ 1 Δρα = =
ρ T T ρ ΔT





  = ( – 0), T = T – T

19.14(a)

R = R0 [1 +  (T – T )] (19.15)

T1, T2 

R1 = R0 [1 +  (T1 – T0)] (19.16)

R2 = R0 [1 +  (T2 – T0)] (19.17)

2 1

0 2 1 0

(R R ) 1 ΔRα = =
R (T T ) R ΔT




(19.18)

R0 = 1, (T2 – T1) = 1°C,  = (R – R).

0° C 1

(RTD) 

(a) 
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~10–6 °C–1

19.14(b)

EMF

R K  (a)

K

K

E

K

r

I 

(b)

19.15 (a)
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r Ir

e.m.f.

E – Ir = V
E = V + Ir (19.19)

19.15

(b)

Vab = E + Ir

19.15 (c) 

 Vab = E – Ir

e.m.f.

–

–

–

e.m.f.

 19.8

0.5 A 20 V

2.0 A 16 V 

 :

E, r I 

Ir

19.15 (b)

19.15(c)
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V = E – Ir

I = 0.5 A, V = 20 V 

20 = E – 0.5 r (i)

I = 2.0 A, V = 16 V 

16 = E – 2r (ii)

(i), (ii)

2 E – r = 40

E – 2r = 16

E = 21.3 V and r = 2.67

spectroscopy

(i)

: 
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A  A

I = I1 + I2 + I3

I – (I1 + I2 + I3) = 0      (19.20)

(ii)

e.m.f

IR = E (19.21)

Electrical network A D C B A

I1R1 – I2R2 = E1 – E2
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DHGCD 

I2R2 + (I1 + I2) R3 = E2

 AHGBA 

I1R1 + I3 R3 = E1

D   I1 + I2 = I3

 19.9

I1, I2, I3

 :

C, 

I1 + I2 – I3 = 0 (i)

 ACDBA  GCDFG 

5I1 + 2I3 = 12 (ii)

3I2 + 2I3 = 6 (iii)

(ii) (iii)  

5I1 – 3I2 = 6 (iv)

(i)  2 (ii) 

7I1 + 2I2 = 12 (v)

(iv)  2 (v)  3 

31I1 = 48

I1 = 1.548 A

 (v) 

I2 = 0.582 A
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(i) 

I3 = I1 + I2 = 2.13 A

19.7.1 

(i) P, Q  AB, BC 

(ii) R 

(iii) S 

(iv) BD K2   G 

(v) AC K1  E 

K1 K2 G

B, D

(i) D B B D

(ii) D B D
B 

(iii) B, D
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P  R B, D

I1P = I3R (19.22)

I1 = I2 + IG

I4 = I3 + IG (19.23)

B, D (IG = 0)

I1 = I2

I3 = I4 (19.24)

 Q S 

I2Q = I4S (19.25)

(19.22) (19.25) 

31

2 4

I RI P =
I Q I S (19.26)

(19.24) 

P R=
Q S (19.27)

(19.27) S 

QRS =
P

In Fig. 19.19 the resistances are named as P, Q, R, S. In most textbooks follows same
notation. If the positions of resistances P, Q, R, S are not properly placed as shown in
Fig. 19.19. If they are placed differently, then the condition for bridge balance

P R=
Q S

19.19 (P, Q, R, S)  (19.27)

PS = RQ
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P R=
Q S

Instead of resistances if four capacitances are connected in Wheatstone bridge, then
bridge is balanced if the product of opposite arm reactances are equal.

(i) (19.27) V

e.m.f.

(ii)

 19.10

50

19.20 R

 : 50

 50 

20 40=
10 R

40 × 10R = = 20Ω
20

1. AB, AD, BD 
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2.

 I1, I2, I3

A, B K CD

l  E

A

I AB 
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VAB = RI

r

k

R = rl

E = kl

Ek =
l

l1 

1 1 1
EV = kl l
l

        (19.28)

V A

K V > E

E (> V)

K, K1 A,  B 

K1 A B Y' AY

V V AY'XA 

AY'

AY''

V  Y''

AY'' AY'

Y' Y'' Y

AY V 

X, Y 

A, Y l1 

1
1

EV = k ll
l

 (19.29)
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V

19.8.3   

E1, E2

K1 E1

E E1, E2

Y1 

AY1 = l1

K2 E2

Y2 

AY2 = l2

E1 = kl1   E2 = kl2

k AB potential gradient

1 1

2 2

E =
E

l
l (19.30)

19.8.4

E1, E2
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E1 ‘r’

R 

K1 

K K

AB I 

K1

E1 Y1

AY1 = l1

E1 = kl1 (19.31 a)

K1 E

E1RK1E1 I1 

1
1

EI =
R + r

r V1 E1 I1r 

V1 

1
1 1

EV = I R = R
R + r

V1 I 

Y2

AY2 = l2. 

V1 = kl2 (19.31 b)

19.31 a, b

1 1

1 2

E R + r=
V R

l
l


1

2

r = R 1l
l

 
 

 
(19.32)

R1, l1, l2,  r 
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19.11

5 m e.m.f.

100 cm 7 m 

 :
 E 5 m 

1
1

Ek = Vm
5



7 m 

1
2

Ek = Vm
7



l2  

1 2 2 2
EE = k
7

l l

2
E E=
5 7

l

 l2 = 7 / 5 = 1.4 m

electron gas 106 ms–1

x x



133

-2

10–4 ms–1

106 ms–1

e m E eE

e=
m
Ea



d
ev = τ
m
E

19.4

dI = neAv

  
eE= neA τ
m



  
2Ane E= τ

m


VE =
r

 
 
 

 

2ne A VI = + τ
m l

(19.33)

 2

V m= = R
I ne τ A

l
(19.34)

19.34
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19.9

2

1 mρ = =
σ ne τ (19.35)

‘t’ ‘R’ ‘i’ ‘q’ 

‘V’ ‘q’ 

W = qV

 qi =
t

  q = it  q and current i are related to each other by .

W = V it.

 V = iR.

2
2 VW = Vit = i Rt = t

R

(J).

2
2 VW = Vit = i Rt = t

R

R 

a b
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 Q

ΔU ΔQ= V = VI
Δt Δt (19.36)

I V 

R 

P = VI

V = IR, 

P = I2R = V2/R (19.37)

SI (W).

(i) 

(I), (ii) (R) (R) (t)

Q = I2 Rt, 

 19.12

220 V 60W 

 :    I = 
P
V   


60 W 3= = = 0.27 A
220 V 11

VR =  
I

   
220 V=
3/11A

   
220 11 807

3


   

60 J 60 Wh.

60 × 24 = 1440 Wh
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= 1.440 kWh

1.

2. 20° C 30 40° C 16 

3. 5.0 V R 4.5

a, b 3.0 V 

r 

4. A 45 cm 
1.02 V 

30 cm E 

5. E1, E2 

E1, E2 30 cm , 45 cm E2 = 3.0
V E1 

6. 500 0.30 A

7.
40 W, 220 V 100 W, 220 V 220 V 

A 
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V
I R  .

P, Q, R

P R=
Q S

 d
eEv = τ.
m



2
2 Vp = VI = I R = .

R

1.

2.
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3.

4.

5.

6.

7.

8. R1, R2, R3 (i)  (ii) 

9. e.m.f.

10.

11.

12.

13.

14. e.m.f.

15.

16. 1 m 0.1 mm 100

17. 4 m 1 mm2 2 A 

1029

18. 30
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19. 6.0 V 1 

5.8 V 

20.

I R 

21.

22.

(a)  R 

(b)  AB, DC 

19.1

1. (a)  

(b)  

2.

= 2 × 10–8 m

3.
V 8 800R = = = = 53.3Ω
I 0.15 15

4
4

4

800 2 10P 800 3R = ρ ρ 35.5 10 m
A 15 15 32 10
l 
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4.

5.
17 19

3n e 5 10 1.6 10qI = = A 0.8 10 A = 0.8 mA
τ t 1


  

  

19.2

1.

2. Voltage stablizer

3.
2 3

1 4
2 3

R RR = R + + R
R + R

   
10= 2 +  7
3



   = 12.3 

4.

19.3

1.
P 6 1= =
Q 12 2   

R 3 1= =
S 6 2

P R=
Q S



Hence VB = VD I2 = 0

1
V 12 2I = = = A
R 18 3

1
12 4I I = = A
9 3



2. ABCDA 

2I1 + 4I1 + 3I3 = 24

6I1 + 3I3 = 24 ... (1)  2I1 + I3 = 8 ..... (1)
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DCEFD 

–3I3 + 6I2 = 12  2I2 – I3 = 4 ..... (2)

D 

I2 + I3 = I1

(1) 

2I2 + 3I3 = 8

2I2 – I3 = 4

4I3 = 4

I3 = 1A

(2) 

2I2 = 5  I2 = 2.5 A

19.4
1. V = E – Ir

I  V 

2. R20 = R0 (1 + 20 )

R40 = R0 (1 + 40 )

40

20

R 1 + 40α=
R 1 + 20 α

1 + 40α 30.16 0.16= = 1 +
1 + 20α 30 30

20α 0.161 + = 1 +
1 + 20 α 30

On cross-multiplication, we get 600  = 0.16 + 3.2 

4 10.16α 2.67 10 K
600

   

3.
V 3 30 2I = = = = A
R 4.5 45 3

2V =  E Ir 3 = 5 r
3

  

2 3r 3
2
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4.
2 2

1
1 1 1

E 1.02 30 3E 0.51 1.53V
E E 45 2

l
l

      

5.
2 2

1 1

E
E

l
l



1E 2=
3 3

E1 = 2 V

6. P = I2R

= 0.3 × 0.3 × 500

= 45 W.

7. 1
P 40 2I = I = = A
V 220 11

   2
100 5I A
220 11

 

2

1
V 220 220R , R 1210
P 40


    

2
220 220R 484

100


  

16. 3.14 × 10–6 m

17. 32 ms.

18. (i) 90

(ii) 10

(iii) 45

(iv)
20

19. 29

20. I = 1A, R = 12

22. (a) R = r = 1 (b) I = 2.5 A
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uÛÖ‹ø£XÊg+ $uÛ≤>∑+-2

|ü]#·j·T+
Äy˚•‘· ø£&û¶\T ˇø£<ëìø=ø£{Ï ˝Ò<ë ∫qï ø±–‘·+ eTTø£ÿ\qT @$<Ûä+>± Äø£]¸+#·T≈£î+{≤jÓ÷ Ç+‘·≈£î

eTT+<äT n<Ûë´j·T+˝À ‘Ó\TdüT≈£îHêïs¡T. ãVüQXÊ MTs¡T nj·TkÕÿ+‘·+‘√ Ä&ÉT≈£îH˚ ñ+{≤s¡T. ÇqT|ü eTTø£ÿ\qT
Äø£]¸+#˚ <Ûäsêàìï ø£*– ñqï |ü<ësêú\T. Áø°.|üP.600 ˝ÀH˚ Á^≈£î ‘·‘·Ô«y˚‘·Ô\≈£î nj·TkÕÿ+‘·+ nH˚ <äè–«wüj·T+
>∑T]+∫ ‘Ó\TdüT. e÷>∑ïf…Æ{Ÿ (Fe3O4) nqã&˚ ø=ìï sêfi¯ófl ÇqT|ü eTTø£ÿ\qT Äø£]¸kÕÔj·Tì yês¡T >∑eTì+#ês¡T.
Á|üø£è‹ dæ<ä∆+>± \uÛÑ´eTe⁄‘·Tqï e÷>∑ïf…Æ{Ÿ eTTø£ÿ\qT düVü≤» nj·TkÕÿ+‘ê\ì n+{≤s¡T. e÷¬>ï{Ÿ nH˚
|ü<ä+ nj·TkÕÿ+‘· <Ûë‘·Te⁄\qT ø£qTø=ÿqï Á^dt<˚X¯+˝Àì ªyÓT^ïwæj·÷μ B«|ü+ ù|s¡T MT<ä e∫Ã+~.

\øå±´\T
á bÕsƒ¡+ #·~$q ‘·s¡Tyê‘· MTs¡T á øÏ+~ $wüj·÷\T ‘Ó\Tdü≈£î+{≤s¡T.

 nj·TkÕÿ+‘ê\T n+fÒ @$T{Ï? yê{Ï <Ûäsêà\T

 nj·TkÕÿ+‘· πøåÁ‘· ìs¡«#·q+, nj·TkÕÿ+‘· πøåÁ‘· πsK\T

 y˚˝≤&ÉBdæq nj·TkÕÿ+‘· (&Ó’b˛˝Ÿ)ô|’ @ø£Ø‹ nj·TkÕÿ+‘· πøåÁ‘· Á|üuÛ≤e+ >∑T]+∫

 nj·TkÕÿ+‘· n_ÛyêVü≤+, nj·TkÕÿ+‘· πøåÁ‘· Áù|s¡D\ ìs¡«#·q+, yê{Ï Á|üe÷D≤\T

 nj·TkÕÿ+‘·‘·«+˝À >±dt ìj·TeT+

 nj·TkÕÿ+rø£s¡D, nj·TkÕÿ+‘· rÁe‘·\ ìs¡«#·q+

 $$<Ûä nj·TkÕÿ+‘· |ü<ësêú\ nj·TkÕÿ+‘· <Ûäsêà\T

 uÛÑ÷ nj·TkÕÿ+‘· πøåÁ‘·+ eT÷\ sêX¯ó\T, yê{Ï eT<Ûä´ dü+ã+<Ûä+

 20.1   nj·TkÕÿ+‘ê\T, yê{Ï <Ûäsêà\T
@<Ó’Hê edüTÔe⁄ ÇqT|ü eTTø£ÿqT ( Ò̋<ë d”º̋ Ÿ Ò̋<ë ø√u≤˝Ÿº Ò̋<ë ì¬ø˝Ÿ) Äø£]¸+#·>∑*π> <Ûäsêàìï nj·TkÕÿ+‘·‘·«+

n+{≤s¡T. düVü≤» nj·TkÕÿ+‘·+ nH˚~ ÇqTeTT <Ûë‘·Te⁄ (Fe3O4).  Ç~ ÇqTeTT, ø√u≤˝Ÿº, ì¬ø˝Ÿ\ ∫qï
eTTø£ÿ\qT ‘·qyÓ’|ü⁄ Äø£]¸+#·Tø=+≥T+~. düVü≤» nj·TkÕÿ+‘ê\T ã\V”≤q+>± ñ+{≤s≠. ø±ì ÇqTe≠,
ñ≈£îÿ, ø√u≤\Tº e+{Ï |ü<ësêú\qT ø£èÁ‹eT nj·TkÕÿ+‘ê\T>± e÷s¡Ãe#·TÃ. Ç$ ã\eTs≠q, XÊX̄«‘· nj·TkÕÿ+‘ê\T.
ñ<ë: <ä+&ÜeTkÕÿ+‘·+, nj·TkÕÿ+‘· dü÷∫, >∑TÁs¡|ü⁄Hê&É nj·TkÕÿ+‘·+. düVü≤» ˝Ò<ë ø£èÁ‹eT nj·TkÕÿ+‘ê\ìï
ø=ìï <Ûäsêà\qT ø£*– ñ+{≤s≠. nj·TkÕÿ+‘ê\ e∂\ <Ûäsêà\ >∑T]+∫ MT≈£î ‘Ó*dæ ñ+&Ée#·TÃ, ø±ì
Çø£ÿ&É yê{Ïì eTs=ø£kÕ] >∑Ts¡TÔ #˚düT≈£î+<ë+.

