Momentum and Energy revision and Exercise Sheet 1

Revision:
Momentum =  mass  (kg) x velocity (ms-1)
Conservation of Momentum Law. Total linear momentum of two  bodies colliding is conserved.
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Conservation of Momentum :	 m1u1 + m2u2  =  m1v1  +m2v2
   
Newton’s Second Law:
Force =  mass  x acceleration
F= ma         can  be rewritten in terms of momentum change since acceleration is just rate pf change of velocity:

where u  is initial velocity and v is final velocity after time t 
i.e.		         or   Ft = mv-mu 
    Ft is called the Impulse  of the force
 Exercise:
1. A constant  force of 20N is applied for 2 s to  a body of mass 0.2 kg that is initially at rest. What is the final speed of the body?
2. A person of mass 80kg jumps off a wall and lands on the ground with a velocity of 10 ms-1. Calculate the force on the person if:
a. They don’t flex their knees on landing and come to  a rest quickly  in 0.1 s
b. They flex their knees and come to a rest over a longer duration of 1 s.
3. A gas-gun applies a constant excess pressure of 2 bar for 0.5 s  to  a 40g stationary projectile inside a barrel  of cross sectional area 12 cm2 .  What is the final velocity of the projectile?      (1 bar =105 Pa and remember all values in SI units.)


Revision:
Kinetic energy of mass  m with velocity  v is   
Elastic and Inelastic collisions:
In collisions the total momentum is always conserved. However, the kinetic energy might not be conserved if some of the collision energy is converted into heat or sound energy.
Elastic collisions :  kinetic energy is conserved  eg two  smooth snooker balls colliding is approximates an elastic collision. 
Inelastic Collisions: some of the initial kinetic energy is converted into  non-recoverable heat/mechanical/sound energy. 
Coefficient of restitution: In practice some energy is lost in a collision so that the velocity of separation does not equal  the velocity of approach.
Coeff of restitution=  e = 
e can vary from 0, where the two  bodies stick together , to  1 where the objects are very hard and the collision is perfectly elastic.
Exercise:
1. A ball of mass 0.1 kg and velocity 30ms-1 hits a stationary ball of mass 0.2 kg head-on in an elastic collision. What are the velocities of the two balls after the collision. (Apply conservation of momentum law and conservation of energy law)
2. A bullet of mass 50 g is fired from a rifle of mass 2kg with a velocity of 500 ms-1. Calculate:
a.  the recoil velocity of the rifle.
b. The kinetic energy of the bullet
Work Done (by a force)
Work Done =  Force  x distance moved in direction of force    
When force is 1 N and distance moved is 1 m then the energy transferred to the object is 1 J
Example: 
3. A bullet of mass 8 x 10-3 kg moving at 320 ms-1 penetrates  an object to  a depth of 10mm before coming to rest Find the resistive force  offered by the target assuming it is uniform. 
Potential Energy of mass m at height h 
WD to  raise mass m from ground to height h is force x distance =  mgh
Example:
4. A  body of mass 200g is dropped vertically from a height of 1.5m . What is the velocity at time of impact? (apply Conservation of energy law) . Assume g=10ms-2
 Further exercises:
5. A body of mass 10kg is on an inclined plane 30o   to the horizontal. The coefficient of friction between the body and the plane is 0.7  . Determine:
a. The friction force between the body and the plane.
b. The net force on the body parallel to  the plane
c. The acceleration of the body parallel to the plane.
Assume g=10 ms-2
6. Find the resultant force at the point P:
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7. Two masses are suspended under a beam as shown below. Determine the distance d to  maintain equilibrium of the beam.
d
30cm


1.5kg
7kg



8.  A vertically suspended  steel wire of cross section area 0.1 cm2   and original length 1m is loaded at the lower end  with a mass of 10kg. If the modulus of elasticity E = 50x 109  calculate:
a. The stress experienced by the wire
b. The new length of the wire.
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