
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



                                                                                                                           
            
 
 
    

             A matter has three state namely solid, liquid & gas.   
 [ The fourth namely fourth state of matter is plasma (ionized matter)]. 
          Each state of matter has some different properties like ---- (I) Solid   ---   has   ---   ●Elastic properties. 

                                                                                                                                 (II) Liquid --                ●Surface tension and Viscosity. 

                                                                                                                                   (III) gas    ---               ● Pressure diffusion. 

          Each state of matter consists of atom /molecule holds together with a force called inter atomic  
 force/molecular force. 
                                Thus,  
              ●●All the substance (solid, liquid or, gas) has one thing in common that all of them are made up of  
 small separate particle, which must be extremely small and are called as molecules (small mass)  
  (Diameter 2 – 5 A0, where A0 = 10-10 m.) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
        
 
                “The force which is responsible to hold together the atoms of element to form a molecule is called inter atomic force.” 
 

   The forces between atoms & molecule are not gravitational in nature but they are electrical in nature. 
              

   “The forces acting between the atom due to electrostatic interaction between the charges of the atoms are called  

      inter atomic force.” 
   
                           Inter atomic forces are active if the distance between the two atoms is of the order of atomic size =   10-10 m, i.e., 1 A0. 

                          Size of molecules = 10-14 m. 
                          When atoms are large distance apart i.e., much more than the atomic size, no interaction takes place and 
                                therefore, interatomic force between them is zero. 
 
 

 
 
 
 



 
        
 
 
 
 
 
 
 
 
 
 
 
 

                                                                                                                                                                                        
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

     

       

     

     

 

 

     

     

            When two atoms are brought closer to each other to a distance comparable with atomic size then the positive & negative 
                charges of atoms will starts interacting with each other thereby increase electrostatic force & decreasing potential energy . 
  
        When the distance of two atoms is very small, then the electron cloud of two atoms starts overlapping and the interatomic 
              forces become repulsive.  
 
 
 
                  
         over lapping of                                  Inter atomic                                                   inter atomic force  
                                        electrons cloud                                  force increases                                                  are zero. 
 
            During interaction between the two atoms ---- 
             Electrostatic force becomes Attractive between the nucleus of one atom & electros of the other and tends to  
               decrease the potential energy of the pair of atoms. 
 
             Elect. force becomes repulsive between the nucleus of one atom with the nucleus of other atom & electrons of 
               one atom with the electron.           
 
             The inter atomic force is equal to the negative gradient of the corresponding potential energy function. 
                                                             F = -- dU(r) 
                                                                         d r 
             When potential energy U(r) is minimum, i.e., maximum negative, the interatomic force is Zero. 

  (It is called state of stable equilibrium)   
                                                                                                                    



 

 

 

 

               

                                                                           FORCE    

                    “The force between the molecules due to electrostatic interaction between  

                            the charges of the molecules are called intermolecular forces”. 
                Inter molecular forces are active if the separation between two molecules is of order of 10-9 to 10-10 m.  

 

   
 
             
 
 
 
 
 
 
 
 
 
 
 
 

   

       

         

       

       

 

       

       

 
 

                POLAR & NON – POLAR MOLECULES : (ELECTRIC DIPOLE AND INDUCED ELECTIC DIPOLE). 

                        A molecule of a substance has equal no. of positive charge and negative charge and therefore is neutral. 
 
                The negative & positive charges in a molecule may or may not have uniform distribution. 
 
               Case I: -- (non- uniform charge distribution) 
                                      If the charge distribution is not uniform, then the centre of mass of positive charge may not coincide with the  
                                       centre of mass of negative charge. Then these particular molecules constitute ‘electric dipole’. 

 

               “A pair of equal and opposite charges separated                    
               by some distance is called an electric dipole”.                  +q                                                         --q 

                dipole moment    →                       →                                                 2L 
                                                P    =    q    ×   2L  
                 Direction ---    from -q to +q.           -                     -  - - 
                                                                                                                                                                                                                                                                                 -                          -  -  -  - 
                 ∴    The molecule constituting electric dipole is called POLAR – MOLECULES.                       -                            --_   _   
 Example = H2 O, CH3OH, NH3                          -      +                 _      _     
                                                                                                -   _ 
                                                                                                                                                                                    -    _         - 
              
 
 
 
 
 
              
              
 
 



 
 
 
 
           Case (uniform charge distribution) 
                                  Those molecules in which the centre of mass of positive charge & negative charges coincides and they do-not  
                                   give rise to any electric dipole are called non – polar molecules. 

