Radioactive Decay

There is a fixed probability of decay per unit time
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from which it can be shown that
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 is the activity of the source measured in Becquerel (Bq)

Historically, activity was measured in Curie (Ci).

1 Ci is the activity of 1 g of Ra226 = 3.7 x 1010 Bq

In calculations you will need to know that 1 mole (abbreviated mol) of an isotope has 6.02 x 1023 atoms.  This is the Avogadro number.
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The physical quantity amount is measured in moles.

Don’t forget that in 1947 chemists insisted that the definition of the mole should reflect the fact that all of their measurements are made in grams not kilograms!
for example, 1 mol of He4, i.e. 4 g of He4, has 6.02 x 1023 atoms

Capacitors

Capacitance is defined by the ratio
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The energy of a capacitor is the area under a Q-V graph.

The energy of a capacitor
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Two (or more) capacitors in series and parallel

In series the charge is the same for both, the voltages add and
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In parallel the voltages are the same for both, the charges add and
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The discharge of a capacitor.

When a capacitor discharges through a resistor, the rate of removal of charge is proportional to the charge remaining. 
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This gives the exponential form of the decay for a capacitor 
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The product RC is called the time constant for the discharge.
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The time constant is the time taken for the capacitor to discharge through a resistor to about 0. 37 of its initial voltage (or discharge current or charge) – i.e. to become substantially discharged.  The concept is of importance in the design of electronic circuits.

Similarly for the exponential build-up of voltage or charge the time constant is the time taken for the voltage or charge to reach 0.63 of its final value.

Note that for both decay and build-up, the current decreases exponentially.

Logarithmic Graphs

For radioactive decay
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A graph of ln N against t is linear with gradient -( from which 
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 can be calculated.

For capacitor discharge, 


typically
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A graph of ln (Q) against t is linear with gradient 
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 from which C can be calculated if R is known.  Graphs of ln (V) against t and ln (I) against t have the same form.

Logarithmic graphs of this type and their interpretation must be practised.

A good place to start is with the data from the dice analogue experiment.

Simple Harmonic Motion

In mechanics SHM results from a situation in which a restoring force proportional to the displacement of a mass acts on the mass.

There are electrical analogues in which restoring force is replaced by voltage and mass by charge – i.e. circuits in which the charge oscillates at a fixed frequency - useful in the design of electronic equipment.

The simplest example of SHM is the oscillation of a mass controlled by a Hookeian spring – for which the restoring force is proportional to the displacement.

Remember that
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and that a simple way of thinking of the generation of a sin wave is to consider the rotation of a radius vector (sometimes called a phasor) in a circle.

For a sinusoidal oscillation

y = Asin((t) or y = Acos((t)

differentiating gives

v = A(cos((t) or v = -A(sin((t)

differentiating again gives

a = -A(2sin((t) or a = -A(2cos((t)

substituting to re-introduce y gives

a = -(2y
i.e. the acceleration is proportional to the displacement and directed towards a central point and that if (2 is known the time period can be stated.

Examples of SHM
Mass-Spring systems:
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and
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Analogous equations: 

simple pendulum
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fishing float
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, where l is the mean depth immersed

Kinetic & potential energy changes in SHM.

For a mass-spring system 
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The energy alternates between being all potential (at the extremes) and all kinetic (at the centre).

It is of interest to consider the equation 
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 in the following way:

Assuming the oscillation to be undamped, differentiation of this equation w.r.t. time gives
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Resonance

Oscillators can be forced to oscillate at any frequency.

The resonant frequency is the natural frequency of oscillation.

A very low frequency forces an in phase oscillation.

A resonant frequency forces an oscillation that lags by (/2 radians.

A very high frequency forces an oscillation that lags by ( radians.
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