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PHYSICS



MECHANICS 1.1 UNITS, DIMENSIONS AND VECTORS (i)



Always provide correct unit with the numerical answer.



(ii)



Check the dimensions of the answer if it happens to be in symbolic form. If dimensions are not matching, surely the answer is wrong.



(iii)



The angle between two vectors can be found by drawing them in such a way that their tails coincide and then the smaller of the two is called the angle between the vectors e.g. two vectors A and B are given Fig.1.1 (a) & (b). A



B



A q B



(b) Fig.(1.1)



(a)



(c)



Now, to find the angle between these, we draw them as in fig.1.1 (c) and q is the angle between the two vectors. (iv)



The magnitude of the resultant of two vectors A and B having angle q between them is given by R=



A2 + B 2 + 2 AB cos q and the resultant makes an angle f with the vector A tanf = (v)



B sin q A + B cos q



(1.1)



(1.2)



If two vectors have equal magnitude, then the resultant bisects the angle between them and has a q magnitude 2Acos . where A is the magnitude of either vector.. 2



(vi)



In order to avoid errors, always draw the given vectors as they are and then perform the operation (addition or subtraction) required for solving the question. This is specially required for problems involving change in vector quantities and also relative motion problems.



(vii)



The component of a vector perpendicular to itself is zero. This fact has important consequences in physics especially in analyzing two or three dimensional motions. To analyze such motions, we break them into mutually perpendicular components and write the equations for each direction separately.



(viii)



Scalar or Dot product of two vectors is defined as A . B = AB cos q (1.3) whenever a question talks about angle between the vectors this formula may be of use.
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2 (ix)



PHYSICS Vector or Cross product of two vectors is defined as A ´ B = AB sin q nˆ



(1.4)



where nˆ is a unit vector perpendicular to the plane containing A and B and its direction is deter-mined by right-hand rule. (x)



In terms of unit vector notation A.B = A x B x + A y B y + A z B z iˆ A A´B = x Bx



and



(xi)



ˆj Ay By



kˆ Az Bz



(1.5)



(1.6)



A vector is said to be constant, if both its magnitude and direction are constant.



1.2 ERRORS AND SIGNIFICANT FIGURES Errors If X is the average value of a number of observations of a physical quantity then X 1 - X , X 2 - X , X 3 - X ,… are the errors denoted by d1 , d 2 , d 3 …..



Average Mean Error The average of the mod of errors is called the average error. d=



| d1 | + | d 2 | + | d 3 | +..... + + | d n | n



Mean Square Error The mean of the squares of errors is called the mean square error. d2 =



d12 + d 22 + ..... + d 2n n



Root Mean Square Error The square root of the mean square error is called root the mean square (rms) error d rms =



d12 + d 22 + .... + d 2n n



Standard Error or Deviation The square root of the mean square error of a large number of observations (infinite number of observations) is called standard error or standard devation.
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PHYSICS s=



d12 + d 22 + .... + d 2n n



where n is large



If n is the number of observations then the standard deviation (s) is s=



d12 + d 22 + .... + d 2n n -1



Propagation Rule of Mean or Average Deviation or Errors Absolute errors are propagated in a sum or difference of two physical quantities. Percentage errors or deviation are propagated in a product or quotient of two physical quantities. Propagation Rules of Standard Deviations If



A = B + C then s 2A = s 2B + s C2



If



æs ö æs ö æ sA ö ÷ =ç B ÷ +ç C ÷ A = B ´ C then ç è B ø è A ø è C ø



If



æs ö æs ö æ sA ö B ÷ =ç B ÷ +ç C ÷ A= then ç C è B ø è A ø è C ø



2



2



2



2



2



2



Significant Figures of a Number Consider a number 37489210. This is quite a big number. All the figures are not equally significant here. For example the figure 1 here stands for 10 which is negligible in comparison to the figure 3 whose place value is 3000000. The figures which are significant in a number are called significant figures. These are figures occurring in the beginning of a number. The above number is 37490000, 37500000, 38000000.. up to the 4th, 3rd, 2nd places of significant figures. The rule for counting the significant figures in the measurement of a physical quantity is to count from the left up to the first doubtful figure ignoring leading zeros. Rules for Rounding off Significant Figures If the succeeding figure is greater than 5, the figure is increased by 1, otherwise it is left unchanged. If the succeeding figure be 5 itself then the figure is raised by 1 if it is odd, and left unchanged if it is even.



