Class VIII
Light
· Reflection of light 

· (Laws of reflection) 

· Image formation by the plane mirror 

· Irregular and regular surfaces 

· Human eye
 

· The light makes things visible when light form an object enters our eyes that we see object. The light may have been emitted by the object, or reflected by it. A mirror changes the direction of light that fall on it.

Reflection of light
The light ray, which strikes any surface, is called the incident ray. The ray that comes back from the surface after reflection is known as the reflected ray as shown in figure (!)


· The angle between the normal and incident ray is called angle of incidence (< i). The angle between the normal and reflected ray is known as the angle of reflection ([image: image1.png]


r) shown in figure (1). 

· There are the laws of reflection 

· The angle of incidence is always equal to the angle of reflection i.e. [image: image2.png]


I = [image: image3.png]


r. 

· The incidence ray, the normal at the point of incidence and the reflected ray all lie in the same plane. 

· The image formed by a plane mirror is virtual, exert and lateral inversion it is defined as, in an image formed by a mirror the left of the object appears on the right and the right appears on the left .

In figure, 
PQ = mirror
E = Eye
At I = Virtual image
At O = object 
[image: image4.jpg]



Fig (2)
(image formation by plane mirror)

· When all the parallel rays reflected from a place surface are not parallel, the reflection is known as diffused or irregular reflection. It is due to the irregularities in the reflecting surface as shown in figure (3)

[image: image5.jpg]
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Fig (3)
(irregular surfaces)
· The reflection from smooth surface like that of a mirror is called regular reflection as shown in figure (4). Images are formed by regular reflection.

[image: image7.jpg]



Fig (4)
(regular reflection)

· The objects which shine in the light other objects are called illuminated objects e.g. moon receives light from the sun and reflects it. That's how we see the moon. 

· The object which emit their own light are known as luminous objects. E.g. sun, fire, flame of a candle and an electric lamp. 

· The sun light is referred to as white light. It consists of seven colours. The splitting of light by a prism (mirror and water form a prism) in to its colours is known as dispersion of light. Rainbow is a natural phenomenon showing dispersion.
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Fig (5)
(Dispersion of light)
· Human eye has a roughly spherical shape. The outer coat of the eye is white. Its transparent front part is called cornea, behind the cornea a dark muscular structure find. It is called iris. In the iris there is a small opening called the pupil. The size of the pupil is controlled by the iris. The iris is that part of eye which gives it its distinctive colour.
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Fig (6)
· In figure the lens focuses light on the back of the eye, on a layer called retina. It is consist of se nerve cells. 

There are two kinds of cells.

1. Cones, which are sensitive to bright light and 

2. Rods, which are sensitive to dim light. 

· Cones sense colour. At the of the optic nerve and retina, there are no sensory cells, so no vision is possible at that spot. This is called the blind spot. 

· The impression of an image does not vanish immediately from the retina. It persists there for about 1/16th of a second. So, if still images of a moving object are flashed on the eye at the ate faster than 16 per second, then the eye perceiues this object as moving. 

· The minimum distance at which the eye can see objects distinctly varies with age. The most comfortable distance at which one can read with a normal eye is about 25 cm. 

· The most popular resource for visually challenged person is Braille.

Elasticity 

. ELASTICITY & PLASTICITY

1. When a body is subjected to external forces such that there is no acceleration then the effect of these external forces would be to deform the body. The extent of deformation depends on the elastic properties of the body.
2. Bodies which do not get deformed when subjected to external deforming forces are classified as ideal Rigid bodies which do not exist in reality.
3. a) The rigid bodies which we see in our daily life are not ideally rigid.
b) The behavior of solids, liquids and gases is different under the action of deforming forces.
4. When the deforming forces are withdrawn, the body may regain its original shape and dimension. This is because of the restoring forces (internal forces) acting within the body, which oppose changes in the shape or dimensions of the body.
5. The property of a matter by virtue of which it tends to regain its original size and shape after withdrawing the deforming forces is called elasticity. No material is perfectly elastic. Quartz can be taken as perfectly elastic body. (nearest example)
6. The property of a matter by virtue of which it cannot regain its original shape or size after the withdrawal of deforming forces is called plasticity. The nearest example to a perfectly plastic body is putty. Chewing gum, wax, wet clay, lead solder, etc., are plastic bodies.
7. Steel is more elastic than rubber. Water is more elastic than air. {in comparison }
8. When a body regains its original size and shape completely after withdrawing the deforming forces, it is said a perfectly elastic body.
9. If a body does not regain its original shape or size even after the removal of deforming forces, then it is said to be a plastic body (inelastic body).
10. Almost all the bodies exhibit elastic nature up to some extent and later they exhibit plastic nature (degree of elasticities differ).
11. Decreasing order of elasticity of certain substances : Tungsten, Nickel, Steel, Iron, Copper, Phosphor bronze, German silver, Brass, Aluminum.
12. With in the elastic limit, the restoring force setup within the body is exactly equal and opposite to the deforming force.
13. Elasticity is the molecular property of matter.
14. Within elastic limit every body behaves as an elastic body and beyond the elastic limit, the body undergoes some permanent change in shape or size and exhibits plastic behavior.
15. The restoring force arising within the body increases as the deforming force on the body increases and opposes always in direction. 
.[image: image10.png]


 STRESS & STRAIN 
Figure - A 
[image: image11.png]'
—[r— ) e |

t





Figure - B
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1. Figure A represents an elastic material, subjected to external forces in all possible directions, such that the acceleration of centre of mass is zero. 
2. [image: image13.png]


S represents a small elemental area interior to the material, which is subjected to forces F and -F which are shown in opposite directions, which are the internal forces arising due to the influence of the external deforming forces.
3. The component of F normal to [image: image14.png]


S is represented by Fn called normal force, while the component of F tangential to the surface [image: image15.png]


S is represented by Ft. 
4. Fn is responsible for normal stress, which could lead to tensile stress, compressive stress, bulk stress.
5. Ft is responsible for the shearing stress.
6. Note that these stresses are the ratio of internal restoring forces per unit area. The magnitude of the restoring forces however shall be equal to that of external deforming forces so long as the material is elastic in nature.
7. Stress : It is the restoring force per unit area (measured as the applied force per unit area)
Stress = [image: image16.png]Restoring force
area




Units : dy cm-2(CGS), Nm-2or Pascal (SI) 
Its dimensional formula is ML-1T-2 
8. If the stress is normal to the surface, it is called normal stress. If the stress is tangential to the surface, it is called tangential stress.
9. Stress = [image: image17.png]Restoring force  _F
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Normal stress = [image: image18.png]Normalrestoringforce
Unit areaof cross— section




Shearing stress = [image: image19.png]totalrestoringforce
Unitarea of cross—section




10. Longitudinal stress: When a force is applied on a body such that there is a change in the length of the body, the longitudinal force per unit area is called longitudinal stress. A loaded wire or rod develops longitudinal stress.
11. Longitudinal stress is called tensile stress when there is an increase in length and compressive stress when there is a decrease in length.
12. Bulk stress : If a body is subjected to the same force normally on all its faces such that there is a change in its volume, the normal force per unit area is called bulk stress or volume stress.
13. Bulk stress is equal to pressure or change in pressure also called hydraulic pressure.
14. Shearing stress or Tangential stress : When a tangential force is applied on a body such that there is a change in shape of the body only, then the tangential force per unit area is called tangential stress.
15. Longitudinal stress and Bulk stress are normal stresses which produce change in size. Shearing stress is a tangential stress which produces change in shape.
16. Stress is a tensor quantity as it has different values in different directions.
17. Pressure and stress both are expressed as force per unit area. But pressure is always normal to area while stress can be either normal or tangential. Pressure is always compressive while stress can be compressive or tensile.
18. Strain : The deformation or change produced per unit dimension of the body is called strain. As strain is a ratio, it has no units and no dimensions.
19. Longitudinal strain : It is the ratio of change in length per unit original length or it is the fractional change in length.
If there is an increase in length, then the strain is called tensile strain. If there is a decrease in length, then the strain is called compressive strain.
20. Volume strain : It is the change in volume per unit original volume or it is the fractional change in volume.
21. Shearing strain : It is the ratio of relative displacement between two parallel layers (surface) of the body to the perpendicular surface distance between those two layers.
It can be expressed as the angle through which the line originally normal to the fixed surface is turned.
22. Shearing strain = 2 x longitudinal strain
Bulk strain = 3 x longitudinal strain
23. A shearing strain q is equivalent to an extension strain [image: image20.png]


/2 and a perpendicular compression strain ([image: image21.png]


/2)
24. Strain = [image: image22.png]change in dim ension
original dim ension




Longitudinal strain = [image: image23.png]Changeinlengh A
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Bulk strain = [image: image24.png]changein volume _ AV
original volume V.




Shearing strain = [image: image25.png]relativedisplacemmt of a layer
dstance between layers




= tan [image: image26.png]



Note :- 'tan q' can be approximated to 'q' in radians if the angle is to small 
Lateral strain of a wire stretched = [image: image27.png]change in radius _ Ar
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25. Longitudinal and bulk strains do not change the shape of the body. They cause change in magnitude of volume or length. Shearing strain causes change only in the shape of the body.
26. Two forces one elongative and the other compressive acting mutually perpendicular on a body produce shearing strain.
27. Stress is the property possessed by elastic bodies but strain is possessed by all bodies.
28. Strain is the cause and stress is the effect.
. HOOKE'S LAW
Note : Elastic force within Elastic Limit is a conservative force.
1. Hooke's law : Within the elastic limit, stress is directly proportional to strain i.e. [image: image28.png]stress
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E is a constant known as modulus of elasticity or coefficient of elasticity of the body.
2. i) The value of E depends upon the nature of material and the manner in which the body is deformed. There are three types of modulii corresponding to three types of strains
a) Young's modulus b) Bulk modulus c) Rigidity modulus
ii) Young's modulus, which measures the resistance of a solid to a change in its length
iii) Shear modulus, which measures the resistance to motion of the planes of a solid sliding past each other.
iv) Bulk modulus, which measures the resistance of solids or fluids to changes in their volume. 
3. Units of E are dyne cm-2(CGS) and Nm-2or Pa (SI). E is called modulus of elasticity.
4. The maximum value of stress up to which a body retains its elastic property is known as elastic limit.
5. Carbon becomes plastic when heated. But for rubber elastic property increases with increase in temperature.
6. To increase the elastic property; carbon is added to iron. Similarly potassium is added to increase elasticity of gold.
7. Quartz and phosphor bronze are used for suspension wires of moving coil galvanometers. These two have high tensile strength and low rigidity modulus. Elastic after effect is least for those two.
8. When a spring is stretched, the resulting strain is shear strain.
9. Beams used in constructing a house have greater thickness compared to breadth (since depression at the centre is inversely proportional to breadth and inversely proportional to cube of thickness)
10. Elasticity may increase or decrease by the addition of impurity.
11. The area under stress-strain diagram gives the work done per unit volume.
12. If stress is plotted on Y-axis and strain on X-axis, within elastic limit slope of the graph gives E.
13. Hammering, rolling and addition of impurity increases elasticity. (type of impurity added is important)
14. Annealing and rise in temperature decreases elasticity.
15. For invar steel the elastic property does not change with temperature. (changes are very marginal) 
. YOUNG'S MODULUS (Y) 
1. The ratio of longitudinal stress to longitudinal strain within the elastic limits is called Young's modulus (Y).
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2. If a wire of length 'l' is fixed at one end and loaded at the other end by a mass M, then longitudinal stress = [image: image30.png]Mg/ r®



(r is radius of circular cross-sectional wire) 
If e or Dl is elongation of the wire, then longitudinal or linear strain = e/l
Young's modulus [image: image31.png]Longitudinastress _ Mg/m® _ Mgl
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a) Elongation [image: image32.png]



b) [image: image33.png]


(same stretching force is applied to different wires of same material)
c) [image: image34.png]


(for same elongation in the above case)
d) [image: image35.png]


F or Mg (different stretching forces on the same wire)
e) [image: image36.png]


(same stretching force on wires of different material having same dimensions)
3. When a mass is suspended from a wire, its elongation is e. Then 
a) If same mass is suspended from a wire of same length, material but half the radius of cross section, its extension is 4e.
b) If same mass is suspended from a wire of same material but half the length, its extension is e/2)
c) If that mass is a sphere, and now sphere of same material with double the radius is suspended its new extension is 8e.
d) If the suspended mass is completely immersed in a non viscous liquid, its new extension is [image: image37.png]


where d2and d1are the densities of liquid and the suspended mass.
e) If e1is the extension when the suspended mass is in air and e2is the extension when that mass is completely submerged in a liquid (water), then its relative density is [image: image38.png]


(relative density = density of substance / density of water)
4. Two rods or wires of the same material and same volume are subjected to same stretching force. Then ratio of their elongations is given by 
[image: image39.png]


(r1, r2are radii of cross section)
[image: image40.png]


(l1, l2are their length)
5. Thermal stress : If the ends of a rod are rigidly fixed so as to prevent expansion or contraction and the temperature of rod is changed, tensile or compressive stress produced is called thermal stress developed within that rod.
Note:- If the body is able to expand or contract while heating or cooling respectively then thermal stresses do not develop.
Thermal stress does not depend on the original length of the rod.
6. Thermal stress = [image: image41.png]Y a(A8)
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is the rise or fall in temperature)
Force required to prevent the rod from expansion is F = YA [image: image44.png]


([image: image45.png]
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)
Here thermal strain = [image: image47.png]


([image: image48.png]
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)
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Here Y is Young's modulus; a coefficient of linear expansion
is change in temperature Note : For the same change in temperature, if same thermal stress is produced in two different rods, Y1[image: image51.png]


1= Y2[image: image52.png]


2 
7. If a wire of length l is suspended, its elongation due to its own weight is [image: image53.png]Pdg
g



d is density of the material of wire Y is Young's modulus 8. The length of a wire is l1when the tension in it is T1and l2when the tension is T2then natural length of the wire is [image: image54.png]i
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9. Young's modulus is numerically equal to stress when the increase / decrease in the length equals the original length.
10. If same stretching force is applied to different wires of same material, elongation will be more for wire having greater ratio of its length to cross section area.
11. Glass is more elastic than rubber. For a given stress, the strain produced in glass is much less than that of rubber.
12. i) When a solid is compressed or stretched, in both cases, potential energy of the molecules increases.
ii) Uelastic= [image: image55.png]


(x2is always positive whether x is positive or negative)
13. When a wire is vertically suspended, it elongates due to its own weight.
Note : Weight always acts at the centre of gravity of the wire.
14. A spring is made of steel and not of copper as elasticity of steel is more than that of copper.
15. Elasticity can be different for tensile and compressive stress.
Eg: for bone Ecompressive< Etensile 
for concrete Etensile< Ecompressive 
16. A beam of metal supported at the two ends is loaded at the centre. The depression at the centre is inversely proportional to its Young's modulus.
. POISSON'S RATIO : 
1. When a force is applied on a wire to increase its length, its radius decreases. So two strains are produced by a single force.
''The ratio of lateral strain to longitudinal strain is called Poisson's ratio''.
2. Poisson's ratio [image: image56.png]
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3. Poisson's ratio has no units and dimensions. Theoretically lies between -1 and 0.5. But in actual practice it lies between 0 and 0.5.
4. For most of the solids value lies between 0.2 and 0.4) for rubber is nearly 0.5.
5. If there is no change in the volume of a wire undergoing longitudinal extension, the Poisson's ratio must be 0.5.
6. Practically no substance has been found for which is negative.
. FORCE CONSTANT
1. The product of Young's modulus of a material and the interatomic distance is called interatomic force constant.
2. Inter atomic force constant K = Yr0
Y is Young's modulus
r0 is inter atomic distance.
3. Force constant of a spring which obeys Hooke's law is [image: image58.png]


(Y is Young's modulus, A is area of cross section, l is length).
4. Inverse of force constant is called compliance.
5. A smaller wire has greater force constant than a longer wire of same thickness and material.
6. A thick wire has greater force constant than a thin wire of same material and same length.
7. A spring is made of steel and not of copper as elasticity of steel is more than that of copper.
. BULK MODULUS (K)
1. Bulk Modulus (K) : The ratio of bulk stress to bulk strain within the elastic limit is called bulk modulus (K) or coefficient of volume elasticity.
2. If the volume [image: image59.png]


