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Question 1:

Acceleration has units = LT-2
Velocity has units LT-1, so v2 has units L2T-2
Radius, r has units = L

v2/r has units L2T-2L-1 = LT-2 So, the expression is dimensionally homogeneous.

The velocity of a mass may while its speed may be constant as in the case of circular motion.

Since velocity is a vector (constantly changing) whereas speed (a scalar) may be constant.

Question 2:
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The principal characteristics of a Newton’s third law pair of forces include:

(i) They must be of the same type

(ii) They always occur in pairs (acting on different bodies)

(iii) They are equal in magnitude

(iv) They act in opposite directions

Question 3:
Using the Principle of Conservation of Energy:

½ mv2 = mgh

v2 = 2gh = 2 x 9.81 x 2.00 = 39.24, giving v = √(39.24) = 6.26

Speed of ball = 6.26 ms-1
Tangent of h-t curve at 0.72 s at h = 0 is approximately 4.7 ms-1
Length of time in contact with ground = 0.72 – 0.64 = 0.08 s.

From Newton’s second law; Ft = mv – mu, 

giving t = 0.08 s, m = 0.120 kg, u = 6.26 ms-1, v = 4.7 ms-1 

F = 0.120 x (4.7 – 6.26)/0.08 = 2.34 N
Question 4:

The centre of gravity of a body may be defined as the point where the resultant force (or weight) of the body acts or appears to act.
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Taking moments about A: 

400 x 0.6 = F x 1.20, since [image: image4.png]


sin-1 (0.6), giving F = 200 N
Vertical force = 400 N

Horizontal force = 200 N

Magnitude of the resultant = √(4002 + 2002) = 447.2 N
Question 5: 

(a) Work is defined as the product of force and distance moved in the direction of force.

W = Fs (Unit: Joule or Newton.metre) = Nm = kgms-2 x m = kgm2s-2
Power is defined as the rate of doing work.

Unit of power = Watt or Joule per second. = kgm2s-3
(b) Since power = force x velocity, power developed by motor = 500 x 11 = 5 500 W
Also, power = Current x voltage = I.V, so I = P/V = 5 500/120 = 45.8 A   

Question 6:
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From Ohm’s Law:

R = V/I = 1.9/20 x 10-3 = 95 Ω
A resistor of value 95 Ω should be placed in series with the semiconductor diode.

Question 7: 

(a) A typical e.m.f. of a single dry cell is 1.5 V 

A typical terminal p.d. of a dry cell, supplying a normal load = 1.4 V 
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(b) Short circuit with cells like nickel-cadmium gives rise to high currents flowing in the external circuit since they have very low internal resistances.

Power, P = I2R and if I, R are both high, then a great deal of heat would be produced.

Question 8:

Charge stored in capacitor, Q = C.V, so Q = 100 x 10-6 x 5.0 = 500μC
Energy stored in capacitor = ½ CV2 = ½ x 100 x 10-6 (5)2 = 1.25 mJ
To show experimentally that charge stored in a 100 μF capacitor is proportional to p.d. over the range 0 – 10 V, please see standard textbook.
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Question 1:
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1 volt = 1Joule per Coulomb, V = J/C

1 J = 1 Nm = kgm2s-2 and Q = It = As, giving volts dimensions of kgm2s-3A-1 
Vectors have magnitude and direction whereas scalars have magnitude only.

Potential difference is a scalar quantity.

Question 2:
F = 30 x 9.81 = 294 N
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The 34 kg mass accelerates downwards because there is a resultant force downwards since the weight exceeds the contact force.

Question 3:
Work done = Area under F – s curve = 240 x (10 x 0.01) = 24 J 
Equating KE with the work done in stretching catapult:

½ mv2 = work done in stretching catapult

½ x 0.08 x v2 = 24, giving v = √600 = 24.5 ms-1
Question 4:
Potential energy changes occurring area s under:

tA and tB: Loss of gravitational PE and gain in KE

tB and tC: KE is transferred into elastic PE when the ball deforms on the ground.
tC and tD: The elastic PE is re-converted into KE.

Question 5:
A body can be moving at constant speed yet accelerating if we consider motion in a circle. The speed may be constant but the velocity vector (tangential to circle) is continuously changing – therefore accelerating.

The force acts: towards the Earth 
The force acts: on the Earth; towards the Moon.

Question 6:
E = IR = 200 x 10-6 (10 x 103 + 15 x 103) = 5.0 V
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Total series resistance = (5.0)/(250 x 10-6) = 20 kΩ

1/RV + 1/(15 000) = 1/(10 000), giving RV = 30 kΩ
Question 7:

The capacitance of a capacitor is a measure of the charge (in Coulombs), stored in it per volt or unit p.d. that is used to charge it.
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Current, I = V/R = 1.5/470 x 103 = 3.2 μA
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Energy in fully-charged capacitor = ½ CV2 = ½ (200 x 10-6) x (1.5)2 = 0.225 mJ
Question 8:

For relevant diagram, equipment and measurements, please see standard textbook.

For a body falling freely from rest, we have:

s = ½ gt2

A timer is required (precise as possible) and a metre rule to record distance. Various distances may be used to minimize random errors. A plot of distance vs. (time)2 should yield a line of gradient = 2g.

PH1 JANUARY 1996

Question 1:
Re-arranging the requation:

G = 4π2r3/MT2
since 4π2 is constant, the dimensions of G are: m3kg-1s-2
Free-body force diagrams:

· Two labelled bodies acted upon by one force only

· Two forces (of same magnitude) oppposite in direction(preferably in thew same line).

The forces on diagrams are consistent with Newton’s Third law of Motion since:

(i) They are equal in magnitude and opposite in direction

(ii) They must be of the same kind.

Question 2:
Newton’s second Law of Motion states that, “The rate of change of momentum is directly proportional to the applied force and takes place in the same direction”.

Momentum is conserved in any collision. 

Kinetic energy is conserved  in elastic collisions. 

Question 3:

Energy stored = Area under force-extension graph

                       = ½ x 800 x 0.50 = 200 J
Equating kinetic energy and elastic potential energy:

½ mv2 = 200, so v = √(200 x 2/0.060) = 81.7 ms-1
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(i) Horizontal velocity component will decrease slightly owing to air resistance;

(ii) The vertical velocity component will decrease to zero and then increase on downwards motion due to the effects of gravity. 

Question 4:
Circuit diagram showing:

· Variable power supply unit;

· Ammeter in series with labelled wire;

· Voltmeter in parallel with wire.
Rate of working or power = IV = 0.12 x 3.5 = 0.42 W
Since I = nAqv, giving v = I/nAq = 3.5/(1.7 x 1024 x 1 x 10-6 x 1.6 x 10-19) = 1.29 x 10-4 ms-1
Power = Ftv, giving Ft = Power/v = 0.42/(1.29 x 10-4) = 32 560 N
Question 5:

For derivation of equivalent capacitance of series capacitors, please see standard textbook.

(i) The total capacitance:

1/Ctotal = 1/200 + 1/1 000, giving capacitance = 167 μF

(ii) The charge which flows from the battery:

Q = CV = 167 x 10-6 x 9 = 1 500 μC
(iii) The final p.d. across the capacitor:

V1 = Q/C1 = 1.5 x 10-3/10-3 = 1.5 V

V2 = Q/C2 = 1.5 x 10-3/2 x 10-4 = 7.5 V
Question 6:
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The resistance of the L.D.R. decreases with an increase in light intensity. Thus, there is a consequent increase in the ammeter or voltmeter.

Question 7:
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Question 8:
Please see PH1 June 1995 (Question 8) for details.

In order to minimize errors in the experiment:

Use large free-fall distances in order to minimize timing errors or take several readings at each distance to minimize random errors.

PH1 JUNE 1996
Question 1:
The magnitude of a physical quantity may be written as the product of a number and unit, e.g. 8 Newtons. 

If the units on one side of an equation are different from those on the other, then they relate to different physical quantities and cannot therefore be equal.

An equation which is homogeneous, but still incorrect may be written:

mgh = mv2 or s = ut + at2 etc.

Question 2:

Power of athlete = increase in potential energy/time taken = mgh/t 

= (55 x 9.81 x 3.6)/1.8 = 1 080 W 
Power to weight ratio = Nms-1/N = ms-1
Power to weight ratio of Athlete = 1 080/(55 x 9.81) = 2.0 ms-1
Question 3: 
The time, t lies in the range: 2.05 s  ˂  t  ˂  2.10 s

The downwards sloping lines of the v-t curves are straight since these represent the acceleration due to gravity – which is constant.

v2 = u2 + 2as

5.02 = 02 + 2(9.81)s

s = 1.25 m
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Final displacement = - 1.25 m
Question 4:

Angular velocity, ω = 2π/T = = 2π/120 x 60 = 8.723 x 10-4 rad.s-1
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Free fall means that the only force acting on the body is that of gravity. The height remains constant since we are dealing with circular motion – the centripetal force is provided by the gravitational attraction of the Earth for the satellite.

Question 5: 
Resistivity (ρ) may be defined by the equation:

R = ρL/A

where R = resistance of conductor, L = length and A = cross-sectional area. From the above equation:

R = (1.7 x 10-8 x 0.6)/(1 x 10-6) = 0.0102 Ω
P = IV, so I = P/V = 36/12 = 3 A

But, V = IR = 3.0 x 10.2 x 10-3 = 30.6 mV
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Question 6:
By Kirchoff’s First Law:

I = I1 + I2
For derivation of the parallel resistors equation, please see standard textbook.

If the resistance of the voltmeter, RVis much greater than that of the low resistance (RLOW), then 1/RV ˂˂ 1/RLOW and RT ≈RLOW
Question 7: 
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Question 8:

(i) For experimental details, please see standard text.

(ii) The physical quantities to be measured include:

· Measurement of masses using a top-pan balance

· Speed of each object (using ticker-timer) – both before and after collision (via light gates)

· The speed is determined by dividing thye length of card by time taken to traverse light gates)

(iii) In order to provide a single illustration of the Principle of Conservation of Linear  Momentum, the momentum of each object before and after collision must be evaluated. The Law is proven if :

Total Linear Momentum before collision = Total Linear Momentum after collision.
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Question 1:

A represents weight of parachutist;

B represents reaction of ground on parachutist.

These forces are unpaired because the parachutist has a negative acceleration, requiring a nett upward force.

Question 2:
Speed = angular speed x radius (v = rω) = 16 x 0.8 = 12.8 ms-1
Centripetal acceleration = ω2r = 182 x 0.8 = 204.8 ms-2
The resultant acceleration is provided by the centripetal acceleration = 204.8 ms-2 since the stone is horizontal and the weight of the stone has no component in this direction.

The string is most likely to break when the stone is nearest to the ground since thr tension at this point is a maximum = mω2r + mg.

Question 3:
Gain of KE = loss of PE

v = √(2gh) = √(2 x 9.8 x 0.10) = 1.4 ms-1 

s = ut + ½ at2  Since u = 0 and a = g  → s = ½ gt2, giving t2 = 2s/g, so t = √(2s/g) = 0.14 s
The speed of  B just after the collision = initial speed of A before collision (equal masses) = 1.4 ms-1 
Distance = speed x time = 1.4 x 0.14 = 0.2 m
B drops the distance of 10 cm more quickly than A because B is in free fall whereas the downwards acceleration of A is constrcited by the upwards tension in the string.

Question 4:
Maximum acceleration = maximum gradient of v-t curve = 10/2.5 = 4 (+/- 0.5) ms-2
Distance travelled = Area under v-t curve = 33 (+/- 3) m
Question 5:

s = (u+v) t/2  Since u = 0, final speed = 2 x average speed = (2 x 0.90)/0.13 = 1.59 ms-1  

Average acceleration = imcrease in speed/time = 1.59/1.13 = 1.41 ms-2
In order to test the constancy of the acceleration, ticker tape is attached to the glider. The tape is then cut into 10-dot lengths. If laid side-by-side, they should form a straight line graph for constant acceleration.

Question 6: 
Voltage drop across 4 Ω resistor, V = IR = 4 x 0.75 = 3 V
Then, I1 = (9 - 3)/24 = 0.25 A
I2 = (0.75 - 0.25) = 0.50 A

R = V/I = 6/0.50 = 12 Ω
Question 7:
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Current I = Power/Voltage = 24/12 = 2 A

Resistance = Voltage/Current = 12/2 = 6 Ω
The 6 Ω and 24 Ω resistors form a parallel network, of resistance = 4.8 Ω.

Now, R = V/I = 8/2.5 = 3.2 Ω
Question 8:
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Resistance = V/I = 3/(40 x 10-6) = 75 kΩ
PH1 JUNE 1997

Question 1:
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Question 2:
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The Newton’s Third Law pair of forces are:

(a) Equal in magnitude

(b) Opposite in direction.

Question 3:
Weight of lorry = 45 000 x 9.81 = 441.45 kN
Taking moments about A:

Increase in upwards force at B  x 60 = 441 450 x 40 = 294 300 N
Corresponding increase in upwward force at A = 441 450 – 294 300 = 147 150 N
Question 4:

Resistance, R = 1.5/(100 x 10-6) = 15 000 Ω
Additional resistance to obtain half FSD = 15 000 Ω
Additional resistance to obtain quarter FSD = 45 000 Ω
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On connecting the Ohmmeter to an uncharged 200 μF capacitor, an immediate indication of current flow occurs, followed by a slow decay of current magnitude towards zero.

Question 5:
Newton’s Second Law of Motion states that the rate of change of momentum is directly proportional to the applied force and takes place in the same direction.

For experimental arrangements and equipment to verify Newton’s Second Law, please see a standard textbook.

The magnitude of the applied force relies upon Hooke’s Law behaviour – i.e. force is directly proportional to the extension of the rubber elastic band. Calibration may be made by hanging known weights on the band and noting extensions. Ticker-timer/tape enables accelerations to be determined since each dot is 0.02 s apart and the sistance between them is the distance travelled. The experiment is repeated for different extensions (i.e. different forces).

Acceleration may be determined by cutting out the tape strips containing 10 dots and laying them side-by-side. Acceleration may be calculated by the slope of this v-t graph. A plot is then made of force vs. acceleration. The Law is proven if this plot is a straight line passing through the origin.

Question 6:
I = nAvq

Drift speed, v = I/nAq = (8 x 10-3)/(7 x 1023 x 3 x 10-6 x 1.6 x 10-19) = 2.38 x 10-3 ms-1
Although the drift speed in the copper wire is much lower, I, A and q are the same for both nspecimens. Consequently, the electron concentratiuon (n) must be much larger in copper than in the semi-conductor.

When the temperature rises, stronger thermal vibrations promote more electrons to the conduction band, thereby increasing the carrier density.

Question 7: 
Decrease in potential energy per second = weight x height loss/second = 900 x 1.2 = 1 080 J  
This potential energy is mainly transferred to the surroundings in the form of heat.

Shortfall in power = 1 080 – 400 = 680 W is greater than can be provided over a sufficiently long period for sustained flight.

Question 8:
The period of Earth’s rotation about the sun = 1 year
Angular speed, ω = 2π/(365 x 24 x 60 x 60) = 1.99 x 10-7 rad.s-1
Centripetal force = mrω2 = 5.98 x 1024 x 1.50 x 1011 x (1.99 x 10-7)2 = 3.55 x 1022 N
This centripetal force is provided by the gravitational force of attraction of the Sun.
Question 9:
Charge stored, Q = CV = 100 x 10-6 x 12 = 1 200 μC
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The charge is shared between the two capacitors.

New equivalent capacitance, C = (1 200 x 10-6)/(400 x 10-6) = 3.0 V
PH1 JANUARY 1998
Question 1:

Force = mass x acceleration
Two forces may have different magnitudes but may differ in the following ways:

(a) Direction (force is a vector);

(b) Type (Electro-magnetic, magnetic etc.);

(c) Contact or non-contact force.

Question 2:
x = ut + ½ at2
x has dimensions of length, L. Consequently, the RHS of the equation must also have dimensions of L.

ut = velocity x time = LT-1 x T = L

at2 = acceleration x time2 = LT-2T2 = L. The factor of ½ can be ignored since it is dimensionless. The equation is therefore homogeneous.

Acceleration = slope of v-t curve = (4 – 2)/(6.5 – 5.0) = 2/1.5 = 1.33 ms-2

Distance travelled  between t = 6 s and t = 8 s is given by the area under the v-t curve  over this period = area of rectangle of dimensions 3.3 x 2.0 + area of triangle, whose base = 2 and height = 3.4 = 6.6 + ½ (2 x 2.7) = 6.6 + 2.7 = 9.3 m
Question 3:
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  The reaction of the floor on the crowbar is not involved in the energy transfer process since it does not move any distance.

Advantage of keeping x as small as possible: the force on the nail head is larger (Principle of Moments).

Disadvantage of keeping x as small as possible: the distance moved by thye nail is very small.

Question 4:
For elastic collisions, the total kinetic energy of the objects is conserved before and after the collision:

Before collision, KE of K       = ½ (0.2) 62 = 3.6 J

After collision, KE of K + L = ½ (0.2) 42 + ½ (1.0) 22 = 1.6 + 2 = 3.6 J

The impulse of a force, I = Ft = mv – mu = 0.2[ -4 –(+6.00)] = 0.2(4.0 + 6.0) = 2 Ns
If the collision were inelastic, the impulse would be the same.

Question 5: 

Graph C shows how the kinetic energy of the body (y-axis) varies with the distance fallen (x-axis). This is because KE = ½ mv2. Since u = 0and m is constant, we may regard KE as the v2-axis. Now v2 = u2 + 2ax → v2 vs. x should be a linear plot since a = g = constant;

Graph D shows how the distance fallen (y-axis) varies with the time (x-axis). This is because x = ut + ½ at2 and since u = 0 and a = g = constant → √x α t.

Graph A shows the relationship between acceleration (y-axis) and distance (x-axis). This is because acceleration = g = constant.

Question 6:
By the Principle of Conservation of Energy:

mgh = ½ mv2 

→ v = √(2gh) = √(2 x 9.81 x 0.8) = √15.696 = 3.96 ms-1
Now, weight of child = mg = 21 x 9.81 = 206 N

Centripetal force = mv2/r = (21 x 3.962)/3 = 109.8 N

Force exerted on child by seat = 206 + 109.8 = 315.8 N
As the amplitude of the motion increases, velocity increases, therefore the centripetal force increases and there will be a point where mv2/r = mg where the child loses contact with the seat.
Question 7:
Starting with R1 set to the highest position, the readings on the voltmeter and ammeter are taken. 

Slowly decreasing the resistance of the rheostat, R1, simultaneous readings of the voltage and current are taken up to a maximum (of about 1.5 V). The procedure is repeated at the same current/voltage intervals whilst R1 is decreasing.

Care should be taken to avoid over-heating, by taking the readings and switching off the circuit by means of a switch between readings. 

Then, a plot of voltage (y-axis) vs. current (x-axis) should be made. 

Resistance = gradient of graph  
In order to obtain a value for the resistivity of the wire, its length and cross-sectional area must be measured.

Firstly, a plot, correctly drawn through the experimental points would yield a more precise value of resistance. 

Moreover, if any over-heating occurred, a change in slope would be seen and then the best linear portion should be examined (lower current values).

Question 8:
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(i) With the switch S closed, the 2 μF capacitor would be ‘short-circuited’. Thus, we need consider only the charging of the 3 μF capacitor.

Energy, W = ½ CV2 = ½ x 3 x 10-6 x(6)2 = 54 μJ 
(ii) With switch S opened, we need to calculate the combined capacitance of the 3 μF and 2μF capacitors in series:

1/C = 1/3 + ½ = 5/6, giving C = 1.2 μF.

Charged stored = CV = 1.2 x 10-6 x 6 = 7.2 x 10-6 C  

Energy stored in 3 μF capacitor = ½ Q2/C = ½ (7.2 x 10-6)2/(3 x 10-6) = 8.64 μJ 

PH1 JUNE 1998
Question 1:
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Question 2:
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Question 3:

The principle of moments states that ‘for a body in a state of equilibrium, the sum of the clockwise moments is equal to the sum of the clockwise moments, taken about any point.’

Taking moments about B:

FA x 80 = 120 x 50

→ FA = 75 kN
FB = 120 – FA = 45 kN
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Question 4:
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The normal contact N balances mg cos θ. 

An unbalanced force (mg sin θ), perpendicular to N, acts down the plane.

Now, since θ = 30o and sin 30o = 0.5,

mg sin θ = 0.100 x 9.81 x 0.5 = 0.491 N
Work done = Force x distance moved in direction of force

                   = KE (since the plane is perfectly smooth)

                   = 0.491 x 0.20

                   = 0.098 J
New KE     = Reduced force (caused by friction) x 20 cm

                   = (0.491 – 0.19) x 0.20 = 60 mJ
The work done vs. friction is less for the smooth plane than for the rough one

 → more energy is transferred into KE.

Question 5:  

The fraction of the battery voltage obtained across the ends of the resistance wire may be varied from 0 to 12 V by moving the slider P.

The I-V curve deviates from a straight line at higher current values because the wire becomes hotter. At low current values, resistance = 3.4/0.7 = 4.9 Ω
In order to determine the resistivity of the wire, the two additional quantities required are: length and diameter (giving cross-sectional area).

The factor having the greater influence on the error in a calculated value for resistivity would be the area (or diameter). The reason for this is that the error in area = 2 x error in radius. The error is small (and may be uneven) – thus a micrometer screw gauge should be used and the diameter of the wire measured at several locations.

Question 6: 

FALSE since resistors in series carry the same current and I = nAve, if A is decreased, it follows that v would increase.

FALSE since we have the same charging current the same time, it follows that the charges must be equal.

TRUE since P = I2R, then if the resistance decreases, then the power is increased.

FALSE since equal increments in voltage require larger charge on a larger capacitor.
Question 7:

For equipment/apparatus, see a standard textbook on experimental verification of law of conservation of momentum.

Note: springs should be placed at end of air gliders, so they rebound on impact. A light gate/precision stopclock would be used to determine speeds.

Physical quantities to be measured include:

· masses of both trolleys

· their speeds before and after collision

· measuring a particular time and distance

· speed = distance/time.

In order to show that KE is conserved in the collision:

KE before impact = KE after impact,

i.e. ∑(½ mv2 values  before collision) = ∑(½ mv2 values after collision).

PH1 JANUARY 1999
Question 1:
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Question 2:
(i) Change of displacement t = 0 to t = X = 5 x 0.5 = 2.0 m

(ii) Change of displacement t = 0 to t = Y = 3 x 0.5 = 1.5 m
Shape of obstacle:
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Question 3:

Scalar quantities have magnitude, but no direction; vector quantities need both magnitude and direction to be specified.

Resultant force exerted on lamp by wire = 4.5 cos 40o x 2 = 6.9 N
Weight of lamp also = 6.9 N since weight = supporting force since it is in equilibrium.

Question 4:
By similar triangles; let the displacement of C of G = x, then:

3/24 = x/5

                                                     → x = 15/64 = 0.625 mm
By the Principle of Moments:

                                m x 18 = 100.0 x 18 + 128 x 0.0625

                                                        → mass, m = 100.4 g
The scale is not calibrated since the calibration changes if the masses on the scale pans change.

Question 5:
To show that the collision is elastic:

KE before impact = ½ (22 000)(3)2 + ½ (66 000)(1)2  = 132 kJ
KE after impact = ½ (66 000)(2)2 = 132 kJ
Since the KE before impact = KE after impact, then the collision is elastic 
KE at mid-point = ½ (88 000)(1.5)2 = 99 kJ
Energy has been stored elastically in the spring buffers.

It is possible for the two trucks to be in contact, but to travel at different speeds since the spring is being compressed (or expanded).

Impulse = change of momentum = mv – mu = m(v-u) = 66 000 (2-1) = 66 kNs
The impulse is the same, even if the collision occurs over half the original time because the momentum exchange remains the same.

Question 6:   
Capacitance = Charge/Voltage (i.e. charge stored per unit p.d.)

Current flows in the bell during the charging part of the cycle when the capacitor is fully charged.
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The bell tinkles when the switch is closed and then opened again since the capacitor discharges, the current flows through the bell.

The operation of the anti-tinkling switch is to ‘short out’ 3-5 such that no current flows in the bell.

Question 7:
R = ρL/A = (1.72 x 10-5 x 6.00)/(0.25 x 10-6) = 0.41 Ω
I = nAve = 1.10 x 1029 x 0.25 x 10-6 x 1.60 x 10-19 x 0.093 x 10-3 = 0.41 A
Electrons behave like an ‘incompressible fluid’ such that there are a large number of free electrons in the metallic lattice, they will start to move (like cars in a traffic jam).

PH1 JUNE 1999
Question 1:

Explanation of magnitude of force A w.r.t. weight of block: 

The force on A is greater than the weight of the block since the block is thrown upwards.

Force F = push of mallet

Force C = push from iron bar (or pivot)

Impulse applied to block:

Since impulse = Ft = area under F-t = (½ x 0.4 x 30) + (½ x 0.2 x 30) = 6 + 3 = 9 Ns  

The maximum upward speed of block = momentum/mass = 9/7.1 = 1.27 ms-1
Why forces are unequal:

The force from the board is opposed by the weight of the block.

Question 2:
(i) Displacement = area between origin and and 1.5 s = 23.8 m 

(ii) Acceleration = gradient of tangent at 2.0 s = (70 - 20)/(2.6 – 0) = 19 ms-2
(iii) KE = ½ mv2 = ½ x 420 x 632 = 0.84 MJ
Question 3:
A piece of ticker-tape is attached to A and run through a ticker-timer. The length of the truck is measured and the tape marked when it passes A. Then, average speed = length of truck/time interval.

v2 = u2 + 2as → a = (v2 – u2)/2s = (1.64)2 – (1.52)2/2 x 1.20 = 2.69 – 2.31/2.40 = 0.158 ms-2 

Question 4:
Work = force x displacement in direction of force.

In the case of a particle moving in a circular path, the work done on the particle is zero since the displacement in the direction of the force is zero; consequently the direction of motion must be kept at right angles to the direction of the force.

Velocity change = vA – vB and its direction is at 90o to AB, towards LHS. Thus, acceleration is towards the centre of the circle.

Question 5:
P = V2/R where the symbols have their usual meaning.

→ R = V2/P = (230)2/100 = 529 Ω
Reason and explanation for drift speed of electrons in filament being higher than in remainder of circuit:

Since I = nAve, assuming n to be constant, then for a series circuit, I everywhere is the same so that with a decrease in A, then v must necessarily increase.

