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X



(Introduction)







(Objectives)    


 

 

 

 

 

(Need for Measurement)    1.1   






   1.2  


 Base Quantity 

 (Derived Quantity) 

 1


(Units and Measurements)

1
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 2000 


 10  10  100 
 

 
 10  10 

Base  Base 


 (Derived units)  Base 


(System of Units)  1.3

(ii) (British) FPS(i) 
 1.1  (Metric) MKS(iii)CGS

 1.1 
S.No    

1 FPS   
2 CGS   
3 MKS   


Strength and Illuminating power (Thermodynamic Temperature) 
 Solid Angle  Plane Angle  Electric Current



(SI System) SI 1.4

SI  241971

 International System of UnitsSystem of International Units 
 (Metric System)  SI  SI 

2

TOSS



 SI 
Base SI Units 1.2 

  
  m

  kg

  s

  
 A

  K

 Illuminous Intensity Candela cd

  mol

 Plane Angle  rad

 Solid Angle Steradian Sr.

 SI 
 1.3 

 101.3 

   
10–18 atto a  Attometre=(am)

10–15 femto f



 Femtometre=(fm)

10–12 pico p  Picafarad=(pf)

10–9 nano n  (Nanometre(nm)

10–6 micro m  (Micron=(mm)

10–3 milli m  Milligram(mg)

10–2 centi c  Centimetre(cm)

10–1 deci d  Decimetre=(dm)

101 deca Da  Decagram=(dag)

102 hecto H  
 Hectometre(Hm)

103 kilo K  Kilogram(kg)

106 mega M  Megawatt(mw)

109 giga G 



 Gigahertz(GHz)

1012 tera T  Terahertz(THz)

1015 peta P  Petakilogram(pkg)

1018 exa E  Exakilogram(Ekg)

 3
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 1.4 
(Object) Mass (kg)

 10–30

 10–27

 10–25

 10–22

 10–19

 10–8

 10–6

 10–2

 102

Saturn 5 Rocket 106

(Pyramid)  1010

 1024

 1030

(Galaxy)  1041

 1055

 1.5 
 (m) 

 10–15

 10–10

 10–7

 10–4

 10–2

 104

 107

 109

 1011

 1013

 1016

 (Galaxy)  1021

 1026

4

TOSS



 1.6 
(Interval)  Second (S)

 10–23

 10–15

 10–10

 10–6

 10–4

 100

 103

 105

 107

 109

(239)  1012

 1015

 1017

 1018

(Measurements of Mass, Length and Time)  1.4.1

 SI


 1887  SI  (Mass)

 






 57 


 (Length) 
 299792458 ms–1   1/299792458 

  (133cs)133 (Cesium-IUPAC)  (Time) 
 Cesuirin  9192631770

 5
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  (NPL)

 5  1015  1015  5 
 



 6  1015 
 

 
 Big Bang

 1.5  




 Error 




(Accurate Value) 
 (Precision) 

 (Accuracy)  (Accuracy) 


 Precision  (Precision) 
 (Error)

(Types of Errors)   1.6 


(Systamatic Error)  16.1




 (Instrumental Error) 

-0.04mm  +0.04 
 10.04-0.04=10.00  10.04mm 

 0.04 

6
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 (Theoritical Error) 
 0.02%    

 Amplitude

 (Personal Error) 
 (Parallax Error) 

Random Errors  1.6.2


 Spherometer 







  1.7 

(Absolute Error)  1.7.1

 am  a1, a2
, a3 ... an 



 


(Mean Absolute Error)  1.7.2
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(Percentage Error)  1.7.3

 (%) 


1.1 
 2.63, 2.56, 2.71, 2.80 








(Relative Error) 

(Percentage Error) 

8
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(Combination of Errors)  1.8 





(Error in Sum) 

X = a + b  b  a 






  





 x 
(Error in Difference) 



 x




(Error in Product) 
 x = ab 

 9
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(Significant figures)    1.9  





 2  8  6  6.82 


5  7,5,4  4  647.5 


(Rules for Counting Significant Figures)  1.9.1

 315.58  (i)

 5300405.003  (ii)

 7.40  4  50.00  (iii)


 5000  (iv)

 43.500 
 0.0072  (v)

 0.000072 
 (vi)

10
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 348.6  (vii)

 4  3.486 

 1.9.2

 2 
 2  2.0  0.1 

 3  2.00  .01  Vernier Callipers

 2.000  .001 
 4 
 1.9.3

 7.8  x=7.82  5  (i)

 6.9  x=6.87  5 (ii)

 5  (iii)

 16.4  x=16.351

 x=3.250  5  (iv)

 3.2 
 x=3.750  5  5  (v)

 3.8 

 1.9.4

 0.486m  3.68m, 2.7m  
 6.848m 

 6.8m

 10  2.63 × 102  2.65 × 103 
 2.63 × 103  2.65 × 103 


 2.65 × 10 3cm + 26.3 × 103 = 2.91 × 10 3 

2.22cm  2.2cm  4.6cm 2.38cm

 2.26m  3.003  
 6  6.78678 m2

 11
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 3  3 
3  1.3685413  56.9 248.57 

 4.37  3 

(Intext Questions)   

 .1

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

 348.6  3.486  .2


 2 × 10–27  2 × 1030  .3


 Nanometers  10–8  Angstrous  .4

 Nanometer Angstrom

 GHz  1370Hz  .5

 GW  MW  .6

Albert Abraham Michelson (1852-1931)

 Interferometer 



 Pow e r T el es c o p e

 Telescope  100  Inferometer

(Dimensions of Physical Quantities)  1.10

 (T)  (L)  (M) 
   (Z) 

 T  L,M 

12

TOSS



 3  (i)

 ML–3  (L3)  3  (ii)

 LT–1(Dimentional Formula)  (iii)

 LT–2  (iv)

MLT–2  (v)


 L  3x  L  x 


 m s–1 

LT–1 
(Dimentional Analysis) 


 x  q  px=p+1 




1.2 

 mgh  
 g  h  v 




 ML2T–2(LT–1)2  mgh 


 13
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1.3 
 a  t  x 




  a  nth  t  x 

 n=1  T  L 




  1.2 

 (g)  (l)  .1

 g  l 
 a  v  r  .2

 t  F  v m  mv = Ft,  .3

(What you have learnt)   

 

 SI  

 s  m kg  SI  


 

14
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(Terminal Exercise)
 (Light year)  .1

 3 × 108m s–1 
 .2

5769 (a)

0.042 (b)

0.08420 (c)

6.033 (d)

3.56 × 108 (e)

 12.4  12.132  .3

 (a)

 (b)

  v  t  .4


 r  m2  m1 




 .5

 G  G 
 .6

 .7

 .8

(Answer the Intext Questions)    

1.1

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

 4  .2

 2 × 10–27 kg;   = 2 × 1030 kg  .3
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= 10–8 cm = 10–10 m  


 .4

 (nm) = 10–9 m 
1 nm/1 angstrom = 10–9 m/10–10; m = 10. So, 1 nm = 10 Å

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

 1=10m dam  1  .6

1.2
= LT–2  gT=  L=  .1

  g   l  t 
T=La (LT-2) = L + T-2 

  T  L



r=L  rLT–1  vLT–2  a .2

 r  v  a 


 T  L


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





   

.1

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

0.3cm (b) 23.5cm (a) .3

16
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(Introduction) 






 (3D)  (2D0  (1D) 






(Objectives) 

 

 

 

 

 

 

 

(Distance and Displacement)  2.1




(Distance) 
 -x 

 17


(Motion in a Straight Line)

2
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 t=0x=0 

 2.1
 PO  R  Q,P 

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

(Displacement) 
 2.1  x2t2  x1t1 
 x 

x = x2 – x1

 x2 < x1  x x2 < x1 


 PO 
x = x2 – x1 = (+80 m) – 0 m = +80 m

 +  -x  80m 
 +180m  QP  PO 

 2.1  60m 

(Speed and Velocity)  2.1.1



= 



=     

18







TOSS



 -  +  1D



(Average Velocity of Average Speed) 


t1  x2  x1 
 t2 

 (V)    t2 – t1  (x)  x2 – x1 
 Vav 



= 




(Example)  2.1

 60  2  (2.1)  120m  3  PO 
 (b)  PO  (a)  Q 

 Q  PO

(Solution)
PO  (a)

= +120 m 
= 120 m 

= 3 s 

 19
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 Q  PO  (b)

 =+120m-60m=60m

 =120m+60m=180m

 =3s+2s+5s






(Example)  2.2

 200s  300m 
(Solution)

 =300m

 =200Sec



(Relative Velocity)  2.1.2

 20 kmh-1 
 20km  1 





 vB– vA  B  A  vB  vA 

20
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 -x   vB  vA  B  A 

 B  A  t  xB(0)  xA(0)t=0  B  A 

 AB 

 B  vBA = (vB – vA) 


(Example)  2.3

 60 km h–1 
 70 km h–1 

 B  (a)

 B (b)

(Solution)


 B  A 





 B = 0 – vB = –70 km h–1

 21
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(Acceleration)  2.1.3


  

 ms–2  SI 


 t
2
 t

1
 v

2
 v

1






(Example)  2.4

 12 ms–10  3.0 
(Solution)

(Intext Questions)  2.1

 .1


 .2

 3.0 ms–1,  1.0 m s–1  .3

 (b)  (a) 


22
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(Position - Time Graph)  2.2




 -y  -x 





 20m

 2.2

  2.2.1


 10m  5

5 4 3 2 1  (t) 
50 40 30 20 10  (x) 

-x  2.3







 2.2.2










 23
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 2.4 



 2.2.3





(2.3)  (2.2) 


 (Velocity from Position - Time graph)  (a)

 B  A 
 -y  -x  2.3 

 (x /t)  AB 


=x/t
  t  x 

 
 (Instantaneous Velocity)  (b)


 (2.5)



 t

 b   t 
(x /t)  t0



24
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(Example)2.5 
 20 2.6




(iii) 10  5 (ii) 5  0 (i)

 10  5

(Solution)
   4m= 

 5  0 (i)

 12-4=8m= 
 10  5 (ii)

   12-12=0m= 
 15  10 (iii)

(Intext Questions)   2.2 

 .1

 .2

 B  A 

 (i)

 (ii)

 (iii)

 (iv)

 (v)

 .3

 25

 2.6
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 .4

(Velocity - Time Graph)  2.3

 -y  -x

 2.3.1




 2.3.2


 AB2.8 






26

 2.7  2.8


TOSS




2.9 
c  B,A  C  B,A 



 2.3.3

 V-T 





 2.8:  (a)

 AB 
 BC  CD 

t2t1 
s = v (t1 – t2) 
 2.8  t2  t1

 t2  t1 


S=  KLMN

 2.10   (b)

 AB 

 t 



 27

 (2.9)


 2.10
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(Intext Questions)  2.3

 v-t  .1

 (i)

 (ii)

(Equations of Motion)  2.4





(Equation of Uniform motion)  2.4.1

 t2 = t  t1 = 0 
 t  v  x  t  u  x0 



 2.4.2



(Example)2.6 
 4 

(Solution)


28

 (a)



 

TOSS



 2.4.3

 a  t 


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


 =  v-t

(Example)2.7 
 70B  60  A 

 20 B  2.5 km 
 A  B 

 29







 

 v-t  2.11
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 tx=60t  x  t A  B  (Solution)
 t  B 



t= 1/2 hour 

 2.4.4


 (2.08) 

 (2.7) 





30
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(Example)2.8 
3  t  4 ms–2 

 ms–1,

 t=2s (i)

 5 ms–1  (ii)

(Solution)


x0 = 5 m, u = 3 ms–1, a = 4 ms–2.