V of a body diminishes by . When the pressure on it is increased uniformly by P then, volume stress = [image: image60.png]


P
and volume strain = (negative sign suggests that with increase in pressure, volume decreases) 
Bulk modulus K = [image: image61.png]volume stress AP
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Adiabatic bulk modulus = [image: image62.png]


P
Isothermal bulk modulus = P (P is pressure and = CP/ CV)
Compressibility (C) = [image: image63.png]



3. If a material is enclosed in a very rigid container so that its volume cannot change and the rise of temperature is accompanied by an increase in pressure , then = K() where 'g' is coefficient of volume expansion. K is bulk modulus.
4. When a fluid is compressed,
([image: image64.png]


 r is density); [image: image65.png]
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.RIRIGIDITY MODULUS (n or ) 
1. Rigidity modulus (n) : The ratio of tangential stress to shearing strain within the elastic limit is called rigidity modulus (n) or coefficient of tensile elasticity.
2. If F is the tangential force on a surface of area A the shearing stress = F/A. 
If [image: image72.png]


is the angle of shear then
Rigidity modulus n = [image: image73.png]|+t
=

tan &




If [image: image74.png]


l is the lateral displacement of the parallel layers separated by l then [image: image75.png]



'[image: image76.png]


' is called the angle of shear
If '[image: image77.png]


' is too small than [image: image78.png]tan g = 8
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. FACTORS ON WHICH Y, n, K, DEPEND 
1. The value of modulus of elasticity is independent of the magnitude of the stress and strain.
2. The value of modulus of elasticity does not change when the dimensions of the body change (e.g: If the length a wire or its radius are changed, Young's modulus does not change)
3. For a given material there can be different modulii of elasticity depending on the type of stress applied and the strain produced.
4. A material is said to be more elastic if its modulus of elasticity is more.
5. Elasticity of a perfectly rigid body is infinite (Y or K or n = ) (as strain is zero).
6. Modulii of elasticity Y and n exist only for solids. Liquids and gases do not have these two modulii.
7. Bulk modulus K exists for all states of matter i.e, for solids, liquids and gases.
8. Bulk modulus of gases is very low and for solids it is very high. Gases are least elastic as they are most compressible.
Egas< Eliquid< Esolid 
9. The reciprocal of bulk modulus is called compressibility.
10. Gases have two types of bulk modulii
i) isothermal bulk modulus 
KIsothermal= P (Pressure of the gas)
ii) adiabatic bulk modulus KAdiabatic= g P where 
[image: image80.png]


= [image: image81.png]La1Re)



(ratio of specific heats)
[image: image82.png]



Adiabatic bulk modulus > Isothermal bulk modulus.
11. For liquids and gases n = 0.
12. If a graph is drawn for stress versus strain with in the elastic limit, it will be a straight line passing through the origin. Slope of this graph gives modulus of elasticity.
13. Young's modulus of a perfect elastic material is infinite and that of a perfect plastic material is zero.
14. For a liquid or gas rigidity modulus is zero.
15. For incompressible liquids bulk modulus is infinite and Poisson's ratio is 0.5.
16. Units of Y, n, K : dyne cm-2(CGS), Nm-2or Pa (SI)
dimensional formula = ML-1T-2 
17. Relations among Y, n, K and s
a) Y = 3K (1 - 2s)
b) Y = 2n(1 + s)
c) [image: image83.png]
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. FACTORS AFFECTING ELASTICITY 
1. Change of temperature : If the temperature increases, generally the elastic property of a body decreases. In the case of rubber, the modulus of elasticity (Y) increase with increase in temperature. In case of invar steel, elasticity remains practically unaffected by change of temperature. When cooled in liquid air, lead becomes elastic like steel. A carbon filament is highly elastic at ordinary temperatures but it becomes plastic when heated by the current flowing through it.
2. Addition of impurities : Addition of impurity may increase or decrease the elasticity. If the impurity is more elastic than the metal to which it is added, then elasticity will be enhanced. If the impurity is more plastic than the metal, then the elasticity will be reduced.
3. Annealing : Annealing means slow cooling after heating. Annealing reduces the elastic property of the body (due to the formation of larger crystal grain)
4. Hammering or rolling : Hammering or rolling of a body increases the elasticity. (due to breaking up of the crystal grain)
. STRAIN ENERGY & WORK DONE
1. When a body is deformed, the work done is stored in the form of P.E. in the body. This potential energy is called strain energy. When the applied force is withdrawn, the stress vanishes and the strain energy appears as heat.
2. Strain energy per unit volume 
= (1/2) (stress) (strain) 
Elastic strain energy 
= (1/2) (stress) (strain) (volume)
Strain energy per unit volume 
= (1/2) [image: image86.png]2
L’;S &) [%}(stram)z




3) If a force F acts along the length of the wire and stretches it by x, then work done is equal to W = ½ Fx = ½ Mgx (if F = Mg)
4) If a wire or rod extends longitudinally by an amount while the stretching force increases in value from F1to F2then within elastic limit work done W = 1/2 (F1+ F2) e where e is the extension.
5. If one end of a wire or rod is clamped and to the other end of the wire hanging freely, a torque t is applied so that it experience a twist of q radian, then the work done on the wire is (1/2)t[image: image87.png]


.
6. In case of bending of a beam of length l, breadth b and thickness d, by a load Mg at the middle, depression at its centre is given by [image: image88.png]


(Y is young's modulus). 
7. When a rod of length l and radius r is twisted, elastic restoring couple per unit twist is given by C = [image: image89.png]mr
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(n is rigidity modulus).
8. If a rod of length l and radius 'r' is fixed at one end and twisted through angle q, then angle of shear is given by f = [image: image90.png]



[image: image91.jpg]



9. The total work done is stretching a wire is given by the area under the load-extension diagram.

. BEHAVIOUR OF A WIRE UNDER INCREASING LOAD 
1) Behaviour of a wire under increasing load : The load suspended from a metal wire is gradually increased, and a graph is plotted for stress versus strain. Then 'a' = Proportional limit.
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a = Proportional limit
b = Elastic limit (or) yield point
c = A point indicating a permanent set at which stress is greater than elastic limit
d = Fracture point
a) Proportionality limit : When the strain is small, the stress is proportional to strain. The wire obeys' Hooke's law within this region. When the deforming force is removed, wire regains its natural length. Point 'a' is called proportionality limit.
b) Elastic limit or Yield point: When the strain is increased further slightly beyond 'a', wire disobey's Hooke's law i.e, stress is not proportional to strain. However the wire exhibits elastic property. When the deforming force is removed, wire regains its natural length. Point 'b' is called elastic limit or yield point. The points 'a' and 'b' are very close. (They may coincide in some cases).
c) Permanent set : If the wire is loaded beyond the elastic limit, it will not regain its original length even after the deforming force is removed. When the external load is completely withdrawn, length of the wire increases permanently by some amount 'OP' (strain) called permanent set.
d) Fracture point: Beyond the yield point, the cross section of the wire decreases more rapidly. Due to this, wire ultimately breaks. This position is denoted by 'd', which is called breaking point. The required stress is called breaking stress. This is equal to stress corresponding to point 'd' on the curve. 
. Conclusion : 
1) The wire exhibits elasticity from O to b and malleability or plasticity from b to d. If the distance between b and d is more, such metal is ductile. If the distance between b and d is small, such metal is brittle.
2. The substances which break as soon as the stress is increased beyond elastic limit are called brittle substances eg: glass, cast iron, high carbon steel.
3. The substances which have a large plastic range are called ductile substances. Eg: copper, lead, gold, silver, iron, aluminium. Ductile materials can be drawn into wires. Malleable materials can be hammered into thin sheets. Eg: gold, silver, lead. 

. BREAKING STRESS 
1. Breaking stress depends on the nature of material only. The product of breaking stress and area of cross section is called breaking force. Breaking force is independent of length of the wire
2. The capacity of a substance to withstand large stresses without permanent set is called resilience.
3. A substance that can be elastically stretched to large strains is known as elastomer. 
[image: image93.jpg]



4. Elastic Hysterisis (Behavior of rubber under stress). For rubber, stress is not proportional to strain. For rubber, strain lags behind the stress. On decreasing the load, the stress-strain curve is not retraced but follows a different path. This lag of strain behind stress is called elastic hysterisis. Area of the hysterisis loop gives the energy dissipated during its deformation.
5. Breaking stress = [image: image94.png]Breaking firce  Fp
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breaking force (F0) [image: image95.png]
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. ELASTIC AFTER EFFECT 
The delay in regaining the original state after the removal of deforming force on a body is called elastic after effect. Most of the elastic materials exhibit this even within elastic limit. Elastic hysterisis is the result of elastic after effect.
Glass exhibits elastic after effect. Quartz and phosphor bronze are exceptions. Elastic after effect is least for quartz.
. ELASTIC FATIGUE 
The state of temporary loss of elastic nature of a body due to repeated stresses over a long time intervals is called elastic fatigue. 
Eg: when a copper wire is bent once, it may not break. But it breaks when bent repeatedly at the same point.
Surface Tension 
. Adhesive force. It is the force of attraction acting between molecules of two different materials. For example, the force acting between the molecules of water and glass.
. Cohesive force. It is the force of attraction acting between molecules of the same material. For example, the force acting between the molecules of water or mercury etc.
1. If cohesive force is larger than the adhesive force, the liquid will not stick to the vessel containing it. It is so in case of mercury and glass.
2. If cohesive force is less than the adhesive force, the liquid will stick to the vessel containing it. It is so in case of water and glass.
3. Cohesive or adhesive force varies inversely as the eighth power of distance between the molecules i.e. [Fc or Fa [image: image98.png]


1/r8]
. Molecular range. It is the maximum distance up to which a molecule can exert some measurable attraction on other molecules. The order of molecular range is 10-9m in solids and liquids.
. Sphere of influence. It is an imaginary sphere drawn with a molecule as centre and molecular range as radius. All the molecules in this sphere attract the molecule at the centre and vice-versa.
. Surface film. It is the top most layer of liquid at rest with thickness equal to molecular range.
. Surface tension. 
1. It is the property of the liquid by virtue of which the free surface of the liquid at rest tends to have the minimum surface area and as such it behaves as if covered with a stretched membrane.
2. Quantitatively, surface tension of a liquid is measured as the force acting per unit length of a line imagined to be drawn tangentially any where on the free surface of the liquid at rest. It acts at right angles to this line on both the sides and along the tangent to the liquid surface i.e. S = F/l.
3. Surface tension of a liquid is also defined as the amount of work done in increasing the free surface of liquid at rest by unity at constant temperature i.e. S = W / A. or
W = S x A = surface tension x area of liquid surface formed.
4. Surface tension is a molecular phenomenon and it arises due to electromagnetic forces. The explanation of surface tension was first given by Laplace.
5. S.I. Units of surface tension is Nm-1or Jm-2and c.g.s. unit is dyne cm-1or erg cm-2.
6. Dimensional formula of surface tension = [M1L0T-2]
7. Surface tension is a scalar quantity as it has no specific direction for a given liquid.
8. Surface tension does not depend upon the area of the free surface of liquid at rest.
. Surface energy. 
1. It is defined as the amount of work done against the force of surface tension in forming the liquid surface of a given area at a constant temperature i.e.
Surface energy = work done = S.T. x surface area of liquid
2. The S.I. unit of surface energy is joule and cgs unit is erg. 
3. When small drops combine together to form a big drop, the surface area decreases, so surface energy decreases. Hence the energy is released. If this energy is taken by drop, the temperature of drop increases.
4. When a big drop is splitted into number of smaller drops, the surface area of drops increases. Hence surface energy increases. So energy is spent.
. Work done in blowing a liquid drop or soap bubble
1. Work done in forming a liquid drop of radius R, surface tension S is, W = 4p R2S.
2. work done in forming a soap bubble of radius R, surface tension S is,
W = 2 × 4pR2S = 8 pR2S
3. Work done in increasing the radius of a liquid drop from r1to r2is,
W = 4pS (r22- r12).
4. Work done in increasing the radius of a soap bubble from r1to r2is, W = 8 pS (r22- r12)
. Formation of a bigger drop by a number of smaller drops
1. When n number of smaller drops of liquid, each of radius r, surface tension S are combined to form a bigger drop of radius R, then
volume of bigger drop = volume of n smaller drop
i.e., [image: image99.png]


pR3= n × [image: image100.png]


pr3 or R = n1/3r
2. The surface area of bigger drop = 4pR2= 4pn2/3r2. It is less than the area of n smaller drops.
3. In this process energy is released, given by W = S × [4pr2n - 4pR2] = 4pSr2n2/3(n1/3- 1) = 4pSR2(n1/3- 1) = 4pSR3[image: image101.png]



4. The increase in temperature of bigger drop Dq = [image: image102.png]L
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a) Excess of pressure inside a liquid drop,
p = 2 S/R
b) Excess of pressure inside a soap bubble,
p = 4 S/R
where S is a surface tension and R is the radius of the drop or bubble.
3. Pressure difference (p) across curved surfaces of radii of curvature R1and R2. [image: image103.png]



a) If the curvatures are in mutually opposite direction as shown in Figure
[image: image104.png]



b) If the curvatures are in the same direction as shown in Figure
[image: image105.png]



c) For a cylindrical surface, [image: image106.png]


, because R 1 = R and R2 = [image: image107.png]


.

d) For a spherical surface, [image: image108.png]


, because R1= R 2 = R.
. Angle of contact. 
1. The angle of contact between a liquid and a solid is defined as the angle enclosed between the tangents to the liquid surface and the solid surface inside the liquid, both the tangents being drawn at the point of contact of the liquid with the solid. 
[image: image109.png]A




2. The angle of contact depends upon
a) the nature of solid and the liquid in contact
b) the given pair of the solid and the liquid
c) the impurities
3. The angle of contact does not depend upon the inclination of the solid in the liquid.
4. The value of angle of contact ([image: image110.png]


) lies between 0oand 180o. For pure water and glass, [image: image111.png]


= 0o. For ordinary water and glass, [image: image112.png]


= 8o. For silver and pure water [image: image113.png]


= 90o. For alcohol and clean glass, [image: image114.png]


= 0o. 
5. The value of the angle of contact is less than 90ofor a liquid which wets the solid surface and is greater than 900if a liquid does not wet the solid surface.
6. Angle of contact is independent of the angle of inclination of the wall in contact with liquid.
7. The increase in temperature increases the angle of contact.
8. The angle of contact increases with the addition of soluble impurities in the liquid.
9. The addition of detergent in water decreases both the angle of contact as well as surface tension.
10. The materials used for water proofing increases the angle of contact as well as surface tension.
11. If a liquid wets the sides of containing vessel, then the value of angle of contact is acute i.e. less than 90o.
12. If a liquid does not wet the sides of containing vessel, then the value of angle of contact is obtuse i.e. greater than 90o.
. Capillary action or capillarity. 
1. It is the phenomenon of rise or fall of liquid in a capillary tube.
2. The root cause of capillarity is the difference of pressure on the two sides of liquid meniscus in the capillary tube.
3. The height h through which a liquid will rise in a capillary tube of radius r which wets the sides of the tube will be given by
[image: image115.png]— 25cos6
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Where S is the surface tension of liquid, [image: image116.png]


is the angle of contact, [image: image117.png]


is the density of liquid and g is the acceleration due to gravity. R is the radius of curvature of liquid meniscus.
4. If [image: image118.png]


< 90o, cos [image: image119.png]


is positive, so h is positive i.e. liquid rises in a capillary tube.
5. If [image: image120.png]


> 90o, cos [image: image121.png]


is negative, so h is negative i.e. liquid falls in a capillary tube.
6. If a capillary tube is of insufficient length as compared to height to which liquid can rise in the capillary tube, then the liquid rises up to the full length of capillary tube but there is no overflowing of the liquid in the form of fountain. It is so because the liquid meniscus adjusts its radius of curvature so that hR = a constant i.e. h R = [image: image122.png]


