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Chapter Three
Energy and Momentum Methods

[image: ]1-WORK OF A FORCE
The work of the force F corresponding to the
 displacement dr is defined as the quantity
dU =F . dr

[image: ]




In U.S. customary units are used, work should be expressed in ft. lb or in . lb.
In SI units are used, work should be expressed in N . m. The unit of work N . m is called a joule (J)
[image: ]
[image: ]The work of F during a finite displacement of the particle from A1 to A2 (Fig. ) is obtained by integrating Eq. (13.1) along the path described by the particle. This work, denoted by U1-2, is
[image: ] 




When the force F is defined by its rectangular components, the expression (13.1) can be used for the elementary work. We then write
[image: ]
[image: ]* Work of a Constant Force in Rectilinear Motion. When a particle moving in a straight line is acted upon by a force F of constant magnitude and of constant direction (Fig.), formula (13.2) yields
[image: ] 

where a α angle the force forms with direction of motion 
 x = displacement from A1 to A2

* Work of the Force of Gravity. The work of the weight W of a body, i.e., of the force of gravity exerted on that body, is obtained by substituting the components of W into (13.1) and (13.2). With the y axis chosen upward (Fig. 13.4), we have Fx = 0, Fy =-W, and Fz = 0, and we write
[image: ] 
[image: ]



where y is the vertical displacement from A1 to A2. The work of the weight W is thus equal to the product of W and the vertical displacement of the center of gravity of the body. The work is positive when  y , 0, that is, when the body moves down.


* Work of the Force Exerted by a Spring. Consider a body A attached to a fixed point B by a spring; it is assumed that the spring is undeformed when the body is at A0 (Fig.). Experimental evidence shows that the magnitude of the force F exerted by the spring on body A is proportional to the deflection x of the spring measured from the position A0. We have
F = kx

where k is the spring constant, expressed in N/m or kN/m if SI units are used and in lb/ft or lb/in. if U.S. customary units are used.
[image: ][image: ]
[image: ]



2- PRINCIPLE OF WORK AND ENERGY

[image: ][image: ]








[image: ]
which expresses that, when a particle moves from A1 to A2 under the action of a force F, the work of the force F is equal to the change in kinetic energy of the particle. This is known as the principle of work and energy
[image: ]

* APPLICATIONS OF THE PRINCIPLE OF WORK AND ENERGY
[image: ]
[image: ]
[image: ][image: ] 
[image: ]




[image: ][image: ]Example-1: An automobile weighing 4000 lb is driven down a 5° incline at a speed of 60 mi/h when the brakes are applied, causing a constant total braking force (applied by the road on the tires) of 1500 lb. Determine the distance traveled by the automobile as it comes to a stop.


[image: ]







[image: ]Example-2: A spring is used to stop a 60-kg package which is sliding on a horizontal surface. The spring has a constant k = 20 kN/m and is held by cables so that it is initially compressed 120 mm. Knowing that the package has a velocity of 2.5 m/s in the position shown and that the maximum additional deflection of the spring is 40 mm, determine (a) the coefficient of kinetic friction between the package and the surface, (b) the velocity of the package as it passes again through the position shown
[image: ]


[image: ]
[image: ]
[image: ]




[bookmark: _GoBack][image: ]Example-3: A 2000-lb car starts from rest at point 1 and moves without friction down the track shown. (a) Determine the force exerted by the track on the car at point 2, where the radius of curvature of the track is 20 ft. (b) determine the minimum safe value of the radius of curvature at point 3.


[image: ] [image: ]




[image: ]

[image: ]Example -4: A 90-lb package is at rest on an incline when a constant force P is applied to it. The coefficient of kinetic friction between the package and the incline is 0.35. Knowing that the speed of the package is 2 ft/s after it has moved 3 ft up the incline, determine the magnitude of the force P.