20
nj·TkÕÿ+‘·‘·«+



nj·TkÕÿ+‘·‘·«+140

TOSS

1. ~XÊ <Ûäs¡à+ : ˇø£ ∫qï <ä+&Üj·TkÕÿ+‘·+qT ùd«#·Ã¤>± Á<äe´sê• πø+Á<ä+ >∑T+&Ü b˛j˚T nø£å+
yÓ+ã&ç ÁuÛÑeTD+ #˚ùd≥T¢ y˚˝≤&ÉBdæq|ü⁄&ÉT, n~ m|üÒ&É÷ uÛÑ÷$T ñ‘·Ôs¡ - <äøÏåD ~X¯\˝ÀH˚ $sêeT
dæú‹øÏ edüTÔ+~..

2. Äø£]¸+#˚ <Ûäs¡à+ : nj·TkÕÿ+‘· |ü<ësê∆\s≠q ÇqTe≠, ñ≈£îÿ, ø√u≤\Tº e≠ø£ÿ\qT nj·TkÕÿ+‘·+
Äø£]¸düTÔ+~. á e≠ø£ÿ\T nj·TkÕÿ+‘·+ ∫es¡\πø m≈£îÿe>± n+≥Tø=ì ñ+{≤s≠. nq>± nj·TkÕÿ+‘·+
∫es¡\ e<ä›, ∫es¡¢≈£î <ä>∑Zs¡>± ñqï _+<äTe⁄\ e<ä› Äø£s¡¸D ã\+ m≈£îÿe>± ñ+≥T+~. á
_+<äTe⁄\H˚ nj·TkÕÿ+‘· Á<ÛäTyê\ì n+{≤s¡T. ùd«#·Ã¤>± y˚˝≤&ÉBdæq nj·TkÕÿ+‘·+˝À uÛÑ÷ ñ‘·Ôs¡
~≈£îÿ yÓ’|ü⁄ #·÷ù| nj·TkÕÿ+‘· ∫es¡qT ñ‘·Ôs¡ Á<ÛäTeeTì, uÛÑ÷ <äøÏåD ~≈£îÿ yÓ’|ü⁄ #·÷ù| nj·TkÕÿ+‘·
∫es¡qT <äøÏåD Á<ÛäTeeTì n+{≤s¡T. eTq uÛÑ÷$T ≈£L&É ˇø£ nj·TkÕÿ+‘·+ ˝≤>± |üì#˚düTÔ+<äì
~XÊ, Äø£s¡¸D <Ûäsêà\T #Ó|ü⁄‘êj·÷ ? WqT, uÛÑ÷$T nj·TkÕÿ+‘·+ ˝≤>± |üì #˚düTÔ+~.

3. ¬s+&ÉT nj·TkÕÿ+‘ê\ $C≤‹
Á< Û ä Tyê\T ˇø £<ëìH=ø £{ Ï
Äø£]¸+#·T≈£î+{≤s≠, düC≤‹
Á< Û ä Tyê\T ˇø £<ëìH=ø £{ Ï
$ø£]¸+#·T≈ £î+{≤s≠ (|ü≥+
20.1)

4. nj·TkÕÿ+‘· Á<ÛäTyê\T m|üÒ&É÷
»‘·>∑÷&ç ñ+{≤s≠. Ä Á<ÛäTyê\T
y ˚s ¡ T # ˚j · Tã& Ée ⁄ . nq>±
nj·TkÕÿ+‘· ~«Á<ÛäTe+ nH˚ n‹
∫qï qe∂Hê nj·TkÕÿ+‘· πøåÁ‘êìï @s¡Œs¡TdüTÔ+~.

5. nj·TkÕÿ+‘·+ <ëìøÏ <ä>∑Zs¡>± ñ+∫q |ü<ës¡∆+˝À nj·TkÕÿ+‘·‘·«+qT Áù|s¡D #̊düTÔ+~. ˇø£ nj·TkÕÿ+‘êìï,
ÇqT|ü e≠ø£ÿ <ä>∑Zs¡≈£î ‘Ó∫Ãq|ü⁄&ÉT, n~ nj·TkÕÿ+‘êìøÏ <ä>∑Zs¡>± ñqï ∫es¡˝À e´‹πsø£  Á<ÛäTe+,
<ä÷s¡+>± ñqï ∫es¡˝À düC≤‹ Á<ÛäTe+qT bı+<äT‘·T+~. á <äè–«wüj·÷H˚ï nj·TkÕÿ+‘· Áù|s¡D
(magnetic induction) n+{≤s¡T.

 20.2   nj·TkÕÿ+‘· πøåÁ‘·+ ã\πsK\T

nj·TkÕÿ+‘ê\T ˝Ò<ë nj·TkÕÿ+‘·+, ÇqT|ü e≠ø£ÿ\ eT<Ûä´ >∑\ nH√´q´ #·s¡´\T, yê{Ï Á|üuÛ≤e+ ø=+‘·
<ä÷s¡+ es¡≈£î ñ+≥T+<äì dü÷∫kÕÔs≠. nj·TkÕÿ+‘· πøåÁ‘·+ <ë«sê Bìì ns¡ú+ #˚düTø√e#·TÃ. nj·TkÕÿ+‘·+
#·T≥÷º ñ+&˚ @ ÁbÕ+‘·+˝À nsTT‘˚ ˇø£ nj·TkÕÿ+‘· dü÷∫ (Ç+ø√ nj·TkÕÿ+‘·+) {≤sYÿ (ã\+)≈£î ˝ÀqsTT
ˇø£ ì]›wüº ~X¯˝À $sêeT dæú‹øÏ edüTÔ+<√ Ä ÁbÕ+‘êìï nj·TkÕÿ+‘·πøåÁ‘·+ n+{≤s¡T. Bìï dü~XÊsê•  B
‘√ dü÷∫kÕÔs¡T.  BìH˚ nj·TkÕÿ+‘·πøåÁ‘·+ ˝Ò<ë nj·TkÕÿ+‘· Áù|s¡D n+{≤s¡T.  nj·TkÕÿ+‘· πøåÁ‘·+ ~X¯,

|ü≥+ 20.1 : ¬s+&ÉT nj·TkÕÿ+‘ê\ $C≤‹ Á<ÛäTyê\T ˇø£<ëìH=ø£{Ï
Äø£]¸+#·T≈£î+{≤s≠, düC≤‹ Á<ÛäTyê\T $ø£]¸+#·T≈£î+{≤s≠.
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|ü≥+ 20.2 : ¬s+&ÉT düe÷+‘·s¡ ‘·˝≤\ >∑T+&Ü yÓfi‚fl
nj·TkÕÿ+‘· ã\πsK\T

|ü]e÷D≤\T <äèXÊ‘·àø£+>± ‘Ó\|ü&ÜìøÏ πøåÁ‘· ã\πsK\qT ∫Árø£]+#·&É+ dü] ns≠q |ü<ä∆‹. nj·TkÕÿ+‘·
ã\πsK\T ø£*Œ‘· πsK\T. nj·TkÕÿ+‘· πøåÁ‘·+˝À ñ‘·Ôs¡ <Ûäèe+ #·*+#˚ |ü<∏ëìï nj·TkÕÿ+‘· ã\πsK ˝Ò<ë
πøåÁ‘· πsK n+{≤s¡T. nj·TkÕÿ+‘· πøåÁ‘êìï ã\πsK\ <ë«sê øÏ+~ $<Ûä+>± dü÷∫+#·e#·TÃ.

 nj·TkÕÿ+‘· πøåÁ‘·+ B ˝À @<Ó’Hê ˇø£ _+<äTe⁄ e<ä› πøåÁ‘· ~X¯ Ä _+<äTe⁄ >∑T+&Ü ^dæq nj·TkÕÿ+‘·
ã\πsK≈£î düŒs¡Ù πsK ~X¯˝À ñ+≥T+~.

 ã\πsK\≈£î \+ã+>± ñqï Á|üe÷D yÓ’XÊ\´ ‘·\+ >∑T+&Ü yÓfi‚fl ã\πsK\ dü+K´ πøåÁ‘· rÁe‘·≈£î
nqT˝Àe÷qTbÕ‘·+˝À ñ+{≤s≠. πøåÁ‘·+ B n~Ûø£+>± ñqï Á|ü<˚X¯+˝À ã\πsK\T <ä>∑Zs¡ <ä>∑Zs¡>±
ñ+{≤s≠— πøåÁ‘·+ ‘·≈£îÿe>± ñqï Á|ü<˚X¯+˝À ã\πsK\T <ä÷s¡ <ä÷s¡+>± ñ+{≤s≠.

 ¬s+&ÉT düe÷+‘·s¡ ‘·˝≤\T S1, S2 \ >∑T+&Ü
y Ófi ‚ fl ø=ìï ã\ πsK\qT | ü≥+ 20.2
#·÷|ædüT Ô+~. S1, S2 ‘·˝≤\ yÓ’XÊ˝≤´\T
düe÷q+, ø±ì S2 >∑T+&Ü yÓfi‚fl ã\πsK\ dü+K´
S2 >∑T+&Ü yÓfi‚fl ã\πsK\ dü+K´ ø£+fÒ m≈£îÿe.
ø±ã{Ïº Á|üe÷D yÓ’XÊ˝≤´ìøÏ, S1 >∑T+&Ü yÓfi‚fl
ã\πsK\ dü+K´, ◊2 >∑T+&Ü yÓfi‚fl ã\πsK\
dü+K´ ø£+fÒ m≈£îÿe. n+<äTe\¢ Ä
ÁbÕ+‘·+ #·T≥÷º ñqï nj·TkÕÿ+‘·
πøåÁ‘·+, Q ÁbÕ+‘·+ #·T≥÷º ñqï πøåÁ‘·+
ø £+fÒ ã\eTs≠q~ nì eTq+
#Ó|üŒe#·TÃ.

 Á|ü‹ nj·TkÕÿ+‘· ã\πsK ˇø£ dü+eè‘·
eÁø£+ (Closed curve). nj·TkÕÿ+‘·+
yÓ\T|ü\ ã\πsK\T, ñ‘·Ôs¡ Á<ÛäTe+
qT+&ç <äøÏåD Á<ÛäTyêìøÏ, nj·TkÕÿ+‘·+
˝À|ü\ Ç$ <äøÏåD Á<ÛäTe+ qT+&ç ñ‘·Ôs¡ Á<ÛäTyêìøÏ b˛‘ês≠ (|ü≥+ 20.3).

bÕsƒ¡+˝Àì Á|üX¯ï\T 20.1

1. MT≈£î ˇø£ nj·TkÕÿ+‘·+qT Ç#êÃs¡T. <ëì ñ‘·Ôs¡ Á<ÛäTyêìï @ $<Ûä+>± >∑T]ÔkÕÔs¡T.

2. MT≈£î ¬s+&ÉT düs¡«düe÷q+>± ø£ì|æ+#˚ ÇqT|ü <ä+&Ü\T Ç#êÃs¡T. n+<äT˝À ˇø£{Ï nj·TkÕÿ+‘·+.
á ¬s+&ç+{Ïì e÷Á‘·y˚T ñ|üjÓ÷–+∫, ¬s+&ç+{Ï˝À @~ nj·TkÕÿ+‘·+ nì MTs¡T m˝≤ >∑T]ÔkÕÔs¡T.

3. MT≈£î ˇø£ <ës¡+, ¬s+&ÉT <ä+&Üj·TkÕÿ+‘ê\T Ç#êÃs¡T. ¬s+&ÉT nj·TkÕÿ+‘ê\ Á<ÛäTyê\qT MTs¡T
>∑T]Ô+#·&ÜìøÏ ñ|üjÓ÷–+∫q |ü<ä∆‹ì $e]+#·+&ç.

|ü≥+ 20.3 : <ä+&Üj·TkÕÿ+‘·+ jÓ≠ø£ÿ nj·TkÕÿ+‘· πøåÁ‘·
ã\πsK\T.
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 20.3   nj·TkÕÿ+‘· πøåÁ‘·+ ã\πsK\T

düe÷q <ÛäèX¯dü‘·«+ ø£*–q ¬s+&ÉT e´‹πsø£ nj·TkÕÿ+‘· <Ûäèyê\T ø=+‘· <ä÷s¡+‘√ y˚s¡T#˚j·Tã&çq
neT]ø£H̊ nj·TkÕÿ+‘· ~«<Ûäèe+ n+{≤s¡T. ˇø£ ∫qï <ä+&Üj·TkÕÿ+‘êìï nj·TkÕÿ+‘· ~«<Ûäèe+>± |ü]>∑DÏ+#·e#·TÃ.

l bı&Ée⁄ m <Ûäèedü‘·«+ >∑\ ˇø£ ∫qï <ä+&Üj·TkÕÿ+‘êìï (N-S) @ø£Ø‹ nj·TkÕÿ+‘·πøåÁ‘·+˝À B˝À
πøåÁ‘êìøÏ  ø√D+ #˚ùd˝≤ ñ+#ês¡T. <ä+&Üj·TkÕÿ+‘· ñ‘·Ôs¡<Ûäèe+ô|’ nj·TkÕÿ+‘·πøåÁ‘·+ e\¢ ø£*π> ã\+
(mIB) nj·TkÕÿ+‘·πøåÁ‘· ~X¯˝À |üì#˚ùdÔ, <äøÏåD<Ûäèe+ô|’ ø£*π> ã\+ (mIB) πøåÁ‘·~X¯≈£î e´‹πsø£ ~X¯.
~X¯˝À |üì#˚düTÔ+~. á ¬s+&ÉT ã˝≤\T düe÷q+ eT]j·TT e´‹πsø£ ~X¯˝À¢ ñ+{≤sTT. Bì |òü*‘·+>± ˇø£
ã\j·TT>∑à+ ˝Ò<ë |ü⁄q'kÕú|üø£ {≤sYÿ () @s¡Œ&ÉT‘·T+~.

|ü⁄q'kÕú|üø£ {≤sYÿ ªμ = ¬s+&ÉT ã˝≤\ eT<Ûä´ \+ã<ä÷s¡+ × ã\+

|ü≥+. 20.4 qT+∫, ñ‘·Ôs¡ ` <äøÏåD <Ûäèyê\ô|’ |üì#˚ùd ã˝≤\ eT<Ûä´ \+ã<ä÷s¡+  l sin  ø±ã{Ïº,

 = (l sin ) × (m B)
= (ml) B sin  (20.1)

Çø£ÿ&É <Ûäèedü‘·«+, <ä+&Üj·TkÕÿ+‘ê\ \u≤∆ìï nj·TkÕÿ+‘· ÁuÛ≤eTø£+ n+{≤s¡T. Bìì  M (= ml).
‘√ dü÷∫kÕÔs¡T. n+<äTe\¢ ô|’ düMTø£s¡D≤ìï øÏ+~ $<Ûä+>± sêj·Te#·TÃ.