.
7. The height of the liquid column in a capillary tube on the surface of moon is six times than that on the earth.
8. Rise of liquid in a capillary tube does not violate law of conservation of energy.
. Dependence of surface tension 
a) On temperature. The surface tension of liquid decreases with rise of temperature. In low temperature region, the variation of surface tension of liquid with temperature is linear and is given by [image: image123.png]



where, St, S0are the surface tension at toC and 0oC respectively and is the temperature coefficient of surface tension. Surface tension of a liquid at its critical temperature is zero.
Surface tension of molten cadmium increases with the increase in temperature.
b) On impurities. 
1. A highly soluble substance like sodium chloride (common salt) when dissolved in water, increases the surface tension of water.
2. When a sparingly soluble substance like phenol, dissolved in water, reduces the surface tension of water.
3. When a detergent or soap is mixed with water, the surface tension of water decreases.
Soap or detergent helps in better cleaning of clothes because when it is added to water, reduces the surface tension of water.
c) On electrification. The surface tension of the liquid decreases due to electrification, because a force starts acting outwards normally to the surface of the liquid. It is due to this reason that the soap bubble expands when given positive or negative charge.
d) On contamination. The presence of dust particles or lubricating materials on the liquid surface decreases its surface tension.
Consider a cylindrical glass tube closed at one end. It is made heavy at closed end so that it floats in the vertical position as shown in Figure. If the depth of heavy end is h below liquid surface ; then
[image: image124.png]
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. Radius of the new bubble formed when two bubbles coalesce. 
Consider two soap bubbles of radii r1and r2respectively. If V1and V2are the volumes of two soap bubbles, then 
[image: image126.png]


and [image: image127.png]



Let S be the surface tension of the soap solution. If P1and P2are the excess of pressure inside the soap bubbles, then
[image: image128.png]


and [image: image129.png]



Let r be the radius of the new soap bubble formed when two soap bubbles coalesce under isothermal conditions. If V and P be the volume and excess of pressure inside this new soap bubble, then
[image: image130.png]


and [image: image131.png]



As the new bubble is formed under isothermal conditions, so Boyle's law holds good i.e.
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. Radius of interface when two soap bubbles of different radii are in contact.
[image: image133.jpg]£
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Consider two soap bubbles of radii r1and r2in contact with each other as shown in Figure. Let r be the radius of the common boundary. If P1and P2are the excess pressures on the two sides of the interface then the resultant excess pressure is
P = P1- P2 
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HYDROSTATICS
. DENSITY & PRESSURE
1. Density of a substance is ratio between mass and its volume.
2. a) Relative density = [image: image137.png]Density of the substance
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b) Relative density = [image: image138.png]Weight of the body
Upthrust in water
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3. If two liquids of equal masses are mixed then density of the mixture = [image: image141.png]2dyd,
Ged,




4. If two liquids of equal volumes are mixed then density of the mixture [image: image142.png]



a) If 'm1' and 'm2' are the masses of two different substances of volumes V1and V2having densities d1and d2respectively then ... 
. DENSITY OF MIXTURE 
m = m1+ m2 total mass
V = V1+ V2 total volume
[image: image143.png]



Density of mixture = d = [image: image144.png]m_m,+m,
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= density of mix.
b) R.D. of body = [image: image146.png]wt. of body in varuum
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= [image: image147.png]wt. of body in vacuum
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Imp:
If ice were to float on a liquid having density as that of water than after the melting of ice, the level of (liquid + water) does neither rise nor fall.
If ice were to float on a liquid having density greater than the water, then after the melting of ice, the level of (liquid + water) rises.
If ice were to float on a liquid having density lesser than the water, then after the melting of ice, the level of (liquid + water) falls. 
5. The total force extended by a liquid on any surface in contact with it is called thrust of the liquid.
6. The thrust exerted by a liquid at rest per unit area of the contact surface is called pressure
P = F/A
Units of P : dyne cm-2(CGS), Nm-2or pascal (Pa) is SI.
7. The pressure on a small volume element of a fluid due to the surrounding fluid should be the same in all directions.
8. Pressure in a liquid increases with depth. If a vessel contains a liquid, the pressure on the top surface = P0(atmospheric pressure), the pressure at depth h below the top surface (free surface ) is P = P0+ hrg. Here h rg is gauge pressure, P is absolute pressure. Pressure difference between two points in a liquid separated by a distance y in vertical direction is rg y.
(here r is density of the liquid)
9. Pressure in a liquid at two points will be the same if they lie at the same horizontal level. 
10. Pressure at a point in a liquid depends on the vertical depth and density of liquid only but it is independent of shape of the vessel containing the liquid.
11. The pressure difference between static pressure and atmospheric pressure is known as gauge pressure P - P0= hrg
12. If a given liquid is filled in vessels of different shapes to same height, the pressure at the base on each vessel is same.
13. Pascal's law states that : A change in the pressure applied to a fluid is transmitted undiminished to every point of the fluid and to the walls of the container.
14. Barometer is used to measure atmospheric pressure while manometer is used to measure pressure difference or gauge pressure. . 
ARCHIMEDE'S PRINCIPLE 
Archimedes's principle states that the magnitude of the buoyant force always equals the weight of the fluid displaced by the object.
1. When a body is immersed partially or wholly in to a liquid, it experiences an upward thrust, which is equal to the weight of liquid displaced by the body.
Here the up thrust is called buoyant force. It acts through the centre of buoyancy which is centre of gravity of the displaced liquid.
2. Apparent weight = True weight - Up thrust
If a body of volume V and density d1is fully immersed in a liquid of density d2, then True weight W = Vd1g
Weight of displaced liquid = Vd2g
Apparent weight W1= Vd1g - Vd2g
W1= [image: image150.png]


; [image: image151.png]


W1= W [image: image152.png]



a) If d2< d1, W1> 0 and body will sink to the bottom.
b) If d2= d1, W1= 0 and the body will just float or remain hanging at what ever position it is left inside the liquid.
c) If d2> d1, W1< 0 i.e. up thrust will be greater than the true weight. The body will move partly out of the free surface of the liquid until the up thrust becomes equal to true weight W.
3. Laws of flotation :
a) weight of the floating body is equal to weight of liquid displaced.
b) Centre of gravity of the floating body and centre of gravity of the displaced liquid are in same vertical line.
4. If a body of volume V1and density d1floats in a liquid of density d2and V2is the volume of the body immersed in the liquid, then 
V1d1g = V2d2g
[image: image153.png]


V1d1= V2d2 
If the liquid is water, relative density or specific gravity = [image: image154.png]=<




5. Specific gravity of a liquid = [image: image155.png]Loss of weightin liquid
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6. When a body floats to [image: image156.png]


part of its volume in a liquid of density d1and to [image: image157.png]


part in a liquid of density d2, then [image: image158.png].



.
7. If W is weight of a body in air, W1is its weight in a liquid and W2is weight of that body in water (in both cases completely immersed) relative density of liquid = [image: image159.png]



8. A beaker contains a liquid. An ice block is floating on the surface of that liquid. When ice melts completely, (d1, dware densities of liquid and water respectively)
a) level of the liquid rises if d1> dw 
b) level of the liquid falls if d1< dw 
c) level of the liquid does not change if d1= dw 
9. A block of ice with a steel balls inside floats on water, the level falls when ice melts. If the ice block has an air bubble or cork, the level does not change.
10. If a body of outer volume V has a cavity of volume V0in it, [image: image160.png]W — W,
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11. A block is placed in a vessel in contact with the base. When liquid is poured into that vessel, so that liquid does not go beneath it, no buoyant force acts on it. The downward force on it is (P0+ hdg) A(on upper surface, where d is density of liquid)
12. A man is sitting in a boat which is floating in a pond. If the man drinks some water from the pond, level of water in pond remains unchanged.
13. A boat containing some pieces of material is floating in a pond. On unloading the pieces in the pond the level as water remains same if those pieces float and falls if those pieces sink.
14. A small iron needle sinks in water while a large iron ship floats as density of ship due to its larger volume is lesser than that of water.
15. A block of wood is floating on water at 0°C with a certain volume x outside the water level. If the temperature of water is slowly increased from 0°C to 20°C, x will increase from 0°C to 4°C and then will decrease with further rise.
16. A cube of side 'a' remains suspended at the interface of two liquids in a vessel such that their densities are d1and d2(d2> d1). If cube is immersed up to x in the lower liquid, weight of that cube is W such that (true weight)
W = a2[xd2+ (a - x) d1]g
Mass of that cube 'm' is given by 
m = a2[xd2+ (a - x)d1]
[image: image162.png]



Imp. : 
a) A cylindrical vessel with a liquid moves linearly with acceleration a. Then shape of the surface of the liquid in the vessel will be as shown Here tan q = a/g
[image: image163.png]



b) A manometer contains a liquid of density d. If it rotates at a constant angular velocity w about one limb as shown then level in the here (h2- h1) = [image: image164.png]
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c) In the previous case if the manometer is moving with acceleration 'a' along the horizontal, then (h1- h2) = (la/g)
[image: image166.png]



Hydrodynamics (Viscosity) 

. Viscos Force 
1. Viscous force between the two layers of a liquid is given as F = [image: image167.png]—nA

dv



. 
[image: image168.jpg]



(Negative sign shows that the direction of viscous force F is opposite to that of v)
A is surface area of the layer.
[image: image169.png]


is velocity gradient
h is velocity gradient
2. Units of h {coefficient of viscosity or simply viscosity}
a) In cgs system it is ''poise'' named after the French Physician JEAN -MARIE POISEUILLE (1799 - 1869) who first investigated the flow of viscous fluids through tubes as an aid in understanding the circulation of blood.
1 poise = 1 dyne S cm-2
b) The S.I. unit of viscosity is NS m-2 
c) 1 NS m-2= 10 poise
. POISEUILLE'S RELATION 
1. Volume of liquid flowing per second through capillary tube is [image: image170.png]aPrt





here P is pressure difference between the ends of capillary tube
r is bore radius of capillary tube
l is length of the capillary tube
h is coefficient of viscosity of the liquid
If h is the height of surface of the liquid above the axis of horizontal capillary tube then 
P = hdg.
a) V [image: image171.png]
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when P, r, l are constant
V1h1= V2h2where V1and V2are time rate of volume flow of two different liquids through the same capillary tube at the same pressure difference h1, h2are coefficients of viscosity of those liquids
b) V [image: image175.png]


P when the same liquid flows through the same capillary tube at different pressures [image: image176.png]



c) [image: image177.png]


when P, l, h are constant [image: image178.png]



d) [image: image179.png]


when r, r, h are constant
V1l1= V2l2 
e) velocity of the liquid flowing at a distance x from the axis is 
[image: image180.png]



2. Poiseuille's equation is applicable for fluids if 
a) the flow is steady and luminar
b) the liquid in contact with the walls of the capillary tube must be at rest
c) the pressure at any cross section of the capillary tube must be same
3. The velocity profile for a non viscous and viscous liquid through a pipe are as shown
[image: image181.png](viscous)
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4. If a viscous liquid flows in a tube, the velocity is greatest at the centre of the tube that is nearer to the central axis of the tubular flow and decreases to zero at the wall.
5. From Poiseuille's equation, [image: image182.png]7Pt
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or V [image: image183.png]



where R = [image: image184.png]nl



is called fluid resistance.
Imp.: 
In all these expressions P is the pressure difference across the ends of the tube.
6. Fluids which flow through capillary pipes are assumed to have laminar flow.
7. The layers of the fluid are assumed to be thin walled cylinders with varying radii.
8. The flow velocity varies with the radius; its maximum value occurs on the axis and its minimum value, which we assume to be zero, at the walls.
9. The variation of the velocity with location across the pipe is not linear.
[image: image185.png])



, 
10. The speed at the centre of the pipe is [image: image186.png]_APR?
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( put r = 0)
V0is maximum.
11. The time rate of mass flow of the fluid is given by the relation
[image: image187.png]dm _pnR*AP
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(DP is the pressure different across the tube and r is the density of the fluid)
12. Capillary tubes in series : When two capillaries are connected in series across constant pressure difference P, the fluid resistance R = R1+ R2 
NOTE :- P1- P2= P 
[image: image188.png]



a) Capillary tube of length l1with radius of cross-section r1is joined in series to another tube of length l2of cross-sectional radius r2as shown above 
b) A, B and C are three points in the flow where the velocity of a particular fluid element is [image: image189.png]
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 and [image: image191.png]


respectively.
c) P1, P0and P2are the respective pressures at these three points.
d) (P1- P2) = (P1- P0) + (P0- P2) 
e) The time rate of volume flow however will be same throughout the series combination.
Imp.: 
Analogous to electric circuits in the series combination of resistors where the electric current remains constant.
[image: image192.png]



Here P = P1- P2= (P1= P0) + (P0- P2) = Pressure difference across the combination in series 
Where, (P1- P0) and (P0- P2) are pressure differences across individual capillaries
[image: image193.png]



13. Capillary tubes in parallel : when two capillaries are connected in parallel across a constant pressure difference P, then fluid resistance R for the combination is given by 
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R = Fluid resistance of the parallel combination
R = [image: image195.png]873 by
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a) PA- PB= P = same for the both the tubes joined in parallel.
b) [image: image196.png]


= Fluid resistance of tube of length 'l1' and radius of cross-section r1.
c) [image: image197.png]


= Fluid resistance of tube of length and radius of cross-section 'r2'
d) [image: image198.png]RR, [2q] 1y
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; 
Here volume of fluid flowing per second in each tube is different but pressure difference P = (P1- P2) is same for the combination. 
Total volume flowing per second V = V1+ V2 
[image: image199.png]
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. Important Information 
1. The velocity of the layer touching the walls of the cylindrical tube is negligible, i.e. almost zero.
2. The velocity of the layers increases as we go towards the axis of the capillary tube.
. STOKE'S LAW & TERMINAL SPEED 
Note :- Stoke has derived the equation for spherical objects falling from great heights through a viscous medium
1. When a body is allowed to fall in a viscous medium, its velocity increases at first and finally attains a constant value called terminal velocity (Vt)
2. Viscous force on a spherical body moving in a fluid is F = 6p h r v.
h is coefficient of viscosity
r is radius of the sphere
v is velocity of the sphere
3. As a spherical body falls down in a viscous medium its velocity gradually increases and as a result viscous force on it increases (F [image: image201.png]


V) when the sphere attains terminal velocity (V = Vt), the effective weight of the sphere = Viscous force
6 p h r vt= mg1= 4/3 pr3(r - s)g
or [image: image202.png]_278p=9)
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 r2; Vt[image: image204.png]
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(at constant temperature)
Here r is density of spherical body
and s is density of the viscous medium
Here the forces acting on the spherical body are 
a) gravitational force on it [image: image206.png]o4 s
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; 
b) force of buoyancy on it FB= [image: image207.png]



c) viscous force of the fluid FV= 6p h aV 
initially w > (FB+ FV) and so the body moves down with acceleration 'a' and 
Ma = W - (FB+ FV)
When the sphere attains terminal velocity i.e. V = Vt, a = 0 [image: image208.png]


W = FB+ FV 
(or) (W - FB) = FV 
If s > P, sphere moves vertically up and terminal velocity will be in the upward direction
Eg: air bubble in water
4. Variation of velocity of a body moving down in a viscous medium with time will be as shown the graph between instantaneous speed and time.
[image: image209.png]



5. A liquid drop of radius 'r' is moving down with terminal velocity Vtin a viscous medium. If 'n' such drops merge and form a bigger drop of radius 'R', terminal velocity of that bigger drop is n2/3Vt.
6. If r1and r2are the radii of two small spheres falling through a viscous medium, with the same constant speed, ratio of the viscous forces on them is r1/r2. Ratio of their velocities is (r1/r2)2.
. STREAM LINE FLOW & TURBULENT FLOW 
1. The pressure difference determines the direction of flow of a fluid just like potential difference determines the direction of flow of electric current.
2. When a liquid flows such that each particle of the liquid passing a particular point moves along the same path and has same velocity as the proceeding particle at the same point, its flow is called streamline flow.
3. Streamline is the path such that tangent to which at any point gives the direction of the flow of liquid at that point. Stream line may be straight or curved.
4. In stream line flow a) there will be no radial flow b) the pressure on any cross section is constant c) the velocity at any point remains same but may change from point to point d) no stream lines intersect
5. The stream lines are crowded where the velocity is more.
6. A bundle of streamlines having the same velocity of fluid over any cross section perpendicular to the direction flow is called tube of flow. 
[image: image210.png]