 Example = O2, CO2, N2. 
            An Isolated non – polar molecule does not behave like an electric dipole.               + 
 
           ◙ ◙ Special Case (Two Non – polar molecules come closer) 
                                           When two non – polar molecules come closer to each other, their uniform charge distribution is 
                                               affected due to repulsion between like charge & also attraction between unlike charges. Due to this  
                                               CM of positive & negative charges shifted. And therefore, the two non- polar molecules give rise to 
                                                electric dipoles and are known as induced electric dipole. 

                                                                                                                                                                                                       
            In case of two induced electric dipole, the CM of opposite charges face each other. Due to this the molecules are  
               attracted towards each other. As molecules come close, their electron cloud starts overlapping. 
                    
                                                                                            - - - - -          - - -  - 
                                                                                               -  -  -  -  - - - - 
    +                 _           +                 _ 
   -  -  -  -  -  -  
   - - -       - - - --   
                  Due to this a repulsive force starts acting between molecules, which increases rapidly with decrease in distance. It is due to  
                    this reason that the molecules do not collapse but behaves as hard sphere. 

 
 
 
 
                
 
 
 
 
 
 
 
 
 
 
 
 

                    Variation of interatomic force with distance: --                                                                                                  
                                                                              It has been found that the interatomic force of attraction is inversely proportional  
                  to the seventh proportional to the seventh power of the distance between the atoms. 
                                                                                                                           Attractive 
                                        i.e.,                f a   =     -- A                    Where, A = Constant & depends upon the structure of the molecule.      
                                                                               r 7 
                 As the distance between the molecule is decreased and becomes equal to the order of the dimension of the molecule, they  
                 begins to repel each other. The force of repulsion between molecules between molecules changes rapidly then the  
                 attractive force. 

                           ∴                                f r     = B  
                                                                        r 9 

               ∴              Net force acting on a molecule is              Fn e t   =   A +   B  
                                                                                                                        r 7     r 9   
                 There is a definite distance ‘ro’ (normal or equilibrium distance) between the molecule where the force of attraction (f a) and 
                 force of repulsion (f r) balances each other. 
                                                         ∴                       F n e t =    0 

                                                                           i.e.,         A    =      B               
                                                                                          ro

7            ro
9           

                                                                                                                                           ⸫    r o    =      B 
                                                                                                                                                                  A 
 



 
 
 
 
           At this stage, the molecules are in a state of stable equilibrium. 
           As the intermolecular separation ‘r’ is decreased i.e., r < r o, the repulsion component dominates the attractive  
           component of the force.  Hence the net force is repulsive in nature.              
 

             STATES OF MATTER              
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           STATES OF MATTER                                

 IN   SOLIDS --     (1) The constituents of a substance are closely packed in a definite order. 
                                                                        (2) Intermolecular space is very small, therefore solid cannot be compressed. 
                    (3)  The constituents of solid can vibrate about their mean position but cannot move from one place to another. 
                    (4)  Strong intermolecular force. 
                    (5) All the solids have the property of Elasticity (property of the body to regain its original configuration, when the 
                             deforming forces are removed). 
                    (6) Minimum K.E  
 
            When a liquid is cooled, the KE of its molecules falls. The molecule come close to each other due to increase in   
               intermolecular force and also in order to have a system of minimum PE. As the process continue a stage will come  
               where PE reduces to minimum and ‘r’ becomes ‘r o’. At this stage, the molecules of the liquid arrange themselves  
               symmetrically w.r.t each other and are confined to fixed position and the liquid is converted to solid. 
 

           Due to thermal energy, each molecule moves about a fixed mean position with very small amplitude. 
         