= MB sin  (20.2)

dü~XÊs¡÷|ü+˝À,

τ = M × B
  

(20.3)

á |ü⁄q'kÕú|üø£ {≤sYÿe\¢, nj·TkÕÿ+‘·+˝À X¯øÏÔ ì\« ne⁄‘·T+~. nj·TkÕÿ+‘· dæú‹»X¯øÏÔøÏ düMTø£s¡D+qT
øÏ+~ $<Ûä+>± Çe«e#·TÃ.

mU = MB sin θ dθ
Um = –MB cos  (20.4)

|ü≥+. 20.4 : B nj·TkÕÿ+‘· Áù|s¡D >∑\ @ø£Ø‹ nj·TkÕÿ+‘· πøåÁ‘·+˝À y˚\&ÉBdæq ˇø£ ∫qï

<ä+&Üj·TkÕÿ+‘·+.
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ô|’ düMTø£s¡D≤ìï ã{Ïº = 0° (n‘·´+‘· dæús¡kÕúq+) e<ä› dæú‹»X¯øÏÔ ø£ìwü˜+>± (= –MB) , = 180°
(n‘·´+‘· ndæús¡ kÕúq+) e<ä› dæú‹»X¯øÏÔ (= +MB) >∑]wü˜+>± ñ+≥T+<äì ‘Ó\Tk˛Ô+~.

 20.4   nj·TkÕÿ+‘· n_ÛyêVü≤ø£+ (B), nj·TkÕÿ+‘·πøåÁ‘· Áù|s¡D (B)

nj·TkÕÿ+‘·πøåÁ‘·+˝À ñ+∫q ˇø£ dü+eè‘· ñ|ü]‘·\+ >∑T+&Ü yÓfi‚fl nj·TkÕÿ+‘·  πøåÁ‘· (ã\) πsK\qT
Ä yÓ’XÊ\´+ >∑T+&Ü nj·TkÕÿ+‘· n_ÛyêVü≤+ (B) n+{≤s¡T. Ç~ ˇø£ n~XÊsê•. n_ÛyêVü‰ìøÏ SI Á|üe÷D+
yÓãsY.

nj·TkÕÿ+‘·πøåÁ‘· Áù|s¡DqT ≈£L&Ü nj·TkÕÿ+‘·
ã\πsK\ |üs¡+>± ìs¡«∫+#·e#·TÃ. nj·TkÕÿ+‘·πøåÁ‘·+˝À
ã\πsK\≈£î ã\+>± ñ+∫q @ø±+ø£ yÓ’XÊ\´+ >∑T+&Ü
yÓfi‚fl ã\πsK\ dü+K´ nj·÷kÕÿ+‘· Áù|s¡D |ü]e÷D+
˝Ò<ë nj·TkÕÿ+‘· n_ÛyêVü≤ kÕ+Á<ä‘· Bì ÇdüTÔ+~.
nj·TkÕÿ+‘·Áù|s¡D  SI Á|üe÷D+ yÓãsY / (MT≥sY)2

˝Ò<ë f…kÕ¢ (T).

nj·TkÕÿ+‘·πøåÁ‘·+˝À πøåÁ‘·πsK\T #ê˝≤ <ä>∑Zs¡>± ñ
qïf…¢ Ì‘˚ Ä Á|ü<˚X¯+˝À nj·TkÕÿ+‘·Áù|s¡D n~Ûø£+>±
ñ+≥T+~. πøåÁ‘·πsK MT<ä @ _+<äTe⁄ e<ä› ^∫q düŒs¡ÙπsK nsTTHê Ä _+<äTe⁄ e<ä› nj·TkÕÿ+‘·Áù|s¡D
(B) ~X¯qT ÇdüTÔ+~. yêdüÔe+>±, nj·TkÕÿ+‘·πøåÁ‘·πsK\T nH˚$ n+‘·sêfi¯+˝À ˇø£ ìj·T$T‘· ÁbÕ+‘·+˝À
nj·TkÕÿ+‘· Áù|s¡D (B) @$<Ûä+>± e÷s¡T‘·T+<√ (<Ûäèyê\ e<ä› n~Ûø£+>±) ‘Ó\T|ü⁄‘êsTT. Çø£ÿ&É ñ|ü]‘·\yÓ’XÊ˝≤´ìï
ˇø£ dü~X¯>± |ü]>∑DÏ+#·&ÉyÓTÆ+~. BìH˚ ñ|ü]‘·\ dü~X¯  A

  n+{≤s¡T. Bì ~X¯ ñ|ü]‘·˝≤ìøÏ u≤Vü≤´~X¯˝À
^∫q \+ã+ ~X¯˝À ñ+≥T+~.

>∑DÏ‘ê‘·àø£+>±, B nj·TkÕÿ+‘·Áù|s¡D >∑\ πøåÁ‘·+˝À A yÓ’XÊ\´+ >∑T+&Ü nj·TkÕÿ+‘· n_ÛyêVü‰ìï
øÏ+~ $<Ûä+>± ìs¡«∫kÕÔs¡T.

B = B . A = BAcosθ


(20.5)

 20.5   nj·TkÕÿ+‘·‘·«+ ` >±dt ìj·TeT+

|ü≥+ 20.6˝À #·÷|æq≥T¢ dü+eè‘· ñ|ü]‘·\+ A≈£î #Ó+~q ˇø£ ∫qï yÓ’XÊ\´ dü~XÊ eT÷\ø£+  ΔA


qT rk˛ÿ+&ç. ΔA


 >∑T+&Ü nj·TkÕÿ+‘· n_ÛyêVü≤+ B nqTø√+&ç. n|üÒ&ÉT nj·TkÕÿ+‘· n_ÛyêVü‰ìï

B . A,B  
 

 >± ìs¡«∫kÕÔs¡T. Çø£ÿ&É B
  nH˚~ ΔA

  e<ä› nj·TkÕÿ+‘·πøåÁ‘·+. dü+eè‘· ñ|ü]‘·\ yÓ’XÊ\´+

A qT nH˚ø£yÓTÆq ∫qï yÓ’XÊ\´eT÷\ø±\T (ΔA


 \T>±) >± $uÛÑõ+#·&ÉyÓTÆ+~ ø±ã{Ïº, dü+eè‘· ñ|ü]‘·\
yÓ’XÊ\´+ A >∑T+&Ü yÓTT‘·Ô+ n_ÛyêVü‰ìï Á|ü‹ ˇø£ÿ<ëì >∑T+&Ü ñ+&˚ n_ÛyêVü‰\ yÓTT‘·Ô+>± sêj·Te#·TÃ.

|ü≥+. 20.5 : B nj·TkÕÿ+‘·Áù|s¡D >∑\ πøåÁ‘·+˝À

ñ+∫q yÓ’XÊ\´+ A >∑T+&Ü nj·TkÕÿ+‘· n_ÛyêVü≤+

A ≈£î n_Û\+ã+
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(a): π̌ø s¡ø£yÓTÆq ¬s+&ÉT nj·TkÕÿ+‘ê\qT |üø£ÿ|üø£ÿH˚
ñ+∫q|üÒ&ÉT dü+j·TTø£Ô nj·TkÕÿ+‘·+

|ü≥+. 20.7

(b) ˇπø s¡ø£yÓTÆq ¬s+&ÉT nj·TkÕÿ+‘ê\qT ∫es¡\T
‘êπø˝≤ ñ+∫q|üÒ&ÉT dü+j·TTø£Ô nj·TkÕÿ+‘·+

n|üÒ&ÉT ìø£s¡ n_ÛyêVü≤+

B B . A  
 

nìï y’ÓXÊ\´
eT÷\ø±\T

(20.6)

nj·TkÕÿ+‘·πøåÁ‘· πsK\T n$∫Ã¤qï \÷|t\T ø±ã{Ïº,
nìï dü+eè‘· ñ|ü]‘·̋ ≤\ >∑T+&Ü mìï nsTT‘̊ ã\πsK\T
˝À|ü*øÏ edüT Ô+{≤jÓ÷ nìï ã\πsK\T ãj·T{ÏøÏ
b˛‘·T+{≤sTT. n+<äTe\¢, ˇø£ dü+eè‘· ñ|ü]‘·\+ >∑T+&Ü
ìø£s¡ n_ÛyêVü≤+ düTHêï.

B B . A 0   
 

nìï yÓ’XÊ\´
eT÷\ø±\T

(20.7)

Ç~ nj·TkÕÿ+‘·‘·«+˝À >±dt ìj·Te÷ìøÏ düe÷q+. ø±ã{Ïº ª@ dü+eè‘· ñ|ü]‘·\+ <ë«sê nsTTHê
ñ+&˚ ìø£s¡ nj·TkÕÿ+‘· n_ÛyêVü≤+ düTHêïμ nìï nj·TkÕÿ+‘·‘·«+˝À >±dt ìj·TeT+ ‘Ó\T|ü⁄‘·T+~.

nj·TkÕÿ+‘·‘·«|ü⁄ >±dt ìj·TeT+, dæús¡ $<äT´‘Y≈£î #Ó+~q >±dt ìj·TeT+\ eT<Ûä´ uÛÒ<ä+ @eT+fÒ `
$$ø£Ô (@ø±+ø£) nj·TkÕÿ+‘· <Ûäèyê\T (@ø£<Ûäèyê\T) ñìøÏì ø£*– ñ+&É≥eTH˚~ eTq≈£î ‘Ó*j·T<äT. nH˚
dü‘ê´ìï Á|ü‹+_+#˚~. BøÏ »qø±\T >±˙, dæ+ø˘\T>±˙ ˝Òe⁄— ø±ã{Ïº n‘·´+‘· düs¡fi¯yÓTÆq nj·TkÕÿ+‘·
eT÷\ø£+ nH˚~ ˇø£ ~«<Ûäèe+ ˝Ò<ë ˇø£ $<äT´‘·«yêVü≤ \÷|t.  nìï nj·TkÕÿ+‘· <äè–«wüj·÷\qT á
~«<Ûäèyê\ ˝Ò<ë / eT]j·TT $<äT´‘·«yêVü≤ \÷|t\ neT]ø£ |üs¡+>± $e]+#·e#·TÃ.

 20.6   nj·TkÕÿ+rø£s¡D+, nj·TkÕÿ+‘· rÁe‘·

ˇø£ ÇqT|ü eTTø£ÿqT nj·TkÕÿ+‘·πøåÁ‘·+˝À ñ+∫q|üÒ&ÉT n~ nj·TkÕÿ+rø£s¡D+ #Ó+<äT‘·T+~. πøåÁ‘·
dü‘ê«ìï ã{Ïº nj·TkÕÿ+‘·‘·« kÕúsTT ˝Ò<ë nj·TkÕÿ+rø£s¡D+ #Ó+<ä&É+ ñ+≥T+~. ø±ã{Ïº ˇø£ |ü<ës¡ú+
m+‘·es¡≈£î nj·TkÕÿ+rø£s¡D+ #Ó+~+~ nì e]í+#·&ÜìøÏ ˇø£ sê• nedüs¡+.

ˇπø <Ûäèedü‘·«+ m, bı&Ée⁄ l ø£*– — ˇπø ôd’E, Äø±s¡+ ø£*–q ¬s+&ÉT <ä+&Üj·TkÕÿ+‘ê\qT rdüTø√+&ç.
á ¬s+&ç+{Ïì |ü≥+. 20.7 (a) ˝À #·÷|æq≥T¢ |üø£ÿ|üø£ÿH˚ ñ+∫q|üÒ&ÉT <Ûäèedü‘ê«\T dü+ø£\q+ #Ó+~
nj·TkÕÿ+‘· ÁuÛ≤eTø£+ [M = (2m)l = 2 (ml)] $&ç nj·TkÕÿ+‘·+ jÓTTø£ÿ ÁuÛ≤eTø±ìøÏ ¬s{Ïº+|üe⁄‘·T+~.

|ü≥+. 20.6 : <ä+&Üj·TkÕÿ+‘·+ jÓTTø£ÿ πøåÁ‘·πsK\T
` dü+eè‘· ñ|ü]‘·\yÓ’XÊ\´+ A.
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¬s+&ÉT nj·TkÕÿ+‘ê\qT |ü≥+. 20.7 (b)˝À #·÷|æq≥T¢, ∫es¡\T ‘êπø˝≤ ñ+∫q|üÒ&ÉT Ädüqï <Ûäèyê\T
s¡<ä›sTT, bı&Ée⁄\T dü+ø£\q+ #Ó+<äT‘êsTT. n|üÒ&ÉT nj·TkÕÿ+‘· ÁuÛ≤eTø£+  M = m (2l) = 2 (ml) nsTT,
$&ç nj·TkÕÿ+‘·+ jÓTTø£ÿ ÁuÛ≤eeTø±ìøÏ ¬s{Ïº+|üe⁄‘·T+~. ø±ã{Ïº düŒwüº+>± ‘Ó*ùd~ @eT+fÒ yÓTT‘·Ô+ nj·TkÕÿ+‘·
ÁuÛ≤eTø£+ $&ç$&ç nj·TkÕÿ+‘ê\ ÁuÛ≤eTø±\ yÓTT‘êÔìøÏ düe÷qeTe⁄‘·T+~.

