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IB PHYSICS ADDITIONAL HIGHER LEVEL



MOTION IN FIELDS


SUMMARY
9.1 

Projectile Motion (2h) 



A projectile has constant horizontal velocity and constant acceleration of 9/8 m s-2 vertically 


down.



Let zero of vertical displacement be the release point and positive be in the direction 
that 


the projectile first moves.



When up is + the accel is - 9/8 m s-2 and when down is + the accel is +9/8 m s-2.



The initial vertical velocity equals the initial velocity times the sin of the angle to the horizontal.



The horizontal velocity equals the velocity of projection times the cosine of the angle of 



projection.



At the highest point the vertical velocity is zero and the velocity equals the horizontal velocity.



When reaching the same level of release, the vertical displacement equals zero.



When reaching the same level of release its vertical velocity has the same magnitude as its 


initial vertical velocity but has the opposite sign.



Time in the air equals twice the initial vertical velocity divided by 9.8.



Range is the horizontal distance travelled when the projectile returns to the same level of 



release.



Range equals time in air times horizontal velocity.


Air resistance acts in the opposite direction to the velocity of the projectile. 


When moving up, the air resistance is helping gravity slow it down. When moving down, the air 

resistance is opposing gravity from speeding it up. 


Therefore it slows down more rapidly on the way up than it speeds up on the way down. 


It reaches the highest point sooner than the midpoint in the time it spends in the air, does not go 


as high and returns to the same level traveling slower than its initial speed upwards. 


Its path is not symmetrical. It falls more steeply than it was projected and it spends less time in 


the air.


The projectile returns to the ground sooner than if no air resistance.

9.2

Gravitational Field, Potential and Energy (2h) 



The forces of attraction between two masses are along the line between their centres and equal size and opposite directions.



The forces equal big G times mass one times mass two divided by the square of the distance between their centres.



The force of gravity is an inverse square law with distance. At twice the distance the force is one quarter as much.



The gravitational field at a point is the resultant gravitational force that 1 kg would receive.



The gravitational field near a mass equals big G times the mass divided by the distance squared from the centre.



The gravitational field on the surface of a mass equals big G times the mass divided by the radius square.



In a stable orbit the force needed to maintain the circular motion equals the force supplied by gravity.



In a stable orbit, the centripetal acceleration of the object equals the strength of gravity at the orbit height.



Inside the space shuttle in a stable orbit, things seem to be weightless because they are accelerating down at the same rate as the space shuttle.



An object moving under the force of gravity alone, has an acceleration equal to the strength of the gravitational field.


The area under the gravitational force versus distance graph equals the change in gravitational potential energy.
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Gravitational potential energy stored between two masses is zero at infinite separation.



The grav PE stored between two masses is the work done by the gravitational forces of attraction when the masses move from an infinite separation to their present separation.



The grav PE does not depend on the path followed by the masses.



The grav PE is equal to the area under the force distance graph.



The gravitational Potential of a point near a mass is equal to the work done by gravity when 1 kg moves from infinity to the point.



The grav Potential is equal to the area under the field distance graph.



The gravitational Potential of a point near a mass is equal to minus G times the mass divided by the distance from the centre.


Gravitational field lines cross equigravitational potential lines at 90o.



The gravitational field strength at a point is equal to the negative gradient of the gravitational potential versus distance graph.


Escape speed is equal to the minimum speed needed to escape the gravitational field of a mass.



To just escape the KE of the object must equal the grav PE of the object on the surface of the mass.



Escape speed equals the square root of twice G times the mass divided by the radius squared.
9.3

Electric Field, Potential and Energy (2h)


The electrical potential energy of two charges is zero when they are an infinite distance apart. 


Work has to be done to bring together two like charges that repel. This work is equal to the electrical potential energy stored between the charges and is positive.



Work is done by two opposite charges that move closer together. This work is equal to the electrical potential energy stored between the charges and is negative.


The electrical potential energy stored is k times the product of the charges divided by the distance between their centres.


The Electrical potential of a point near a charged object is the work done in moving an imaginary 



+1 C of charge from infinity to the point.



The unit of Electrical Potential is Joule per Coulomb. 1 Joule per Coulomb equals 1 Volt.



At a distance from a charge, the electrical potential equals k times the charge divided by the distance.



If the charge is positive work must be done on the +1 C of charge against the repulsion and the electrical potentials are positive.



If the charge is negative work is done on the +1 C of charge by the attraction and the electrical potentials are negative.



The negative gradient of the Electrical Potential versus distance graph for a point near a charge equals the Electric Field strength at that point.



When more than one charge is present, the Electrical Potential of a point is equal to the arithmetic sum of the potentials of each charge. 



The Potential Difference between two points equals the Electrical Potential of one point minus the Electrical Potential of the other.



An equipotential line or surface is one where all points on it are at the same Electrical Potential. 



Euipotential lines and surfaces are always at right angles to the direction of the field.



For a single point charge and for points outside a charged metal sphere, all points on a spherical surface at the same distance from the point charge or sphere are at the same potential.


For a single point charge and for points outside a charged metal sphere, equipotential lines form a concentric circle pattern around the point charge or sphere.



The equipotentials in the electric field between charged parallel plates are parallel to the plates and equally spaced. The zero potential is the line through the centre.
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The electrical potential energy stored between two charges is the electrical potential due to the first charge at the position of the second charge times the charge on the second charge.

9.4

Orbital Motion (2h)



In a stable orbit the force needed to maintain the circular motion equals the force supplied by gravity.



In a stable orbit, the centripetal acceleration of the object equals the strength of gravity at the orbit height.



Inside the space shuttle in a stable orbit, things seem to be weightless because they are accelerating down at the same rate as the space shuttle.



An object moving under the force of gravity alone, has an acceleration equal to the strength of the gravitational field.



For all objects orbiting the same mass, the cube of their radius divided by the square of their periods is a constant. This is Kepler’s third law.



The kinetic energy of an orbiting satellite equals a half times the mass of the planet times the mass of the satellite divided by the radius of orbit.



The potential energy of an orbiting satellite equals minus G times the mass of the planet times the mass of the satellite divided by the radius of orbit.



The total energy of an orbiting satellite equals minus a half G times the mass of the planet times the mass of the satellite divided by the radius of orbit.



When an object and its surroundings are in free fall or moving in a stable orbit, the object appears to be weightless relative to its surroundings
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