Chapter V

                  MOMENTUM (part II)

Airplanes and Rockets

· flight of airplanes and rockets can be understood also by applying the principles of momentum conservation.

1. System = airplane + atmosphere (air)

The airplane engine produces an internal force in this system( momentum must conserve

air is pushed backward with high speed ( airplane is pushed in an inverse direction

2. System = rocket + expelled gases

The violent burn of the combustion produces an internal force in the system( momentum is conserved 

Gases are expelled at very high velocities( rocket is propelled in opposite direction

 Angular momentum

 - quantity equivalent with the linear momentum

 - characterizes how strong torque effort is needed to stop the rotational motion  

For a point-like object rotating around an axis at a distance r it can be calculated as:

L = m V r  (units: m2 kg/s)

For an extended object rotating around a given axes we can use the corresponding quantities to define it

For translation: p= m v ( For rotation: L=I (
p(linear momentum)( L (angular momentum)

m(mass…inertia)( I (rotational inertia)

V(speed) ( ((rotational speed or angular speed)

Earth has several kinds of angular momentum:

· angular momentum due to its annual revolution around the Sun

· angular momentum due to its daily rotation on its axis

· angular momentum due to its rotation around the center of mass of the Earth-Moon system 

Linear momentum can be changed by applied external forces  (
Angular momentum can be changed by applied external torque 

Conservation of Angular Momentum 

Note: 

1. the external force need not be zero for angular 

     momentum to be conserved!

2. in many situations the angular momentum of a spinning object is conserved although the object changes its rotational speed! (in these cases the rotational inertia of the system must change)

Examples:

· spinning of a skater

· flips and twist of gymnasts and springboard divers

· understanding Kepler's second law

· man on a rotating platform

Angular momentum as a vector

Like momentum angular momentum is also a vector
direction of the angular momentum:

· along the axis, or axle , of rotation

· direction given by the right hand rule: If we curl the fingers of our right hand along the direction of rotation our thumb points along the axis in the direction of the angular momentum.

Important: if there is no external torque the angular momentum is conserved as a vector (both magnitude and direction!)

application: use of gyroscope for guidance in airplanes and spacecraft. 

The law of variation for angular momentum:

translational motion: 
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rotational motion:  
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variation of the angular momentum is in the direction  the torque! ( this is how we can understand precession
(precession:  a rotational motion of the axis of rotation for a spinning object;  appears when relative to the center of mass a net non-zero torque acts.)

Home-work assignments:

124/31-33; 125/37; 125/40 ; 126/44-46;  126/51;

127/53; 127/56; 127/57; 

128/19; 128/20-23

If the net external torque on a system is zero, the total angular momentum of the system does not change
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