á ñ<ëVü≤s¡D˝À¢, |òüTq|ü]e÷D≤ìï ¬s{Ïº+|ü⁄ #˚j·T&É+ <ë«sê nj·TkÕÿ+‘· ÁuÛ≤eTø£+ ¬s{Ïº+|üe⁄‘·T+~.
ø±ì @ø±+ø£ |òüTq|ü]e÷D≤ìøÏ nj·TkÕÿ+‘· ÁuÛ≤eTø£+ e÷s¡˝Ò<äT. ø±ã{Ïº nj·TkÕ +jø£‘ê\T m+‘·es¡≈£î
nj·TkÕÿ+rø£s¡D+ #Ó+<ëjÓ÷ ‘Ó*ù| sê•ì nj·TkÕÿ+rø£s¡D rÁe‘· (I) n+{≤s¡T. Ò̋<ë BìH̊ nj·TkÕÿ+rø£s¡D+
n+{≤s¡T. n+<äTe\¢, øÏ+~ düe÷kÕìï sêj·Te#·TÃ.

nj·TkÕÿ+rø£s¡D = yTÓ T‘Ô+·  njT· kÕÿ+‘ · Áu≤Û eTø+£
|òüTq|]ü e÷D+

MI =
V (20.8)

Çø£ÿ&É V nH˚~ |òüTq|ü]e÷D+, M nH˚~ yÓTT‘·Ô+ nj·TkÕÿ+‘· ÁuÛ≤eTø£+.

M = ml.

ô|’ düMTø£s¡D+ qT+∫,
m m mI =  = =
V A × A

l l
l (20.9)

Çø£ÿ&É A nH˚~ nj·TkÕÿ+‘·+ eT<Ûä´#˚Ã¤<ä yÓ’XÊ\´+. ø±ã{Ïº @ø±+ø£ eT<Ûä´#˚Ã¤<ä yÓ’XÊ\´ìøÏ >∑\ <Ûäèedü‘ê«ìï
nj·TkÕÿ+rø£s¡D (I) ≈£î eTs√ ìs¡«#·q+>± #Ó|üŒe#·TÃ.

nj·TkÕÿ+‘· ÁuÛ≤eTø£+ (M)≈£î CGS Á|üe÷D≤\T ,
msZY

njT· sYôdŒ&é
 ø±ã{Ïº nj·TkÕÿ+rø£s¡D (I) ≈£î

Á|üe÷D≤\T 3

msZY
njT· sôY dŒ&é̀ (ôd+MT) ne⁄‘·T+~.

nj·TkÕÿ+rø£s¡D (I) ≈£î SI Á|üe÷D+ 
Ä+|jæ T· sY
MT≥sY

.

|ü<ësêú\ nj·TkÕÿ+‘· <Ûäsêà\qT e]í+#·&ÜìøÏ øÏ+<ä ‘Ó*|æq $<Ûä+>± eT]ìï |ü<ë\T nedüs¡+. ˇø£
|ü<ësêúìï nj·TkÕÿ+rø£s¡D+ #Ó+~+#·&ÜìøÏ nj·TkÕÿ+‘· πøåÁ‘êìï nqTe]Ô+#·&É+ »s¡T>∑T‘·T+~.  |ü<ësêú\
>∑T+&Ü nj·TkÕÿ+‘·πøåÁ‘ê\T Á|üj·÷DÏ+#˚≥|üÒ&ÉT, |ü<ësêú\T ≈£L&Ü yê≥+‘·≥ ny˚ n+‘·s¡ nj·TkÕÿ+‘·
πøåÁ‘ê\qT ø£\T>∑CÒkÕÔsTT. nsTT‘˚ Çø£ÿ&É |òü*‘· nj·TkÕÿ+‘·πøåÁ‘·+˝À @ uÛ≤>∑+ u≤Vü≤´ nj·TkÕÿ+‘· πøåÁ‘·+
e\¢ edüTÔ+~. @ uÛ≤>∑+ |ü<ës¡ú+ e\¢ ø£*π> πøåÁ‘·+ e\¢ edüTÔ+~. nH˚ ˇø£ njÓ÷eTj·T |ü]dæú‹ ø£\T>∑T‘·T+~.
n+<äTe\¢ eTq+ eTs=ø£ nj·TkÕÿ+‘·πøåÁ‘· sê•ì ìs¡«∫kÕÔeTT. BìH̊ nj·TkÕÿ+‘·πøåÁ‘· rÁe‘· Ò̋<ë nj·TkÕÿ+rj·T
ã\+ n+{≤s¡T. Bìì H ‘√ dü÷∫kÕÔs¡T. Bìï øÏ+~ $<Ûä+>± ìs¡«∫kÕÔs¡T.
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0

B BH =  = M
μ μ

 (20.10)

Çø£ÿ&É nH˚~ j·÷qø£+ (|ü<ës¡ú+) ô|]àj·÷ì*{°. 0 nH˚~ X¯Sq´+ ˝Ò<ë ùd«#êÃ¤+‘·sêfi¯+ ô|]àj·T_*{°.
nj·TkÕÿ+‘·πøåÁ‘· rÁe‘· H nH˚~ |ü<ës¡ú+˝À u≤Vü≤´πøåÁ‘·+ e\¢ ø£*π> Á|üuÛ≤e+. Ç~ |ü<ës¡ú+ jÓTTø£ÿ nj·TkÕÿ+‘·
Á|ü‹düŒ+<äq MT<ä Ä<Ûës¡|ü&É<äT. n|üÒ&ÉT B øÏ øÏ+~ $<Ûä+>± ˇø£ dü+ã+<Ûëìï sêj·Te#·TÃ.

0B = μ (H + M) (20.11)

H, M \T ˇπø Á|üe÷D≤\T ø£*– ñ+{≤sTT. 
Ä+|jæ T· sY
MT≥sY

. Çø£ÿ&É  M qT |ü<ës¡ú+ jÓTTø£ÿ nj·TkÕÿ+rø£s¡D

n+{≤s¡T. H qT+∫ B qT eT]+‘· y˚s¡T|üs¡∫ #ÓbÕŒ\qT≈£îqï|üÒ&ÉT, H qT u≤Vü≤´ nj·TkÕÿ+‘·πøåÁ‘·+>±—
B qT πøåÁ‘·+˝À |ü<ësêú\ nj·TkÕÿ+‘· <Ûäsêà\ e\¢ ø£*π> nj·TkÕÿ+‘·πøåÁ‘·+ ≈£L&Ü ø£*– ñ+&˚ yÓTT‘·Ô+
nj·TkÕÿ+‘·πøåÁ‘·+>± uÛ≤$+#·e#·TÃ.

düMTø£s¡D+ 20.10˝À ì nj·TkÕÿ+‘· ô|]àj·T_*{° n+{≤s¡T. ˇø£ |ü<ës¡ú+ ‘·q >∑T+&Ü nj·TkÕÿ+‘·
πøåÁ‘· πsK\qT b˛ì#˚Ã kÕeTs¡ú´+>± Bìï ìs¡«∫kÕÔs¡T.

nj·TkÕÿ+‘· ô|]àj·T_*{° B(μ) =
H

(20.12)

|ü<ës¡ú+˝À Áù|]‘·yÓTÆq nj·TkÕÿ+rø£s¡D rÁe‘· (I)≈£î nqTe]Ô+∫q nj·TkÕÿ+‘· πøåÁ‘·+(H) øÏ eT<Ûä´>∑\
ìwüŒ‹Ôì düôd|æº_*{° n+{≤s¡T. Bìï   ‘√ dü÷∫kÕÔs¡T.

I=  
H

 (20.13)

düMTø£s¡D≤\T  20.12, 20.13 \ qT+∫, nj·TkÕÿ+‘· ô|]àj·T_*{°, düôd|æº_*{°\ eT<Ûä´ dü+ã+<Ûëìï
øÏ+~ $<Ûä+>± Çe«#·TÃ.

 = 0 (1 + ) (20.14)

Çø£ÿ&É 0 nH˚~ ùd«#êÃ¤+‘·sêfi¯+ ô|]àj·T_*{°. j·÷qø£+ (|ü<ës¡ú+) ô|]àj·T_*{°øÏ, ùd«#êÃ¤+‘·sêfi¯+
ô|]àj·T_*{°øÏ eT<Ûä´>∑\ ìwüŒ‹Ôì kÕù|ø£å ô|]àj·T_*{°  (r) n+{≤s¡T..

      kÕù|ø£å ô|]àj·T_*{° r
0

μ(μ ) =
μ (20.15)

 20.7   |ü<ësêú\ nj·TkÕÿ+‘· <Ûäsêà\T

nj·TkÕÿ+‘·πøåÁ‘·+˝À |ü<ësêú\ Á|ües¡ÔqqT ã{Ïº dü÷ú\+>± yê{Ïì eT÷&ÉT s¡ø±\T>± eØZø£]+#·e#·TÃ.
(i) nj·TkÕÿ+‘·+#˚ ã\V”≤q+>± $ø£]¸+#·ã&˚$ &Éj·÷ nj·TkÕÿ+‘· |ü<ësêú\T  (ii) nj·TkÕÿ+‘·+#˚ ã\V”≤q+>±
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Äø£]¸+#·ã&˚$ bÕsê nj·TkÕÿ+‘· |ü<ësêú\T (iii) nj·TkÕÿ+‘·+#˚ ã\+>± Äø£]¸+#·ã&˚$ ô|òÁs√ nj·TkÕÿ+‘·
|ü<ësêú\T. ÇqTeTT, ì¬ø˝Ÿ, ø√u≤˝Ÿº ˝≤+{Ï |ü<ësêú\T. ô|òÁs√ nj·TkÕÿ+‘· |ü<ësêú\T. Ç|üÒ&ÉT eTq+
eT]+‘· $es¡+>± |ü<ësêú\ nj·TkÕÿ+‘· <Ûäsêà\qT n<Ûä´j·Tq+ #˚<ë›+.

20.7.1 &Éj·÷ nj·TkÕÿ+‘· |ü<äsêú\T

&Éj·÷ nj·TkÕÿ+‘· |ü<ësêú\T nqTe]Ô+∫q nj·TkÕÿ+‘· πøåÁ‘· ~X¯≈£î e´‹πsø£+>± ã\V”≤q+>±
nj·TkÕÿ+rø£s¡D+ #Ó+<äT‘êsTT. ñ<ë: ã+>±s¡+, yÓ+&ç, sê–, Ä+{ÏyÓTTì, _düà‘Y, dæ*ø±Hé, bÕ<äs¡dü+,
˙s¡T, >±*, ôV’≤Á&√»Hé, HÓ’Á{À»Hé yÓTT<ä\>∑Tq$.

kÕ<Ûës¡D+>±, |üs¡e÷DTe⁄\ nj·TkÕÿ+‘· ÁuÛ≤eTø±\T, yê{Ï dü~XÊ yÓTT‘·Ô+ düTHêï nj˚T´˝≤ ~–«Hê´dü+
#Ó+~ ñ+{≤sTT. n˝≤+{Ï &Éj·÷ nj·TkÕÿ+‘· |ü<ësêúìï u≤Vü≤´ nj·TkÕÿ+‘· πøåÁ‘·+˝À ñ+∫q|üÒ&ÉT nqTe]Ô‘·
πøåÁ‘· ~X¯≈£î e´‹πsø£ ~X¯˝À |ü<ës¡ú+ n+‘·{ÏøÏ ìø£s¡ nj·TkÕÿ+‘· ÁuÛ≤eTø±ìï bı+<äT‘·T+~. &Éj·÷ nj·TkÕÿ+‘·
|ü<ësêú\ |üs¡e÷DTe⁄\T »‘·≈£L&Éì ˇ+≥] m\Áø±ºq¢qT ø£*– ñ+&Ée⁄.

n_Û\ø£åD≤\T

1. &Éj·÷ nj·TkÕÿ+‘· |ü<ësêú\T #ê˝≤ ∫qï<Ó’q, s¡TD düôd|æº_*{° $\Te\qT ø£*– ñ+{≤sTT.
ø±ã{Ïº m < 0.

2. &Éj·÷ nj·TkÕÿ+‘· |ü<ës¡ú+ |üs¡e÷DTe⁄\ nj·TkÕÿ+‘· ÁuÛ≤eTø±\T nqTe]Ô‘· πøåÁ‘·~X¯≈£î e´‹πsø£~X¯̋ À
neT] ñ+{≤sTT.

3. á |ü<ësêú\ |üs¡e÷DT nj·TkÕÿ+‘ê\T nj·TπøåÁ‘·+#˚ dü«\Œ+>± $ø£]¸+|üã&É‘êsTT.

4. &Éj·÷ nj·TkÕÿ+‘· |ü<ësêú\qT ndüeTØ‹ nj·TkÕÿ+‘·πøåÁ‘·+˝À ñ+∫q|üÒ&ÉT, ã\yÓTÆq πøåÁ‘·+
Á|ü<˚XÊ\ qT+&ç ã\V”≤q πøåÁ‘· Á|ü<˚XÊ\ yÓ’|ü⁄ #·*kÕÔsTT.

5. u≤Vü≤´πøåÁ‘êìï ‘=\–+#·>±H˚ n$ nj·TkÕÿ+‘· <Ûäsêà\qT ‘·eT˝À ì\T|ü⁄ø√˝Òe⁄.

6. á |ü<ësêú\ düôd|æº_*{° ñc˛íÁ>∑‘·ô|’ Ä<Ûës¡|ü&É<äT.

