PAGE  
13

Name: ______________________________


[image: image19.bmp]
PHYSICS

Level 3
90523 Demonstrate understanding of electrical systems
Credits: Six
Answer ALL the questions in the spaces provided.

If you need more space for any answer, use the pages provided at the back of this booklet and clearly number the question.

For all numerical answers, full working should be shown and the answer should be rounded to the correct number of significant figures and given with an SI unit.

For all ‘describe’ or ‘explain’ questions, the answer should be in complete sentences with all logic fully explained.
YOU MUST HAND THIS BOOKLET TO THE SUPERVISOR AT THE END OF THE ASSESSMENT.

	For Assessor’s use only

Achievement Criteria

	Achievement
	Achievement
with Merit
	Achievement
With Excellence
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Identify or describe aspects of phenomena, concepts or principles.
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Give descriptions or explanations in terms of phenomena, concepts, principles and/or relationships.
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Give concise explanations that 
show clear understanding, in terms 
of phenomena, concepts, principles and/or relationships.

	Solve straightforward problems.
	Solve problems.
	Solve complex problems.

	Overall Level of Performance (all criteria within a column are met)


You may find the following formulae useful


E = ½QV
Q = CV
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CT = C1 + C2 + C3 + …..
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I = Imaxsin(t
V = Vmaxsin(t
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It is recommended that you take 55 minutes to complete this assessment.

QUESTION ONE: TORCH CELLS
Some students have a “dead” torch cell which will no longer make the torch lamp glow. However, they find that the same “dead” cell is perfectly able to make a pocket calculator operate. 

The internal resistance of the “dead” cell in the circuit shown below is 6.0 (.
When a cell is “dead”, its EMF does not change. 


[image: image12]
(a)
Explain why, when the cell in a torch “dies”, the voltage across the lamp is no longer enough to make it glow.

(b)
In the circuit above, the current on the ammeter is 0.20 A. Calculate the resistance of the lamp.


The lamp is replaced by a calculator (2.0 V, 0.40 mW ) and it works well.
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(c)
Explain, with the help of calculations, why the “dead” cell is able to power the calculator.
The “dead” cell is rechargeable, so the students recharge it using a hand driven generator.
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The voltage of the hand generator depends on the speed at which the coil is rotated. Assume the internal resistance of the hand generator is negligible and so can be considered equal to zero.

(d)
When the signal lamp shines at full brightness the generator is producing a voltage sufficient to recharge the “dead” cell.

(i)
Which conservation law is demonstrated by Kirchhoff’s Voltage Law?
(ii)
Calculate the size of the current from the generator when it starts to recharge the “dead” cell.
Question two: CAPACITANCE
Permittivity of free space = 8.9 x 10–12 F m–1
At the school’s open day the senior students show off the newly acquired capacitance meter. They use it to measure the capacitance of a range of capacitors.
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Electrolytic capacitor
Air cored variable capacitor
“Trimmer” capacitor


150 µF
10 nF (10(10(9 F)
2.0 pF(2.0(10(12 F)
(a)
The students connect the three capacitors together to produce the smallest possible capacitance.

(i)
Draw a diagram below to show the arrangement of the capacitors.

(ii)
Calculate the value of this smallest capacitance.
(b)
The electrolytic capacitor is labeled “400 V”. Explain what could happen if a voltage greater than this was applied across the capacitor terminals.

The trimmer capacitor (2.0 pF) has two metal plates with a dielectric material placed between them. When the screw is turned to decrease the distance between the plates the dielectric material is compressed.

(c)
When the plates are 3.0 mm apart the dielectric constant is 5.0. Calculate the area of the plates. 

(d)
The screw is turned so that the plate separation is halved and it is found that the capacitance more than doubles. Suggest a reason why the capacitance increases so much.
The students charge the electrolytic capacitor up to 200 V and then discharge the capacitor across a metal bar ( a short circuit ).
(e)
How much energy is released in the discharge?
(f)
The re-charged electrolytic capacitor is then discharged across a 300 kΩ resistor. Calculate the shortest time it must be discharging for its voltage to be reduced from the starting 200 V down to a safe 10 V.

Question Three: VARIABLE FREQUENCY
Another bunch of students used the variable frequency power supply to illustrate both LCR circuits and to demonstrate their prowess with calculations.


Connecting up a coil whose resistance is known to be 10 Ω to a 6.0 V, 50 Hz supply resulted in a current of 0.50 A.
(a)
Calculate the inductance of the coil.

(b)
When the frequency of the power supply was increased, the current decreased because the reactance of the coil increased.
Explain why the reactance of the coil increased.

With the supply frequency switched back to 50 Hz, and hoping to demonstrate resonance in the circuit, the students added a capacitor of 50 µF in series with the inductor.


(c)
Show that, when the capacitor is added, the current will become 0.104 A.
(d)
State why, at resonance, the current in the circuit will be 0.60 A.

(e)
Explain why increasing the frequency of the power supply will produce resonance.

(f)
Calculate the resonant frequency.

(g)
Another way to produce resonance would be to slide an iron core into the coil.

Explain how this could produce the resonance.



If you need more space for any answer, continue here. Clearly number the question.
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