Question 6: 
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Question 7:
Calculation of energy:

W = ½ CV2 = ½ (3 x 10-6)(6)2 = 54 μJ
Calculation of total energy:

Q = CV = (3 x 10-6)(6) = 18 μC
C = C1 + C2 = 3 + 5 = 8 μF
W = Q2/2C = (18)2/2 x 8 = 20.25 μJ
The decrease in stored energy is accounted for by heating of the resistor (or wires).

Question 8:
Resistivity = (Resistance x Cross-sectional Area)/length 
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Reason for 80 Ω resistor:

This is to prevent a high current flowing in the wire which would change its resistivity (resistivity of metals increases with temperature).

Resistance = V/I (or gradient of graph) = 0.12/(50 x 10-3) = 2.4 Ω
Area of wire = πd2/4 = π x (0.59 x 10-3)2/4 = 2.73 x 10-7 m2
ρ = 2.4 x 2.73 x 10-6/0.51 = 1.286 x 10-6 Ω.m
PH1 JANUARY 2000
Question 1:

A description of force C which forms a Newton’s Third Law Pair with A is ‘Man pulling Earth upwards, with a gravitational force’.

Similarities (any 3):

· Magnitudes are equal;

· Line of action parallel;

· Types of force same (i.e. gravitational);

· Time interval or duration;

· Constant in value (not true generally, but true in this case).

Differences:

· Act in opposite directions;

· Act on different bodies.

The two forces which show whether or not man is in equilibrium are A and B.

Question 2:
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Question 3:
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Measurements:

Record voltmeter and corresponding ammeter readings. Then , repeat for a range of supply voltage settings.
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Question 4: 
Total amount of energy released during flight:

= 1.71 x 105 x 38 = 6.5 MJ
Input power to engines:

= (6.5 x 1012)/47 x 3600 = 38 MW
Average speed of aircraft:

= 41 000/47 = 870 kmh-1 or 240 ms-1
Multiplying maximum thrust by engine speed:

For one engine, we obtain 700 kN x 240 ms-1
For two engines, this becomes 2 x 700 x 240 = 336 MW
The F.v product = power

It can be deduced that the maximum power is about an order of magnitude greater than the average cruising power.

Question 5:
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Ohm’s Law for a complete circuit is:

E/I = (R + r)

where the symbols have their usual significance.

Thus, E = 4.5 V; I = 0.3 A. So, R = 3.5/0.3 = 11.66... Ω
→ 4.5/0.3 = (11.66 + r), where r = internal resistance (3 cells)

→ 15 = 11.66... r, giving r = 3.33 Ω

Thus, internal resistance of one cell = 3.33/3 = 1.1 Ω
Question 6:

Ohm and Farad expressed in terms of SI units:

Ohm = Volt/Ampere. Since 1 V = 1 Joule per Coulomb.

→ Ohm has dimensions = J/C.A = (N.m)/(A.s.A) 

Since 1 N = 1 kgms-2, then Ω = kg.m.s-2.m/A2.s 

So, base units for Ohm = kg.m2.s-3.A-2
Farad = Coulomb/Volt = A.s/V = (A.s)/(kg.m.s-2.m/A.s) = A2s4kg-1m-2
To show Ohm x Farad = second:

From the above expressions, we may write:

kg.m2.s-3.A-2 A2s4kg-1m-2 = s

Charge at commencement of 10.0 ms discharge period:

Q = CV = 40 000 x 10-6 x 12 = 0.48 C
Charge remaining at the end of the 10.0 ms period:

= 40 000 x 10-6 x 10.5 = 0.42 C
Average current, I = dQ/dt = (0.48 – 0.42)/(10 x 10-3) = 6 A
The advantage of a reduced discharge time is that there is a much reduced drop in p.d. since there is insufficient time for a larger voltage drop.
Question 7:

Time taken for bullet to reach maximum height:

v = u + at

where v = 0 at maximum height, u = launch velocity = 450 ms-1 and a = g = - 9.81 ms-2.

t = (v-u)/a = (0 – 450)/(- 9.81) = 45.9 s
Assumption made: air resistance is negligible.
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Explanation of shape of graph (any ONE):

· Line is straight due to acceleration (g) constant

· Gradient is negative (deceleration initially, followed by change in direction)

· Velocity changes sign (upwards initially; downwards later).

Calculation of distance travelled by bullet:

= Area enclosed by v-t graph

= 2 x area of triangles whose height = 450 ms-1 and base = 46 s 

= 2 x ½ x (450 x 46) = 450 x 46 = 20 700 m
PH1 JUNE 2000
Question 1:
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Question 2:
To be correct (physically), the units on the LHS of an equation should be the same as those on the RHS.

x = ut + ½ at2
On the LHS of the equation, units are metres (m).

On the RHS:

ut has dimensions ms-1 x s = m

 ½ at2 has dimensions ms-2 x s2 = m 

Thus, the equation is homogeneous w.r.t. units.

An equation may be correct w.r.t. units, but still incorrect if mathematical constants, e.g. ½, π etc. Are omitted.

Energy is conserved from A to B by:

Loss of gravitational potential energy = gain in kinetic energy

                                                  mgΔh = ½ mv2
v2 = 2gh → v = √(2gh) = √(2 x 9.81 x 3) = √(58.86) = 7.7 ms-1
Assumptions made (any ONE):
· No air resistance

· Rope is inextensible.
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The tension in the rope will be a maximum at the bottom of the swing since centripetal force is added to the weight at this point.

Question 4:
Force Y = W

For equilibrium, forces X and P must have equal magnitude since they are the only two horizontal forces acting.

Moment of weight of cupboard about A = Force x perpendicular distance

                                                                 = 10 x 9.81 x 0.15 = 0.147 Nm
By the Principle of Moments:

0.60 X = 0.147 Y

→ X = 0.245 N
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The screws are usually situated as high as possible in order to obtain maximum force/moment and maximize stability. If the screws were lower down, difficulty would be experienced in getting the the cabinet vertical against the wall.

Question 5:
When switch S1 is moved from A to B:

· The electromagnet loses its magnetism (ball drops)

· The clock is activated.

s = ut + ½ at2 (u = 0 and a = g)

→ 1.00 = ½ (9.81)t2 → 9.81 t2 = 2.00, giving t = 0.45 s
The time for the ball to reach the ground would also take 0.45 s, since the only downward force on the ball is due to the Earth’s gravitational field.

Horizontal velocity = distance travelled/time taken = 2.00/0.45 = 4.43 ms-1
Question 6:

(a) For EMF and internal resistanceof a cell, the standard test circuit may be used:

Cell, switch, variable resistance, ammeter and (say 100Ω) fixed resistor all in series. Then a voltmeter is placed in parallel across the 100 Ω resitor.

Ohm’s Law for a complete circuit gives:

E/I = (R + r)

→ E = IR + Ir = V + Ir where V = terminal p.d.

Re-arranging:

V = E – Ir which is of the form y = mx + c, where V is the y-axis, I is the x=axis, E = EMF of cell = intercept on V-axis and gradient = -r = internal resistance. Thus, varying the voltage by the variable resistance and noting values of I and V, then E and r may be found.

(b)  From the above,

V = E – Ir = 12.0 – 3.0(3) = 12.0 – 9.0 = 3.0 V
From graph:

resistance of the lamp when hot = tangent of I-V curve at 11.9 V = 11.9/1.45 = 8.2 Ω

I = E/(R + r) = 11.9/(8.2 + 3.0) = 11.9/11.2 = 1 A (approx.) 

Question 7:

The resistance of the thermistor decreases non-linearly with temperature.

This is due to the fact that with increasing temperature (energy), electrons are promoted from the valence to conduction band.
p.d. Calculation:
p.d. across thermistor = 2.0 – 0.8 = 1.2 V

Current through thermistor = current through resistor = V/R = 0.8/330 = 2.42 mA

→ Resistanceof thermistor = V/I = 1.2/(2.42 x 10-3) = 495 Ω
Unlike metallic (ohmic) conductors which have a linear I-V relationship (constant resistance), that for thermistors is non-linear. Therefore, the voltage across the voltmeter would be higher since that across the thermistor would be lower (as a result of decreasing resistance with temperature).

Question 8:
The slope of the graph represents capacitance.

The area shaded represents energy stored.

W = ½ CV2 = ½ x 100 x 10-6 x (250)2 = 3.125 J
Power from cell = 1.5 x 0.2 = 0.3 W 

Power = Energy/time  → t = E/P = 3.125/0.3 = 10.4 s
PH1 JANUARY 2001

Question 1:

Base units for the Joule:
1 J = 1 Nm

Newton has units kg.m.s-2 (F = ma)
→ base unit = kg.m2.s-2
Homogeneity of formula:
ρ → kg.m-3
r → m

f→ s-1 
→ Units of RHS = (kg.m-3)(m)5(s-1)2 = kg.m2.s-2
which is the same as LHS

The formula might still be incorrect, since although dimensionally correct, constants (such as ½ in the formula could be wrong).

Question 2:
Momentum = mass x velocity

→ Force α mass x rate of change of velocity

or, Force α mass x acceleration.

In the definition of the unit, the constant of proortionality is assumed to be 1.

On bending the knees, this has the effect of increasing time.
We may re-write as:

Impulse = Ft = mv – mu

→ F = (mv – mu)/t

So, as t increases, then the force F is decreased.

Question 3: 
Work = average force x time

          = area under F-t curve

          = ½ x 0.040 x 22

          = 0.44 J
gpe = mgΔh

       = 0.024 x 9.81 x 0.60

       = 0.14 J
 When compared, the energy in compressing the spring is greater than the gpe gained by the frog.

Reasons to explain this (all involve the law of conservation of energy) which states that the total energy of a closed system remains constant, but energy may be converted from one form into another. Explanations may include:

· Air resistance

· Sound

· Potential energy (of spring) being converted into internal energy (heat).

Question 4:   
n = number of electrons per unit volume (m3);

v = average (drift) velocity.
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Question 5:

Although speed is constant, in the case of circular motion, the velocity is continually changing (velocity vector is a tangent to the circle).
This gives rise to an acceleration, since velocity is changing. Then, Newton I applies, F = ma.

Body A: Earth

Body B: Weighing scales.

ω = Angular speed of student = 2π /(24 x 60 x 60) = 7.3 x 10-5 rad.s-1
Resultant force = mrω2 = 55 x 6400 x 103 x (7.3 x 10-5)2 = 1.9 N
Force B = 539 – 1.9 = 537.1 N
The scales read the same value as force B (537.1 N). This follows fromNewton’s Third Law(i.e. this is the overall force exerted by the student on the scales).

Question 6:
Ohm’s Law gives: 

V = IR

So, voltage across ballast = 0.5 x 300 = 150 V
“
“
“ filament = 0.5 x 50   = 25 V  

                          → Vstarter = 230 – 150 – 25 – 25 = 30 V
The fundamental change neceassary for the tube to conduct is that charged particles need to be present.  
Vballast = 230 – 110 = 120 V
I = V/R = 120/300 = 0.40 A

Power = IV = 0.40 x 230 = 92 W
The faulty component would be the starter (still conducting).
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Question 7:
Charge = average current x time = 15 x 300 x 10-6 = 4.5 mC
Estimation of capacitance:

C = Q/V =(4.5 x 10-3)/9 = 500 μF
Question 8:

R = ρL/A = (1.7 x 10-8 x 20)/(4.0 x 10-6) = 0.085 Ω
Voltage drop given by V = IR  = 37 x 0.085 = 3.1 V

→ Total p.d. = 2 x 3.1 = 6.2 V
Cable with 6.0 mm2 conductors would have a resistance of 2/3 x ‘old’ cable = 0.057 Ω

Consequently, power dissipated in cable would be less and the shower would be more efficient.

PH1 JUNE 2001
Question 1:

a = (v – u)/t = (16 – 0)/4.0 x 60 = 0.0666 ms-2
Newton’s Second Law gives F = ma = 84 000 x 0.0666 = 5 600 N
Free Body Force Diagram(all from one point):

Arrow vertically upwards, magnitude 840 000 N

Arrow vertically downwards, magnitude 840 000 M

Arrow horizontal, pointing right, magnitude 112 000 N

Arrow horizontal, pointing left, magnitude 168 000 N

Power = F.v = Force x Average velocity = 3.0 x 106 x 0.666 x 8 = 1.6 x 106 W
Now, electrical power supplied , P = IV → I = (1.6 x 106)/(25 x 103) = 64 A
Question 2:

[image: image47.jpg]



Physical quantities in shaded ellipses are base quantities. These are not derived from any (other) quantities.

Question 3:
Force R = weight of wall B + ½ x weight of floor C = 2 300 + (½ x 4 400)

              = 24 300 N 
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Taking moments about P:

(1 900 x 2.5) – 3.8 Q + (24 300 x 4.9) = 0

4 750 – 3.8 Q + 119 070 = 0

→ Q = 32 584.2 N
But P + R + W = Q

→ P = Q – W – R = 32 584.2 – 1 900 – 24 300 = 6 384.2 N
Question 4:

Providing no external forces act, the total momentum of a system of colliding bodies remains constant.
The two laws of motion necessary to prove the Principle of Conservation of Momentum are Newton’s Second and Third Laws.

It is necessary to measure the velocities of the trolleys before and after collision. This may be done by ticker-tape/ticker-timers or light gates.

In this case, since the trolleys are of identical mass,

m1v1 = (m1 + m2)v2
→ v2 = ½ x v1
and this would verify the Principle.

The reason for discrepancy is either:

· Air friction

· Friction between wheels/plane.

Explanation: Initial momentum of car = recoil momentum of Earth (+ car).

Question 5:
V = V1 + V2
V = IR

But V1 = IR1; V2 = IR2
or, IR = IR1 + IR2
→ R = R1 + R2
This is a good approximation since the resistance of the connecting lead is very small.

→ p.d. = I x R

Since R is very small, p.d. is negligible.

Circumstances in which the approximation breaks down:

· If the current is very high;

· Resistance of the remainder of the circuit is very small

R = ρL/A = (1.7 x 10-8 x 0.30)/(π x 0.075 x 10-3)2 x 16= 1.8 x 10-2 Ω
But, V = IR = 2.0 x 1.8 x 10-2 = 0.036 V
Question 6:

Current is the rate of flow of charge.

Since current is constant, the charge on the capacitor (= It) increases at a constant rate.

Since V = Q/C = It/C, it follows that a plot of V vs. t should be a straight line since the capacitance (C) is constant.

Q = CV

I = Q/t

or,                                                                 It = CV

                                                                 → I = CV/t

= (4 700 x 10-6 x 9.00)/40 = 1.06 mA
The resistance had to be decreased because as the capacitor charges, the voltage across the variable resistor decreases. Hence, R must decrease. Since I = VR/R.

Second graph:

· Exponential rise from (0,0)

· Initial slope, same as original.

Qustion 7:
AB: uniform acceleration

BC: Sudden deceleration

Explanation of course of motion:

AB: Attraction of (negatively-charged) electron to the positive terminal of power supply.

BC: Collision of electron with particles in the lattice of metallic wore.

Drift velocity: mean velocity of electron along wire. Its value lies between 1/3 and2/3 of maximum velocity.

The wire gets warm because collisions of electron energy is transferred to the (metallic) lattice.

PH2 JUNE 1995
Question 1:
No. of electrons in a neutral atom of 14C6 = 6
No. of neutrons in a neutral atom of 14C6 = 8
14C6 = 14N7 +0e-1
Using a G.M. tube and ratemeter, the background reading is taken. Then, a thin sheet of paper should be inserted between source and the effect on the count rate determined. If there is no effect, this shows that α-radiation to be absent. Subsequently, if a magnetic field is applied at 90o to the beam and the count rate is affected, then the radiation must be β-rays, since γ-rays remain unaffected. As a final test if a 3 mm sheet of aluminium is inserted in the beam and the count rate reduced to nearly zero, this confirms presence of β-rays.

Question 2:
Similarity: Nuclear fission and fusion both release energy.

Difference 1: Fission involves the splitting of nuclei, whereas fusion involves the the combination of nuclei,

Difference 2:  Fission involve large nuclei , whereas fusion involves the nuclei of small atoms.

Change in mass, Δm = 4.0026 – (2 x 1.0078) – (2 x 1.0087) = 0.0304 u

But 1 u = 1.66 x 10-27 kg → Δm =  0.0304 x 1.66 x 10-27 = 5.046 x 10-29 kg

E = Δmc2 = 5.046 x 10-29 x (3 x 108)2 = 4.542 x 10-12 J

Since there are 4 particles present in the nucleus, binding energy per nucleon = 1.14 x 10-12 J
Question 3:

Material B: Straight line, from origin, at a smaller gradient than linear portion for line A.

Young’s Modulus = gradient of linear portion of graph A, equivalent to stress/strain.

Units of Young’s Modulus are Pa, Nm-2 or kgm-1s-2
Question 4:
Simple harmonic motion (SHM) may be defined as the motion of a particle about a fixed point such that the acceleration is proportional to its displacement (x) from the fixed point and is always directed towards the fixed point, mathematically:

a = d2x/dt2 = - ω2x
a = acceleration, ω = constant, x = displacement and t = time

[image: image49.png]Displacement





The pair of curves illustrating the definition of SHM are A and B.

This illustrates that the proportionality between the acceleration and distance is illustrated and that they are inversely related.

Question 5:
In a transverse wave, the disturbed particles vibrate at 90o to the direction of travel of the wave. In a longitudinal wave, the particles vibrate in the direction of travel of the wave.

Polarization is the reduction of many perpendicular vibration planes to one plane only.
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Question 6:
s may lie in the range 0.1 to 1.0 mm
D may lie in the range 0.5 to 10 m 

The bright fringe at P is formed by diffraction occurring at the slits. Since the waves are coherent, the first bright fringe occurs when the path difference = λ (i.e. constructive interference/superposition occurs at P).

(i) If we increase the slit separation s, the fringe width x is decreased.

(ii) If we illuminate the slits with blue light, x is also decreased. These results arise as a result of: 

λ = xs/d
Coherent sources are those having a constant phase relationaship.

Question 7: 
Refractive index = speed of light in air/speed of light in glass = 1.50

→ speed of light in prism = (3 x 108)/1.50 = 2.0 x 108 ms-1
The critical angle, θc is given by

sin θc = 1/1.50 = 0.666...

→ θc = sin-1(0.666...) = 41.8o
→ n = 1.50 ( sin θ1/sin 18.2o) 

→ θ1 = 28o
If the value of θ1 is reduced, internal reflection will occur on face PR since θc = critical angle.
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Question 8:
hf represents the energy of the photon.

kemax = K.E. of emitted electron

ϕ = energy to release an electron from the surface (work function)

p = mv = 0.05 x 9.11 x 10-31 x 3 x 108 = 1.37 x 10-23 kgms-1
The de Broglie wavelength, λ =  h/p = (6.63 x 10-34)/(1.37 x 10-23) = 4.85 x 10-11 m
Electrons of this wavelength are useful for studying the structure of molecules since the wavelength, λ is similar to the spacing between atoms/molecules and diffraction occurs.

PH2 JANUARY 1996
Question 1:

22Na11 = 22X10 + 0β1+
Where β+ is a positron.

In 1 mol of 22Na11, there are 6.02 x 1023 atoms (i.e. 22 g). Thus in 0.22 g of the isotope, we have 0.01 mol. Consequently, no. of atoms present = 0.01 x 6.02 x 1023 = 6.02 x 1021 atoms.

λ = ln2/T1/2 = 0.693/(2.6 x 365 x 24 x 60 x 60) = 8 x 10-9 s-1
dN/dt = - λN = 8 x 10-9 x 6.02 x 1021 = 5.0 x 1013 Bq
Precautions to be taken in order to obtain a reliable result for a half-life of this magnitude are:

(a) Correct for background radiation

(b) Take readings for several weeks.

Question 2:
Since F = - kx → k = F/x = gradient of F-x graph = 5/(20 x 10-3) = 250 Nm-1
The speed of the mass is a maximum when the mass is at 0.

The velocity and acceleration are both in the same direction when the mass is moving from A to O or B to O.

T = 2π√(m/k) = 2π√(0.51/250) = 0.28 s
The energy transformations occurring when the mass moves from B to O are eleastic potential energy to kinetic and gravitational potential energy.

Question 3: 
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Stress-strain curve for mild steel
Load-extension curve for rubber – stress-strain curve similar (shows hysterisis loop)
The difference in molecular structure of rubber and steel is that rubber comprises long molecules (polymer) which is coiled/tangled up in an amorphous structure, whereas steel has a metallic structure – ordered lattice of positive ions.

Question 4:
The stationary wave has been produced by superposition (interference) of a reflected wave with a wave of the same frequency/wavelength moving in the opposite direction.

Doubling the frequency of the signal generator would move the maxima/minima closer together since the wavelength is halved.

In order to determine the speed of sound in air, the distance between successive nodes should be measured at several points along the wire and the average taken. The frequency of the signal generator is noted and then since λ = 2 x inter-nodal distance, we may find v from the equation v = f x λ.

Minima detected near the sheet are smaller than those near the loudspeaker since neat the sheet, there is almost complete cancellation; moreover, the amplitude of the incident wave would be less than that near the loudspeaker (inverse square law). 

Question 5:
Luminous power of 60 W lamp = (8/100) x 60 = 4.8 W

Area of sphere, radius, r = 4πr2
Intensity (I) = P/4πr2 = 4.8/4π(2)2 = 0.096 W.m-2
Since 1 eV = 1.6 x 10-19 J. Then, no. of photons emitted at 2 eV energy = 0.096/(3.2 x 10-19) = 2.98 x 1017 m2s-1
Question 6:
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Dispersion may be explained by the fact that white light (consisting of all the “rainbow” colours) travels at the same speed in vacuum (or air), then this light enters an optically denser medium (such as glass), the variouis colours travel at different speeds, depending upon their wavelength.

Question 7:
(a) In a flame test or discharge tube, we may demonstrate that elements have their own characteristic optical spectra (pattern of lines) if the light is first passed through a diffraction grating or glass prism(e.g. in a “spectrometer” arrangement).

(b) In the transition – 13.6 to – 3.4 eV, the energyabsorbed = 10.2 eV.Consequently , there is an excess energy of 12.0 – 10.2 = 1.8 eVof the free electron after collision.

(c) Energy of photon emitted when the atom returns to its ground state, ΔE = 10.2 eV.

ΔE = hc/λ → λ = hc/ΔE = (6.63 x 10-34 x 3 x 108)/(10.2 x 1.6 x 10-19) = 1.22 x 10-7 m
Question 8:
Graph: Straight line of positive gradient, parallel to solid line, from (6, 0) to (12, 2.4).

No photoelectrons are emitted below frequencies of 4.4 x 1014 Hz because the incident photon energy is insufficient (less than the workfunction).

The work function of sodium may be calculated by use of the equation,

hfo = ϕ

and since fo = 4.4 x 1014 Hz, ϕ = 6.63 x 10-34 x 4.4 x 1014 = 2.92 x 1014 J

But since e = 1.6 x 10-19 C → ϕ = 1.83 eV
Re-arranging the photoelectric equation, hf = T + ϕ → T = hf – ϕ

which is of the form y = mx + c, the negative intercept on the T-axis giving ϕ (the work function) and the straight line shows the linear relationship between T and f.

A value of Planck’s constant could be derived from the gradient of the T-f graph.

PH2 JUNE 1996
Question 1:

The Geiger-Marsden experiment showed that:

(a) Most α-particles pass straight through the gold foil;

(b) Some are deflected slightly;

(c) A very small number (1 in 20 000) are turned through angles ˃ 90o.

These observations led to the following conclusion:

(i) Repulsion of positive α-particles led to the conceptof a positively charged nucleus;

(ii) Since a large fraction of α-particles went straight through, apparently undeviated led to the concept of an atom being mainly empty space;

(iii) Dince a small proportion were strongly deviated it was concluded that the nucleus was tiny.

Approximate values for:

(i) Diameter of gold atom = 10-9 to 10-11 m
(ii) Diameter of gold nucleus = 10-13 to 10-15 m
Question 2:
Sources of background radiation include:

1. Cosmic radiation from outer space;

2. Radio-active rocks, esp. Granite.

238U92 + 1n0 = 137Cs55 +95Rb37 + 4 1n0
The radio-active decay constant, λ is given by:

λ = ln2/T1/2
N = No e-λt
→ ln (No/N) = λt

ln(5.8 x 1015/1.6 x 106) = 0.023 t

ln (3.625 x 109) = 0.023 t 

t = 22.01/0.023 = 957 years
Problems arising from the very long storage times include:

(1) Corrosion of container materials

(2) Long-time monitoring
(3) Finding suitable site(s) for storage – geologically safe etc.

Question 3:
Volume of blood passing per second = volume of “cylinder”, length v = πr2v
where v = 0.3 m, r = 4 mm = 4 x 10-3 m 

→ volume = π x (4 x 10-3)2 x 0.3 = 1.5 x 10-5 m3
But mass = volume x density = 1.5 x 10-5 x 1060 = 1.6 x 10-2 kg.s-1
The volume would be measured in a suitably small-sized measuring cylinder, pipette or syringe, the temperature adjusted to 37oC and then the mass determined in the same container (preferably precision top-pan balance weighing to +/- 0.001 g). Then, mass of blood = (total mass – mass of container) and density = mass/volume (units: kg.m-3). 

Question 4:
The values of length (l) are poorly chosen since they are all on the low side (all less than 1.0 m) – this would give small values of periodic time (T); moreover, their spacing is unsatisfactory since the values of l are square-rooted.

Since T = 2π√(l/g) → gradient of T vs. √(l) graph = 2π/√(g) → g = 4π2/(gradient)2
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Question 5:
	Statement
	True
	False

	When the frequency of the vibrator is 160 Hz there will be eight 

loops on the string
	√
	

	The speed of the wave is 30 ms-1
	
	√

	Resonance will also occur when the frequency is 40 Hz
	√
	

	If the load is doubled and the frequency is kept constant, there will be twice as many loops on the string
	
	√


Question 6:
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The wave is longitudinal since the vibrations/oscillations of the particles are in the same direction of the wave propagation.

Since v = f.λ and f = 1/T → λ = TV

Question 7: 
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The critical angle, C is given by: sin C = 1/n = 1/1.5 = 0.666...

