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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

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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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 + 0.263 × 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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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.



15
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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
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21x = at
2  

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

 t
g
l



2. a = LT–2;  v  = LT–1;  r  = L

a   v a   r

a   vr

LT–2 = (LT–1) L = L+  T–
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L  T 

 +  = 1,  = 2    = –1

a   vr 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
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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.

 =

+  –  

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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  =   (2.2)

 2.1

 O  P 

120 m   P 

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

P P  Q .

 :

(a) O  P ,

= +120 m

= 120 m

= 3 

 =  1+120= = +40ms  
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 12ms
5


  

=  1180 36ms
5

 
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  2.2

m s 

m

s

  =   300
200

 ms–1

2.1.2

km/h 
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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t  

xv
t





 t 

t  0t   (x /t)

2.5

(i) s 

s (ii) s s (iii) s s

 :

(i) s s 

= m

     
14m 4m= = = = 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.

2. A B

(i)

(ii)

(iii)  

(iv)

(v)

3.

4.

x y
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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

ms–2 

 :

,

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 x t

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 km

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 m

v = u + at

   = 3 + 4 × 2 = 11 ms–1

, v = 11 ms–1 .

(ii) 

v2  = u2 + 2a (x – x0)
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(5)2 = (3)2 + 2 × 4 × (x – 5)

 x = 7 m

 (x) = 7 m.

1. s m 

2. ms–2 m  

ms–1 t = s  

3. m 

4.

 g

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 cosecd x 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 hrs

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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g m

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)

  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 0j 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 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 + 5C i j  
 

ˆ ˆ= 6 4D 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

z 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 : 

v 
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3.2.3

 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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TOSS

 3.14 : 

h


u P

A xO u cos

u 
sin



R

y ‘t’  (3.19)

2

2 2

x 1 xy = (u sin θ) 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 ms–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
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-1

 
r̂ v

  v = r.

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 ˆ5 i 3 j
 

ˆ ˆ3 i 5 j  

7.

8.

9.

10. N kg

m

11. m  ms–1

12. ms–1

13.  ms–1
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14. m km h–1

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
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3.2

1. A  B = 0 A

× B = AB sin  = 0 = 1800

A × B = AB sin  = 0 sin 180°= 0.

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
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5. 124

6.  : 30, :  16 z-

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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(1)  (2) 

4
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inertia

(a)

(b)

(c)

4.1.1
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4.1.2

4.1 [a]
4.1 [b]

(a) (b) (c)
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PQ RS a

b c PQRS
PQ RS PQ

RS
b RS

PQ

(Sir Isaac Newton) (1642-1727)

Wollsthorpe

Principia optics

     (a) (b)

(c)
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X, Y & Z 

1.

2.

3.

4.

5.

6.

.

p = mv
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 SI kg ms  N s

4.1

kg kg ms

ms

     P =  × 

160 1.0kg ms 

160 kg ms

    P  140 1.5kg ms  

160kg ms 

 4.2

2 Kg t = 0 s

(a) t = 0 (b) t = 1 s  (c) t = 2 s

(a) t = 0 s 

(b) t = 1s, ms 0v = v + at

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

v 0 9.8 1 9.8 /m s    

 t = 1s is p = mv

1
1 2 9.8 / 19.6p kg m s kg ms  
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(c)   t = 2s 19.6 ms–1

p2 = (2 kg) (19.6 ms–1)
= 39.2 kg ms–1  

 4.3

0.2 kg 10 ms–1

 (0.2 kg) ×  (10 ms–1) 2 kg ms–1.

X X

 pi = 2 kgms–1,  pf = –2 kg ms–1.

 pf – pi = (–2 kg ms–1) – (2 kg ms–1) = –4 kg ms–1.

X
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F Δt  Δp

if 0,p p dpF t
t t dt
  

    
  

(4.1)

pF k
t





k

vF k m
t

 
  

 

F k ma
 v a

t
 

 
 

(4.2)

k m a m a 
m = 1 a = 1 F

.F ma (4.3)

SI m = 1 kg, a = 1 m/s2. 

F = 1 kg 1 ms–2 = 1 kg ms–2

     = 1 (unit of force)

 (1 unit of force = 1 kg ms–2 ) (N)

SI  
kg ms–2

4.4

kg ms–1 s
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 :

m = 0.4 kg,  u = 20 ms–1,  v = 0 ms–1   t = 10 s 

   10.4 20v
10

kg msm u
F m a

t


  

   20.8 0.8kg ms N  

 4.5

m/s kg N

 :

m = 10 kg, F = –50 N, u = 10 ms–1  v = 0 t 

v uF = ma = m
t
 

 
 

10 1050 10 msN kg
t

 
   

 

       
1100 2

50
kg mst s

N


 



1.

2. Vo
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(a)  

(b)  

3.

4.

(a kg N s 

(b) 2 kg N 0.2 s

5.

1F   2F

1F 2F

F1 

F1 

F2 

F2
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( )
A, B B, A 
.

 AB BAF = F (4.4)

4.4.1

v u mv muF = m =
t t
  

 
 

f ip pF =
t




    F.Δ t = Δ p =  (4.5)

( F )
(t) 

SI  kg ms–1  Ns.

1.

2.

(a)  

 (b)   (c)  
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3.

4.5.1

F

t p 

Δ pF =
Δ t (4.6)

Δ pF = 0, = 0 Δ p = 0 p =
Δ t

  (4.7)

A  B 

t ABF BAF

AB BAF = F
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A BΔ p Δ p=
Δ t Δ t



A BΔ p +Δ p = 0 ( )

Δ p = 0

( )    p =

4.5.2

(a)

2v
m M

1v 2v  

1 2mv + Mv = 0 (4.8)

1 2mv = Mv

2 1
mv = v
M



2v 1v m << M

(b)

 4.6

m v
m 
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 :

v '

 = 2 mv

= 5 m v '

2 mv = 5 m v '

2v ' = v
5

(c)

A B

(d)

M 

m V
 t = m v t.

 t V  = M V

mvt + M V  = 0

V mv= a =
t M



mva =
M


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tear wear

1.  2.  3. 

4.6.1

 Fext

fs Fext fs

Fext

Fext Fext

(max).sf
fk

(max)
sf  fk

(max)
sf FN
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(max)
NFsf  (max)

s N= μ Fsf (4.9)

 s 

FN FN

mg m 

s extf F  maxs sf f

s s Nf F  

k k Nf F (4.11)

k s k  s k

 s k

s k

 4.6 : 

 4.4 : 
 4.5 : 
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 4.7

2 kg 

 :

 m = 2 kg  s = 0.25

(max)
s s Nf F

= s  mg

= 0.25 (2 kg) (9.8 ms–2)

= 4.9 N

 4.8

5 kg 

0.1k  N

 :

 k k Nf F NF mg

   k kf mg

= (0.1) (5 kg) (9.8 ms–2)

=  49 kg ms–2 = 4.9 N

= Fext – fk

= 10 N – 4.9 N

= 5.1 N

25.1 1.02
5

netF Na ms
m kg

   

ms-

4.6.2
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4.6.3

fluid friction

: 

stream-line

kmph 

 4.7 : 
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(Free body diagram technique)

Free Body Diagram (FBD)

1.