7. When a liquid flows such that the motion of any particle of the liquid at a point varies rapidly in magnitude and direction, its flow is called turbulent flow.
8. The minimum velocity at which the flow a liquid changes from laminar or streamlines flow to turbulent flow is called critical velocity.
9. Critical velocity of a liquid is directly proportional to its coefficient of viscosity, inversely proportional to its density and inversely proportional to the diameter of the tube. [image: image211.png]



10. Reynold's number (R) gives the idea about fluid flow
If R < 2000, flow is laminar
If R > 3000, flow is turbulent
If 2000 < R < 3000, the flow may change from streamline flow to turbulent flow
Reynolds number R = [image: image212.png]



r is density of fluid
h is coefficient of viscosity of the fluid
D is diameter of the pipe
V is critical velocity of fluid
R is dimensionless quantity 
{Reynolds number }
11. For a liquid having large value of h, low value of r and flowing through a tube of narrow bore (smaller D) the value of critical velocity will be very large. As the liquid may not possess such large velocity, its flow should be streamlined.
12. For a liquid having low value of h large value of r and flowing through a tube of wide bore (larger D), the value of critical velocity is very low. A liquid can attain such velocity very easily and its flow would be turbulent.
13. Differences between streamline flow and turbulent flow 
. STREAM LINE FLOW 
1. Regular and orderly flow 
2. Velocity of liquid is less than critical velocity 
3. Velocity of a liquid at a point is constant with time
4. Viscosity is effect in this flow 
. TURBULENT FLOW 
1. Irregular and zig zag flow 
2. Velocity of liquid is more than critical velocity 
3. Velocity of a liquid at a point is not constant with time
4. Density is effective in this flow 
. CHARACTERISTICS OF FLUID FLOW 
1. The flow of a fluid is said to be steady, laminar when the velocity of it at any given point is constant with time.
2. The flow of fluid is said to be incompressible if there is no change in its density along the line of flow. If the density changes, the fluid is compressible
3. During the flow, a fluid element may have angular velocity. Then such flow is called rotational flow. If it has no net angular velocity then flow is irrotational.
4. Fluid may have viscosity or it may not have. For perfect fluid (idealized fluid) viscosity is zero.
5. For an ideal fluid 
a) viscosity is zero b) compressibility is zero
c) its flow should be irrotational d) its flow should be steady.
. EQUATION OF CONTINUITY 
1. For an incompressible and non viscous fluid flowing steadily, (irrotational), the product of its velocity and area of cross section at all points during its flow through a tube remains constant. The consequence of this is that velocity of the fluid is inversely proportional to the area of cross section.
2. For an ideal liquid flowing under streamline condition, mass of the liquid flowing per second is constant.
a v r = constant
a1v1r1= a2 v2r2 
[image: image213.png]



a1, a2are areas of cross section at points 1 and 2, v1, v2are velocities of the fluid at points 1 and 2, r1, r2are the densities of the fluid at points 1 and 2.
As ideal fluid is incompressible r1= r2then a1v1= a2v2 3. If r1and r2are radii of cross section of a pipe at two points and v1, v2are the velocities of a fluid at those points than (in compressible fluid) [image: image214.png]T
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4. Volumetric flow rate = av; a is area of cross section; v is fluid velocity.
5. If the hose pipe outlet is partially closed, velocity of water increases (a [image: image215.png]




 INCLUDEPICTURE "http://testonline.in/templates/default/images/tests_cloaked/GOIIT/ch0062/class%2011%20ch%209%20and%2010%20Properties%20of%20matter%28solid%20and%20Fluid%29%20content_clip_image004_0003.gif" \* MERGEFORMATINET [image: image216.png]SRS



). Here volume flow rate does not change.
6. A garden hose having internal radius R is connected to a lawn sprinkler with N holes each of radius 'r'. If V is speed of water in hose, its speed while leaving the sprinkler holes is [image: image217.png]



7. An ideal fluid flows through a horizontal tube bifurcating at the end as shown. Then the volumetric flow rate is constant [image: image218.png]


Av = A1v1+ A2v2 
[image: image219.png]



. ENERGIES OF A FLUID 
1. Pressure energy per unit volume = P
Pressure energy per unit mass = [image: image220.png]o




2. Kinetic energy per unit volume = [image: image221.png]ad R




Kinetic energy per unit mass = [image: image222.png]SRS




3. Potential energy per unit volume = r gh
Potential energy per unit mass = gh
4. Pressure head = [image: image223.png]



5. Velocity head = [image: image224.png]



6. Gravitational head = h
. BERNOULLI'S THEOREM 
1. The total energy per unit volume of an incompressible, non viscous fluid in laminar flow is constant at every point.
P + [image: image225.png]L V24 nel
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= constant or [image: image226.png]


constant; Here [image: image227.png]P



is pressure head [image: image228.png]


is velocity head; h is gravitational head
[image: image229.png]
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If the liquid flows horizontally, 
h1= h2then P + [image: image231.png]1
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3. When water flowing in a broader pipe enters into a narrow pipe, its pressure decreases (Greater is the velocity smaller in the pressure according to Bernoulli's equation)
4. Venturimeter is used for measuring the flow rare of a liquid through a pipe. Pitot tube is also used for this purpose. These two are based on Bernoulli's theorem.
5. A man standing too close to a fast moving train or bus gets a push towards the train or bus. The fast motion of air between the train and man reduces the pressure.
6. The principle behind the working of a gas burner is Bernoulli's principle.
7. Bernoulli's theorem is based on the law of conservation of energy.
8. The liquid at greater depth is always calm because at that depth its pressure there is high and consequently velocity is very low.

· Centre of Mass 
· Centre of mass of a body or a system of particles is the point at which the whole mass of the system or body is supposed to be concentrated and moves as if the whole external force is applied at that point. 

· The motion of centre of mass of a body represents the motion of the whole body. 

· Position of centre of mass : 

a) Two particle system

Two particles of masses m1and m2are separated by a distance 'd'. If x1and x2are the distances of their centre of mass from m1and m2, then
m1x1= m2x2 

x1= [image: image233.png]myd
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x2= [image: image234.png]myd
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b) The centre of mass of heavier and lighter mass system lies nearer to the heavier mass .


c) Number of particles lying along the x-axis.


Particles of masses m1, m2, m3------- are at distances x1x2x3------ from the origin, the distance of centre of mass from the origin.
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d) Number of particles lying in a plane.


Particles of masses m1, m2, m3, --------- are lying in xy plane at positions (x1,y1), (x2,y2), (x3,y3) -------, then the position co-ordinates of their centre of mass.
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e) Particles distributed in space.

If (x1y1z1), (x2y2z2) - are the position co-ordinates of particles of masses m1, m2- the position co-ordinates of their centre of mass are
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f) In Vector notation.

If r1, r2, r3. . . are the position vectors of particles of masses m1, m2, m3...... then the position vector of their centre of mass is
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g) Relative to centre of mass :

[image: image242.png]


, where m1, m2.... mr have position vectors [image: image243.png]


relative to centre of mass i.e. Algebraic sum of the moments of masses of a system about its centre of mass is always zero.

· Position of centre of mass of a body. 

a) depends on shape of the body.
b) depends on distribution of mass for a given shape of the body.
c) coincides with geometric centre of the body if the body is in uniform gravitational field.

· There may or may not be any mass at centre of mass. 

· Centre of mass may be within or outside the body. 

· For symmetrical bodies with uniform distribution of mass it coincides with geometric centre. 

· Velocity of centre of mass 

If [image: image244.png]V1, V2, Vi



....... [image: image245.png]Vo



are the velocities of particles of masses

m1, m2, m3, ......, mn the velocity of their centre of mass.
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· [image: image247.png]MV =P1+ P2+ .. +Pn



i.e total momentum of the system is the product mass of the whole system and the velocity of the centre of mass. 

· LAW OF CONSERVATION OF LINEAR MOMENTUM :

In the absence of net external force, the total linear momentum of a system remains constant. i.e. if = constant 


Effect of internal forces- The linear momentum of particles remains constant under the influence of internal forces. 


a) The linear momentum is conserved in all types of collisions (elastic and inelastic) 
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or
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where u1and u2and v1and v2are the velocities of two particles with masses m1and m2 before and after the collision.


b) In the absence of external forces, the linear momenta of individual particles can change but the total linear momentum of the whole system remains constant. 

c) The law of conservation of linear momentum is based on the Newton's laws of motion. This is the fundamental law of nature and there is no exception to it.

d) Examples of laws of conservation of linear momentum

i) Motion of a Rocket

(mv)gases= - (MV)rocket 


ii) Firing of a bullet from a gun 
(MV)gun= -(mv)bullet 

iii) Explosion of a shell fired from a cannon

iv) Two masses m1and m2, attached to the two ends of a spring, when stretched in opposite directions and released, then the linear momentum of the system is conserved.


e) This law is valid only for linear motion.


f) Rocket propulsion, motion of jet aeroplane and sailing of a boat all depend upon the law of conservation of momentum.

· If two particles of masses m1and m2are moving with velocities [image: image250.png]


1and [image: image251.png]


2at right angles to each other, then the velocity of their centre of mass is given by 
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· Acceleration of centre of mass. 

If [image: image253.png]a1,az,as



, ........ [image: image254.png]


are the accelerations of particles of masses m1, m2, m3.......mnthen the acceleration of their centre of mass is
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m1+ m2+ m3+ .....+mn= M total mass of the system, then m1[image: image256.png]



· Centre of mass can be accelerated only by a net external force. 

· Internal forces cannot accelerate the centre of mass or change the state of centre of mass. 

· In the absence of external forces, 

a) the centre of mass of a system is at rest if the centre of mass is initially at rest.
b) if the centre of mass of a system is moving with constant velocity, it continues to move with the same velocity.

· For a ring the centre of mass is its centre where there is no mass. 

· For a circular disc the centre of mass is at its Geometric centre where there is mass. 

· For a triangular plane lamina, the centre of mass is the point of intersection of the medians of the triangle. 

· The centre of mass of an uniform square plate lies at the intersection of the diagonals. 

· Out of a uniform circular disc of radius R, if a circular sheet of r is removed; the Centre of mass of remaining part shits by a distance [image: image257.png]


. d is the distance of the centre of the smaller part from the original disc. 

· Out of a uniform solid sphere of radius R, if a sphere of radius r is removed, the centre of mass of the remaining part, shifts by [image: image258.png]d
)



. d is the distance of the smaller sphere from the centre of the original sphere. 

· When shell in flight explodes 

a) The acceleration of centre of mass before and immediately after explosion is acm= g downward.
b) The centre of mass of all the fragments will continue to move along the same trajectory as long as all the fragments are still in space.
c) If all the fragments reach the ground simultaneously, the centre of mass will complete the original trajectory.
d) If some of the fragments reach the ground earlier than the other fragments, the acceleration of centre of mass changes and its tragectory will change.

· When a person walks on a boat in still water, centre of mass of person, boat system is not displaced. 

a) If the man walks a distance L on the boat, the boat is displaced in the opposite direction relative to shore or water by a distance
[image: image259.png]





(m = mass of man, M = mass of boat)


b) distance walked by the mass relative to shore or water is (L-x)

· Two masses starting from rest move under mutual force of attraction towards each other, they meet at their centre of mass. 

a) in the above case Vcm and a cm= 0
b) If the two particles are m1and m2and their velocities are v1and v2, then m1v1= -m2v2 
c) If the two particles have accelerations a1and a2.
m1a1= -m2a2 

d) If s1and s2are the distances travelled before they meet
m1s1= m2s2


Collisions 
· The event or the process in which two bodies, either coming in contact with each other or due to mutual interaction at a distance apart, affect each others motion (velocity, momentum, energy or the direction of motion) is defined as a collision between those two bodies. In short, the mutual interaction between two bodies or particles is defined as a collision. 

i) The particles come closer before collision and after collision they either stick together or move away from each other. 
ii) The particles need not come in contact with each other for a collision.
iii) The law of conservation of linear momentum is necessarily conserved in all types of collisions whereas the law of conservation of mechanical energy is not 

· Types of collisions : 

(i) Elastic collision or perfect elastic collision 
(ii) Semi elastic collision 
(iii) Perfectly inelastic collision or plastic collision 


i) One dimensional collision: The collision, in which the particles move along the same straight line before and after the collision, is defined as one dimensional collision.

ii) According to the law of conservation of kinetic energy[image: image260.png]a4 e = S 4
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iii) According to the law of conservation of momentum [image: image261.png]g+ g =y vy, vy








· Newton's law of elastic collision - The relative velocity of two particles before collision is equal to the negative of relative velocity after collision i.e 
(v1- v2) = -(u1- u2) 

· Important formulae and features for one dimensional elastic collision. 

(i) The velocity of first body after collision[image: image262.png]Loy, [ 2m
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(ii) The velocity of second body after collision[image: image263.png]|2 ]u Lo
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(iii) If the body with mass m2 is initially at rest, and u2= 0 then [image: image264.png](m = my)
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iv) When a particle of mass m1moving with velocity u1collides with another particle with mass m2at rest and 

v) m1= m2 then v1= 0 and v2= u1. Under this condition the first particle come to rest and the second particle moves with the velocity of first particle before collision. In this state there occurs maximum transfer of energy.

vi) If m1>> m2then v1= u1and v2= 2u1under this condition the velocity of first particle remains unchanged and velocity of second particle becomes double that of first.
vii) If m1<< m2then v1= -u1and v2= [image: image266.png]


under this condition the second particle remains at rest while the first particle moves with the same velocity in the opposite direction


viii) When m1= m2= m but u20 then v1= u2 and v2= u1i.e the particles mutually exchange their velocities.


ix) Exchange of energy is maximum when m1= m2. This fact is utilised in atomic reactor in slowing down the neutrons. To slow down the neutrons these are made to collide with nuclei of almost similar mass. For this hydrogen nuclei are most appropriate.


x) Target Particle at rest : If m2is at rest, before collision

[image: image267.png]
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xi) If m2is at rest and kinetic energy of m1before collision with m2is E. The kinetic energy of m1and m2 after collision is 
[image: image269.png]
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xii) In the above case fraction of KE retained by m1is [image: image271.png]




Fraction of KE transferred by m1to m2is [image: image272.png]4m,my
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· One dimensional inelastic collision: 
i) The collision, in which the kinetic energy of the system decreases as a result of collision, is defined as inelastic collision

ii) According to law of conservation of momentum 
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iii) According to law of conservation of energy 
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Q = other forms of energy like heat energy, sound energy etc. Q0

iv) According to Newton's law of inelastic collision (v1- v2) = -e(u1- u2) 
e = Coefficient of restitution 

· Coefficient of Restitution (e) - 
i) [image: image275.png]_ velocity of recession
elosity of approach




· 
ii) [image: image276.png]relative velocity of recession after collision
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or - [image: image277.png]





iii) e is dimensionless and carries no limit.

iv) Limits of e 0 < e < 1

v) For plastic bodies and for perfectly inelastic collision e = 0. e = 1 for perfect elastic collision. 

vi) The value of e depends upon the material of colliding bodies.