2.0 KINEMATICS 2.1



Motion in one Dimension Displacement The displacement of a particle is defined as the difference between its final position and its original position. We represent the displacement as Dx. Dx = xf - xi The subscripts i and f refer to be initial and final positions.
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PHYSICS



Average Velocity and Average Speed The average velocity of an object travelling along the x-axis is defined as the ratio of its displacement to the time taken for that displacement. Δx x f - x i vav = Δt = t - t (2.1) f i The average speed of a particle is defined as the ratio of the total distance travelled to the time taken. Total distance travelled Average speed = Dt Note that velocity and speed have different meanings. Average Acceleration is defined as the ratio of change in velocity to the time taken. v f - vi Δv = t -t aav = (2.2) Δt f i Instantaneous Velocity is defined as the value approached by the average velocity when the time interval for measurement becomes closer and closer to zero, i.e. Dt ® 0. Mathematically Δx v av = lim v(t) = Δtlim ®0 Δt ® 0 Δt The instantaneous velocity function is the derivative with respect to the time of the displacement function. dx(t) v(t) = (2.3) dt Instantaneous Acceleration is defined analogous to the method for defining instantaneous velocity. That is, instantaneous acceleration is the value approached by the average acceleration as the time interval for the measurement becomes closer and closer to zero. The Instantaneous acceleration function is the derivative with respect to time of the velocity function dv(t) a(t) = (2.4) dt



2.2



Graphical interpretation of Displacement, Velocity and Acceleration



Average Velocity The average velocity between two points in a given time interval can be obtained from a displacement versus-time graph by computing the slope of the straight line joining the coordinates of the two points. Instantaneous Velocity The instantaneous velocity at time t is the slope of the tangent line drawn to the position-versus-time graph at that time. x



Tangent line v =



dx dt



x v=0



Chord



Dx



vav =



v>0



Dx Dt



v f) the block starts sliding down with acceleration. And, if we wish to keep it in equilibrium an external force has to be applied.



4.0 WORK AND ENERGY 4.1



Work The work W done by a constant force F when its point of application undergoes a displacement is defined to be W = F s cosq (4.1) F



F q



s Fig.(4.1)The work W done by the force F when its point of application undergoes a displacement s is W = F.s = Fs cosq



where q is the angle between F and s as indicated in figure(4.1). Only the component of F along s, that is , F cosq , contributes to the work done. Strictly speaking, the work is done by the source or agent that applies the force. Work is a scalar quantity and its SI unit is the joule (J). From equation (4.1), we see that 1 J = 1 N.m Work is also defined as the dot product of force and its displacement as given by equation (4.3) W = F.s (4.2) In terms of rectangular components, the two vectors are F = Fx i + Fy j + Fz k and s = Dx i + Dy j + Dz k; hence, equation (4.2) may be written as W = Fx Dx + Fy Dy + Fz Dz (4.3) The work done by a given force on a body depends only on the force, the displacement, and the angle between them. It does not depend on the velocity or the acceleration of the body, or on the presence of other forces.
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PHYSICS Since the work is a scalar, its value also does not depend on the orientation of the coordinate axes. Since the magnitude of a displacement in a given time interval depends on the velocity of the frame of reference used to measure the displacement, the calculated work also depends on the reference frame.



4.2



Work Done by a Variable Force When the magnitude and direction of a force vary in three dimensions, it can be expressed as a function of the position vector F(r), or in terms of the coordinates F(x, y, z). The work done by such a force in an infinitesimal displacement ds is dW = F.ds (4.4) The total work done in going from point A to point B as shown in the figure. B



B



A



A



WA ®B = ò F .ds = ò (F cos q ) ds B



In terms of rectangular components, F = Fx i + Fy j + Fz k and ds = dx i + dy j + dz k therefore , WA ® B = ò Fx dx + ò F y dy + ò Fz dz



4.3



zA



yA



xA



q



ds



A



zB



yB



xB



F



(4.5)



Fig.(4.2)A particle moves along a curved path subject to a nonconstant force F. The work done by the force in a displacement ds is dW = F.ds.



