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 Projectile motion  

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. With these assumptions, rectangular coordinates are useful for the 

trajectory analysis. For the axes shown in Fig. , the acceleration components are  

 

 

 

 

 

Integration of these accelerations follows the results obtained previously for 

constant acceleration and yields  
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In all these expressions, the subscript zero denotes initial conditions. 
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2/72: With what minimum horizontal 

velocity u can a boy throw a rock at A 

and have it just clear the obstruction at 

B? 

 

 

 

 

 

 

 

 

2/74: Water issues from the nozzle at A, which is 5 ft above the ground. 

Determine the coordinates of the point of impact of the stream if the initial water 

speed is (a) vo = 45 ft/sec and (b) vo= 60 ft/see.  
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2/85: A projectile is launched with an initial speed of 200 m/s at an angle of 60° 

with respect to the horizontal. Compute the range R as measured up the incline. 
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1. Normal and Tangential coordinates   

The n- and t-coordinates are considered to 

move along the path with the particle, as seen 

in next Fig. where the particle advances from 

A to B to C. The positive direction for n at 

any position is always taken toward the 

center of curvature of the path. As seen from Fig., the positive n-direction will 

shift from one side of the curve to the other side if the curvature changes 

direction.  

 

 

 Velocity and Acceleration: 

 We now use the coordinates n and t to describe the velocity v and acceleration a 

which were introduced previously for the curvilinear motion of a particle. For 

this purpose, we introduce unit vectors en in the n-direction and et in the t-

direction, as shown in Fig. below for the position of the particle at point A on its 

path.  
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 Circular Motion:  

Circular motion is movement of an object along the circumference of a circle , or 

rotation along a circular path. It is a motion with constant acceleration in angular 

direction. 
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Examples of circular motion:  

an artificial satellite orbiting the Earth at a constant height, a fan's blades 

rotating around a hub, a stone which is tied to a rope and is being swung 

in circles, a car turning through a curve in a race track, an electron 

moving perpendicular to a uniform magnetic field, and a gear turning 

inside a mechanism. 

 

 

 

 

 

 

An example of circular motion is this car moving with constant speed around a skid pad, which is a 

circular roadway with a diameter of about 60 m.  

 

The velocity and acceleration components for the circular 

motion of the particle P becomes:  

 

 

 

Note: 

 

https://en.wikipedia.org/wiki/Race_track
https://en.wikipedia.org/wiki/Magnetic_field
https://en.wikipedia.org/wiki/Gear
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2/104: The car passes through a dip in the road at A with a constant speed which 

gives its mass center G an acceleration equal to 0.5g. If the radius of curvature of 

the road at A is 100 m, and if the distance from the road to the mass center G of 

the car is 0.6 m, determine the speed v of the car. 

 

 

 

 

2/110: Consider the polar axis of the earth to be 

fixed in space and compute the magnitude of the 

acceleration a of a point P on the earth's surface at 

latitude 40° north. The mean diameter of the earth is 

12 742 km and its angular velocity is 0.729(10
-4

) 

rad/s. 
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2/116: A car travels along the level curved road with a speed which is decreasing 

at the constant rate of 0.6 m/s each second. The speed of the car as it passes point 

A is 16 m/s. Calculate the magnitude of the total acceleration of the car as it 

passes point B which is 120 m along the road from A. The radius of curvature of 

the road at B is 60 m. 
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2/128: At a certain point in the reentry of the space shuttle into the earth's 

atmosphere, the total acceleration of the shuttle may be represented by two 

components. One component is the gravitational acceleration g = 9.66 m/s
2
 at this 

altitude. The second component equals 12.90 m/s
2
 due to atmospheric resistance 

and is directed opposite to the velocity. The shuttle is at an altitude of' 48.2 km 

and has reduced its orbital velocity of 28 300 km/h to 15 450 km/h in the 

direction θ=1.50°. For this instant, calculate the radius of curvature p of the path 

and the rate v at which the speed is changing. 
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