· SEMI - ELASTIC COLLISIONS 

· The velocity of first body after collision 
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and velocity of second body 
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· Loss of energy in inelastic collision 

[image: image280.png]



· In case of inelastic collision the body gets strained and its temperature changes 

· If a body falls from a height h and strikes the ground level with velocity [image: image281.png]S



and rebounds with velocity v up to a height h1then the coefficient of restitution is given by 

[image: image282.png]



If the body rebounds again and again to heights h1, h2, h3.... then 
[image: image283.png]



· The total distance covered by the body for infinite number of collisions [image: image284.png]



· Time taken by the body in falling through height h is [image: image285.png]



Thus the total time taken by the body in coming to rest [image: image286.png](+e)
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· For a semi elastic collision 0 < e < 1 

Perfectly inelastic collision: 
i) The collision, in which the two particles stick together after the collision, is defined as the perfectly inelastic collision.
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ii) For a perfectly inelastic collision e = 0

iii) According to law of conservation of momentum 

[image: image288.png]



iv) Loss in Kinetic energy of system =[image: image289.png]1 MM,
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 (u1-u2)2.

v) Loss of kinetic energy is maximum when the colliding particles have equal momentum in opposite directions.



explosions 
38. In an explosion, linear momentum is conserved, but kinetic energy is not conserved. The kinetic energy of the system after explosion increases. The internal energy of the system is used for the above purpose.


39. If a stationary shell breaks into two fragments, they will move in opposite directions, with velocities in the inverse ratio of their masses.
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40. In the above, the two fragments have the same magnitude of linear momentum.


41. In the above case, the Kinetic energy of the two fragments is inversely propotional to their masses.
[image: image291.png]





42. If the two fragments have equal masses, the two fragments have equal speeds in opposite directions.


43. If a shell breaks into three fragments, the total momentum of two of the fragments must be equal and opposite to the momentum of the third fragment is
[image: image292.png]P+
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44. When a stationary shell explodes, its total momentum is zero, before or after explosion.




Recoil of Gun 

45. If a stationary gun fires a bullet horizontally, the total momentum of the gun + bullet is zero before and after firing.


46. If M and [image: image294.png]


are the mass of the gun and velocity of recoil of the gun, m and [image: image295.png]


is the mass of the bullet and velocity of the bullet, then
M [image: image296.png]<



+ m [image: image297.png]


= 0 i.e. |MV| = |mv|
or magnitude of momentum of the gun is equal to magnitude of momentum of the bullet.

· The bullet has greater Kinetic energy than the gun. 
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Work Power Energy: 
· Work is said to be done by a force if the point of application of force undergoes displacement either in the direction of force or in the direction of component of force. 

· Amount of work done is equal to the dot product of force and displacement. If [image: image299.png]


is the force acting on a body and [image: image300.png]


is displacement, work done by that force is
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· Work is a scalar

Units of work : erg in CGS system
joule in S I
one joule = 107erg

· Work done by a force can be positive or negative or zero

(a) If the displacement is in the direction of force or in the direction of component of force, work done is positive

(b) If the displacement is in a direction opposite to that of force or component of force, work done is negative

· If displacement and force are perpendicular to each other, work done is zero e.g :

(i) In pulling a body on a horizontal surface, no work is done against gravitational force.

(ii) If a man with a load on his head walks horizontally no work is done against gravitational force.

(iii) When a body is in circular motion no work is done by centripetal force. 

· Work done against friction on a level surface. W = F.S = [image: image303]mgs. ([image: image304]' is coefficient of friction). 

· If the work done in moving a body between two points is independent of path along which it is moved, the force acting on the body is known as conservative force.

e.g: gravitational force, electrostatic force. The work done by a conservative force in moving a body along a closed path is zero.

· If the work done in moving a body by the application of force depends on the path along which it is moved, such force is known non conservative force.

e.g : frictional force, viscous force.

· If a body is moved along a closed path by applying a non conservative force, work done by such force is not equal to zero. 

· When a body of mass m is lifted to a height h above the ground without any acceleration,

a) work done by the applied force = mgh

b) work done by the gravitational 
force = - mgh

c) work done by the resultant force = O

· The work done in lifting a body of mass m having density inside a liquid of density through a height h is (a = 0)
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· When a gas expands work done by it is

W = Pdv
or[image: image306.png]Jaw= [pdv





(P is pressure and dv is change in volume)

· A point sized sphere of mass m is suspended vertically using a string of length l . If the bob is pulled to a side till the string makes an angle q with the vertical, work done against gravity is [image: image307.png]W =mgl(l- Cosé)




· A uniform rod of mass m and length l is suspended vertically. If it is lifted to a side till it makes an angle q to the vertical, work done against gravity is

[image: image308.png]W ng[(l - Cos8)




· A uniform chain of mass m and length l is suspended vertically. If the lower point of the chain is lifted to the point of suspension, work done against gravity is [image: image309.png]



· A uniform chain of mass m and length 'l' is kept on a table such that [image: image310.png]


of its length is hanging down vertically from the edge of the table. The work done against gravity to pull the hanging part on to the table is
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· Work done in stretching or compressing a spring is[image: image312.png]



K is spring constant
x is compression or elongation

· A bucket full of water of total mass M is pulled up using a uniform rope of mass m and length l, work done is

[image: image313.png]W =gl + mg }




= [image: image314.png]e + 7/ et




(Bucket is treated as point mass)

· When a body of mass m moves on rough horizontal surface through a distance 's', work done against friction is

[image: image315.png]
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 is coefficient of friction)

· If a body of mass m slides down distance S, work done by gravity is [image: image317.png]W =(mgin8)3




([image: image318.png]


 is inclination to the horizontal)

· A block of mass m is suspended vertically using a rope of negligible mass. If the rope is used to lift the block vertically up with uniform acceleration a, work done by the tension in the rope is

W = m (g + a) h
(h is distance through which it is lifted up)
In the above case if the block is lowered with acceleration a 
W = - m (g - a) h

· The ability or capacity to do work is called energy 

· Energy is cause for doing work and work is effect. 

· Energy is a scalar. Units of energy are same as that of work. 

· Mechanical energy is of two types

a) potential b) kinetic energy

· The energy possessed by a body by virtue of its state or position is known as potential energy.

e.g : Water on hill top and stretched or compressed spring possess potential energy.

· The energy possessed by a body by virtue of its motion is called kinetic energy. Any body in motion possesses kinetic energy. 

· Gravitational potential energy of a body which is at a height 'h' above the ground is mgh (h is small so that g remains same almost)

Here surface of the earth is taken as reference. Kinetic energy of a body = [image: image319.png]


(m is mass, v is velocity)

· A body can have both potential and kinetic energies e.g a flying bird, freely falling body 

· A body at rest cannot have kinetic energy but it can have potential energy A body in motion can have potential energy. 

· When a spring is compressed or stretched, elastic potential energy stored in it is [image: image320.png]



· Work done by an in balanced or resultant force on a body is equal to change in its kinetic energy. This is known as work-energy theorem.

[image: image321.png]



· According to the law of conservation of energy, the total energy of a closed system remains constant. Energy can neither be created nor destroyed but it can be transformed from one form to another form without any loss or gain. 

· In the case of a freely falling body or a body projected vertically up, the sum of potential and kinetic energies at any point in its path is constant. 

· Kinetic energy of a freely falling body

a) is directly proportional to height of fall
b) is directly proportional to square of time of fall.

· If p is linear momentum of a body moving with kinetic energy E, we can write [image: image322.png]-
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(m is mass of the body)
[image: image323.png]



[image: image324.png]= Fap’ andpefE



for a given body

· If two bodies of different masses have same kinetic energy, heavier body will have greater momentum. If two bodies of different masses have same momentum, lighter body will have greater kinetic energy.

eg: When a bullet is fired from a gun, bullet and gun have same linear momentum but kinetic energy of bullet is more than that of gun.

· A body can have energy without momentum. But it can not have momentum without energy.

 

· A bullet of mass m moving with velocity v stops in wooden block after penetrating through a distance x. If F is resistance offered by the block to the bullet,

[image: image325.png]
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· A sphere of mass m is dropped from a height 'h' above the ground. On reaching the ground, it pierces through a distance S and then stops finally. Resistance offered by the ground is R. Then

mgh = (R - mg) S
[image: image327.png]:R:mg[ugj





Here time of penetration is given by
[image: image328.png]



· A body is projected vertically up from the ground. When it is at a height 'h' above the ground its potential and kinetic energies are in the ratio x:y. If H is the maximum height reached by that body,

[image: image329.png]



· A bullet of mass m is fired horizontally with a velocity V which strikes a wooden block of mass M suspended vertically. After striking the block, the bullet stops in the block by piercing. If the combined system rises to a height 'h' above the initial position,

[image: image330.png]



· The rate of doing work by a force is called power
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power is a scalar quantity.
Units of power : erg /s (CGS system)
Js-1or watt (S I)
Horse power or HP (FPS)
1 H.P = 746 W

· If [image: image332.png]


is the force acting on a body and [image: image333.png]


is its velocity at an instant, instantaneous power

[image: image334.png]



· If a machine gun fires n bullets per second such that mass of each bullet is m and coming out with velocity v, power of that machine gun [image: image335.png]



· A conveyor belt moves horizontally with a constant speed 'v'. Gravel is falling on it at a rate [image: image336.png]dat



. Then extra power required to drive the belt is [image: image337.png]



· If a pump/ crane is used to lift water/coal of mass m to a height h in time 't' power of that pump or crane is

[image: image338.png]





If efficiency of that crane or motor is [image: image339.png]n%



, then
[image: image340.png]T00%

mgh
n




· A car of mass m is moving on horizontal road with constant acceleration 'a'. If R is resistance offered to its motion, power of the engine when its velocity is V will be P = (R + ma) V 

· A body of mass m is initially at rest. By the application of a constant force, its velocity changes to [image: image341.png]


in time [image: image342.png]


. Then kinetic energy of that body at any time [image: image343.png]


't' is

Instantaneous power is [image: image344.png]



· A car moves on a rough horizontal road with constant speed v. Power of its engine is

[image: image345.png]P=pmgy



([image: image346.png]


 is frictional force)

· Kilowatt hour is practical unit of energy

[image: image347.png]1EWH





Electron volt is smallest unit of energy
[image: image348.png]leV =1.6x107%7







Circular Motion 
Kinematics of Circular Motion: 
· If an object moves in a circular path with constant speed, its motion is called uniform circular motion. 

· The line perpendicular to plane of motion of the body about which the body rotates is called axis of rotation. 

· The line joining the instantaneous position of the body and centre of the circle is called radius vector. 

· The angle swept by the radius vector in a given interval of time is called angular displacement [image: image349].

a) S.I unit of [image: image350]is radian.
b) Finite angular displacements are scalars.
c) Infinitesimally small angular displacements are vectors 
d) This is a pseudo vector.
e) [image: image351]= 2 N rad, N-Number of rotations.

· Angular velocity '[image: image352]'

a) Rate of angular displacement is called angular velocity.
b) S.I unit is rad s-1 
c) [image: image353]= [image: image354]/t or w = [image: image355]d/dt.
d) [image: image356]= 2[image: image357] n. Where n is the frequency of rotation.
e) [image: image358]= 2[image: image359] /T Where T is the time period of rotation.
f) If [image: image360.png]


is the linear velocity of the body
[image: image361.png]


= [image: image362.png]


× [image: image363.png]




v = r [image: image364]sin [image: image365]

v = r [image: image366]when [image: image367]= 900

· The angular velocity is a pseudo vector. The direction is perpendicular to the plane of rotation and given by the right hand thumb rule. The direction of angular velocity is same as that of the angular displacement. 

· Angular accelerationa :

a) Rate of change of angular velocity is called angular acceleration

b) S.I unit is rad.s-2

c) [image: image368.png]


where [image: image369]1and [image: image370]2are the initial and final angular velocities and t is the time interval.


d)[image: image371] = [image: image372.png]


where n1and n2are initial and final frequencies of rotation.

e) It is produced only when an unbalanced torque acts on the body 

f) When angular velocity of the body is constant [image: image373]= 0

g) If 'a' is the tangential acceleration a = r[image: image374]. Where r is the radius of the circular path.

· a) The acceleration possessed by a body moving in a circular path and directed towards the centre is called centripetal or radial acceleration.

b) a = v[image: image375] = v2/r = r[image: image376]2, (in m/s2 ) where v[image: image377], and r are the linear velocity, angular velocity of the body and 'r' radius of the circle

c) It arises due to change in the direction of velocity of the body.

d) [image: image378.png]


r = [image: image379.png]



· Tangential acceleration 'aT'

a) If a body moves in a circular path with changing speed it possesses tangential acceleration along with radial acceleration.

b) aT= dv/dt. (in ms-2 )

c) It arises due to change in speed of the object

d) A car going in a circular track with increasing speed possesses both ar and aT.

e) Resultant linear acceleration of the body
a = [image: image380.png]a2+ a2




If a is the angle made by 'a' with ar, then tan a = [image: image381.png]






Centripetal Force :
· The force required to keep the body in circular path is centripetal force.

[image: image382.png]



The centripetal force changes the direction of the velocity but not the magnitude of the velocity. It acts perpendicular to the direction of motion of the body.

· The centripetal force is observed in the inertial frame of reference. 

· The gravitational force of attraction provides the necessary centripetal force for the moon to go round the earth. 

· The gravitational force of attraction between the sun and the planet provides the necessary centripetal force to the planet to be in its orbit. 

· The work done by a centripetal force is zero.

Centrifugal Reaction :
· Centrifugal reaction is the radial force which acts outwards on the agency making the body to move in a circular path. 

· Centripetal force and centrifugal reaction form action - reaction pair. 

· The sun exerts centripetal force on earth and the earth in turn applies centrifugal reaction on the sun. 

· Centrifugal reaction[image: image383.png]


.

Centrifugal Force : 
· The accelerated frame of reference is the frame of reference which is moving with an acceleration. 

· When a body revolving round in a circular path is in the accelerated frame of reference, it is observed that the body is experiencing a centrifugal force. 

· The magnitude of centrifugal force is equal to the centripetal force. The centrifugal force acts away from the centre. 

· The centrifugal force is a pseudo force. 

· Centripetal and centrifugal forces are not action and reaction pair.

Applications Of Centrifugal Force : 

Centrifuge: "Different substances of different densities experience different centrifugal forces". Basing on this principle the centrifuge works.



Cyclist On A Curved Road :
· A cyclist negotiating a curve of radius 'r' with a speed 'v' has to lean through an angle '' to the vertical in order not to fall down. 

· The angle of leaning q is given by [image: image384.png]



The cyclist obtains the necessary centripetal force [image: image385.png]


from the frictional force, [image: image386]mg.
[image: image387.png]



· The angle of leaning is equal to the angle of repose or angle of friction between the tyres and the road is equal totan-1[image: image388] . 

· If the road is of less friction, the angle of leaning is less and the velocity must also be less. 

· The safe velocity of a cyclist = [image: image389.png]



Banking Of Roads And Railway Tracks : 
· The roads and rail roads are banked to provide the necessary centripetal force from the normal reaction. 

· Centripetal force = horizontal component of normal reaction = N sin [image: image390]
[image: image391.jpg]




Centripetal force = Resultant of the normal reaction and weight = [image: image392.png]N+




· The angle of banking q is given by [image: image393.png]


where 'v' is the velocity of the vehicle on the road of radius 'r'. 

· The maximum velocity for a vehicle on a banked road is [image: image394.png]fratan®



. 

· For a given banking of a road the upper limit of the velocity is constant for any vehicle i.e., it is independent of the mass of the vehicle. 

· The height 'h' of the outer edge over the inner edge of a banked road of banking angle [image: image395]is given by h = l sin [image: image396]. Where 'l' is the width of the road. 

· If 'l' is the distance between the two rails and [image: image397]is the angle of banking, the height of the outer rail over inner rail is given by l sin [image: image398]. 

· For a vehicle moving on an unbanked road of radius 'r', the safe velocity v,

i) [image: image399.png]vee \a



, half of the wheel base

ii) [image: image400.png]


, h is the height of the centre of gravity from the ground.


iii) [image: image401.png]Voo T



, r the radius of the path.

· If the wheel base is more the safe velocity is more. Broad gauge trains have greater safe velocity than the meter gauge trains. 