2.

3.

4.  F = ma 

(  Fx = m ax  Fy = m ay)

(i)

(ii)

4.9

m1 m2

m2 F
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F a T
m1 m2 F = ma

N – (m1 + m2 ) g = 0

F = (m1 + m2) a

1 2

Fa
m m

 


 (4.12)

m1 F = ma
N1 – m1 g = 0  T = m1 a 

1
1 2

FT m
m m

 
  

 

( )
1

1 2

mT F
m m

 
  

 
(4.13)

F = ma m2 a
T

4.10

m1  m2 (m1 > m2)

m1 a m2 a 

T

m1 m2 F = ma

m1g – T = m1 a ... (1)

T – m2g = m2 a ... (2)

a T

1 2

1 2

m ma g
m m

 
 

 
(4.14)

 4.9

 4.10
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 4.11

1 2

1 2

2m mT a
m m

 
  

 
(4.15)

m1 m2

m1 = m2 m1 >> m2 a > T 

4.11

 M = 10 kg m = 2 kg

k = 0.02
(a) (b) 

4.11 (b), (c)
a 

FN = Mg

T – fk = Ma   fk = k N = k Mg
T – kMg = Ma (1)

mg – T = ma (2)

mg – k Mg = (M + m) a

  
 

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

 


 

a = 1.47 ms–2

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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1. m 

2. 2 kg 3 kg A B 

N A B

3. 5 kg 

(a)  2 ms–1 (b)  2 ms–2

v - v  

a

- a

m a

m a

 4.12
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1.

2.

3. 2   103  

 6   10–10 kg 4 cm

4.

g = 10 ms–2 

5. 2 kg 

m v , ' 'p p mv

F  = m a .

A B

A B B A 
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(max)
sf

 FN

fk fk = kfN

k 

wheels

1.

(a) (b)

(c) (d)

2.

(a) (b)

(c) (d)

3. 0.5 kg 4 s
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4. kg

(a) N s

(b) 10 N 1 m

5. 0.2 kg 6 ms–2.

6. 20 kg

s m 

7. ‘m’ 

8. 0.1 kg 10 ms–1

9. ms–1

12 g

10.

11. kg N s
(a) s (b) s 

12.

13. kg

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

 4.13

 4.14
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14. N
N

15. kg

F   (g = 10 ms–2)

16. P Q m1 = 2 kg m2 = 3 kg
P

F = 10 N

(a) (b) P Q

17. P Q m1

= 2kg m2 = 4 kg 
R M

M
P

Q

18. kg 20 ms–1 

g = 10 ms–2, sin 37° = 0.6, cos 37° = 0.8.

19. p = at + b a, b 
t

20. 10 kg A kg
B 0.2. 

20 N
 (g = 10 ms–2). [ F = (m1 + m2) a ]

21. 60 kg 

(a) 1.2 ms–2

(b) 1.2 ms–2 

(c) 5 ms–1

(d)

 4.15

A

B

20 N

= 0.2

 4.16
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22. 3 kg, 4 kg 
 (g = 10 ms–2)

23.
5 kg, 4 kg 
4 kg  4 kg

 (g = 10 ms–2)

24. F. 

25.

4.1

1.

2.

3.

4.

5.

6.

4.2

1. P = mv =  
     mv =  

1v
m



2. (a) (b)  

3. p = mv : m 

5 kg
4 kg

4 kg

 4.17
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4.
pF p f t
t


     



 (b) Ft 

5.

4.3

1.

2. (a)

(b)

(c)

3.

4.4

1.

2.  
2

1 2

100 20
2 3

F Na ms
m m kg

  
 

F = m1a  =  2   20 = 40 N

= 

 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. a

F = mg – ma

m
F

2.
2vm

r
 
  

 

v r
2vm

r
v

r 

3.

    
22 12 3 16 10 2 10 0.04F m r kg rad s m      

     = 9.6 10–4 N.

4. = 

5 kg

mg

T

mg

a = 2 ms–2

 4.19
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r
2v vm mg rg

r
  

v r  v / r

rg g
r r

  

5.

1. (c)

2. (d) 

3. v = u + at

v = 0 + (9.8)   4  v = 40 ms–1

    1v 0.5 4.0 v 20kg msP m u      

4. 10 N 1s P = Ft.

5.  = 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 

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    v .dv dmF m

dt dt
 

8. u, v 

(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.  =    

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

a F m ms  

(a) v v 0 10 1 v 10 /u at m s       

(b) t = 2s 2 

 t = 2 s 

v = 0 + 10   2 = 20

 v = 20 m/s.

12.  N = F sin 

F = s N

F = s F sin 

F), 

45°
45°
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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 4.9 N

(c) 6 N 9.8 N  fk = k N, 

fs = s N .

14. fs = 10 N, 5 N)
 5 N 

15.  N = mg cos + F sin

  fs = sN = s(mg cos + F sin)

F cos= s(mg cos + F sin),

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  =  Mg

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

    
      

   

mg

N
f r

mg cos
mg sin


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23. 5 kg  T – 50 = 5a

80 – T = 8a

230 2.4
13

a ms 

24. T = F.

25.



107

-1

power) 



















5
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  5.1 

F S
S

F S θ S F cosθ
F

W = . = FScosθ = (F cosθ)SF S (5.1)

F , S  

W = .F S

S = 0 W = 0 

 × (Nm)

J 

SI 

 5.1 : F S



    S

F
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 5.1

 :

W =  × 

   =  ×  × 

= [M] × [LT–²] × [L]

= [ML²T–2]

(kW h)

1 kW h = 3.6 × 105 J

 5.2

N

 :

 

W  = FS cos 

    = 6 × 2 × cos 60°

    = 6 × 2 × (½)

    = 6 J

 5.3

 :

       = mg
      = 5 kg × 9.8 ms–²
      = 49 N

          = 49 × 4 (N m)
= 196 J
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5.1.1

W = FS cos 

W = FS cos 

1.  = 0°  cos ° = 1

        W = FS

2.  = 180°,  cos 180° = 1

        W =  FS

 = 180° 1800  

3.  = 90°   Cos 90° = 0

       W = 0

5.1.2

. 5.3 (a)  m  h   5.3 (b)
m h

 mg. 

