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RADIOACTIVE DECAY
Radioactive decay is a totally random occurance, independent of external factors. We therefore can make a guess at the number of unstable nuclei that willdecay.


Number decaying = pN


Where 
p is the probability of decay




N is the number of unstable nuclei

The activity of a source is defined as the rate of decay.


Therefore 
a = Number of decays

= pN




   Time


    ∆t

If ∆t is made to be 1 second then the units of activity are Becquerel (Bq) and so 1Bq = 1 decay per second.


a = pN / ∆t 
→
p = (a/n) ∆t
→
p = λ∆t



Where λ is the decay constant.

From this we can see that if the time interval ∆t is increased then the probability of a single nucleus to decay will be greater.


a = pN /∆t
= λ∆tN / ∆t
= λN

After a period of activity there will be less unstable nuclei, N, and so the activity will be reduced.
So the change in N with respect to time is proportional to the activity, i.e. the more activity, the bigger the change in N, and this change is negative:


dN / dt (proportional to) -a

In fact a is the change in N with respect to t by definition of units:


dN / dt 
= -a

and a = λN so


dN / dt
= -λN

CAPACITORS

A capacitor consists of two bolate conducting plates. They are close together but not touching. In practical designs the plates sandwich a non-conducting material. Sometimes the plates are wrapped around each other.

If a p.d. is applied across the two plates then initially a current will flow. 

As electrons build up on one plate, they repel an equal number from the other plate:
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After a short time, the now negative plate can no longer hold any more electrons, this amount if known as capacitance.

As the capacitor becomes charged then a p.d. forms across the two plates. If this reaches the supply p.d. of the cell then no more current will flow. In fact the current (the flow of charge) is proportional to the difference between the supply p.d. and p.d. across the capacitor. This in turn is proportional to the amount of charge on the plate, formed by the flow of charge. This does mean that the rate of change of charge is proportional to the amount of charge:

dQ / dt
(proportional) Q

We will be considering the discharge of capacitors which responds in a similar way. The more charge that is on the capacitor then the greater the p.d. across the plates, so using V = IR we get a large current. As the current flows the p.d. reduces and therefore the current is reduced.


I (proportional) dI / dt

I = dQ / dt

In terms of charge:


dQ / dt (proportional)
-Q
(- because of discharge)

Let k be the constant of proportionality:


dQ / dt
= kQ

Since the change of chargeis inversely proportional to the resistance the current must flow through and how much capacitance there is k = 1/RC. 
So 
dQ / dt 
=  -Q / RC

RC is called the timing constant.

This leads to:








       (p13)


Q /Q0
= e-f/RC

SIMPLE HARMONIC MOTION

There are systems that oscillate with a fixed pattern which we call Simple Harmonic Motion (S.H.M.). for example pendulums and horizontal spring masses. This is because their acceleration is proportional to their displacement. We know that the force on a spring varies by:

F = kx

Where
F = Force (N)



x = Extension (cm)



k = Spring Constant (N/m)

[image: image2.png]



When the mass is displaced by an amount x and let go, then the restoring forces, F accelerates the mass back to the equilibrium point. The force therefore decreases as the mass approaches the equilibrium point. As the mass passes the e.p. there is no acceleration but the momentum carries the mass on, and the motion repeats in the other direction.

ANGULAR VELOCITY AND PHASORS

We are happy with linear motion, acceleration, etc. we now need to consider rotational motion.
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So for 1 revolution → w = 2x/t

Since f = 1/t, w = 2xf (radians per second)
We can model sinusoidal oscillation using phasors (as we did for waves) by the following equation:


S = Asin2xft

Where
s = instantaneous displacement (m)



A = amplitude (max S) (m)



f = frequency (Hz)



t = time (s)

Note:
w × t = (theta)


Range of sin (φ) → -1 to 1


So range of S → A×-1 to A×1
GAS LAWS
	Boyle’s Law

P (proportional) 1/V

	Amount Law

p (proportional) N


	Pressure Law

P (proportional) T
	Charles’s Law

V (proportional) T






Overall: PV = nRT

Root mean square √  (x2)
To work out the root mean square of a number of values, work backwards. Square the values, take the mean of those squared values, then take the square root of the mean.

THE KINETIC MODEL FOR THE IDEAL GAS

We have already seen some of the ways in which gases behave. These have been described with the laws mentioned previously.

These relationships can all be explained by the kinetic (particle) model. We will consider the ‘ideal gas’ I which:

· The sample of gas is large enough to contain very many molecules.

· The molecules are moving randomly in all directions, with a random variety of speeds.

· Collisions with the walls are elastic, so that there are no enrgy losses.

The pressure in the container is the force exerted on it divided by the surface area of its walls. The force on the container wall is equal to the impulse (change in momentum) given to the molecule hitting it. The faster the molecule is travelling then the larger the impulse given to the wall. In addition the faster the molecules are travelling the more frequent the collisions. If the size of the container is smaller the collisions will also be more frequent. Since there are 3 dimensions on average only one third of the motion will be in each. Putting this all together gives the kinetic model of a gas:


pV = 1/3 Nmv2

Since the ideal gas equation is PV = NkT, we can see that:


1/3 Nmv2
= Nkt
½ mv2

= 3/2 kT

We can see that the average kinetic energy of a molecule (1/2mv2) is proportional to temperature.

If we ignore rotational energy of the molecules then the internal energy of a gas can be calculated.


U 
= 3/2 RT (per mole)

When
T = 300K


U 
= 3/2 × 8.31 × 300



= 3.7 kJ mol-1
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