· Sports cars which have greater safe velocity have less h. They are designed to have less height.

i) When a vehicle is moving over a bridge of convex shape, the maximum velocity with which the vehicle should move so that it does not leave the surface is v and [image: image402.png]


where 'r' is the radius of the road.
ii) When the vehicle is on the maximum height the reaction on the vehicle [image: image403.png]





iii) When the vehicle is moving in a 'dip' the reaction on the vehicle [image: image404.png]





motion in a vertical circle : 
· A particle of mass 'm' suspended by a thread is given a horizontal speed 'u', when it is at 'A', it moves in a vertical circle of radius 'r' 

· When the angular displacement of the particle is '[image: image405]', ie when the particle is at p.

a) Speed of the particle
v = [image: image406.png]


where u is the velocity at A, the lowest point 

b) Centripetal force mv2/r = T - mg cos [image: image407]

c) The speed of the particle continuously changes. It increase while coming down and decreases while going up

d) This is an example for non-uniform circular motion.

e) Tangential acceleration = g sin [image: image408]

f) Tangential force = mg sin [image: image409]

g) Tension in the string T = mv2/r + mg Cos [image: image410]

h) Velocity, speed, K.E, linear momentum, angular momentum, angular velocity, all are variables. Only total energy remains constant
[image: image411.jpg]



· Tensions at lowest point (i.e, [image: image412]= 0) is given by

T = (mv2/r) + mg and is maximum.
Where V is the velocity at the lowest point.

· Tension at the highest point (i.e, [image: image413]= 180º) is

where T = (mv2/r) - mg. and is minimum 'V' is the velocity at highest point

· Condition to complete the circle by the particle

a) Tension at the highest point should be zero
T = 0
(mv2/r) - mg = 0 
v2 = rg
v = [image: image414.png]



Where 'v' is the minimum velocity at the highest point.


b) Minimum velocity 'v' is independent of mass of the particle.

· The minimum velocity at the lowest point to just complete the circle is

u = [image: image415.png]5 gr




· If u <[image: image416.png]Jigr



 , the body oscillates about A. 

· If[image: image417.png]Jigr



< u <[image: image418.png]5 gr



 the body leaves the path without completing the circle. 

· When the body is projected horizontally with a velocity u = [image: image419.png]5 gr



from the lowest point A,

a) It completes the circle

b) Velocity at the top B is [image: image420.png]Vgr



and called the critical speed

c) Tension in the string at the top T2 = 0

d) Tension in the string at the lowest point T1 = 6mg. It is the maximum tension in the string.)

e) T1 - T2= 6mg. 

f) Velocity at the horizontal position ie, at C
VC = [image: image421.png]




g) Tension in the string at C = 3 mg

h) Ratio of velocities at A,B and C = [image: image422.png]S5ARAT





i) Ratio of K.E at A,B and C = [image: image423.png]




j) Velocity at an angular displacement is given by V = [image: image424.png]S3gr+2gr cos 8





k) Tension at angular displacement 'q' is given by T = 3mg (1+Cos [image: image425])

· When the body is rotated at a constant speed, 'v'

a) Tension in the string at the lowest point
T = (mv2/r) + mg

b) Tension in the string at the highest point T = (mv2/r) - mg

c) Tension in the string at the horizontal position T = (mv2/r)

d) Time period of revolution if v =[image: image426.png]g



is
T = 2[image: image427.png]



· In the following cases, the minimum velocity of the body at the highest point should be [image: image428.png]



a) To rotate a can full of water, without water spilling out even at the highest position

b) In circus, for a motor cyclist to drive the cycle in a vertical circle inside a cage.

c) For the pilot of an aeroplane who is not tied to his seat, not to fall down while looping a vertical circle.

· Maximum safe speed of a car going on a convex bridge to travel in contact with the bridge is [image: image429.png]


. 

· A ball of mass 'm' is allowed to slide down from rest, from the top of a incline of height 'h'. For the ball to loop in a loop of radius 'r'

a) Minimum height of smooth incline h =[image: image430.png]




b) 'h' is independent of mass of the ball

· A ball of mass 'M' is suspended vertically by a string of length 'l'. A bullet of mass 'm' is fired horizontally with a velocity 'u' on to the ball sticks to it. For the system to complete the vertical circle, the minimum value of 'u' is given by u = [image: image431.png]



· A body is projected with a velocity 'u' at the lowest point

a) Height at which velocity u = 0. is h = u2/2g [image: image432.png]{If v =.\2er)





b) Height at which Tension T = 0 is h = [image: image433.png]! +rg]
3g




[image: image434.png]{If J2er <u <. f5er)




c) Angle with vertical at which velocity v = 0. is Cos [image: image435]= 1- [image: image436.png]




 INCLUDEPICTURE "http://testonline.in/templates/default/images/tests_cloaked/GOIIT/ch0073/Class%2011%20ch%206%20Work%20power%20energyContents_clip_image062.gif" \* MERGEFORMATINET [image: image437.png]




d) Angle with vertical at which the tension T = 0 is Cos [image: image438]= 2/3 - u2/3 gr

e) Tension in the string at an angular displacement [image: image439]with vertical is
T = mu2/r - mg (2-3 cos [image: image440]) 





WHEN A BODY IS ROTATED IN A HORIZONTAL CIRCLE :
· The body can be rotated with uniform speed or non-uniform speed. 

· When the body is moving round with uniform speed.

i) It has centripetal force of constant magnitude equal to [image: image441.png]


.
ii) It has tension of constant magnitude [image: image442.png]




iii) Its KE remains constant.
iv) It has centripetal acceleration of constant magnitude [image: image443.png]S



or [image: image444.png]


.

· As the weight of the body is acting vertically downwards it does not effect the centripetal force and hence tension. 

· When the body is whirled with increasing speed or decreasing speed,

i) its centripetal force is changing in both magnitude and direction.

ii) it has tangential acceleration aTand centripetal acceleration or radial acceleration ar.
iii) its acceleration 'a' is equal to [image: image445.png]@} +ai





iv) its acceleration changes both in magnitude and direction.

· When the body is rotating such that the centripetal force is greater than breaking force of the string it snaps and the body flies off in a tangential direction.

 

· Features of Laws of Motion
1. A particle at rest or moving with uniform velocity relative to an observer is said to be in the state of equilibrium.

2. If a particle is in equilibrium vector sum of the forces acting on it is zero [S [image: image446.png]


= [image: image447.png]


]

3. If a particle at rest continues to be at rest or a particle moving with uniform velocity, continues to move with uniform velocity, the net force acting on the particle is zero. (Newton's 1st Law)

4. If a net force acts on a particle it accelerates.

5. The inability of a body to change its direction of motion by itself is inertia of direction. eg. The sparks coming out of a grinding stone are tangential to the rotating stone.
6. The linear momentum of a particle is the product of its mass and velocity. 
[image: image448.png]




7. According to Newton II law of motion, the rate of change of linear momentum of a particle is equal to the net force on the particle. The direction of the net force on the particle will be in the direction of the change in momentum of the particle and it need not be in the direction of velocity
[image: image449.png]


Newton II law
8. If the mass of a particle is constant, the net force acting on the particle according to Newton II law is
[image: image450.png]



S Fx=max 
S Fy=may 
S Fz=maz 


9. The second law provides a method to measure force
[image: image451.png]



1 kg wt = 9.8 Newton. 
1 gm wt = 980 dyne


10. Forces acting for a short duration and which vary with time are impulsive forces.
Ex. : a) Collision between two billiard balls
b) Nail driven into a wall by striking it with a hammer.



11. The impulse of a force is defined as the product of the average force and the time interval for which it acts.
Impulse J = FAV D t = [image: image452.png]



Impulse momentum theorem = [image: image453.png]



· Inertial frames of reference : 
a) Frames of reference in which Newton Laws of motion are applicable.

b) Inertial frames of reference move with uniform velocity relative to each other.

c) Force acting on an object due to its interaction with another object is called a real force.

d) All fundamental forces of nature are real.

e) Real forces form action, reaction pairs.

Ex. : Normal force, Tension, weight, spring force, muscular force etc.
f) Equation of motion relative to an observer in an inertial frame is 
[image: image454.png]


real = [image: image455.png]



(m is the mass of the body having acceleration [image: image456.png]


relative to the observer.

g) Observers in all inertial frames, measure the same acceleration for a given object but might measure different velocities.

h) Observers in all inertial frames, measure the same net force acting on a given object.

i) Basic laws of physics are identical in all inertial frames of reference.

j) Inertial frames of reference are called Newtonian or Galilean frames of reference. 

· Non-Inertial frames : 
a) Frames of reference in which Newton Laws are not applicable.

b) Such frames accelerate relative to inertial frames.

c) Earth by definition is a non-inertial frame, because of its rotation about its axis and revolution around the sun. However in many applications it can be approximated to an inertial frame because acceleration of the earth due to its rotation and revolution is negligible.

d) Examples for non-inertial systems :

1) Accelerating car
2) Car going round a curve
3) Merry go round
4) Artificial Satellite
5) Accelerating elevator etc.,


e) Pseudo Force : Force acting on an object relative to an observer in a non-inertial frame, without any interaction with any other object of the universe.

Pseudo force examples : (Centrifugal force, deflection of pendulum relative to accelerating car, gain or loss of weight experienced in an accelerating elevator.
g) Pseudo force does not possess a reaction counter part.

h) Pseudo force exist for observers only in non-inertial frames, such forces have no existance relative to an inertial frame.

i) In order to explain the dynamics of a body relative to non-inertial frame, we must consider real as well as Pseudo forces acting on the given body.

j) If is the acceleration of a non-inertial frame. The Pseudo force acting on an object of mass m, relative to an observer in the given non-inertial frame is 
[image: image457.png]




i.e. Pseudo force acts on an object opposite to the direction of acceleration of the non-inertial frame. 

k) Equation of motion relative to non inertial frame is 
[image: image458.png]T Froat+ Freenso —=m a’





where a1is the acceleration of body relative to non-inertial frame.
l) Centrifugal force : It is a pseudo force experienced radially outward by an object relative to the object, moving in a circular path relative to an inertial frame. The centrifugal force is given by . 

[image: image459.png]




(V = speed of object relative to inertial frame) 

· ROCKET PROPULSION: 
a) Rocket is an example of system of variable mass. Motion of the rocket is based on the principle of conservation of linear momentum and Newton's third law of motion. 

b) Momentum of rocket before launching is zero. When exhaust gasses rushes out of the rocket with high velocity, to obey the law of conservation of linear momentum, the rocket rises upwards.

c) Instantaneous force on the rocket :

[image: image460.png]d



is the rate of mass of the exhaust gases coming out of the rocket and 'u' is the velocity of the exhaust gas at that instant of the time with respect to the rocket, then the instantaneous force on the rocket ([image: image461.png]


) is given by = --- [[image: image462.png]&



]. Here 'u' is negative with respect to the direction of motion of the rocket. In the absence of gravitational force and air resistance, the rocket raises under the action of this instantaneous force ([image: image463.png]


). 

d) If 'm' is the mass of the rocket and un-burnt fuel at any instant of time 't', then force with which the rocket moves against gravity ma = u[[image: image464.png]


] - mg. Where 'a' is the instantaneous acceleration of the rocket. 

e) Let the mass of rocket and fuel at instant t = 0 is m0and the initial velocity at that instant is V0. At an instant t = t let mass of the rocket and unburnt fuel is 'm' and velocity is V m = m0- [image: image465.png]dt



.t

= (me+ mleft over fuel ) where meis the mass of empty rocket v = v0+ uloge([image: image466.png]


) - gt 

As time progresses, the mass of rocket decreases, the velocity of rocket increases or rocket accelerate.


f) Burnt out speed of the rocket : The speed of the rocket when the entire fuel gets burnt is called burnt out speed of the rocket which is the maximum speed attained by the rocket.
The burnt out speed vb= V0+ u loge[image: image467.png]BB



- gt. where meis the mass of the empty rocket (i.e. mass of the rocket without fuel) :


Friction 
1. The force of friction is a force of contact between two surfaces which acts tangentially to the two surfaces in contact, and opposes or tends to oppose, the relative motion between the two surfaces.

2. The force of friction is a self adjusting force and is macroscopically a non-conservative force. It is fundamentally an electromagnetic force.

3. (a) The force of contact between two surfaces, perpendicular to the surfaces in contact is called normal force (N).

(b) The value of normal force depends upon position of body.

(c) When body is placed in horizontal surface 
N = mg 


[image: image468.png]



(d) When body placed in inclined surface
N = mg cos [image: image469.png]




[image: image470.png]




(e) When body held against vertical surface 
N = F





[image: image471.png]Mg (extermal force)





(f) Number of normal forces are number of surfaces in contact. 

4. If f and N represent the force of friction and normal force between two surfaces. The net contact force is given by [image: image472.png]R=
2 N2




[image: image473.png]




5. The angle (q) made by the net contact force with the normal force is called angle of friction.

6. If q is the angle of friction [image: image474.png]tan 6




· Types of friction 

7) Static Friction : The force of friction between two surfaces when the two surfaces are at rest relative to each other. 

Characteristics of static friction :

a) When there is no component of external force parallel to the two surfaces in contact with each other, the force of static friction is zero.

b) When an external force is applied parallel to one of the surfaces in contact with each other, and the two surfaces are at rest relative to one another, the force of static friction between the two surfaces is equal to the applied force.

c) In the above case, if the surfaces continue to remain at rest relative to one another, the force of static friction always equals the external force and increases as the external force increases.

d) The force of static friction between two surface attains a maximum value when, the two surfaces just begin to slide or slip relative to each another.

e) The maximum force of static friction (fs) equals the external force applied parallel to one of the two surfaces, required to just cause sliding or slipping between the two surfaces.

f) The maximum force of static friction between two surface is also called limiting frictional force.

g) The limiting frictional force between two surfaces is given by [image: image475.png]


ms is called the coefficient of static friction between the two surfaces and N is the normal force between the two surfaces.


h) The static frictional force between two surfaces is f [image: image476.png]


msN

i) msis a dimensionless, unit less physical quantity which depends upon the nature of the surfaces in contact with each other, condition of the surfaces (presence of impurities, extent of roughness, presence of lubricant, temperature etc).

j) msbetween two given surfaces is independent of the normal force between the two surfaces.

k) ms> 0, it can also be greater than one, but in most of the cases it is less than one.

j) If qs is the angle of limiting friction between two surfaces tan qs = ms 

· Kinetic friction or Sliding friction or Dynamic friction

a) It is the force of friction which acts between two surfaces, only when they slide or slip relative to each other.

b) The force of kinetic friction between two surfaces (fk) equals the force needed to be applied to one of the surfaces, parallel to the surfaces in contact with other, such that the two surfaces slide relative to each other with uniform velocity.

c) More force is needed to set a body into motion, than to keep it moving with uniform velocity on a surface.

d) The force of kinetic friction between two given surfaces is less than the limiting frictional force between the two surfaces (fk< fs)

e) The force of kinetic friction between two surfaces is independent of relative velocity between the two surfaces, provided the velocity is neither to low nor too large.

f) The force of kinetic friction between two surfaces is given by fk= mkN

g) mkis the coefficient of kinetic friction, which is a dimensionless, unitless constant and depends upon the nature of the surfaces in contact with each other and the condition of the surfaces in contact with each other.

f) mk< msfor a given pair of surfaces.

g) The angle of kinetic friction between two surfaces qkis given by tan qk= mk 

h) qk< qkfor a given pair of surfaces 

· Rolling friction :


a) Rolling friction comes into play when a body such as a wheel rolls on a surface.

b) Rolling friction arises out of the deformation of the two surfaces in contact with each other.

c) Greater the deformation, greater is the rolling frictional force.

d) The rolling frictional force is inversely proportional to the radius of the rolling body.

e) The rolling frictional force between two given surfaces is less than kinetic and limiting frictional forces.

f) If mRis the coefficient of rolling friction mR< mk< msfor a given pair of surfaces.

g) Ball bearings are used in machinery parts because rolling friction is least.

h) Radial tyres used in cars reduce rolling friction. 

· Laws of friction : The force of friction between two dry surfaces is

a) Independent of area of contact of the two surfaces.

b) Directly proportional to the normal force between the two surfaces (f a N) 

· Causes of friction: 
a) Due to interlocking of the irregularities of the two surfaces 

b) Due to cold welding of the peak points of the two surfaces

c) Due to surfaces adhesion i.e. due to intermolecular forces of attraction between the molecules of the two surfaces 

· Methods to reduce friction

a) By lubricating the surfaces in contact with each other.

b) By polishing the surfaces in contact with each other.

c) Excess polishing increases friction rather than reducing it, because surface adhesion is increased.

d) Streamlining the shape of a body for minimizing air friction. 