. 5.3 (a), mg 
 = 180°. 

 5.2 : (a) 

(b) F 
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 W = FS cos 180°

    = mgh (–1)

        W = – mgh (5.2)

5.3 (b) mg S
= 00 

        W = FS cos 0°

           W = + mgh (5.3)

1.

2.

(a)  (b) (c)  

 5.3

(a) (b)  
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F xi xf

F F

    x  x xi x xf

3.

(a)  

(b)  

4.
 

ˆ ˆ= (2 + 3 )F i j N
 

ˆ ˆ= ( + 2 ) m.S i j

5.
 

ˆ ˆ= (5 +3 )F i j  N.
 

ˆ ˆ= (3 + 4 ) m.S i j

(a)  

(b)  

(c)  

x F(x) 

xi xf xi xf

x x
F(x) x 

W = F(x) x (5.4)
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F(x) x  (a)
xi xf

W = W

    = F (x) x (5.5)

 xi xf xi

xf

 
lim x 0

W F x Δx
 

  (5.6)

 
f

i

x

x

W F x dx   . (5.7)

 5.4

 F = –kx  x-   x = a  x = 2a 
k 

 :

 
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

(a)
m
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x x = 0 m
F

Fs x
Fs x = xm

F

x 

|Fs| = kx, K Fs

F = Fs = – kx (5.8)

F 

F x

 5.5 : m

x = 0

(a) 

x = 0

(b) F 
F

x

(c) F 

xm

F

xm

x = 0
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(½) 2
mkx .

x = 0, Fs = 0 x
F x = xm F

s s0 + F F=
2 2

 
 
 

W =  × 

    sF= .x,
2

| Fs | = k | xm |. 

m m
1W = kx × x
2

   2
m

1= kx
2 (5.9)

  1= × ×
2

   m m
1 x × kx
2



2
m

1W = kx
2 (5.10)

 5.6 : 

FS

F = kx

x
x = xm
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  
mx = x

x =0

W = F x dx.  

 dx 

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



(a) m

b s

mg

Fs= k.s

       mg = k.s.

, k = 
mg
s (5.11)

1. SI

2. N cm cm 

3.  y-  x-

 5.7 : 

(b)(a)
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‘m’ v

  21 1K = m v.v = mv
2 2

 
(5.12)

m F t u  v
s 

   2 2v u = 2as (5.13)

  
2 2v ua =
2s


 F = ma 

   
2 2v uF = m
2s

 
 
 

(5.14)

2 2v uW = F.s. = m ×s
2s

 
 
 

2 21 1W = mv mu
2 2

 (5.15)

final initialW = KE KE

W = Δ KE (5.16)

 ‘u’ 21W = mv
2

21KE = mv
2


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 - 

 5.5

 kg N

(i)

(ii)

(iii)

(iv)

(iv)

(vi)

(i)  (F) = ma

a = F/m

   = 30/10

   = 3 –²

v2 = v1+ at

           = 4 + (3 × 2) = 10 m s–1

(ii)  

21s = ut + at
2

     
14 2 3 4
2

   

  = 8 + 6 = 14 m
   W = F × S

= 30 × 14 = 420 J
(iii) 

2
1 1

1K = mv
2

    
1= 10 × 16 = 80 J
2
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(iv) 

2
2 2

1K = mv
2

    
1= 10 × 100 = 500 J
2

(v)   =

(vi)  K2– K1 = (500 – 80) = 420 J

1.

2.

a)  v v 

b)  m
m
2

3. J Nm–1.

4. J

configuration) 
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5.4.1

m
h1 h2

 h = (h2 – h1)
mg

W =

W = mgh
m

 h1 (h2 – h1)

5.4.2

F = –kx (5.18)
x = x

x =0

W = F.dx (5.19)

21W = kx.dx = kx
2



21U = kx
2 (5.20)

 5.8 :  h1

m h2 

 5.9 : 
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(a)

m h
mgh

h1

h2 = (h – h1

P = mgh2.

h
h

 5.10 : 
h 

h2 P  P
  h 

h1

h

h2

P
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v² = u² + 2gs (5.21)
h u u = 0

s = h1. P
v² = 2gh1

  P 
21K.E = mv

2

1
m= × 2gh
2

= mgh1 (5.22)
P 

 + = mgh1+ mgh2

 = mgh (5.23)

(b)

x0 m v
xm

x0
21 mv

2

2
m

1 k x
2

2
m

1 k x
2

  5.11 : m v 

xm

x

v

m

x0

xm

0

0
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2 2
m

1 1k x = mv
2 2 (5.24)

+ = +

2 2
m

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

 5.6

0.5 kg 

B

(i) A
(ii) B

(i) A

= mgh = (0.5) × (9.8) × 2.5 J

= 4.9 × 2.5 J = 12.25 J

A = 0 and

= 12.25 J

(ii) A B

A  (P.E. + K.E.) = 12.25 J

B (P.E. + K.E.) = 21 mv
2

  5.12 : A 

B 

A

B

2.5m
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B 

21 mv = 12.25
2



2 12.25 × 2v =
0.5 = 12.25 × 4

v² = 49.00

v = 7.0 ms–1

2 2
0v = v + 2gx

   = 0 + 2 × 9.8 × 2.5

v² = 49

v = 7 ms–1

= =

ΔW ΔEP = =
Δt Δt (5.26)

P

Δt 0

ΔW dWP = Lim =
Δt dt

 
 
 

(5.27)

  P=  F V

  SI J/s (W) 
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(James Watt) (1736–1819)

SI

(hp)

1 hp = 746 W

(W)
(kwh)

31 kwh = 1 × 10 × J/s × 60 × 60s

51kwh = 36 × 10 J = 3.6 MJ  

•

21/2mvP = =
t

(5.28)

mghP = =
t

(5.29)

 5.7

   W = mgh

= (100,000 kg) × (9.8 m s–2 × 700 m)

= 9.8 × 7 × 107 J

= 68.6 × 107J

 = 1 hour = 60 × 60 s

= 3600 s
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 P = W / t

768.6 × 10 J=
3600 s

= 1.91 × 105 watt

 746 W = 1 hp 

5
21.91 × 10P = = 2.56 × 10 = 256hp

746

 5.8

 × 103 

(i)
(ii)

(i)

PE = Work = mgh

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

PE = W = 500 × 106 J

(ii)

6W 500 × 10 JP = =
t 1s

 = 500 × 106 watt

PE = 500 MW

1. kg s m

2. hp
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3. 1000 kg 90 kmh–1

15 m 

4. 4000 N 72 kmph 

 

(a)

A
B (a)

A B

(a)

WAB  = WAB b 

A B B A

WAB  = WAB

WAB + WBA  = 0

(b)
m A

v

(a)  A  B 

(b) A  B 1
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B

A  21E = mv
2 B

E A B
B B

1. ABC AB BC
AB = 3 m BC = 4 m AC = 5 m kg

A

(a)  A B 

(b) B C 

(c) C  A 

(d) B C 

2. A

. 5.15

v
B A
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 5.17

  5.18

(a) B 

(b) C 

(c) A C

3.
BC = 2 m 

B
J

4.  5.18
E

x A B

5.

