RISE AND FALL OF THE CLOCKWORK UNIVERSE REVISION NOTES
Chapter 10
· CAPACITANCE AND CAPACITORS
Capacitors consist of two oppositely charged conducting plates, often made from sheets of metal separated by an insulator. Charging a capacitor involves tearing pairs of charges apart; concentrating the positive charge on one conducting plate and the negative charge on the other, and this stores energy which is released when the capacitor discharges. The potential difference increases as the amount of charge separated increases. A capacitor will discharge exponentially through an ohmic (linear) resistor [necessary so that the rate of flow of charge is proportional to the potential difference driving the flow]. The time constant,  is given as RC; the time for half of the charge present to decay is large if the resistance is large and the capacitance is large. 
-Relevant formula: capacitance as the ratio: C =Q/V; energy stored on a capacitor: E=½QV=½CV²; rate of removal of charge:, 
-Relevant graphs: energy stored is the area underneath a graph of potential difference (Y-axis) against charge (X-axis). 
· RADIOACTIVE DECAY
Radioactive decay can be understood as an entirely random process with a fixed probability- therefore it is very simple to model. Activity, measured in becquerel, is the number of decays per second. Uses of radioactive materials include in medicine and in archaeology (carbon-dating). The half-life, , of a radioactive material gives the time taken for half the material present to decay – it’s a measure of how long a radioactive substance will last. The decay constant, λ, tells you how fast a radioactive substance will decay- it’s essentially saying the same thing, but in a different way.  The model of radioactive decay is exponential; the number of nuclei decaying being proportional to the number remaining. 
-Relevant formula: activity = ; number remaining = ; half-life = 
-Relevant graphs: decay curves, plotted directly or with logarithmic scales
· SIMPLE HARMONIC MOTION
The conditions of simple harmonic motion are; acceleration always in the opposite direction to the displacement from equilibrium position and acceleration is proportional to the displacement from the equilibrium position. Imagine a situation in which you have mass attached vertically to two springs, so that when the mass is pulled and then released, it will oscillate up and down. In this case, the mass will experience a restoring force (and accelerate) towards equilibrium each time it passes the equilibrium point. Each time the mass moves away from the equilibrium point, it’s transferring its kinetic energy into elastic potential energy by compressing and stretching the springs. Each time the mass moves towards the equilibrium point, the opposite happens- its EPE is being transferred into KE. When velocity is at a maximum, displacement is zero- it travels the fastest through the equilibrium point, and slows down as it approaches the two ends, stopping instantaneously before changing direction. When displacement is zero, acceleration is zero. When displacement is positive, acceleration is negative.
-Relevant formula: acceleration = ; x = A sin (2πft) or x = A cos (2πft);
-Relevant graphs; displacement/time, velocity/time and acceleration/time graphs of SHM with relevant phases
· SPRINGS IN MORE DETAIL
When a spring is extended, it stores elastic potential energy. The force exerted is proportional to the extension. 
-Relevant formula; Force = F = kx; Energy stored = E = ½kx²;
-Relevant graphs: the energy stored = area beneath a force/extension graph.
· FREE AND FORCED VIBRATIONS, DAMPING AND RESONANCE 
Free oscillations are defined as vibrations where no transfer of energy to or from surrounding occurs (in reality, this would never happen- but a spring vibrating in air is usually treated as a free vibration in calculations/models). A ‘damped’ system is the opposite of a free vibration; damping occurs when energy is lost to the surroundings. This will always happen to some extent naturally, but some systems will be deliberately damped (for example, to minimise the effects of resonance). Forced oscillations occur when there are periodic external driving forces making a system vibrate. Resonance in a system occurs when the driving frequency matches the natural frequency of a system. As the driving frequency approaches the natural frequency, the system gains an increasing amount of energy from the driving force, hence vibrating with rapidly increasing amplitude- think of it like pushing someone on a swing. If you time your ‘pushes’ just right, they’ll quickly start moving faster and faster. The strength of the resonance response depends how heavily the system is damped- low damping gives a large maximum response and a sharp resonance peak, whereas heavy damping gives a smaller maximum response and a broader resonance peak. 
-Relevant equations:  for a freely oscillating spring
-Relevant graphs: amplitude of oscillator against driver frequency for various damped and undamped systems. 
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