           Intermolecular force dominates over the thermal motion of molecules in solids. 
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               cHARECTERISTICS                                                                                                                                       
                   Definite external geometrical shape. 
                  All the bonds in ions or atoms or molecules are equally strong 
                  Sharp melting point, as on heating, all the gets rapture 
                     at once and at same temperature.  
                  Consider as true and stable solid.  
                      CHARECTERISTIC---Melting point 
 
                  When a liquid crystallizes into a solid, a definite amount of heat  
                      energy is released in solidification at fixed temperature and the atoms get set into a solid. 
                 EXAMPLES: -- Mica, sugar, CuSO4, KI, Ca Cl2, diamond, Rock salt etc. 
 

          
 
 
 
 
 
 
 

                   
 

 
 

                characteristics 

               Not regular external shape.                             
               All the bonds are not equally strong. 
               Do not have sharp melting point as weakest bond  
                   rapture first of all at lower temperature and stronger  
                  bonds are rapture at higher temperature.  
                Consider as super cooled liquid of high Viscosity. 
               EXAMPLES: -- Talcum powder, glass, rubber, plastics, cement, paraffin wax etc 
 



           

   
 
 
 

                          
 
         
 
 
 
 
 
 
 
 
 

              Elastic behavior of solids 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
         

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 

           
                                    

             
 
 
 

 In fig.  –(i), Elasticity of Expansion and Compression 
    The deforming forces causes a change in Length of the object.  

         ◙◙ On removal of Deforming force, the object regains its original Length. 
 
 
 

 

 In fig –(ii), Elasticity of Volume / Bulk 
  The deforming forces causes a change in Volume of the object.  
Since the rubber ball is pressed from all sides, its volume decreases. 

         ◙◙ On removal of Pressure, the ball regains its original Volume. 
 
 

 In fig –(iii), Elasticity of RIGIDITY/ SHAPE 
                            The deforming forces PRODUCES a change in SHAPE of the body.  

The box is made of cardboard fixed at lower face. A tangential Force 
F is applied at the upper surface. This causes the consecutive horizontal  
Layers of the box to be slightly displaced or sheared relative to one body, 
Only the shape of the body changes.  

         ◙◙ When the deforming force is removed, the body regains its original shape. 
 

 

 

 

                  

 

 

                         

 

 

 

 

 

 

 

 

 

 

      

 

 

 

 

 

      

 

 

 

 

 



 

       

            
 
 
 
 
 
 
 
 
 
 
 
 
                    
 
 

   
 
 
 
 
 
 
 

 
                                       
 

                   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 
 
 
 
 



 
 
 

                   
           
 
 
 
 
 
 
 
 
 
 
 
 
 
 

              
 
 

             
 
 

             
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
      
 
 

 



 
 
 
 
          

          

  
 
 
 
 
 
 
            
 
 
 
 
 
 
            
 
 
 
 
 
            
 
 
 
                          

 
             
 
 
 
 
 
 
 
 
 
 

When stress- strain relation exhibits this behavior, the associated forces are not CONSERVATIVE. Since the work done 
By the material in returning to its original length is less than the work required to deform it. The area bounded by the  
two curves (i.e., the area of hysteresis LOOP) is proportional to the energy dissipated within the material. 
   The larger Elastic hysteresis of some kinds of rubber makes these materials very valuable as ‘vibration absorber’. 
       Explanation: If a block of such material is placed between a piece of machinery and the floor, elastic hysteresis  
   Takes place during every cycle of vibration. Mechanical energy is converted to a form known as 

 Internal energy which evidences itself by a rise in temperature. As a result, only a small amount of 
Vibration is transferred to the floor. Ex; Engine mounting of a car. 
  

          
 
 
 
 

 



 
 
 
          

      
         CLASSIFICATION OF MATERIALS ON THE BASIS OF STRESS-STRAIN CURVE                                              

(i) Ductile materials: The materials which have large plastic range of extension are called ductile materials. As 
shown in the stress-strain curve of Fig. Their fracture point is widely separated from the elastic limit. Such 
materials undergo an irreversible increase in length before snapping. So, they can be drawn into thin wires.  
For example, copper, silver, iron, aluminum, etc. 