20.7.2  bÕsê nj·TkÕÿ+‘· |ü<ësêú\T

bÕsê nj·TkÕÿ+‘· |ü<ësêú\T nqTe]Ô‘· πøåÁ‘·~X¯˝À ã\V”≤q+>± nj·TkÕÿ+rø£s¡D+ #Ó+<˚$. ñ<ë:
n\÷´$Tìj·T+, bÕ¢{ÏqyéT, e÷+>∑˙dt, Áø√$Tj·T+, k˛&çj·T+, ø±*¸j·T+, *~∏j·T+, ≥+>¥düºHé, ìjÓTT_j·TyéT,
Äø°‡»Hé yÓTT<ä\>∑Tq$.

 bÕsê nj·TkÕÿ+‘· |ü<ësêú\˝À Á|ü‹ |üs¡e÷DTe⁄ XÊX¯«‘· nj·TkÕÿ+‘· ~«<Ûäèe ÁuÛ≤eTø£+ ø£*–
ñ+&˚˝≤ |üs¡e÷DTe⁄\ Ä]“{≤˝Ÿ eT]j·TT dæŒHé nj·TkÕÿ+‘· ÁuÛ≤eTø±\T ~–«Hê´dü+ #Ó+~ ñ+{≤sTT.
ñwüí#·\q+ (ø£+|üq+) e\¢ nj·TkÕÿ+‘· ÁuÛ≤eTø±\T j·÷<äè∫Ã¤ø£ ~–«Hê´kÕ\qT ø£*– ñ+{≤sTT. |òü*‘·+>±,
ìø£s¡ nj·TkÕÿ+‘· ÁuÛ≤eTø£+ düTHêï ne⁄‘·T+~. á |ü<ësêú\qT u≤Vü≤´ nj·TkÕÿ+‘· πøåÁ‘·+˝À ñ+∫q|üÒ&ÉT,
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Á|ü‹ |üs¡e÷DT nj·TkÕÿ+‘·+ πøåÁ‘·~X¯˝ÀøÏ neTπs˝≤ Á|üj·T‹ïdüTÔ+~. |ü<ësêú\T ìø£s¡ nj·TkÕÿ+‘· ÁuÛ≤eeTø±ìï
bı+~, nj·TkÕÿ+rø£s¡D+ #Ó+<äT‘êsTT.  bÕsê nj·TkÕÿ+‘· |ü<ësêú\ |üs¡e÷DTe⁄\T #ê˝≤ ‘·≈£îÿe>±
ˇ+≥] m\Áø±ºq¢qT ø£*– ñ+{≤sTT.

n_Û\ø£åD≤\T

1. bÕsê nj·TkÕÿ+‘· |ü<ësêú\T ∫qï<Ó’q, <ÛäHê‘·àø£ düôd|æº_*{°ì ø£*– ñ+{≤sTT. ø±ã{Ïº M{ÏøÏ
m > 0.

2. bÕsê nj·TkÕÿ+‘· |ü<ësêú\ |üs¡e÷DTe⁄\ nj·TkÕÿ+‘· ÁuÛ≤eTø±\T nqTe]Ô‘· πøåÁ‘·~X¯˝ÀøÏ neT]
ñ+{≤sTT.

3. á |ü<ësêú\ |üs¡e÷DT nj·TkÕÿ+‘ê\T nj·TkÕÿ+‘· πøåÁ‘·+ #˚‘· dü«\Œ+>± Äø£]¸+|üã&É‘êsTT.

4. bÕsê nj·TkÕÿ+‘· |ü<ësêú\qT ndüeTØ‹ nj·TkÕÿ+‘·πøåÁ‘·+˝À ñ+∫q|üÒ&ÉT, ã\V”≤q πøåÁ‘· ÁbÕ+‘ê\
qT+&ç ã\yÓTÆq πøåÁ‘· ÁbÕ+‘ê\≈£î #·*+#·&ÜìøÏ Á|üj·T‹ïkÕÔsTT.

5. u≤Vü≤´ nj·TkÕÿ+‘·πøåÁ‘êìï ‘=\–+#· >±H˚ á |ü<ësêú\T ‘·eT˝À nj·TkÕÿ+‘· <Ûäsêà\qT ì\Te⁄ø√˝Òe⁄.

6. bÕsê nj·TkÕÿ+‘· |ü<ësêú\ düôd|æº_*{° yê{Ï ñc˛íÁ>∑‘· MT<ä Ä<Ûës¡|ü&ÉT‘·T+~.

20.7.3  ô|òÁs√ nj·TkÕÿ+‘· |ü<ësêú\T

ô|òÁs√ nj·TkÕÿ+‘· |ü<ësêú\T nqTe]Ô‘· πøåÁ‘·~X¯˝À ã\+>± nj·TkÕÿ+rø£s¡D+ #Ó+~q |ü<ësêú\T.
u≤Vü≤´ nj·TkÕÿ+‘· πøåÁ‘êìï ‘=\–+∫Hê ≈£L&Ü Ç$ ‘·eT˝À nj·TkÕÿ+‘· ÁuÛ≤eTø±ìï ì\T|ü⁄ø=+{≤sTT.
ñ<ë: ÇqTeTT, ø√u≤˝Ÿº, ì¬ø˝Ÿ yÓTT<ä\>∑Tq$.

ô|òÁs√ nj·TkÕÿ+‘· |ü<ësêú\˝À, |üsêe÷DTe⁄\ ~«<Ûäèe ÁuÛ≤eTø±ìøÏ dæŒHé nj·TkÕÿ+‘· ÁuÛ≤eTø£+ ‘√&ÜŒ≥T
#ê˝≤ n~Ûø£+>± ñ+≥T+~. ô|òÁs√ nj·TkÕÿ+‘· |ü<ës¡ú+˝À ñ+&˚ ∫qï ÁbÕ+‘ê\qT &=yÓTÆHé\T n+{≤s¡T.
ˇø£ &=yÓTÆHé̋ Àì nj·TkÕÿ+‘· ~«<Ûäèyê\T n˙ï π̌ø ~X¯̋ À neT] ñ+{≤sTT. ø±ì &=yÓTÆHé\T n˙ï j·÷<Ûäè∫Ã¤ø£+>±
~–«Hê´dü+ #Ó+~ ñ+{≤sTT.  |òü*‘·+>±, |ü<ës¡ú yÓTT‘·Ô+ nj·TkÕÿ+‘· ÁuÛ≤eTø£+ düTHêï ne⁄‘·T+~. u≤Vü≤´
nj·TkÕÿ+‘· πøåÁ‘êìï nqTe]Ô+∫q|üÒ&ÉT, &=yÓTÆHé\T ø=~›>± ÁuÛÑeTD+ #Ó+~, πøåÁ‘·~X¯˝ÀøÏ neTs¡&É+ e\¢
|òü*‘· nj·TkÕÿ+‘· ÁuÛ≤eTø±ìï ÇkÕÔsTT. á Á|üÁøÏj·TqT |ü≥+ 20.8˝À #·÷|æq $<Ûä+>± düT\uÛÑ+>± ns¡ú+
#˚düTø√e#·TÃ.

|ü≥+. 20.8 : ô|òÁs√ nj·TkÕÿ+‘· |ü<ës¡ú+˝À &=yÓTÆHé\T
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|ü≥+. 20.8 (a) |ü~ &=yÓTÆHé\qT #·÷|ædüTÔ+~. düs¡fī‘· ø√dü+ eTq+ ~«$Trj·T ñ<ëVü≤s¡DqT rdüT≈£îHêïeTT.
nìï &=yÓTÆHé\T, |ü<ës¡ú yÓTT‘·Ô+ nj·TkÕÿ+rø£s¡D+ düTHêï nj˚T´˝≤, neT] ñHêïsTT. u≤Vü≤´ nj·TkÕÿ+‘·πøåÁ‘·+
nqTe]Ô+∫q ‘·sê«‘· dæú‹ì |ü≥+. 20.8 (b) #·÷|ædüTÔ+~. πøåÁ‘·~X¯≈£î düe÷+‘·s¡+>± ñ+&˚ &=yÓTÆHé ôd’E
$T>∑‘ê &=yÓTÆHé\ ø£+fÒ ≈£L&Ü ô|s¡T>∑T‘·÷ ñ+&˚˝≤ &=yÓTÆHé\ dü]Vü≤<äT›\T (&=yÓTÆHé >√&É\T) |ü⁄qs¡eT]ø£
#Ó+<äT‘êsTT. nqTe]Ô‘· πøåÁ‘· |ü]e÷D≤ìï ô|+#˚ ø=B›, πøåÁ‘êìøÏ nqT≈£L\+>± ñ+&˚ &=yÓTÆHé\ ôd’E
ô|s¡>∑&Éy˚T >±ø£, &=yÓTÆHé ~–«Hê´dü+ ≈£L&Ü ø=~›>± e÷s¡T‘·T+~. |òü*‘·+>± nj·TkÕÿ+rø£s¡D+ n~Ûø£eTe⁄‘·T+~
[|ü≥+. 20.8 (c)]. #ê˝≤ ã\yÓTÆq nj·TkÕÿ+‘· πøåÁ‘êìï nqTe]Ô+∫q|üÒ&ÉT, |òüTq|ü]e÷D+ n+‘ê ≈£L&Ü
(|ü<ës¡ú+ n+‘ê) ˇπø ˇø£ÿ (ˇ+≥]) &=yÓTÆHé˝≤>± Á|üe]Ôdü÷Ô, |ü≥+ 20.8 (d) ˝À #·÷|æq≥T¢, dü+‘·è|üÔ
nj·TkÕÿ+rø£s¡DqT ÇdüTÔ+~. u≤Vü≤´ nj·TkÕÿ+‘·πøåÁ‘êìï ‘=\–+#·>±H˚, |ü<ës¡ú+˝À ìø£s¡ nj·TkÕÿ+rø£s¡D
n˝≤π> ñ+≥T+~ (ì\T|ü⁄ø=+≥T+~). n~Ûø£ kÕeTs¡ú´+ >∑\ dü÷ø£åà<ä]Ùì düVü‰j·T+‘√ ô|òÁs√ nj·TkÕÿ+‘·
|ü<ësêú\˝Àì &=yÓTÆHé\qT #ê˝≤ düT\uÛÑ+>± #·÷&Ée#·TÃ.

ô|òÁs√ nj·TkÕÿ+‘· |ü<ës¡ú ñc˛íÁ>∑‘·qT ˇø£ ì]›wüº dü+~>∑∆ $\Te ø£+fÒ m≈£îÿe #˚dæq|üÒ&ÉT, |ü<ës¡ú+
bÕsê nj·TkÕÿ+‘·eTe⁄‘·T+~. á dü+~>∑∆ ñc˛íÁ>∑‘·qT ≈£L´Ø ñc˛íÁ>∑‘· n+{≤s¡T Tc.

n_Û\ø£åD≤\T

1. ô|òÁs√ nj·TkÕÿ+‘· |ü<ësêú\T n~Ûø£, <ÛäHê‘·àø£ düôd|æº_*{° $\TeqT ø£*– ñ+{≤sTT. m > 1.

2. ô|òÁs√ nj·TkÕÿ+‘· |ü<ësêú\ |üs¡e÷DTe⁄\ nj·TkÕÿ+‘· ÁuÛ≤eTø±\T nqTe]Ô‘· nj·TkÕÿ+‘· πøåÁ‘·
~X¯˝À neT] ñ+{≤sTT.

3. ô|òÁs√ nj·TkÕÿ+‘· |ü<ës¡ú+˝Àì |üs¡e÷DT nj·TkÕÿ+‘ê\T nj·TkÕÿ+‘·πøåÁ‘ê\yÓ’|ü⁄ ã\+>±
Äø£]¸‘·eTe⁄‘êsTT.

4. ô|òÁs√ nj·TkÕÿ+‘· |ü<ësêú\qT ndüeTØ‹ nj·TkÕÿ+‘·πøåÁ‘·+˝À ñ+∫q|üÒ&ÉT ã\V”≤q ÁbÕ+‘ê\
qT+∫ ã\yÓTÆq ÁbÕ+‘ê\yÓ’|ü⁄ #·*kÕÔsTT.

5. u≤Vü≤´ nj·TkÕÿ+‘·πøåÁ‘êìï ‘=\–+∫Hê ≈£L&Ü ô|òÁs√ nj·TkÕÿ+‘· |ü<ësêú\T nj·TkÕÿ+‘· <Ûäsêà\qT
ø√˝ÀŒe⁄.

6. ô|òÁs√ nj·TkÕÿ+‘· |ü<ësêú\ düôd|æº_*{° |ü<ës¡ú ñc˛íÁ>∑‘·ô|’ Ä<Ûës¡|ü&ÉT‘·T+~.

7. ô|òÁs√ nj·TkÕÿ+‘· |ü<ësêú\˝À, nj·TkÕÿ+rø£s¡D nqTe]Ô‘· πøåÁ‘êìøÏ nqT˝ÀeT+>± ñ+&É<äT. á
|ü<ësêú\T XË’~∏\´ <Ûäsêàìï Á|ü<ä]ÙkÕÔsTT.

 20.8  uÛÑ÷$T nj·TkÕÿ+‘· πøåÁ‘·+ Ò̋<ë uÛÑ÷ nj·TkÕÿ+‘· πøåÁ‘·+

nj·TkÕÿ+‘ê\ ~XÊ <Ûäsêàìï $e]+#·&ÜìøÏ uÛÑ÷$T ˇø£ ô|<ä› nj·TkÕÿ+‘·+ e˝Ò |üì#˚düTÔ+<äqT≈£î+{≤+.
nq>± uÛÑ÷$T ˝À|ü\ ˇø£ ô|<ä› <ä+&Üj·TkÕÿ+‘·+ ñ+<äì nqT≈£î+{≤+. á nj·TkÕÿ+‘· <äøÏåD Á<ÛäTe+
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uÛÑ÷>√fi¯ ñ‘·Ôs¡ Á<ÛäTyêìøÏ <ä>∑Zs¡>± ñ+<ä˙, nj·TkÕÿ+‘·
ñ‘·Ôs¡ Á<Û äTe+ uÛÑ÷>√fi¯ <äøÏ åD Á<Û äTyêìøÏ <ä>∑ Zs¡>±
ñ+<ä˙ uÛ≤$+#ê+. uÛÑ÷$T ÁuÛÑeTD nø£å+ RR1, uÛÑ÷$T
nj·TkÕÿ+rj·T nø£å+ MM1.

