 SEQ CHAPTER \h \r 1Answers to Sample Exam – Pilot Physics June 2004
Check Symbols: γ gamma;  ²  square;  ( arrow;  θ theta;  ÷  divide;  Ω  ohm;  Δ  delta;  •  dot point. 
NOTE: These are not ‘official’ answers.
Motion in 1 & 2 Dimensions
Q.1  Ans: 2.76 m
M’s horizontal velocity is vh = 7.0 cos10 = 6.89 m/s. We don’t need to know about the vertical distance, just the fact that he will go 6.89 x 0.40 = 2.76 m horizontally in the 0.4 s.

Q.2  Ans: 7.4 m/s at θ = 21.4
We have the horizontal component of the speed from Q1 (6.89 m/s). The vertical component is found from vf = vi + at where vi is the initial upward velocity and a = – 9.8 m/s². Initial vv  = 7.0 sin10 = 1.22 m/s and thus vf  = 1.22 – 9.8 x 0.4 =  –2.70 m/s. Combining the two components (by Pythagoras) gives a speed of 7.40 m/s. 

The angle is found from the two components: tan θ = vv/vh = 2.7/6.89, θ = 21.4
Q.3  Ans: D
Only force is gravity (weight) straight down.

Q.4  Ans: F
The ball simply drops vertically in the walker’s frame.

Q.5  Ans: B
The ball has a constant horizontal velocity and an increasing vertical velocity giving the characteristic parabolic path of projectile motion.

Q.6  Ans: 11 m/s
We can assume that momentum is conserved over the short collision time. Thus (mv)car = (mcar + mtroll)vboth
And so vcar = 1100 x 10/1000 = 11 m/s before the collision.

Q.7  Ans: 55,000 N
Impulse = change of momentum, and so  F = Δp/t  The Δp for the trolley was mΔv = 100x10 and so F = 1000/0.020 = 50,000 N  [Or:  a = Δv/t = 10/0.02 = 500 m/s², so F = ma = 50,000 N]

Q.8

An inelastic collision is one in which some of the total mechanical energy (kinetic + potential) is lost as heat or other forms of energy. The initial Ek (½mv²) for the car is 60.5 kJ while the final total Ek is 55 kJ and so there was a loss of 5.5 kJ of kinetic energy. There is no change of potential energy here, so the lost EK was transformed to other types of energy (mostly heat).   

[Note: ‘elastic collisions’ are not on the curric, but the basic ideas are!]

Q.9

The constant tension is equal to the retarding forces in the car (friction etc.) and thus the net force on the car is zero and so its acceleration is zero – that is it moves at a constant velocity.  In this case the friction force must be equal to the tension, that is, 300 N.

[Note: This is not a question about NIII, (reaction forces) it is about NII (net forces). The force on the car is equal to the tension in the rope, but that has nothing to do with the fact that the net force on the car is zero.]

Q.10  Ans:  800 N
The net force on the car is now Fnet = ma = 1000 x 0.5 = 500 N. The net force is the (vector) sum of the tension and friction in opposite directions. Thus the tension must be 800 N.

Q.11  Ans:  2,500 kg m/s
Change of speed = at = 0.5 x 5 = 2.5 m/s, so Δp = mΔv = 1000 x 2.5 = 2,500 kg.m/s

or Impulse = change of momentum, and so Δp = Ft = 500 x 5 = 2,500 N.s 

Q.12  Ans:  5.6 x 103 s
This sort of question usually starts from F = ma where F = Fg = GMm/R² and a = 4²R/T². It is convenient to put this in the form R3/T² = GM/4² = K  Kepler’s constant. 

[You could even put Kearth = 1.01 x 1013 m3/s²   or  Ksun = 3.36 x 1018 m3/s² on your A4 sheet]

Using Kearth and R = (6.4 + 0.38) x 106 m we get T² = R3/K ( T = 5.6 x 103 s   [ie. about 1½ hr]

Q.13  Ans:  D
The speed is constant, it is the velocity that is changing direction.