C = sin-1 (0.666...) = 41.8o
Since n sin i = constant, we may write:

1.33 sin θ = 1.5 sin 41.8o → θ = 48.75o (49o)
Question 8:
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Ionization energy = 10.4 eV = 1.6 x 10-19 x 10.4 = 1.664 x 10-18 J

E = hf = hc/λ = (6.6 x 10-34 x 3.0 x 108)/(600 x 10-9) = 3.3 x 10-19 J

→ Energy Level change = - 2.07 eV
PH2 JANUARY 1997
Question 1:
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Measurements to be taken include:

1. Original length of wire

2. Extension of wire

3. Diameter of wire

4. Load added.

In order to obtain a value for the Young modulus (E), a plot of stress (y-axis) vs. strain (x-axis) is made and the best straight line drawn through the points. Then, E = gradient of the linear portion (elastic region).

Note that Stress = load/area and Strain = Change in length/original length.

Copper is used in the form of a long, thin wire in order that a reasonable extension is obtained; measurements of extension will be less prone to error.

Since the length of wire Y is one-third that of X, given the same load, the extension would also be 1/3. However, since the diameter of X is twice that of Y, then the cross-sectional area of Y is one-quarter that of X so that its extension would be quadrupled. Since extension is inversely proportional to area, the correction factor = 4/3.

Extension of wire = (8 x 4)/3 = 11 mm   
Question 2:
	
	Frequency compared to the 

frequency of A
	Amplitude

	A
	Constant
	Decreases

	B
	Same
	Small

	C
	Same
	Small

	D
	Same
	Largest then decreases

	E
	Same
	Small


A massive pendulum is used to act as a driver of pendula of smaller mass. Since pendulum D is of the same length (and therefore the same natural frequency as A), will therefore resonate and be of maximum amplitude compared with other pendula.

Question 3:
Mass of LHS of equation = 2 x 3.344 x 10-27 = 6.688 x 10-27 kg

Mass of RHS of equation = 5.008 x 10-27 + 1.675 x 10-27 = 6.683 x 10-27 kg

→ Change in mass = 5 x 10-30 kg

E = Δmc2 = 5 x 10-30 x (3 x 108)2 = 4.5 x 10-13 J
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Fission is the breaking up of nuclei

Fusion is the combination of nuclei

Fission and fusion both result in products with a greater binding energy per nucleon. Moreover, since the products are more stable than the ‘reactants’, energy is therefore released on their formation.

Question 4:
No. of moles of Pu-238 present = 2000/238

The Avogadro Number, No = 6.02 x 1023
→ Number of atoms initially present = (2000/238) x 6.02 x 1023 = 5.06 x 1024
The decay constant, λ = ln2/T1/2 = ln2/(87 x 3.2 x 107) = 2.489 x 10-10 s-1
The rate of decay, dN/dt = -λN = 5.06 x 1024 x 2.489 x 10-10 = 1.26 x 1015 Bq
N= Noe-λt
But N/No = 0.1 and λ = 2.489 x 10-10
→ 0.1 = e-2.489 x 10-10 t
→ ln (0.1) = -2.489 x 10-10 t

2.303 = 2.489 x 10-10 t

t = 9.25 x109 s ≈ 289 y
At distances far from the Sun (i.e. at Outer Planets), the incident Solar Energy would be too low to power the space probe – inverse square law relationship. Also, the solar panels might be damaged by meteorites etc.
Question 5:
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For red light, n = 1.330, i = 90 - 10 = 80o
Snell’s Law gives n = sin i/sin r → sin r = sin i/n = sin 80o/1.330 = 0.7405

r = sin-1(0.7405) = 47.8o 
Similarly, for violet light, n = 1.342, i = 90 - 10 = 80o
sin r = sin i/n = sin 80o/1.342 = 0.7338

r = sin-1(0.7338) = 47.2o 

If the refractive index, n is the same for both red and violet light, then both rays would refract along the same path at an angle of 47o
Question 6;

(a) The wavelength, λ = 4 x 0.8 = 3.2 m
(b) v = fλ = 95 x 106 x 3.2 = 3.04 x 108 ms-1
Since this is the speed of light, suggesting that radio-waves are electromagnetic.

(c) For a 10 kW transmitter, assuming the inverse-square law holds, we may write:

I = P/4πr2
where P = 10 x 103 W; I = 2.2 x 10-5 W.m-2 

→ r2 = P/4πI = 104/(4π x 2.2 x 10-5) = 36 157 025, giving r = 6 013 m (i.e. ≈ 6 km)
Question 7:

Wave-particle duality implies the ability to exhibit both wave and particle behaviour, e.g. light may behave as a wave when it is diffracted whereas, it takes on particle-like nature in the photoelectric effect.
The de Broglie wavelength λ is given by

λ = h/p = h/mv = (6.63 x 10-34)/(0.06 x 2) = 5.525 x 10-33 m 
This is too small wavelength to detect – smaller than γ-radiation.

PH2 JUNE 1997
Question 1:

220Rn86 = 216Po84 + 4He2
Firstly, the background radiation level is determined with a GM counter. Next, keeping the GM tube near to the source, at the same distance, the count rate over a period of 10 s is obtained at times of 0, 30, 60, 90, 120 and 300 s. The results are then plotted as count ratevs. Time – the decay curve would permit T1/2 to be determined. The experiment should be repeated if possible. If a straight line is required, then plot ln (count rate) vs. time in which case, the gradient = - λ where λ is the radio-active decay constant. T1/2 may be obtained from the equation

T1/2 = ln 2/λ

Reasons for errors in determining half-life of Sr-90 in contaminated milk include:

(a) The concentration would be very low, giving a count rate only a little higher than the background level

(b) The half-life of 28 years means that errors would be very great since the decrease in activity would be very slow and difficult to extrapolate graphically.
Question 2:
In the braking system of a car, the brake cylinder pedal has a small area compared to the brake pad cylinder. Since the pressure of the fluid (incompressible) is the same throughout the system and Force = Pressure x Area, a larger force is applied at the brakes.

Question 3: 
Hooke’s Law lays down that:

Extension α Force

Now, work done = Force x distance moved in direction of force

→ work done = average force x extension = ½ F.Δx
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In the case of a gas, the molecules are moving around in a random fashion, at very high speeds. However, in a solid, the molecules are in fixed positions, vibrating about their mean positions.

Thus, sound waves travel more quickly in solids than in a gas because the longitudinal wave has particles more closely packed through which to propagate.

In the equation

v = √(E/ρ)

v = velocity, dimensions ML-1
E = Young’s modulus, dimensions of stress = force/area (MLT-2/L2) = ML-1T-2 
ρ = density = ML-3
→ E/ρ has dimensions (ML-1T-2)/( ML-3) = L2T-2
Taking the square-root, this has dimensions LT-1 which has dimensions of velocity.

Young’s modulus, E = (Load/Area)/(Change in Length/Original Length)

From the load-extension graph, a load of 40 N produces an extension of 2.4 x 10-3 m in a wire of length 2.5 m

→ E = (40/A)/(2.4 x 10-3/2.5)

Consider the wire to be a cylinder of length l, cross-sectional area A, density, ρ and mass m. Then 

volume = πr2l = Al

and mass of wire = 4 g = 0.004 kg = ρ.A x 2.5

→ ρ = 0.004/2.5 A = 0.0016/A

→ v = √(E/ρ) = √[(40/A)/(2.4 x 10-3/2.5)]/[(0.0016/A)]

Since area cancels, we may write:

v = √(40 x 2.5)/(0.0016 x 2.4 x 10-3) = √(100)/(3.84 x 10-6) = 26041666.67

→ v = √(26041666.67) = 5103 ms-1  
Question 5:

Simple harmonic motion (SHM) may be defined as the motion of a particle about a fixed point such that the acceleration is proportional to its displacement (x) from the fixed point and is always directed towards the fixed point.

The time period of a pendulum is given by:

T = 2π√(l/g)

→ T2 = 4π2l/g or l = gT2/4π2
→ l = 9.81(2)2/4π2 = 0.99 s
From graph, the amplitude of oscillation = 3 cm = 0.03 m
Also, from graph, velocity = slope of displacement-time curve = 6/2.0 = 3 cm.s-1 = 0.03 ms-1
[image: image63.jpg]wem s [

+3

Timels.




Question 6:
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Six fringes occur over 40 cm, thus fringe spacing = 6/(4 x 3) = 0.5 cm

Wavelength, λ = xs/D

Where x = fringe width, D = distance to screen, slit separation = s

→ λ = (0.5 x 10-2 x 0.5 x 10-3)/1.5 = 1.67 x 10-6 m
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For a more accurate diagram, the slit width would need to be measured.
Question 7:
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The core of the optical fibre, a = 5 -50 μm
Overall diameter of optical fibre, b = 125 μm (approx.)
Snell’s law gives:

n = sin i/sin r → sin r = sin i/n = sin 14o/1.48 = 0.2418/1.48 = 0.1635

→ θ = sin-1 (0.1635) = 9.40o
By trigonometry, i = 180 – 90 – 9.40 = 80.6o
Since n sin i = constant

→ n1 sin i1 = n2 sin i2, where 1 = core; 2= cladding

→ sin C = n2/n1 = 1.46
Question 8:
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Explanations/Calculations:
(a) The ground state (lowest energy) of the hydrogen atom would be – 13.6 eV, so this is a true statement.
(b) To excite an electron to the first energy level from the ground state needs 10.2 eV, so this statement is false.
(c) Photons are emitted only when electrons fall from higher to lower energy levels. Therefore, this statement is false.
(d) E = hf = hc/λ = (6.63 x 10-34 x 3 x 108)/(650 x 10-9) = 3.06 x 10-19 J
But e = 1.6 x 10-19 C

→ Energy (expressed in eV) = (3.06 x 10-19)/(1.6 x 10-19) = 1.91 eV.
The transition from – 3.4 to – 1.5 eV = 1.9 eV. Consequently, we may deduce that the light has sufficient energy to carry out the transition – true statement.

PH2 JANUARY 1998
Question 1:

3H1 is an isotope of hydrogen.

3H1 = 3X2 + 0e-1
Half-life is the time taken for the activity in a radio-active sample to fall to one-half of its original value.

Total mass of products = 4.0026 + 1.0087 = 5.0113 u

Total mass of reactants = 2.0136 + 3.0160 = 5.0296 u

→ Mass difference = 0.0183 u

But 1 u = 1.66 x 10-29 kg 
Δm = 3.04 x 10-29 kg

ΔE = Δmc2 = 3.04 x 10-29 (3 x 108)2 = 2.736 x 10-12 J
Question 2:

	Material
	Young modulus/1010 Pa
	Ultimate tensile stress/108 Pa
	Nature

	A
	1.0
	2.6
	ductile

	B
	0.34
	3.2
	brittle


Graph: Line B – straight line of positive gradient from origin to (0.09, 3.2).

Question 3: 

	
	B
	C
	D
	E
	F

	Displacement
	+
	0
	-
	0
	+

	Acceleration
	-
	0
	+
	0
	-

	Velocity
	0
	-
	0
	+
	0


Decrease in g.p.e. on the first fall = mgh =80 x 9.81 x50 = 39 240 J  

This energy has been converted into elastic potential energy in the rubber band (and some k.e.)

Therefore, the force constant, k is given by:

Stored energy = ½ kx2 or ½ Fx

i.e. 39 240 = ½ k (20)2 → k = 196.2 Nm-1
The time period of oscillation, T, is given by:

T = 2π√(m/k) = T = 2π√(80/196.2) = 4.0 s 

Question 4:

In a ripple tank experiment, the frequency of the waves could be measured by counting the number of waves passing a fixed point in (say 10 s) and dividing the number by 10. This would reduce the error.

Alternatively, a stroboscope could be used to “freeze” the image of the wave motion. The frequency of the flashes (first, lowest setting) would then be equal to the frequency of the waves. The wavelength could be measured by simply measuring the peak-to-peak (or trough -to- trough) distance.

The wave speed could be determined by timing one particular wave travelling the full length of the ripple tank. Then, v = distance/time. Alternatively, we could calculate the velocity, v from v = fλ where f = frequency and λ = wavelength.

v = √(gλ/2π) = fλ

But T = 1/f = λ/v → T2 = λ2/v2
But v2 = gλ/2π → T2 = 2πλ/g

T = √(2πλ/g) T = √(2π x 8.0/9.81) = √(5.124) = 2.3 s
 Question 5:
A plane polarized wave is one in which the vibrations responsible for creating a transverse wave are limited to one direction only in the plane perpendicular to the direction of the wave.

An experiment to test whether or not the waves are plane polarized ids to interceptthe beam with a Polaroid. If light is un-polarized, bright light is seen in all orientations. If, however, the light is polarized, bright light is only seen in one orientation – darkness at all other angles. 
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Question 6:
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The critical angle (C) is given by:

sin C = n2/n1, where n1 is the core refractive index and n2 is the (slightly smaller) cladding refractive index.

→ sin C = 1.46/1.48 = 0.9865 → C = sin-1 (0.9865) = 80.6o
Now, the speed of light in optical fibre = speed of light in vacuum/refractive index

= 3.00 x 108/1.47 = 2.04 x 108 ms-1
time = distance/velocity = (5.0 x 103)/(2.04 x 108) = 2.45 x 10-5 s
Question 7:

Experiment reveals that electrons are not emitted when incident light has a frequency lower than a thresholds frequency, which varies from one metal to another. The kinetic energy of the electrons emitted varies from zero to a maximum value. The maximum value depends upon the frequency of the light, not upon its intensity.

The above observations cannot be explained if we consider light to have wave-like properties.

Incident photon energy = 6.2 eV = 6.2 x 1.6 x 10-19 = 9.92 x 10-19 J

But ΔE = hf = hc/λ → λ = hc/ΔE = (6.63 x 10-34 x 3.0 x 108)/(9.92 x 10-19) = 2.005 x 10-7 m
This belongs to the ultra-violet part of the electromagnetic spectrum.

PH2 JUNE 1999
Question 1:

Δm for A = 15.0004 – 16.1320 = - 0.1325 u

Δm for B = 17.0049 – 17.1407 = - 0.1358 u

Binding energy for A = ΔEA = Δmc2 = 1.66 x 10-27 x 0.1326 x (3 x 108)2 = 1.98 x 10-11 J 
Similarly:

Binding energy for B = ΔEB = Δmc2 = 1.66 x 10-27 x 0.1358 x (3 x 108)2 = 2.03 x 10-11 J
Binding energy per nucleon for A = (1.98 x 10-11)/16 = 1.24 x 10-12 J/nucleon  
Binding energy per nucleon for B = (2.03 x 10-11)/17 = 1.19 x 10-12 J/nucleon  

Thus, the binding energy per nucleon is greater for A than B, means that A is more stable.

Question 2:

[image: image70.jpg]vV

Radio waves IR





Differences between sound waves and radio waves (any FOUR):

· Radio waves are transverse; sound waves are longitudinal

· Radio waves may travel through vacuum; sound needs medium

· Radio waves travel at the speed of light; sound much slower

· Radio waves can be polarized; sound cannot be polarized

· Radio waves are electromagnetic; sound waves pressure variation
Longer wavelength waves diffract around tall buildings and hills; thus the waves tend to go to receiver.

Question 3:
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Examination of the graph shows a non-constant half-life leading to the conclusion that isotope M is impure. Since the plot has been compensated for “background” when the graph flattens out out, the level of activity of C = 150 cpm
Taking into account the activity of C (150 cpm) and averaging two sets of readings (eg. 3 000 to 1 500 and 2 000 to 1 000 cpm), we may estimate the half-life of M to be 1.2 mins
Beta-decay may be written as:

1n0 = 1H1 + 0e-1
To determine the nature of radiation emitted by isotope C, we should wait until isotope M is has decayed (ie until at least 7.8 mins). Then a piece of paper is inserted into the beam and the new reading noted, using a GM tube/counter. If very little difference in level, then alpha is absent. Then, placing a sheet of aluminium 3-5 mm thick in the beam, the activity should be reduced to zero (corrected for background).

Question 4:
Strain = 0.1; area = 25 x 10-6 m2
E = stress/strain = (F/A)/(e/l) = F/(25 x 10-6)/0.1 = 4.0 x 107
F = 4.0 x 107 x 0.1 x 2.5 x 10-6 = 10 N
Assumptions made for the calculation (any TWO):

(i) Temperature remains constant;

(ii) Cross-sectional area remains constant;

(iii) Hooke’s Law is obeyed.
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At one particular frequency, a large amplitude is obtained, stationary waves being produced. The second harmonic = 2 x frequency of fundamental. However, the higher frequency harmonics have lower amplitude.

Question 5:
Simple harmonic motion (SHM) may be defined as the motion of a particle about a fixed point such that the acceleration is proportional to its displcement (x) from the fixed point and is always directed towards the fixed point.

T = 2π√(m/k) → T2 = 4π2m/k

k = 4π2m/ T2 = 4π2 x 1.400/(1.22)2 = 37.1 Nm-1
Since T α √(m), we may write:

T12/T22 = m1/m2 → m2 = m1T22/T12  = 1.400 x (1.48)2/(1.22)2 = 2.06 kg
But, tray has a mass of 0.400 kg

→ mass of animal = 2.06 – 0.400 = 1.66 kg 

If a similar experiment were to be carried out on Earth, then the same result would have been obtained. This is because k is everywhere the same and mass is the same in outer space as on Earth.

Question 6:

n = speed of light in vacuum/speed of light in medium

= (3.0 x 108)/(1.88 x 108) = 1.60
Critical angle for yellow light in glass is given by:

sin C = 1/n = 1/1.60 = 0.625

C = sin-1 (0.625) = 38.7o
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Angle between critical angle and prism face = (90 – 38.7) = 51.3o
In the “top” triangle, angle between r and other prism face

= 180 –(51.3 + 66) = 62.7o 
→ r = 90 – 62.7 = 27.3o
But, n = sin θi/sin θr  → sin θi = n sin θr = 1.60 x sin (27.3) = 0.734

→ θi = sin-1 (0.734) = 47.2o
Question 7:
Photons from the incident monochromatic radiation emit electrons at the photocathode; subsequently, these electrons travel to the anode, constituting a current. In this case, the photon energy exceeds the work function of the photocathode material. However, these electrons are emitted with a range of kinetic energies. 

Consequently, the lower KE electrons are “stopped” at lower p.d.’s since these p.d.’s oppose release of these electrons. Finally, Vs supplies enough energy to prevent electrons from leaving the photocathode.

The effect on stopping potential of:

(i) increasing only the intensity of the incident radiation would have no effect
(ii) increasing only the frequency of the incident radiation would be to increase stopping potential.

PH2 JANUARY 1999
Question 1:

Change in mass = 238.0003 – (92 x 1.0073) – (146 x 1.0087) = 1.9415 u

Total binding energy = 1.9415 x 1.66 x 10-27 x (3.0 x 108)2 = 2.90 x 10-10 J = 1 800 MeV

Binding energy per nucleon = 1 800/238 = 7.56 MeV
Nuclear fission implies the splitting up of a nucleus in two (or more) fragments with the emission of energy/neutrons.

Elements with mass numbers around 238 tend to undergo nuclear fission since these elements of lower mass number. The consequence is that they transmute into more stable nuclei.

Question 2:
Since the atomic number decreases by (110 – 104) = 6 and that the α-particle may be represented by 4He2, it follows that A = 257.

λ = ln2/T1/2 = 0.693/(200 x 10-6) = 3 465 s

dN/dt = - λN = 3 465 x 1.2 x 1015 = 4.16 x 1018 Bq
Due to the very short half-life (difficult to measure), the radio-active decay constant, λ is liable to error. Or, radio-active decay is a random process, thus only average values of λ or T1/2 are known.

Question 3:
Both solids and liquids have atoms/molecules fairly densely packed (i.e. similar distances apart). However, in the case of solids, there is a regular arrangement, thus permitting closer packing.

(i) Large increase (gases are very compressible)

(ii) Small or no change (liquids are well-nigh incompressible)
Density = mass/volume → V = m/ρ = 0.197/19 000 = 1.037 x 10-5 m3
Volume of 1 atom = (1.037 x 10-5)/(6.0 x 1023) = 1.7 x 10-29 m3
r = 3√ (1.7 x 10-29) = 2.5 x 10-10 m. This is the order of 10-10 m.

rnucl ≈ (1/105) x ratom
Vnucleus ≈ (1/1015) x Vatom
→ Density of nucleus ≈ 1015 x density of atom

Assumptions made in the above calculation for nuclear density, any ONE of:

· Mass of electrons negligible

· All mass resides in the nucleus

· Nuclei are spheres

Question 4:
Progressive waves transfer energy whereas stationary waves store energy.

c = fλ → c1/λ1 =c2/λ2 since f constant

→ cshallow = (0.6/1.0) x 0.25 = 0.15 ms-1
Angle of incidence at RS = 30o
From n sin i = constant:

→ 0.25 sin 30o = 0.15 sin θ

sin θ = (0.25/0.15) x 0.5 = 0.833...
θ = sin-1 (0.833...) = 56.4o
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Time period, T = 1.4 s
→ Frequency, f = 1/T = 1/1.4 = 0.71 Hz
Question 5:
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T = 2π√(m/k) → 1.2 = 2π√(m/k) and T = 2π√(2m/4k)

→ T2/(1.2)2 = (2m/4k)/(m/k) = 0.5

T2 = (1.2)2 x 0.5 = 1.44 x 0.5 = 0.72

→ T = √(0.72) = 0.85 s
Question 6:

Using a microwave transmitter, metal plate with two slits as an obstacle and a receiver, the latter being connected to a meter, loudspeaker or CRO equipment, the receiver is moved in an arc or straight line parallel to the slit plane, then maxima and minima are observed.

An appropriate slit separation for this experiment would be between 1 and 8 cm.
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In order to determine the wavelength of the microwaves, using the formula:

λ = xs/D, where λ = wavelength of wave

x = distance between maxima (or minima)

D = slit-receiver distance

s = distance between slits

Then, measure D with a metre rule and s, x with vernier callipers. 

Question 7:
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Question 8: 
½ mv2 = 8.0 x 10-21 J

m = 1.0087 x 1.66 x 10-27 = 1.674 x 10-27 kg

v2 = (2 x 8.0 x 10-21)/(1.674 x 10-27) = 9.56 x 106
→ v = √(9.56 x 106) = 3.092 x 103 ms-1
Momentum, p = mv = 1.674 x 10-27 x 3.092 x 103 = 5.18 x 10-24 Ns
Neutrons, being uncharged, are better than protons for diffraction studies of molecular structure.

Yes, neutrons of this de Broglie wavelength would be suitable for such studies since their wavelength is similar to inter-atomic spacings.

PH2 JUNE 1999
Question 1:
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Question 2:

Deduction of properties of alpha-particles (any FOUR):

· They are all of the same energies

· They are of two distinct energies

· They have a short range

· They travel in straight lines/have “large” mass

· They are charged/highly ionizing
Use of Geiger counter to determine contributions from α- and β-particles from a source:

· A reading should be taken very close to the source (C1)

· A second reading is taken through a sheet of paper) or 5-10 cm from source), C2.

Then, α-emission = C1 – C2.

Question 3:
(i) Initial activity of isotope is given by

ln Ao = 6.8

→ Ao = e6.8 = 900 Bq
(ii) Since A = Aoe-λt
ln A = ln Ao - λt 

thus, gradient of line = - λ = (6.8 – 3.0)/240 = 0.016 s-1
→ Half-life, T1/2 = ln2/λ = ln2/0.016 = 43.8 s
Question 4:
The shape of the graph is typical of rubber

[image: image79.jpg]Stress/MPa

Bl Haterl





The crystalline structure has an ordered arrangement of atoms/ions; in the case of polymers, these consist of long molecules/chains of atoms in random order.

Question 5:
Calculation of time period of the oscillation:

a = - ω2x

So, the gradient = - ω2 = 5/2 = 2.5

But, T = 2π/ω = 6.28/1.58 = 3.97≈ 4.0 s
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Question 6:

The wave travels from LHS to RHS from transmitter and is reflected by the vertical metal sheet. At various points, superposition provides minima at nodes (destructive interference) and maxima at anti-nodes (constructive interference). Thus, a stationary wave is established.

Question 7:
Two connected dippers, just above the water are vibrated electrically in a shallow tank. The pattern is projected on to a screen via a bright lamp above (alternatively a stroboscope may be used to “freeze” the pattern).
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If only the separation of the sources were increased, the angle between lines A and B would decrease.

If only the wavelength of the waves were increased, the angle between lines A and B would increase.

If only the depth of the water in the ripple tank were increased, the angle between lines A and B would increase.

Question 8:
Critical angle (C) for glass/air interface is given by

sin C = 1/n = 1/1.50 = 0.667

→ C = sin-1 (0.667) = 41.8o
To calculate the critical angle for glass/liquid interface:

Since 




n sin i = constant

1.5 sin C = 1.4 sin 90o
→ C = 69o
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Explanation:

(i) Angle of incidence ˃ critical angle, so light reaches detector due to total internal reflection

(ii) Angle of incidence ˂ critical angle so light does not reach detector (light refracted into liquid).
Question 9:
Ionization energy of atom = 2 810 eV
2 810 eV = 1.6 x 10-19 = 4.5 x 10-16 J

Eo = hfo = hc/λo
→ λo = hc/Eo = (6.63 x 10-34 x 3.0 x 108)/(4.5 x 10-16) = 4.42 x 10-10 m
This photon would belong in X-ray or γ-ray part of the electromagnetic spectrum.

de Broglie relationship gives:

λ = h/p = (6.63 x 10-34)/(207 x 9.11 x 10-31 x 0.11 x 3.0 x 108) = 1.07 x 10-13 m
PH2 JANUARY 2000
Question 1:

The type of radioactive decay is by α-emission.

Nuclear equation for this decay:

147X62 = 143Y60 + 4He2
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Question 2:
· Using a GM tube and ratemeter, determine the background radiation

· Place soil in container whose opening faces the detector

· With detector close to sample, insert sheet of thin paper – if count rate is reduced, → α present

· Insert thin (3-5 mm) aluminium sheet, if further reduction in count rate → β present

· Insert lead sheet, if count rate still above background, then γ present.

Question 3:
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Many crystal materials are polycrystalline, that is, they exist as a large collecting of tiny crystals all pointing in different (random) directions. Each tiny crystal is known as a grain and is connected together at the grain boundaries. 

The existence of grains appears to be due to the solidification process in manufacture which begins simultaneously at several places. The surface is the first to solidify or freeze. On complete solidification, the structure consists of grains pointing in different directions, as shown diagrammatically. The grain boundaries assist the strength of a material.
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Additional information required for Young’s Modulus is length and cross-sectional area.