Work Energy Theorem Let us study what physical quantity changes when work is done on a particle. If a constant force F acts through a displacement x, it does work W = Fx = (ma) x on the particle. Since the acceleration is constant, we can use the equation of kinematics



v 2f = v i2 + 2ax Thus, W =



[



m v 2f - v i2 2



] = 1 mv 2



2 f



-



1 mv i2 2



(4.6)



The quantity 1 mv 2 2 is a scalar and is called the kinetic energy of the particle. Kinetic energy is the energy that a particle posses by virtue of its motion. Thus, the equation (4.6) takes the form W = Kf - Ki = DK (4.7) The work done by a force changes the kinetic energy of the particle. This is called the Work-Energy Theorem. In general The net work done by the resultant of all the forces acting on the particle is equal to the change in kinetic energy of a particle. Wnet = DK (4.8)



K=
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PHYSICS



Important (i) The kinetic energy of an object is a measure of the amount of work needed to increase its speed from zero to a given value. (ii) The kinetic energy of a particle is the work it can do on its surroundings in coming to rest. (iii) Since the velocity and displacement of a particle depend on the frame of reference, the numerical values of the work and the kinetic energy also depend on the frame, but the work-energy theorem is true for all inertial reference frames.



4.4



Potential Energy Potential energy is the energy associated with the relative positions of two or more interacting particles. The forces, such as gravity and spring force, which do work in a reversible manner are called conservative forces. In contrast, the force, such a frictional force, which does work in an irreversible manner is called a non - conservative force.



Important B 1. The work done by a conservative force is independent of path. It depends only on the initial 1 and final positions. In contrast, the work done by a non-conservative force depends on the path. 2 2. The work done by a conservative force around any closed path is zero. The potential energy is defined only for A conservative forces. The change in potential energy as a particle moves Fig.(4.3) The work done by a conservative force from point A to point B is the same for from point A to point B is equal to the negative of any two paths such has 1 and 2. the work done by the associated conservative force DU = UB - UA = -WC Using definition of work B



UB – UA = - ò FC .ds



(4.9)



A



According to equation (4.9), when only conservative forces act, the change in total mechanical energy of a system is zero, in otherwords, If only conservative forces perform work on and within a system of masses, the total mechanical energy of the system is conserved. Conservative Forces and Potential Energy Functions Thus, Fx = -



4.5



dU dx



(4.10)



Power dW dt P = F. v



P=



(4.11) (4.12)
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PHYSICS



5.0 IMPULSE & MOMENTUM 5.1



Impulse In the previous chapter, we have learnt the concept of work which was an integral of force with respect to displacement. Now we are going to learn another concept, called impulse. Impulse is defined as the integral of force with respect to time. r tf tf r dv F dt m I= ò = ò dt = Δp (5.1) ti ti Since force is a vector and time is a scalar, the result of the integral in equation (5.1) is a vector. If the force is constant (both in magnitude and F direction), it may be removed from the integral so that the integral is reduced to tf



I = F ò dt = F(tf - ti) = FDt



(5.2)



ti



Graphically, the impulse is the area between the force curve and the F = 0 axis, as shown in figure. (5.1). The SI unit of impulse is Ns.



5.2



O



t



Fig.(5.1) Graphical interpretation of Impulse as area under the curve.



Conservation of Linear Momentum When the net force on a particle is zero, its momentum is constant.



5.3



Collision Types of Collision Collisions may be either elastic or inelastic. Linear momentum is conserved in both cases. A perfectly elastic collision is defined as one in which the total kinetic energy of the particles is also conserved. Coefficient of Restitution (e) The elasticity of collision may be measured in terms of a dimensionless parameter called the coefficient of restitution (e). It is defined as the ratio of velocity of separation to the velocity of approach of the two colliding bodies e=



velcity of separation velocity of appraoch



(5.3)
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PHYSICS u1



u2



u1



Before



Before



v1



v2



v1



v2 After



After



Velocity of separation = v2 – v1 Velocity of approach = u1 – u2 \



e=



u2



Velocity of separation = v1 + v2 Velocity of approach = u1 + u2



v 2 - v1 u1 - u 2



\



e=



v1 + v 2 u1 + u 2



For an elastic collision e = 1 For an inelastic collision 0 < e < 1 For completely inelastic collision: e = 0 First, when the particles have equal mass, and second when one of them, say m2, is initially at rest. (i) Equal masses: m1 = m2 = m Equation (5.3) takes the form u1 + u2 = v1 + v2, Solving equations (11.14) and ( 11.15), we get v1 = u2 and v2 = u1 (ii) Unequal masses m1 ¹ m2. Target at Rest: u2 = 0 m1u1 = m1v1 + m2v2 u1 = -v1 + v2 After solving, we get v1 = v2 =



(m1 - m 2 )u 1



(5.4)



m1 + m 2 2m1 u 1 m1 + m 2



(5.5)



(a) When m1 >> m2, we may ignore the mass of m2 in comparison with m1. This leads to v1 = u1 and v2 = 2u1, which means that m1 maintains its initial velocity u1 but it imparts double this value to m2. (b) When m1 
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