ø£è‘·´+ 20.1

nj·TkÕÿ+‘· dü÷∫ø£‘√ ˇø£ ∫qï Á|üjÓ÷>∑+ #̊<ë›+.
(á Á|üjÓ÷>±ìï >√¢uŸ ÁuÛÑeTD nø£å+ yÓ+ã&ç >∑\ ˇø£
<ä+&Üj·TkÕÿ+‘·+ ‘√ #˚j·Te#·TÃ. <ä+&Üj·TkÕÿ+‘·
ñ‘·Ôs¡ Á<ÛäTe+ >√¢uŸ <äøÏåD Á<ÛäTe+ yÓ’|ü⁄ ñ+&̊≥T¢ neTsêÃ*).
øÏ å‹» düe÷+‘·s¡, ì\Te⁄ ‘·˝≤\˝À ‹]π>≥T¢>±,
nj·TkÕÿ+‘· dü÷∫ø£qT ùd«#·Ã¤>± y˚˝≤&ÉBj·÷*. uÛÑ÷$T
ñ|ü]‘·\+ô|’ uÛÑ÷eT<Ûä´ πsK≈£î <ä>∑Zs¡>± á dü÷∫ø£
e⁄+fÒ, n~ øÏå‹» düe÷+‘·s¡ ‘·\+˝À $sêeT dæú‹øÏ edüTÔ+~. ñ‘·Ôsês¡∆>√fi¯+˝Àì Á|ü<˚XÊ\≈£î á dü÷∫ø£qT
rdüTø=ì yÓfi≤fl+ nqT≈£î+<ë+. nj·TkÕÿ+‘· dü÷∫ø£ ì\Te⁄ ‘·\+˝À ÁuÛÑeTD+ #Ó+~, eTq+ uÛÑ÷>√fi¯
ñ‘·Ôs¡ Á<ÛäTe+ yÓ’|ü⁄ yÓ[flq ø=B›, nj·TkÕÿ+‘· dü÷∫ø£ ñ‘·Ôs¡ Á<ÛäTe+ uÛÑ÷$T yÓ’|ü⁄ øÏ+~øÏ ~>∑T‘·T+~. ∫es¡>±
¬øq&Ü ˝Àì Vü≤&édüHé uÒ <ä>∑Zs¡, nj·TkÕÿ+‘· dü÷∫ø£ ñ‘·Ôs¡ Á<ÛäTe+ ì≥ºì\Te⁄>± øÏ+~øÏ ñ+≥T+~.
ñ‘·ÔsêìøÏ 60 ‘√ ‘·÷s¡TŒ yÓ’|ü⁄ >∑\ á Á|ü<˚XÊìï uÛÑ÷ nj·TkÕÿ+‘·+ jÓ≠ø£ÿ <äøÏåD Á<ÛäTe+>± rdüT≈£î+{≤+.
uÛÑ÷ ñ‘·Ôs¡ Á<ÛäTe+ qT+∫ á Á|ü<˚X¯+ 650 øÏ.MT. <ä÷s¡+˝À ñ+≥T+~. Ç<˚ nj·TkÕÿ+‘· dü÷∫ø£qT
<äøÏåD≤s¡∆>√fi¯+˝ÀøÏ rdüTø=ì yÓ[fl‘˚, dü÷∫ø£ <äøÏåD Á<ÛäTe+ øÏ+~øÏ ~>∑T‘·T+~. uÛÑ÷>√fi¯ <äøÏåD Á<ÛäTyêìøÏ
|ü&ÉeTs¡>± 650 øÏ.MT. <ä÷s¡+˝À dü÷∫ø£ ì≥ºì\Te⁄>± øÏ+~ yÓ’|ü⁄ ñ+≥T+~. Bìì uÛÑ÷ nj·TkÕÿ+‘·+
jÓ≠ø£ÿ ñ‘·Ôs¡ Á<ÛäTe+>± nqT≈£î+{≤+. Bì qT+∫ uÛÑ÷$T nj·TkÕÿ+rj·T nø£å+ K∫Ã‘·+>± uÛÑ÷>√fi¯ nø£å+‘√
@ø°uÛÑ$+#·<äT nì eTq+ ìsê∆]+#·e#·TÃ.

  uÛÑ÷ nj·TkÕÿ+‘· πøåÁ‘·+ >∑T]+∫ ˇø£ e≠K´eTs≠q $wüj·T+ @$T≥+fÒ, n~ dæús¡+>± ñ+&É<äT,
ø±\+‘√ bÕ≥T <ëì ~X¯, |ü]e÷D+ e÷s¡T‘·÷ ñ+{≤s≠.

uÛÑ÷ nj·TkÕÿ+‘· πøåÁ‘· e∂\ sêX¯ó\T

ˇø£ Á|ü<˚X¯+˝À uÛÑ÷ nj·TkÕÿ+‘· πøåÁ‘êìï ìs¡ís≠+#˚ sêX¯ó\qT uÛÑ÷ nj·TkÕÿ+‘· e∂\ sêX¯ó\T
n+{≤s¡T. n$ (a.) &ç|t (dip) ˝Ò<ë ÇHéøÏ¢H˚wüHé ()   (b) &ÓøÏ¢H˚wüHé  (Declination) eT]j·≠
(c) uÛÑ÷ nj·TkÕÿ+‘· πøåÁ‘·+ jÓ≠ø£ÿ øÏå‹» düe÷+‘·s¡ n+X¯+ (BH)

20.8.1 ÇHéøÏ¢H˚wüHé ˝Ò<ë &ç|t ()

ˇø£ Á|ü<˚X¯+˝À nj·TkÕÿ+‘· dü÷∫ø£qT ùd«#·Ã¤>± y˚˝≤&ÉBdæq, n~ øÏå‹» düe÷+‘·s¡ ‘·\+˝À $sêeT

|ü≥+. 20.9 : uÛÑ÷ nj·TkÕÿ+‘· πøåÁ‘·+

nj·TkÕÿ+rj·T uÛÑ÷eT<Ûä´πsK
 uÛÑ÷>√fi¯ uÛÑ÷eT<Ûä´πsK

 uÛÑ÷>√fi¯ nø£å+uÛÑ÷$T nj·TkÕÿ+rj·T
nø£å+
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dæú‹øÏ sê<äì MTs¡T >∑eTìkÕÔs¡T. n~, uÛÑ÷$T
jÓ≠ø£ÿ  πøåÁ‘· |òü*‘· rÁe‘· ~X¯ yÓ’|ü⁄ ñ+≥T+~.
‘·\+ PCDE ì |ü≥+ 20.10 #·÷|ædüTÔ+~.
Ç~ uÛÑ÷$T ñ|ü]‘·+\ô|’ P _+<äTe⁄ e<ä›
nj· TkÕ ÿ+‘ · j ·÷y Ó÷´‘ · Ôs ¡+ (magnetic
meridian) (uÛÑ÷ nj·TkÕÿ+‘· ñ‘·Ôs¡, <äøÏåD
Á<ÛäTyê\ >∑T+&Ü yÓfi‚fl ì\Te⁄ ‘·\+), PABC
nH˚~ uÛÑ÷>√fi¯ j·÷yÓ÷´‘·Ôs¡+ (geographic
meridian) (uÛÑ÷>√fī ñ‘·Ôs¡, <äøÏåD Á<ÛäTyê\ >∑T+&Ü
yÓfi‚fl ì\Te⁄ ‘·\+). P _+<äTe⁄ e<ä› uÛÑ÷
nj·TkÕÿ+‘· πøåÁ‘· ~X¯, |ü]e÷D+ qT PR
dü÷∫düTÔ+~ nqT≈£î+<ë+. øÏå‹» düe÷+‘·s¡+
‘√ PR,   ø√D+ #˚düTÔ+<äì >∑eTì+#·+&ç. á ø√D≤ìï uÛÑ÷$T  ñ|ü]‘·\+ ô|’ P e<ä› ÇHéøÏ¢H˚wüHé ˝Ò<ë
&ç|t n+{≤s¡T.

uÛÑ÷ nj·TkÕÿ+‘· πøåÁ‘·+ jÓ≠ø£ÿ |òü*‘· rÁe‘· ~X¯≈£î, nø£ÿ&É øÏå‹» düe÷+‘·s¡ ~X¯≈£î eT<Ûä´ >∑\
ø√D≤ìï Ä Á|ü<˚X¯+˝À &ç|t ˝Ò<ë ÇHéøÏ¢H˚wüHé n+{≤s¡T.

20.8.2 &ÓøÏ¢H˚wüHé()

|ü≥+ 20.10 qT eT∞fl >∑eTì+#·+&ç. PCDE ‘·\+ uÛÑ÷ nj·TkÕÿ+‘· πøåÁ‘· dü~X¯ PR qT ø£*– ñ+~. P
_+<äTe⁄ e<ä› PCDE, PABC ‘·˝≤\ eT<Ûä´ >∑\ ø√D≤ìï &ÓøÏ¢H˚wüHé n+{≤s¡T. Bìì  ø√D+‘√ #·÷|æ+#ê+.

ˇø£ Á|ü<˚X¯+˝À uÛÑ÷>√fi¯ eT]j·≠ nj·TkÕÿ+‘· j·÷yÓ÷´‘·Ôsê\ eT<Ûä́  ø√D≤ìï &ÓøÏ¢H˚wüHé n+{≤s¡T.

20.8.3 øÏå‹» düe÷+‘·s¡ n+X¯+ (BH)

|òü*‘· nj·TkÕÿ+‘· πøåÁ‘·+ PR qT P _+<äTe⁄ e<ä› |ü≥+ 20.10 #·÷|ædüTÔ+~. |ü]e÷D+, ~X¯\˝À,
uÛÑ÷ nj·TkÕÿ+‘· πøåÁ‘·+ jÓ≠ø£ÿ øÏå‹» düe÷+‘·s¡ n+X¯+ PE, ì\Te⁄ n+X¯+ PF \T dü÷∫kÕÔs≠.
P _+<äTe⁄ e<ä› nj·TkÕÿ+‘· πøåÁ‘·+ B nqT≈£î+<ë+. øÏå‹» düe÷+‘·s¡ n+X¯+

BH = B cos  (20.16)

øÏå‹» \+ã n+X¯+
BV = B sin  (20.17)

 düMTø£s¡D≤\T (20.16), (20.17) \ esêZ\qT ø£\|ü>±

2 2 2 2 2 2 2
H VB + B = B cos δ + B sin δ = B

|ü≥+. 20.10 : uÛÑ÷ nj·TkÕÿ+‘· πøåÁ‘·+ jÓTTø£ÿ eT÷\sêX¯ó\T

 uÛÑ÷>√fi¯ j·÷yÓ÷´‘·Ôs¡+

nj·TkÕÿ+rj·T
j·÷yÓ÷´‘·Ôs¡+
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düMTø£s¡D+ (20.17) qT (20.16) ‘√ uÛ≤–+#·>±

V

H

B = tan δ
B (20.18)

MTπs$T H˚s¡TÃ≈£îHêïs¡T

 @<Ó’Hê edüTÔe⁄ ˇø£ ÇqT|ü eTTø£ÿqT Äø£]¸+#˚ dü«uÛ≤yêìï ø£*– ñ+&É&Éy˚T nj·TkÕÿ+‘·‘·«+.

 Á|ür nj·TkÕÿ+‘·+ ¬s+&ÉT <Ûäèyê\T ø£*– ñ+≥T+~. yê{Ïì y˚s¡T#˚j·T˝ÒeTT.

 düC≤‹ <Ûäèyê\T $ø£]¸+#·T≈£î+{≤sTT. $C≤‹ <Ûäèyê\T Äø£]¸+#·T≈£î+{≤sTT.

 ˇø£ nj·TkÕÿ+‘·+ #·T≥÷º ñ+&˚ @ ÁbÕ+‘·+˝À nsTT‘˚ nj·TkÕÿ+‘· dü÷∫ (Ç+ø√ nj·TkÕÿ+‘·+)
{≤sYÿ≈£î ˝Àqe⁄‘·T+<√ (ã\+) Ä ÁbÕ+‘êìï nj·TkÕÿ+‘·πøåÁ‘·+ n+{≤s¡T.

 nj·TkÕÿ+‘√@Á‘· πsK\T ø£*Œ‘·πsK\T. nj·TkÕÿ+‘·πøåÁ‘·+˝À ñ‘·Ôs¡<Ûäèe+ #·*+#˚ |ü<∏ëìï nj·TkÕÿ+‘·
ã\πsK ˝Ò<ë πøåÁ‘·πsK n+{≤s¡T.

 nj·TkÕÿ+‘· ~«<Ûäèe ÁuÛ≤eTø£+ M >∑\ ˇø£ <ä+&Üj·TkÕÿ+‘êìï nj·TkÕÿ+‘·πøåÁ‘·+  B˝À πøåÁ‘·+‘√
 ø√D+ #˚dü÷ Ô y˚˝≤&ÉBdæq|üÒ&ÉT, <ëìô|’ ˇø£ ã\j·TT>∑ à+ ˝Ò<ë |ü ⁄q'kÕ ú| üø £ {≤sYÿ
 = MB sin  ø£\T>∑T‘·T+~.

 nj·÷kÕÿ+‘·πøåÁ‘·+˝À ˇø£ dü+eè‘· yÓ’XÊ\´+ >∑T+&Ü Á|üj·÷DÏ+#˚ nj·TkÕÿ+‘·πøåÁ‘·πsK\qT, Ä yÓ’XÊ\´+
>∑T+&Ü nj·TkÕÿ+‘· n_ÛyêVü≤+ (B) n+{≤s¡T.

 nj·TkÕÿ+‘· n_ÛyêVü≤+ Á|üe÷D≤\T : yÓãsY

 nj·TkÕÿ+‘·πøåÁ‘·+˝À πøåÁ‘·~X¯≈£î \+ã+>± ñ+∫q @ø±+ø£ yÓ’XÊ\´+ >∑T+&Ü Á|üj·÷DÏ+#˚ nj·TkÕÿ+‘·
ã\πsK\ dü+K´qT nj·TkÕÿ+‘· n_ÛyêVü≤ kÕ+Á<ä‘· ˝Ò<ë nj·TkÕÿ+‘· Áù|s¡D B n+{≤s¡T.

 nj·TkÕÿ+‘·Áù|s¡D≈£î SI Á|üe÷D+ : yÓãsY / (MT≥sY)2 (˝Ò<ë) f…kÕ¢.

 nj·TkÕÿ+‘·‘·«+˝À >±dt ìj·TeT+ Á|üø±s¡+ @<Ó’Hê dü+eè‘· ‘·\+ >∑T+&Ü ìø£s¡ nj·TkÕÿ+‘·
n_ÛyêVü≤+ düTHêï.