Estimate of energy stored in wire = area under Force-extension graph up to 20 mm extension = ½ (10 x 15) + (10 x 15) + (0.8 x 5 x 10)

                                         =         75       +     150     +      40       = 265 N.mm  = 0.26 J
Question 4:

· With a small mass added, there is a slight increase in the amplitude of B.

· At mass M, resonance occurs and A and B have the same natural frequency since the springs are of the same spring constant

· When the mass on B is greater than M, the oscillations will again be of small amplitude

· Eventually, both will stop oscillating as energy is dissipated in the form of internal friction, heat to surroundings etc.

· For all masses, B oscillates at the same frequency as A

· The periodic time, T may be calculated from T = 2π√((m/k)

· Resonance curves of amplitude (A) vs. frequency (f) are shown below.
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Question 5:
Time period of simple pendulum whose length is 24.9 m:

T = 2π√(l/g) = 2π√(24.9/9.81) = 2π√(2.538) = 2π x 1.593 = 10.01 s
Maximum speed, vmax = 2πfA =2π x 0.1 x 3.25 = 2.04 ms-1
Acceleration, a = - ω2x

This is a maximum at x = A (i.e. at the amplitude or maximum displacement)

amax = - ω2A

where ω = 2π/T

= (2π/10)2 x 3.25

= 1.28 ms-2
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Question 6:

Calculation of maximum distance:

I = P/4πr2
Where the symbols have their ususal significance.

→ 2.5 x 10-12 = (6.4 x 10-3)/4πr2
→ r2 = (6.4 x 10-3)/(2.5 x 10-12 x 4π)

→ r = 1.43 x 104 

Comment:

The answer seems rather implausible since it is very unlikely that we could hear at this distance. Moreover, the theoretical value is greater than the true value in practice – e.g. other noise, wind, obstacles etc. 

Explanation of why the speed of sound in a gas is less than the speed of sound in a solid (any FOUR):
· Sound is a longitudinal/pressure wave requiring a medium (atoms/molecules for its propagation
· Particles in gas much more widely spaced than in a solid
· Vibrations are passed on by the interaction of particles
· Gas particles move about randomly; solid particles vibrate about a “mean” position.
Demonstration that the equation v = √(E/ρ) is homogeneous w.r.t. units:

v has units of ms-1
E has units of stress (Pa or Nm-2), i.e. kg.m-1.s-2
ρ has units of kg.m-3
Equating:

ms-1 = √( kg.m-1.s-2/ kg.m-3) (QED)

Calculation of Young’s Modulus for steel:

E/ρ = v2 → E = v2ρ = (5 200)2 x 7 800 = 2.11 x 1011 Pa
Question 7:

Calculation of fringe spacing:

λ = xs/D → x = λD/s = (690 x 10-9 x 3.5)/(0.5 x 10-3) = 4.83 mm
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4.8 mm fringe spacing
Description of how appearance of fringe would change:

· Fringes would move closer together

· Colour shift to blue/violet end of the spectrum

Which fringes overlap:

· Central fringes

· At path difference 3rd. Short fringe with 2nd. Long fringe since 3 x 460 = 2 x 690.

Question 8:
Use of graph to estimate work function of metal:

wo = hfo = 6.63 x 10-34 x 6.0 x 1014 = 3.98 x 10-19 J
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PH2 JUNE 2000
Question 1:

· Alpha-particles

· Scattered

· Positively charged

· 10-15 m

· Most of the mass.

Question 2:

From the graph, time taken to fall from 8- to 4 x 1020 atoms = 36 s
λ = ln2/T1/2 = 0.693/36 = 0.019 s-1
dN/dt = - λN = 0.019 x 3.0 x 1020 = 5.79 x 1018 Bq 

Re-arranging, λ = (dN/dt)/N = (5.79 x 1018)/(3.0 x 1020) = 1.93 x 10-2 s-1
Measurement of half-life would be more reliable since the mass of radio-nuclide may be very small and the half-life is reasonably long.

Question 3:

A is stronger since the resultant stress is higher than B.

A is more brittle than B since there is no plastic deformation.

B requires more work to extend it by 11 mm since the area under the F-e graph is larger.

Question 4:
F = - mω2x

Towards the fixed point (usually centre)

At a maximum (amplitude)

Maximum

Calculation:

T = 2π√(m/k) → T2 = 4π2m/k → k = 4π2m/T2  = (4π2 x 0.8)/(1.5)2  =31.58/2.25 = 14.0 N.m-1
Question 5:

Two progressive waves produce a stationary (standing) wave by the superposition of two progressive waves, e.g. reflection of a progressive wave with its reflected wave.

Experiment: Please see standard textbook.

In order to show how a stationary wave had been produced, a sensor may be moved between source and metal reflecting plate in which case maxima and minima are observed (antinodes and nodes respectively) – at points of constructive and destructive interference.

Question 6:
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λ = 11.2 cm
A = 0.5 cm
Question 7:

sin θC = 1/n → n = 1/sin 42o = 1/0.6692 = 1.5
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Centre diagram: n = sin i/sin r. Since gna = 1/ang
→ 1/1.50 = sin 40o/sin r = 2/3 = 0.643/sin r

→ sin r = (3 x 0.643)/2 = 0.964

→ r = sin-1 (0.964) = 74.6o
RHS diagram: Laws of reflection are obeyed (critical angle exceeded)

→ i = r = 60o
Region A..............n = 1.47

Region b..............n = 1.45

Commercial optical cables are much thicker than 120 μm in order to provide extra robustness and strength.

Question 8:
When ultra-violet light is directed towards the zinc plate, the leaf collapses gradually as electrons are emitted from the zinc plate. If red light is used, no such collapse is observed. Further experiments reveal that electrons are not emitted when the hen the incident light has a frequency lower than a certain “threshold” value – i.e. which depends not on intensity, but frequency. Thus, the wave theory of light cannot explain these phenomena – and this can only be explained on the particle theory of light – that it is “quantized”.

Ultra-violet light of greater intensity...the leaves would collapse more quickly since there is a greater photon flux.

Red light of greater intensity... still no effect would be seen (explanation above)

If the zinc plate were positively charged, no effect would be seen it is electrons (negatively charged) which are emitted during the photoelectric effect.

Question 9:
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- 13.6 eV is the “ground state” which is the lowest energy level, where the hydrogen atom is most stable.

Calculation: E = hf = hc/λ = (6.63 x 10-34 x 3.0 x 108)/(660 x 10-9) = 3.01 x 10-19 J

1 eV = 1.6 x 10-19 J → Energy transition = 11.88 eV, 

corresponding to a drop from: – 1.51 to – 3.39 eV.

PH2 JANUARY 2001
Question 1:

238U92 = 234Th90 + 4He2
234Th90 = 234X91 + 0e-1
A strong magnetic field could be used to distinguish alpha-particles from beta-particles since if the B-field is perpendicular to the direction of motion of particles:

(a) Particles deflected in opposite directions

(b) Beta-particles curve more than alpha-particles

Question 2:
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Binding energy is the energy needed to split a nucleus into protons and neutrons.

Uranium would be the element most likely to undergo nuclear fission since the products are near the peak and so more stable.

Question 3:
E = hf – ϕ and E = hf = hc/λ = (6.63 x 10-34 x 3.0 x 108)/(12.2 x 10-9) = 1.63 x 10-17 J

6.20 eV = 6.20 x 1.6 x 10-19 = 0.101 x 10-17 J

K.E. = (1.63 – 0.1) x 10-19 = 1.53 x 10-17 J

K.E. = ½ mv2
→1.53 x 10-17 = ½ (9.11 x 10-31) v2
→ v2 = (2 x 1.53 x 10-17)/(9.11 x 10-31) = 3.4 x 10-13
→ v = 5.8 x 106 ms-1 
de Broglie wavelength given: 

λ = h/p = (6.63 x 10-34)/(9.11 x 10-31 x 5.8 x 106) = 1.25 x 10-10 m
These photoelectrons would be suitable for studying molecular crystals since diffraction effects would be maximum since inter-atomic spacing is the same order of magnitude as wavelength.

Question 4:
This is an example of resonance since these are forced vibrations (driver and driven). The vibrations have a maximum amplitude at the “natural frequency” of the steering wheel/car system.

When the forcing frequency = natural frequency, then resonance occurs.

Maximum acceleration, a = ω2.A

where A = amplitude and ω = 2πf

→ a = (2π x 2.4)2 x 6.0 x 10-3 = 1.36 ms-2
Question 5:

I = P/4πR2 = (0.12 x 60)/4π (3.5)2 = 0.047 W.m-2
If the lamp is observed through a sheet of Polaroid, then intensity is reduced. This is because the light from the lamp is unpolarized.

Since the light is unpolarized, there will be no effect on the light intensity when the Polaroid is rotated.

Question 6:
Firstly, a beaker is placed on a high precision top-pan balance and tared to zero. Then, using a measuring cylinder, known volumes of water are placed inside and a plot of mass vs. volume made. The gradient will then give density (mass/volume).

To obtain the exact conversion:

1kg = 1 000 g

1 m3 = 106 Litres

Temperature should be quoted when density values are given.

The atomic/molecular separations in gases are much greater than those found in solids or liquids. This means that there is less mass in the same (given) volume.

Question 7:
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(i) Slit separation may range from 0.1 to 10 mm

(ii) Slit-screen distance, 0.5 to 5 m.

(should measure, e.g. 3 and then divide by number)

Light from the two slits has travelled the same distance at position D.

Light from the two slits is out of position at positions C and F.

There is a path difference of three wavelengths between light from the two slits at position A only.

If one of the slits is now covered, one bright fringe only is seen. Also, it is wider and more diffuse (less sharp).

Question 8:
Ray B is undeviated since this hits the interface at 90o.

As ray A enters an optically denser material, the speed of light is decreased and the ray is refracted towards the normal. At the other surface, the ray bends away from the normal.
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PH2 JUNE 2001
Question 1:

Refractive index, n = sin r/sin q.

As light enters the block, its speed decreases. 

The frequency of the light inside the glass block is the same as the frequency in air.

As angle p is decreased, angle s will decrease.

When angle q equals the critical angle, angle s will be 0o
Question 2:

Mass deficit, Δm = (143.92285 + 91.92627) – (1.00870 +235.04394) u

  

   = 235.84912 – 236.05264 = - 0.20352 u



   = 1.66 x 10-27 x 0.20352 = 3.378 x 10-28 kg


         ΔE = Δmc2 = 3.378 x 10-28 x (3 x 108)2 = 3.04 x 10-11 J
Calculation of power output:

Energy per mole = 3.04 x 10-11 x 6.02 x 1023 = 1.83 x 1013 J

Power = Energy/time = 1.83 x 1013/5.0 = 3.66 x 1012 W
Question 3:

32P15 = 32S16 + 0e-1
Using a GM tube and ratemeter, the background count should be measured. Then, the GM tube is placed close to the source and the count taken. Subsequently, paper or card is inserted into the beam and the count retaken. There should be little or no change in count rate. Further confirmation of the presence of beta-rays is provided by inserting a sheet of 3-5 mm thick aluminium in which case the count rate should fall to zero (or the background level).

· Beta-decay involves the change from a neutron to a proton

· The nuclidemoves towards the dotted line

· Decay gives rise to greater stability

· On the diagram, this means →, ↓ or at a diagonal (SE).
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Question 4:
The range of extensions over which Hooke’s Law is obeyed ranges from 0 to 9-9.5 mm.

Addition to diagram:

Vertical metre rule with pointer on load/hanger.

Length to be measured:

From double blocks to marker on wire.

Calculation of Young’s modulus for brass:

E = (F/A)/(e/l) = (Fl)/(AE) = (40 x 3.44)/(1.3 x 10-7 x 9 x 10-3) = 1.18 x 1011 Pa
Energy stored in wire = ½ Fe = ½ x 30 x 7 x 10-3 = 0.11 J
One energy transformation that occurs on extension:

Gravitational potential energy → elastic potential energy
Tensile strength of brass = max load/area = 46/(1.3 x 10-7) = 3.54 x 108 Pa
Question 5:

Wavelength of microwaves:

Path difference = λ = 442 – 420 = 22 mm
Frequency of microwaves:

c = fλ → f = c/λ = (3 x 108)/(22 x 10-3) = 1.36 x 1010 Hz
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A maximum would not be detected at P since wavelength of the sound wave = λ = v/f  = 330/1100 =0.3 m.

Consequently, the path difference at P is not a whole wavelength.

Question 6:

Period of oscillation of mass-spring system:

T = 2π√(m/k) = 2π√(16/3900) = 0.40 s
Maximum acceleration of mass:

amax = ω2xo 
where xo = amplitude

Now, ω = 2π/T = 2π/0.40 = 15.7 s-1
Substituting in the above equation gives:

amax = ω2xo = (16.7)2 x 8.4 x 10-3 = 2.07 ms-2 
Graph of displacemen-time:

[image: image99.jpg]



Graph of displacement-time within motor oil: 
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Question 7:
The ionization energy of atomic hydrogen is 13.6 eV.

Since energy is needed to raise the electrons to 0 eV, then the levels must start from a negative value.

ΔE = 3.40 – 1.51 = 1.89 eV

But, 1.89 eV =1.89 x1.6 x 10-19 = 3.02 x 10-19  J 

Now, ΔE = hf = hc/λ

→ λ = hc/ΔE = (6.63 x 10-34 x 3.0 x 108)/(3.02 x 10-19) = 6.59 x 10-7 m
The line spectrum of atomic hydrogen would be produced in a laboratory using a discharge tube which consists of low pressure hydrogen gas with a high voltage across it.

Light emitted from this is then examined by passing it through a diffraction grating or prism in which case, a number of unequally-spaced vertical lines are seen on a blank background.

Atomic spectrum of hydrogen:
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PH3 JANUARY 1996
Question 1:

[image: image102.jpg]False

The thermometer will not give the correct temperature.
unless it is in thermal contact with the water.

The thermometer will o give the correct temperature
unless it s in thermal equilibrium with the water.

‘The thermometer will ot give the correct temperature
unless it, tself, is in a thermal equilibrium state.

SENNE





Let the unknown temperature be θoC and assuming the E.M.F. to be zero at the ice-point,

θ = (Xθ – Xo)/(X100 – Xo) x 100 = (1.47 – 0)/(1.65 – 0) = 89oC 
Question 2:
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The constant speed implies zero acceleration – which in turn suggests zero resultant force.

If the contents of the meteorological balloon (hydrogen) were replaced by air, the weight of the balloon would increase, so there would be a net downward force.

If the balloon and equipment rise a significant distance through the atmosphere, then the pressure of the hydrogen would increase since the pressure of the surrounding air decreases. However, the volume of the hydrogen increases – this is a result of Boyle’s Law: pV = constant and the pressure is decreasing.

Question 3:
Two design features accounting for the high efficiency of the heat-pipe solar collector include:

(a) Special coated absorber plate absorbs all incident solar radiation;

(b) The glass tube provides a “greenhouse” effect.

If we assume that the temperature rise (Δθ) is 5 to 55oC (i.e. 50oC), then energy required = 80 x 4 000 x 50 = 16 MJ

Energy collected = 16/0.7 = 23 MJ

Assuming that the day length = 10 hours and that he average flux = 0.45 kW.m-2
Area = (23 x 106)/(0.45 x 103 x 10 x 3 600) = 1.6 m2
Question 4:

The First Law of Thermodynamics may be written:

ΔU = QΔ +ΔW

ΔU = 0 since the filament temperature is constant.

ΔW = 2 x 24 = + 48 J, work done on the filament by the power supply.

ΔQ = - 48J, the energy radiated from filament by heating. Typical filament lamps have an efficiency of only a few percent. This means that only a small proportion is given out as light; the rest of the energy is lost as heat to the surroundings.

Question 5:

A “biofuel” is a fuel which is produced by biological activity. Examples of biofuels include: wood (also peat, grass etc.) It would be inefficient to use biofuels to generate electricity for domestic use since the generation of electricity involves large inefficiencies by thermal losses to coolant. However, if the fuel is burnt in the house, all the energy is used for space heating.

PH3 JUNE 1996
Question 1:

A mercury-in-glass thermometer is in a state of thermal equilibrium when the length of the mercury thread is constant (i.e. the thermometer reading is constant).

The thermometer must be in thermal contact with the water (or, they must be at the same temperature).

Now, θ = (Xθ – Xo)/(X100 – Xo) x 100 → 63.9 = (Xθ – 6.21)/(27.35 – 6.21) x 100

→ 63.9 = (Xθ – 6.21/21.14) x 100 → 63.9/100 = (Xθ – 6.21)/21.14 → 

(21.14 x 63.9)/100 = Xθ – 6.21, giving the length = 19.72 cm
Two advantages of thermocouple thermometers over mercury-in-glass thermometers include:

(i) Much wider range of tewmperatures (25 – 1 400 K compared with 234 – 723 K)

(ii) Fast response time

(iii) Can access difficult-to-reach areas readily.

Question 2:
Kinetic energy transferred = ½ mv2 = ½ (0.0072)(32)2 = 3.69 J
Cooling of air in the cylinder during expulsion of the disc may be explained by the kinetic theory of gases in that the energy comes from the work done by the air on the disc which in turn is derived from the K.E. of the air molecules.

Molecular kinetic energy is directly proportional to the absolute temperature; consequently the air temperature falls.

Although work is done by the air on the disc, no work is done by the disc on the air because, as stated previously, the disc gains energy from the air or, the disc moves in the direction of the force (air movement) applied to it.

Question 3:

Heat capacity = mass x specific heat capacity

→ Total heat capacity of system = (mass of water x S.H. of water) + (mass of aluminium x S.H. of aluminium)

= (0.500 x 4 200) + (1.20 x 1 080) = 3 180 J
From the graph, initial rate of rise of water temperature = 11/150 = 0.073 Ks-1
Rate at which energy is supplied = heat capacity x rate of temperature rise x temperature rise 





     = 3 180 x 0.073





     = 232 W

      ≈ 0.23 kW

The rate of temperature rise slows down during heating because, as the temperature of the saucepan increases an increasing proportion of the heat supplied is lost to the surroundings.

Question 4:
In the relationship, pV = constant, the following two variables must remain constant They are:

(a) Mass (or quantity) of gas,

(b) Temperature.
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Values of pressures and volumes are recorded at several different pressures. Subsequently, a plot of p vs. 1/V should yield a straight line.

Question 5: 
The purposes of a moderator in a thermal fission reactor is to slow down the speed of the neutrons. 

The control rods, by absorbing neutrons, control the neutron reproduction rate.

Energy is transferred from the fuel rods to the boiler via the following route:

1. Energy i ssupplird freomt the fuel aK.E. in the fast-moving molecules

2. The neutrons transfer heat to the moderator

3. The moderator yields up its heat to thge coolant

4. Finally, the coolant supplies heat to the boiler.

PH3 JANUARY 1997
Question 1:
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Assuming that the expansion of mercury is uniform, that mercury would freeze and that the thermometer is of uniform bore, the mark may be made by simple calculation as shown on the diagram.

For measuring very low temperatures, a thermocouple may be used.

Question 2:
For a mass oscillating on the end of a spring:

Kinetic energy - increases from zero at the bottom of the cycle to a minimum at the midpoint, falling back to zero at the top of the cycle.

Gravitational potential energy – increases as the height increases.

Elastic potential energy – decreases from its minimum value at the lowest point.

Eventually, damping (friction) converts mechanical energy into heat in the spring (or to its surroundings).

Question 3:
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In twenty years, the proportion of coal would probably have decreased due to environmental considerations. e.g. “acid rain”. In two hundred years time, the use of biofuels may increase due since the supplies of other power sources may have been depleted.

Question 4: 
A heat engine is a device which absorbs heat from a “hot source”, converts a fraction of this into useful and transfers the remainder to a “cold sink”.

Since the efficiency of a heat engine is given by:

η = (T1 – T2)/T1
where T1 = temperature of hot source and T2 = temperature of cold sink, then it follows that a higher working temperature would give rise to higher efficiencies.

Question 5:
The value of Q, the energy flow out of the freezer = 2.0 + 4.5 = 6.5 MJ
This follows from the First Law of Thermodynamics (i.e. Law of Conservation of Energy).

A heat pump is needed since energy is required to flow up a temperature gradient.

Power flow through walls of freezer = (4.5 x 106)/(24 x 60 x 60) = 52 W
Rate of heat flow through walls of freezer, dQ/dt = - kA(dθ/dx)

→ k = (dQ/dt)(dx/dt)(1/A) = (52 x 0.05)/(36 x 4.1) = 0.018 W.m-1.K-1

Energy extracted for freezing = mL





= 4 x 2.3 x 3.34 x 105 = 3.07 MJ
The fins improve heat transfer by convection since they increase the effective area of the surface. There are no fins at the bottom because the air is cool near the bottom (cold air being more dense than warm air, sinks to the lower regions).

Question 6:
Please see June 1996, Question 4 for an account of the experimental arrangements.

The critical temperature, i.e. the temperature above which a gas cannot be liquefied, whatever the pressure.

PH3 JUNE 1997
Question 1:
[image: image107.jpg]lagging

SAAAAAAA

i
/////2// NN





Measurements to be taken include the mass of the aluminium block (m) and the initial temperature (θ1).

The current is turned on and the stop-clock started.

In addition, the voltmeter and ammeter readings were taken (V and I respectively).

After a while (after an appreciable temperature rise), the final temperature (θ2) and time (t) were noted.

Heat transferred to block = I.t.V

Increase in internal energy of block = m.c (θ2 – θ1)

where c = S.H. capacity of aluminium

→ c = (ItV)/m (θ2 – θ1)

Question 2:
Maximum K.E. of block = ½ mv2 = ½ (65 x 10-3)(0.46)2 = 6.9 x 10-3 J
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Question 3:
Let nA and nB be the number of molecules in containers A and B respectively.

Then, 


nA = (pAVA/RTA); nB = (pBVB/RTB)

But, since VA = VB, pA = pB, TA = TB and R is constant → nA = nB and the number of molecules are equal.
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Since 



p = 1/3 (N/V) m ˂c2˃

and the average molecular kinetic energies are the same at the same temperature, then it follows that the pressures must be equal if the numbers of molecules are the same.

Question 4: 
Mass of submarine = Volume of submarine x Density of sea-water



       = 200 x 1 025 = 2.05 x 105 kg
Work done = pressure x volume change, where ΔV = 10 m3 and total pressure (p) = atmospheric pressure + gρh

Pressure due to depth = 25 x 1 025 x 9.81 = 2.51 x 105 Pa

Atmospheric pressure = 1.00 x 105 Pa

→ Total pressure = (1.00 + 2.51) x 105 = 3.51 x 105 Pa

So, work done = pΔV = 3.51 x 105 x 10 = 3.51 MJ
Nett upward force = weight of water pumped out = mg, where m = Vρ and g = 9.81 ms-2
F = 10 x 1 025 x 9.81 = 1.01 x 105 N
By Newton’s second law, F = ma → a = F/m = (1.01 x 105)/(1.95 x 105) = 0.52 ms-2
Question 6:
For the description of the concept of a heat pump, please see January 1997, Question 4.

The term “efficiency” used in conjunction with heat engines (η) may be defined as:

η = work obtained/energy supplied 
PH3 JANUARY 1998
Question 1:
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Question 2:

Upthrust = weight of fluid displaced


   = volume x density x “g”


   = 1.50 x 1.30 x 9.81 x 10-3 = 0.019 N
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Density of air in balloon = 2.15/1.50 = 1.433 g.litre-1
The density of air in the balloon is greater than the surrounding air because there are more air molecules per unit volume inside the balloon compared with the outside air.

Question 3:
Energy is transferred from the Sun to the Earth by a process of thermal radiation; high temperatures in the Sun are created by nuclear fusion in which hydrogen nuclei combine to form helium.

The Solar constant is the rate at which energy is received at the Earth’s surface from the Sun (unit: W.m-2).

Assuming, on average, 8 h of daylight per day (this takes into account summer/winter + cloudy days etc.). Then, no. of seconds per year that energy is received in UK = 8 x 365.25 x 60 x 60 = 2.10 x 107 → Energy received per square metre = 200 x 1.05 x 107 = 2.10 x 109 J.

No. of tonnes of Miscanthus grown/m2 = 12/10 000 = 0.0012

But, 1 tonne of Miscanthus yields 1.7 x 1010 J 

→ Energy yield = 0.0012 x 1.7 x 1010 = 2.04 x 107 J.

One reason for the difference between the total energy per square metre available from the Sun and the maximum energy yield/m2 of Miscanthus crop is that photosynthesis of the growing plant requires solar energy.

Question 4:
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A thermocouple operates as a simple heat engine since heat (energy) wants to flow from the “hot source” to the “cold sink”. It does this by transferring electrons (work output shown as voltage on the meter).

One way of increasing the efficiency of a thermocouple is to increase the temperature of the hot source. This is because efficiency is given by: 

(T1 – T2)/T1
Where T1 = temperature of “hot source”; T2 = temperature of “cold sink”.
Question 5:
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Question 1:

As the loaded spring rises to its equilibrium position, the energy transfers taking place includes (any TWO):

(i) An increase in kinetic energy

(ii) An increase in gravitational potential energy

(iii) Loss of heat to the surroundings

The energy associated with the oscillations is lost as internal friction (damping) within the spring/air resistance causing the spring to warm up slightly. 

It would not be feasible to recover this lost energy since this is “low grade heat”, i.e. dispersed too widely 
Question 2:

Flow of heat into flask = m.c Δθ = 0.200 x 4 200 x 3.5 = 2 940 J

But this occurred over one hour (i.e. 3 600 s)

→ Rate of heat flow = 2 940/3 600 = 0.82 W 

Energy supplied to ice/water mixture over 4 hour period = 0.82 x 4 x 3 600 = 11 760 J

Heat required to melt ice = mL → m = 11 760/(0.33 x 106) = 0.036 kg
Since ice is less dense than water, the volume of the ice-water mixture diminished, thus causing a significant drop in the air pressure.

Question 3:
At steady state, the temperature across the interface, although different, remains constant. Consequently, the flow of heat/second is constant. Thermal equilibrium means that two bodies are in thermal contact and at the same temperature.

U = (Rate of heat flow)/(Area) x (temperature difference) = 61/(1.3 x13) = 3.61 W.m-2.K-1
If the panes of glass were moved further apart, there would be more heal lost by convection.

Question 4:
Pressure difference = gρh = 9.81 x 860 x 0.112 = 944.9 Pa

→ Pressure in container = Atmospheric – difference above = 101 200 = 944.9 = 100.26 kPa
The atmosphere working on the system increases the gravitational potential energy stored in the oil on the LHS of the manometer.