6.

(i)  :  

(ii)    : 

. 5.16

x
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5.8.1

m1, m2 A, B 1 2u , u

1 2v , v  u1 > u2

m1 u1 + m2 u2  =  m1 v1 + m2 v2

m1 (u1 – v1)   =  m2 (u2 – v2) (5.30)

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)

5.31  5.30

u1 +  v1  =  u2 +  v2 

u1 –  u2  =  v2 –  v1 (5.32)

(5.32) 

v2 =
  u1 –  u2 +  v2 (5.33)

(5.33) 5.30 

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

v1 v22u

 5.19 : 
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v1 = v2 +  u2 – u1 (5.30) 

1 2 1
2 1 2

1 2 1 2

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

   
      

(5.35)

 - I

m1 = m2 = m 5.32), (5.33) 
v1 = u2

v2 = u1

.

 B u2 =  0.

1 2
1 1

1 2

m mv = u
m + m

 
 
 

1
2 1

1 2

2mv = u
m + m

 
 
 

m1 = m2  v1 = 0, v2 = u1  

A B A
 

A
B 

 - II

(i) m1  m2 

m2 >> m1 u2 =  0

m2  m1 

 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

 
  

 


-

5.8.2  (e)

2 1

1 2

v ve =
u u




(5.36)

 u1, u2  v1, v2 

e 

‘e’ 
e = 1 e = 0 e 0, 1 .

5.8.3

h1 
h2

 2

1

he =
h (5.37)

1.

(a)

(b)
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2.
A B C

B C
A  v B

A B
C 

3. kg A kg 
B
A + x ms–1

B –x ms–1

A B

4. kg 

ms–1

(a)

(b)

(c)

(d)

5.

6.

7.

8.

9.

F

W = = FScosθF .S

 F , S  

  5.20

  5.21
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F x

21W = kx
2 k

W

x

k Nm

 (i)  (ii) 

21KE = mv
2

 PE = mgh.

m v E = 21 mv
2

2 21 1W = mv mu
2 2



f iW = K K = ΔK

P = W/t W

   KE PE
ΔE = ΔE + ΔE
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2
elastic

1PE = kx
2  k x .

e)

2 1

2 1

v ve =
u u





e = 1

e = 0

e  0 1

1.

2.

3.

4. ms–1

(a) 

(b) 
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5. 3 kg 20m s–1 1200 N m–1

6.

7. 60 W

8. 1000 kg 120 m.

9. 1200 kg 90 km h–1

10. 400 g 5 ms–1 600 g

11. 10 g 500 ms–1

20 kg

(a)

(b)

12. 6 kg 15 N
10 s

100 m

(a)

(b)

(c)

(d)

13. A, B, C D
BC = 50 cm A 250 g

(a) B A

(b) B 

(c)  D
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14. 400 N/m–1  (a) 6.0 cm  (b) x = 4.0 cm 
x = 6.0 cm x = 0 

15.  1000 kg. 15 ms–1 

(a) 

(b) 

16. 2 m/s 0.6 kg 0.8 kg 

17. 0.2 kg  1 m 
0.64 m. 

18. 1 kg, 2 kg 
200 ms–1 

19. 240 500 ms
2.5 kW 

20. 70 kg 30 kg 
30 cm 30 

 (g = 10ms-2)

5.1

1.

W = FS cos θ
W = FS cos 90° = 0

2. (a)

(b) θ  180°  270°
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(c) θ  < 90°.

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

(b) W = mgh = – 98J

4.    
 

ˆ ˆ ˆ ˆ= 2 + 3 N, S = + 2 mF i j i j

   
 

ˆ ˆ ˆ ˆW = F.S = 2 + 3 . + 2i 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 = 5.83N

(c)    
 

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

  = 15 + 12 = 27

W = 27 J

5.2

1.
Nm–1  .

2. 1
2

10 Nk 1000 Nm
10 m




 

F = kx  x = 5 cm = 5 × 10–2 m

F = 1000 × 5 × 10–2

F = 50 N

3.
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5.3

1. 21K = mv
2 m v2 

2. (a) KE 4 

(b) KE  

3.  21PE = 4 3.6J
2
x 

2 2 × 3.6 2 × 3.6x = = = 0.04m
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 × 8= = W = 784 W
t 10

2. 10 × 74610hp = 10 × 746 watts =
1000

 

 = 7.46 KW

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

2
2v 25× 25a = = = 20.83ms

2s 2 × 15


F = ma = 1000 × 20.83 = 20830 N.

W 20830P = = = 12498 W
t 25
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4.

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

18

 
  

  
 

  = 4000 × 20 = 80000 = 80 KW

5.5

1. (a)

(b)   mgh = 2 × 9.8 × 4 = 78.4 J

(c) ΔPE = 78.45

(d) –78.4 J

2. (a) ΔPE = mgh = 0.5 9.8 4 = 19.6 J 

B 21KE = mv =19.6 J
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  B = mgh = 2 × 9.8 × 1 = 19.6 J

 B  = 15.6 J

 = (19.6 – 15.6) J = 4 J.

4 J = F × S = F × 2

F = 2N.
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4.  x = 0 KE x = xm

PE x = 0 x = xm

A PE 

5.

6. PE du = – fdx

Uf – Ui = – dW

5.6

1. (a)

(b)

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

(1) (2)

3. 5.34 

1
Av = 35ms

Bv = 20m/s

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

(c) (d)    79.42 J

5.

6.

7.

8.

9.
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1. .  
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 2m

   

2.

3.

4. (a)

(b)

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 

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

t 1

   1.2

9.
2

21 1 90 × 5W = mv = × 1200 ×
2 2 18

 
 
 

      
21= × 1200 × 25

2

     600 625 375000 J  
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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 × 4002mv = u = × 5 ms = 4ms
m + m 1000

  
 
 

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

1Δ KE = m u m + m v
2
    = 1249.4J

12. (a) 500 J

(b)    1200 J

(c)    3 N, 

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

( 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

 
 

  
 
 



20. W = (m1 + m2) gh

    100 10 0.3m 30   

   1000 9 

   = 9 KJ
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centre of mass

6
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.

1.

2.