· Uses of friction in our daily life :
a) We walk on ground because of friction between our feet and ground.

b) Automobiles are driven because of friction between tyres and ground.

c) Nail driven into a wall is held in the wall because of friction

d) Friction helps us in holding our pen while writing.

e) Coal is transported across large distances on a conveyer belt because of friction.

f) Friction between the atmosphere and meteors causes them to burn out in the atmosphere before striking the earth. 

· Disadvantages : 
a) Most of the energy supplied to machines is wasted in doing work against friction. This reduces the efficiency.

b) Friction causes wear and tear of machinery parts. 

· Block on a rough fixed horizontal surface 
a) If applied force F = 0, the force of friction is zero.

b) If applied force F < fs, the block does not move and the force of friction is f = F

c) If applied force F = fs block just slides and frictional force fs = ms N

d) If we continue to apply a force F = fs, the block slides with an acceleration given by a = (ms- mk) g

e) Once the block slides, force of friction on the block is kinetic frictional force (fk)

f) If the block slides with an acceleration under the influence of an external force F, the acceleration of the block is [image: image477.png]




g) If the block slides with uniform velocity, the applied force is F = fk 

· Sliding block on a horizontal surface coming to rest : 

[image: image478.png]




a) If a block having initial velocity u slides on a rough horizontal surface and comes to rest, the acceleration of the block is a = -mkg

b) Distance travelled by the block before coming to rest is[image: image479.png]





c) time taken by the block to come to rest is[image: image480.png]e



 

· Pulling a block or roller
[image: image481.png]F
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a) If the pulling force is such that F cos [image: image482.png]


< fs, the block will be at rest and the force of friction between block and the surface is f = F cos [image: image483.png]




b) The normal force is N = mg - F sin [image: image484.png]




c) Force needed to just slide the body is[image: image485.png]Fo_ W mE mgsin ¢
05 B+ 11, 5in0  cos(B-4)



 where f is the angle of friction between the two surfaces.

d) If the applied force is greater than the above value, block slides with an acceleration and the force of friction between the block and the surface is fk.

e) The minimum possible force among all directions required to just move the body is mg sin[image: image486.png]


 or 

[image: image487.png]


where f is the angle of friction. The force must be applied at angle ? to the horizontal at an angle equal to angle of friction f.

· Pushing a block or Roller : 
a) If the pushing force is such that F cos [image: image488.png]


< fs, the block will be rest and the force of friction between the block and the surface is f = F cos [image: image489.png]


.
[image: image490.png]mg




b) The normal force is N = mg + F sin q
c) Force needed to just slide the body is [image: image491.png]F g Bemgsing
030 py 0B coX8+ G)



where f is the angle of friction. 

· A chain of uniform length 'L' is placed on a rough horizontal table. The coefficient of friction between the chain and table is m then the maximum fractional length of chain that can be hung freely from the edge of the table is [image: image492.png]


= [image: image493.png]




Minimum fraction of length of chain that can be on the table is [image: image494.png]




Block pressed against a vertical wall :
A body of mass 'm' is pressed against a vertical wall with a horizontal force 'F'. The normal force is F. If the coefficient of static friction is ms, then block will be about to slide down if ms F = mg 

· A vehicle is moving on a horizontal surface. A block of mass 'm' is stuck on the front part of the vehicle. The coefficient of friction between the truck and the block is 'm'. The minimum acceleration with which the truck should travel, so that the body may not slide down is a = [image: image495.png]






Block on a smooth inclined plane 
a) N = mg cos [image: image496.png]




b) acceleration of sliding block(a = g sin [image: image497.png]


)

c) If l is the length of the inclined plane and h is the height. The time taken to slide down starting from rest from the top is[image: image498.png]A _ 1 [h
gsin®  sin6Y g




[image: image499.png]




d) Sliding block takes more time to reach the bottom than to fall freely from the top of the incline.

e) Velocity of the block at the bottom of the inclined plane is [image: image500.png]V= /2¢lsin6 = 2gh



same as the speed attained if block falls freely from the top of the inclined plane.


f) If a block is projected up the plane with a velocity u, the acceleration of the block is a = -g sin [image: image501.png]





g) Distance travelled up the plane before its velocity becomes zero is [image: image502.png]Tgsin®






h) time of ascent is [image: image503.png]Zome




· Block on a rough inclined plane 

a) Angle of repose a : It is the angle of inclination of the inclined plane with the horizontal for which block just begins to slide down.
[image: image504.png]mgdos® Ymg





b) If [image: image505.png]


is the angle of repose [image: image506.png]


s= tan a 

c) The angle of repose is the angle of static friction

d) The angle of inclination is q less than a, the block does not slide down, it is at rest. The force of friction f < fs and is equal to 
f = mg sin [image: image507.png]


[mg sin [image: image508.png]


< fs]

e) If the angle of inclination is [image: image509.png]


equal to [image: image510.png]


. then the block is in limiting equilibrium. The force of friction is 
f = fs = [image: image511.png]


s mg cos [image: image512.png]


[mg sin [image: image513.png]


= fs]

f) If the inclination is maintained at [image: image514.png]


, the block will eventually slide down with an acceleration equal to[image: image515.png]




g) If the block slides down the inclined plane with uniform velocity [image: image516.png]


k= tan [image: image517.png]


where [image: image518.png]


is the angle of inclination of the inclined plane.

h) If , the block slides down with an acceleration given by a = g [sin [image: image519.png]


- [image: image520.png]


k cos [image: image521.png]


] [mg sin [image: image522.png]


> fs]

i) If [image: image523.png]


> [image: image524.png]


, and the block slides down from the top of the inclined plane. Velocity at the bottom of the plane is[image: image525.png]V = /2gI(sinB - iy 056}
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j) In the above case time of descent is[image: image526.png]L
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k) The time taken by a body to slide down on a rough inclined plane is 'n' times the time taken by it to slide down on a smooth inclined plane of same inclination and length, then coefficient of friction is [image: image527.png]





l) If a block is projected up a rough inclined plane, the acceleration of the block is a = -g[sin q + [image: image528.png]


k cos [image: image529.png]


] 


m) Force opposing the motion of the block is F = mg sin [image: image530.png]


+ [image: image531.png]


kmg cos [image: image532.png]





n) The distance traveled by the block up the plane before the velocity becomes zero is [image: image533.png]Ba{o iy o)






o) The time of ascent is [image: image534.png]


In the above case the block will come down sliding only if q a.

p) In the above case if time of decent is n times the time of ascent, then [image: image535.png]b =tant|








q) Force needed to be applied parallel to the plane to move the block up with constant velocity is
F = mg sin [image: image536.png]


+ [image: image537.png]


kmg cos [image: image538.png]




r) Force needed to be applied parallel to the plane to move the block up with an acceleration a is 
F = mg sin [image: image539.png]


+ [image: image540.png]


kmg cos [image: image541.png]


+ ma


s) If block has a tendency to slide, the force to be applied on the block parallel and up the plane to prevent the block from sliding is
F = mg sin [image: image542.png]


- [image: image543.png]


smg cos [image: image544.png]



1. Wave Motion: 
a) The sound waves can also be called as elastic waves and medium is needed for their propagation. Their velocity is different for different media. 

b) The velocity of sound waves depends on the property of inertia and coefficient of elasticity of that medium. 

c) In this type of motion the energy is transferred from one point to other by the propagation of disturbance in the medium. The motion of disturbance is called the wave motion. 

d) In simple harmonic wave the particles of the medium executes simple harmonic motion. Each particle of the medium executes simple harmonic motion at all the times, though the phase of its vibration depends on its position and time. 

On the basis of vibration of the particle waves are classified in two types: 

<!--[if !supportLists]--> (a)   Transverse waves. 

<!--[if !supportLists]--> (b)   Longitudinal waves. 
(a) Transverse waves:
The particles of medium vibrate in a direction perpendicular to the direction of propagation of wave. Their polarization is possible. Example: Vibration of string, the surface waves produced on the surface of solid and liquid. 
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    Fig (1) 
(b) Longitudinal waves:
Vibrations of the particles of the medium are in the direction of wave propagation wave proceeds in form of compression and rarefaction. At places of compression the pressure and density are maximum, while at places of rarefaction those are minimum. 

Example: Sound waves, waves is gases, waves is solids. 

       SHAPE  \* MERGEFORMAT 
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                                                 Fig (2) 

 SHAPE  \* MERGEFORMAT 
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2) Points related to Wave Motion: 
1) Amplitude: The maximum displacement of a vibrating particle of the medium from the mean position. 

2) Time period (T): The time taken by the particle to complete one vibration. 

3) Frequency: The number of vibration in one second by the particle n = 1/T. 

    Angular Frequency <v:shape
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4) Wavelength <v:shape
</v:shape
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: The distance between two consecutive particles vibrating in the same phase. 

Or 

The distance between two consecutive crests or trough. 

Or 

The distance between two consecutive compressions or rarefaction. 

<v:shape
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Here v is the velocity of wave. 
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 is the wave propagation vector which is written as: 
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being the unit vector along the direction of wave propagation then, 
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                                                            Fig (3) 
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3) Equations for the progressive Simple Harmonic Waves: 
1) The equation of a wave moving along the direction of positive X-axis is <v:shape
</v:shape
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Where ‘a’ is the amplitude,  SHAPE  \* MERGEFORMAT 
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is the phase difference and ‘y’ is the displacement of a particle. 

2) The equation of a progressive wave moving along the direction of negative X-axis is 
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3) The general equation of wave moving along X-axis is: 
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4) Other equation for a progressive wave moving along the direction of positive X-axis is: 

             SHAPE  \* MERGEFORMAT 
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            Is propagation constant or wave vector 

             SHAPE  \* MERGEFORMAT 
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                  SHAPE  \* MERGEFORMAT 
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Points to remember: Wave equation can be shown by any of the following relations: 
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All these waves are also called as ‘sinusoidal’ waves. 

4) Necessary Condition for two particles to be in same phase or in opposite phase: 
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5) Intensity of waves, Energy Density: 
1) Intensity (I): Amount of energy flowing per second from unit area of the medium in a direction perpendicular to the propagation of wave. 
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2) For a given medium (  SHAPE  \* MERGEFORMAT 
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and v are constants)  SHAPE  \* MERGEFORMAT 
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3) Unit of Intensity: Joule/m2 second or watt/m2. 

4) Energy density (E): Energy per unit volume of the medium  SHAPE  \* MERGEFORMAT 
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5) For second waves the intensity obeys the inverse square law. If the distance between the source and the point of observation is ‘x’ then  SHAPE  \* MERGEFORMAT 
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	6) Superposition of Waves: 
1) If two or more waves propagate in a medium simultaneously, then the resultant displacement of the particle of the medium is given by the vector sum of displacements produced by the individual wave. 

2) If the displacement produced by different waves are respectively 
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Then the resultant displacement of particle is given by, 
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3) Resultant displacement depends on 

a) Amplitude 

b) Phase difference 

c) Frequencies 

d) Direction of propagation of waves 

4) Different phenomena occurring as a result of superposition of waves are 

            a) Interference 

            b) Beats 

            c) Stationary waves 

            d) Lissajous figures. 

7) Interference: 
1) As a result of superposition of two waves of same frequency traveling in the same direction simultaneously, the phenomenon of intensity of resultant wave becoming maximum and minimum is called as interference. 

2) Equation of resultant wave formed by superposition of two waves: 
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Amplitude of the resultant wave 
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3) Intensity of the resultant wave  SHAPE  \* MERGEFORMAT 
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I1 and I2 are separate intensities of the superposing waves. 

4) Law of conservation of energy is obeyed in interference also, only the energy of the medium is redistributed. 

8) Constructive and Destructive Interference: 
1) When superposing waves are in the same phase then  SHAPE  \* MERGEFORMAT 
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The amplitude of the resultant wave  SHAPE  \* MERGEFORMAT 
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In this condition the interference is called ‘constructive interference’ 

2) For <v:shape
</v:shape
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 is zero or even multiple of <v:shape
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, where n = 0, 1, 2, ----------------   or path difference of waves. 
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3) Then in above condition, the intensity of resultant wave is maximum. 
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4) If the interfering waves are in opposite phase then  SHAPE  \* MERGEFORMAT 
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, and path difference 
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In this condition the amplitude of the resultant wave 
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Interference of this kind is called the ‘destructive interference’. In this condition the resultant intensity is also minimum. 
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5) Ratio of maximum intensity and minimum intensity of a wave is 
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6) To observe clear interference: 

a) Phase difference of the waves must be fixed. 

b) Amplitude of the waves must be equal. 

9) Beats: 
1) When two progressive sound waves of nearly equal frequencies superpose while traveling in the same direction, then the intensity of the resultant sound increases and decreases with time. 

2) The increase and decrease (waxing and waning) of intensity of sound occurs with a regular interval. This regular waxing and waning of sound is called Beats. One decrease and one increase together make one BEAT. 

3) Number of beats produced in one second is called to be beat frequency. 

4) If the frequencies of the waves are m and n (m>n), then beat frequency = mn. This difference must not be greater than 10Hz, otherwise beats are not heard. 
5) Beat period = 1/ N = 1/ (m-n). 

6) If the waves producing beats are 
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Then the equation of the resultant wave is 
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And the amplitude of the wave is; 
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10) APPLICATION OF BEATS: 
1) In the tuning of radio receiver. 

2) In manufacturing the electronic oscillators of less and stable frequencies. 

3) In detecting poisonous gases produced in mines. 

4) In the tuning of musical instruments. 

5) In determining unknown frequency of tuning fork: Let the known frequency of the tuning fork be ‘m’, unknown frequency be ‘n’ and the number of beats produced be ‘N’ while playing these two together. 

(a) If by putting some wax on the arm of unknown frequency tuning fork: 

            If the beat frequency decreases then n = m+N. 

            If the beat frequency increases then n = m-N. 

            (b) If by putting wax on the arm of known frequency tuning fork: 

            If the beat frequency decreases, then n = mN. 

            If the beat frequency increases, then n = m+N. 

            (c) If the arms of unknown frequency tuning fork are filled then: 

            If the beat frequency increase n = m+N. 

            If the beat frequency decrease n = mN. 
11) Reflection of sound waves when wave posses from one medium to the other: 
(a) Reflection from a rigid wall or a denser medium: 
1) Phase change of <v:shape
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[image: image593.jpg]


. 

2) Change of <v:shape
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 in the path difference 
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3) No change in the nature of wave. 

4) Compression is reflected as compression and rarefaction as a rarefaction. 

5) Node is always formed at rigid surface 

6) Direction of wave is changed. 

(b) Reflection from rare medium: 
1) No change in the phase. 

2) No change in the path difference 

3) No change in the nature of wave. 

4) Compression is reflected as rarefaction while rarefaction as compression. 

5) Antinode is formed at the surface of a rare medium. 

6) Direction of the wave is changed. 

12) stationary waves: 
1) This is the wave produced by the superposition of two identical waves traveling along the same straight line but in opposite direction. 

2) Energy is not transferred by these waves in the medium. It is only redistributed. 

3) If <v:shape
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be the propagation wave along +ve x-axis and  SHAPE  \* MERGEFORMAT 
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be the progressive wave along –ve x-axis, then for the resultant stationary wave. 
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4) Its amplitude is <v:shape
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this depends on position x. 

5) Antinodes: At these points the amplitude of the vibrating particles is maximum 
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and the change in pressure and the density is minimum. 

6) For the positions of antinodes: 
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7) Nodes: At these points the amplitude of particles is minimum and the change in pressure and density is maximum. 
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13) for stationary waves: 
1) Waves produce nodes and antinodes at regular points in limited medium. 

2) The distance between to consecutive nodes/ antinodes is  SHAPE  \* MERGEFORMAT 
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. 

3) Distance between a node and an adjacent antinode is  SHAPE  \* MERGEFORMAT 
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. 