[image: ]
Example -5: The dumbwaiter D and its load have a combined weight of 600 lb, while the counterweight C weighs 800 lb. Determine the power delivered by the electric motor M when the dumbwaiter (a) is moving up at a constant speed of 8 ft/s, (b) has an instantaneous velocity of 8 ft/s and an acceleration of 2.5 ft/s2, both directed upward.
[image: ][image: ]




[image: ]

[image: ]













[image: ]Example -6: A 7.5-lb collar is released from rest in the position shown, slides down the inclined rod, and compresses the spring. The direction of motion is reversed and the collar slides up the rod. Knowing that the maximum deflection of the spring is 5 in., determine (a) the coefficient of kinetic friction between the collar and the rod, (b) the maximum speed of the collar.




[image: ]















POTENTIAL ENERGY
[image: ]the work of the force of gravity W during this displacement is



[image: ]This function is called the potential energy of the body with respect to the force of gravity W and is denoted by Vg. We writ
[image: ]


We note that if (Vg)2 > (Vg)1, that is, if the potential energy increases during the displacement (as in the case considered here), the work U1-2 is negative

*the work of the force F exerted by the spring on the body is
[image: ]
[image: ]This function is denoted by Ve and is called the potential energy 
of the body with respect to the elastic force F. We write

[image: ]




CONSERVATION OF ENERGY
the sum of the kinetic energy and of the potential energy of the particle remains constant. The sum T + V is called the total mechanical energy of the particle and is denoted by E
[image: ][image: ]
[image: ]





[image: ]Example-1: A 20-lb collar slides without friction along a vertical rod as shown. The spring attached to the collar has an undeformed length of 4 in. and a constant of 3 lb/in. If the collar is released from rest in position 1, determine its velocity after it has moved 6 in. to position 2.

[image: ]







[image: ]
[image: ]Example -2: The 0.5-lb pellet is pushed against the spring at A and released from rest. Neglecting friction, determine the smallest deflection of the spring for which the pellet will travel around the loop ABCDE and remain at all times in contact with the loop.
[image: ]








[image: ]
[image: ][image: ]












[image: ]Example 3: A 4-lb collar can slide without friction along a horizontal rod and is released from rest at A. The undeformed lengths of springs BA and CA are 10 in. and 9 in., respectively, and the constant of each spring is 2800 lb/in. Determine the velocity of the collar when it has moved 1 in. to the right.
[image: ][image: ]

[image: ]


[image: ]Example 4: A 70-kg skier starts from rest at point A and skis down the slope shown. Neglecting friction, determine the force exerted on the skier by the snow (a) just before the skier reaches B, (b) immediately after he has passed through B. (c) Does the skier become airborne before reaching C? Neglect the height of the skier compared to the radii of curvature.
[image: ]




[image: ][image: ]














[image: ]Example 5-: A 1-lb collar is attached to a spring and slides without friction along a circular rod in a vertical plane. The spring has an undeformed length of 5 in. and a constant k 5 10 lb/ft. Knowing that the collar is released from being held at A determine the speed of the collar and the normal force between the collar and the rod as the collar passes through B.
[image: ][image: ]

[image: ]













PRINCIPLE OF IMPULSE AND MOMENTUM
Newton’s second law can be expressed in the form
[image: ][image: ] 






The integral in Eq. (13.28) is a vector known as the linear impulse, or simply the impulse, of the force F during the interval of time considered. Resolving F into rectangular components, we write
[image: ]




The final momentum mv2 of the particle can be obtained by adding vectorially its initial momentum mv1 and the impulse of the force F during the time interval considered
[image: ]
[image: ]


[image: ] 
[image: ]





* If no external force is exerted on the particles or, more generally, if the sum of the external forces is zero,
[image: ]

IMPULSIVE MOTION
[image: ]A force acting on a particle during a very short time interval that is large enough to produce a definite change in momentum is called an impulsive force and the resulting motion is called an impulsive motion.
[image: ]





[image: ]Example-1: An automobile weighing 4000 lb is driven down a 5° incline at a speed of 60 mi/h when the brakes are applied, causing a constant total braking force (applied by the road on the tires) of 1500 lb. Determine the time required for the automobile to come to a stop.