1.
cm 
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CM

m1, m2 X x1 x2

Xcm 

1 1 2 2

1 2
cm

m x m xX
m m





  (6.1)

m1, m2, m3 ...... mn 

n 

 x1, x2, x3, ....

xn  

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 = 

 m1, m2, m3 ......... mn  XY  (x1, y1), (x2, y2) .......

(xn, yn) 

m1 m2
O (0, 0)

xcm

x1

x2

 6.1 : 
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  i i i i

i i

, ,cm cm
m x m yX Y
m m

  
 

  
(6.3)

  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 1 2 3, , ........ nr r r r

.

1 1 2 2

1 2 3

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

n n
cm

n

m r m r m rr
m m m m

 


   
(6.5)

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

 
 
 

   (6.6)

 6.1

 81 3.84  105 km.

 :

 ‘m’ 

 = 81 m

X 

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

  
  

 6.2

x1 = 0



E
x2

Xcm
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 6.2

1 m
kg kg kg kg

 :

(x, y)

x y
m1 (0, 0), m2 (1.0, 0), m3 (1.0, 1.0) m4 (0, 1.0)

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

m m C

 6.3

1 kg, 3 kg   2 +5 +13 mi j k ,

 6 +4 2 m i j k . 

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

 6.3 : 

CM



150

TOSS

m1, m2, ..., m3 x

1 2, , ...., nx x x  

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   

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

n
dx dxdx dxM m m m
dt dt dt dt

    (6.7)

 
dx
dt



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

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)

    ma = .

1 2 .......cm nF f f f     (6.10)

Fcm = F  = Macm

6.2.1

1.

CM 

 6.4 : 
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2.  )
0i im x  .

3.

4.

6.2.2

6.1 : 

h 4 

CM
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1. A, B, C, D E
1.0 kg, 2.0 kg,

3.0 kg, 4.0 kg 5.0 kg.

2. m
m1 =1 kg, m2 = 2 kg, m3 = 3 kg

3.

4.

F = ma

a = g   F = W

W = mg        (6.11)

 6.5

 6.6 : 
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M a = Fext

. 6.7: 

.  6.8 :  A
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A

6.4.1  ()

 (O), 
‘t’ 

. 6.11   AOB = 

θ = 2π  

6.4.2

( ) 

. 6.9 : 

. 6.10 : 

B  t = t

A  t = 0

rO

r

. 6.11 
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t
 


 (6.12)





t ‘n’  
2 n

t


 

 ( )

t





 (6.13)

    0

t
 






  SI 

  (v) 

       v r  (6.14)

a), ( ) 

a r (6.15)

C C
r1, r2, r3... m1, m2, m3...

v1, v2, v3 (½) 2
1 1m v

m2  (½) 2
2 2m v

T 

   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)

1

i n

i




  

 v

. 6.12: 
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v = r .

 
2

1

1
2

i n

i ii
T m r





 
   

 
(6.17)



i

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)

I 

6.4

L m

 .

: 

I = mr2 + mr2 + mr2 +mr2

I = 4mr2

I
2

4
2

Lm 
  

  2
Lr 

  


 22mL

I kg m2

I = M K2 
M K radius of gyration
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2I MR  2 2
1 22

MI R R 

2

2
MRI 

2 2 2

4 12
MR M lI  

m C

I = mr2 + 2mr2 + mr2 + 2mr2

    = 6mr2

 2mL2 3 mL2

2

12
MLI 

 

22
5

MRI 
22

3
MRI 

2

3
MLI 
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. 6.13: 

2

2
MRI 

23
2

MRI 

6.18

A. :

disc steam
engine flywheel



B.

O

 t 

  =  t    (6.21 [a])
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f i t       (6.21 [b])

i f

21
2i t t    (6.21 [c])

2 2 2f i    (6.21 [d])

 t 

 6.5

OP rads–2

OP

 :

OP 

             2
0θ = ω t + (1/2)αt

          2 2=0+ 1/2 × 2.5rads ×4s

      = 5 rad

6.5.1 

(i) 

(ii) 
 6.15 : 

 P

. 6.14: 
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(i) : P

I IC

   I = IC + M d2 (6.22)

 M d

(ii) : x
y z–

x  y
z

Iz = Ix + Iy (6.23)

M R2 M R

 6.16 (a) :  6.16 (b) : 
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Id

M R2 = 2 Id

Id = (½) MR2

(½) M R2 P
P R.

Itan = M R2 + M R2 = 2 M R2.



hinges

spanner

O
 AB A F AB

O AB O
F O 

sin θFs Fr    (6.24 [a])

s 
Nm [a])

         r×F     (6.24 [b])

 6.17: 
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r F 

r F



6.6

(i)

(ii) 

 :

(i)

                    θ
= 0   = Fr sin θ  = 0.

(ii)  sin θ  

θ =90º B

O

. 6.19 : (a)  = 0

; (b) 

 6.20 : 

 6.18 : 
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 1 a b F  

       2 aF  .

1

1 2 bF     (6.25)

O 

P 

r

2m r v 

ma a

ma  r a

= r    m r2

 2 2

0

i n

i i i ii i
m r m r  




    (6.26)

  I



F = m a 

F

 6.21 : 
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x θ

dxv
dt


θd

dt
 

dva
dt


d
dt


 

M I

F = m a I 

w Fdx  W d  

½ 2Mv (½) 2I

P = Fv P 

Mv I

 6.7

kg m

kg (i) (ii)
(iii)

g = 10 ms–2 

(i) R M
I = (½) M R2 

F (m g) FR 

/ / 2 /I FR I F MR   

   
   

2
2

2× 0.1kg × 10ms
= = 20rads

1.0kg × 0.1m







165

-1

(ii) (6.21 [c])

 θ = 1/2 ×20×1.0=10 rad

(iii)  

1= t = 20×1.0= 20rad s  

1. m
M

2. radius of gyration

3.

4.

5.

6.

7.

. 6.22



166

TOSS

(i)  (ii) 
z O

ri P

i iv r

m1r1

L

 2
i i i i ii i

L m r r m r   

 I (6.27)

L
I 
kg m2 s–1

  , I  

dL dI I
dt dt


    (6.28)

6.7.1 (Conservation of angular momentum)

0dL
dt



. 6.23 : O
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.  6.24 : 

M R

(2/5)
M R2 

22
5

L MR  (6.29)





R





L = I

   I
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Acrobats skaters divers

 6.8

m
kg (a)

(b) m
(c) (d)

ISP kg m2 

(a) 1  = 2  

  110 2 radian 1.05rads
60s


 
 

(b)

  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

0.2 m 

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.

i i f fI I 

  
i i

f
f

I
I


 
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 2 -1

2

5.0 kgm 1.05rads
=

1.16kgm
         = 4.5 rad s–1

E

2 21 1
2 2f f i iE I I   

             
2 22 22 -1 2 -11 1= ×1.16kgm × 4.5 rads - ×5.0kgm × 10.5 rads

2 2
      = 9.05 J

(d)

1. m

d

  

2. 2.0 kg 20 cm

rad s

3. 

