Topic 10: Fields (HL)

10.1-Describing fields

Gravitational fields

A gravitational field is a space where a small test mass experiences a force due to
another mass.

Electrostatic fields

An electrostatic field is a space where a small positive test charge experiences a
force per unit charge.
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Electric potential and gravitational potential

Electric potential

e The electric potential is given by

work - or - Aelectrical potential energy

electrical potential = .
unit of charge moved

or

ve NV

qmwed

e The electric potential difference is also known as voltage.
See section 10.2 (potential difference) for further explanation.
Gravitational potential

o The gravitational potential due to an object with mass M is given by

—GM

7

V =

e The gravitational potential at a point P is equal to work done per unit mass
required to take a test mass from infinity to point P.

o Gravitational potential is always negative.
o The gravitational potential at infinity is zero.

» To calculate the gravitational potential due to multiple masses, simply add up
the gravitational potential due to the individual masses.

Field lines
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See next section (equipotential surfaces)

Equipotential surfaces

» Points with the same gravitational potential can be joined together to form an
equipotential surface

lines of equal field strength

o Field lines are normal (perpendicular) to the equipotential surfaces.
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e The density of field lines is proportional to the field strength.

o Far from the earth, the field line separation changes as the gravitational field
strength changes. However, near the surface of the earth, the value of the
gravitational field strength is relatively constant with height as long as the
change of height is not too great.

W

10.2 - Fields at work

Figure 2(b)

Figure 2(c)

Potential and potential energy

Electric potential
See previous section (electric potential and gravitational potential)
Electric potential energy

e The electric potential energy is given by

were k is Coulomb's constant, Q is the fixed charge, q is the test charge, and ris
the radius.

Topic 10: Fields (HL)



e The electric potential energy can be defined as the capacity for doing work by
a change in position of the positive test charge.

o Electric potential is also known as voltage.
Gravitational potential
See previous section (electric potential and gravitational potential)

Gravitational potential energy

o The gravitational potential energy of a system of two objects with mass M and
m is given by

Grmm,,

b=

»

e The gravitational potential energy of an object at a point P is equal to the work
done required to take the object from infinity to the point P.

e As gravitational forces are attractive, the work done required to bring an object
from infinity to any point is negative. Thus, gravitational potential energy is
always negative.

Potential gradient

e The gravitational potential gradient of a gravitational field is given by AV/Ar
where AV is the change in gravitational potential between two points and Ar is
the distance between those two points.

e ltis the slope of a graph which plots the gravitational potential against the
distance from the mass.

o Gravitational potential gradient is related to the gravitational field strength (g)
by g=-AV/Ar=GM/r"2.
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Potential difference

o The potential difference is defined as the work done by moving a positive test
charge from one point to another in an electric field.

o Potential difference across an electrical component, also called voltage, is
required to make a current flow through it. Cells or batteries provide the
potential difference required.

Potential Difference Equation

S| Unit:

Joule

Potential ., L. Energy
Difference, © — ¢ Charge

Escape speed

o The escape speed of a planet is given by

Vv — J2GM
escape \/ R

where G is the gravitational constant, M is the mass of the planet, and R is the
radius of the planet.

o Escape speed it the minimum speed required for an object launched from the
surface of a planet to reach infinity.

e An object launched at or above its escape speed will not return to the planet
due to gravity.
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Orbital motion, orbital speed and orbital
energy
Orbital motion

o Gravitation provides the centripetal force for orbital motion. For example, the
gravitational force between the sun and the earth provides the centripetal
force for the earth to orbit the sun.

e The period of orbital motion is proportional to the average radius of the orbital
motion by Kepler's third law.
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Kepler’s Third Law

The square of a planet’s period is proportional to the
cube of its mean distance from the sun: T?« R®

Assuming that a planet’s orbit is circular (which is not exactly correct
but is a good approximation in most cases), then the mean distance
from the sun is a constant--the radius. F is the force of gravity on the
planet. F is also the centripetal force. If the orbit is circular, the
planet’s speed is constant, and v = 2R/ T. Therefore,

GMm  mv: m[2rR/T]?
R? T S R
m Cancel m's GM 4m2R
\Planet — anq simplify: Rz - T2
4 n?

Rearrange:. T2 = R3

GM

Since G, M, and nt are constants, T2« R

Orbital speed

e The orbital speed is given by

where G is the gravitational constant, M is the mass of the planet, and r is the
radius of the planet.

Orbital energy

The kinetic energy, gravitational potential energy, and total energy of an orbiting
satellite is given by

o Kinetic energy
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1 . 1GM
K = Em-vz = EGRm
» Potential energy
GMm
Uv= -
R

o Total energy = Kinetic energy + Gravitational potential energy

GMm

E=K+U =U/2= - R

E. ()4

. kinetic energy

potential energy

Forces and inverse-square law behaviour

» Inverse-square law graphical representation
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e Gravitational field

intensity at
surface of sphere

sphere area
4r?

source strength
4nGM

* The subscript E
indicates values at
the surface of the
Earth

The energy twice as far from the er
source is spread over four times
the area, hence one-fourth the intensity. E

e Electric field
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Electric field

E — Q An inverse square
o 5 law relationship
sphere area intensity at 4EEU r E

4mr surface of sphere =

source strength

The electric field twice as far from the 21'
source is spread over four times
the area, hence one-fourth the intensity. 3r
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