 (2.8)  (i)

x = x0 + ut + 1/2 at2

= 5 + 3 × 2 + ½ × 4 (2)2 = 19 m

(2.7) 
v = u + at

= 3 + 4 × 2 = 11 ms–1

v = 11 ms–1 
 (ii)

v2 = u2 + 2a (x – x0)

(5)2 = (3)2 + 2 × 4 × (x – 5)

 x = 7 m

(x)=7m 

(Intext Questions)   2.4 

 40  4  .1


t=2s 3 ms–1  5m  5 ms–2  .2


 25  .3

 .4

(Motion Under Gravity)  2.5  



 31
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 g 
 9.8 ms–2 

(1564-1642) 





 (Pisa)  1564







(Example)2.9 
 50 

3  3(iii)  (ii)  (i)


(Solution)

 h=50m  u=0 
 -y  -y  (y0) 

 a = – g = – 9.8 ms–2 
 (2.8)  (i)

y = y0 + ut + ½ at2


y = 0 + 0 – ½ gt2 = –½ × 9.8 × (2)2

= –19.6 m


 y= - 50m (ii)

 (2.9) 
v2 = u2 + 2a (y – y0 )
 = 0 + 2 (–9.8) (–50 – 0)

v = 9.9 ms–1   

32

TOSS



 v=u+att=3s  (iii)

v = 0 + (–9.8) × 3

v = –29.4 ms–1

 29.4 ms–1t=3s 
 



(Concept of Differentiation of Integration)   2.6 

 
  








3,2,1  (Constant)  

  
z, y, x  (Variable)


 "y"  x  x y(Function) 


y = f (x)

 xy
'x'  'y'  x  (Differential Coefficiant) 

 'x'  y=f(x)  xy  'y' 
 (x+x)-y+y  'y'y  x 'x'  6x



 33
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 'y'  x  (x+x)  x  


 y/x  y  x



  y  x 

    y  x 

(Integration)

 S F 
 W=FS 





 5.2 





 f(x)  x 

34
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(What you have learnt) 
 

 

 

 

 35
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v = u + at i
x = x0 + u t + ½ at2 ii

v2 = u2 + 2a (x – x0)iii

(Terminal Exercise) 
 80 km h–1  65 km h–1  .1

 M  C  M 

 2.0 m s–2  30m  .2

 60 km h–1  30 km h–1  .3


 25km  20 km h–1  .4


 20  2  1200  .5

36
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 50 kmh–1  5  .6

 8.0 ms–2  3  2.0 ms–1  .7

 (i)

 (ii)

 10 m/s.  .8

 10 km h–1  8 km h–1  .9

 2km 
 4m  4  .10



(Answers to Intext Questions)   

2.1

 .1

.  .2

2 ms–1 (b) 1 ms–1 (a) .3

2.2

2.2  .1

400m (v) A (iv) (iii) 13 (ii) (i) .2

 .3

 (a) .4

2.3

 (i)

 OA  5 

 37
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 10  5 

 AB

 25  15 

 BC

2.4

 .1



 .2


 v=0 .3


 .4

38
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15 km h–1 .1

5.47 s .2

40 ms–1 .3

1.25 h .4

8 : 1 .5

2.8 ms–2 (or 3000 km h–2) .6

36 m ii 42 m i .7

9.8 ms–2  0 .8

=0  = 8.89 km h–1  .9

.10

 39

1   Physics Volume-1



(Introduction) 



 2D 

  (Projectile)  




(Objectives)   

 

 

 
 

 

  

  

  

 

(Vectors and Scalors)
    3.1

 
 50g 

 1000 kg m–3 
 




 100 km h–1 

40


(Motion in Plane)

3

TOSS




(3.1)  




 3.12

(Representation of Vectors)
 

 AB   3.2 
  CD  

 
 CD  

  EF  
 AB  



  B  AB  (Tail)  
 A  AB 
 (Tip)  (Head)

 
 A  


 A  A

 A 




 C, B, A  3.3 
 A,DA=B=c 

 A  
 D  


 A   A 

  D=-A 



 100km=1cm  300km 
 30N 

 3cm 
 10N=1cm


 



 41

D   3.3


 3.2
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(Addition of Vectors)
 3.1.3




 B  A3.4
 3.4(a)  A  

 B  A 
(Tail)  B   

 (pq)  A  
 pq 

 B  
 q  (Head)  A   qr  (Head)  A  



 
 (Resultant)  (Head)B  

 A 
 pr 

 A+B=B+A  (Commutative) 




B  A  
 qr  pq  pqr  3.4(b)  3.4(b)

 rp  
 pr 


 

 
 B  A, Pr3.4(b)  

 
 




 C  B, A 
 (A+B)  B  A 


 A(B+C)  C  B 

 
 (3.5) 

A+(B+C)=(A+B)+C  (Associative) 
 

 
 

42
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 (Head)  
 (Tail) 


 3.1.4

   B  A 
 (3.6) 


 B   PS   PQ

 R  
 PR 

 (A+B)B  A  PR 
A   SR  

 PQ   B  A 
 B   QR  

 PS  


 (RT)  R  


 R 

 R  


 
 

(Special Cases) 
 R  

 B  A 
 R=A+B 

 R   (Perpendicular) 


 43

 (3.6)
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 BA  R  



R = A - B

 3.1.5


 A+(-B)  (A-B) 

A  (3.7) 
 B  

 (Tail)  A   B   (Head)
 (A-B)  



 3.1  

  
 .1

(B-2A) (d)  A-2B (c) A+B (b) B-A (a)

 A-B  A+B  
 12  10  B  A  .2

  B=  60  A=  30  B  A  .3

   3.1.6

K  A   
 K  A  



K  K   
 A   3A    



 A  
 A  

 3A  

(Scalar Product of Vectors)
 3.1.7

   cos   AB  B  A 

 A  B  A  B  
 A  

   3.8 

 B

44

  BA  
 3.7

TOSS




 360- 

 Cosine 
 (.) 





 d    F 







  


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

(Vector Product of Vectors)
 3.1.8

  B  A  


(3.9)   

 C=AxB  
 (b)

 C  BA 
  sin  C   AxB 

 3.9(b)  C  


 C   BA

 AxB   BxA  


 




 
 (Cross Product)  




 45

 3.9
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(Intext Questions)   3.2 

 AB   B  A  
 .1


 AxC  AxB    

 A   .2

 C=AxB   B   A   .3


 B  A  .4

 C=AxB  


C  X  B  Y  A  C=AxB  Y  B   X  A   .5


 AxB (b) A.B (a)  

 B  A .6

(Resolution of Vectors)
 3.1.9

 


 Y  X  (3.10)  A  
  AY  AX  -Y  -X 

        (3.4) Ax = A cos        

(3.5)  Ay = A sin  
A   X   

 A  X  (3.10)  Y  X 
  

Ax = A cos  

Ax = A cos  

 


 A  




46




 A  
 3.10

 (X,Y)  (x,y)

TOSS



(Unit Vector)   3.1.10

  


   A  


 
 A   

  n 
 

 A   
Ax  -X  A    -Z    

 x 
 Ay  -Y 

A = Axî + Ay ĵ

 B  


B = Bxî + By ĵ





 B  A 

 (3.11) 

  
  

 x  1  
 (Sine) 

 
  Z  Z 





 47

(3.8)

(3.9)
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(Example)  3.1


(Solution)
 D  C

 D  C  3.11

                         

 3.15  3.13 

 D  C  -Z  46  
 D  C 



    3.2 

 x-y P 
 (3.11)r  



 r  -Y  X  x,y 


t  p  t 
 3.12  (xl, yl)  (x, y)  Pl

v  (3.21) 

48

r  
 3.11

TOSS



(Velocity of Acceleration)  3.2.1


 (Average Velocity) 

 V  
 (3.12)  r 



 y  x  

(Projectile Motion)   3.2.2

 


 900 
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  (i)

 (ii)

 
  3.2.3

  
   -x  x  

 y  x

 
 (ii)  (i)

 4x 
  't' 


 a  

 ay=-g 
 't' 

vy = u
y
 – gt

 3.16
vy = u sin – gt                                 (3.18)

  t

 3.16(b)

50

TOSS



 3.19  t3.17 

y =  (3.20)   
 ax + bx2

 
 

(Maximum Height of Projectile)   3.2.4

 
  
  

a = –g  vy = 0, uy = u sin 

 (3.18) 

 


(Time of Flight)  3.2.5

(3.19)  
 t=T  Y=0



 51

  (3.14)
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 (3.23)  (3.21) 
T = 2t

  't'  (3.21) 

(Range) 3.2.6

  
 'R'  

   'u'  
 = 45o2 = 90o sin 2 = 1  K  u 

 45o    'u'  R 
(Example)  3.2

 30o  u = 10 ms-1 
 (iii)  (ii)  (i)

 g = 10 ms–2 
(Solution)


g = 10 ms–2   = 30o  u = 10 ms-1,

52

 (3.23)  (3.17) 

 



TOSS



(Intext Questions)   3.3  

  .1

 (a)

 (b)

 (c)

  (d)

 (e)

 9.5 ms–1  8.90m  .2

 g = 9.78 ms–2 
 .3
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(1608-1647)  


  


 



(Circular Motion)  3.3  

 r2  r1  3.15
 t2  t1 

 P2  P1 

 







(Uniform Circular Motion)  3.3.1

 t  3.15r  


 t  P1  r  r 
 P1 

54

 (b)  (a) (3.15)

TOSS



 


 31.5(b) 


(Centripectal Acceleration)  3.3.2

A  V  m
 B  t  A  AX 

 By
 3.16(a)  v`  V  

 r`  r  B  A 
 v


 r  b  a  v  r  v  r  V 

 
   V`  V    r 

 O    


V  V`  BY  OQ  V  Ax  op 
3.16  OPQ  PQOP=OQ 



 55
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 B  A  V  V  OQ  OP  OPQ 
 PQ  tBA  PQ 

 PQ 
 = 

  POQ   ACB  AB  t 


v`=v  v 

    



 LOPQ=LOPQ 




(Some applications of Centripetal Force) 
(Centrifuges)  (i)





56
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 (ii)

 (Planetery Motion)  (iii)


 (iv)

(Example)  3.3

 20 ms–1  2m 2.0kg 


(Solution)
 m=2kg 

(Example)  3.4

 
  15m 

  24 


 24  60   2 x (radius) = 2 x 15 m  (Solution)
 

  

 57
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(Intext Questions)  3.4 

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


 3 ms–2  9.0 ms–1  .2



(What you have learnt) 
   

 

 

 
 

 

 

  



  

  

 

  

 v  r  
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  r 
v = r  



(Terminal Exercise)   

  
 .1

  .2




 .3

   .4

   .5

   .6

   .7

  .8

  .9

 1kg  100N  .10


 10 ms–1  500m  .11


 300  300 ms–1  .12


 500 ms–1  30°  .13


 (Range) 

 200 kmh–1  2000m  .14
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 m=90kg  60 kmh–1200m  .15