4.
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P C 
C

C 
P C

C

C vcm 

  21
2

 cmKE Mv (6.30)

M   

  21
2

KE I (6.31)

 I

M R I h
v   

v h

2 21 1
2 2

Mv I Mgh  (6.32)

. 6.25

. 6.26 : 



171

-1

v R

2
2

2
1 1
2 2

vMv I Mgh
R

  (6.33)

hoop
MR2 

2 2
2

2
1 1
2 2

MR vMv Mgh
R

  (6.34)

v gh (6.35)

1.

2.
h

3. 300 2 kg 10cm
(a) (b)

(c) 2m

Pulsars

km 7 × 105 km
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2 2

1

n

i ii
I m r MK


   .  M = ;

K = 

    r F
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 L = I  .

 ext = 0  L = I   = 

  1 1 2 2I I 

*

*

1. Mg

2.

3. (CO) 1.13 × 10–10m

4. kg  m 100 rad s–1

g =10.0 ms–2

5. m rad s–1

 rad s–2.

(a)

(b)

(c) t = 2 s 

(d) t = 2 s 

6. rads–1

kg m2

7. A 5 × 10–2 kg m2. B 
kg m2 A

B A  B
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(a)

(b)

(c) A

8.

9.  kg m2.
rad s–1.

rad s–1

10. kg cm

11.
2

4
MR

 (hint : ).

12.

13. 0.3 kg m2 300 

14. 0.63 kg m2  40 rpm  80 rpm

15. ( 7 3 3 i j k ) (  i j k ) .

6.1

1.

2.
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6.2

1. A (–1, –1), B (–5, –1), C (6, 3), D (2, 6), E (–3, 0)
1 kg, 2 kg, 3 kg, 4 kg, 5 kg

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.
kg

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
    

 
 

3.5 3,
6 12

 
  
 

3. x o  x

1 2 2

1 2 1 2

0 , 0m m x m xX Y
m m m m
  

  
 

m1 X m2

2 1

1 2 1 2

m x m xx X x
m m m m

   
 

2

1

mX
x X m

 


4.
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6.3

1.

= m r2 + m (2 r2) + m r2 = 4 m r2

 = m r2 + m r2 = 2 m r2

QP QP = m r2 + m r2 = 2 m r2.

SP (2 m r2) QP
(2 m r2) P (4 m r2)

2.

2 2 22 7
5 5

MR MR MR   K

M K2 
7
5

  M R2  
7
5

K R

3. 2 2 1 rad/second
60 60 1800

n
t


  



  


4. |r|   τ r F

5. (a)   / 

(b)  

(c)  

6.

7. kg m2

6.4

1.

2 2

4 4
d dL m m 

 
  
 

2

2
mdL 



2.
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2

4
rL I m   

2

4
mrr 


 

2 2
-1 2 10.2 m

L= 2.0kg × × 10rads =0.2kg m s
4



3.

 1 2 1iI I I  

 I1 I2 

 1 

2 2 2
12

mmr mr r 
 

  
 

1 1
3 2
2 3

     

4. T  T0

 
2 2

0

2 2 2 225
5 5

M R MR
T T
    

     
  

    
22 2

5
MR

T
 

  
 

, T0 = 6.25 T 

T0 (T ) 6.25

6.5

1.  
22 ,

5
I MR 
 

 

2 21 1
2 2

mv I mgh 

 
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.  
2

2
mRI 



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 

2

2

1
22= 3 3

4



mv

mv

4
3

v gh

1. Mg 

2.      (1) (2) 

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  = 510–2 Kg m2

KE = 1/2   5 10–2 100 100 = 250J

KE = mgh   250 = 5   10   h   h = 5m
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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  

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
  

   

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   
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8.

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        

  =  2 1
510 7.5 rad
2

    

   
22 1 0.1 5I mr         25 10 J  

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
  



R

IIcm

2MR
4
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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
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7
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S.I. 

10–6 

(i) (ii)

(Jean Baptiste Joseph Fourier (1768 – 1830))

heat conduction

heat diffusion
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1.

2.

3.

4.

5. (AC) 

1.

2.

(i)

(ii)

(iii)

(iv)

(v) U-

3. (i)  (ii) 

y

y = a sin  ( ) y = a cos  ( ) y = A sin  + B cos  (7.1)

a, A B 

x
O P

E E

A A

‘O’ X
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F X (E – O – E) 

O m

t x

O x 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)
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2

2

d x k x
dt m

 
  

 

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  ( ) 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



187

-1

OP OM

YY'

a OMP

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)

A 
a b c
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 t = 0

OP


x

 OP (y) ‘t’

(a)

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
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y (t) = A sin  (or) y (t) = A cos 

   = t,  

y (t) = A sin t (or) y (t) = A cos t (7.13)

 t  

 2 

A a S.I.

CGS 

A

(T)

T

T 2

T

T = 2

 
2πT =
ω

(7.14)



S.I.
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

 2 

2πω =
T (7.15)

f v n

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’
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 7.1

k

M

 :   
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
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 7.2

N m–1 

4.0 kg

(i) (ii) 

(iii) 

 :

kω =
m  ω = 2π f

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 4kg


  

  
   

 max
kv = a ω = a
m

    
1

11600 Nm= (0.04m) = 0.8ms
4kg


 

 
 

7.6.1

k

x m P
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-1

P

'x'  

P 'kx'

'v' 21K = mv
2

'kx'

2πT =
ω

kω =
m

mT = 2π
k

(7.18)

k 

m
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7.6.2

'k'

'm'

(mg) l

mgk =
l

'y'  

F = – ky 

F = – ky 

2π mT = = 2π
ω k

(7.19)

Galileo Galilei (1564-1642))

mu-

sic

Isochronosity

  (a)      (b)         (c)
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-1

Astromioal Telescope

“A Dia-

logue On The Two Principal Systems of The World”

“Dialogue On Two New Sciences”

7.6.3

(a)  mg

(b)   T

mg cos mg sin  

(i) mg cos T 
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(ii) mg sin 

mg sin

x 

F = mg sin

‘’ sinθ θ

F = mg

xsinθ θ =
l



 

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)
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-1

2πω =
T

2π g=
T l  

T = 2π
g
l

(7.23)

 7.3

 m1 m2 k

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
 
 
 
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x = x1 + x2 

kω =
μ

H2, Cl2 HCl 

1. m r 

.