[image: ]

[image: ]Example-1: A 4-oz baseball is pitched with a velocity of 80 ft/s toward a batter. After the ball is hit by the bat B, it has a velocity of 120 ft/s in the direction shown. If the bat and ball are in contact 0.015 s, determine the average impulsive force exerted on the ball during the impact. 


[image: ]



[image: ]
Example-3A 10-kg package drops from a chute into a 25-kg cart with a velocity of 3 m/s.
[image: ][image: ]Knowing that the cart is initially at rest and can roll freely, determine (a) the final velocity of the cart, (b) the impulse exerted by the cart on the package, (c) the fraction of the initial energy lost in the impact.






[image: ]
[image: ]

[image: ]Example-4: A light train made of two cars travels at 45 mi/h. Car A weighs 18 tons, and car B weighs 13 tons. When the brakes are applied, a constant braking force of 4300 lb is applied to each car. Determine (a) the time required for the train to stop after the brakes are applied, (b) the force in the coupling between the cars while the train is slowing down.


[image: ]
Example-5: Steep safety ramps are built beside mountain highways to enable vehicles with defective brakes to stop. A 10-ton truck enters a 15ο ramp at a high speed v0 = 108 ft/s and travels for 6 s before its speed is reduced to 36 ft/s. Assuming constant deceleration; determine (a) the magnitude of the braking force, (b) the additional time required for the truck to stop. Neglect air resistance and rolling resistance
[image: ][image: ]






[image: ]

IMPACT
A collision between two bodies which occur in a very small interval of time and during which the two bodies exert relatively large forces on each other is called an impact. The common normal to the surfaces in contact during the impact is called the line of impact. If the mass centers on the two colliding bodies are located on this line, the impact is a central impact. Otherwise, the impact is said to be eccentric
[image: ]






[image: ]A- DIRECT CENTRAL IMPACT
Step of solution
1- [image: ]
2- [image: ]
e: the coefficient of restitution 
Two particular cases of impact are of special interest:
1. [image: ]e = 0, Perfectly Plastic Impact.
 
[image: ]

e =1, Perfectly Elastic Impact
[image: ]
[image: ]OBLIQUE CENTRAL IMPACT






[image: ]




Example-1: A 20-Mg railroad car moving at a speed of 0.5 m/s to the right collides with
[image: ]a 35-Mg car which is at rest. If after the collision the 35-Mg car is observed to move to the right at a speed of 0.3 m/s, determine the coefficient of restitution between the two cars.




[image: ]
[image: ][image: ]Example-2: The magnitude and direction of the velocities of two identical frictionless balls before they strike each other are as shown. Assuming e = 0.90, determine the magnitude and direction of the velocity of each ball after the impact.


 
[image: ]





[image: ]
[image: ][image: ] 

[image: ]Example-3: A 600-g ball A is moving with a velocity of magnitude 6 m/s when it is hit as shown by a 1-kg ball B which has a velocity of magnitude 4 m/s. Knowing that the coefficient of restitution is 0.8 and assuming no friction, determine the velocity of each ball after impact.

[image: ]

[image: ][image: ]
[image: ]

[image: ]

[image: ]Example-4: Packages in an automobile parts supply house are transported to the loading dock by pushing them along on a roller track with very little friction. At the instant shown, packages B and C are at rest and package A has a velocity of 2 m/s. Knowing that the coefficient of restitution between the packages is 0.3, determine (a) the velocity of package C after A hits B and B hits C, (b) the velocity of A after it hits B for the second time.



[image: ]
[image: ][image: ][image: ]








[image: ]












[image: ]Example-5: Two identical billiard balls can move freely on a horizontal table. Ball A has a velocity v0 as shown and hits ball B, which is at rest, at a Point C defined by ϴ = 45°. Knowing that the coefficient of restitution between the two balls is e = 0.8 and assuming no friction, determine the velocity of each ball after impact.



[image: ]




[image: ][image: ]
[image: ]
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