(ii)  Brittle materials: The materials which have very small range of plastic extension are called brittle materials. 
Such materials break as soon as the stress is increased beyond the elastic limit. Their breaking point lies just 
close to their elastic limit, as shown in Fig.  
For example, cast iron, glass, ceramics, etc. 

 
 
       
            Elastic limit 
                      D  
                 A         Breaking point 
 
 
 
       
 
                      [Stress-strain curve for a brittle material] 
  
 
 

Malleability: When a solid is compressed, a stage is reached beyond which it cannot recover its original shape after      
 the deforming force is removed. This is the elastic limit (point A’) for compression. The solid then behaves like a plastic 

body. The yield point (B’) obtained under compression is called crushing point. After this state, metals are said to be malleable i.e., 
they can be hammered or rolled into thin sheets. For example, gold, silver, lead, etc. 
        Compression 

 
 
 
 
           
                  A’ 
       Elastic limit 
      B’ 
   
   [Load-compression curve for a metal] 
 

 ELASTOMERS. The materials which can be elastically stretched to large values of strain are called elastomers. For example,  
rubber can be stretched to several times its original length but still it can regain its original length when the applied force is 
 removed. There is no well-defined plastic region, rubber just breaks when pulled beyond a certain limit. Its Young’s modulus is  

very small, about 3  105 Nm–2 at slow strains. Elastic region in such cases is very large, but the material does not obey  
Hooke’s law. In our body, the elastic tissue of aorta (the large blood vessel carrying blood from the heart) is an elastomer, 
 for which the stress-strain curve is shown in Fig.   
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    Elastic Fatigue 

            “Elastic fatigue is the property of an elastic body by virtue of which its behaviour comes less elastic  
                                              under the repeated application of the deforming force.” 
 
 
 
 
 
 
 
 
 

                  CREEP 

 
 
 
 
 
 

 Examples based on Young’s Modulus 

  Formulae Used 

  1. Stress = Force =   F    2.  Longitudinal strain = Change in length = l 
       Area       A                  Original length       l 
  3. Young’s modulus = Longitudinal stress  or Y = F / A =   F.   l       

           Longitudinal strain         l/l       A      l 

  4. Percentage increase in length,   l  100 =    F    100  
         l        AY 

  Units Used 

           Force F is in newton, area A in m2, stress in Nm–2, Young’s modulus Y in Nm–2 or Pa, strain l/l has no units 
Q. 1. A steel cable with a radius of 1.5 cm supports a chairlift at a ski area. If the maximum stress is not to exceed 108 Nm–2, 

what is the maximum load the cable can support?    
 Sol. Maximum stress =       Maximum load       = Maximum load 

       Area of cross-section               r2 

  ∴ Maximum load = r2  Maximum stress = 3.142  (1.5  10–2)2  108 N = 7.07  104 N.  
Q. 2. The length of a suspended wire increases by 10–4 of its original length when a stress of 107 Nm–2 is applied on it.  

Calculate the young’s modulus of the material of the wire.   

 Sol. Strain = l = 10–4, stress = 107 Nm–2   
   L   Young’s modulus,  Y = Stress = 107 Nm–2 = 1011 Nm–2   
               Strain          10–4  

Q. 3. A piece of copper having a rectangular cross-section of 15.2 mm  19.1 mm is pulled in tension with 44.500 N force,  
producing only elastic deformation. Calculate the resulting strain. 

Sol. Here F = 44, 500 N, A = 15.2 mm  19.1 mm      = 15.2  19.1  10–6 m2 

 For copper, Y = 1.2  1011 Nm–2 
  Y = Stress =           F                  

         Strain      A  Strain 
 ∴ Strain =    F   =                       44500            

      AY     15.2  19.1  10–6  1.2  1011 = 0.001277 
Q. 4. A uniform wire of steel of length 2.5 m and density 8.0 g cm–3 weighs 50 g. When stretched by a force of 10 kgf, the 

length increases by 2 mm. Calculate Young’s modulus of steel. 