 .16

 .17

(Answers to Intext Questions)   

3.1

3.2

A × B = AB sin   B  A  .1

sin 180°= 0  A × B = AB sin   180° 

60
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 C=AxB  B  
 .2


 C=AxB  B  A  

 .3

 C=AxB  180°  0  B  A  .4

 C  > 180° 
-YA  -ZC=AxB   xy  -yB  -xA  .5

 -Z'C'  -XB 
(a) A.B = | A | | B | cos  = 0 when  = 90o .6

(b) A × B = | A | | B | sin = | A | | B |, as sin  = 1 when  = 90o

3.3

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

 9.23m  .2

 .3

3.4

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



(Answers to Terminal Exercise)    

123 .5

 -Z  30  .6

10 ms-1 .10

2 ms–2 .11

900 × 1.732 m .12

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

t = 20 s, 999.9 m .14

125 N .15
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(Introduction) 








 (1) 
 (2) 



(Objectives)   


 

 

 

 

 

 

 

(Concept of Force of Inertia)  4.1




62


(Newton's Laws of Motion)

4

TOSS







 











 (a)

 (b)





 (7)  (c)

(Force & Motion)  4.1.1

  







 (ii)  (i)





 4.3 
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(First Law of Motion)  4.1.2







(Motion & Inertia) 



 4.1(b)  4.1(a)


4.1(c) 

4.2 
(a)  (b)4.2(c)  RS  PQ 

 PQ  PQRS 
 RS  RS 

 4.2(b) 
RS  PQ  RS
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 4.1

 4.2





TOSS



(1642-1727) (Sir Issac Newton) 
 1642 








(Principia)  















 





(Intext Questions)  4.1

 .1

 .2
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 .3

 .4

 .5

 .6

(Concept of Momentum)  4.2

 



 

 v  m  

   SI 
 


(Example)  4.1

 40kg  1.0 m/s 60kg 
 1.5 m/s 
(Solution)

P 
P= x 


 = x 
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(Example)  4.2

 t=os  2kg 
(Solution)

 t=0  (a)

 (V=vo+at)  t = 1s, (b)

 19.6 ms–1  t = 2s (c)

= (2 kg) (19.6 ms–1)

= 39.2 kg ms–1




(Solution)  4.3

 10 ms–1  0.2kg 


(Solution)


 2 kg ms–1.(0.2 kg) × (10 ms–1) 
pi = 2 kgms–1, pf =  x  x  

pi = 2 kgms–1, pf = –2 kg ms–1  –2 kg ms–1

 x 
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(Second Law of Motion)  4.3


 4.2 








  t  

  k 


a = 1  m=1   m  k  

 F

 (4.2)  k=11=kx1x1

m=1kg  S.I

=1  


 1kg  S.I 
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(Example)  4.4

 10 s  20 ms–10.4kg 
 

(Solution)
 v = 0 ms–1  t=0  v=0  u = 20 ms–1  m=0.4kg 



(Example)  4.5

 50N  10 m/s  10kg 


(Solution)
 v=0  m = 10 kg, F = –50 N, u = 10 ms –1 

t 





(Intext Questions)  4.2

 .1
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 V0  .2


 (a)

 (b)

 .3

 .4

 2kg  0.1 s  150N  (a)

 2kg  0.2s  150N  (b)

 .5

(Forces in Pairs)   4.4 








(Third Law of Motion) 







   4.3
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 1  2  2  1 


(Impulse) 4.4.1

 (t    


 v  u  (F) 
 (Ns)kg ms–1  S.I 

(Intext Questions)   4.3 

 .1

 .2

 (c)  (b)  (a)

 .3



(Conservation of Momentum)   4.5 
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 4.5.1

 (4.1) 
 F 




 B  A 
 FBA  FAB 
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 4.5.2

(A Few Illustrations of Conservation of Momentum)

 V2  (Recoil of a gun)  (a)

 V1  M  m 
 V2 

 V1  V2 


(Collision)  (b)





 


(Example)  4.6

 v  m 


(Solution)
 V' 

 =2mv

 =5m V'



 (Explosion of Bomb)  (c)

 B  A 
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 (Rocket Propulsion)  (d)





















 t  v  m  M 

 MV  v  t  mvt 



 'a' 

(Friction)   4.6 
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 (3)  (2)  (1)

(Static and Kinetic Friction)  4.6.1


 Fext  (4.5) 


 fs  Fs  Fext  fs 

 Fext  Fext  fs
(max)  Fext




 4.5  fk  fs 


 fk  fs 
 FN  fs

(max)

 FN  s 
 m  mg, FN  4.4 

 




 k  s   s>k  k 
 k  s 
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(Example)  4.7

 0.25  2kg 


(Solution)
ms=0.25  m=2kg 

(4.9), 

(Example)  4.8

 10N 






 ms=0.1  5kg 


(Solution)
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(Rolling Friction)  2.6.2




 1/100th 
 0.02-0.04  0.006  r 



(Activity)  4.1     









Methods of Reducing Friction 2.6.2





 4.7 
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 (Fluid Friction) 





 40 – 45 kmh–1 

(The Free Body Diagram Technique)  4.7 





 .1

 .2

 .3


F = ma  .4

(FY = m aY  FX = m aX )


 (i)

 (ii)

4.9(Example) 
 m

2
 m

2
 m

1







 F 


(Solution)
  T  ‘F’T  2  4.8 

 F = ma 

N – (m1 + m2 ) g = 0

F = (m1 + m2) a

78
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 m1  F = ma 

 T  2  m2  F = ma 


(Example)  4.1.0


 (m1 > m2)  m2  m1


(Solution)

 a  a  m2 
 m2  m1F = ma  T 



 2  1  T  a 
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  m2  m1 
 T  2  m1 >> m2  m1 = m2 

(Example)  4.1.1

 M=2kg  M=10kg 
 k=0.02  4.11(a)

 (b)  (a)

(Solution)
 (c)  4.11(b)

 a 
 FN = Mg 

fk = k N = k Mg  T – fk = Ma

(1) T – fk = Ma 
mg – T = ma 

 2  1 
mg – V  k Mg = (M + m) a

a = 1.47 ms–2 
  2 
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(Intext Questions)   4.4 

 1  m  .1

 100N  B  A  3kg  2kg .2


 B  A 
 5kg  .3

 2 ms–2 (b)  2 ms–1 (a)

   4.8 

(Elementary Ideas of Inertial and Non Inertial Frames)








 a  (-v)  v 
 (-a) 






 ma  a  m 


(Intext Questions)   4.5 

 .1


 .2
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 2 X 103 rad s-1  6 X 10-10  .3

 4cm 
 g   .4

 g = 10 ms–2.

 2kg  .5

(What you have learnt) 

 .1

 .2


 p   m  v  .3

p=mv 
 .4


 .5


 BA  B  A  .6

 AB 
 .7


 .8


 fs

(max)  .9


 m

k
 fk = kfN  fk  .10


 .11
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 .12


  .13



(Terminal Exercise) 
 .1

 (b)  (a)

 (d)  (c)

 .2

 (b)  (a)

 (d)  (c)

 4s  0.5kg  .3


 2kg  .4

 1s  10N (a)

 1m  10N (b)


 6 ms–2.0.2kg  .5

 2s  3m  20  .6

(g = 10 ms–2) 
 m  .7


 10 ms–10.1kg  .8



 900 ms–1  150  .9

 12g 
 .10
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 2s  20N2kg  .11

 3s (b)  1s (a)

 .12

 0.5  1.2kg  .13


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

 5N  10N  .14


 5kg  30°  .15

(g = 10 ms–2)  0.25 
 m2 = 3 kg  m1 = 2 kg, 




 Q  P  .16

 F = 10 N 
 (a)

 Q  P  (b)

 m2 = 4 kg  m1 = 2kg 



 Q  P  .17

 4.15  M  R 

 M 


 20 ms–1  2kg  .18

 k = 0.5 

 g .

 b  a  p = at + b,  t  .19
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5  A  10  .20

0.2 
 20N 


(g = 10 ms–2). [ F = (m1 + m2) a ]

 60kg .21

 1.2 ms–2 (a)

 1.2 ms–2 (b)

 5 ms–1 (c)

 (d)

 4kg  3kg .22

(g = 10 ms–2) 
 5kg  .23

 4kg  4kg  4kg


(g = 10 ms–2)

 F  .24

 .25

(Answers to Intext Questions)   

4.1

 .1

 .2

 .3

 .4
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4.2

 .1


 (b)  (a) .2

 p = mv : m .3



.4






   .5


4.3

 .1


.2

 (a)

 (b)

 (c)

 .3
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4.4

4.5

 (a)  .1


F=mg-ma 

 F  4.19  m 
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 r  v   .2

 v  

 r 

.3


 =  .4

 .5

  

(d) .1

 (a) .2


 (b)

.3

P = Ft.  1s  10N .4

 mg-ma .5
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.6

 .7

.8

.9

 =  x  .10










.11

a
 2  t=2s  (b)
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.12

.13

 fk =  9.8N  6N (c)

 5N  5N  fs=10N .14

.15

90




 F 

 Fcos  F 
 Fsin 

TOSS



.16

.17

.18

.19
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.20

.21

.22

.23

T =  F .24

 .25
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 5.1






 93


(Work, Energy and Power)
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5.1  S  F 





   W 

  


W=0S=0  








5.1    


 (1) 
 (Joule) 

 ×  =    ×=Nm

 (Joule)  J  "Joule" 


 S.I 
5.1 



 (KW-h)


5.2 

 2  60°  6N 
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 5.1  

5.3 
 4  5 

 

 5.1.1

   W = FS cos 


W = FS cos

cos  = 1  =   .1

 W  = FS  




 cos 180 = -1 = 180  .2

 W  = FS  
 


 270180     = 180 

Cos 90° = 0  = 90  .3

W = 0
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 '0' 

 F  (a)  5.2
 F  (b) 


 5.1.2

 h m  5.2(b)  'h' 'm'  5.3(a)
 mg 

 mg    5.3(a)
 ( = 180) 
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 (a)  (b)
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5.1    

 .1


 .2

 (c)  (b)  (a)

 5  2 .3

 (a)

 (b)

   .4

   .5

 (a)

 (b)

 (c)

   5.2  




 Xf  Xi  XfXi 
 x 

 f(x)  x
 x 

 W= F(x) x

 Xi   5.4(a)  f(x),x

 Xf

 W = W             

= F (x) x
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 Xf  Xi  F  5.4


 Xf  Xi 
 XfXi 

 (Definite Integral) 


 '0'  x
x = x

f
x = xi 

5.4 
 x=2ax=a  -x  F = -kx 

 k 
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  (Spring)  5.2.1



  5.5
 m  5.5(a)


 X=0  m  -x

 Fs  Fs 
x = xm  F 

Fs  k  |Fs|  x  (Horke's) 


F = Fs = – kx


 x 


 x  f 

 99

 (Spring) (a)

x=0 

 (Spring) (b)



 (Spring) (c)


 Xm 
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(½) kx2
m 


 xFs = 0  x=0 

 x = xm.  F  Fs 

 

2=  x 

 Fs | = k | xm |

(5.9)

 5.6 


 5.6

(5.10)
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 (5.9) 

 

 dx 

  5.2     


5.7(a) 
 'm' 




