	The Law of Conservation of Energy and Efficiency


Law of Conservation of Energy 
In simple lay terms the conservation of energy is stated as " you can't get something from nothing".

	Law of Conservation of Energy
During the transfer or transformation of energy, 
energy is not lost or gained.


This law can be applied to Mechanical Energy, ET.

Recall:

	Mechanical Energy
	= Kinetic Energy 
	 + Gravitational Potential Energy

	ET
	 = EK
	 + Eg  


 

Consider a 1.0 kg ball dropped from rest (vi = 0.0 m/s) from a height of 10.0 m. Mechanical Energy remains constant during the entire fall. This conservation of Mechanical Energy is true for all moving objects when the frictional forces( kinetic friction, air resistance, etc) are ignored. The conservation of Mechanical Energy can be used to solve mechanics problems that would be very complicated if kinematics and dynamics equations were used.

Example 1
A ball slides down a smooth, curved track so that it is moving horizontally when it reaches the bottom.  The ball is 2.0 m above the ground level. What is its final velocity?

The path of the ball is curved, applying kinematics and dynamics equations requires involved calculations. Applying the conservation of mechanical energy makes the problem straight forward.
	Start with Vi = 0 m/s

	Vf = ?



 

	          ET (top)        
	 = ET (bottom)

	EK (top)+ Eg (top)
	 = EK (bottom)+ Eg (bottom)

	½mv2top+ mghtop
	 = ½mv2bottom+ mghbottom

	½m(0.0 m/s)2 + m(9.8 m/s2)(2.0 m)
	 = ½mv2bottom + m(9.8 m/s2)(0.0 m)

	(19.6 m2/s2)m
	 = ½mv2bottom

	19.6 m2/s2
	 = ½v2bottom  -- m cancels on both sides

	39.2 m2/s2
	 = v2bottom

	vbottom
	 = √(39.2 m2/s2)

	vbottom
	 = 6.3 m/s

	Vf
	 = 6.3 m/s


This is the same velocity the ball would have if it were simply dropped.


Efficiency 
Many devices require energy for their operation. These devices take in energy (energy input) transform or transfer the energy so that it can be conveniently used (useful energy output).

A car engine burns gasoline to allow the car to move. Chemical energy  Kinetic Energy

The car also produces thermal heat that raises the temperature of the engine and other moving parts.

Efficiency is a ratio of energy input and useful energy output and it is expressed as a percentage.
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The Wedge
Ramps are a device that can be used to raise an object to a height with out lifting it straight up. It requires less force to push a grocery cart up a ramp to a new height than to lift it straight up. The force is applied for a longer distance and frictional forces must be over come.
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Example 2
Angela pushes an empty grocery cart (30.0 kg) up a 3.2 m long ramp returning it to the store. Angela pushes with a force of 600 N. The cart is raised by 0.80 m in the process.

Calculate the efficiency of the ramp.

The energy input is the work Sanjiv did.

	EIN   
	 = WANGELA

	 
	 = (FANGELA)(Δd)

	    
	 = (500 N)(3.2 m)

	 
	 = 1600 J


The useful energy output is the gravitational potential energy (Eg) the cart gained.

	EOUT
	 = Eg

	 
	 = mcartgh

	 
	 = (30.0 kg)(9.8 m/s2)(0.80 m)

	 
	 = 235 J


The efficiency of the ramp.

	efficiency
	 = EOUT/EIN × 100%

	 
	 = (235 J)/(1600 J) × 100%

	 
	 = 0.15 × 100%

	 
	 = 15 %


A great deal of the remaining energy is converted into thermal energy due to friction in the rusty old wheels.