Sol. Here l = 2.5 m = 250 cm, l = 2 mm = 0.2 cm, F = 10 kg f = 10  9.8 N 

   = 10  9.8  105 dynes 

 Mass = Volume  density = A  l   
 ∴ A = Mass =         50        = 0.025 cm2  

         l           250  8  

 Young’s modulus,  Y =   F.   l   = 10  9.8  105  250 

            A     l            0.025  0.2     = 4.9  1011 dyne cm–2  
Q. 5. A structural steel rod has a radius of 10 mm and a length of 1 m. A 100 kN force F stretches it along its length. Calculate  

(a) the stress, (b) elongation, and (c) strain on the rod. Given that the young’s modulus, Y, of the structural steel is  

2.0  1011 Nm–2. 
 
 



 
 
 
 
 

Sol. Here r = 10 mm = 0.01 m, l = 1 m, F = 100 kN = 105 N, Y = 2.0  1011 Nm–2                                                                          
  (a) Stress =   F   =    F   =              105 N    

          A       r2     (22/7)  (0.01 m)2 

   = 3.18  108 Nm–2 
  (b) As Y =   F   .   l     

           A     l 

 ∴ Elongation, l =   F   .   l    = 3.18  108  1  

                  A      Y          2.0  1011  = 1.59  10–3 m = 1.59 mm. 

  (c) Strain = l = 1.59  10–3 m = 1.59  10–3 = 0.16 %        
        l               1 m 

Q. 6. A steel wire of length 4.7 m and cross-section 3.0  10–5 m2 stretches by the same amount as a copper wire of length 3.5 

m and cross-section 4.0  10–5 m2 under a given load. What is the ratio of the young’s modulus of steel to that of copper? 

Sol. For steel: l = 4.7 m, A = 3.0  10–5 m2 

 For copper: l = 3.5 m, A = 4.0  10–5 m2 

 Applied force F and extension l are same for both wires. 

 ∴ Young’s modulus of steel,  YS =      Fl      =         F  4.7                      

              A. l        3.0  10–5  l 
 Young’s modulus of copper,  

  YC =      Fl     =        F  3.5       

            A. l     4.0  10–5  l  

  YS =          F  4.7         4.0  10–5  l = 1.79        

  YC      3.0  10–5  l            F  3.5      
Q. 7. What is the percentage increase in the length of a wire of diameter 2.5 mm stretched by a force of 100 kg wt?           

 Young’s modulus of elasticity of the wire is 12.5  1011 dyne cm–2.  

 Sol. Given r = 1.25 mm = 0.125 cm, F = 100  9.8  980 n = 98  106 dynes 

   Y = 12.5  1011 dyne cm–2 

  As Y =   F   .   l    or   l   =    F    =       F              

               A      l     l         AY         r2 Y  
  ∴ The percentage increase in length is  

   l  100 = F  100 

     l                  r2 Y 

   =          98  106  7  100         

        22  (0.125)2  12.5  1011  = 15.965  10–2 = 0.16 % 
Q. 8. Two strips of metal are riveted together at their ends by four rivets, each of diameter 6.0 mm. What is the maximum  

tension that can be exerted by the riveted strip if the shearing stress on the rivet is not to exceed 2.3  109 Pa? Assume 
that each rivet is to carry one quarter of the load.  

 Sol. Let the tension exerted by riveted strip = F 
  This tension would provide shearing force on the four rivets, which share it equally. 
  ∴ Shearing force on each rivet = F  

             4 
 And shearing stress on each rivet 
  = F/4 =   F      
       A      4A 

 As the maximum shearing stress on each rivet is given to be 2.3  109 Pa, so we have  

    Fmax = 2.3  109 
    4A 

 or Fmax = 4A  2.3  109 = 4  r2  2.3  109 

   = 4  22  (3.0  10–3)2  2.3  109  

               7    = 260.2  103 N = 260 kN. 

Q. 9. The breaking stress for a metal is 7.8  109 Nm–2. Calculate the maximum length of the wire made of this metal which 

may be suspended without breaking. The density of the metal = 7.8  103 kg m–3. Take g = 10 N kg–1. 

Sol. Breaking stress = Maximum stress that the wire can withstand = 7.8  109 Nm–2. 
 When the wire is suspended vertically, it tends to break under its own weight. Let its length be l and cross-sectional area A. 