 5.7(b)  s


 mg 



  5.2  

 S.I  .1

 5cm  1cm  10N  .2


 -x  -y  .3

 101

 m  5.7
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 5.3




 (Kinetic Energy)

 k   'm' 


 F 

 's'  't'  vu  'm' 

 F=ma 

w=f-s 



  (0)'u' 
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5.5 
 30N  4.0 ms–1  10 

 2 
 i
 ii
 iii
 iv
 v
 v
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 2
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 (iv)

 14m  (ii)  (v)

K2– K1 = (500 – 80) = 420 J  (vi)

 

 5.3

 .1

 .2

 2v v  (a)

  m  (b)

 3.65  .3


 3755  .4


 5.4















 5.4.1

 h2  m  h1 
 h = (h2 – h1) 

 mg 
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 w=  x  
 m 










 h1 
 (h2 – h1) 


 5.4.2






 5.5





 105

 h2  h1  5.8


 5.9 
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 (a)




 m 
 mgh  h 


 h2 = h – h1 

(5.10)  
 = mgh2  p 




 v² = u² + 2gs  h1 
 s = h1  u=0  h1  u 

v² = 2gh1

 p

106

 h m  5.10
 h2 

 P  p
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 p
 =  + 

 h 
 

 b
 5.11

 x0 
 xm  x0  v  m 

  x0 
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 v  m  5.11
 xm 








1   Physics Volume-1



 










5.6 
 'A'  2.5

 0.5

 5.12  B 
 'A'(i) 

 'B'(ii) 


 'a'(i)

 =mgh

 '0'  'A' 
 12.25 J

 B  'A'  (ii)

 'B'  'A'A = 12.25 J

 '0'  'B' 

108

TOSS



 

 5.6














 
James  WaH(w)  Joule/Second  SI 

 Steam Engine  Watt

(James Watt (1736-1819))
 

 


  SI 



 109

 =
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 (hp) 
1 hp = 746 W

 (Watt) 
 Kw-hour

1 kwh = 1 × 103 × J/s × 60 × 60s

1kwh = 36 × 105J = 3.6 MJ (mega joules)

 

5.7 
700  1,00,000 




 5.8 
 51m  100x1000 

110







TOSS



 (i)

 (ii)


 (i)

 (ii)

 5.4  

 8  10  100 .1

 10 .2

15  

 90  1000 .3


 25 

 72km/ph  N 4000  .4



 5.7

  (a)

 5.13  B  A 


 B  A


 5.13(a) 
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 1  5.13(b)

 B  2  A  BA


 2 






 2  A  '1'  BA 
  (b)

 A  v  m  5.14 
 B  A  'B' 




 BA 
 B  B 
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5.5 
AC=5m  BC=4mAB=3m  BC  AB  ABC .1

 'A'  2  5.15 


 B  A  (a)

 C  B  (b)

 A  C  (c)

 CB  (d)


5.16  10m  A  0.5  .2


 B(a)

 C(b)

 CA (c)

BC=2m  .3

 5.17  30° 
 B  2m 

 15.65


 x  E  5.18  .4

 B  A








 .5


 .6

 5.8
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  (i)


  (ii)





 5.8.1

 m2  m1  B  A 
  5.19 
u1 > u2  

 = 



 (5.30) (5.31) 

 5.32 


114

 5.19
 

TOSS



 5.30  (5.33) 

 5.30  (5.32)  v1 = v2 + u2 – u1 


I 

 5.33  5.32  m
1
 = m2 = m 


v1 = u2
v2 = u1


 u2 = 0  B 

v2 = u1  v1 = 0m1 = m2 
 A  B  A 


 B  (m1 + m2) 



 115

1   Physics Volume-1



II 


 B  m1  m2  (i)

m2 >> m1 u2 = 0

 m2  m1

 m2 ; m + m = m2  m1 




 


 (Coefficient of Restitution)  5.8.2

 'e' 
 e 

 v1,v2  u1,u2 
 e  e

 e  e=0  e=1 
 10

(Determination of Coefficient of Restitution)  5.8.3


 h2  h1 
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 5.6

 .1

 (a)

 (b)

 5.20    .2

 C  B  C  BA
 vA  

 C  BA 


 B  2  A     .3

40  50 ms–1  4

 –x  -xB  ms–1

 B  A 


 1kg  1g  .4


 (a)

 (b)

 (c)

 (d)

 .5
  .6

 .7

 .8

 .9

   

 F 

   F   
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 (J)  SI  
 

 (Hook'a Law)  

 k 
 w  2  

 'x' 
 (Nm–1)  k 

 (ii)  (i)  

  

  

 

 (Resultant Force)  



 

+  
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 e=1 
 e=0 

 1  0 'e'  


 .1

 .2

 .3

 20 ms–1  .4

 (a)

 (b)

 1200 N m–1  20m s–1  3kg  .5


 5  .6

 30  12  60w  .7


 1000  120 .8
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 3  90  1200  .9


 600g  5 ms–1  400g  .10


 20  500 ms–1  10g  .11


 (a)

 (b)

 100  10  15N  6 .12


 (a)

 10 (b)

 (c)

 (d)

 D  CBA  BC=50  .13

 A  250g 


 B  


 'A' (a)

 B (b)

 D (c)


 x=6.0  x=4.0  6.0 (a)  400 N/m  .14

 x=0 
 15 ms–1  30  1000  .15


 (a)

 (b)

 0.8  2  0.6 .16


 0.64  1  0.2 .17
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 2  1  .18

 200 ms–1

 2.5  500  240  .19


 30  70 .20

 30  30 



5.1

W = FS cos  .1

W = FS cos 90° = 0


 (a) .2


 270°180°  (b)


 90°  (c)


W = mgh = + 98J a .3

W = mgh = – 98J b

.4
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.5

5.2

 Nm–1  (k)  .1

.2


 .3

5.3

 v2  m  .1

 4  K.E(a) .2

 K.E(b)

.3

– 375J .4
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5.4

.1

.2

.3

.4

5.5

 (a) .1

P.E= mgh=2x9.8x4=78.45  (b)

PE = 78.45 c

.2
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b

W = mgh = + 49 J c
.3

 x = xm  x=0K.E  .4

 x = xm  x=0PE

 PE  A 
 .5

 P.E  .6

Uf – Ui = – dW

5.6

 (a) .1

 (b)

vA = 0 ; vB = 0 ; vC = v .2

 (ii)  (i) 
 5.35  5.34 .3

VA = – 35ms-1

v
B
= 20 m/s

1.585  81.5 (b) 1.76 ms–1 a .4

79.425 (d)  (c)

 .5
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 .6

 .7

 .8

 .9

   

.1

 .2

 .3

 (a) .4

 (b)

.5

0.707 m .6

.7

.8
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.9

.10

.11

500J (a) .12

1200J (b)

 3N (c)

300 J (d)

mgh = 0.625 J a .13

b
0.313 J c

.14
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.15

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

.17

.18

.19

.20
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(Introduction) 
(Mechanics) 






 
 


(Objectives)   


 l

 l

 l

 l

 l

 l

 l

 l

 l

(Rigid Body)  6.1 




128


(System Particles and Rotatory Motion)

6

TOSS




















(Intext Questions)  6.1 

 (6)  .1


 .2

(Centre of Mass (CM) of a Rigid Body)   6.2 





 (Scale)  1

 50
 2



50 
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 x
2  x

1 






 m2  m1  


O  Xcm 

6.1

 x
1
, x

2
, x

3
, ....... xn  x  n







 m
1
, m

2
, m

3
 ...... mn 
 CM 

6.2

 M = m 
 XY 

 (x
1
, y

1
), (x2, y2) ....... (xn, yn)  m1, m2, m3 ......... mn

130

 1
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(x1, y1, z1), (x2, y2, z2), .............  m1, m2, m3 ......... mn 
 (xn, yn, zn),

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








-


-  (Integration) 

6.1 
 3.84 x 105 km  81 




 m 
81= 
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6.2 
4kg, 3kg, 2kg, 1kg 








 1 




(x,y) 
 6.3  (xy) 

(6.3) 


 C6.3(0.5m, 0.7m) 


6.3 
    3kg,1kg 
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-x  x
1
, x2 .... xn  -x  m1, m2 .... mn 








 (Differentiate) 

 

 


 (Parabolic)  (Bomb) 
 6.4 
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(Characteristics of CM)  6.2.1

 (Relative)  .1


 x  .2

 .3

 .4

(CM of Some bodies)  6.2.2





 (CM) 
 (Symmetrical)  (Regular)  (6.1) 

134

TOSS



 ii  i 






(Intext Questions)  6.2 

1.0  E  DC,B,A,  .1

 kg5.0  kg4.0kg3.0kg2.0kg

6.5 

kg3m3  kg2m2kg1m1  .2

 m1.0

 .3



 .4

(Centre of Gravity)  6.3  











 135

1   Physics Volume-1






 

 
 

  6.4 


 6.7 




M a = Fext

 


(Activity)6.1     





 6.7 


(Activity) 6.2




 A6.8
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 6.9 


 (Special) 








 6.10 







Angular displacement (q) 6.4.1

 t  (t) 
 t 


6.11 

   
 6.4.2

 () 
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 t  n 

 V 


  

(Moment of Inertion)   6.5  

 r  m 
 6.12





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








 v1, v2, v3 


 T 


 

 v = r .6.16 
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6.17 

 I 

6.4 
 L  m 







 m2 







 I 


 R a d i u s  o f  G y r a t i o n  K 
 K 
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 (6.4) 

 L 

 3 mL22mL2 
 6.2 

(Moments of Inertion of a few regular and uniform bodies)
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 6.18 




 (Same) 


 .A





 (Disc) 

 (Disc) 




 .B

 (Lamina)   0

t    6.13   

 (Torque)  (Lamina)  
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 f   

 t   


6.5 
 op  6.14 

 2.5 rads–2  2 


 op 








(Theorems of moment of inertia)  6.5.1




 (i)

 (ii)

 (i)

 M 
 P 

142

 6.14

P  6.15

TOSS






 I 


 d  M 

(Theorem of Perpendicular Axis)  (ii)

 6.16  Z  y  x 


 Z  y  x 

 6.16 
 M  M R2,  6.2

 R


M R2 = 2 Id

6.23 
I = (½) MR2

 143

   6.16(a)  6.16(b)
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(½) M R2

 P  (Rim) 
 R 


Itan = M R2 + M R2 = 2 M R2

 6.2 

(Torque and Couple)  6.6  

 6.3

 (Hinges) 

 



 (Spanner)  



 6.17  0 

 A  AB  AB  A  F 
 '0'AB 



 S 
6.24(a)  Nm 


 r  F  3 

 6.18   T  T


   Fr 

144

 6.17

 6.19

TOSS



 6.18 
6.6 

 (Pedal)  6.19 


 (ii)  (i) 



 (i)


 900    sin   (ii)

 B 







0 





  



 P  6.21  0

 145

 6.20
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 (Radial force)

 
 V 

 ma 


   a = r  mar 


 (t)  F = ma   
 6.3  


 6.3 

146

TOSS



 6.26 

6.7 
 0.1m  1.0kg 







 (Disc) 


 0.1 
 (ii)  (i)  6.22

g =  (iii) 
 10 ms–2


 R  M  I = (½) M R2  (i)

  F = mg 

 (6.21(c))  (ii)

 = (1/2) × 20 × 1.0 = 10 rad

 (iii)

