محاضرة مواد هندسية / أول بوليمر  Mechanical proper ties :-
1- Strength.     2- The streng the of material is its ability to with stand various forces to which it is subjected during test or in service. It is usually defined as tensile strength, compressive strength, proof stress, shear strength …… .

The strength of materials of all kinds is belonging to the action of the forces residing in and about the molecules of the bodies (the molecular forces) but mainly to forces of cohesion; certain modified results of cohesion, such as toughness, hardness, stiffness. And elasticity are also important elements and strength is in relation of the tounghness and stiffness combined.  

2- Elasticity :- A material is said to be perfectly elastic if the whole of the strain produced by a load disappears completely on the removal of the load, the modulus of elasticity or younger`s modulus (E) is the proportionality constant between stress and strain for elastic materials. Young`s modulus is the indicative of the property called stiffness; small values of (E) reflect stiffness and rigidity.
table , modulus of elasticity of soma important metals :

1- Cast Iron         98  GPa (GN/m2)    الوحدات .
2- Wrought Iron 197 .

3-  Mild steel       210 .
4- Aluminium      72 .

5- Copper            120 

6- Zinc                  100 .

7- Tungsten         430 .

8- Moly bdeum  350 .

9- Tin                    42 .

10- Lead               18 .

3-  Plasticity :- it is the property that enables the formation of permanent deformation in a material. It is reverse of elasticity; a plastic material will retain exactly the shape it takes under load, even after the loadis removed. Gold and leod are highly plastic materials. During plastic deformation there is the displacement of atoms within metallic grains and so the shaps of reference of plastic deformation metallic componants change.
4- Ductility :- It is the ability of a material to with stand elongation or bending. Due to this property, wires are made by drawing out through a hole. The material shows a considerable amount of plasticity during the ductile exatension.
5- Malleability :- This is the property of which a material may be hamered or rolled into thin sheets without rupture. This property increases with the increase of temperature. Table of Malleability and ductility of common metals at room temperature :-
Ductility                           Malleability

Gold                                 Gold

Silver                               silver

Platinum                        copper

 Ductility                        malleability

Iron                                 Aluminium

Nickle                              Tin

Copper                            platinum

Aluminium                     lead

Zinc                                 zinc

Lead                                Nickel
6- Toughness :- is the strength of the material to rupture. It is due to the attraction which the molecules have for each other; giving them power opposes to resist tearing.

The area under the stress-strain curve indicates the toughness. Toughness is expressed as energy absorbed (NM) perunit volume of material participating in absorption (m3) or Nm/m3. 

7- Brittleness; The lack of ductility is brittleness. When a body breaks easily when subjected to shocks it is said to be brittle.
8- Hardness :- Hardness is usually defined as resistance of material to penetration. Hardness primarily a function of the yield strength. The converse of hardness is known as so ftness.

9- Fatigue :- when subjecting the material to Fluctnating or repeating loads (or stresses), materials tend to develop a characteristic behavior which is defferent from that of materials under steady loads. Fatigue is the phenomenon that loads to fracture under such conditions. Processing methods are exteremly important as they affect fatigue behavior.
Fatigue failure can be caused by stress concentration in a groove, surface finish such as tool marks or scratches, internal voids such as shrinkage cracks and cooling in castings and weldements and defects introduced working the surface and internal defects are stress raisers.

10-  Creep:- creep is the slow plastic deformation of metals under constant stress or under prolonged loading usually at high temperature. It can take place and load to fracture at static stresses much smaller than those which will break the specimen by loading it quickly. Creep is specially taken care of while designing I.C., engines, boilers, and turbines.
For studying the creep effects, the specimens are put under a constant load; the creep is measured during various tme intervals and the results then plotted to get a creep curve. 

The Response of material to an electric field


Can be described by the dielectric properties of the material. Dielectric materials possess a large energy gap between the valence and conduction bands; so the materials have a high electrical resistivity. Two important applications for dielectric materials include electrical insulators used to prevent the transfer of charge in an electric circuit include the plastic covering on electrical wires and the ceramic balls used in high voltage power lines. Capacitors are used to store electric charge. Other characteristics include electriction piezoelectricity, and ferroelectricity. Soma magnetic materials possess a permanent magnetization for applications ranging from toys to comuter storage; other magnetic materials are used in electric motors and transformers.

Dipols and polarization :-

In both electrical and magnetic materials, the application of a field causes the formation and movement of dipoles. Dipoles are atoms or atoms or group of atoms that have an unbalanced charge. In an imposed electric field, the dipoles become a ligned in the material causing polarization.

There are FDour mechaninsms cause polarization :

1- electronic polarization :-

When are electronic field is applied to anatoms, the electronic arrangement is distorted, with electrons near the positive end of the field. The atom acts as a temporary dipole. This effect which occurs in all materials is small and temporary.



2- Ionic polarization :-

When on ionically bonded material is placed in on electric field, the bonds between the ions are eLastically deformed. Depending on the direction of the field, cations and anions move either closer together or further apart. These temporary Dipoles provide polarization and may also change the averall dimensions of the material.




3- Molecular polarization :-


Some materials contain natural dipoles. When a field is applied, the dipoles rotate to line up with the imposed field. Water molecules possess molecular polarization. Many organic molecules also behave in a similar manner and avariety of organic oils and waxes.
Fig. (3) Molecular polarization

4- space charges :-

Acharge may develop at interfaces between phases within a material, normally as a result of the presence of impurities. The charge moves on the surface when the material is placed in an electric field. This type of polarization is not an important factor in most common dietectrics.
Dielectric Constant :-


When a voltage is imposed on two conductive materials that are separated from one another by a vaccum. The electrical charge produced by the voltage (we expect there is no charge) will remain stored in the in the circuit. The magnitude of the charge than can be stored between the conductors is called the capacitance (C).

Q=CV                    C= ــــــــ = ـــــــــــــــــــــ = Farad

V = Voltage across the conductors.
Q = The stored energy in coulombs.
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Fig.(1) electronic polarization
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