4) Particles situated between two nodes execute simple harmonic motion whose amplitude is different but frequencies are same. 

5) Amplitude depends on the position of the particle; maximum amplitude is obtained at antinodes and zero amplitude at the nodes. 

6) The particles situated between two consecutive nodes vibrate in the phase with different amplitudes while the particles situated on either side of a node vibrate in the opposite phase. 

14) vibration in a stretched string: 
1) Transverse progressive wave is produced in a stretched string. 

2) Node is always formed at fixed end of string. 

3) Velocity of the waves produced in a stretched string is 
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Where T = tension and m = mass per unit length of string. 

Given density of material of string is d; radius is r, then; 
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4) For a string fixed at both the ends, nodes are formed at the ends. 

5) If the length of a string is L and p loops are formed in it, then the frequency of string 
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<!--[if !supportLists]--> (a)   When p=1, then  SHAPE  \* MERGEFORMAT 
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. In this condition string vibrates in one loop. <v:shape
</v:shape
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is called the fundamental frequency. This is also called first harmonic. 

<!--[if !supportLists]--> (b)   If p =2, then  SHAPE  \* MERGEFORMAT 
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. In this condition  SHAPE  \* MERGEFORMAT 
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is called the second harmonic or the first overtone. 

<!--[if !supportLists]--> (c)   If p=3, then  SHAPE  \* MERGEFORMAT 
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is called third harmonic or the second overtone. 

<!--[if !supportLists]--> (d)   In strings all harmonics are produced and their ratio is ; 
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<!--[if !supportLists]--> (e)   Some harmonics are shown in the figure 

 SHAPE  \* MERGEFORMAT 
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                                                                  Fig (4) 

15) laws of vibration of a stretched string: 
1) Law of length: <v:shape
</v:shape
id="_x0000_i1098" type="#_x0000_t75" style='width:84pt;height:33.75pt'>
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where T and m are constants. 

2) Law of tension: <v:shape
</v:shape
id="_x0000_i1099" type="#_x0000_t75" style='width:105pt;height:38.25pt'>
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where L and m are constants. 

3) Law of mass: <v:shape
</v:shape
id="_x0000_i1100" type="#_x0000_t75" style='width:110.25pt;height:38.25pt'>

[image: image620.png]


where L and T are constants. 

4) Law of radius: <v:shape
</v:shape
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where d, L and T are constants. 

5) Law of density: <v:shape
</v:shape
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where r, T and L are constants. 

On the basis of above Laws the formulae of frequency of vibration of string are: 
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M being the mass hanged on string. 

16) melde’s experiment: 
1) In a vibrating string of fixed length, the product of number of loops of loops in a vibrating string and square root of tension is a constant or 
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2) <v:shape
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3) In longitudinal vibration system the frequency of tuning fork is given by; 

    = 2  (vibration frequency of string) 
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4) In this experiment vibrations of string are always transverse, but in longitudinal vibration system; the vibrations of arms of the tuning fork are along the direction of string. This experiment is also based on the stationary (transverse) waves. 

17) vibration of air columns in pipes: 
The pipe which contains air and in which sound vibrations are produced is called organ pipe. 

1) CLOSED PIPE: 

(a) One end of the pipe of this kind is closed and the other end is open. 

(b) Node is formed at closed end and antinodes at the open end. In this pipe, number of antinodes and nodes are the same. 

(c) Closed end of pipe reflects the compression as compression and rarefaction as rarefaction open end of the pipe reflects compression as rarefaction while rarefaction as compression. 

(d) For a pipe of length L, the frequency of fundamental node of stationary waves produced. Fundamental frequency  SHAPE  \* MERGEFORMAT 
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, is same as first harmonic while other are multiples of this frequency <v:shape
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wavelength <v:shape
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. Frequency of third harmonic or the first overtone 
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Frequency of the second overtone or the fifth harmonic 
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, wavelength  SHAPE  \* MERGEFORMAT 
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These are shown in the following figure: 

 SHAPE  \* MERGEFORMAT 
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  Fig (5) 

<!--[if !supportLists]--> (a)   Fundamental node or first harmonic <v:shape
</v:shape
id="_x0000_i1116" type="#_x0000_t75" style='width:21pt;height:14.25pt'>
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<!--[if !supportLists]--> (b)   First overtone or third harmonic <v:shape
</v:shape
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. 

<!--[if !supportLists]--> (c)   Second overtone or fifth harmonic <v:shape
</v:shape
id="_x0000_i1118" type="#_x0000_t75" style='width:26.25pt;height:13.5pt'>
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. 

      Therefore the ratio of overtone is 3:5:7. 

(e) It is clear that the only odd harmonics are produced in this pipe: 
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2) Vibration of an open pipe: 

(a) These pipes are open at both ends where antinodes are formed. At these ends compression is reflected as rarefaction while rarefaction as compression. Here the number of antinodes is more than that of nodes. 

(b) For a pipe of length L, the frequency of fundamental node  SHAPE  \* MERGEFORMAT 
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 and wavelength <v:shape
</v:shape
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First overtone or second harmonic frequency  SHAPE  \* MERGEFORMAT 
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, wavelength  SHAPE  \* MERGEFORMAT 
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Second overtone or third harmonic frequency  SHAPE  \* MERGEFORMAT 
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wavelength  SHAPE  \* MERGEFORMAT 


style='width:45pt;height:30.75pt'>

These are shown in the following figure: 

 SHAPE  \* MERGEFORMAT 
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                                   Fig (6) 

<!--[if !supportLists]--> (a)   Fundamental node or first harmonic <v:shape
</v:shape
id="_x0000_i1127" type="#_x0000_t75" style='width:21pt;height:15pt'>
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<!--[if !supportLists]--> (b)   First overtone or second harmonic <v:shape
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<!--[if !supportLists]--> (c)   Second overtone or third harmonic <v:shape
</v:shape
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Clearly in open pipe all the harmonics are produced. The ratio of the frequencies is: 
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In this condition the ratio of overtone is 2:3:4:5: ………… 

End correction: e = 0.6r, where ‘r’ is the radius of pipe. Therefore for a closed pipe the effective length of the air column = L+e = L + 0.6r. 

For open pipe the effective length of the air column is L+2e = L+1.2r. 

For a closed pipe with end correction 

<v:shape
</v:shape
id="_x0000_i1131" type="#_x0000_t75" style='width:228pt;height:31.5pt'>

[image: image651.png]%(L+e)And far open pipe, 1= (L +2e)

Y
2




By comparison: 

<v:shape
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    (For fundamental only) 

2) In open pipe all the harmonic are obtained while in closed pipe only odd harmonics are obtained. 

3) The sound produced in open organ tube is pleasing and that of the closed organ tube is less pleasing. 

18) resonance tube: 
Resonance: If the frequency of a tuning fork used is same as the frequency of vibration of air column in the tube, then the intensity of sound becomes maximum. This is said to be the condition of resonance. 

It is an example of a closed pipe in which the length of the air column can be changed by adjusting the level of water. 

Application: 
To determine the velocity of sound and the frequency of tuning fork 

Formula: 
If the first and second resonance lengths are L1 and L2 then 
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19)  
(a) Velocity of sound (Longitudinal wave) in elastic medium: 
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Where E = Coefficient of elasticity of medium, d = density 

For a solid medium: 
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, where E=Y = Young’s coefficient of elasticity 

In a liquid medium: 
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, where E=K= Coefficient of volume elasticity. 

In gaseous medium: 
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M = molecular, P = pressure, T = temperature. 

(b) In stretched vibrating wire or a string, the velocity of a transverse wave: 
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These are shown in the following figure: 

 SHAPE  \* MERGEFORMAT 
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  Fig (5) 

<!--[if !supportLists]--> (a)   Fundamental node or first harmonic <v:shape
</v:shape
id="_x0000_i1116" type="#_x0000_t75" style='width:21pt;height:14.25pt'>
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. 

<!--[if !supportLists]--> (b)   First overtone or third harmonic <v:shape
</v:shape
id="_x0000_i1117" type="#_x0000_t75" style='width:27pt;height:14.25pt'>
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. 

<!--[if !supportLists]--> (c)   Second overtone or fifth harmonic <v:shape
</v:shape
id="_x0000_i1118" type="#_x0000_t75" style='width:26.25pt;height:13.5pt'>
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. 

      Therefore the ratio of overtone is 3:5:7. 

(e) It is clear that the only odd harmonics are produced in this pipe: 
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2) Vibration of an open pipe: 

(a) These pipes are open at both ends where antinodes are formed. At these ends compression is reflected as rarefaction while rarefaction as compression. Here the number of antinodes is more than that of nodes. 

(b) For a pipe of length L, the frequency of fundamental node  SHAPE  \* MERGEFORMAT 
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 and wavelength <v:shape
</v:shape
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First overtone or second harmonic frequency  SHAPE  \* MERGEFORMAT 
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, wavelength  SHAPE  \* MERGEFORMAT 
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These are shown in the following figure: 

 SHAPE  \* MERGEFORMAT 
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                                   Fig (6) 

<!--[if !supportLists]--> (a)   Fundamental node or first harmonic <v:shape
</v:shape
id="_x0000_i1127" type="#_x0000_t75" style='width:21pt;height:15pt'>
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<!--[if !supportLists]--> (b)   First overtone or second harmonic <v:shape
</v:shape
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<!--[if !supportLists]--> (c)   Second overtone or third harmonic <v:shape
</v:shape
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Clearly in open pipe all the harmonics are produced. The ratio of the frequencies is: 
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In this condition the ratio of overtone is 2:3:4:5: ………… 

End correction: e = 0.6r, where ‘r’ is the radius of pipe. Therefore for a closed pipe the effective length of the air column = L+e = L + 0.6r. 

For open pipe the effective length of the air column is L+2e = L+1.2r. 

For a closed pipe with end correction 
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By comparison: 
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    (For fundamental only) 

2) In open pipe all the harmonic are obtained while in closed pipe only odd harmonics are obtained. 

3) The sound produced in open organ tube is pleasing and that of the closed organ tube is less pleasing. 

18) resonance tube: 
Resonance: If the frequency of a tuning fork used is same as the frequency of vibration of air column in the tube, then the intensity of sound becomes maximum. This is said to be the condition of resonance. 

It is an example of a closed pipe in which the length of the air column can be changed by adjusting the level of water. 

Application: 
To determine the velocity of sound and the frequency of tuning fork 

Formula: 
If the first and second resonance lengths are L1 and L2 then 
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19)  
(a) Velocity of sound (Longitudinal wave) in elastic medium: 

<v:shape
</v:shape
id="_x0000_i1135" type="#_x0000_t75" style='width:41.25pt;height:33pt'>
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Where E = Coefficient of elasticity of medium, d = density 

For a solid medium: 
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, where E=Y = Young’s coefficient of elasticity 

In a liquid medium: 
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, where E=K= Coefficient of volume elasticity. 

In gaseous medium: 
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M = molecular, P = pressure, T = temperature. 

(b) In stretched vibrating wire or a string, the velocity of a transverse wave: 
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20) factors affecting the velocity of sound in the gas: 
<v:shape
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5) At 00C velocity of sound in dry air = 332 m/sec, while the velocity sound in water is 1440 m/sec. At t0 C the velocity of sound will be (for low values of t, t/273<<1). 

Vt = 330+0.61 m/sec. 

6) In atomic weights of two gases are M1 and M2 respectively then 
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21) features of musical sound: 
1) Loudness: 
The quality of sound on the basis of which sound is said to be high or low. It depends on the. 

<!--[if !supportLists]--> a)      shape of the source 

<!--[if !supportLists]--> b)      intensity of sound 
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unit of L is “phone” when I is measured in decibel. 

The amplitude of a roaring lion is more than sound produced by a mosquito. 

2) Pitch: 
On the basis of this characteristic sound is said to be sharp or dull. Pitch increases with the frequency of sound. For example pitch of roaring lion is less than that of sound of mosquito. 

3) Quality: 
On the basis of this property the sound of same loudness and pitch can be differentiated. The basis of this differentiation is number of harmonics present in the sound, relative intensity etc. On increasing the number of overtones, sweetness of sound increases. Example: Whistle’s sound (closed pipe) is less sweet than that of flute (open pipe) 

22) some important information: 
1) Shock waves: A body moving with a supersonic velocity leaves behind itself a conical disturbance region. Disturbance of this kind is called a short wave. These have a large amount of energy which can damage the buildings. 

2) Frequency of infrasonic waves is less than 20 Hz. 

3) Frequency of ultrasonic waves is more than 20000 Hz. 

4) Mach number = speed of any vehicle or body/ speed of sound. 

5) Vibration of tuning fork: when tuning fork is sounded by striking its one end on rubber pad, then 

<!--[if !supportLists]--> (a)   The ends of prongs vibrate in and out while the stem vibrates up and down or        vibrations of the prongs are transverse and that of the stem is longitudinal.   Generally tuning fork produces fundamental node. 

<!--[if !supportLists]--> (b)   At the free end of a fork antinodes are formed. At the place where stem is fixed antinodes is formed. In between these antinodes, nodes are formed. 
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                                                                    Fig (7) 
<!--[if !supportLists]--> (c)   Frequency of tuning fork : 

       SHAPE  \* MERGEFORMAT 
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      t = thickness of tuning fork. 

      l = length of arm of fork. 

      E = Coefficient of elasticity for the material of fork. 

      d = density of the material of a fork. 

(d) Frequency of tuning fork decrease with increase in temperature. 

(e) Increasing the weight, the frequency of a tuning fork decreases while on filing the prongs near stem, the frequency decreases. 
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Two guassian waves travelling in opposite directions

	
	The movie at left shows two gaussian wave pulses are travelling on a string, one is moving to the right, the other is moving to the left. They pass through each other without being disturbed, and the net displacement is the sum of the two individual displacements. It should also be mentioned that this string is nondispersive (all frequencies travel at the same speed) since the Gaussian wave pulses do not change their shape as they propagate. If the medium was dispersive, then the waves would change their shape.


1. The sound wave can also be called as elastic wave and medium is needed for their propagation. Their velocity is different for different media.

2. The velocity of sound waves depends on the property of inertia and coefficient of elasticity of that medium.

3. In this type of motion the energy is transferred from one point to other by the propagation of disturbance in the medium. The motion of disturbance is called the wave motion.

4. In simple harmonic wave the particles of the medium execute simple harmonic motion. Each particles of the medium executes simple motion at all the times, though the phase of its vibratioe classified in two type; 

a) Transverse wave

b) Longitudinal waven depends on its position and time. On the basis of the particles, waves ar

Transverse wave :The particles of the medium vibrate in a direction perpendicular to the direction of wave. Their polarization is possible, example: vibration of the string, the surface of solid and liquid.
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Longitudinal wave : Vibration of the particles of the medium are in the direction of wave propagation. Wave proceeds in form of compression and rarefaction. At places of compression the pressure and density are maximum, while at places of rarefaction those are minimum.

Example: Sound wave, waves is gases, wave is solid.
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2. Some important points related with the wave motion.

(i) Amplitude: The maximum displacement of a vibrating particle of the medium from the mar position.

(ii)Time period (T) : The time taken by the particle to complete one vibration.

(iii)Frequency: The number of infraction in one second by the particle n=1/t 
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(iv) Wavelength (2) : The distance between two consecution particles infracting in the same phase 

Or

The distance between two consecutine creets or trough
Or
The distance between two consecutine compressions or rarefaction 
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here v is the nelocity of wave.[image: image697.png]


 is the wave propagation vector which is written as:[image: image698.png]
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being the unit vector along direction of wave propagation, then[image: image700.png]
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3. Equation of the progressine simple harmonic wane. 

(1) The equation of a wane moving along the direction of positine[image: image702.png]X-axisisy =a sin (wt + ¢)




where 'a' is the amplitude,[image: image703.png]


 is the phase difference and 'y' is the displacement of a particle.

(ii)The equation of a progressine wane moving along the direction of negative x - axis is[image: image704.png]=asin (wt+ ¢)






(iii) The general equation of wane moving along x- axis is:[image: image705.png]Y =asin(wt- ¢) +asin (wt + ¢)
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