 = t = 20 × 1.0 = 20 rad s-1



(Intext Questions)   

 m 






 .1

 r 
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 6.2  .2

 .3

(Spanner)  
 (Punctured)  .4



 .5

 .6

 .7

(Angular Momentum)   6.7 

 6.3 


(Activity)6.4       

 (Stool) 








 -Z  0 
 vi- vi  vi- vi  'r'  '0'  P  6.23 

 L 


 (Bracket) 

148

 6.23
 0

TOSS



 "L"  (6.23) 
  m2 s–1  I 

  
 (Torque) 

 (Conservation of Angular Momentum)  6.7.1

 (net torque)  6.28 


 


 (Trick) 
 (Torque) 




 (Net torque)  (Stool) 


 (6.19) 






 M  R

 6.2  (2/5) M R2 

  
 (Pulsar)  
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   R  (6.19) 
 (Box)   

(The length of the day is not constant) 
 



 L = I  


 (Acrobts) 
 (Diver)  (Skaters) 


 (Asian Games) 

 (Olympics)

 (Diving board) 



 (Foot) 
 6.24 


 (Pool) 


6.8 

 1 
 (a)  10  2 
 (d)  (c)  0.2  (b)

 1 


 2 =  (a)

 

150

 6.24

TOSS



 (b)

 0.2 



 (c)




 (d)

(Intext Questions)  6.4

 d  m  .1

  

 151
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 20cm  2.0kg  (Disc)  .2

 10

 .3

 
 (Axle) 




 25  .4



   6.8 






 P  6.25 
 cp  c 

 
 c 

 v
cm

,  c 


   M 

6.31

 I 


6.9 
h  (Rolling)  I  R  M 

  
 v  h

152

TOSS







(6.32)

 (6.32)  v = R 

(6.33)

 6.33  MR2  (6.2) 

6.34

6.35



 (Rolls) 

 (Intext Questions)  6.5

 (Rolls)  .1

 (Rolls)  .2

 h 
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 6.26
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 300  10cm  2kg  .3

 2  (c)  (b)  (a)



(Secret of Pulsars) 


(Pulses)  (Pulsars) 
 Pulses 




 10 
 25  7 × 105 km. 




(What We have learnt) 
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TOSS



 (Fulcrum)  

 

 

 

 =K  =M 
 

 

 Turning Effect 
 (Turning effect)  

 (Couple)


 

L = I  

 

L = I ext = 0 
 I1 1=I2 2 

 (Scating)  





 

(Terminal Exercise) 


 Mg  .1


 .2

 1.13 × 10–10m  (CO)  .3


 100  0.20m  5kg  .4


g =10.0 ms–2 
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 2 rev s–1  1.0  .5

 3 rev s–2 
 2 (a)

 (b)

 t=25  
 (c)

 t=25  
 (d)

 
4.0  20 .6

 20 rads–1 


0.2 kg  5 × 10–2 kg m2  B  A  
 (Axle) 

 .7

 (Clutch)  B  A  B  m2

 (Speed)  (a)

 (b)

 (Clutch)  10 (c)

 .8

 10 rad s–1  1000  .9

 100  100 


 10kg  10cm  (Disc)  .10

 (2.5) 
 (Disc) 

  (Shell)  .11


 10%(Radius of gyration)  .12

 0.3  300 (Fly wheel)  .13

 20 

156

TOSS



 80 rpm40 rpm  0.63 kg m2  .14


  (Position vector)   .15



(Ansers to Intext Questions)    

6.1

 .1

 .2

6.2

 1kg, 2kg, 3kg, 4kg, 5kg 






 .1

 2kg  .2



 x  .3

 157
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 xm


 .4

6.3

 .1

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

= m r2 + m r2 = 2 m r2 
 QP = m r2 + m r2 = 2 m r2  QP  (Verification) 

(4 m  P  QP; 2 m r2  SP (2 m r2) + MI  SP 
 r2)

 .2



 K 



.3

  .4

 (a) .5

 (b)

 (Steering Wheel)  (c)

 .6


 .7

158

TOSS



6.4

 .1

 .2



 .3

     I2  I1 

 T0  T  .4

 T0 = 6.25  T0 = 6.25 T
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6.5

 .1

 .2

.3

160





 1 

TOSS







 mg  .1

 (2)  (1)  .2

.3

.4

.5
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.6

.7

 .8

.9

162

TOSS



.10

.11

.12

.13

.14

 163
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.15

164

TOSS






  (Projectile)  (Rectilinear Motion) 




   


 

 

 

 (Oscillator)  

 

 (Oscillator)  

 Damped  

 

(Periodic Motion)    


 S.I  T 


 365  6-10  (Quartz) 



 165


(Simple Hermonic Motion)

7

1   Physics Volume-1






 (ii)  (i) 



Jean Baptiste Joseph Fourier (1798-1830)

(Fourier  (1830-1768)  


 Sine  Series)

 Cosine


 (Taylor) 

 
 10







 Lunar

(Oscillatory Motion)  7.2





 .1

 .2

 .3

 (Bob)  .4




 AC .5

 7.1

 .1

 .2

 (i)

166

TOSS



 (ii)

 (iii)

 (iv)

 U (v)

 (ii)  (i) .3

(Simple Harmonic Motion)  7.3

 Cosine  Sine 


y = a sin  (or) y = a cos  (or) y = A sin + B cos 

 -2  0   B, A, a 
 F  -x(E-0-E)  m 
 7.1 





 x 
 F 

    F  – x

(7.2) F = – kx    

 K 


(7.3) F = m a

7.3  7.2 

 

 (7.5) 


 167

(7.4)

(7.5)
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 (7.4) 

 

 (7.6) 

7.1 
 y 

y = A cos    y = A sin    

270o, 240o, 210o, 180o, 150o, 120o,  cos   sin  
 A=  A(2.5)cm     360o  330o, 300o 90o, 60o, 30o, 0=

   y    y

-A  +A    y     




 7.4

 -x  v  A 
 t  op  p  t=0 

 op  opyyOM

168

TOSS



OMP  Fig 7.2(a) 

   om=y  OP=A 

 

   om,op(7.7) 

-x  t=0  (Phase)  (7.8) 


 t = 0   

 169
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 t  Sine  7.2(a)  t=0  op  -x 
 y 


 v  t 

 v  t  Cosine  7.2(a)



 a  t 

 Sine  7.2(a)
 (7.11)  (7.9) 

 a  (7.12) 


 7.5  

 


 y (t) = A cos   y (t) = A sin  

  = t   


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

170

  

TOSS



 wt 
 (Integral multiple)  2 

 Aa   Amplitude

 CGS  S.I 
 A  (Oscillator) 

 T  (Time Period) 


 2wt 
 T 

 



 (Angular Frequency) 
 20 


 (Ocillator)  (Frequency) 

T  nv f 


 Hertz  
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(7.17)  = 2 f 

 CosineSine








 (Phase of the Oscillator) 



y (t) = A sin t

   t=0  t=0 


y (t) = A sin (t + )

 CosineSine  (t + ) 


7.1 
 9 

 7.3  k 
 2  1 






 m 



 T=is  m=9kg 

T=25  m=9+m 
172

TOSS





Therefore, M = 27 kg

7.2 
 m=4.0kg  7.4  1600 N m–1 

4.0cm 
 (iii)  (ii) (i) 





 173





  a 
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 7.6

 7.6.1


 m  -x







 p 

  p  x 
 k  v  



 m  k 


 7.6.2

 m 
 7.6l  mg 



174







TOSS



 y 


 f=-ky 


T 

 (7.19)  m  k



(Galileo Galilei (1564-1642)(1564-1642) 





 Vincezio Galilei

 
 


 Isochronosity 


 (Mechanic)  



 





 1632  



"Dialogue on two  1636 
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 7.6
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 New Sciences"





(Simple Pendulum)  7.6.3




 (Split Cork) 
  7.7 









 7.7 
 mg  (a)

 T  (b)


 mg cos  .1

 mg sin   .2

 f  x  mg sin 


F = mg sin




F = mg

7.7

176

TOSS






 (7.21) F = kx

(7.21)  (7.20) 

 



(7.22) 



 177
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7.3 
 m2  m1 









 k 
 F 

 



m1  x
1
 + x2  x2  x

1










  m2   



 x = x1 + x2 

 HCl  Cl2H2 

 7.2  

  m  .1

 7.9

178

TOSS



 m  .2

 l 


 m  .3



   7.7 


 (7.24) x(t) = A sin (t + )




7.25



 (7.25)  v  m 

(7.24) 

 179
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7.27

 F = – kx  x 

 7.24 

7.28

 7.24 

7.29

k = m2  

 7.24 

7.30

 
E = K + U

180

TOSS



(7.28)  (7.26)   (7.32) 
 7.12 

  7.3  

 .1


 .2

 7.8  





 7.13 
 S  G  B 

 7.13(a)

 6  B  B 
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(i) 
(ii) 






 b 


(7.34) Frestoring = – kx 


(7.35) F = – kx – bv 


 (7.36) ma = – kx – bv

 


 m 



182

TOSS



7.2 
7.13(a)  S  (G)  B 

 6  B  B 




 (Damped) 

   7.9  


  (Natural Frequency) 


 (Driven Frequence) 


(7.38) F(t) = Fo sin pt

 
(7.39) ma = – kx – bv + Fo sin pt



(7.40)

 

A  p 
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(Drive Force)  Fo 


 





  7.3        

 

 (Set) 
 (E, D, C, B, A) 

A  7.14 
 E, D, B  C 

A  A 



 A  E  D, B  E  D, B

 A  C  E  D, B 
 C  A 

184
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  7.4 

 .1


 (Boxes)  .2

(Mysterious Happening and Resonance) 
 1940  USA  Ta coma Narrows .1





 .2




 TV  .3





(What you have learnt)         
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 CosineSine  

 

 T  Hertz  v   

 (t) = a cos (t + ) y (t) = a sin (t + )  

 t=0    t  y 

 

 k  m   

 g   

 

 

 

 

 

 



(Terminal Exercise)    

 .1

 .2

186

TOSS



 (ii)  (i)  .3

 (iii)

 0.9kg  1  0.1kg  .4


 .5

 (Bob)   .6


 .7


 .8


 .9

 E  k  U  .10


 x = a cos t + b sin t  .11


 0.04m  10  .12

 .13


 k = 400 N m–1  2kg  .14

 0.05m 
  (a)

 (b)

 (c)

 (d)
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(Answers to Intext Questions)    

7.1

 .1


(v) (iv) (ii) .2

 (i) .3

 (ii)

7.2

 F=-kx  x  .1

188

TOSS



 .2

F = – gv

 v=(Al)  g   
F = – gA1

 k=gA  F=-kl 
 m=V =  Al

 (Band) 

7.3

 K.E .1

 .2
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7.4

 .1



 .2


 .3



  (Answers to Terminal Exercise)  

3s .4

.11

.12

.14

.