 Weight of wire = mg = volume  density  g = Alg 

  Stress = Weight = alg = lg     
       A            A 

 For the wire not to break,  lg = Breaking stress = 7.8  109 Nm–2 

 ∴ l = 7.8  109 =      7.8  109     = 105 m.    

             g          7.8  103  10      
 
 



 
 
 
    
Q. 10. A rubber string 10 m long is suspended from a rigid support at its one end. Calculate the extension in the string due to its  

                          own weight. The density of rubber is 1.5  103 kg m–3 and young’s modulus for the rubber is 5  106 Nm–2. Take g = 10 N kg–1.    
Sol. Let the area of cross-section of the string be A m2. Then the weight of the string is  

  W = mg = volume  density  g     = 10 A  1.5  103  10 = 1.5  105 A N 

    Longitudinal stress = W = 1.5  105 Nm–2          
             A           
 As the weight of the string acts on its centre of gravity, so its produces extension only in 5 m length of the string. If l be the extension in 

the string, then 

  Longitudinal strain = l = l     or 5  106 = 1.5  105  

           l       5           l/5 

  Young’s modulus, Y = Longitudinal stress   ∴ l = 1.5  105  5 = 0.15 m 

            Longitudinal strain                 5  106  

Q. 11. Two wires of diameter 0.25 cm, one made of steel and other made of brass are loaded as shown in Fig. The unloaded 

length of steel wire is 1.5m and that of bass wire is 1.0 m. young’s modulus of steel is 2.0  1011 Pa and that of brass is  

                0.91  1011 Pa. Compute the elongations of steel and brass wire. (1 Pa = 1 Nm–2). 
Sol. For steel wire: l1 = 1.5 m, r1 = 0.25 cm 
                               2 

   = 0.125  10–2 m 
  F1 = 6 + 4 = 10 kg f           

        = 10  9.8 N   For brass wire: l2 = 1.0 m, r2 = 0.125  10–2 m      1.5 m    Steel  

  Y1 = 2.0  1011 Pa    F1 = 6 kg f = 6  9.8 N, Y2 = 0.91  1011 Pa 

 As Y =   F   .   l    =    F   .   l         ∴ l2 =     F2 .  I2                  4.0  

          A      l       r2   l                r2
2     Y2  

  l =   F.   l        =                      6  9.8  1.0                             

           r2    Y          3.14  (0.125  10–2)2  0.91  1011        1.0 m    Brass 

 ∴ l1 =   F1.   l1     = 1.3  10–4 m.  

           r2
1    Y1           6.0 kg 

  =                 10  9.8  1.5                     

       3.14  (0.125  10–2)2  2.0  1011 = 1.5  10–4 m. 
 

Q. 12. A silica glass rod has a diameter of 1 cm and is 10 cm long. The ultimate strength of glass is 50  106 Nm–2.                 
 Estimate the largest mass that can be hung from it without breaking it. Take g = 10 N kg–1. 

Sol. Radius,  r = ½ cm = 0.5  10–2 m, ultimate strength = 50  106 Nm–2. 
 Let M be the largest mass that can be hung. Then Ultimate strength = Mg   

                        r2 

 or 50  106 =            M  10           

       3.14  (0.5  10–2)2  

 or  M = 50  106  3.14  0.25  10–4 = 392.5 kg  
                    10 
Q. 13. Four identical hollow cylindrical columns of mild steel support a big structure of mass 50,000 kg. The inner and outer radii  

of each column are 30 cm and 40 cm respectively. Assuming the load distribution to be uniform, calculate the 

compressional strain of each column. The Young’s modulus of steel is 2.0  1011 Pa. 

Sol. Here r1 = 30 cm = 0.3 m, r2 = 40 cm = 0.4 m, Y = 2.0  1011 Pa 
 As the load is uniformly distributed among the four columns, hence the load on each column 
  = 50, 000 kg = 12500 kg   
            4 

 ∴ F = 12500  9.8 N 

 Also, A = Area of cross-section of each column = r2
2 – r1

2 =  (r2
2 – r2

1) 

  = 22 [(0.4)2 – (0.3)2] = 22  0.07 = 0.22 m2  
       7          7 
 ∴ Compressional strain=              Stress                 = F/A =    F         

                                      Young’s modulus      Y        AY  =          12500  9.8     = 2.8  10–6  

                0.22  2.0  1011 

Q. 14. The maximum stress that can be applied to the material of a wire used to suspend an elevator is 1.3  108 Nm–2. If the 
      mass of the elevator is 900 kg and it moves up with an acceleration of 2.2 ms–2, what is the minimum diameter of the wire?   