If the temperature rises, the kinetic energy of the molecules increases – the faster molecules collide with greater force and with greater frequency on the walls of the container, thus causing a rise in pressure.

Question 5:
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Question 6:
(a) Heat loss through chimney/flue

Inefficient combustion/losses from flames by radiation.

(b) Escaping steam carries away energy

Thermodynamic efficiency of heat engines limited by temperatures of hot source/cold sink.

(c) Friction within the device/generator system gives rise to heat losses to the surroundings.

(d) Heat losses in the cables due to resistance of cables to current flow (I2R losses).

PH3 JANUARY 1999
Question 1:

E = mc1Δθ1 + mL + mc2Δθ2
where m = 2.3 kg

→ E = (2.3)(4 200)(15) + (2.3)(330 000) + (2.3)(2 100)(30) 

        = 144.9 kJ  +  759 kJ
      + 144.9 kJ

 = 1.049 MJ
Cost of freezing milk = (8.2 x 1.049 x 106)/(1 000 x 3 600) = 2.4 p
Question 2:
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Mass of petrol displaced = submerged volume x density of petrol




    = 15 x 10-4 x 3 x 10-2 x 710 = 0.032 kg


→ Weight of petrol displaced = 0.032 x 9.81 = 0.31 N
Weight of float = weight of fluid displaced = 0.31 N 

Excess pressure = gρΔh = 9.81 x 710 x 3 x 10-2 = 209 Pa
Force exerted by excess pressure = excess pressure x area = 209 x 15 x 10-4 = 0.31 N
Question 3:
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(a)(i)(ii)

ΔU is zero
ΔQ is zero because the system is isolated
ΔW is zero because the system is isolated

The thermocouple is unable to power the small motor M because there is no temperature difference.
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The thermocouple now powers the small motor M because the junction temperatures are different. 
As time progresses, the E.M.F. of the thermocouple decreases because the temperature difference decreases.
The motor stops working when the temperature difference falls to zero.

In terms of energy flow, this is because some energy absorbed at the hot junction is transformed into electrical energy.

Question 4:
First Assumption:
EITHER:
A large volume change occurs on change of state implies large spacing of gas molecules

OR:
Rapid diffusion rates in gases implies more room for motion of molecules.

Second Assumption:
Brownian motion in gases. Smoke particles in random motion bombard air molecules.

Question 5:
First Argument:
Finite sources cause damage to the environment,

Example:
Burning of coal or oil releases carbon dioxide to the atmosphere, causing Global Warming by the Greenhouse Effect.

Second Argument:
Finite sources have a limited lifetime and may soon run out. Or, renewable sources are not depleted in the foreseeable future.

Example:
Coal, oil.

PH3 JUNE 1999
Question 1:
Ideal gas equation gives that:

pV = nRT

→ R = pV/nT = (Nm-2)(m3)/(mol)(K) = kg.m2.s-2.mol-1.K-1
The graph plotted should be p (y-axis) vs. T (y-axis). It should be a straight line through the origin (temperature, T in K).

The assumption to be made to enable gas pressure measurements to be used to define a practical temperature scale is:

pressure α absolute temperature

(providing the gas is ideal, the mass of gas and volume are constant).

Question 2: 
Force A: Lift (lower pressure above wing)

Force B: Weight (mass of plane acted upon by Earth’s “g” field)

Force C: Drag (air-resistance)

Force D: Thrust (propulsion of engines)

The resultant force is zero since the plane is travelling in a straight line at constant speed.

Question 3:
Energy given out = mcΔθ



    = 1.2 x 1 000 x 4 200 x (98 – 65)



    = 166.32 MJ
Time = Energy/power = (1.66 x 108)/(6 x 1.5 x 103) = 18 480 s
In the morning, the temperature difference would be greater than in the evening. Consequently, there is a greater power output in the morning than in the evening.

Question 4:
Finite energy sources have a limited lifetime (i.e. can be become depleted) whereas renewable resources are continuously replenished.
Finite: coal, oil, natural gas (any ONE)

Renewable: wind, wave, tidal, solar power (any ONE)

One method of harnessing solar power is a solar panel which is a black-coated (good absorber) metal (good conductor) pipe in an empty box with a sheet of glass on top (Greenhouse effect). Cold water fed in becomes hot as a result of solar gain.

Area = (2 000 x 106)/(0.15 x 220) = 6.06 x 107 m2
Solar power stations are unlikely to be the major solution to energy demand due to the large land area involved.

Question 5:
External area of refrigerator = (4 x 1.0 x 0.5) + (2 x 0.5 x 0.5) = 2 + 0.5 = 2.5 m2
dQ/dt = - kA(dT/dx) = 0.018 x 2.5 x (20 – 15)/(5.2 x 10-2) = 12.98 W
The refrigerator acts as a heat pump, which takes heat from the cold sink (inside refrigerator) to the hot source (outside air) – these rates are equal.

ΔU = zero because the temperature of the contents is constant

ΔQ has two components:

· Heat flowing in from room

· Heat flowing out from contents
ΔW = zero since no work is done on (or by) the contents.
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Question 1:
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From the graph, temperature is interpolated as 64.5oC
Reasons for preferring a thermocouple over mercury-in-glass thermometer (any TWO):

· More robust

· Remote measurement possible

· Higher precision

· Fast response time

· Smaller thermal capacity

· Electrical output – suitable computer/data logger.

Question 2:
Initial rate of rise of temperature = gradient of graph at origin = 5/(2.5 x60) = 0.033oC.s-1
Estimate of initial rate of gain of heat from surroundings = dQ/dt = mc(dθ/dt) 

       = 0.4 x 4 200 x 0.33 = 60 W
Explanation of 27 min. delay:

Time is needed for inflow of heat to melt the ice.

Heat absorbed = ΔQ = (dQ/dt) x t = mL

where m = mass of ice; L = S.L.H. of fusion of ice

→ 60 x 27 x 60 = m x 2.27 x 3 600, or m = (27 x 3 600)/(2.27 x 106)  = 0.043 kg
Question 3:
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Explanation of how gravitational force drives convection current:

Air near the heater warms up, expands and becomes less dense . Consequently, a pressure gradient “drives” the convection current since there is a weight difference (gravitational in origin) acting.

Explanation of why the heater powers the convection current:

Kinetic energy is stored in the corrosion current – this energy can only come from the heater.

Question 5:
(Root mean square speed), ˂c˃ = √(n1c12 + n2c22 + ....)/N 

where N = Total number of particles (= n1 + n2 + ...) 

c1, c2,... are the individual speeds of the particles

n1, n2 are the numbers of particles with speeds c1, c2 etc.

˂ c˃ = √[(1 x 4002 + 1 x 3002 + 1 x 5002 + 1 x 6002 + 1 x 2002)/5] = 424 m.s-1
Assumption in algebraic form:

½ m˂ c2˃ = (3/2) kT
Derivation of the Ideal Gas Equation:

pV = ½ m˂ c2˃ x (2/3) N 
      = NkT

      = nNA kT

      = nRT

Question 5:
Explanation of why fuel rods heat up:

· A nuclear fission reaction occurs in the uranium rod

· This fission releases heat

· Therefore the rod heats up.

Explanation of how energy released reaches the coolant:

· This occurs by a conduction process, relying on the temperature difference between the fuel rod and the carbon dioxide gas/liquid sodium/pressurized water cooling medium. 

Explanation of energy flow to coolant via moderator:

· Fast neutrons cross over into the moderator

· Consequently the temperature of the moderator rises

· This heats the coolant

Role of moderator in sustaining chain reaction: 
· Fast neutrons released in the fission process

· Are slown down by the moderator

· These trigger fresh fission events in the uranium fuel rod. 

PH3 JUNE 2000
Question 1:

Mass of mercury = Volume x density



    = 0.500 x 13 600 x 10-6 



    = 0.0068 kg (6.8 g)
Heat capacity      = Mass x specific Heat Capacity



    = 0.0069 x 140 



    = 0.952 J.K-1
The heat capacity of the thermometer would be greater than the calculated value since the mercury has to be contained in glass (itself having heat capacity).
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The graph becomes less steep as time progresses since heat transfer from the hot liquid to the thermometer is by conduction. As the temperature becomes closer, the thermal gradient decreases so therefore the rate of heat flow decreases.

The temperature levels off below 80oC since the thermometer (mercury and glass) absorbs some of the heat from the hot liquid. Also, the insulation is not perfect, so some heat will be lost from the walls of the container.

Question 2: 

(a) From the power supply to the element: this is by working since electrons do work on the element = IVΔt where the symbols have their usual significance.
(b) From the element to surrounding air: is heating and represents the heat loss to the surroundings.
Question 3:
p represents the pressure of the gas (Pa)

V represents the volume of the gas (m3)

N represents the number of gas particles present (no unit)

M represents the mass of one molecule of gas (kg)
˂ c2˃ represents the root mean square of the molecules squared (m2.s-2)

Kinetic energy = ½ m˂ c2˃................
(1)

pV = (1/3) Nm˂ c2˃...........................(2)
Since ½ m˂ c2˃ = (3/2) kT,

substituting in (2) gives:

pV = (2/3)N (½ m˂ c2˃)

     = (2/3)N(3/2)kT

→ pV = NkT
which is the ideal gas equation.

Question 4:
The energy flows from the outside air into the interior of the building. This is because the temperature outside is greater than that inside and heat flows down the thermal gradient.

In terms of energy flows, heat must be taken from the inside and transferred to the outside (in a similar way to a heat pump or refrigerator) – i.e. an energy input is required.

ΔQ/Δt = UAΔT

                                                    Power Flow = 0.60 x [(3 x 5) + (6 x 3)] x (33 – 22) = 218 W
If the U-value of the walls were 1.8 W.m-2K-1 then the power flow would be 3 times as great.

Energy transfer = mcΔT = 11 x 103 x 920 x (33 – 25) = 80.96 MJ

Average power flow = Energy/time = (80.96 x 106)/(60 x 60) = 22.5 kW 
This is a rather large value and consideration should be given to extending the time period required for “cooldown”.

Question 5:
Assuming 100% efficiency:

Energy output = 0.12 x 51 = 6.12 MJ

But this is supplied over 1 hr (= 3 600 s)

→ Power output = (6.12 x 106)/3 600
Less efficiency would be expected since:

· There are “I2R” power losses (caused by heat in cables) in the electricity transmission system.

· There is a maximum thermodynamic efficiency relating to the power station, based on the temperatures of the “hot source and “cold sink”, since it acts as a “heat engine”.

Efficiency could be increased by (any ONE): 
· Increasing the voltage of overhead cables to reduce losses

· Utilizing a CHP (combined heat and power system) whereby excess heat from the power station is transferred to houses in its locality.

PH3 JANUARY 2001
Question 1:
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The smoke particles move randomly due to the air molecules colliding with them.

Smoke particles act as “markers” since air molecules too small to be seen. Since smoke are much more massive than air molecules, it follows that air molecules must be moving at high speed (Equipartition of Energy).

Question 2:

Electrical energy supplied = ItV = 23 x 30 x 0.42 = 289.8 J
ΔU = + 290 J

This is positive since the internal energy increases on a temperature rise.

ΔQ = 0

The block is thermally insulated – no loss/gain of energy.

ΔW = + 290 J

This is the electrical energy supplied (as work done by supply).

Average force applied by hammer:

 W = F.d

→ 290 = F x 2.4 x 10-3
→ F = 121 kN
Question 3:

The pressure law gives p/T = constant

where p = pressure and T = temperature (K)

→ p1/T1 = p2/T2 → p2 = p1T2 /T1 = (1.00 x 105 x 373)/273 = 1.37 x 105 Pa
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Question 4:
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Question 5:
(i) Helium has a lower density than surrounding air because helium particles are less massive than air particles.

(ii) Helium exerts the same pressure as air because helium particles move faster than air particles. Consequently, there are more frequent collisions.

Upthrust = weight of air displaced

Now, mass of air displaced = volume x density





  = 1.90 x 10-3 x 1.30





  = 2.47 g
Taking “g” as 9.81m.s-2,

Upthrust (force) = 2.47 x 10-3 x 9.81 



         = 0.0242 N
Force exerted by balloon on ceiling = upthrust - weight

Weight of balloon = 1.85 x 10-3 x 9.81 = 0.0185 N
→ Force = 0.0242 – 0.01815 = 0.0061 N
Reason why air diffuses more slowly than helium:

Air molecules move more slowly than helium particles. 
Reason why balloon sinks back down from ceiling:

Air replaces helium so its weight increases.
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Question 1:
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Explanation of why line might break:

· Weight remains the same

· Upthrust decreases

· Tension therefore increases.

Question 2:
ΔQ = mL
(Heat needed for vaporization)

ΔQ = Pt
(Electrical energy supplied)

→ Pt = mL

→ t = mL/P = (0.50 x 2.2 x 106)/2 400 = 458 s
Demonstation that volume is approximately 0.9 m3
pV = nRT

→ V = nRT/p

= (27.8 x 8.31 x 373)/(1.01 x 105)

= 0.86 m3
W = pΔV = 1.01 x 105 x 0.86 = 8.68 x 104 J
ΔQ = 0.5 x 2.2 x 106 = 1.1 x 106 J
ΔW = - 8.68 x 104 J
ΔU = ΔQ + ΔW = 1.01 x 106 J
Question 3:

[image: image125.jpg]Pressure

Volume




Explanation of shape of graph:

As the volume increases, then the packing density of the molecules decreases hence the collision rate with the walls of the container decreases.

Finding pressure of the air in syringe:

(Weight/Area of piston) + atmospheric pressure.

Possible sources of error (any ONE):

· Temperature variations

· Friction

· Weight of piston not included

· Air leakage (mass of air not constant).

Question 4:
Total area = (2 x 0.6 x 0.6) + (4 x 0.6 x 0.8) = 2.64 m2
→ dQ/dt = - kA(dT/dx) = (0.04 x 2.64 x 20)/(30 x 10-3) = 70.4 W 
The answer will be approximate (any TWO):

· Incomplete insulation around door seal

· Variable thickness of insulation (e.g. corners)

· Metal case ignored

· Interface temperatures will be different from bulk temperatures.

The interior temperature remains constant when energy is removed at the same rate as it flows in.

Ways for efficient design of condenser (any TWO):

· Metal condenser pipes aid conduction
· Large area promotes convection
· Black surface increases radiation loss
Leaving the refrigerator open on a hot day is not a sensible suggestion since condenser emits energy into kitchen at a greater rate than energy removed from inside the fridge.
Question 5:
The role played by neutrons in producing a self-sustaining chain reaction is fission – caused by neutron impact. 

If neutrons from the fission of one nucleus go on to split other nuclei, a chain reaction may result.

The function of a moderator is to slow down the speed of the neutrons.
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Explanation of arrangement:

To maximize the chance of fresh fission events in the uranium fuel rods.
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Question 1:

(a)
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(b) The electric potential at a point may be defined as the work done in bringing a unit point positive charge from infinity to that point.

Electric potential is a scalar
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The electric field, E = V/d = Q/(εoA) = (1.0 x 10-6)/(8.85 x 10-12 x 0.42) = 7.0 x 105 V.m-1
For example, if we were dealing with a p.d. of 700 V, giving a plate separation of 10-3 m (or about 1mm).

Question 2:
Q = CV

(Alternatively, we may write Q = (εoA/d) x V)

The electric field, E = V/d = Q/εoA = (1 x 10-6)/(8.85 x 10-12 x 0.42) = 7.0 x 105 V.m-1
For example, if we were dealing with a p.d. of 700 V, then the plate separation would be 1 x 10-3 m (or about 1 mm)
Question 3:
Using calibrated Hall probe (in the correct orientation), the magnetic flux density (B) is measured as a function of:

· Current, I

· Number of turns, N

· Distance from centre, r

two out of these three variables are constant, the third is varied. The experiment is repeated twice and the results averaged around the toroid.

Mathematically, plots of B vs. N, B vs. I and B vs. 1/r should give straight line plots through the origin.

Since the relative permeability μr of the iron ring is about 1 000 (compared to air), virtually no flux travels “outside” an iron ring.

Question 4:
Essentially, the microphone is a transducer in which sound waves (the oscillations of air molecules) are received at the diaphragm which vibrates in sympathy with the air molecules, thereby moving the coil which in turn cuts the lines of magnetic force, thus inducing an E.M.F, thereby producing A.C. signals.

If A.C. were fed into the microphone, it would act like a loudspeaker, moving the diaphragm in and out because of the changing field in the coil interacts with the magnetic field of the permanent magnet thus providing a force at right angles to the field (Fleming’s Left Hand Rule/Motor Principle).

Question 5:
Frequency, f = 1/T = ½ = 0.5 Hz
The speed would be a maximum at the centre point of the motion.

vmax = ω x amplitude = 2πf x A = 2π x 0.5 x 10 x 10-2 = π/10 =  0.31 m.s-1
The acceleration would be at the “extremities” of the motion, i.e. at either end of the motion.

amax = - ω2A = π2 x 0.1 = 0.99 m.s-2
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Question 1:

Coulomb’s Law states that the magnitude of the force between two electrically charged bodies is inversely proportional to the distance between them and directly proportional to the product of the charges.

Since F = (1/4πεo)(Q1Q2/r2)

Re-arranging:

εo = (Q1Q2/4πFr2) = (Q2/4πFr2)

(For the purposes of dimensional analysis, we may assume Q1 = Q2)

Since 4π is constant and charge, 1 C = 1 As we may write:

A2.s2/N.m2 =A2.s2/(kg.m.s-2.m2) → εo has dimensions A2.s2.kg-1.s-2.m-3
Question 2:
(a) A field may be defined as a region of space in which forces exist between two bodies, not in contact.

Any TWO of the following:

1. Electric fields act on all charges whereas magnetic fields only act on moving charges

2. Electric fields can be caused by a single, point charge whereas magnetic fields are always “dipole” in nature

3. Force is parallel to the direction of an electric field whereas, in magnetic fields, the force acts at 90o.

(b) Force. F = EQ where E = electric field strength and Q = charge.

→ F = 1.6 x 10-19 x 8.5 x 105 = 1.36 x 10-13 N
From Newton II, F = ma → a = F/m = 1.36 x 10-13/9.11 x 10-31 = 1.49 x 1017 m.s-2
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Question 3:
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The maximum charge stored, Q = CV = 470 x 10-6 x 12 = 5.64 mC
Explanations/calculations:

The maximum current, Imax = V/R = 12/2.2 x 103 = 0.54 mA
The time constant = CR seconds = 47 x 10-6 x 22 x 103 = 10.34 s
The time to halve = CR ln 2 = 7.16 s
For capacitors in series, 1/C = 1/C1 + 1/C2 = 1/470 +1/470 = 0.00425 → C = 235 μF
The charge stored could be estimated from the area under the curve.

Question 4:
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In the case of SHM, acceleration, a = - ω2x

Thus, gradient = - ω2
Consequently, T = 2π/ω = 2π/√(-gradient)
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x = xo sin ωt x →15 = 25 sin ωt

Now T = 2π/ω → ω = 2π/T = 2π/12 

So, 0.6 = sin (π/6) t, giving t = 1.23 hrs → “Real time” = 6:14 pm
Question 5:
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F = BI2l or, F = (μoI1I2 l)/(2πd)

The ampere is the constant current which, when flowing in two infinitely long, straight parallel conductors of negligible circular cross-section, placed in a vacuum 1 m apart, giving between them, a force of 2 x 10-7 N per metre. 

In the above equation, I1 = I2 = 1 A and d = 1 m, then F/l = (4π x 10-7 x 1 x 1)/(2π x 1)
PH4 JANUARY 1997

Question 1:

F = Gm1m2/r2...............................Newton’s Law of gravitation

F = Q1Q2/4πεor2...........................Coulomb’s Law

Differences between gravitational and electric fields:

(a) Electric fields can be attractive or repulsive; gravitational fields are always attractive.

(b) Both have infinite range.
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Electric force = EQ= 100 x 1.6 x 10-19 = 1.6 x 10-17 N
Weight = mg = 9.81 x 10-18 N

→ Net force = 6.2 x 10-18 N (upwards)
Question 2:

Time constant = CR seconds = 30 x 10-6 x 20 x 103 = 0.6 s
Since the time constant is the time taken for the charge to fall to 1/e (= 0.37) of its original value, then it follows that the time taken for the charge to fall to 90 μC ≈ 0.6 s
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Question 3:
The force F between two point charges Q1 and Q2 at a distance r apart is given by:

F = Q1Q2/4πεor2 = Q2/4πεor2 (Assuming Q1 = Q2 = Q)

As It = Q, F = I2 x t2 x 1/(4πεor2) → I = √(F/4πεo) x (r/t)

The dimensions of F = MLT-2, t = T, r = L

So I has dimensions (εo)1/2 (MLT-2)1/2 T-1 L = εo1/2 M1/2 L3/2 T-2 

The force per unit length, F, on two infinitely long conductors carrying currents I1 and I2 is given by:

F = μoI1I2/2πr = μoI2/2πr → I = √(F x 2π x r/μo)
So, I has dimensions = μo-1/2 (MLT-2)1/2 L1/2 = μo-1/2 M1/2 L T-1 

 The dimensions of I must be the same irrespective of the system in which they are expressed.

So, εo1/2 M1/2 L3/2 T-2 = μo-1/2 M1/2 L T- 1

1/√(μoεo) = 1/√(7.85 x 10-12 x 4π x 10-7) = 3 x 108 m.s-1
The velocity is equal to that of light.

Question 4:
P = IV → Irms = P/V = 3 600/240 = 15A

But Imax = √2 x Irms = 15 x √2 = 21.2 A

Now, B = μoI/2πr for a long, straight conductor.


    = (4π x 10-7 x 21.2)/(2π x 0.3) = 1.41 x 10-5 T
The magnetic field due to the Earth’s field is constant whereas the magnetic field due to the A.C. in the wire is fluctuating. This may induce an E.M.F.
Question 5:
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Electric field strength, E = V/d = 400/0.025 = 16 000 V.m-1
Force on the electron = Ee = 16 000 x 1.6 x 10-19 = 2.56 x 10-15 N
Electric force = magnetic force

                                                                → Ee = Bqv

                                                 → 2.56 x 10-15 = 1.0 x 10-3 x 1.6 x 10-19 v

                                                                 → v = (2.56 x 10-15)/(1.0 x 10-3 x 1.6 x 10-19)






 = 1.625 x 107 m.s-1
                                                         Work done = K.E.
                                                                → eV = ½ mv2
        




      → V = mv2/2e 







   = 9.11 x 10-31 x (1.625 x107)2/ (2 x 1.6 x 10-19)







   = 729 V
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Question 1:

Free body force diagram for ball A:
[image: image138.jpg]. ¢ Tensiow
s

Wdal\‘c




Resolving vertically:

T cos 50o = mg

T x 0.648 = 1.5 x 10-3 x 9.81

→ T = (1.5 x 10-3 x 9.81)/0.648 = 2.29 x 10-2 N
Resolving horizontally, the electrostatic force is given by:

F = T sin 50o = 2.29 x 10-2 x 0.7660 = 1.75 x 10-2 N
Coulomb’s Law gives:

F = Q1Q2/4πεor2 but Q1 = Q2
→ Q2 = 4πεor2 x F
→ Q2 = 4π x 8.85 x 10-12 x (15.3 x 10-2)2 x 1.8 x 10-2 = 4.46 x 10-14
→ Q = √(4.46 x 10-14) = 2.17 x 10-7 C
The gravitational force between the two balls would be much smaller than the electrostatic force calculated above. Furthermore, gravitational forces are attractive; this electrostatic force is repulsive.

Question 2:
The centripetal force, F is given by:

F = (mSvS2)/(RE + h)
From Newton’s Law of Gravitation:

F = mSg = (GmSME)/(RE + h)2
The mass mS cancels on either side of the equation 

→ g = (GME)/(RE + h)2
Units of “g” would be N.kg-1 or m.s-2.

Now, the gravitational force of attraction provides the centripetal force.

Therefore, we may write:

mSvS2/(RE +h) = (GMEmS)/(RE + h)2
→ vS2 = (GME)/(RE + h)
(mS again cancelling on either side of the equation).

Thus, as h increases, v would increase since G, ME remain constant.

If a satellite slows down in its orbit, then the gravitational force of attraction would exceed the centripetal force, or mathematically:

GMEmS/(RE + h)2   ˃  mSvS2/(RE + h)

Question 3:
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Question 4:
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The use of a “current balance” is shown in the diagram. To investigate how the force depends upon the current (measured by an ammeter), it is convenient to find the currents needed to balance one, two and three riders (F, 2F and 3F respectively). A plot of F vs. I should yield a  straight line through the origin.

By Fleming’s Left Hand Rule, he direction of the current in the wire should be to the East.

F = BIL → I = F/BL = (1.5 x 10-3 x 9.81)/(1.8 x 10-5 x 2.00) = 409 A 

At this very high current, it is likely that the wire would get very hot and melt.

Question 5: 

T = 2π√(m/k) = T = 2π√(1.67 x 10-27/1.13x 103) = 7.6 x 10-15 s

F = 1/T = 1/7.6 x 10-15 = 1.31 x 1014 Hz
Light of wavelength 2.29 x 10-6 m would be strongly absorbed by the hydrogen molecule since c = fλ → λ = c/f = (3.00 x 108)/(2.29 x 10-6) = 1.31 x 1014 Hz

This is the same frequency as the hydrogen atoms in the model. Thus resonance/strong absorption would occur.
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Question 1:

A neutral point is a place where two fields are equal and opposite and the resultant force is zero.
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The magnetic flux due to a long solenoid is given by:

B = μonI

where n = no. of turns/unit length and I = current flowing (A)

So, BA = μo  x 2n x 4I = 8μonI
BB = μo  x n x I = μonI
→ The magnetic flux density of A is 8 times that of B. Since the distance A-B = 1 m. It follows that the neutral point will be at a point 0.11 m from A and 0.89 m from B.

Question 2:
On switching on the large current, Eddy currents are induced in the aluminium ring (non-magnetic). Since, by Lenz’s Law, this is in a direction in opposition to the pole formed at the top of the coil, then magnetic repulsion would occur and the aluminium washer would jump up. However the washer would jump back because the current is D.C. and the Eddy current would decay tom zero since there would then be no change of flux linkage (necessary for induced E.M.F’s).
Question 3:
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 If the isolated charge were negative, the graph would be a mirror image, i.e. negative potential below the x-axis) and rising to zero at infinite distance.