190

TOSS



















 (Acceleration) 





(Objectives) 

 

 G  

 

 

 

  

 

 

 

 

 

 

 191


(Gravitation)

8
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(Law of Gravitation)  8.1








 


 r  1/r2 


 





 r  m2  m1 





 F 

 G  '_' 








 F  m2  m1 


 (8.1)  


192

TOSS



m1  (-r) 
 m1  (8.2)  m2 

r12  F12 


 m2

 

 m2  m1  m2  m1
  

 

  
    

 8.3  8.2 

  


 100  G 
 G  6.67 × 10–11 Nm2 kg–2 



(8.1) 
 T  r 



 


 (Centripetal force) 

 193
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 T   v 

 k 


  

(The Gravitational Constant)  8.2

 G 


 1798 
(8.3) 


m  AB 





 (F) 





194

TOSS



 d 




 (F) 







 PQ 
 F  L  F  L 

 (8.6)


PQ=TQ (8.7)

 (8-7)  (8-6) 

 G  G 


   8.3  





 
 

 M  r  m 

  
 P  M E 

 (8.10)  (8.9) 
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 8.11  EqnM. 


     (Gravitational Potential Energy )   8.4 





 M  M  dW 


 M  rP  m 

 (8.1)  M  m 

 m  (8.14) 
 M 

 8.1

 29.5  27.3  .1

60  3.84 × 108 m 
196

TOSS



 9.8 ms–2  (Centripetal Acceleration) 

  (g)  3600 
 G  (8)  .2

 1m  1kg 



 (8.1)  .3


 (i)  F  F 




 .4

 (iii)  (ii) 


 1m60kg  50kg 






 .5

(Acceleration due to Gravity)  8.5

a  m  F 





 g 
 m  (8.15) 

 m  M  (8.1) 

 (8.17)  (8.16)  R 

 8.5 
 197
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 M 
 'g'  R

 'g'  (8.18)

 9.8 ms–2


 (8.18) 


 (8.18) 







 8.1









 'g' 
 (Free fall)  'g' 

 (8.19 b) 
 't'  'h' 

198

TOSS



 u = 0 
 'g'  Stop watch 

 1  5 
 (8.19 d)  'g'  0.45 

 'g' 




















 'g'  'G' 

 'g'  'G'

 8.2

 'g'  6.37 × 106 m  5.97 × 1024 kg  .1

 199
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 6357 


 6398  .2

 'g' 



(iii)  (ii)  (i)  'g'  .3

 (iv) 
 1.74 × 106 m  7.3 × 1022 kg  .4



 'g'  'g' 8.6

 'g'  (8.18) 


 'g'  1/4th  'g'  2R 
 'g'  'h' 

 'gh ' 

  (8.18) 

200

TOSS



    

 RHS 

  'h'  8.21 

 
8.2 

6400  'g'  10  10 
 g 


 (8.20) 

 201
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 'g'8.6.2

 p  d 
 8.6

 p  p 
p  R-d  r=(R-d)


 'd'  .1

 'r'  .2

 p  (8.6)
 'd'  'r' 
 p 


 p  p


 r=(R-d) 

 r=(R-d) 
(Volume x density)x  ='r' 

 'p' 

 (8.23)  (8.22) 

202

TOSS



 'g'  (R-d)  'd' 
 d=R 


 (R-d)=r 


 'r' 


 'g' 

 (8.7) 


 d=0  'gd'  (8.24) 

 'g'  (8.25)  (8.24) 
 (8.7)

 (Variation of 'g' with Latitude)  'g'  8.6.3




 (Centripetal Force) 
 


 'g'  'g' 

 'g'    'g'

 =90  

 R  w 
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(8.3) 
 'g' 






= 6357 km = 6.357 × 106 m 




= 5.97 × 1024 kg 



8.4 
 6371km   = 60o  'g' 


T = 24 hours = 24 × 60 × seconds 

= 1/ T 



g  60o  = 9.853 – (6.37 × 106) (7.27 × 10–5)2 cos2 60

g  60o  9.853 – 0.008 = 9.844 ms–2

 
 (8.8)




 'g'  'g'




204

TOSS



 8.3

 'g'  .1

 80%  'g'  .2

 'g' 


 'g'  30  .3

 1000km  .4


 (8.21)  (i)

 'r'  1/r2'g'  (ii)



(Weight and Mass)  8.7

 'W'  'm' 
 (8.28) W = mg

 50kg  Newton (N) 
50 kg × 9.8 ms–2 = 490 N

 'g' 
 





  

 N  (kg) 

8.2
 6R  5R4R3R2R  50kg 




 8.4  

 .1

 = 6 × 1023  .2

 4.3 × 106 m 
 205
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 (Pan)  .3


 (Scale) 






  8.8 


 15 


  (Tycho Brah) 



 

 
  20 

 16 
 





(Law of Orbits)  .1

 (Elliptical Orbits) 
 Ellipse  Ellipse  (Foci)

 (Foci) 
 (Perihelion) 

 (Aphelion) 

206

TOSS



 (Law of Areas)  .2










 (Law of Periods)  .3


  'r'  T 




  r2  r1  T2  T1  1/r2 



 r1 r2  T1  T2

8.5 
 1.5 × 1011 m  57.9 × 109 m      


 r1 = 1.5 × 1011 m  T1 = 365.25  365.25 

 T2  r
2
 = 57.9 × 109 m 
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8.6 


 27.3days  RE  60RE

 29.5 days 


 r1 = 60 RE, T
2
 = 1  T1 = 27.3  T2 



6.6R
E
 R

E


208

TOSS



 5.6  5.6R
E




(Orbital Velocity of Planets)  8.9 

r  T 
 2rT 



 v  m  

 M 







 8.5  

  .1

 2000  1000  .2

 90 
 86AU  SEDNA  .3

 1.5 × 1011 m  AU 
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 .4

  (8.31)  (8.30)  .5

 (Escape Velocity)  8.10  





 Ve  m 

   



 R  M 


 0 
g = GM/R2  'g'  'G' 

 (8.32)  GM = gR2

210

TOSS



 R = 6.4 × 106 m  g = 9.8 ms–2  8.33 
 ve = 11.2 km s–1 

  8.6 

 6371km  5.97 × 1024 kg  .1

 .2

 8  x  .3



(Artificial Satellites)    8.11 







 Parabolic 
 (8.10) 

 
 




 Vo 
R  (R + h) 

 Vo  m  h 
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 (8.35)  (8.34)  M 

 GM = gR2  g  G



   R = 6.4 × 106 m  g = 9.8 ms–2
 vo = 8 km s–1

 200 
 8 km s–1 


 


(8.38) 



 (8.33) 

 (8.11) 
 800  



212

TOSS



 300km 


100 



 (Sun-Synchronous)


















 36000  24  

 



   8.12








 




 .1






  .2


 


  .3
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  .4

 X-rays 


 20

  .5









 




  8.13









 




 (ISRO)  1969 
 
 


 (8.13)(GSLV)   (8.12)(PSLV)  












 


 (a)

 (b)
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 (c)

-  (d)

 Edusat  

 (ISRO) 



 8.7





 .1

 24.6 
 


 3400km  6.4 × 1023 kg 

 .2


 

 'G'  
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 Foci 

 



 



 

 


 



 

Terminal Exercise

 .1


 .2

 'F' 

 .3

 500N

 .4

 25km  8.8 .5

 2855km 

 .6

 500N  .7

 800  

 .8

216

TOSS



 'G'  .9

 .10

 .11

  .12



8.1

T = 27.3 days = 27.3 × 24 × 3600 seconds  .1

R = 3.84 × 108 m 





 F = ma 



 3600 'g' 

 9.8 ms–2 

 217
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 (8.1)  .2

 'G'

.6



 1m  1kg  'G'  F=G r=1m 


 r  (i) .7

 4 






 (ii)

 (iii)

.8

8.2

.1

218

TOSS



.2

 g .3

.4

8.3

 R 

 'r' 
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 'g' 
h = r – R = 1.414 R – R = 0.414R

 'g'  .2

g  = g – R2cos2  'g' .3

g
poles

 = 9.853 ms–2

R = 6.37 × 106 m 
 = 7.27 × 10-5 rad s-1 

.4

220

 (8.21) 



TOSS



8.4

 1/6th  1/6th  'g'  .1


.2

 1/4 
 'g'  .3


 1/6th  'g'  1/6th

8.5

  .1

 .2

 221
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 .3

 

 .4



 M 
 G  g  








 v=(R+h)  



222

TOSS



(R+h)=R  



 


 'h'  R 



 r  (8.30)  .5

 (8.31) 


 RHS 

8.6

.1
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.2

 .3

x 




8.7

 

 r (1)

 







224

 1/4th 



TOSS



 'h'  'R'  v=R+h  'r'

 (a) (2)

 X-ray (b)

  Answers to Terminal Exercises

125N (3)

g = 5.5 ms–2 (5)

 50  (7)

8

 225
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 Putty





 (Deformation) 


 (Plasticity)  (Plastic) 



 









 (Molecular Theory)  

 

 

 

 (Strain)  

 (Stress-strain curve)  

 

226


(Mechanical Properties of Solids)

9

TOSS



(Modulus of rigidity)  (Bulk Modulus)  (Yong's Modulus)  

 (Poison's ratio) 
 

 

 (Elasticity) 9.1


 (Deformat ion)










 (9.1) 


 (Elasticity) 

 (Elastic and Plastic Bodies)  9.2





 Putty  (Quartz Fiber) 




  9.3


 (9.2) 
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   0  R = R0 
 R < R0 



 R > R0

 (10
–10

 m) 





 (10–8 m) 






 (Molecular Theory of Elasticity)  9.4









 (i.e., R > R
0
), 
 ( R < R0) 




228

TOSS







 Duyanuka 

"Lalithavasitra"  
 10–10m 

 (Stress)  9.5




(Stress) 



 'A'  'F' 



 Sheering  Nm–2 

 (Longitudinal Stress)  9.5.1

 9.3(b)  9.3(a) 
9.3(a) 

 9.3(a)  9.3(b) 




 (Tensile) 

 229
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 (Compressive Stress) 
 (Longitudinal Stress)

(Normal Stress)  9.5.2


 (9.4) 









 9.5.3






 (Tengential Force) 


 (Sheering Stress)  (Tangential) 

(Strain)  9.6




(Volume




 (2)(Linear Strain)  (1) 

(Sheering Strain)  (3)Strain)

(Linear Strain)  9.6.1

(9.6)  l 
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(Volume Strain)




 9.6.2








 v  P 

 9.6.3

 (9.8) 


  

 (Stress - Strain Curve)  9.7  

 9.7.1








 (9.9) 
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(OA)  (Reg ion  o f  Proport iona l i ty ) (OA)  .1


 AO 


 BA (Elastic Limit)  .2

 (Yield point)  B 
 (Yield strength) 

 (Point C)C .3

 D  B 
 C  D  B 


 E  (Breaking Point (F)(F)  .4

 (Breaking Point)  F 



 10  (Factor of safety) 
 5 
 Ductile

 (Stress and Strain Curve for Rubber)  9.7.2







(Elastomer)  

 (9.10) 
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 (Elastic Hysteresis)  




(Steel is more Elastic than Rubber)  9.7.3








9.1 
 0.20cm  0.10 cm2  1.0m  100

g = 9.80 ms–2  (Tensite Stress)  



9.2 
= 

 g = 9.80 ms–2  4.0 × 108 Nm–2, density = 7.9 × 103 kg m–3


 p  l  A  W = Alg 



 4.0 × 108 Nm–2 
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(Intext Questions)  9.1

 .1

 (ii)  (i)





 .2


 .3


 .4

 0.60mm  0.64mm  4  .5



(Hooke's Law)  9.8  

 1678

 x  

 (Modulus of Elasticity)  E 


 (Activity) 

