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❑ 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.”

❑ 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.
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❖ A particle is a body whose physical dimensions are so small compared with the radius

of curvature of its path that we may treat the motion of the particle as that of a point.

❖ Rectangular coordinates x, y, z (Cartesian)

❖ Cylindrical coordinates r, 𝜃, z

❖ Spherical coordinates R, 𝜃, 𝜙

❖ Tangent t and normal n to the curve (path variables)
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❑ Particle P moving along a straight line

❖ Average velocity of the particle during the interval Δt is the displacement divided 

by the time interval or vav = Δs /Δt
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❖ instantaneous velocity

❖ The average acceleration of the particle during the interval Δ t is the change in its 

velocity divided by the time interval or aav = Δv /Δ t.

❖ instantaneous acceleration
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❑ (a) Constant Acceleration
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❑ (b) Acceleration Given as a Function of Time, a = ƒ(t)
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❑ (c) Acceleration Given as a Function of Velocity, a = ƒ(v)
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❑ (d) Acceleration Given as a Function of Displacement, a = ƒ(s)
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❑ Position Vector r
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❑ Average velocity of the particle between A and A′ is defined as vav = Δr /Δt

❑ instantaneous velocity (approaches tangent to the path)

❑ The magnitude of v is called the speed and is the scalar
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❑ The average acceleration of the particle between A and A′ is defined as Δv /Δt

❑ instantaneous acceleration
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❑ An important application of two-dimensional kinematic theory is the

problem of projectile motion.

❑ For a first treatment of the subject, we neglect aerodynamic drag and the

curvature and rotation of the earth, and we assume that the altitude change is

small enough so that the acceleration due to gravity can be considered

constant.
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❑ Measurements made along the tangent t and normal n to the path of the particle
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❖an is always directed toward the center of curvature C
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❖ Circular motion is an important special case of plane curvilinear motion where the 

radius of curvature 𝜌 becomes the constant radius r of the circle.
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❖ Particle is located by the radial distance r from a fixed point and by an angular 

measurement 𝜃 to the radial line
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❖ Same as that obtained with n- and t-components, where the n- and t-directions 

coincide but the positive r-direction is in the negative n-direction.
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❖ Conversion from polar to rectangular coordinates
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❑ It is not always possible or convenient, however, to use a fi xed set of axes to 

describe or to measure motion. 

❑ In addition, there are many engineering problems for which the analysis of 

motion is simplified by using measurements made with respect to a moving 

reference system. 

❑ These measurements, when combined with the absolute motion of the 

moving coordinate system, enable us to determine the absolute motion in 

question. 

❑ This approach is called a relative-motion analysis.
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❖ The motion of the moving coordinate system is specified with respect to a fixed 

coordinate system.
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❑ Sometimes the motions of particles are interrelated because of the constraints 

imposed by interconnecting members.

❖ One degree of freedom: only one variable, either x or y, is needed to specify the 

positions of all parts of the system.
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