Since potential, V = work done in bringing unit charge from infinity to that point, we may write:

V = (Q1 x Q2)/4πεox where Q1 = charge on α-particle = + 2 e 
          Q2 = charge on Au-nucleus = + 79 e 

If x is the closest approach, potential energy at x due to Au =  (79e x 2e)/4πεox

4 MeV = 4 x 106 x 1.6 x 10-19 = 6.4 x 10-13 J

→ (79 x 2e2)/ 4πεox = 6.4 x 10-13 

This gives x = 5.69 x 10-14 m

Question 4:
The gravitational potential, V at a point is defined as numerically equal to the work done in taking a unit mass from infinity to that point.

V at the surface of the Earth is negative, indicating that the potential at infinity (zero) is higher than the potential close to the Earth.

Newton’s Law of Gravitation gives that:

F = GMm/r2, but this force = mg

where m = mass of “test” mass and M = mass of Earth.

→ GMm/r2 = mg

Cancelling m, we get:

 g = GM/r2
Now,                                                g = 9.81 = GM/r2
                 → V = - GM/r = 9.81 x 6.4 x 106 = 6.28 x 107
But,                                        K.E. = ½ mv2 = GMm/r

                                           → ½ v2 = GM/r = 6.28 x 107
Or, 




      v = √(2GM/r) = √(6.28 x 107) = 1.1 x 104 m.s-1
In calculating the escape speed from a space probe travelling outwards from the Solar System, M would represent the mass of the Sun and r would represent its distance from the Sun.

Question 5:
Irms = (1/√2) x Io = (1/1.414) x 325 = 229.8 kV 

Delay between p.d. in conductors 1 and 2: This is (7/20) T
Maximum difference in voltage: On the positive half of the cycle, this is (7/8) Vo. So this is effectively 2 x (7/8) x 325 = 568.75 V 

Non-zero vector sum: Due to the phase lag between the conductors, the vector sum of three currents in the return conductor might not be zero.

PH4 JUNE 1998
Question 1:

Since the oil drop carries a positive charge, plate A must be negative.

Free-body force diagram:
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E = V/d = 5 000/(2.5 x 10-3) = 2 x 105 V.m-1

Since mg = qE → q = (9.79 x 10-15 x 9.81)/(2 x 105) = 4.8 x 10-19 C
This is equivalent to 3e. Therefore three electrons would have had to be removed for it to acquire this charge.

Question 2:
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B = μoI/2πr. Thus, total B-field = = μo/2π (2/0.03 + 4/0.12) = 2 x 10-5 T
Question 3:
Newton’s Law of Gravitation lays down that:

F = GMm/r2
where F represents the (attractive) force between two point masses m1 and m2, distance r apart and G = universal constant of gravitation.

Reasons why it is extremely difficult to obtain a reliable value for G in a labotatory (any TWO):
· Force between masses is very small;

· Masses need to be high to give measurable force;

· Distances need to be small to give measurable force;

· Small errors in measurement give large errors in “G”;

· Outside influences, eg. large masses could alter force;

· Small movements, eg draughts give errors in deflections.

The gravitational field becomes very weak at large values of r, consequently the work done approaches zero.

Since gravitation is an attractive field only, work is done in moving mass away from Earth (alternatively, V is zero at infinity and increases as we move away from the Earth).

Question 4:
Electromagnetic induction is the generation of an E.M.F. caused by a moving conductor, cutting the lines of magnetic force.

Experiment to Demonstrate Faraday’s Law of Electromagnetic Induction:

To “explain” electromagnetic induction, Faraday suggested that an E.M.F. is induced in a conductor whenever it “cuts” lines of magnetic field lines, i.e. moves across them or is at rest. If the conductor forms part of a complete circuit, an induced current is also produced.

Faraday found that it can be shown with the apparatus like that shown below, that the induced E.M.F. increases with increases of:

(i) the speed of motion of the magnet or coil,

(ii) the number of turns on the coil,

(iii) the strength of the magnet.

These facts led to his law:

The size of the induced E.M.F. is directly proportional to the rate at which the conductor cuts magnetic field lines.
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Induced E.M.F, ε = Blv = (6 x 10-5 x 54 x 860 x 103)/(60 x 60) = 0.77 V
In order to determine the polarity of the wing tips, the direction of the field must be known.

Question 5:

The frequency of the supply is 50 Hz
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Calculation of resistance of kettle:

Power dissipated = ½ IoVo = P

Calculation of resistance of kettle:

Power dissipated = ½ IoVo = P

where Io, Vo represent peak values.

→ 2 000 = ½ Io. 320, giving R = 25.6 Ω
PH4 JANUARY 1999
Question 1:

(i)
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(ii)
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E α 1/r2
An example of a region in which we would expect a uniform electric field would be between charged parallel plates (central region).

Question 2:
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f = 6 000/60 = 100 Hz
Amplitude = ½ (distance LT) = ½ x 8.6 = 4.3 cm
a = - ω2x = - (2πf)2 x 

→ amax = 4π2 x 1002 x 4.3 x 10-2  = 1.7 x 104 m.s-2
The acceleration will be zero halfway between T and L.

The motion is not perfect S.H.M. due to friction between piston/cylinder.

Question 3:
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Suitable instrument: High resistance voltmeter OR CRO OR data-logger OR digital voltmeter.

Maximum charge stored in capacitor:

Q = CV = 100 x 5 = 500 μC
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Average charging current: I = Q/C = 500/9 = 56 μA
Initial charging current:

Gradient at origin = 5/2.6 = 1.92 V.s-1
→ Initial charging current, Io = 100 x 1.92 = 192 μA
Question 4:
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F = mv2/rp
F = Bqv

Now, Bqv = mv2/rp  → q/m = v/Brp
Re-arranging, r = vm/Bq

Hence, rα: rp = 2:1
Question 5:
Lenz’s Law of electromagnetic induction states that “the direction of the induced E.M.F. is such as to oppose the change causing it”.
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In T3, lines of magnetic flux cut the copper tube (an electrical conductor) such that induction occurs and the current in the copper tube creates a magnetic field in such a way that it is in opposition to that of the bar magnet, thus slowing it down. 
T1 is plastic so no electromagnetic induction occurs, i.e. no current can flow in the tube (since plastic is an electrical insulator).

In T2, the falling cylinder is unmagnetized so no electromagnetic induction occurs.

Thus, in both cases (T1 and T2), the cylinders only have the force of gravity acting on them.

PH4 JUNE 1999
Question 1:

F = GMGMJ/r2
F = MGrω2
Equating the above two expressions: 
GMGMJ/r2 = MGrω2
Cancelling MG from either side of the equation, we get:

 GMJ = r3ω2
6.67 x 10-11MJ = (1.07 x 109)3 x 4π2/(7.16 x 10 x 24 x 60 x 60)2
→ MJ = [1.225 x 1027/6.67 x 10-11] x [39.48/(3.93x 1011] = 1.895 x 1011 kg
Question 2:
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Calculation of maximum speed:

vmax = 2πfxo = 2π x 20 x 1.8 x 10-2 = 2.26 m.s-1 

Question 3:
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Electric field strength, E = - dV/dx = 12/(0.25 x 10-3) = 48 000 V.m-1
Capacitance, C = εoA/d = (8.85 x 10-12) x 0.044/(0.25 x 10-3) = 1.56 x 10-9 F
Charge stored on plates = CV = 1.56 x 10-9 x 12 = 1.87 x 10-8 C
The charge on the plates stays the same. 
The capacitance of the arrangement increases.

Question 4:
Total magnetic flux through loop, 30 cm from magnet’s end:

Flux = BA = 1 x 10-3 x 16 x 10-4 = 1.6 x 10-6 Wb
Total magnetic flux through loop 10 mm from end of magnet:

Flux = 30 x 10-3 x 16 x 10-4 = 4.8 x 10-5 Wb
Average speed of movement of the loop:

ε = - dϕ/dt 

→ dt = 46.4 x 10-6/15 x 10-6 = 3.09 s

Average speed = distance/time = (20 x 10-3)/(15 x 10-6) = 6.46 mm.s-1
It would be necessary to reduce this speed on approaching the magnet since the field is more intense there.
Question 5:
This is the “Motor Principle” – i.e. a current-carrying conductor experiences a force when placed in a magnetic field. The current is at 90oC to the magnetic field. By Fleming’s Left Hand Rule, PQ experiences an upward force; RS a downward force.

Consequently, a torque or couple is created which causes a rotation.
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Factors affecting the magnitude of force:

(1) Increase the size of the current

(2) Increase the strength of the B-field

(3) Either increase the no.of turns of coil or increase the length of PQ.

Explanation of observation that current reduces in coil, the faster it spins:

As flux is cut, an E.M.F. is induced. By Lenz’s Law, this tends to oppose the applied p.d. hence the current is less.

PH4 JANUARY 2000
Question 1:
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Using a Reed switch circuit (diagram above), the area (A) of plate overlap is measured. Then, if the switch operates at frequency f, then current I = Qf and capacitance is calculated from C = Q/V. So, keeping d, distance between plates constant, we change A and repeat the process.

It follows that a plot of C vs. A should yield a straight line through the origin.

Estimation of area of the plates: 

C = εrεoA/d → A = Cd/εrεo

A = (0.1 x 10-6 x 1 x 10-5)/(8.85 x 10-12 x 2.8) = 4.0 x 10-2 m2
Question 2:

Calculation of magnetic flux density:

B = μonI = 4π x 10-7 x (72/0.45) x 2.5 = 5.03 x 10-5 T
Observations on the voltmeter:

(a) A small pulse is registered, which then returns V to zero.

(b) A small pulse in the reverse direction is registered.

(c) A fluctuating voltage is registered.

Question 3:
Explanation (any TWO):

· The coil carries a current at 90o to the magnetic field

· According to Fleming’s Left Hand Rule, the force acts at 90o to field.

· A.C. implies that since the current reverses, so does the force and consequent movement.

Explanation of unusually-shaped magnet:

The radial magnetic field ensures that the current ensures that the current in the coil is always at 90o to the B-field.

Force on coil when it carries a current of 20 mA given by:

F = BIl = 0.6 x 20 x 10-3 x 2π x 20 x 10-3 x 300 = 0.45 N
[image: image158.jpg]Figure 2




Question 4:
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Amplitude of tide = 3.1 m
Time of next mid-tide = 12:00 (noon)
Time of next low-tide = 3:00 pm
x= xo sin ωt

→ 1.9 = 3.1 sin (2πt/12)
→ 0.613 = sin (πt/6)
→ sin (0.613) = πt/6

t = 1.26 h

Time at R = 12:00 h + 1:26 h = 1:16 pm
Question 5:

Calculation of escape speed:

Newton’s Law of Gravitation gives that:

F = GMm/r2, but this force = mg

where m = mass of “test” mass and M = mass of Earth.

→ GMm/r2 = mg

Cancelling m, we get:

 g = GM/r2
But,                                        K.E. = ½ mv2 = GMm/r

                                           → ½ v2 = GM/r
Or, 

                            v = √(2GM/r) 
→ vE/vP = √(2rE/rE) or vP = vE/√2 = 11/√2 = 7.78 km.s-1
The space probe should be as small as possible to minimize fuel consumption (K.E. required = ½ mv2).
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Question 1:
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V = Q/4πεor

The plot confirms the relationship since the V.r product is constant, e.g. 

6 500 x 1.75 = 11 375 = 5 500 x 2.1  ≈ 11 550 approximately

Value of Q:

Q = 4πεorV = 4π x 8.85 x 10-12 x 6 500 x 1.75 x 10-2 = 1.27 x 10-8 C
Question 2:
C = εoεrA/d

where the symbols have their usual significance.

→ C = 8.85 x 10-12 x 2.70 x 0.8702/(0.02 x 10-3) = 0.904 μF
Charge, Q = CV = 0.904 x 9 = 8.14 μC
Initial current, I = E/R = 9/(2.2 x 106) = 4.09 μA
Time constant = CR seconds = 0.904 x 10-6 x 2.2 x 106 = 1.99 s ≈ 2.0 s
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Question 3:
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Question 4:

B = μonI

where n = number of turns per metre.

→ I = B/μon = 0.0018 x 0.14/(4π x 10-7 x 250) = 0.802 A
Magnetic flux density, B = ϕ/A = (5.4 x 10-6)/(6.0 x 10-5) = 9.0 x 10-4 T
The magnetic flux density at the end of the solenoid is 0.5 x that at the centre since inside the coil, many coils contribute to the B-field. At the end, the formula approximates to that of a narrow circular coil which is:

B = μoI/2r

Question 5:
amax = +/- ω2xo
where xo = amplitude of oscillation.

Now, ω = 2π/T = 2π/3.2 = 1.96 rad.s-1
→ amax = +/- 1.962  x 60 x 10-3 = 0.023 m.s-
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The mass may not oscillate with S.H.M. because (any ONE):

· The elastic limit may be exceeded

· The spring constant may not be uniform over the extensions used.
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Question 1:
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Question 2:
E = Q/4πεor2, where Q = 92 e and r = 7.4 x 10-15 m

→ E = [92 x 1.6 x 10-1]/[4π x 8.85 x 10-12 x (7.4 x 10-15)2] = 2.42 x 1022 V.m-1
The direction of the electric field is away from the nucleus.

Similarities and differences between electric and gravitational fields produced by the nucleus:

Similarity: Both obey the inverse square law

Difference: Gravitational field attractive only; electric field may be attractive or repulsive.

Question 3: 
Newton’s Law of Gravitation:

F = Gm1m2/d2

where F = force of attraction between two point masses m1, m2 , d = distance apart; G = Universal constant of gravitation.

Base units of gravitational constant:

G = kg.ms-2 x m2/kg2 = kg-1.m-1.s-2
Problems to be overcome when determining G from a lab experiment (any ONE):

· Force between masses is very small;

· Masses need to be high to give measurable force;

· Distances need to be small to give measurable force;

· Small errors in measurement give large errors in “G”;

· Outside influences, e.g. large masses could alter force;

· Small movements, e.g. draughts give errors in deflections.

(a) Reason why spheres are made from lead:

Lead is a very dense metal, thus allowing masses to be closer together.

(b) Reason why suspended masses are small:

To keep the beam as light as possible so that the small masses will move further.

Question 4:
The time constant = CR seconds. It takes this time for the initial voltage to fall to 1/e or 37% of its value.

For this calculation, we may approximate to 1/3, i.e. time to fall from 9 V to 3 V, i.e. 26 s
Calculation of resistance and hence capacitance:

R = V/I = 9/(0.19 x 10-3) = 47.3 kΩ
Now, the time constant, CR = 26 s gives C = 26/47 300 = 550 μF
Addition to graph showing how p.d. across the capacitor varies with time over the same period:
Question 5:
Explanation of how expression leads to definition of the ampere:

· The 2 wires are 1 m apart

· In a vacuum

· The 2 currents are both 1 A

· The force between them is 2 x 10-7 N per metre

A “defined value” cannot be measured experimentally.

Question 6:
Calculation of E.M.F. induced across falling rod:

ε = Blv, where v = u + at = 0 + 9.81 x 2.5 = 25 m.s-1
→ ε = 2.0 x 10-5 x 1.5 x 25 = 7.5 x 10-4 V
Explanation of why vertical component of Earth’s field is not required:

This component of Earth’s field is parallel to the direction of vertically falling body and therefore no flux is cut.

Question 7:
Maximum voltage = √2 x Vrms = 1.414 x 230 = +/- 325 V
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Calculation of peak current in toaster:

Irms = 780/230 = 3.39 A

→ Ipeak = √2 x 3.39 = 4.8 A
PH4 JUNE 2001
Question 1:

An evenly distributed spray is obtained since the charges repel.

Explanation:

Positive paint drops are attracted to the metal object since electrons move up from the Earth to attract positive drops. 

The coat of paint becomes “patchy” if the Earth connection is temporarily broken since positive charge builds up on the object (electrons can no longer move up from the Earth). Subsequently, this accumulated positive charge repels incoming drops).

Question 2:
Calculation of potential difference:

E = V/d → V = Ed = 7.5 x 105 x 12 x 10-2 = 90 kV
Calculation of maximum kinetic energy of electrons:

Ek = eV = 1.6 x 10-19 x 90 000 = 1.44 x 10-14 J
Calculation of maximum electron speed:

Ek = ½ mv2, where m = mass of electron.

→ v = √(2Ek/m) = √(2 x 1.44 x 10-14/9.1 x 10-31) = 1.78 x 108 m.s-1
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Electric field due to isolated electron:

Expression for electric potential (V):

V = Q/4πεor, where Q is the charge (e)

→ V = (1/4πεo)(1.6 x 10-19/r)
Question 3:
Newton’s law of gravitation gives that “the force of attraction between two point masses is directly proportional to the product of the masses and inversely proportional to the square of the distance between them”.

Calculation of force exerted on 1.00 kg mass on surface of Mars:

F = Gm1m2/r2 = 6.67 x 10-11 x 1.00 x 6.42 x 1023/(3.40 x 106)2 = 3.70 N
Mars would have a smaller radius than Earth since “g” is less, but their densities are similar.

Question 4:
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Explanation of compass (2) direction:

The compass needle is located in the Earth’s field and the current is at 90o to page at (2). Moreover, the compass at (2) is a large distance from the current-carrying wire. At this distance, the field would be weak.  

Question 5:
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(i) At low frequency, the wire vibrates up and down continuously

(ii) As the frequency is increased, the wire vibrates faster. As 20 Hz is reached, large amplitude vibrations occur – which is repeated again at 40 Hz – with standing waves set up.

Question 6: 
Flux through window:

ϕ = BA = 20 x 10-6 x 1.3 x 10-7 = 1.7 x 10-5 Wb
Average E.M.F. induced:

ε = dϕ/dt = (1.7 x 10-5)/0.8 = 2.0 x 10-5 V
By converting window to sliding mechanism, zero E.M.F. induced since no flux is cut.

PH6 JANUARY 1996
Question 1:

(a)
Nucleus: is central part of an atom

Nucleon: comprises protons and/or neutrons

Nuclear Matter: consists of matter found in the nucleus

Other states of matter (any TWO): include solid, liquid, gas and plasma.

(b)

The most stable nucleus would occur at the top of the curve (in this case Fe would be the most stable), so A = 56 (55 – 57 allowed)

The proton number is approximately one-half that of the atomic mass, so Z = 28 (may lie in the range 22 to 35).

Mass difference, Δm = 8.00 x 180 x 1.6 x 10-13/(3 x 108)2 = 2.56 x 10-27 kg
(c)

63 = 216. If we approximate this to 250, → volumes are in this ratio.

(d)

	Nuclear Matter
	Water drops

	Exist as spheres
	Exist as spheres

	Have density
	Have density

	Nucleons can be emitted
	Molecules can evaporate


(e)

F = Q1Q2/4πεo2 

= 55 x 1.6 x 10-19 x 37 x 1.6 x 10-19 x 9.0 x 109/(3.0 x 10-14)2 = 521 N 
The electric potential energy is very high.

(f)
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The difference between the paths of α-particles and electrons is that α-particles are repelled by nuclei whereas electrons are attracted to the nucleus. Moreover, since the charge is less n the electron, they are only slightly deflected.

(g)

The de Broglie relationship lays down that:

Λ= h/p = (6.6 x 10-34)/(2.0 x 10-18) = 3.3 x 10-16 m 
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Question 2:
(a) Maximum length = 3 x unstretched length = 3 x 90 = 270 mm
(b) Gradient = (8.0 – 0.0)/(2.25 – 1.0) = 8/1.25 = 6.4
	F/N
	0
	1.0
	2.0
	3.0
	4.0
	5.0
	6.0
	7.0

	λ
	1
	1.17
	1.38
	1.63
	1.92
	2.25
	2.61
	3.00

	λ – 1/λ2
	0
	0.44
	0.84
	1.25
	1.65
	2.05
	2.46
	2.89

	G
	
	2.27
	2.38
	2.40
	2.42
	2.44
	2.44
	2.42


Question 3:
(a)(i) Vertical component , Y = 65 x 9.81 = 637.7 N
          Horizontal component , X = 520 N (tension in tow rope)

(ii) Component Y and the weight (637.7 N) form an anti-clockwise moment. Equilibrium is achieved if sum of clockwise moments = sum of anti-clockwise moments.

(b) Newton’s Second Law gives:

F = ma → a = F/m = 520/65 = 8.0 m.s-2
(c) (i) Moving in a circle involves the additional centripetal acceleration/force. Consequently, extra force is required in the tow rope.

(ii) The only vertical force on her is her weight. Thus, she accelerates at 9.81 m.s-2.  
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Question 4:
(a)(i) For 22μF capacitor: V = Q/C = (50 x10-6)/(22 x 10-6) = 2.27 V
         For 47μF capacitor: V = Q/C = (50 x10-6)/(47 x 10-6) = 1.06 V
        → VAB = 2.27 +1.06 = 3.3 V
(ii) Capacitors in series: 1/C = 1/C1 + 1/C2 = 1/22 + 1/47 = 69/1034

      → C = 15 μF
(iii) Capacitors in parallel: C = C1 + C2 = 22 + 47 = 69 μF 

(b)(i) In order to achieve a larger capacitance with a variable air capacitor, we may:

 * increase the area of plate overlap

* move the plates closer together

* insert dielectric between plates

* use more plates

* use plates of larger surface area

(ii) As the area of overlap decreases, the capacitance also decreases. Since Q = CV and C is constant → a decrease in voltage will cause the p.d. across the plates to rise.

(d) For Reed switch circuit diagram/method, please see PH4, January 2000, Question 1.

Question 5:
(a)(i) Power, P = mgh/t = (5.6 x 9.81 x 1.4)/(7 x 24 x 60 x 60) =1.27 x 10-4 W
(ii) H = mcΔθ →Δθ = H/mc = (5.6 x 9.81 x 1.4)/(5.6 x 360) = 0.038 K
The assumption made is that all the g.p.e. is converted into heat (internal) energy.

(b) An E.M.F. will be induced between the top and bottom of the steel pendulum since it swings and therefore cuts lines of magnetic flux, arising from the Earth’s magnetic field.  
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(c) The suggestion that a “perpetual motion” machine be constructed – i.e. Law of Conservation of Energy is being violated.

In any case, any induced E.M.F. would produce a current which would dissipate current.

PH6 JUNE 1996
Question 1:

(a) Light travels at 3 x 108 m.s-1 (practically instantaneously). Since sound travels at 340 m.s-1, time taken for sound to travel 1.5 km = 1 500/340 = 4.4 s

Thus, measuring time enables distance to be estimated.

(b) Sheet lightning comprises an electrical; discharge either within a cloud or from cloud to cloud.
Thunder occurs by air being heated giving rise to a rapid expansion and a consequent shock wave (sound).

        (c)
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(d) A lightning stroke produces visible light by an electrical discharge which excites electrons to higher energy levels within the air molecules, which when falling back to their ground state, emit light (photons).

Flicker is caused by a whole series of strokes in rapid succession.

(e) Power (P) = 4 x 1010 W → V = P/I = 4 x 1010/20 000 = 2 x 106 V

E = V/d = 2 000 000/400 = 5 kV.m-1
(f) Using a van der Graaf generator, connected to a high voltage voltmeter and two metal spheres, the conditions for arcing may be estimated using the formula E = V/d. Atmospheric conditions would differ between his scenario and that obtaining in the thunder cloud.

(g) Let the temperature of the air = 298 K and temperature inside lightning flash = 30 273 K (30 000oC). Since P/T = constant:

P2 = 30273 x 100/298 = 10 000 kPa  

Question 2:

(a)(i) The radius of the balloon when Δp = 0 would be 3.4 cm (intercept on r-axis)

(ii) Two places where the rate of change of Δh  with r is zero are:

5.1 cm and 8.4 cm.

(iii) Radius of balloon at which excess pressure is 100 mm of water = 11.9 cm.

→ Volume = (4/3)πr3 = 7059 cm3
(iv) The rate of change of Δh with r at r = 7.0 cm = 93/14 = 6.6 mm.cm-1 (dimensionless)

(b) 

	r/cm
	9
	10
	11
	12
	13

	h/mm
	44
	60
	80
	104
	132

	r3/cm3
	729
	1 000
	1 331
	1 728
	2 197


The comment is valid (straight line through origin).

Question 3:
Two methods are possible, Any ONE from:

Electrical Method: Using an electrical heater, immersed in a known mass of water in a polythene container, with a thermometer. Current (I), voltage (V) and time (t) are measured and the temperature rise (Δθ) noted. 

Then, electrical energy supplied = ItV = mcΔθ

Method of Mixtures: The known temperature of a known mass of a good conducting material (e.g. copper) is dropped into a known mass of water in a polythene container at known temperature and the temperature rise (Δθ) noted.

Then, heat lost by hot body = mcΔθ where c = S.H.C. of water. The S.H.C. of copper needs to be known (see of Physical Constants, e.g. Kaye & Laybe).

Note: Precautions for both methods: Insulation of container, lid for container and stirring the water. Polythene is a low-heat capacity material.  

(b)(i) Latent heat, supplied by the jogger, provides the energy for the faster/more energetic molecules to escape (evaporate). Consequently, the remaining ones have less kinetic energy when the bonds are broken.

(ii) 40% of 840 kJ = 336 kJ. H = mL → m = H/L = 336/2 260 = 0.15 kg
(c)(i) The area bounded by the F-t curve represents impulse or change in momentum (i.e. the F.t product). Area: approximated by triangle = ½ x 0.15 x 300 = 22.5 Ns
(ii) Since the net impulse is zero, the jogger is moving at constant velocity

Question 4: 
(a)
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A neutral point is located at a point where two fields cancel, providing a zero resultant field.
(b) F = BIl → I = F/Bl = (0.10 x 10-3)/(50 x 10-6 x 0.8) = 2.5 A
     Irms = 2.5/√2 = 1.77A
(c)(i) Since the magnetic force (BIl) varies, the wire is foced to vibrate. At its natural frequency, the amplitude is high, due to resosnance.

(ii) PQ = λ/2→λ = 1.60 m

c = fλ = 40 x 1.60 = 64 m.s-1
(iii) The wire vibrates at all frequencies, but resonates with a maximum amplitude at 40, 80 and 120 Hz.

Question 5:
(a) An activity of 150 kBq means 150 000 disintegrations per second.

(b) At P, current flow is due to the flow of negatively charged electrons. At Q, current is due to ion flow.

(c) (i) I = V/R = 3.4/109 = 3.4 x 10-9 A
(ii) Assuming that the ions are singly charged, and since e = 1.6 x 10-19 C, N = (3.4 x 10-9)/(1.6 x 10-19) = 2.125 x 1010
(d) Several explanations may be put forward:

· Background radiation causes ionization

· Insulation is not perfect

· Voltmeter may have a zero error.

