
University of Anbar                                                                                                     Dynamics (DWE2304) 

College of Engineering                                                                                                Dr. Ahmed T. Noaman 

 Department of Dams & Water Resources Eng.                                                          Dr. Ghassan S. Jamil  

Phase: 2 

                                          

 

Semester I (2019-2020) 

 

 19 

Chapter Two 

Kinematics of Particles  

 

1. Introduction  

  

Kinematics is the branch of dynamics which describes the motion of bodies 

without reference to the forces which either cause the motion or are generated as 

a result of the motion. Kinematics is often described as the "geometry of motion". 

Some engineering applications of kinematics include the design of cams, gears, 

linkages, and other machine elements to control or produce certain desired 

motions, and the calculation of flight trajectories for aircraft, rockets, and 

spacecraft. A thorough working knowledge of kinematics is a prerequisite to 

kinetics, which is the study of the relationships between motion and the 

corresponding forces which cause or accompany the motion.  

 

2. Choice of Coordinates 

  

 

The position of particle P is shown in fig and 

can be specified at any time t. Motion of P 

can also be de-scribed by measurements 

along the tangent t and normal n to the curve. 

The direction of n lies in the local plane of 

the curve. These last two measurements are 

called path variables.  
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3. Rectilinear Motion (Motion along a straight line ) 

 

Consider a particle P moving 

along a straight line, Fig. 

below. The position of P at any 

instant of time t can be 

specified by its distance s measured from some 

convenient reference point O fixed on the line. At 

time t + Δt the particle has moved to P' and its 

coordinate becomes s + Δs. The change in the 

position coordinate during the interval Δt is called 

the displacement Δs of the particle, The 

displacement would be negative if the particle 

moved in the negative s-direction.  

 

 

 

 

4. Velocity and acceleration  
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5. Graphical Interpretations 

 

• Interpretation of the differential equations 

governing rectilinear motion is considerably 

clarified by representing the relationships 

among s, v, a, and t graphically. Fig. a is a 

schematic plot of the variation of s with t 

from time t1 to time t2 for some given 

rectilinear motion. By constructing the 

tangent to the curve at any time t, we obtain 

the slope, which is the velocity v = ds/dt. 

Thus, the velocity can be determined at all 

points on the curve and plotted against the 

corresponding time as shown in Fig. b. 

Similarly, the slope dv/dt of the u-t curve at 

any instant gives the acceleration at that 

instant, and the a-t curve can there-fore be 

plotted as in Fig. c. We now see from Fig. b 

that the area under the v-t curve during time 

dt is v*dt, which is the displacement ds. 

Consequently, the net displacement of the 

particle during the interval from t1 to ty is the 

corresponding area under the curve, 

 which is 
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Similarly, from Fig. c we see that the area under the a-t curve during time dt is a* 

dt, which is dv. Thus, the net change in velocity between tl and t2 is the 

corresponding area under the curve, which is  

 

 

Two additional graphical relations. When the 

acceleration a is plotted as a function of the 

position coordinate s, Fig. d, the area under the 

curve during a displacement ds is a *ds, which is 

dv = d(v
2
/2). Thus, the net area under the curve 

between position coordinates si and s2 is 

 

 

or 

 

 

 

When the velocity v is plotted as a function of the position coordinate s, Fig. e, 

the slope of the curve at any point A is dv/ds. By constructing the normal AB to 

the curve at this point, we see from the similar triangles that  
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6. Analytical integration 

(a) Constant acceleration: when a is constant, the first of previous equations can 

be integrated directly. For simplicity with s = so, v = vo , and t = 0 designated at 

the beginning of the interval, then for a time interval t the integrated equations 

become  

 

 

 

Substitution of the integrated expression for v into  v = ds/dt  and integration with 

respect to t give: 

 

These relations are necessarily restricted to the special case where the 

acceleration is constant. The integration limits depend on the initial and final 

conditions, which for a given problem may be different from those used here. It 

may be more convenient, for instance, to begin the integration at some specified 

time t1 rather than at time t = 0.  

 

 (b) Acceleration Given as a Function of Time, a = f(t).  

Substitution of the function into the first of eq.  gives  f(t) = dv/dt. Multiplying by 

dt separates the variables and permits integration. Thus,  
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From this integrated expression for v as a function of t, the position co-ordinate s 

is obtained by integrating v = ds/dt  , which, in form, would be  

 

If the indefinite integral is employed, the end conditions are used to establish the 

constants of integration. The results are identical with those obtained by using the 

definite integral. If desired, the displacement s can be obtained by a direct 

solution of the second-order differential equation s = f(t) obtained by substitution 

of f(t) into the second of  

 

 (c) Acceleration Given as a Function of Velocity, a = f(v).  

Substitution of the function into the first of Eqs. 2/2 gives f(v)  = dv/dt, which 

permits separating the variables and integrating. Thus,  

  

This result gives t as a function of v. Then it would be necessary to solve for u as 

a function of t so that Eq. 2/1 can be integrated to obtain the position coordinate s 

as a function of t. Another approach is to substitute the function a = f(v) into the 

first of Eqs. 2/3, giving v du = f(v) ds. The variables can now be separated and 

the equation integrated in the form 

 

Note that this equation gives s in terms of v without explicit reference to t. 
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(d) Acceleration Given as a Function of Displacement a = f(s).  

Substituting the function into Eq. 2/3 and integrating give the form  

 

Next we solve for v to give v = g(s), a function of s. Now we can substitute ds/dt 

for v, separate variables, and integrate in the form  

  

which gives t as a function of s. Finally, we can rearrange to obtain s as a 

function of t.  

In each of the foregoing cases when the acceleration varies according to some 

functional relationship, the possibility of solving the equations by direct 

mathematical integration will depend on the form of the function. In cases where 

the integration is excessively awkward or difficult, integration by graphical, 

numerical, or computer methods can be utilized. 
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