Q.14  Ans:  1.0 m
The potential energy stored in a stretched spring (where F = kx) is given by Us = ½kx².  Solving that equation leads to x² = 2 x 200 ÷ 400 = 1  so x = 1.0 m

Q.15  Ans:  82 m
Assuming all the energy goes into the arrow (which we must) the Ug = Us and so h = 200/mg = 200 ÷ (0.25 x 9.8) = 82 m  (or 80 m for g = 10 N/kg)

Electronics and Photonics
Q.1  Ans:  3.3 V
The output of a voltage divider is Vo = VsxR2 /(R1 + R2) = 20 x 5/30 = 3.3V

Q.2  Ans:  11 mW
The current through the resistors is I = V/R = 20/30 = 0.667 mA. The power in the 25 kΩ R is then

P = I²R = (0.667x10-3)² x 25x103  = 11.1 mW   NB: Watch units!

Q.3  Ans:  C
All transistors have a ‘switch on’ Vbe voltage of around 0.65 V

Q.4

The output voltage is the supply minus the drop across Rc which is 12 V

Vo = Vcc – IcRc = 20 – 6x2 = 8 V   [Note units:  mA x kΩ ( V]

Q.5  Ans:  200  (or – 200)
As vout = ic Rc = 1mA x 2kΩ = 2 V, the amplification factor Av = 2/0.01 = 200

Q.6  

The voltage across a capacitor can not be changed suddenly and so a quickly alternating signal is transmitted through the capacitor while a steady DC voltage is maintained across the capacitor once it has charged up.

Another way of expressing this is that the capacitor acts as an ‘open circuit’ (very high resistance) to a DC voltage while it acts as a low resistance to AC voltages.

[Note that there is an inconsistency about whether this stage leads to a loudspeaker or to a second stage amplifier (more likely). That doesn’t affect the answer however.]

Q.7  Ans:  47 mA
Once the LED is conducting, the voltage across it will be 0.6 V whatever the current. Thus we can say that the voltage across the R will be 10 – 0.6 = 9.4 V. Thus the current will be 9.4/200 = 0.047 A = 47 mA

Q.8  Ans:  10 mA
At 100 lux the resistance of the LDR is 100 Ω and so the current is 10/(900 + 100) = 0.01 A = 10 mA

Q.9  Ans:  1 lux 

With only 0.01 V across the R, the voltage across the LDR must be 9.99 V.  The circuit can be seen as a voltage divider in which RLDR R x (9.99/0.01) = 900 x 999  0.9 MΩ  [RLDR >> R and so we can ignore R in the total resistance.]  If the resistance of the LDR is 0.9 MΩ the light must be a little over 1 lux.

Q.10  Ans:  B
All circuit components will convert some of the electrical energy into heat energy and so LED’s cannot be 100% efficient at producing light. This eliminates A and C. The light emitted by a LED increases with the current once the switch on voltage is reached and so D is wrong. B is correct.

Q.11

Light intensity can not be negative, only zero or some positive value. The graph will therefore continue up and down from the starting point but not going below the base line for zero optical intensity.

Q.12  Ans: about 2.4 MHz
The bandwidth is the frequency range through which a reasonable proportion of the signal is transmitted. About half this signal is lost at around 2.4 MHz, but answers between 2 and 2.5 MHz would be acceptable.

DS1: Einstein’s Relativity
Q.1  Ans:  2.9 m
Fred will see the ship contracted in the ‘horizontal’ direction but not the ‘vertical’ direction. For v/c = 0.2, γ = 1.02 and so the apparent 3.0 m becomes 2.9 m. 

Q.2  Ans:  C
The lengths are not contracted in the direction at right angles to the motion and so remain at 3 m (C).

Q.3  Ans:  1.7 x 10-14 J
The total energy, or ‘mass energy’ is given by Etot = γmoc² which is also Etot = EK + moc²
Thus the EK = Etot  – moc² = 1.21moc² – moc² = 0.21moc² = 0.21 x 8.2 x 10-14 = 1.72 x 10-14 J

Q.4  Ans:  1.7 x 108 m/s
As Etot = γmoc², from the fact that the total energy is 21% more (that is 1.21 times) we can see that γ = 1.21.

As (v/c)²  = 1 – 1/γ²,  we can find that v/c = 0.56 and so v = 0.56c = 1.7 x 108 m/s

Q.5  Ans:  D
If the mid-point observer in the train saw the flashes simultaneously C also sees the two light flashes reach the mid-point at the same time. They will have been emitted a little before, but because the train is travelling north, the flash from the front (J) end will not have travelled as far, in C’s frame, as that from the other end (B). As they travelled at the same speed, the flash from the rear end (B) must have been emitted earlier than that from the front (J) end. (Ans D)

Q.6

Rest energy is the total energy of an object when at rest. This includes the ‘mass-equivalent’ energy E = moc². If an object has a rest energy of 18 J this means that its rest mass is mo = E/c² = 18/c² = 2.0 x 10-16 kg. If, by some strange means this rest mass could be converted to energy, 18 J of energy would be released. This rest energy can also be seen as the amount of energy needed to create the atoms of which the object is made in their formation in the early universe.