9.1


 100gm  (9.11) 
 500  1N  100 
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 (9.11) 
(Pointer) 



(1635-1703) 





 





 1666 

 (Anemometer)  
 (Barometer) 

 (Hygrometer)

(Module of Elasticity)  9.9


 (Bulk Modulus)  (Yong's Modulus)  









 (Rigidity Modulus)

 (Young's Modulus)  9.9.1

 L 
 'F'  'A'  "L"  L 

 L  
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 'M'  'r ' 
F  =  m g  A  =  ƒ r2

 (9.1)  Nm–2  SI Y



(Bulk Modulus)  9.9.2

V'v'  'p' 


 k  (Compressibility)  (Reciprocal) 







 B

solid
 > Bliquid > Bgas 

(Rigidity Modulus or Shear Modulus)  9.9.3
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 (Modulus of Regidity)




9.3 
 50% 0.1 cm2 

 Y = 2 × 1011 Nm–2

 L  L  50%=  

9.4 
 0.0012% 

Bulk  10 ms–2  103 kg m–3  360m 
 Modulus



(Poissions Ratio)  9.9.4

 (9.12) 
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 (Sigma)  (Poisson's Ratio)

 f  x 

 'd' 
 d


 0.4  0.2 

 0.5  -1  0.5 

  9.10

 (Tessile Stress) 


 'l'  'F'  'A'  (Cross section)  L 


 dw  dl  'Y' 
dW = F dl

 (9.13) 
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TOSS



 lo



 AL  





9.2         

 B  A-'B'  'A' 
 B  A 

(Elastic  A  B 
 Fatigue)
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(Some Other Facts about Elasticity) 
 .1


 .2

 (Liquid air) 
 .3

9.5 
(Modulus of rigidity)  104 Nm–2  20

 0.0km 


9.6 
 10  1  5

 = 11 × 1010 Nm–2  0.25 
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 (Intext Questions)  9.2

 .1

 .2

 .3

 .4


 1 × 108 Nm–2  10–3  .5

  9.11





 


 (9.13)  (Cantilever) 

 'M'  'd'  'b'  'l'  Cantilever

 Cantilever 


 Centilever  (Vidyasagar Sethu)  


(Rishikesh)
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 (9.14(a))  
 (9.16) 




 (9.14(b))  Beam 
 Y 
 (9.14(c))  Beam 

 I 
10 
 10  300 


 


 -10km 


 'h' 

 3 × 103  3 × 108 Nm–2 
  hmax = 10 km  hmax g = 3 × 108 Nm-2

242

TOSS



               

 

 

 


 

(Elastic)

 

(Plastic)

 (Atom)  


 Nm–2  

 

 


 

 

 

 

 

 



(Terminal Exercise)    

 .1

 .2

 .3

 .4

 243

1   Physics Volume-1



 .5

 .6

 .7

 .8

 4  1mm  4  .9

13.78 × 1010 Nm–2 
 0.02%  1  .10

 g = 9.8 ms–2  1000 kg m–3 
 0.2%  0.2 .11

Y = 9 × 1010 Nm–2

 .12

 5 × 105 N  2mm 



 10cm .13

 (Tangatial force)

 .14

F  r  L  .15

2F  2r  2L  x 

 .16


9.1






 R < Ro 




 R > Ro  .1

 .2

 .3

 .4

0.12 × 1010 Nm–2 .5
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9.2

 .1

 (Compressibility)  .2

 (Resiprocal)

 .3

1 : 8 .4

1 × 1011 Nm–2 .5

       

0.15 m .9

4.9 × 10–10 Nm–2 .10

22.7 N .11

2 × 10–2 .12

x .15
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(Introduction) 
 (Interatomic forces) 
 (Fluid) 

 (Dam)  (State) 


 (Car)  (Platform)  (Hydraulic lift) 
 (Hydraulic Jack)  (Service Centre) 


(Surface  (Hydrostatic pressure) 

 tension)




 (Stream) 



(Objectives) 


 (Hydrostatic pressure)  

  (Archimedes principle)  
 

(Hydraulic brakes)  (Hydrostatic press)  

 


 (Capillary tube)  

 (Turbulent)  (Stream line)  

 (Reynold's number)  

246


(Mechanical Properties of Fluids)

10

TOSS



 (Viscosity)  

 

(Hydrostatic pressure)  10.1








 10.1



 (Rooms) 



(Interatomic  (Stress) 

 (Stress)  forces)


 10.2 

 (Container) 
 p 

S.I 
(pa)  (Blaise Pascal)  


 (atm) 



 10.1.1

P1  10.3  h  A 
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 P2 
 p  h  P1A  P1A 


 (P1A – P2A)  (Net force) 

Ah=  x  = 
  

(hA)g= 
h 



 p  h 
 P =  g h                                                     (10.3)

 (Hydrostatic pressure) 



 1 0 . 4 

P1  P1
 p Patm 




 (10.4)





 10.5
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10.1 
100  105 Nm–2 


 = 103 kg m–3  (Dam) 

 g = 9.8 ms–2 
p=pgh  



(Atmospheric pressure)  10.1.2

 200 
 O.V. Guericke 

 (Inches)  20 


 8 
 (Torricelli) 


 13600 kg m–3 

 10.6

 (Barometer) 
 1mm 76cm  (Mercury)

 (Torr) 

(Physiology)  Torr  Hg  1

1 bar = 105 Pa  (Bar)  (Meterology) 
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(Buoyancy)  10.2




 (Archimedes)  



  


 

 10.8 



 (Float)

(FLoating objects) 
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(Archimedes) (287-212 BC) 
 (Engineer)  


 (Screw) 
 (Coiled tube) 

 (Catapult) 
 (Lever)  (Pulleys) 

 (Hieron)  (Syracuse) 




(Pascal's Law)  10.3

 
 (Hydraulic jack or lift) 

 (Hydraulic press)  (Packing) 





(Application of Pascal's Law)  10.3.1

  (A)

 10.9 
 (Pistons) 

(Pistons) 


 A2  A1  F1
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 A2 
 - 

  F2 > F1  (10.5) 

 (Balance) 
 (B)

(Automobile Service 
 Station)

 


 10.10  (Mechanic)





(Hydraulic Brakes)  (C)


 (Piston) 

 (Shoes) 
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(Intext Questions)  10.1

 (Size)  (Shoes)  (Skiting)  



.1

 1.024 × 103 kg m–3    1500 .2

 g = 9.80 ms–2  1.01 × 105

25  5000(Piston)  10 m2  .3

 0.05 m2 
 .4


 50(Piston)  0.1  .5

 (Piston)  10 

(Surface Tension)  10.4


 (Shower)  (Globules) 





 10.1

 .1

 .2

 .3

 .4

 .5

 .6

 .7




 (Adhesive)  (Cohensive) 
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 Fevicol(Gum) 



 10.2


 .1

 .2

 .3

 .4




 10.12
(Surface Energy)  10.4.1

 (Container) 


 10.13 

 Q  P

 R  S 









 (Needle) 
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AB 
10.14 




 (Line) 


 F  L  T 
 [MT–2]  SI Nm–1 

 10.15 







 (TxL)  L  T 
 2TL 

 F  x 
 (Film)  10.15  x 

 A  (L × x) 
W = T × A
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 (Surface tension) 


 (Interface)  

 

 (Meniscus) 





 

 

 

   10.3  





 10.16(a) 
 (Needle) 


 10.16(b)  (Circular)





 (Side) 



 10.4.2

(Mosquitoes sitting on water)  (A)

 (Chikungunya)  (Malaria)  (Dengue)  


 (Breeding) 


 (Concave) 
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 10.17 

 (B)

 (Plane)  10.18  PQ 
(10.18(a))  (Tangential)   = 900

 PQ  (10.18(c))  10.18(b) 
 (Center of Curvature) 


 R 

 
 (Curved) 

 

(Spherical drop)  (i)

 (Drop) 
   p  r 

P = (Pi – P
0
) 

 p  10.19(a)  Pi  P
0


 r 
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A = 4 (r +r)2 – 4r2 = 8 r r

 r 


W=  =TA = T (8 r r)

 p 


  = PV = P (4r2 r)     (10.9)

(10.9)  10.8 

 (Air Bubble in water)  (ii)

 10.19(b) 
 T  r  p 

(Soap bubble floating in air)  (iii)


 10.19(c)



 T 



(Example) 10.2 
 2.5 × 10–2 Nm–1  7.2 × 10–2 Nm–1 
 (iii)  (ii)  (i) 

 1 
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 10.19(a)


TOSS




 p  r  (i)

 p  (ii)

 p  (iii)

(Detergents and Surface Tension)  (C)

 (Advertisements) 
 (Agents)  (Detergents)


 (Fibres)
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 (Interfaces) 

 (Recovering) 


 (Wax-Duck floating on water)  (D)

 (Impurities) 





(Intext Questions)       10.2  

 (Adhesive force)  (Cohesion)  .1

 .2

 .3

 .4

 .5

 727 × 10–3 Nm–1  2 (i)

 25 × 10–3 Nm–1  4  (ii)

(Angle of Contact)  10.5  

 (Curved) 
 (Paraffin)  (Concave)  
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(Jar)  10.21 






9 0 0 
 (Meniscus) 


  (Meniscus)










 (Quadrant)  (Meniscus) 




(Container  10.22(a)  p 

 vessel)




Fc cos   Fa – Fc sin   Fa > Fc sin   Case 1

 (Sustain Constant Sheer) 
 Fc  F 
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 (Ward)  (Fc sin – Fa)  F  Fa < Fc sin   Case 2

 (Quadrant) 


 (Ward)  F  Fa = Fc sin  Case 3



(Capillary Action)  10.6










 10.6.1

 (Meniscus) 



 (Adhesion)  10.23(a)

 (Cohesive force)

 10.23(a)  (Interface)  D,C,B,A 

  (Meniscus) 
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 A  R  (Interface)  T 
 D  B  C  D  p  D

 B 
 10.23(b)  h 

  h 

 g  p 
 10.24     r 

 R10.14 

  (Bore) 


(Intext Questions)  10.3

 .1

 90°  .2

 .3
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 7.2 × 10–2 Nm–1  3  .4

 g = 10 ms–2  '0'  1000 kg m–3 

 (Lantern)  .5

(Viscosity)  10.7  





 10.25 
 (Pipes) 


(Steel 

 ball)


 (Viscosity) 

 (Slide) 
 (Stress) 


 (Viscosity) 

(Derivation of Expression for Viscous Forces) 


 10.26 




 x  v 
v+dv 
dx  dv  x+dx 

 F  (Velocity gradient)  dv/dx 
 (i)
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 dv/dx  (ii)



  


 1 poise = 0.1 Nsm–2  (Poise)  CGS  Nsm–2  SI 
[ML–1 T–1] 

(Types of Liquid flow)  10.8




(Streamline motion)  10.8.1








 (Intersection)  (Tangents)


 Vc 

(Laminar  (Laminae) 
 (Zig-Zag)  Vc  flow)

 (Turbulent) 
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(Equation of Continuity)  10.8.2


  

 A2  A1 


B  A  V2  V1  10.28
 P 

V  A 


 A1V1

 A 

 B 




(Critical Velocity and Reynold's Number)  10.8.3


 (Turbulent) 

 x 
 Vc 

   
Vc   

   