2. m 

l

3. m

k

x(t) = A sin (t + ) (7.24)

dxv(t) =  = A ω cos (ωt + )
dt

 (7.25)
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-1

21K = m v
2

m 'v'  

  
21K.E. =  m Aωcos ωt +

2


 2 2 21K = m A ω cos ωt +
2

 (7.26)

2 2 21K = m A ω (1 sin (ωt + ))
2



2 2 2 21K = mω (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)
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kω =
m

. k 

k = m2 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

    

 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 = m2

(a) (b) 
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-1

1.

2.

(a)
G

S
B 

B 

(b)

(i) 
(ii) 

(a) (b)
(a)

(b)
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FD 

FD  = Fdamped = – b v (7.33)

b 

'v'  

F  = – kx (7.34)

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
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-1

(b)

F(t)

F(t) = Fo sinpt (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)
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A
Fo 

 p 

p 

o

p

FA = =
ω b

 (7.43)

A, B,
C, D E A
C

A
A

B, C, D E

B, D E

A

C A
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-1

1.

2.

1.

2.

3.

4.

5. (Tuner)
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2πω =  = 2π ,
T



  (symbol: Hz) 

T 

 y (t) = a sin (t + ) ( )

y (t) = a cos (t + )

y t (t + ) 

  t = 0 

mT = 2π ,
k

 m 

 k 
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-1

T = 2π ,
g
l   l  

g 

2 2 21K =  mω (A x )
2



21U mωx
2



2 2 21 1E kA mω A
2 2

 

1.

2.

3. (i) (ii) 

(iii) 

(i)  sin t + cos t (ii)  1 + 2 + t (iii)
π3cos ωt
4

 
 

 

4.

5.
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6. mT = 2π
k

 

7.

8.

9. U K E

10. U K E

11.

x = a cos t + b sin t

12.

13.

14. 2 kg k = 400 N m–1

m

(a) ()

(b)

(c)

(d)
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7.1

1.

2. (ii), (iv), (v)

3. (i) 

(ii) 

7.2

1.  x

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

 
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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

2πT 2π
ω g

l
 

3. 2 kω =
m   

1 kf
2π m



7.3

1.

2.

7.4

1.
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-1

2.

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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TOSS

(G)

8
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-1

2

1
r

r 

m1 m2 r  

F

1 2
2

m mF α
r



1 2
2

m mF G
r

 


(8.1)

 ‘–’ 
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TOSS

G 
F

F 

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  

m1 m2 

r12 m1

m2 F12

m2 m1 F21 
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G 
G 

6.67 × 10–11 Nm2 kg–2.  G 

'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)

G
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TOSS

'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

'M' m dr

dW

dU = dW =  × 

dU = – F . dr (8.12)

M
r P

m
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TOSS

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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-1

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

( ) 2

Mg  =  G
R (8.18)

 (M) (R)
'g'  

'g'  9.8 ms–2

A 

C 

B 
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TOSS

‘t’ 

v = u + gt (8.19 [a])

21s =  ut +  gt
2 (8.19 [b])

v2 = u2 + 2gs (8.19 [c])
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-1

'g'

'g'  

‘t’ s = h
(b)

21h = gt
2 (8.19 [d])

u = 0

'g'  

(d)

'g' 'g'
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TOSS

'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’

R

'g'

'2R'  'g'  'g'

'h'  altitude 

'g' 'h' h'g '

h 2

Mg =  G  
(h + R)
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h 2
2

Mg =  G  
hR 1+
R

 
 
 

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

g 2h= 1 +
g R

h
gg =
2h1+
R

 
 
 

(8.20)

1

h
2hg = g 1 +
R



 
 
 

h
2hg = g 1
R

 
 

 
(8.21)
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TOSS

'h'  

2h1
R

 
 

 

h = 
R
2

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) P

1. 'd'  

2. 'r' d
r = (R – d) P
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-1

'P' 'r' 'd'

'r'

'P'

'P' r = (R – d)

r = (R – d) M  

'r' 

 
34M = π R d ρ

3
 

    (8.22)

'P'  

 
d 2

Mg = 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)

g
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TOSS

d'g ' 'g'

 
d

R d dg = g = g 1 , 0 d R
R R
  

   
 

(8.26)

'g'

8.6.3 'g'

'g'

'g' λ'g '

g

 = g – R2cos2 (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

26

6.67 × 10 Nm kg × 5.97 × 10 kg
g = = 9.853ms

6.357 × 10 m

 


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 = 60º g km.

 :  T = 24 hours = 24 × 60 × seconds

= 
1
T

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. g

4.

(i)  (ii) 'g'  2

1
r

'r'
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TOSS

'm' 'W'

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

1.
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TOSS

perihelion

aphelion

A B C D 

AOB

COD

2.

3.

'T' 'r'  

T2  r3 



231

-1

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 

 :

T1 = 365.25 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
r 1.5 × 10
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TOSS

 (× 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

RE 

RE 

 :

T2 T1 = 27.3

r1 = 60 RE  T2 = 1 r2

   
1/31/3 3 23 2

E1 2
2 E2 2

1

60R 1dayr Tr = = = 6.6R .
T (27.3 day)

  
  
    
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-1

6.6 RE RE 5.6 RE

T 'r' T 2r

o
2πrv =
T (8.30)

2
0mv

r
m r 

 M 
2

mMG
r

2
o

2

mv mM= G
r r

2
o

Mv = G
r

o
GMv =

r
(8.31)

vo 

1.

2.
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TOSS

3.
AU Astronomical unit AU

1.5 × 1011 m

4.

5.

m ve

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
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-1

'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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vo 

(R + h)

R h

 m vo 

 

2
omvF =

R + h


(8.34)

 
2

GmMF =
R + h


(8.35)

M 

   

2
o

2

m v GmM=
R + h R + h

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 
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-1

km 

8 km s–1

  e
e o o

vv 2v or v
2

  (8.39)
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TOSS

1.

2.

3.

4.
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5.

Vikram Ambalal Sarabhai

ISRO

Launched Vehicles for Polar Satellites (PSLV)

GSLV
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TOSS

(a) 

(b) 

(c) 

(d) 

1.

6.4 × 1023 kg km.

2.

PSLV GSLV
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-1

G 

9.8 ms–2

g



242

TOSS

1.

2.

F

3.

4.

5.

g

6.

7.

8.

9. G

10.

11.

12.
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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



'G' 

2

1 2

FrG
m m

 



2

2

Nm
kg


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TOSS

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

 


  

 


g  
 

11 2 2 24
2

26

6.67 10 Nm kg (5.97 10 kg)
9.81ms

6.357 10 m

 


  

 

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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 – R2cos2

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' 
1
6

1
6

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


   


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1
4

3.