(e) λ = ln2/T1/2 =  0.693/(1 600 x 365 x 24 x 60 x 60) = 1.37 x 10-11 s-1
A = dN/dt = - λN → N = (dN/dt)/λ = (150 000)/(1.37 x 10-11) = 1.09 x 1016
PH6 JANUARY 1997
Question 1:

(a) (i) To ground: means to the Earth’s surface

(ii) Leakage current: is the current produced by the fair weather field and is in the reverse direction to a lightning strike.

(iii) Horizontally polarized: means waves oscillate in one plane – either the B- or E-field is horizontal.

(b) There is no scope for tapping into thunderstorms as an enegy source because:

· Storms are spread out geographically

· Strikes last for a very short time

· Low average current (1 A)

· Storms occur at random intervals of time. 
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(c) E = Q/4πεor2 = (5 x 105)/ [4π x 8.9 x 10-12 x (6.4 x 106)2] = 109 V.m-1
A problem which might arise is that there would be more thunderstorms/electrical equipment could be upset. 
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(d) Frequencies are as under:

VHF: 30 – 300 kHz

VLF: 10 – 16 kHz

ELF: About 1 kHz.

(i) λ = c/f = 3 x 108/30 to 300 kHz = 10 m to 1 m
(ii) λ = 3 x 108/1 000 = 3 x 105 m
Question 2:
(a)
	Gas
	v/106ms-1
	m/10-26 kg
	v2 /10-11 m2s-2
	1/m /10-25 kg-1

	He
	5.3
	3.3
	2.81
	3.03

	N2
	4.6
	4.6
	2.12
	2.17

	O2
	4.3
	5.3
	1.85
	1.89

	Ar
	3.8
	6.6
	1.44
	1.52

	CO2
	3.6
	7.3
	1.30
	1.37

	SO2
	3.0
	10.7
	0.90
	0.93

	Cl
	2.9
	11.7
	0.84
	0.85

	Kr
	2.7
	13.9
	0.73
	0.72
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The graph is a straight line plot through the origin, therefore the relationship is valid.

Gradient = 9.4 x 10-37 kgms2m (or Nm). Hence, v may be regarded as diffusion velocity or kinetic energy depends on random velocity.

Question 3:
(a)(i) Applying the Principle of Conservation of Linear Momentum:

4 mv = 5 mv’ = 0

→ v’ = 4v/5, away from the goal (i.e. in opposite direction)

 (ii) Using masses of gliders in the ratio 5:4, and air track (see textbook), they are made to join together with a pin/bluetack. Their speeds are measured using lightgates. In the experiment, the gliders are pushed together.
The problem associated with this experiment is is to level the air track (could be overcome by use of a spirit level).

(b)(i) P = UAΔT, giving 12 500 = 5.5 x 850 x U

→ U = 2.67 W.m-2.K-1
U = thermal conductivity/thickness, so U varies with thickness.

(ii) Pressure = Force/Area

Since the area of the skate in contact with the ice is small, the pressure on the ice is high. Now, the melting point of ice is reduced by high pressure; work done against friction melts the ice.

Question 4:
(a)(i) In the circuit shown, measure I1 (current) for capacitance C1; hence calculate C1. Similarly, measure I2 for C2. Now, place C1 in series with C2 and repeat the experiment, calculating the new “C”. Keeping f and V constant throughout the experiments, if the currents agree with the relationship 1/I = 1/I1 + 1/I2, it follows that 1/C = 1/C1 + 1/C2
(ii) To show I = fCV is homogeneous w.r.t. units,

I = current (A) = Cs-1
f = frequency (Hz or 1/s)

C = capacitance (CV-1)

Then, LHS of equation = current (A)

 and RHS = (1/s) x CV-1 x V = C/s = A

(b)(i) Current will fall to 1/e of its original value in CR seconds (time constant)

→ CR = 13 ms = 0.013 s

→ C = 0.013/1 500 = 8.7 μF
(ii)

· Graph will be the same slope

· Time –axis identical
Features related quantitatively:

· Slope of  Q vs. t is current, I

· Area under I-t graph is charge, Q.

(iii) In another branch of Physics, radioactive decay also follows exponential decay. 

In this case, the y-axis would be No. of atoms, the x-axis would be time and the slope dN/dt = activity.
Question 5:
(a)(i) Waves arriving at P are out of phase by π radians (180o) so that destructive interference occurs.

(ii) D2P – D1P = path difference = 3λ/2 (2nd. minimum) → D2P = 4.5 + 46.5 = 51 cm
(iii) A stationary wave does not transfer energy, rather it stores energy by the superposition of the wave and its reflection. 

Node to node = λ/2

But we have 6 half-wavelengths between D1D2 

→ D1D2 = 6 x 3.0/2 = 9.0 cm
(b)(i) The dipper moves with S.H.M. at 50 Hz (frequency of mains supply) because the magnetic field of the solenoid alternates so that the magnet is alternately attracted/repelled.

(ii) vmax = 2πfA = ωA where A = amplitude

= 2π x 50 x 0.75 x 10-3 = 0.24 m.s-1
PH6 JUNE 1997
Question 1:

(a) Random motion: illustrated by straight lines, various lengths joined together and in different directions.
R.M.S displacement: means to square displacements, take the average value and then take the square root.

(b) Average K.E. = (3/2) kT = 3/2 x 1.38 x 10-23 x 293 = 6.07 x 10-21 J
Equating the above answer to Ek = ½ mv2 and using m = 1.0 x 10-16 kg, gives:

v = √(2 Ek/m) = √(2 x 6.07 x 10-21/1.0 x 10-16) = 0.011 m.s-1
The assumption made in the above calculation is the principle of equipartition of energy.
(c) Fluctuations of particles undergoing Brownian motion are influenced by the size of the particle and the Avogadro number. This is because small particles have fewer hitting them, giving rise to a smaller Brownian motion.

(d) Kinetic theory hypothesis is based upon gases consisting of large number of tiny particles in a continual state of random motion.

Predictions made from the above hypothesis (any ONE):

· pα 1/V

· pα T

· pV α T

· p α ˂c2˃

(e) Molecules do not settle to the bottom of the atmosphere because continual molecular bombardment opposes their tendency to settle under the influence of gravity.

The expected plot would be ρ (density) as y-axis and h (height) on the x-axis. An exponential “decay” curve (e-x) would be expected, starting on the ρ-axis as atmospheric pressure (h = 0).

The test for exponential fall off of gum resin with height would be to calculate their number densities at equal intervals of height and show that the ratio is constant.

(f ) The median speed (read at peak of curve) = 380 m.s-1
The mean speed would be between 380 and 500 ms-1
Area under graph is approximately 25 large squares (representing 500 000 particles). Between 800 to 1 000 ms-1, there is about one large square → No. of particles = 1/25 x 500 000 = 20 000.

Question 2:
(a) The wavelengths of the ripples at the minimum speed is 1.5 mm
The associated speed is 69 mm.s-1
3% of minimum speed is 0.03 x 69 = 2.07 mm.s-1
The speed is less than 71 mm.s-1 in the range of wavelengths from 1.1 to 2.1 mm.

Dispersion: The wave speed depends upon frequency (or wavelength).

	λ/mm
	0.5
	1.0
	1.5
	2.0
	2.5
	3.0
	3.5
	4.0
	4.5
	5.0

	1/λ/mm-1
	2.0
	1.0
	0.67
	0.50
	0.4
	0.33
	0.29
	0.25
	0.22
	0.20

	c/mm.s-1
	88
	72
	69
	70.5
	73.5
	77
	81.5
	85
	88.5
	92

	c2/mm2.s-2
	7744
	5184
	4761
	4970
	5402
	5929
	6644
	7225
	7832
	8464


1/λ is not proportional to c2 since the graph is non-linear and does t pass through (0,0).
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Question 3:
(a) Capacitors may have a high capacitance, yet have a small size because the electrodes may be “wrapped up like a Swiss roll”. Now, 

C = εoεrA/d

High capacitance may be obtained by having a small value of d and high value of relative permittivity (εr).

Above 30 V, the dielectric may breakdown.

(b) (i) In the circuit, current flows from when the switch is closed. The voltmeter must have a large resistance. Now,

charge = It = CV = Q

But, Q = CV = 22 x 10-6 x 74 x 10-3 = 1.63 μC

And t = Q/I = (1.63 x 10-6)/(0.48 x 10-3) = 3.4 ms
(ii) From the Conservation of Energy:
mgH = ½ mv12
→ v1 = √(2gH)

So, two values of v obtained – one on initial release, outlined above and the first height to which the ball rebounds:

 v2 = √(2gh)

Since the change of momentum = mv1 + mv2
→ Ft = mv1 + mv2
Then, F may be calculated, knowing m, v1, v2 and t.
Question 4:
(a) (i) The current in the coil produces a varying magnetic field. Lines of magnetic force are cut by the ring, thus inducing an E.M.F. in the ring. Consequently, the ring experiences a BIl force which is repulsive (due to Lenz’s Law).

(ii) P = I2R → R = P/I2, giving R = 1.6/1402 = 8.2 x 10-5 Ω  
Now, R = ρl/A, where l = 2πr = 2π x 12 x 10-3 and A = 2 x 10-3 x 15 x 10-3
→ ρ = RA/l = (8.2 x 10-5 x 30 x 10-6)/ (2π x 12 x 10-3) = 3.26 x 10-8 Ω.m
(b) (i) In order to determine the initial temperature of the aluminium ring, the masses of the aluminium ring, the specific heat capacities of the aluminium and water, together with the initial and final temperatures of the water are required (i.e. method of mixtures).

(ii) Since there would be heat loss from the sides of the container and evaporation of the water, it is likely that the calculated temperature would be too low.

Question 5:
(a) Energy equivalent, ΔE of mass change Δm is given by

ΔE = Δmc2
             where c = velocity of light.
(b) In the case of a fission reaction, a large nucleus splits into two or more smaller fragments. Neutrons cannot be detected with a conventional GM tube because they are uncharged and therefore cause no ionization.

10B5 + 1n0 = 7Li3 + 4He2

            Momentum is also conserved during this reaction.
(c) For details of experimental momentum conservation, please see standard textbook.

Elastic collisions(any ONE):

· Air gliders

· Magnets (N/N or S/S)

· Snooker/glass/metal balls

             Inelastic collisions (any ONE):

· Velcro/Blu Tack/Pin cork

· NS magnets

Precautions to ensure elastic collisions:

Use friction compensated slope or air track.

PH6 JANUARY 1998
Question 1:

(a)
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(b) Critical Speed: Flow turns from streamline to turbulent.

      Initial quietness: Still liquid in tank

     Boundary layer: layer of liquid in contact with the walls of the pipe.

(c )(i) Reynold’s number: useful in calculating the onset of turbulence in the flow of a liquid through a pipe or  past cylinder/pipe.
(ii) Common feature: not mentioned is roughness of pipe wall.  

(d) The Rynold’s number, Re = ρvd/μ is dimensionless, so μ must have the same dimensions as ρvd, where:

μ = viscosity 

ρ = density (kg.m-3)

v = velocity m.s-1)

d = pipe diameter (m)

So, μ = constant (Re) x ρvd

So, R.H.S. has units = kg.m-3 x m.s-1 x  m = kg.m-1.s-1
Since N = kg.m.s-2 → N.s.m-2 has dimensions: kg.m.s-2.s.m2 = kg.m-1s
(e) Re-arranging the equation:

v = Reμ/ρd

So, the lower the density, the higher the critical speed; the higher the viscosity, the higher the higher the critical speed.

Mercury has a much higher density than tomato sauce and a viscosity that is much lower. Consequently:

vmercury ˂ vtomato sauce
(f) Re = ρvd/μ = (830 x 0.42 x 0.16)/(9.6 x 10-2) = 581
Thus, it would be expected that the oil flows smoothly.
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F/l = 4cDρv2r = 4 x 5.0 x 830 x 0.422 x 10-2 = 29N/m
(g) At a Re value of 10, the main contribution to drag force would be the nature of the fluid flow and the viscosity of the fluid. The flat central section (Re = 1 000), the drag is largely inertial.

When Re = 10, cD lies between 3 and 5.

Between Re =1 and 100, the drag coefficient decreases linearly with Re.
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F = Upward drag; mg = weight

Question 2:

(a)
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(b) Over the range 400 – 1 000 V, the sensitivity of the electrometer is approximately constant.
Sensitivity of meter = gradient of θ-V graph = (69 – 23)/(1 000 – 400) 

= 46/600 = 0.077 o/V
	Voltage/V
	θ/o
	sin θ

	300
	18
	0.309

	400
	23
	0.391

	500 
	30
	0.500

	600
	37
	0.602

	700
	45
	0.707


(c) A plot of V vs. sin θ is shown below. The graph supports a linear relationship between V and sin θ.
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Question 3:
(a) (i) When B is moved backwards and forwards, the reading on R is high for some positions and low for others. This is because standing waves are set up between T and M - the fixed metal sheet acts as a “mirror”, reflecting 100% of all incident microwaves upon it. The hardboard sheet (B) reflects 30% of waves incident upon it thus causing interference.

(ii) The wavelength, λ = 2 x 140/10 = 28 mm 

(iii) As the hardboard B is moved towards or away from the receiver, the vertical

trace on the CRO varies from a maximum to a minimum and the distance moved by the reflector between two consecutive maxima or minima = λ/2 where λ is the wavelength of the microwave. The speed, v is obtained by v = fλ. In practice, the reflector is moved through several maxima or minima so that a greater distance is measured.
(b ) (i) 
It is difficult to explain the existence of stationary waves/interference on the photon model because photons are “particles”; the wave theory of electromagnetic waves is much better to explain these phenomena.

       (ii) Einstein’s equation gives E = hf = hc/λ 

              = (6.63 x 10-34 x 3 x 108)/(30 x 10-3) = 6.63 x 10-24 J

              = (6.63 x 10-24)/(1.6 x 10-19) = 4.14 x 10-5 eV

(iii)This is much lower energy than that of a typical photon of visible light radiation since the    

wavelength of microwaves are much longer than that of visible light.
Question 4:
(a)(i)
[image: image189.jpg]



(ii) The upthrust arises as the result of the difference in densities between hot air in the balloon and cold air in the outside air. Archimedes Principle lays down that the upthrust is equal to the weight of fluid displaced by the object.

Factors affecting the magnitude of the upthrust forces during flight include:

· Ambient temperature of air outside balloon – if colder, more upthrust and vice-versa

· Ambient pressure – if less, balloon would rise owing to volume of balloon increasing – then Archimedes Principle applies.

(b) pV = (m/M)RT

The density, ρ = m/V = pM/RT

Since M (molar mass) and R (gas constant) are constant, we may write:

Ρ α p/T

and it follows that, if pressure is constant, then

Ρ α 1/T

(i) ρ1/ρ2 = T2/T1 → T2 = ρ1T1/ρ2 = (1.29 x 288)/1.05 = 353.8 K 

(ii) dQ/dt = UAΔT = 3.2 x 4π x 5.52 x (81-15) = 80.3 kW
(c) Air may be demonstrated to have mass by determining the mass of an empty balloon, inflating it and re-weighing it. The increase in mass gives mass of air.

Question 5:
(a) G represents the Universal gravitational constant (6.67 x 10-11 N.m2.kg-2).
In principle, G could be determined by measuring the force between massive spheres, made of dense metals such as lead or gold in close proximity, using sensitive torsion techniques, e.g. mirror/lamp. It is difficult to measure G precisely because the magnitude of gravitational forces is very small; moreover, in order to get larger mass, the distance between their centres would be increased.

(b) (i) go = (4/3)πGρrm 

go has dimensions of N.kg-1 

G has dimensions of N.m2.kg-2 
ρ has dimensions of kg.m-3 

rM has dimensions of m

Since (4/3)π has no dimensions, R.H.S. of equation 

= N.m2.kg-2 kg.m-3.m
= N.kg-1 

Volume of Moon = (4/3)πrM3
Density of Moon = [7.34 x 1022]/ [(4/3)π x (1 740 x 103)]3
go = (4/3)πGMrM /(4/3)πrM3 = GM/rM2 

= (6.67 x 10-11 x 7.24 x 1022)/(1.74 x 106)2 = 1.62 N.kg-1
(ii) Suppose the bullet to be of mass m. Then weight of bullet = mg.

Centripetal force towards centre of Moon = mv2/rM 
But, the gravitational pull of the Moon on the bullet supplies the centripetal force:
mgo = mv2/rM
→ go = v2/rM
→ v2 = gorM or v = √(gorM)

= 1 679 m.s-1
PH6 JUNE 1998
Question 1:

(a)(i) Ion pair: positive and negative charged particles

(ii) Space charge: region containing positively charged, slow-moving particles

(iii) Dead time: period of time during which a GM tube is insensitive to the arrival of further particles

Avalanche: Electrons accelerate, thus causing ionization, e.g. concept of a chain reaction.

(b) Δp = (101 – 11) x 103 = 90 x 103 Pa

             F = AΔp = π(12 x 10-3)2 x 90 x 103 = 40.7 N
The difficulty in designing GM tubes to detect α-particles is that these particles are the least penetrating of any radiation. Thus, a thin end-window is needed, but forces are high due to low pressure inside GM tube.

(c) (i) Thickness of mica = (2 x 10-2)/(28 000) = 7.14 x 10-6 m

→ No. of molecules = (7.14 x 10-6)/(8.4 x 10-9) = 850
(ii ) The α-particles cause denser ionization than β since it has 2x the charge and is slower moving than β. Consequently, β penetrates more readily through thicker windows than α.
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F = qE = 1.92 x 10-14 N

A = F/m = (1.92 x 10-14)/(9.11 x 10-31) = 2.1 x 1016 m.s-2
(d) (i) ln functions have no units

     εol has dimensions of F.m-1.m = F, which are dimensions of capacitance.

(ii) Time constant = CR seconds = 1 x 105 x 10 x 10-12 = 1 x 10-6 s 

Question 2:

(a)

	θ/rad
	1.05
	1.40
	1.75
	1.95
	2.30
	2.60
	2.85
	3.15

	ln(P/N)
	2.48
	2.59
	2.68
	2.75
	2.85
	2.92
	3.02
	3.10


(b) 
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(c) P = mgeμθ
→ ln P = ln mg + μθ

→ μ = slope = (3.05 – 2.45)/(3.00 – 1.00) = 0.30

P = mg when θ = 0 → mg = antilog (2.20) = 9.0

Since g = 9.8, m = 0.92 kg 

Question 3:

(a) Einstein’s equation gives:

E = hf = hc/λ → λ = (6.6 x 10-34 x 3.0 x 108)/10-23 = 2 x 10-2 m
This corresponds to microwave/far infra-red end of the spectrum. Thus, we may deduce that Q is infra-red and R is visible.

(b) For details of experimental arrangement, please see standard textbook.

(c) (i) Using the potential divider principle:

RD/ 2 200 = 1.2/4.8

→ RD = 550 Ω
The assumption made is that the resistance of the voltmeter is ˃˃ 550 Ω

(ii) In order to determine the resistance of D, put a microammeter (or sensitive ammeter) in series with 2.2 kΩ and D, then use Ohm’s Law.

Question 4:
(a) For experimental details, please see standard textbook.

Procedures needed:

· Stir before taking measurements

· Shortest possible link to pressure measurement device.
(b) (i) Area under curve = p.V product. Now, p has units of N.m-2 and V of m3
→ p x V = N.m-2 x m3 = N.m which has the same dimensions as the Joule.

(ii) p α T → pX/pY = TX/TY → TY = (pY/pX) x TX  = 640 x (2 800/900) = 1 990 K
The assumption made in the calculation is that the mass of the gas is constant.

(c) SHM theory gives that:

a = - ω2x = (2πf)2x
amax = - ω2xo = (2πf)2xo
= 2π(8 000/60)2 x 0.040

= 28 000 m.s-2
Thus, high stresses are induced in the rod. Consequently, the rod needs to have a high U.T.S. and fatigue strength.

Question 5:
(a) Since electrons are the current carriers, they will oscillate with S.H.M. as well as moving randomly with thermal agitation and colliding with ion cores/nuclei of atoms.

I = nAve → v = I/nAe, where I = √2 x 5.0

So, v = (√2 x 5.0)/(1.0 x 1029 x 0.20 x 10-6 x 1.6 x 10-19) =  2.2 x 10-3 m.s-1
In the calculation, we have ignored the random thermal motion.

The amplitude of motion can be obtained from:

vmax = 2πfA where A = amplitude
(b) Current flowing in a cable produces a magnetic field. Since this is A.C, E.M.F’s are induced which will be large if the coil is tightly wound.

Using a Hall probe (in the correct orientation) the magnetic field may be investigated by connecting the leads to an oscilloscope.

PH6 JANUARY 1999
Question 1:

(a)
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Hydroelectricity derives its energy from the Sun.

(b) The main energy transfer taking place in the turbine is gravitational energy to kinetic/electrical energy

Cross-sectional area of turbine = ½ π (25)2 = 490 m2 

Volume falling in 1 s = 5 000 x 490 = 2.45 x 106 m3

Mass falling in 1 s = 650 x 2.45 x 106 = 1.59 x 109 kg

→ gpe lost per sec. = mgh = 1.59 x 109 x 9.81 x 20 = 313 x 109 W

(c) In an ideal heat engine:

T1 – temperature of hot source - sea (K) = 0 - 30oC (273 – 303 K)

T2 – temperature of cold sink – upper atmosphere (K) 

In Mega Power:

η = (T1 – T2)/T1 → 0.2 = (303 – T2)/303, giving 60.6 = 303 – T2  

or, T2 = 242 K (approx)
(d) The three forces acting on the structure are:

· Weight of structure (gravitational pull of the Earth)

· Upthrust from seawater

· Tension in cables

(e) (i) Volume of cable = πr2h

Mass of cable = πr2hρ
Weight of cable = πr2hρg

Stress in cable = πr2hρg/πr2 = hρg

So, cable breaks if h ˃ σ/ρg
       (e)(ii) Unit for σ = N.m-2
                 Unit for ρ= kg.m-3
                 Unit for g = m.s-2
           → Unit for σ/ρg = (N.m-2)/( kg.m-3. m.s-2)
(f) Environmental benefits:

· No greenhouse gases (global warning) or acid rain

· Megapower uses a renewable source

Problems (any TWO):

· Aircraft/shipping hazard

· Leaks of ammonia

· Breakage of cables during storms

· Sea temperatures may be lower than thos anticipated.

Question 2:

	I/mA
	1.0
	2.0
	3.0
	4.0
	6.0
	8.0
	10.0

	ln I
	0
	0.69
	1.10
	1.39
	1.79
	2.08
	2.30

	t/day
	25
	11
	6.7
	4.8
	2.9
	2.0
	1.5

	ln t
	3.22
	2.40
	1.90
	1.57
	1.06
	0.69
	0.41


(a) Graph – see below

The resultant plot of ln I vs. ln t is a straight line. This is of the form y = mx + c where ln I = n ln t + k and n = slope of graph = - 2.625/3.22 = - 0.82
This may be regarded as about – 1.

The value of k is obtained by the intercept on ln I-axis, i.e. ln I = 2.625, so that 

I = 13.8 mA 
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Question 3:   
(a)

λ = T√(gd)

Squaring both sides,

λ2 = T2gd

→ R.H.S. has dimensions m2
    L.H.S. has dimensions s2.m.s-2.m = m2
Thus, the equation is homogeneous w.r.t. units.

Now,                                               c = fλ = λ/T

c = √(gd) = √(9.81 x 2 200) = 147 m.s-1
(b) Please see standard textbook for details.

(c)(i) Energy is dissipated over a very large area and is lost by conduction/convection/evaporation.

(Note: the fact that water has a high S.H.C. may also be mentioned).

(c)(ii) The energy would be converted into electrical energy (difficult to store) OR energy is intermittent (varies with waves).

(c)(iii) Electrical power = (1.6/100) x 2.0 = 32 kW
Thus, in 24 h, energy = 32 x 24 = 768 kWh
Question 4:
(a) For the drop to be in equilibrium, the upward (electrical) force balances the downwards force (weight) with the usual notation:

EQ = mg

E = v/d =500/(5.8 x 10-3) = 86 200 V.m-1
Weight = mg = 1.4 x 10-14 x 9.81 = 1.37 x 10-13 N

→ Q = (1.37 x 10-13)/(8.62 x 104) = 1.59 x 10-18 C
The plates must be horizontal in order to ensure a uniform field strength, so the two forces are parallel.

(b) The β-source emits electrons which ionize the air molecules by knocking out electrons, positive ions are created which are attracted to the sphere.
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F = Upward drag; mg = Weight
(c) Quantized: means that charge comes in discrete amounts.
Another physical quantity which is quantized is electro-magnetic energy (e.g. light). Situations in which this becomes evident are (any ONE):

· Photoelectric effect

· Line spectra of gases

· Energy levels of atoms

(d) This is Brownian motion in which the spheres are being bombarded by the air molecules which are in random motion. If we lower the air temperature, the speed (or kinetic energy) of the molecule is reduced.

Question 5: 
(a)(i) Energy (per s) = NeV
(a)(ii) E = Pt = 2.4 x 20 = 48 J
Q = mcΔθ → m = ΔQ/cΔθ = 48/(730 x 85) = 7.7 x 10-4 kg
Assumptions:

· No heat conducted away from the spot

· All energy transferred into heat/no energy transferred into light.

      (b) Please see standard textbook.
Difficulties leading to errors:

· Difficulty in preventing heat loss

· Glass is a poor conductor of heat – longer time lag and need to allow for this.

(b) One cycle = 250 x 10-6 s

→ f = 1/(250 x 10-6) = 4 000 Hz
Voltage rise = 0.30 V

→ rate of rise = 0.30/(250 x 10-6) =  1 200 V.s-1
PH6 JUNE 1999
Question 1:

(a)(i) Superconducting: zero resistance and, by implication able to carry thousands of amps.

 (ii) Filament conductor: a conductor, consisting of many thin filaments.

(iii) Quench: Cease to be a superconductor/gain resistance.

(iv) Temperature profile: Values of temperature at several locations.

(b)(i) Reason for containing Rutherford cable in huge mass of aluminium:

When fault conditions arise (i.e. when cable loses superconducting properties), the stored current will transfer to the aluminium.

(b)(ii) H = mcΔθ  → Δθ = H/mc = 200 x 106/(140 x 103 x 58) = 25.9oC
(c)(i)
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(c)(ii) Sketch: showing many filaments of Ni-Ti alloy, encapsulated in copper.