 Sol. As the elevator moves up, the tension in the wire is  
   F = mg + ma = m (g + a) 

    = 900  (9.8 + 2.2) = 10, 800 N 
  Stress in the wire = F =   F    

       A     r2  
   Clearly, when the stress is maximum, r is minimum. 
 



 
 
 
 
 
  ∴ Maximum stress =       F  

          r2
min 

  or r2
min =                    F                  =             10800                      

                  Maximum stress        3.14  1.3  108       = 0.2645  10–4 m     or    rmin = 0.5142  10–2 m 

                                                                                                          Minimum diameter = 2 rmin = 2  0.5142  10–2 = 1.0284  10–2 m. 
Q. 16. A rigid bar of mass 15 kg is supported symmetrically by three wires each 2.0 m long. Those at each end are of copper and  

the middle one is of iron. Determine the ratios of their diameters if each is to have the same tension. 

Sol. Let T be the tension in each wire. As the bar is supported symmetrically by the three wires, the increase in length l of each  
wire should be same.   Now, Y =   T      l                 

                                           A    l 

 For all wires, we have same l, l and T. Hence 

  Y    1        or A    1      
           A             Y 

 or D2   1     or D    1    
     4       Y          √Y 

 ∴ D copper =     Y iron            =    1.9  1011 Pa = 1.3 

    Diron         Y copper           1.1  1011 Pa                                              
Q. 17. A mass of 100 gram is attached to the end of a rubber string 49 cm long and having an area of cross-section 20 mm2. The  

string is whirled round, horizontally at a constant speed of 40 rps in a circle of radius 51 cm. Find Young’s modulus of 
rubber. 

 Sol. When the mass is rotated at the end of rubber string, the restoring force in the string is equal to the centripetal force. 

  ∴ F = mr2 = mr (2 v)2 

       = 100  51  (2    40)2 dyne 

  Also, l = 49 cm, l = 51 – 49 = 2 cm 

   A = 20 mm2 = 20  10–2 cm2 

  Hence, Y =   F .  l   = 100  51  4  9.87  1600  49 [2 = 9.87] 

           A   l                      20  10–2  2    = 3.95  1010 dyne cm–2 = 3.95  109 Nm–2 
Q. 18. A 14.5 kg mass, fastened to the end of a steel wire of unstretched length 1.0 m, is whirled in a vertical circle with    
 an   angular velocity of 2 rev/s at the bottom of the circle. The cross-sectional area of the wire is 0.005 cm2. Calculate the 

elongation of the wire when the mass is at the lowest point of its path.    

 Sol. The centripetal force at the lowest point is given by  mr2 = T – mg  
  Where T is the tension in the wire when the mass is at the lowest point. 

  ∴ Tension   T = mg + mr2 

    = m [g + r (2v)2]    = 14.5 [9.8 + 1.0  4  2  (2)2] = 14.5 [9.8 + 16  9.87] = 14.5  167.72 = 2431.94 N 
  Now, Y = Stress = F / A = T / A  

         Strain     l/l       l/l 

  ∴ l =   Tl   =             2431.94  1.0           

            AY     0.065  10–4  2  2  1011     

   = 1.87  10–3 m.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
       
 
            
 
   
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
  
 
 



 
 
 
 
         

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  



 
 
 
 
          
                                                                                                      

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
       
 
 
 
 
 
 
 
 
 
         
 
 
 
      

  When a body is strained, work has to be done to deform the body. This work done is stored in the body in the  
    form of ‘’ ELASTIC STRAIN ENERGY”. 
  Consider a wire of length ‘L’ and area of cross-section ‘A’.  
  Suppose on applying a Normal Force ‘F’ on the wire, the extension produced is ‘l’. If the 
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 theory – explored  

   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 