 @<Ó’Hê nj·TkÕÿ+‘· |ü<ës¡ú+ô|’ u≤Vü≤´ nj·TkÕÿ+‘·πøåÁ‘·+ Á|üjÓ÷–+∫q|üÒ&ÉT, |ü<ës¡ú @ø±+ø£
|òüTq|ü]e÷D+˝À Áù|]‘·yÓTÆq nj·TkÕÿ+‘· ÁuÛ≤eTø±ìï nj·TkÕÿ+rø£s¡D n+{≤s¡T. |ü<ësêú\qT
yê{Ï nj·TkÕÿ+rj·T Á|ües¡ÔqqT ã{Ïº dü÷ú\+>± eT÷&ÉT s¡ø±\T>± eØZø£]+#ês¡T. n$  (i) &Éj·÷
nj·TkÕÿ+‘· |ü<ësêú\T (ii) bÕsê nj·TkÕÿ+‘· |ü<ësêú\T (iii) ô|òÁs√ nj·TkÕÿ+‘· |ü<ësêú\T.

 nj·TkÕÿ+‘ê\ ~XÊ <Ûäsêàìï, uÛÑ÷$T ˇø£ nj·TkÕÿ+‘·+>± Á|üe]ÔdüTÔ+<äì uÛ≤$+∫ $e]+#·e#·TÃ.
n+<äTe\¢ uÛÑ÷$T ˇø£ ô|<ä› nj·TkÕÿ+‘·+ eT]j·TT Bì #·T≥÷º ñ+&˚ πøåÁ‘êìï uÛÑ÷ nj·TkÕÿ+‘·
πøåÁ‘·+ n+{≤s¡T.
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uÛÖ‹ø£XÊg+ $uÛ≤>∑+-2

 uÛÑ÷ nj·TkÕÿ+‘· ñ‘·Ôs¡, <äøÏåD <Ûäèyê\ >∑T+&Ü yÓfi‚fl ì\Te⁄ ‘·\+˝À (nj·TkÕÿ+‘· j·÷yÓ÷à‘·Ôs¡+)
uÛÑ÷ nj·TkÕÿ+‘· πøåÁ‘·+, øÏå‹» düe÷+‘· n+X¯+‘√ #˚ùd ø√D≤ìï () &ç|t ˝Ò<ë nebÕ‘·eTT ˝Ò<ë
q‹ n+{≤s¡T.

 ˇø£ Á|ü<˚X¯+˝À nj·TkÕÿ+‘· j·÷yÓ÷´‘·Ôs¡+, uÛÖ>√[ø£ j·÷yÓ÷´‘·Ôs¡+‘√ #˚ùd ø√D≤ìï  () Ä Á<˚X¯+
e<ä› ~ø±Œ‘·+ n+{≤s¡T.

 B nH˚~ uÛÑ÷ nj·TkÕÿ+‘·πøåÁ‘·+ |òü*‘· dü~X¯ nsTT‘˚, øÏå‹» düe÷+‘·s¡ n+X¯+ BH = B cos .

eTT–+|ü⁄ nuÛ≤´dü+
1. nj·TkÕÿ+‘· πøåÁ‘·+, nj·TkÕÿ+‘·πøåÁ‘· πsK\qT ìs¡«∫+#·+&ç.

2. nj·TkÕÿ+‘· n_ÛyêVü≤+, nj·TkÕÿ+‘· πøåÁ‘ê\qT ìs¡«∫+∫, yê{Ï Á|üe÷D≤\qT ù|s=ÿq+&ç.

3. nj·TkÕÿ+‘·‘·«+˝À >±dt ìj·Te÷ìï Á|üe∫+∫, $e]+#·+&ç.

4. nj·TkÕÿ+rø£s¡D, nj·TkÕÿ+‘· rÁe‘·\qT ìs¡«∫+#·+&ç.

5. nj·TkÕÿ+‘· |ü<ësêú\qT eØZø£]+∫ yê{Ïì $e]+#·+&ç.

6. uÛÑ÷ nj·TkÕÿ+‘· πøåÁ‘·+ eT÷\sêX¯ó\T @$? yê{Ïì $e]+#·+&ç.

7. nj·TkÕÿ+‘·+ <ä>∑Z]øÏ ˇø£ ∫qï |ü<ës¡ú+ e≠ø£ÿqT ‘Ó#êÃs¡T. á øÏ+~ U≤∞\qT WqT ˝Ò<ë ø±<äT
nH˚ |ü<ë\‘√ |üP]+#·+&ç.

|ü<ës¡ú+      $ø£s¡¸D Äø£s¡¸D

ã\V”≤q+ ã\+ ã\V”≤q+ ã\+

&Éj·÷ nj·TkÕÿ+‘·‘·«+

bÕsê nj·TkÕÿ+‘·‘·«+

ô|òÁs√ nj·TkÕÿ+‘·‘·«+

8. ˇø£ ô|f…º˝À düs¡«düe÷qyÓTÆq ¬s+&ÉT nj·TkÕÿ+‘ê\qT ø£*|æ MTs¡T ô|{≤º*. yê{Ïì @ $<Ûä+>±
ô|&É‘ês¡T eT]j·≠ m+<äT≈£î n˝≤ ô|&É‘ês¡T.

N S ˝Ò<ë N S

N S S N

9. ¬s+&ÉT Á<ÛäTyê\ eT<Ûä´ nj·TkÕÿ+‘· ã\+ 80 j·∂ì≥T¢. Á<ÛäTyê\ eT<Ûä´ <ä÷sêìï ¬s{Ïº+|ü⁄ #˚dæq|ü⁄&ÉT
yê{Ï eT<Ûä´ ã\+ m+‘· ?
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10. <ä+&Üj·TkÕÿ+‘· bı&Ée⁄ 10 cm., n&ÉT¶ø√‘·yÓ’XÊ\´+ 1.0cm2. nj·TkÕÿ+rø£s¡D l=102 Am.
Á<ÛäTedü‘·«+qT ø£qTø√ÿ+&ç.

11. düs¡«düe÷qyÓTÆq ¬s+&ÉT nj·TkÕÿ+‘ê\qT ˇπø düs¡fi¯πsK ˝À ˇø£<ëì ñ‘·Ôs¡ Á<ÛäTe+ eTs=ø£<ëì
ñ‘·Ôs¡ Á<ÛäTe+≈£î n_Ûe≠K+>± ñ+#ês¡T. y˚πs Ç‘·s¡ πøåÁ‘·+ @B ˝Òq|ü⁄&ÉT, ã\πsK\qT ^j·T+&ç.

12. <ä+&Üj·TkÕÿ+‘· πøåÁ‘·+, uÛÑ÷ nj·TkÕÿ+‘· øÏå‹» düe÷+‘·s¡ n+XÊìøÏ |ü]e÷D+˝À düe÷q+>±q÷,
~X¯˝À e´‹πsø£+>±q÷ ñqï _+<äTe⁄\qT ‘·≥düú _+<äTe⁄\T ˝Ò<ë X¯Sq´ _+<äTe⁄\T n+{≤s¡T.

(a) <ä+&Üj·TkÕÿ+‘êìï uÛÑ÷ nj·TkÕÿ+‘·j·TyÓ÷´‘·Ôs¡ πsU≤‘·\+˝À <ëì ñ‘·Ôs¡ Á<ÛäTe+ ñ‘·Ôs¡+
yÓ’|ü⁄ ñ+∫q|ü⁄&ÉT, ‘·≥düú _+<äTe⁄\qT >∑T]Ô+#·+&ç.

(b) <ä+&Üj·TkÕÿ+‘êìï uÛÑ÷ nj·TkÕÿ+‘·j·TyÓ÷´‘·Ôs¡ πsU≤‘·\+˝À <ëì ñ‘·Ôs¡ Á<ÛäTe+ <äøÏåD+
yÓ’|ü⁄ ñ+∫q|ü⁄&ÉT, ‘·≥düú _+<äTe⁄\qT >∑T]Ô+#·+&ç.

13. 10 ôd+.MT. bı&Ée⁄qï ˇø£ <ä+&Üj·TkÕÿ+‘êìï ¬s+&ÉT düe÷quÛ≤>±\T>± ˇø=ÿø£ÿ{Ï 5 ôd+.MT.
ñ+&̊˝≤ $uÛÑõ+#ês¡T. @<Ó’Hê ˇø£ eTTø£ÿ <Ûäèedü‘·«+, eTTqT|ü{Ï <ä+&Üj·TkÕÿ+‘·+‘√ b˛*Ã #·÷dæq|üÒ&ÉT
m˝≤ ñ+≥T+~?

14. 10 ôd+.MT. bı&Ée⁄>∑\ <ä+&Üj·TkÕÿ+‘·+ <Ûäèedü‘·«+ 10 A m. <ä+&Üj·TkÕÿ+‘·+ nø°åj·TπsKô|’,
eT<ä´_+<äTe⁄ qT+∫ 30 ôd+.MT. <ä÷s¡+˝À nj·TkÕÿ+‘·πøåÁ‘êìï ˝…øÏÿ+#·+&ç.

bÕsƒ¡+˝Àì Á|üX¯ï\ düe÷<ÛëHê\T
20.1

1. ˇø£ nj·TkÕÿ+‘êìï <ëì Áe´sê• πø+Á<ä+ e<ä› <ës¡+ ‘√ y˚˝≤&ÉBdæ, ìX¯Ã\dæú‹øÏ sêìyê«*. uÛÑ÷
nj·TkÕÿ+‘· ñ‘·Ôs¡ ~X¯ yÓ’|ü⁄ ñ+&˚ nj·TkÕÿ+‘· ∫es¡qT <ëì ñ‘·Ôs¡ Á<ÛäTe+>± #Ó|ü⁄‘êe≠.

2. ¬s+&ÉT <ä+&Üj·TkÕÿ+‘ê\ ∫es¡\qT <ä>∑Zs¡>± ‘˚yê*. yê{Ï eT<Ûä´ Äø£s¡¸D ñ+fÒ, <ä+&Ü\˝À
ˇø£{Ï nj·TkÕÿ+‘·+ eTs=ø£{Ï ÇqT|ü <ä+&É+ nì #Ó|ü⁄‘ê+. Ç|ü⁄&ÉT á <ä+&Ü\˝À ˇø£<ëìì ã\¢
ô|’ |ü]∫ <ëì bı&Ée⁄ >∑T+&Ü eTs=ø£ <ëì‘√ ‘êøÏ+#ê*. @ø£Ø‹>± ã\+ |üì#˚ùdÔ, #˚‹˝À
ñqï <ä+&É+ nj·TkÕÿ+‘·+ nì ã\¢ ô|’ ñqï~ ÇqT|ü <ä+&É+ nì #Ó|ü⁄‘ê+. @ø£Ø‹ ø±≈£î+&Ü,
ndüe÷q ã\+ |üì#˚ùdÔ ô|’ <ëìøÏ e´‹πsø£+>± #Ó|ü⁄‘ê+.

3. ˇø£ nj·TkÕÿ+‘êìï <ës¡+ ‘√ y˚˝≤&ÉBdæ <ëì <äøÏåD Á<ÛäTe+qT ø£qTø√ÿyê*. yÓ≠<ä{Ï <ëì‘√
$ø£]¸+|üã&çq ¬s+&Ée nj·TkÕÿ+‘· ∫es¡ <ëì <äøÏåD Á<ÛäTe+>± #Ó|ü⁄‘ê+.

eTT–+|ü⁄ nuÛ≤´dü+ düe÷<ÛëHê\T
9. 20 j·T÷ì≥T¢

10. 1.02 × 10–2 Am

13. e÷s¡<äT. nj·TkÕÿ+‘·+ bı&Ée⁄ MT<ä <Ûäèedü‘·«+ Ä<Ûës¡|ü&É<äT.
14. 2.3 × 10–6 T
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(a)
(b)

(c)

(d)

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

(Biot-Savart’s Law)

B 

l

l

B0 

1) I 

2) l

3) P

4) P

l
P
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0 2

I Δ sin θ|ΔB |
r
l



0
0 2

μ I Δ sin θ|ΔB | =
4π r

l
(21.1)

0 4 × 10–7 Wb A–1 m–1

0 

B =  B0.

  

B : B

21.4(a)

21.4 (b)

21.3.1  

(a) (b)
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21.5 I  r  

O 

l r 90° l

O 21.1

0
2

μ|ΔB| = I sin 90
4π r

l


0
2

μ|ΔB| = I (as sin 90 1)
4π r

l
 

B 

0 0
2 2

μ I μ I|B| = Σ|ΔB| = ΣΔ = (2πr)
4πr 4πr

l

I r 

0μ I|B| =
2r (21.2)

n

0μ nI|B| =
2r (21.3)

End-rule 21.6 (a), (b) 
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B

1. (i) (ii) 

2.

3.

Happy at last

End-rule
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21.7 

B  ‘I’  0   

0B.d = μ Il (21.4)

‘dl’

21.4.1  

(a)
: Refer to 21.8.

POQ  I
r

B. dl = B (2r)

B. dl = |B| (2r) = 0I

0μ I|B| =
2πr (21.5)
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(b)
21.9 I

L
n

Ie=I (nL) 

B.L = 0 Ie

B.L = 0 I (nL)

|B| = 0 nI

|B| = 0 nI 

B 

0μ nI|B| =
2 (21.6)
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 21.1

50 cm 250 

 2 cm 4.0 A (a)

(b) (c) B

 :

a)

     |B| = 0 nI

7 3 250= 4 π 10 4
0.5

 
  

= 16 × 1500 × 10–7 T

= 24 × 10–4 T

b)

4
ends centre

1 1B = B = (24π × 10 T)
2 2



= 12× 10–4 T

c)

 21.2

12 A 

3 × 10–5 T

 :

0 0μ I μ I|B| = r =
2πr 2πB



7

5
4π 10 12r 0.25m
2π 3 10





 
 

 

1.  (a)  (b) 
(c)  (d) 

2.
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3.

(i) ,

(ii)   (iii) 

4. 3 A 10 cm 

0.002 T

Lorentz force +q B v 

F = q (v × B)

|F| = q v B sin     (21.7)

v, B  F 

21.12

F 

B 

F = qvB.
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B 

l 

I vd

F = e vdB.

N

F = N e vdB = (nA l) e vdB (21.8)

 n 

 neAvd = I.