R = ρl/A = [4.0 x 10-8 x 15 x 103 x 4.0]/[40 x π (25 x 10-6)2] = 30.6 kΩ
(c) Very slow cooling is used to ensure that no part is subjected to undue stress as a result of thermal gradients which are kept to a minimum.

(d) (i) For the shape of a magnetic flat, circular coil, please see textbook.

(e)(ii) The coil will tend to expand (i.e. increase in diameter). Since the currents are in opposite directions in a flat coil, then there will be a force of repulsion between them.

(e)(iii) B = μoNI/2r, where r = 1.5 m and I = 20 000 A and N = l/2πr

           → B = [4π x 10-7 x 20 000/2 x 1.5] x [15 x 103/2π x 1.5] = 13.3 T
Question 2:
(a) From graph, at D = 40o, θ = 38o and 63o
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(b) Minimum distortion, Dm = 37.2o
n sin 30o = sin[(60 + 37.2)/2] = sin 48.6o → n = 1.50
1% of 37o = 0.37o
So, the values of D ˂ 37.6o lies in the range of θ = 44 – 53o
Question 3:

(a) Reactor → Heat Exchanger → Turbine → Generator
Efficiency = Electrical Power Output/Electrical Power input

An increase in efficiency may be obtained by raising the steam temperature or using a combined heat and power scheme (C.H.P.)

(b) Z = 37; No. of neutrons = 2
Change in mass = mU – (mCs + mRb) 

= 235.044 u – (137.929 u + 95.923 u) = 1.192 u = 1.979 x 10-27 kg

But actual difference = 3.04 x 10-28 kg

→ mass of neutron = 1.979 x 10-27 – 0.304 x 10-27 = 1.675 x 10-27 kg
(c) In order to show that like charges repel:

Two rods supported on long threads are charged in the same way by friction. Subsequently, they move apart.

Question 4:
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By the Principle of Moments: 

0.6 FL = 2.8 x 26 → FL = 121 N
(b) For details of polycrystalline and polymeric materials, please see standard textbook.

(c) (i) Chemical Energy → Kinetic Energy

          Kinetic Energy → Elastic potential energy

          Kinetic Energy → Gravitational potential energy

(c)(ii) Work done = force x distance = area under F-h curve = ½ (1 000) 3.0 = 1 500 J
Question 5:
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In the above graph, A = amplitude and f = frequency. Here, fo occurs at a frequency of 60 Hz
At the resonant frequency, the body oscillates with a maximum amplitude. This occurs when the driving frequency = natural frequency.

Example (any ONE):

· Wine glass shattering with singing/musical note

· Car mirror vibrating at certain frequency

· Suspension bridge in wind of critical velocity

· Working machinery, e.g. washing machine at particular frequency.

(a) (i) The plate is made to oscillate with S.H.M, such that the distance AB (d) is made to oscillate, so that the capacitance is forced to oscillate in antiphase.

(b)(ii) C = εoA/d → d = εoA/C = (8.9 x 10-12 x 8.0 x 10-4)/(40 x 10-12) = 0.178 mm
(c) 
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Time constant, τ = CR seconds = 40 x 10-12 x 150 x 106 = 6.0 x 10-3 s (6 ms)
A frequency of 5 000 Hz gives a periodic time T = 1/5 000 = 200 μs

Ten periods cover 8 divs → 1 division = 250 μs
PH6 JANUARY 2000

Question 1
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Determination of velocity near surface of Ganymede enables the value of “g” to be determined since g = a.

(c)(i) Unstable nuclei which emit α-, β- or γ- rays.

(c)(ii) An induced E.M.F. which opposes the change causing it (according to Lenz’s Law).

(c)(iii) Convection currents associated with fluid motion caused by density change caused by temperature differences.
(c)(iv) The phase boundary in this connotation refers to a solid/liquid boundary.

(d)  
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I = 0.33 mr2
m = (4/3)πr3ρ

→ I = 8.16 x 1037 kg.m2
(e) Four half-lives have passed → P = 24 x 1.4 x 1016 = 2.24 x 1017 W
(f)(i) R = ρl/A (symbols have usual significance) 

where l = 2π x 4r and A = r2 = (2.0 x 105)2

→ R = (1.1 x 10-7 x 2π x 4 x 2 x 105)/(2.0 x 105) 

                     = (55.292 x 10-2)/(4.0 x 1010) = 1.38 x 10-11 Ω
(f)(ii) Ohm’s Law gives E = IR = (3.0 x 106) x 1.4 x 10-11 = 4.2 x 10-5 V (42 μV) 

(f)(iii) Explanation of impossibility of rapid rate of decay of current:

An E.M.F. is induced such as to oppose the change (of flux through the ring) caused by current changes in a magnetic field.

Question 2:
	p (kPa)
	160
	140
	120
	100
	80
	60

	V (cm3)
	32
	39
	47
	61
	79
	112

	1/p (kPa-1)
	63
	71
	83
	100
	125
	167
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Calculation:

P (V + Vo) = k

Re-arranging:

V= (k/p) - Vo
where Vo = intercept and k = slope.

This gives Vo = 14.0 cm3 
(a) Average pressure = (80 + 120)/2 = 100 kPa

Change in volume = 79 – 48 = 31 cm3
→ work done = 100 x 103 x 31 x 10-6 = 3.1 J
Question 3:

(a) The acceleration of the trolley may be calculated from Newton’s Second Law. Since the system pushes out gases, the carbon dioxide pushes on the system (by Newton’s Third Law).

(b) (i) By the Conservation of Linear Momentum:

0.012 v = 0.668 x 2.7

→ v = 150.3 m.s-1
Assumption made:

No drag or air friction, or all CO2 expended or mass of CO2 small cf. system.

Kinetic energy of trolley = ½ x 0.68 x (2.7)2 = 2.48 J
(c) (i) Energy is needed to overcome the attractive forces between the (liquid) carbon dioxide to convert it into the gaseous form. This energy is derived from the system, thus causing a fall in temperature. 

(ii) The best instrument to use would be a thermocouple (or thermistor). Difficulties encountered: ensuring good thermal contact or time-delay in registering values.

(iii) In order to calculate loss in internal energy of cylinder, the mass and S.H.C. of material of cylinder would need to be looked up.

Question 4:  
(a) Sound cannot be plane-polarized because it is longitudinal and the air is made to vibrate in one direction only.

Pressure, p has dimensions N.m-2 Density, ρ has dimensions kg.m-3, Speed, c has dimensions m.s-1, γ is dimensionless
c = √(p/ρ)

Squaring both sides, 

c2 = p/ρ

m2.s-2 = (kg.m.s-2.m-2)/(kg.m-3)

which is consistent w.r.t. units.

(b) (i) As the pressure increases, the contact between the carbon granules increases; consequently the resistance decreases. So, the current will rise , since the sum of the p.d’s,  (Vm + VR) = constant. Therefore, the p.d. across R will rise.

(ii) Frequency is calculated from the fact that there are 5 cycles in 8 cm. Thus, periodic time, T = 1.6 x 250 = 400 μs.

→ f = 1/T = 2 500 Hz 

Amplitude = 1.05 cm x 0.2 mV.cm-1 = 0.21 mV
(ii i) Using a ripple tank, two dippers driven in unison, driven up and down and then an interference pattern may be shown by projecting the image of the water surface on a piece of paper or the floor.

Question 5: 
(a) For details of multimode and monomode optical fibres, please see standard textbook.

Refracive index, n = speed of light in vacuo or air/speed of light in medium

→ speed = c/n = 3.00 x 108/1.47 = 2.04 x 108 m.s-1
(b) Reduction = 0.943 = 0.83 or 83% overall
      → Final energy = 0.83 x 3.0 x 10-14 = 2.49 x 10-14 J
[image: image205.jpg]< —>

X—»




The inverse square law is shown in  the above graph, where y represents the intensity, I and x the distance.

(c) (i) Expalnation:

Photon energy of IR radiation insufficient to release electrons from the surface of magnesium.

(c)(ii) Calculation:

ωo = hfo
→ ωo = hc/λo = (6.63 x 10-34 x 3.00 x 108)/(1 550 x 10-9) = 1.28 x 10-19 J
PH6 JUNE 2000

Question 1:
(a) (i) For a diagram f electrons being deflected in a magnetic field, please see standard textbook.

(a)(ii)  In order to produce a uniform magnetic field, “Helmholtz coils” should be used – these are two current-carrying narrow circular coils in close proximity. The magnetic field may be varying the current through the coils.

(b) (i) Electricity may be also produced by a flow of ions in an electrolyte. Moreover, in semi-conductors, positive ‘holes’ may contribute to the current.

(b) (ii) Thompson’s electron beam comprises a large number o0f fast-moving electrons in a vacuum tube.

Pepper created a two-dimensional sheet of electrons on a semi-conductor chip and removed them “staccato style” by means of a sound wave.

( c) (i) 
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Initial capacitance of capacitor = εox2/d 


New capacitance = 10 εo x 0.01 x2/d → Ratio = 1 : 10
 Final K.E. of electron = work done in accelerating electron to that speed

→ (1/2) mev2 = eV,

where V = accelerating voltage. 

→ ½ x 9.11 x 10-31 x (340)2 = 1.6 x 10-19 V

→ V = 9.11 x 10-31 x 115 600/ (2 x 10-19) = 3.29 x 10-7 V
No. of electrons required/second = sound frequency 

= (1.8 x 10-11)/(1.6 x 10-19) = 1.125 x 108 Hz  
The electron current measured by the standard instruments should not depend upon the speed of sound since this should have no bearing upon the operation of the instrument.

A progressive wave transfers energy from one point to another. At a trough, the displacement is maximum and negative (i.e. negative amplitude).

Accuracy refers to the closeness of the measurements to the “actual” or “real” value of the physical quantity, whereas the term precision is used to indicate the closeness with which the measurements agree with one another. 
V = Q/C = (100 x - 1.6 x 10-19)/(2 x 10-12) = - 8μV  

(d ) (i) 
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(d) (ii) E = Ne/2εoA

Since N and 2 are pure numbers, they may be ignored for the purpose of dimensional homogeneity.

E has dimensions V.m-1
Therefore e/εo.A should have the same dimensions.

e has dimensions of charge = A.s

A has dimensions of area = m2
εo has dimensions  = F.m-1
Farad, F, has dimensions charge/voltage

→ e/εoA = As/F.m-1.m2 = A.s.m-1/A.s.V-1 = V.m-1
which is shown to be correct.

Question 2:
(a) (i) R = Ro + kθ which is of the form y = mx + c, where c = Ro and m = k (gradient).

Now, k = dR/dθ = 138 – 100/100  - 0 = 0.38 Ω.oC-1
(a) (ii) Using the relationship (y – y1)/(x – x1) = m

→ 0.38 = (Ro – 0)/(0 – θ) → θ = - 263.2oC 
The value of - 263.2oC is within 10oC of the absolute zero of temperature

(- 273.15oC).

For superconductors, this would be TC, the onset of superconductivity (transition temperature – please see standard textbook).

(b) (i) 

	θ/oC
	0
	100
	200
	300
	400
	500

	R/Ω
	100
	138
	176
	214
	252
	290

	Rm/Ω
	100
	138
	175.5
	212
	247
	281

	ΔR= R - Rm/Ω
	0
	0
	0.5
	2
	5
	9

	ΔR/Rm/%
	-
	-
	0.28
	0.94
	2.02
	-


(b) (ii) See graph (below).
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(c) (iii) Interpolating, assuming reasonable linearity over small ranges, the value of θ where % of ΔR/Rm exceeds 1% would be about 210oC 

Question 3:
(a) Assumptions behind the kinetic theory of gases (any THREE):

· A gas consists of a very large number of molecules

· The gas molecules are in rapid, random motion

· There are no attractive forces between molecules

· Collisions between gas molecules and walls of the container are perfectly elastic.

(b) (i) mgh has units of Joules since mg has units of N and h has units of m; then, since 1 Nm = 1 J 
(ii) p = poe-mgh/kT
At half-pressure,

p = po/2

→ [po/2]/[po] = ½ = e-mgh/kT
Taking logarithms to base e on both sides of the equation:

ln (½) = - mgh/kT

Since ln 1 = 0 and ln (½) = ln 1 – ln 2, it follows that:

-ln 2 = -mgh/kT,

            or, 

h = kT ln 2/mg
           (iii) For nitrogen,

h = 1.38 x 10-23 x 298 ln 2/4.7 x 10-26 x 9.81

= 6.2 x 103 m (approx)
(i)
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(c) (ii) In an inverse square law relationship, the graph is asymptopic to both the y- and x-axes, in an exponential relationship the graph is asymptopic to the x-axis only and cuts the y-axis at unity or some other fixed value. Secondly, the “half-value” in exponential relationships is constant; in inverse square law relationships it is non-constant.

(c) (iii) Exponential decreases (any ONE):

· Radio-active decay

· Change of voltage vs. time in capacitor discharge.

(c) (iv) Inverse square variation (any ONE):

· Intensity of sound/light vs. distance from point source

· Intensity of electric field vs. distance from point charge.

Question 4:

(a) (i) In random decay, there is no way of predicting when a particular nucleus will decay. But, when there are large numbers involved, there are good statistical patterns.

(ii) dN/dt = - λN, where λ = ln 2/T1/2  = ln 2/(10 x 60) = ln 2/600 = 1.16 x 10-3 s-1
      Activity of nitrogen-13 = 1.16 x 10-3 x 2.5 x 105 = 289 Bq
(iii) 13N7 = 13X8 + 0e-1 
(b) (i) The copper sulphate emerging from the burette may be regarded as representing the particle emission. When the burette is full, the flow is fast (due to the large pressure head). On nearing evacuation, the depth of copper sulphate solution (i.e. pressure) is very small so that the rate of fall falls to a low value. 

(b)(ii) R = ρl/A = (0.12 x 5.0 x 10-2)/(4.0 x 10-2 x 2.0 x 10-2) = 7.5 Ω

Ohm’s Law gives: R = V/I → I = V/R = 1.5/7.5 = 0.2 A
Assumption: copper sheets are clean and free from oxide film etc.

Question 5:
(a) (i) Desirable property (any ONE):

· High tensile strength (strong)

· High Young modulus (stiff)

(a)(ii) The oil should be resistant to oxidation from the air and thermally stable. 

      (a)(iii) Although force is magnified, the distance moved by the load is much less       

      than that moved by the effort.

(b) Force applied to oil = 8 x 40 = 320 N

Area of cylinder = πr2 = π (15 x 10-3)2 = 7.1 x 10-3 m2 

P = F/A = 320/(7.1 x 10-3) = 45 270 N.m-2
This is an estimate since pivot/link/piston are not at 90o. The assumption of 8:1 is based upon principle of moments (involves perpendicular forces to beam.

(c) (i) p1V1 = p2V2, so 102 x 1.4 = 620 x V2 → V2 = 102 x 1.4/620 = 0.23 cm3
The assumption made is that the temperature remains constant (which must be true for Boyle’s Law, used above).

(ii) The presence of the air bubble would make the jack “spongy” and inefficient – we are compressing the air bubble rather than transmitting pressure through the oil.

(d) Please see standard textbook.

Assuming we are dealing with pressure above atmospheric, the range of pressures would be 100 – 400 kPa approximately, using oil/Bourdon gauge.

PH6 JANUARY 2001
Question 1:

(a) (i) Width covered by track = (58 – 25) = 33 mm

No. of spirals = (33 x 10-3)/(1.6 x 10-6) = 20 600
(ii) Length = no. of tracks x average circumference

Average circumference = 2πr = 2π (25 + 58)/2 x 10-3 = 0.260 m
      Length of track = 0.260 x 20 600 = 5 370 m 

      v = length/time = 5 370/((75 x 60) = 1.19 m.s-1
(b) (i) Destructive interference occurs when two beams are out of phase, e.g. having  a path difference of λ/2 or a phase difference of π radians (180o). 

(ii) Diffraction effects occur when light passes through a gap – the light energy/wavefronts then spread out.

(iii) Several orders of magnitude means powers of 10 – either multiplying by or dividing by.

(c)  The scratch/hair is not large enough to cover the disc of light shining on the disc surface so some light gets to the track for interference effects to take place (A scratch of about 0.5 mm should be compared with the steps of 0.5 μm used for interference effects).

(d) (i) n = sin i/sin r = sin 27o/sin 17o = 0.4540/0.2924 = 1.55
(ii) Since the semiconductor laser gives light of 780 nm, 

then λ = 780/155 = 502 nm
(iii) Destructive interference occurs when path difference = λ/2

Now, since wavelength is about 500 nm (see ii), λ/2 = 500 = 250 nm. But the light has to go up and down, hence step depth = 250/2 = 125 nm

(e) The wavelength of blue light is shorter than that of red light, so diffraction effects are reduced. Consequently, the spot on the music track is smaller, allowing the tracks to be closer together.

(f) (i) Binary codes involve the use of a string of 1’s and 0’s (i.e. 1 = on and 0 = off).

Properties of recorded sound are:

· Frequency

· Amplitude.

(ii) The concept of on/off is maximized in the up/down signal since the reflected intensities have the same intensities/amplitudes – each being 50%.

Question 2:
                 (a)(i) This could be done in several ways:

* Calculate t.r and show constancy in all cases

* Plot t vs. 1/r and show straight line through origin

* Plot lg vs. lg r (should have a gradient of – 1).

(ii) Plot lg t vs. lg r – should be a straight line of slope = - k.

(b ) 

	r/10-6 m
	15 
	1.6
	1.7
	1.8
	1.9
	2.0

	t/s
	103
	92
	81
	73
	65
	59

	1/r2 10-12 m-2
	0.444
	0.391
	0.346
	0.309
	0.277
	0.250


	r/10-6 m
	2.1
	2.2
	2.3
	2.4
	2.5

	t/s
	54
	49
	46
	42
	39

	1/r2 10-12 m-2
	0.227
	0.207
	0.189
	0.174
	0.160
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Since the graph is a straight line (approximately through the origin), then the relationship could be said to hold.

Question 3:
(a) (i) Advantages that a thermocouple has over a mercury-in-glass thermometer (any TWO):

· Rapid response time

· Ability to deal with small, samples

· Robustness

· Digital output

(ii) V/3.6 = 280/100 → V = 10.08 mV
(iii) New voltage = 3 x 3.6 = 10.8 mV
Assumption (any ONE): 
· High resistance voltmeter

· Voltmeter draws no current

· Resistance of voltmeter ˃ resistance of thermocouple.

(b) (i) A heat engine is a device in which heat flows from a hot source to a cold sink, work being extracted en route.

(ii) 
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(c) (i) Q = It = 20 x 10-3 x 10 x 60 = 12 C
  (ii) W = QV = 12 x 3 x 10-3 = 42.2 m
  (iii)The efficiency of this type of heat engine may be increased by either       

  increasing the temperature of the hot source or decreasing the temperature of the   

  cold sink (or both!).

Question 4:
(a) Using a bunch of threads, connected to the top of the sphere, when charged, they “fan out” or repel each other. Like charges repel.

(b) I has units A

w has units m
v has units m.s-1
Re-arranging, X = I/wv = A/m.m.s-1 = Asm-2 = C.m-2
So that X represents charge density since C = As.

(c)(i) 
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(ii) E = Q/4πεor2 → Q = 4πεor2 E = 4π x 8.85 x 10-12 x (0.15)2 x 3.6 x 105 

       = 0.90 μC
     V = E.r = 3.6 x 105 x 0.15 = 54 kV
(c) (i) The leakage current comprises fast (random) motion of a very slow drift velocity of electrons downwards. On the belt, however, there is a uniform velocity (up).

(c) (ii)
·   y-axis – voltage, 0 – 54 kV

· x-axis – time 0 – 120 s

· Exponential decay curve from (0 s, 120 s) not reaching time axis.

Question 5:
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By trigonometry, tan θ = 0.070/1.20 → θ = tan-1 (0.0583) = 3.34o
Resolving vertically:

2T sin θ = mg → T = mg/2 sin θ = (50 x 10-3 x 9.81)/(2 x 0.058) = 4.2 N

(a) Using an ammeter to find the current through the wire and a voltmeter to find the p.d. across it, a series of values of I and V could be plotted and the V/I gradient gives the resistance. A rheostat would be needed in series with the power pack to vary the current.

(b) (i) A 13 A r.m.s. current has the same heating effect as 13 A dc.

(ii) λ = 2.40/2 = 1.20 m

f = 50 Hz

c = f.λ = 50 x 1.20 = 60 m.s-1 

(iii) The wire oscillates due to the Earth’s magnetic field producing a (changing) BIl force on the wire. 

(c) Units for μc2: Since μ has dimensions kg.m-1 and c, m.s-1
μc2 = kg.m-1 x m.s-1 = kg.ms-2 which are the base units for Newtons.

PH6 JUNE 2001
Question 1:

(a) (i) Strength: The ultimate stress before fracture

(ii) Lamination: plastic layer between sheets

(iii) Extended radially: spread out from a point.
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(b)(i)   Applied stress = force/area

(b) (ii) E has units of N.m-2
                   a has units of m

            σ has units of N.m-2


8 has no units



→ N.m-2 = √(N.m-2.U/m)



Squaring both sides and re-arranging:



N2.m-4 = m.N.m-2.U



→ U = N2.m-4.m/N.m-2 = N.m-1 (or kg.s-2)

(c) Tinted glass reduces solar gain. Approximately half the Sun’s energy at       

      wavelengths between 0.8 μm and 2.2 μm infra-red radiation, thus    

      maintaining the inside of the car cooler.


(d) Lower ray: travels straight through at first surface


      Upper ray: refracted into glass (emerging below horizontal)


      Distortion: upper rays bent to different extents.  
            (e) (i) Assuming mass of person = 70 kg

 
          70 mph = (70 x 8 x 1 000)/(5 x 60 x 60) = 31.1 m.s-1
                      K.E. = ½ mv2 = ½ x 70 x (31.1)2 = 34 kJ (approx.)

      (ii) The outer sutface is stretched (pushed out) on imact – leading to tensile 

                        stresses.

                  (iii) Area under F-t graph represents momentum change (or impulse)

      
      
 Area = ½ x 90 x 10-3 x 100 x 10-6 = 4.5 N.s 


(f) Since resistors are connected in parallel:



1/R = 1/R1 + 1/R2 + 1/R3 + 1/R4 + 1/R5 = 5/30 → R = 6 Ω


      Put P = V2/R = 144/6 = 24 W

      Assumptions: resistors connected in parallel and that there are no other 

                  resistive losses in connections etc. - up to battery for instance.


      To Heating elements: “working” (work is done on electrons)


      From Heating elements: “heating”, due to temperature gradient/heat losses.

Question 2:
	h/m
	0
	19
	73 
	155
	253
	389
	470
	580
	693

	t/s
	0
	2.0
	4.0
	6.0
	8.0
	10.0
	12.0
	14.0
	16.0
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(a) (i) 

	t/s
	0
	2.0
	4.0
	6.0
	8.0
	10.0
	12.0

	ho/m
	0
	19.6
	78.5
	176.6
	314
	490.5
	706.3


(b) (ii) See graph

(c) (i) Graph becomes linear between 12.- and 16.0 s.

(ii)Velocity = gradient of lower portion = (693 – 470)/(16.0 – 12.0) = 55.8 m.s-1  (iii) By drawing a tangent to the curve B, the gradient has the same value as A at a       

      time of 6.0 s in the region of terminal velocity.

(iv) Distance is approximately 470 m (see graph, 2.0 s difference).

Question 3:
(a) On striking/rebounding from a vertical wall, the energy changes occurring in a tennis ball are:

Kinetic → elastic (strain) energy
(b) (i) Boyle’s Law gives pV = constant,

 p1V1 = p2V2 → p2 = p1V1/V2 = 116 x V/0.84V = 139 kPa

→ Δp = 138 – 116 = 22 kPa
(b)(ii) The increase in pressure is caused by the fact the speed (or ke) of the molecules are increased and therefore there are more collisions per sec. With the walls and are also more violent (i.e. greater momentum change per sec.).
(c) (i)  Now, m = 57.5 x 10-3 kg; a = 33.5 x 10-3 m and assuming Δp = 32 kPa

→ c = √[2π x (33.5 x 10-3)3 x 32 x 103/57.5 x 10-3] = 11.5 m.s-1
Since the pulse travels half-way round = πa = 0.105 m
tc = 0.105/11.5 = 9.2 ms
(c) (ii) Various methods may be used, e.g. (any ONE):

· High speed flash photography in which a large number of images are taken in  short periods of time and then photographs counted.

· Light gate in which a narrow light beam is shone at the wall level and then a data-logger used.
· “Conducting wall”: An aluminium wrapped tennis ball completes a circuit on impact, then a data-logger or computer or RC circuit may be used.
Question 4:
(a) (i) 
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        (ii) Electric field strength at X: E = V/x = 6.0/(15 x 10-2) = 40 V.m-1

        (iii) Equipotential lines: (horizontal) shown in the above diagram.
(b) (i) Vx = 3.0 V because in the potential divider, the two resistors are equal (470 Ω) 

and the battery voltage is 6.0 V. 

The p.d. across the milliammeter is zero since X and Y are at the same potential.

(b) (ii) Using a rheostat in place of one of the 470 Ω resistors, this could be varied and when the p.d. reads zero, the potential could be found by calculation.

(c) (i) R = ρl/A, where l = x and area A = xt → R = ρ/t

(c ) (ii) Re-arranging, ρ = Rt = 1 000 x 0.14 x 10-3 = 0.14 Ω
Question 5:
(a) (i)  In simple harmonic motion, the acceleration is proportional to the displacement and directed to a fixed point (usually the centre).

(ii) 
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(b) (i) Density, ρ has units kg.m-3
      G has units N.m2.kg-2
→ ρG has units = kg.m-3.N.m2.kg-2

But N has units = kg.m-2
Required product = kg.m-3.kg.m.s-2.m2 kg-2 = s-2
      (b) (ii) ρM = MM/VM, where V = (4/3)πrM3 = (4/3)π(1.64 x 106)3 = 1.80 x 1019 m3
ρM = (7.24 x 1022)/(1.80 x 1019) = 4 050 kg.m-3
→tAB = (3π/4ρMG)1/2 = 2 953 s
(iii) Since the motion is S.H.M, then it follows that the time period is independent of amplitude. By geometry, it follows longer tunnels must be nearer to the centre of the Moon and the force therefore greater, hence the component of force along the tunnel greater.
(c) Please see standard textbook for apparatus.

Since gravitational forces are very small, then draughts etc. may disturb the beam arrangement.