'g' 

1
6

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 90 108.9min
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

 

 
 
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3 3
2 2r 86AUT T 1yr 797.5yr

r 1AU
   

       

4. m V

2
omvF

r


2

GmMF
r



M 

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
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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


 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 
1
4

e e e
1 4 1v α v α v α 2R R R4

 



250

TOSS

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



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
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'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)

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
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-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 
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'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 UK USA 
UK 

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 (100 kg) (9.80 ms )= = = = 9.8 × 10 Nm
A A (0.10 × 10 m )






(ii)
2

20.20 10 m= 0.20 10
1.0 m

l
l


 

  
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 9.2 : = 4.0 × 108 Nm–2 = 7.9 × 103 kg m–3 g

= 9.80 ms–2 

 : W = Alg, A  l 

W = ρ g
A

l .

 4.0 × 108 Nm–2 

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 = hg = 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) Y  = ,   

 
21W =  × × ×

2
 

 
 

1W = × ( ) × ( ) ×
2 (9.14)
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1U = × ( ) × ( )
2

A, B A 

B 

A, B A B

B 

A 

1.

2.

(Plastic)

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 
Y = 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.

5. 1 × 108 Nm–2   10–3 
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l  b d

M



3

3

4Mgδ =
Ybd

l
(9.16)

 I a

 d–3  

depression

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

3

3

Mgδ =  
4bd Y

l
(9.17)

 Y 

(c)

I 

10 cm

10 km 

‘hg’ 

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. (Plastic)

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)
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(P) (10.1)

Hydrostatic pressure

SI Nm–2 Pa

Blaise Pascal

atm

105 Pa

A h

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
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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

Inlet valve
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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

AB

FT =  
L (10.6)

 P Q
R, S 
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T L 
 F 

SI Nm–1, [MT–2].

T L T × L
2TL

x 
F 

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 

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 – 4r2 = 8 r r

r 

W = = TA = T (8 r r) (10.8)

excess pressure
P 

= PV = P (4r2 r) (10.9)

P 4r2 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.

2.

(a) (platter)

(b)

(c) 
(d) 
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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 

Fa Fc sin PP

Fc

F
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capillary action

 (a)

(a) A, B, C, D 

2T ,
R

B A
2TP = P
R

 (10.13)

T R  A D

P D C

B D

B
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h
 (b)

column
2T
R

2Thρg =  
R (10.14)

 g 

r 

rR =
cosθ

R 

2Thρg =
r/cosθ

2T cos θh =
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.

r



296

TOSS

(F) 

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

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 = Ka 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

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


09ηv
r =

2(ρ σ)θ

5 1 1 1
5

3 3 3 2

9(1.8 10 kg m s ) (0.12 ms )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.
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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 × K h

V = K' h (10.28)

K' = KA1 

Atomizer 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 

Swing
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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

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

 d 

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 
 0.2 m  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.
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4. 0.012 ms–1.

5.

10.5

1.

2.

3.

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

m

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





2884T = = 206 K
14

K

(W
m


2 )
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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 1      

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 = AeT4
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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  T0  

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  

3
0 0E = eσ (T T )4 AT (11.8)

E = K (T – T0)

3
0K = 4eσAT  

0E (T T )  (11.9)
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 1. m m

 2.

3.

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 Wm1k1 °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.

11.2

1.
6

m
2880 × 10λ = = = 9.6 μm

300



2.

3. mT =  E = eAT4

4. 66.4 W.

11.3

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 (S) 

(iii)

 P-V
V P

W = PV = P-V ABCD 

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



340

TOSS

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 SI

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 

A 
T1, P1

V1
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(a)

V2 

T1

H1 ‘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)

CD
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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 K 

12.5.3 

1.

(i)

…………………

(ii)

…………………

2. (i) K K T. K
K T

…………………
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(ii) T K 
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
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J
RCC VP 

1.

2.

3.

4.

5.

6.
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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 u
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 



357

-1

x 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)

(13.3)  2 21 1PV =  Nmc = Mc
3 3

(13.6)

(i)

(ii)

(iii) 2c
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-1

 : 5
54321 

11
5
55

5
54321 22222




2

1σ =
2nπd

 n  d 

 :

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)

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 ) (300K)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 ) (300K)
2

 

21E = 6.21 × 10 J

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

 (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 , I ω
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

x V1 
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V2 
x

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

cp = cv + R

p
5 7c = R + R = R
2 2

(iii) cp cv 

E = RT

cv = 3R (T + 1) – 3RT

cv = 3R

cp = cv + R

cp = 3R + R = 4R
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1.

2. cp cV (R = 8.3 J mol–1 K–1 ).

3.

T

1°C 

i) (cV)

ii) (cP) p vc c = R  

 p v
Rc c =
J



kT
2
1
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 (i) kT
2
3

 (ii) kT
2
5

 (iii) 3 kT.

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).
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9. K

  (a) 

(b) 10.0 K 

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)
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2.

3. 21P = ρc
3

13.2

1.
500 + 600 + 700 +800 +900 3500c = = = 700 m/s

5 5

2c
2 2 2 2 2

2 2500 +600 +700 +800 +900= = 510000m /s
5

2
rmsc = c = 510000 = 714m/s

crms c  

2.

P = P1 + P2.

3.

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)
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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 

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    



384

TOSS

14.4.1

(i)

(r) i = r 

14.4.1.1 

 14.4 
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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 
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TOSS

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 : .......................

  14.8 

512 Hz A B 

 B 
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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 cm 12 
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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  

(a) 12 Hz  (b) 10 Hz 
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(1803 - 1853)

1803 

 1829 

 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

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14.8.3  

(f )

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) 
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10. 2.4 

343 m/s 

11. 225 Hz 

343 m/s 

12. 20 cm 

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 : …
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1.

2.

3.

4.

5.

6.

7.

8.
30 cm 

9.  400 Hz. 

5.

(L) = 0.75 

(T) = 80 

(m) = 0.02 kg/m

v T



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80Nv
0.02kg/m



2 2v 4000 m /s

v = 63.24 m/s

6.

( f ) = 440 Hz

(v) = 343 m/s

v
f

 

343m/s
440Hz

 

0.7795

10.

(L) = 2.4 

(v) = 343 m/s

4
L 


4L 

v f  
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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.

 1
v
4

f
l



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.
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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


	312 Front Pages Physics Vol - I
	312 Chapter 1 F
	312 Chapter 2 F
	312 Chapter 3 F
	312 Chapter 4 F
	312 Chapter 5 F
	312 Chapter 6 F
	312 Chapter 7 F
	312 Chapter 8 F
	312 Chapter 9 F
	312 Chapter 10 F
	312 Chapter 11 F
	312 Chapter 12 F
	312 Chapter 13 F
	312 Chapter 14 F