Q.7  Ans:  C
The person is contracted in the direction of motion, so she will appear thinner. (Ans C)

Q.8  Ans:  B
The paper will appear normal because its sides are perpendicular to the direction of motion. (Ans B)

Q.9  Ans:  D
You will have aged less as you have travelled and returned. (Ans D)

Q.10

• 
Maxwell’s prediction was that light should always have a fixed velocity.

• 
This was interpreted to mean that this velocity was the velocity of light relative to the aether (which was defined as the medium in which light travelled).

• 
This implied that it might be possible to measure velocities relative to an ‘absolute’ frame of reference – the aether. 

• 
This contradicted the principle of relativity which said there was no preferred frame of reference.

Q.11

• 
M-M tried to measure the Earth’s velocity v through the aether.

• 
They found no difference in the velocity of light in the same direction or at right angles to the Earth’s motion.

• 
This should have occurred as light travelling across (and back) the aether at right angles should take less time than light travelling back and forward parallel to the aether.

• 
As this suggested that v = 0, this result did not support the idea of an aether.

Q.12  Ans:  B
Ans B. M-M found no difference in the times – contrary to their expectations.

Q.13  Ans:  4.2 x 10-12 J
Difference in mass = (4 x 1.673 – 6.645) x 10-27 = 4.7 x 10-29 kg.

Thus energy released:  E = mc² = 4.2 x 10-12 J

DS2: Structures and Materials
Q.1  i) Down arrow F1 in centre of block  ii) Up arrow F2 at top of block  iii) Sideways arrow F3 at top of block.
Q.2  D – definitions 
Q.3  A – they are both equal to T/(2cos60°) = T/(2x½) = T
Q.4  E = slope of graph = 10x108/5x10-3 = 2x1011 N m-2  
Q.5  5x10-3   (no unit, it is a ratio)

Q.6  Elastic limit is 10 x 108 N m-2 so with safety factor of 4, maximum stress is 2.5 x 108 N m-2
Q.7  Strain energy = ½ (( = 0.5 x 5 x 108 x 2.5 x 10-3 = 6.25 x 105 J/m3 
Q.8  ( = (/E = F/AE = 2 x 105/(5x10-4 x 2 x 1011) = 0.002  and so in a 5 m cable the stretch will be 5 x 0.002 = 0.01 m
Q.9  B  as the area under the two graphs is the same.
Q.10  C 
Q.11  Concrete is strong in compression but weak in tension. The base of the block is in tension. The steel supplies strength in tension at the base of the concrete.
Q.12  C  Brittleness means it breaks before stretching.
Q.13  B  This alloy stretches a lot before breaking.

DS3: Further Electronics
Q.1  In order: AC supply; transformer; rectifier; Smoothing; voltage regulator; load
Q.2  A

Q.3  Only the top halves of the waves would appear: (_(_
Q.4  C is correct

Q.5  ( = RC and so R = (/C = 0.001/1000x10-6 = 1 (
Q.6  ( = RC = 100 x 1000x10-6 = 0.1 = 100 ms which is quite a bit longer than the period of the pulses (10 ms assuming it is mains frequency) and so D is the only reasonable answer.
Q.7  The graph will be like that in alternative D in the previous question but with only two cycles across the whole width. The height will be between 13.5 V and 14.5 V (that is, a little above and below 7 squares high).
Q.8  The current from Rin is split between the load and the zener and so the current in the zener is 200 – 90 = 110 mA.
Q.9  D  The output voltage should remain constant and so the current will only vary if the load varies.

Q.10  In order to maintain a constant load voltage, voltage is dropped across the input resistor which has a current of 200 mA in it in this example. If, say, the input voltage was 14 V and the output 9 V, there is a 5 V drop and thus a power loss of P = VI = 5x200 = 1 watt. There is also power lost in the zener: P = 9 x 110 = 1 watt also and so the resistor must be a 1 W type and the zener may need a heat sink.
Q.11  D  (Current can be determined with the CRO by measuring the voltage across a known resistor.)

Q.12  C  The time constant is the same, but there are only half as many pulses.
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