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ASSESSMENT SCHEDULE

Physics Level 3
90523 Demonstrate understanding of electrical systems
Note:  Minor computational errors will not be penalised.  A wrong answer will be accepted as correct provided there is sufficient evidence that the mistake is not due to a lack of understanding. Such evidence includes:

· the last written step before the answer is given has no unexpanded brackets or terms and does not require rearranging.

· the power of any number that is multiplied by a power of 10 is correct.

Correct units and significant figures are required only in the questions that specifically ask for them.

Evidence Statement

	Question
	Evidence
	Achievement
	Merit
	Excellence

	One 

(a)
	When a cell dies its internal resistance increases significantly. Therefore the voltage across its internal resistance becomes significant. As the voltage of the cell is its EMF less the IR voltage, a significant increase in IR results in a significant decrease in the cell voltage, and hence the lamp voltage.
	1 
Cell voltage decrease linked to internal resistance increase.
	1 
Full answer
	

	(b)
	Resistance of the circuit = V/I 
= 2.0/0.20 = 10 Ω

Lamp resistance = 10 – 6.0 = 4.0 Ω
	2 
Correct answer
	
	

	(c)
	The current needed by the calculator to operate is 
I = P/V  = 0.00040 / 2.0  = 0.20 mA.
The resistance of the calculator is 
R = V/I  2.0 / 0.20(10–3  = 1.0(104 Ω.
The extra resistance of 6 Ω from the internal resistance is not enough to significantly affect the overall circuit resistance and hence the current needed to drive the calculator.
	1 
Recognition of which values need to be calculated.
	2 
Correct values calculated
	1 
Correct deduction made from the resistance value calculated.

	(d)(i)
	Conservation of energy
	1 
Correct answer
	
	

	(ii)
	To make the lamp glow at full brightness the voltage of the generator must be 3.0 V.

The generator supplies current to both the “dead” cell and the lamp.

IG = Icell + Ilamp
For the outer loop:

+3.0 ( 2.0 ( 6.0(Icell = 0 ( Icell = 0.16667 A

For the lamp: P = IV, I = 
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=  1.6667 A

( IG = 0.16667 + 1.6667    = 1.833

= 1.8 A
	2 
 Generator voltage recognised to be 3V


OR


Correct cell current
	2 
 Correct lamp current
	2 
Correct answer


	Question
	Evidence
	Achievement
	Merit
	Excellence

	Two

(a)(i)
	3 in series
	1 
Correct diagram
	
	

	(ii)
	([image: image1.wmf]New Zealand Institute of Physics

 C = 1.9996 ( 10(12    = 2.0 ( 10(12 F   
	2 
Correct answer
	
	

	(b)
	Above this voltage the insulating property of the dielectric material might break down and charge will start to be conducted between the plates.
	1 
Idea that above this voltage charge might start to flow between the plates. 
	1 
Achievement plus the idea of insulation breakdown of the dielectric.
	

	(c)
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= 1.3483(10(4    = 1.3(10(4 m2

	2 
Correct answer
	
	

	(d)
	Halving the distance should double the capacitance. The only variable in the equation that it is possible to change is the dielectric constant, so compressing the dielectric material must increase its dielectric constant.
	1  Idea that the dielectric constant must have changed. 
	1  Achievement plus the change in (r is identified as an increase and linked to compression of the material.
	

	(e)
	E = ½QV, Q = VC    ( E = ½CV2
(E = 0.5 ( 150(10(6 ( 2002    = 3.0 J
	2 
Correct value for Q (0.030 C)
	2 
Correct answer
	

	(f)
	After 1(, V = 0.37 ( 200   = 74V

After 2(, V = 0.37 ( 74 = 27.38

After 3(, V = 0.37 ( 27.38 = 10.1

( discharge must be for at least 3 time constants.

( = RC    = 300(103 ( 150(10(6   = 45 s
( minimum time = 3 ( 45   = 135 s
	2 
Correct number of time constants
	2 
Correct answer
	


	Question
	Evidence
	Achievement
	Merit
	Excellence

	Three

(a)
	XL = 2(fL,    Z2 = XL2 + R2    V = IZ    
( Z = 
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( XL2 = 122 ( 102    ( XL = 6.63325 (
( L = 
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    = 0.02111    = 0.021 H
	2 Correct Z
	2 
Correct XL
	2 
Correct answer

	(b)
	Reactance is a measure of how much the current is impeded.
A current in a coil creates magnetic flux. When the current changes the flux changes and a voltage is induced in the coil which acts against the change in flux, and hence also against the change in current.

Because the induced voltage acts against the change in current the size of the current is decreased. The greater the induced voltage the more the current is decreased.
The size of the induced voltage depends on the rate of change of current (flux) and so increases if the frequency of the supply increases.
	1 
One correct and relevant statement made.
	1  Size of the induced voltage linked to the rate of change of current
OR


Direction of induced voltage linked to a decrease in the size of the current.
	1 
Full answer

	(c)
	SHOW

V = IZ    ( I = 
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Z2 = (XC ( XL)2 + R2    XL = 6.63325    
XC = 
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= 63.6620 (
( Z = 57.8988

( I = 
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    = 0.1036 A
	2 
Correct XC
	2 
Correct Z
	2 
Complete correct calculation

	(d)
	At resonance, XC and XL cancel each other exactly leaving just the resistance to determine the current.

Iresonance = 
[image: image13.wmf]R
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 = 
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= 0.60 A
	2 
Correct answer
	
	

	(e)
	At 50 Hz XC > XL. To achieve resonance XC must equal XL. As XL is directly related to frequency and XC is inversely related to frequency, to increase XL and decrease XC until they are the same the frequency must be increased.
	1  Changes needed in XC and XL linked to the requirement that they be equal. 
	1 
Full answer
	


	Question
	Evidence
	Achievement
	Merit
	Excellence

	(f)
	XL = XC     ( 2(f0L = 
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  = 154.914
= 155 Hz
	2 
Correct equations used but re-arrangement wrong.
	2 
Correct answer
	

	(g)
	Introducing an iron core will increase the inductance of the coil. As XL = 2(fL, this will increase the reactance of the coil. When the coil’s reactance has increased so that it becomes as large as the capacitor’s reactance, the two will cancel, which is the condition for resonance.
	1  Iron core stated to increase the reactance of coil.
	1 
Full answer
	


Sufficiency

C1 = criterion 1 , C2 = criterion 2

	Achievement:
	C1:   3A1
C2:   2A2
	

	Merit:
	C1:   2A1
C2:   2A2
	+3M1
+2M2

	Excellence:
	C1:   2A1
C2:   2A2
	+2M1
+2M2
	+1E1
+1E2
	+1E


Note for excellence the student requires 3 correct E opportunities (at least one from each of C1 and C2)

� EMBED Equation.3  ���
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