F = I l B (21.9)

21.13 (c) B 

|F| = I l B sin  (21.9 a)

= 0 21.13 (a)

21.13 (b) = 90° 

F = I l B 

(a) (b) (c) 

(b) (c)(a)
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=
IΔl
FB

F I l B N A–1m–1

(T)

r I1,

I2  r 

0 1
1

μ IB =
2πr

r 0 2
2

μ IB =
2πr

l  

0 1
2

μ IF = BI I
2πr

l l

0 1 2μ I IF
2πrl

 (21.10)

21.10

I1 = I2 = 1 A, l = 1 m, r = 1 m

70μF 2 10 N
2π
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2 × 10–7 N m–1 

.

v

21.15

R 'qvB'
2mv

R
 
 
 

 

2mvqvB =
R

On rearranging, we get

mvR =
qB (21.11)

(mv)

2πR 2πmT = =
v Bq (21.12)

m, B, q v R
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(a) B (b) B (c) (d) B

(e) (f) B

(g) R  T

 21.3

5 m 10 A, 15 A

 :  

7
4 10 1 2μ I IF 4π 10 × 10 × 15 10 Nm

5 2πr 2π 0.3


 

  


    F = 5 × 10–4 Nm–1

 21.4

0.2 T 3 × 107 ms–1 

 :  
mvR =
qB

 

 me = 9 × 10–31 kg, e = 1.6 × 10–19 C, v = 3 × 107 ms–1  B = 0.2 T.

31 7
4

19

9 × 10 × 3 ×10R 8.5 × 10 m
0.2 × 1.6 × 10





 

1.

2.

3.
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0μ IB =
2r

2r2 

2
0

2

μ I 2πrB =
2r 2πr

 
 
 

0
3

μ 2IAB =
4π r

0
3

μ 2MB =
4π r (21.13)

A M (= AI) 

21.17

 21.17(a) 

180°
21.17(b)

x 
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3
o

1 2PE =
4πε r (21.13 a)

x 

0 0
3 3

μ μ2 NIA 2MB = =
4π r 4π r (21.13 b)

 M 

M = NIA (21.13 c)

0
3

μ 2MB =
4π r (21.13 d)

0
3

μ MB =
4π r

 (21.13 e)

21.13 d 

M 

 P 

0

0

μ1E B, P M,
4πε 4π
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 21.5

Bohr Magneton B
ehμ =

4πm

 :

 19 34
24 1

B 31

1.6 10 C (6.6 10 Js)ehμ = = 9.34 10 JT
4πm 4 3.14 (9 10 kg)

 

 



  
 

  

B L & b 

B 

21.18 (a) 'PQRS'

'PS', 'QR' B 

'PQ', 'RS' B 'PQ',  'RS' 

|FPQ| = |FRS| 
FPQ, FRS 

21.18 (b) 
= B I L b sin 

(a) (b) (c) 
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21.18 (b) & (c) I
B 

 = N B I L b sin 

N

|| = N B I A sin  

A = L × b

|| = B (NIA) sin 

  || = |B| |M| sin  (21.15)

M (= NIA)

 B, A, I, N,  

21.19)

Frame

pivots

21.20 
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k

NBIA sin  = k

= 90°  sin = 1 

NBIA = k
kαI =

NBA 

k
NBA

α I

N, B, A, k

α
I  

sensitivity

0.1 A

N 

B 

N, A N, A 

B 

k
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(a)

range

G N 

k figure of merit

Ig = Nk

 I 

A, B

VAB = Ig G = (I – Ig)S

g

g

I G
S =

I I
(21.17)

 S 

G, S 

R 

GSR =
G + S (21.18)

(b)
21.22 

Range
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R

A, B V 

G + R 

Ig (G + R) = V

g

VG + R =
I

g

VR =  G
I
 (21.19)

R 0 – V

(Ig × G)

V

RV = R + G (21.20)

 21.6

8.0 cm 30 6.0 A 

1.0 T 

90° 

counter torque

 :

N = 30, I = 6.0 A, B = 1.0 T,  = 90°, r = 8.0 cm = 8 × 10–2 m

2 2 2 2 222A = πr (8 10 ) 2.01 10 m
7

     

 = N I A B sin 

= 30 × 6 × (2.01 × 10–2) × 1 × sin 90°

= 30 × 6 × 2.01 × 10–2 = 3.61 Nm
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 21.7

12.0  2.5 mA

(a) 0 – 2A (b) 0 – 10

 :

(a) G = 12.0 ,   Ig = 2.5 mA = 2.5 × 10–3 A, I = 2A

21.17

g

g

I G
S =

I I

3
3

3

2.5 10 12 15 10
2 (2.5 10 )






 
   

 

0 – 2A 15 × 10–3 

(b)  R 

21.19

g

VR = G
I


   3

10 12 4000 12 3988
2.5 10

     


3988  

1.

2.

3.

4. 20  20 mA
3A 
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0
0 2

μ I Δ sin θ|ΔB | =
4π r

l
.

0μ I|B| =
2r

.

0B .d = μ Il
0μ I|B| =

2πr
.

|B| = 0 nI

 0μ nI|B| =
2

.

q F = q (v × B) 

 B l I 

F = I l B.

I1, I2  

 0 1 2μ I IF =
2πrl .

1 m

 2 × 10–7 N m–1, 

mvR =
qB

.
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M (= AI) A I 

|| = B (NIA) sin  = |B| |M| sin 

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13. 5T 
1 m

10  
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14. 48 cm

15. 3m 0.05 m
5 A

16. 50 cm 8.0 A
4.0 × 10–2 NA–1 m–1 

17.

18. 20  0.005 A 1 A

19. 5 × 10–11 m 7.0 × 1015

B 

20. 0.16 m 200 

21. 21.23 A, B, C 

21.1

1. (i)    (ii) 

2.

3.  I1 = 2r.

 I2 = (2r2) × 2 = 4r2.

   I1 = I2

2 2
r2πr 4πr r
2

   

 0μ nI|B| =
2r  
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TOSS

0
1

μ I|B | = ,
2r

o o
2 1

μ .2. I 2μ IB 4Br r2
2

  



B

21.2

1. C

2.

3. (i) B, (ii) A, (iii) C.

4.
7

0
n 10 × nB μ I 4π × ×3A 0.002
l 0.1m



  
70.002 × 10n 50

12π
 

21.3

1.

2.

3.

21.4

1.

2.
Sensitivity

3.

4. Rs 
3

g
s 3

g

GI 20 (20 10 )R 0.13Ω
I I 3 (20 10 )
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13. 5 N

14. 5 N

15. 10–4 N m–1

16.
625
π  

18. 0.1 

19. 4.48 T

20. 1.2 mT

21. BA = 2 × 10–7 T, BB = × 10–7 T   BC = 10–7 T
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ac dc 

22
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G

(a)  (b)

22.2 (a)

22.2 (b)
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x,  y

22.1.1

B  

22.3 (a) ds 
ds 

ds d B 

dB = B.ds (22.1)

dB = B.ds (22.2)

ds 
dB = B.ds
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SI (Wb),

1 Wb = 1 Tm2.

22.3 (b)

Bd|ε | =
dt


(22.3)

(Wb), (V) 

1V = 1Wb s–1.



N 

B
r

d|ε | = N|ε| = N
dt
 

 
 

(22.4)

B

  22.1

35 mm 75 

250 milli second 25 mT 50 mT 

 :

B = BR2

R (22.4)
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2
2 2B 2 1d B Bd (BπR ) dB| ε | N N = N π R = N πR

dt dt dt t
  

   
 

|| = 75 (0.035 m)2 (0.10 Ts–1) = 0.30 V = 30 mV

 22.2

8 cm2 22.4 (a) 22.4 (b)

B(t) = B0 sin 2t B0 

1.2 T v 50 Hz R = 1.0  r

 :

B = B0
 sin 2tA

    B
0

dε = = 2πAB cos 2πνt
dt


= 2 . (50 s–1) (8 × 10–4 m2) (1.2 T) cos 2t

= 0.3 cos 2t volts

= 0.3 cos 100t volts
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 I = R


(0.3cos100πt)I = volts
(1.0Ω)

  = + 0.3 cos 100 t A

1. 5 cm (a) 1 s  (b) 1 ms 
10 T 0

2. B (t) = A+ Dt2

A = 3 Wb D = 15 Wbs–2 (a) 
 = (2ND)t (b) t = 0 s, t = 3.0 s

3. 

S dB/dt
 = (dB/dt) S cos 

S  (a) (b)

22.1.2  

22.5 (a)
O Z 

Configuration
 z

N
dB/dt 

I 

(a) , (b) 
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22.5 (b)

dε =
dt


 (22.5)

22.2

1. 22.6 A B 
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2.  22.7

B = 0

3.

(Motional Electromotive Force)

 XY  PQRS

 B 

22.8 

 B 

XQRY 

 XY 

 l   XY, t  x  X'Y' 

lx .

  = Blx

 B Δx=
Δt
l

    = Blv

 
Δxv =
Δt

 
 
 

 XY

Δε = B v
Δt

l
   

PQ

SR

B

B
Y

X X'

Y'

x
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B l  v 
Blv 

1. l v B 

2.  (N-S) 

(Eddy Currents)

22.9 (a)

Circulate
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22.9 (b)

(Laminations of metal) 

 laminated core

22.3.1

(i)  : 

(ii)  : 

(iii)  : 

1.

2.
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3.

4.

(i)

(ii)

(Inductance)

22.4.1  

B
d = B. ds

(I)

   I  or   = LI (22.6)

L

 

Iron Core

Geometry

(a)  (Faraday’s Law in terms of Self-Inductance):
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(22.5) (22.6)

So far you have learnt that if current in a loop changes, the magnetic flux linked through
d dIε = = L
dt dt


  (22.7 a)

2 1I I= L
I
 

  
 

(22.7 b)

I1, I2 t = 0, t = 

(22.7 b)

L =
dl/dt

    =

    = 

H

mH (10–3 H) mH (10–6H)

back emf

Instantaneous change (22.7 b)

(b) (Self-inductance of a solenoid) : A l
N 
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|B| = 0nI

n = N/l I 

N 
2

0μ N AI= N | |A
l

 B (22.8)

2
0μ N AL = =

I l


(22.9)

1. 1 m 20 cm 

2.5 A 1.0 ms 

2. l

non-inductive resistor

22.10

3. 9.7 mH 35 mV 

22.4.2 (Mutual Inductance)

B 

A 22.11

2   1   I1   2 = MI1 (22.10)

22.10
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 M

2
dε =
dt




2 1I IdIM M
dt t

 
     

 
(22.11)

A t s I1 I2 

SI  (H)

 22.3

340 mH 15 ms 28 mA 
57 mA 36 mA 16 mA 

 :

15 ms 

11di 57 mA  23 mA 2.3 As
dt 15ms


 

12di 16 mA  36 mA 1.3 As
dt 15ms


  

(22.11)

1 = – (340 mH)  (2.3 As–1) = – 0.78 VV

2 = (340 mH)  (1.3 As–1) = 0.44 VV

(22.11) 

1. 22.11 

(a) i1



191

-2

(b) i2

2. 22.11 

(Power Generator)

A.C. (Alternators) 

D.C. 

22.5.1  A.C. (Generator or Alternator)

22.12

22.12 

 
ˆ(t) . A  B n

B  A 
 
n̂

, (t) 

 (t) = AB cos 
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 = t (22.12)

  (t) = AB cos t

dε (t) = ω ABsin ωt
dt


  (22.13)

N 

(t) = N  AB sin t (22.14)

    = 0 sin t

where 0 is maximum emf

A.C. 22.13  (i) 
(Armature), (ii)  (Field magnet), (iii) (Slip-rings), (iv) (Brushes).

ac

B1  B2

(Fig. 22.13)
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AHCD 

AH 
DC H A D C

DCHA B1 R B2 22.14 (a)

22.14 (b) AH CD
AHCD reversed

B2 RB1

22.14 c

22.5.2  (DC )

22.14
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(i) 
(ii) (iii) (iv) 

 
ac 

ac 

ac
 ac 

dc 

polarity

fluctuating

dc ac

ac
22.15 (a)

R1, R2 

B1, B2 

dc 22.15 (a) DCHA
B1 L B2 22.15 (b)

dc 
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AHCD R1 B1 B2

22.15 (c)  dc 
Unidirectional

/2 22.15 (d)

fluctuations

22.15 (e)

1. ac dc 

2. dc

3.

4.

Bdε =
dt


B 



196

TOSS

A  N   l 

2
0μ N AL =

l

The changing currents in two nearby coils induce emf mutually.

1. S = 9.0 × 10–2 m2. (a)
7.5 V (b)

45° 

2. (a) 22.16 (a) F 
B 

(b) 22.16 (b)
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3. (a)

(b)

3.0 A 

24 kV 

0.10 ms 

4.

5.

6.

7.

8. 9 × 10–2 s 10 H 7 A 10 A

9.

10. 80 cm  4 m/s 

64 mV  B 

11.

12. a.c. 

13. d.c 

14. 2 web/m2  10 cm  4 m/sec 
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22.1

1. N = 1000, r = 5 × 10–2 m B1 = 10 T  B2 = 0T

(a) t = 1 s 

     
 2 1 2B B

|ε| = N πr
t


4
3 10 π 25 1010

1

  
 

= 25 V

= 25 × 3.14 = 78.50 V

(b) t = 1 ms 

   
3 4

3
10 10π 25 10ε

10





  


= 78.5 × 103V

2. 2= A + Dt  1
dε = = 2Dt
dt


  = N1  = 2N Dt

  = 2 × 250 × 15 t = 7500 t

t = 0  1 = 0   = 0 V

t = 3 s   = 22500 V

3.  = B.S = BS cos 

d|ε| = N
dt


dB|ε| = NS cosθ θ
dt



(a) || 

cos  = 1   = 0 
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(b) || 

 = 90 

22.2

1. A B

2. E 

3.

22.3

1.  (e) 

BlV 

2.

22.4

1.

2.

3.  (Sinusoidally) 

4. (i)

(ii)

22.5

1.
 2

2 1I IdI N Aε = L ω
dt tl




 7 2

3

4π 10 π 10 2.5 0
1 10

 



    




= 10–6 V

e

o t
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2.

3. 3 3 dI3.5 10 9.7 10
dt

    

   1dI 3.5 0.36 A s
dt 9.7

  

22.6

1. (a) i1

O

B A

(b) i2

C D 

2.

22.7

1. (i) a.c. d.c.

(ii) a.c. d.c. 

2.

3. a.c. d.c.

4.

1. (a) 3 × 10–2 Wb s–1 (b) 0.47 T s–1

3. (a) (b) 0.8 H

8. 333.3 V

10. 0.2 Tesla

14. 0.8 Volts