(d) 
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TOSS



(Dimensions)  (Reynold's Number)  R 
 (Laminar)  1000  R 

(Turbulent)  2000  R  2000  1000  (Unsteady)

 (Laminer flow) 
 10.3  

 s–1  30   d = 2.0 
  = 4.0 × 10-2poise  1.05 gm-cm–3  




  10.18 

 (Unsteady)  1575<2000 

(Stoke's Law)  10.9

 (Empirical law) 


 v  (n)  r 


   k 




 ()  
r  
v  
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 k 

a=b=c=1 
F = K  r v

  10.29
(Terminal velocity) 

 10.9.1

  p  r 


 F  (i)

 w  (ii)

 (iii)









 Vo 
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(Application of Stoke's Law)  10.9.2

 (g)  (Parachute)  (A)



 (Viscous drog) 



 (Velocity of Rain drops)  (B)

 (Viscous drag) 



10.4 

 0.12 ms–1. 


 g = 9.8 ms–2 








(Intext Questions)  10.4

 (Streamline flow)  (Turbulent flow)  .1

 .2

 .3

 1.2 kg m–3  1.8 × 10–5 Ns m–2  0.01m  .4

1000 kg m–3. Take g = 10 m s–2 

 0.01m 
 Tumblar  .5
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(Caniel Bernoulli) 1782-1700 




 1700  8 




 
 (Hydrodyunamica) 

 1738 


 
 (Vaccuum)  (Tube)  (Vaccum)

(Bernoulli's Principle)  10.10  

 (Burrow) 
 (Bulges)





(Convertible) 


 (Fluid) 


(Energy of Flowing)  10.10.1




  d  m  (p) 


(Bernoulli's Equation)  10.10.2

 (Quantitatively) 


(Narrow bore  (Wide bore tube)  .1

 tube)

 .2

 (Stream line)  .3
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 A

1
 P

1
 A 

h
1
 B  V

1


 A
2

 P2 
 B  A  V2 






   10.4      

 (Sheet)  .1

 10.31  .2

 .3



(Application of Bernoulli's Theorem)  10.10.3




 (Flow meter or Venturi Meter)  (A)

 (10.32)  (Device) 

 271

  10.32
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(Venturi  B  A  h  B  A A2  A1

  meter)

 A=Total Energy at BB 






 B=A 
 (10.26) A1v1 = A2v2


(10.25) 

  h  (Venturi meter) 
P1 – P2 = hdg



272

TOSS



 (Venturi meter)  


 k 


V = A1v1 = A1 × Kh


(10.28) V = K' h 

 K' = kA1 
(benson 




 (Spray gun)  (Atomizer) 
  (Aerofoil)  (Caburettor)  burner)

(Speed of Efflux of a liquid: Toricelli's law)  (B)

 (Container) 
 (Efflux) 

1  p  (Tank) 
 2  h1 
 10.33  p  h2 
 A2  A1 
(Equation of continuity) 

A
1
v

1
 = A

2
v

2

 v2  v1 
 A2 

 A1, v1 >> v2 


(v2 = 0)

 2 


 10.29 
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(h
2
 – h

1
) = h, 

 2gh  P > > Pa 


 (10.31)  P=pgh 

 10.32 
10.34   Atomizer (C)

 A 
 B 


 (Vesse l ) 

 N(Nozzle)

 B 
 (Fine spray) 
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 Spray gun (D)





 O 

 (Piston)


 O 

 (Spray)  (Piston)








 10.35 






 Bensen Burner (E)

 N(Nozzle) 


 A (Side hole) 


 10.36 
 (Carburettor)  Carburettor (F)

 (Explosion) 


A (Side)  (Piston)









B 
B  ( N o z z l e )

 (Nozzle)


 A 

 B (Nozzle) 
 (Impurities) 

 (Nozzle) 
 10.37 

 (Aerofoil)  (Aerofoi)  (G)


 10.38 

 (Stream lines) 

 275

 



 10.35





 10.36

 10.38
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 (Runway)


 (Dynamic lift) 

 (Stream lines) 


 10.10.4

(Attracted disc  (A)







(Car dboard )  paradox)


 (Handle)  (Narrow)

 10.39 


 (Lift) 


 (B)


 (Stream) 

10.40 
(Stream) 




 (Stream) 


  (C)

 (Moderately)  10.41

(Jet)(Narrow)  A 
(Nozzle) 

 (Aperture) 
 N 
 B 

 1cm 
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  (D)

 (Cricketer) 



 10.42

 v 


 u 
 (Ball)  (v + u)  v – u 

 
 (Magnus effect) 














 (Spin)  (Dynamic lift)
 10.5

 (Tank) 
 2.5 
 (Speed of efflux) 


 B 

 BA

 m  B  A 
B  A 

B  =A 
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 10.42
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(Intext Questions)  10.5

 (Tin)  .1

 .2

 .3

 0.20 m/s  20mm  .4

 1.50 m/s 
 (Shine)  .5

(What you have learnt) 
 P=gh  (Hydrostatic pressure)  p  h  

 (Buoyant force)  

 


 (Surface energy)  

 (Surface tension)  

 Nm–1

 (Surface tension)  

 

 (Angle of Contact)  


 (Curvature)  (Capillary tube)  



278

TOSS



  P  

 T 

(Bubbles) 

(Bubbles)  T 

 (Detergent) 

 (Viscosity)  

 (Turbulent)  

(Viscosity)  n  (Critical Velocity)

 d  'l' 
 (Coefficient of Viscosity)  




 r  

 (Coefficient of Viscosity) 
F = 6   r v

 (Incompressible)  m  

 B  A  (Steadily)

 d 

(Terminal Exercise) 


 (Hydrostatic pressure)  .1

 (Hydraulic press)  .2

 .3

 (Stretched membrane)  .4

 0.9m  3.0 Nm–2  

 .5

 0.8m 
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 1000(Hydraulic lift)  .6

 (Input)  (Output)  5  Pistons

(Force  Fa  (Meniscus)  (Capillary tube)  .7

   (Force of Cohesion)  Fc  adhesion)



 (Drops)  1000 .8


 .9

 0.2 × 10–3 m  103 kg m–3  0.05m .10

 7.27 × 10–2 Nm–1 
 .11

 (Detergents)  .12

 (Size)  .13


 (i)

 (ii)


 3cm  .14


(Critical Velocity)  (Turbulent flow)  (Laminar flow)  .15


 .16

 .17

 .18

 .19

 (Flight)  (i)

 (Ping pong)  (ii)
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 (Squeezing)  (Aperture)  (iii)


 (iv)

  (Plate)(Flat)  (Mercury)   (v)

 (Density)0.9 gm cm–3  (Rises)0.15 kg m–1 s–1  .20

 = 10–2 kg m–1 s–1 


0.2m  0.1m  0.2m  (Pipeline)  .21

  (ii)  (i)  2 m s–1 


 1(Tank)  i .22


 1.32 gm cm–3  8.5 gm cm–3 

 (ii)

 3 Poise 
 3  50 cm s–1  20°C  .23

 (i)

 (ii)

 1000 Nm–2  (Design)  .24

100 
 1000 Nm–2  1000  ms–1

 (Mercury)   5cm   .25

1  70 cm s–1  28 cm s–1 
 gm cm–3

(Answers to Intext Questions) 
10.1

 .1

P = Pa + gh .2

P = 1.5 × 107 Pa
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 .3




 (Skin)  .4

.5

10.2

 (Force of cohesion)  .1

 (Force of adhesion) 
 .2

 .3

 .4

 .5



10.3

 .1

 .2

 (Meniscus) 






.3

.4

 .5
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10.4

(Stream line)  .1

 (Turbulent)  (Zig Zag) 
 .2

 .3

 0.012 ms–1 .4

 (Viscous force)  .5

10.5

 .1

 .2

 (Streamlined)  .3

.4

 .5

(Answers to Terminal Exercise) 
 2.67 Nm–2 .5

200 N .6

 2.1 mm s–1, 35 cm s–1 .20

8 ms–1, 6.3 × 10–2 m3 s–1 .21

(Unsteady)  1500 .23

(Mercury)  2 .24
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Introduction 


 watt70 


 Conduction 



  Bottom 


 convection

  


 
 
 
 . 

 11.1





  radiation  Convection  Conduction 
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(Thermal Properties of Matter)

11

TOSS




 


 A  11.1 



 KE 
B 

 3 



 

 


 bottom 





 KMnO4 






 11.2 


 KMnO4 


  
  

Conduction  11.1.1

 Tc(<Th)  Th 


 d  A 
 T  Th  Q  11.3 

  
 a 

 
 (Th – Tc), 
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  K 
 1m2 

 Im 
 K  Wm–1K–1  SI  IK 


 11.1 

Wm–1K–1  
400 
240 
1.2 
0.8 

0.60 
0.20 
0.25 
0.01 

 5.0cm  30cm  11.1 
 0.01 J s-1 m-1 °C-1  K  6  450 

 335 Jg-1 
 12.1  


Q = 10496 × 6 J
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 . 

 11.1 


 K 






Convection  11.1.2






 11.4 
  

  




 .1

 Js –1 m–1 °C–1  K  .2

 .3

 K  Im  1m2  .4

  1°C-1 
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 K 
   .5


Radiation  11.1.3

 
 (3 × 108 m s-1) 

  


295k  6000k




 










 525 °C 
 900°C 

 1600° C  1250° C  1100° C 
 ii  i 


 525°C 


Radiation Laws  11.2


intensity 

 400°C 
  (1 micron (µ) =10–6 m) 5 µm 5 x 10–4 cm  m

11.5 


 11.5 
 1 
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 2 
 m  maximum 

 im 
 

...  wien
 m 

 T  

   2.884 x 10-1mk   11.2 
 m = 14   

 11.2  micron

 206 

19281864  Wilhelm Win 
 1911








  




 1886(Diffraction of Light)  Helmholtz
 1896 

 1900   Giessen 
 1899 

 BoltzmannLudwig  1902  RoentgenWC. 
 Drude  1906  Leipzig

  1920 
Kirchhoff’s Law  11.2.1

  



11.3 
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 98 
 96  Approximation 


 t1   t= 0, a = 0 


  









11.6 


 P  O  O 




11.1             




 A  B  A 
 B 


  



 



(Stefan-Boltzmann Law)  11.2.3

 A 
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11.4 
  5.672 x 10-8 J m-2 s-1 K-4    
 e  e 

  
 11.4 





 



 T1 


11.2 
 =   300K  (incandescent lamp)  100W 

e0.3  5.7 × 10-8 W m-2 K-4

 
 E 

11.2 
 300KRadiator  .1

 .2

 .3
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 22oC  28o C  .4

 1.9 m2, 

 Solar Energy    11.3  






Solar Constant  
.1


  1.36 × 103m-2  

 
  Re  

  

(Greenhouse Effect 



 .2













 trace 
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 Co2 
 Global Warming 
  










 pattern 
 2030 
  

   11.4   


  

 T  T 


11.6 

 10  T3
0  T T2T2To, T3  (T – T0) 

??  
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11.3 
   4050  .1

 .2

 .3

  

 
 

 


  

 

Maximum  ?  KT  
mT=  

2880 µk    m 
  T(K)  

 a  

   e  





 1.36 x 103  J m-2 s-1   
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 129  .1


  

   4000 Ao  .2

(1Aº = 10-8 cm) 
 1000oC  2cm  3
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